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FOREWORD
(Special Issue commemorating the 65th Anniversary of the National Institute of Medicinal Materials and welcoming the 1st International Conference V.IMPACT-2026)

Dear Scientists, Experts, Policy Makers, Industry Partners, and Readers,
The year 2026 marks the 65th Anniversary of the National Institute of Medicinal Materials (1961–2026)-a significant milestone reflecting over six decades of unwavering commitment to the research, conservation, and development of Vietnam's medicinal materials for public health.
On this occasion, the Journal of Medicinal Materials is honored to present this Special Issue commemorating the 65th anniversary, while also welcoming the 1st International Conference V.IMPACT-2026. Hosted by NIMM and envisioned as a biennial event, this academic forum aims tobridging traditional knowledge and modern science in herbal medicine development.
As a multidisciplinary scientific journal, the Journal continues to publish high-quality research and review articles spanning phytochemistry, biological and pharmacological activities, modern analytical methods, standards and extraction techniques, pharmaceutical and medicinal product preparation technology, medicinal material resources, cultivation, processing, and preservation of medicinal plants,… 
The Journal of Medicinal Materials only publishes high-quality scientific research articles, which are concisely compiled and comply with the guidelines for writing articles of the Journal of Medicinal Materials. All research results are objectively assessed and reviewed by at least two independent experts. 
The V.IMPACT-2026 International Conference, under the theme “Innovation in the Sustainable Development of Herbal Medicines”. The conference serves as a platform to strengthen collaboration in research, education, and technology transfer, while fostering meaningful connections among scientists, policymakers, and industry stakeholders both nationally and internationally. 
In alignment with national strategies such as Resolution No. 57-NQ/TW and Directive No. 25/CT-TTg, the medicinal materials sector is transitioning from resource-based exploitation to science & technology-driven development. This Special Issue aims to highlight priority research directions and support modern, sustainable, and internationally integrated development.
On behalf of the Editorial Board, I would like to express my deepest gratitude to the scientific community and our partners for your continued trust and invaluable contributions. 
We look forward to receiving more high-quality submissions in the future.
Wishing you good health and continued success.
Sincerely,
On behalf of the Editorial Board,
Assoc. Prof. Ha Thi Do, PhD
Editor-in-Chief 
Journal of Medicinal Materials
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RESULTS OF SCIENTIFIC ACTIVITIES OF 
THE NATIONAL INSTITUTE OF MEDICINAL MATERIALS (2016–2025) 
AND DEVELOPMENT ORIENTATION TOWARD 2030
Tran Minh Ngoc, Do Thi Ha, Pham Tuan Anh
National Institute of Medicinal Materials (NIMM), Hanoi 11018, Vietnam
Summary
This article provides a comprehensive review of the scientific and technological (S&T) activities of the National Institute of Medicinal Materials (NIMM), Ministry of Health of Vietnam, during the 2021–2025 period, and outlines strategic development orientations toward 2030 to mark the Institute's 65th anniversary (1961–2026). During 2021–2025, NIMM conducted 443 S&T research projects across national, ministerial, local, and grassroots levels; published 563 scientific papers (representing a 48.2% increase over the preceding period, including 135 international publications which alone saw an 82.4% increase); conferred 25 doctoral degrees; officially registered 10 medicinal plant varieties for commercial circulation; issued 97 technical procedures for medicinal plant breeding and production; isolated more than 250 pure compounds; established 27 reference compouds; and research & developed of 7 herbal pharmaceutical formulations. Research activities were systematically organised along a value chain spanning genetic resources, variety selection, chemical analysis and standardization, herbal drug formulation, and modernization of traditional medicines. In addition to these achievements, the article acknowledges persistent limitations regarding equipment and facilities, especially in the context of deep international integration in science and technology, as well as the adaptability of scientists to the new situation when implementing the Politburo Resolution No. 57-NQ/TW dated December 22, 2024 on breakthroughs in the development of science, technology, innovation, and national digital transformation, and the Law on Science, Technology and Innovation No. 93/2025/QH15. To leverage its strategic advantages and adapt to the evolving landscape, the Institute prioritizes research across the entire value chain, developing a diverse portfolio of medicinal products to enhance primary healthcare. Our mission remains steadfast in fostering in-depth and applied research driven by advanced science and technology, while elevating the collective research capacity to meet international standards. Moving forward, NIMM will focus on institutional and governance reforms, accelerating digital transformation, and establishing a comprehensive medicinal resource database. Furthermore, by implementing robust intellectual property protections and fostering public-private partnerships, we aim to drive revenue growth, strengthen institutional self-reliance, and improve the welfare and living standards of our staff. 
Keywords: National Institute of Medicinal Materials (NIMM); Scientific activities; 65th Anniversary; Development Orientation; Medicinal Materials.
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1. Introduction
The National Institute of Medicinal Materials (NIMM), established in 1961, is the leading research institute of the Ministry of Health of Vietnam in the field of medicinal materials and traditional medicine (TM/CAM). After 65 years of development (1961–2026), NIMM has grown into a nationally recognised Center for science and technology (S&T), fulfilling the mission of conducting comprehensive research spanning resource conservation, raw material development, and the production of high-quality herbal pharmaceutical products to serve public health care.
NIMM's organizational structure comprises 19 units and a director board (a general director and two deputy directors, four functional departments, five specialized departments, and nine research Centers distributed from North to South Vietnam, representing the country's diverse ecological zones. As of December 2025, the Institute employs 267 staff members, including five associate professors, 48 PhDs, and 93 Masters - a highly qualified scientific workforce trained domestically and abroad.
The 2021–2025 period unfolded in an exceptionally challenging context: the COVID-19 pandemic, sluggish global economic recovery, and complex geopolitical disruptions that profoundly affected all S&T activities. At the same time, this period witnessed the enactment of pivotal national policies that shaped NIMM's research agenda, including Politburo Resolution 57-NQ/TW (December 2024) on breakthroughs in the development of science, technology, innovation, and national digital transformation; Resolution 72-NQ/TW on a number of breakthrough solutions to strengthen the protection, care, and improvement of people's health; Prime Ministerial Directive 25/CT-TTg on advancing Vietnamese traditional medicine in the new era; and Prime Ministerial Decisions No. 376/QĐ-TTg and No. 1165/QĐ-TTg on developing the national pharmaceutical industry and Vietnamese pharmacy sector to 2030, with a vision to 2045. These regulatory frameworks created favourable conditions and provided critical impetus for NIMM to accelerate its research and development activities during this pivotal phase.
2. Major Sci-Tech Research Outcomes (2021–2025)
During 2021–2025, NIMM implemented a total of 443 S&T research projects, comprising: 17 at national-level, 27 at ministerial-level, 33 at provincial/local, 22 rural and mountainous projects, 02 international  bilateral projects, and 342 at institute-level; NIMM served as the lead institution for 413 projects and as a collaborating partner for 30. The principal outcomes are presented below according to the medicinal materials value chain, from raw material creation to new drug development.
2.1. Raw Material Supply: Survey, Conservation, and Development of Medicinal Material Resources
Survey and construction of medicinal material databases: NIMM continued to survey and assess the status of medicinal plant resources across multiple ecological zones nationwide. The results documented 1,840 species and subspecies of medicinal plants belonging to 915 genera in the South-East region, and 1,113 species belonging to 565 genera in the South-West region. In the North-West highlands, in collaboration with the Hoang Lien National Park, NIMM established both in situ conservation gardens (10 ha) and ex situ conservation gardens (over 4 ha) to safeguard 400 accessions of 150 endemic and rare medicinal plant species. The Institute compiled and published a total of seven specialised reference books on medicinal plant genetic resources, notably including the Atlas of Vietnamese Medicinal Plants (Volumes I and II), each covering 50 commercially promising species.
Conservation and maintenance of genetic resources: NIMM maintains conservation of 964 accessions of 642 species/subspecies across five medicinal plant conservation gardens spanning the Red River Delta (Hanoi), the northern midlands (Tam Dao – Vinh Phuc), the northern highlands (Sa Pa – Lao Cai), the North-Central region (Thanh Hoa), and the South-East (Ho Chi Minh City). The seed bank now holds 1,006 seed accessions of medicinal plant germplasm and varieties. Notably, NIMM conducted systematic surveys to document the traditional medicinal plant knowledge of ethnic minority communities, including the Thai, H'Mong, Muong, Dao, Bru-Van Kieu, Churu, Ma, Jrai, Bahnar, M'Nong, and Khmer peoples across multiple provinces from north to south.
2.2. Variety Selection, Breeding, and Development of Medicinal Crop Growing Areas
Variety selection and official variety registration: NIMM conducted 26 variety selection projects, successfully selecting 15 medicinal plant varieties (including Leonurus japonicus, Cassia tora, Salvia miltiorrhiza, Morinda officinalis, Hedyotis diffusa, Chrysanthemum morifolium, Ligusticum chuanxiong, Angelica acutiloba, Atractylodes macrocephala, Centella asiatica, among others) and officially registering 10 varieties for commercial circulation. Approximately 60 accessions were evaluated for adaptability; six were successfully naturalised to reduce dependence on imported raw materials.
Development of technical procedures and technology transfer: A total of 97 technical procedures for seed propagation, cultivation, harvesting, primary processing, and storage of medicinal materials were issued, along with 50 institutional standards for seedlings and seeds, and 20 institutional standards for variety testing. NIMM transferred technical procedures for more than 25 medicinal plant species to 21 projects and supplied planting material to numerous medicinal material production and trading companies nationwide. Two major books were released includig Cultivation and Primary Processing Techniques for Medicinal Plants under GACP-WHO Standards (covering 35 species) and Seed Production Procedures for Medicinal Plants (covering 25 species).
2.3. Standardization and Quality Control of Medicinal Materials
This was the area of deepest investment by NIMM during 2021–2025, with the overarching aim of establishing a medicinal material quality assurance system aligned with international standards.
Development of a reference substance bank: NIMM isolated and characterised 26 reference compounds from medicinal plants, including carpain from Carica papaya leaves, piperine and pipercide from Piper longum, schisandrin and gomisin B from Schisandra chinensis, phyllanthin from Phyllanthus amarus, stevioside from Stevia rebaudiana, nuciferine from Nelumbo nucifera leaves, and others. These reference substances directly support analytical and quality-testing operations under the Vietnamese Pharmacopoeia V (VP V) standards.
Phytochemical research and database establishment: 248 pure compounds were isolated and their chemical structures elucidated from medicinal plants using state-of-the-art analytical techniques, including NMR (nuclear magnetic resonance spectroscopy), MS (mass spectrometry), LC-MS/MS, and HPLC-DAD. A phytochemical database was established for many herbal species and some species of the family Ganodermataceae (Ganoderma flexibes, G. tropicum, G. cochlear, G. capense, and G. multipileum). Eighteen standardised extract preparation procedures and two synthesis procedures were developed (troxerutin and diosmin from hesperidin).
Construction of quality standards: Quality standards were completed for six processed herbal materials (aged Tangerine peel dry-fried to yellow, honey-roasted Astragalus, Achyranthes root, Sichuan lovage rhizome, Morinda root, and Kudzu root); 47 facility standards (TCCS) were established for crude drugs, herbal extracts, and preparations. Quality evaluation of market-traded medicinal materials was conducted at an average rate of 200 samples per year using chemical fingerprinting (HPLC fingerprint analysis) and DNA barcoding.
2.4. Pharmacological and Biological Activity Research
Nine new pharmacological models on experimental animals were established (a Parkinson's disease model on Drosophila melanogaster, in vitro and in vivo anticoagulation models, an experimental arthritis model, an in vivo breast cancer model on Balb/c mice, a diabetes-with-obesity model, and others), bringing the Institute's total validated pharmacological model repertoire to approximately 30 models. Research demonstrated several biologically significant activities: anti-thrombocytopenic activity of Carica papaya leaves, experimental menopausal symptom-ameliorating activity of Vitex trifolia fruits, and anti-tumour and immunomodulatory activities of selected Vietnamese medicinal plants. Systematic screening was performed across multiple pharmacological categories: anti-cancer, immunostimulatory, experimental anti-arthritic, in vitro tyrosinase-inhibitory, and stroke-preventive activities.
2.5. Pharmaceutical Formulation and Development of Novel Herbal Medicines
This constitutes the most strategically critical output of the medicinal materials value chain. During 2021–2025, NIMM developed seven herbal pharmaceutical products: film-coated Memonimm tablets from Bacopa monnieri for cognitive support; PapayUp preparations (film-coated tablets and syrup) for thrombocytopenia support in dengue fever; hard capsules of Schisandra chinensis extract for hepatoprotection; film-coated tablets of Phyllanthus amarus extract for liver function support and elevated liver enzymes; a gel and topical cream from Capsicum annuum (Trung Doan cultivar) for pain relief; preparations for cough relief (lozenges and syrup from Platycodon grandiflorus, Iris domestica, and Coleus amboinicus essential oil; lozenges and syrup from Hedera helix leaf extract); and topical skin products (nanoemulgel capsaicinoid, niosome resveratrol, and a skin-whitening product from curcumin and resveratrol). Fourteen pharmaceutical manufacturing procedures from herbal extracts were established. In 2024, the classical prescription Thong-ta-ninh was modernised by converting from granule to pellet form (targeting irritable bowel syndrome); in 2025, modernisation continued for the classical prescriptions Tan-duc-dan, Luong-phu-hoan, and Tam-ty-thang. 
2.6. Human Resource Development and International Cooperation
Postgraduate training: During 2021–2025, NIMM recruited 29 new doctoral candidates and another 25 candidates have successfully defended their doctoral dissertations - a 150% increase over the 2016–2020 period. Collaborative training programmes with seven domestic universities and academies produced 23 PhDs, 48 Masters, and 210 undergraduate students; a further 1,100 students received practical training from pharmacy and medicine institutions nationwide. Memoranda of understanding were signed with seven domestic universities and academies.
International cooperation: Five international MOUs were signed: with the Kyoto Institute (Japan, 2024–2028), Seoul National University (Republic of Korea, 2023–2028), Kyushu University (Japan, 2023–2028), Jiangming University (China, 2020–2025), and Hong Ha University (China, 2025–2030). More than 30 international delegations from universities and research institutes in France, the United States, the Republic of Korea, Japan, China, Taiwan, Australia, Cuba, Russia, and Germany were received. Staff members were dispatched for short-term training and working visits to the Republic of Korea, Denmark, the United States, Japan, China, and Thailand.
2.7. Scientific Publications
As of December 2025, NIMM's cumulative scientific output reached 563 papers, a 48.2% increase over the 2016–2020 period (380 papers). This total includes 135 international publications (an increase of 61 papers, equivalent to +82.4%) and 428 domestic publications (an increase of 122 papers). The sharp growth in international publications reflects steadily improving research quality and the Institute's deepening integration into the global scientific community. The robust growth in international publications reflects the rising quality of our research and our active integration into the global scientific community. NIMM has successfully implemented the Digital Object Identifier (DOI) system and transitioned the Journal of Medicinal Materials to an online publishing platform

Table 1. Key S&T performance indicators: 2016–2020 versus 2021–2025
	Indicator
	2016–2020
	2021–2025

	Total S&T projects
	487
	443

	National level (as lead institution)
	46
	17

	 Ministerial and provincial/local level
	49
	60

	Total scientific publications
	380
	563

	International publications
	74
	135

	Domestic publications
	306
	428

	Doctoral degrees conferred
	9
	25

	Medicinal plant varieties officially registered
	—
	10

	Technical procedures for medicinal material production
	—
	97

	Herbal pharmaceutical formulations developed
	—
	7

	 isolated phytocompounds
	—
	248+

	Reference compounds established
	—
	26




3. General Assessment
3.1. Achievements and outstanding results
First, NIMM's research activities have maintained their systemic character along a medicinal materials value chain - from resource surveys, genetic resource conservation, and variety selection, through GACP-WHO-compliant growing area development, quality standardization, and pharmacological research, to new drug formulation. This integrated competency is a distinctive strength shared by few research institutions in Vietnam.
Second, research quality has improved markedly. International publications increased by 82.4% compared with the previous period (from 74 to 135 papers), with numerous articles appearing in high-impact ISI-indexed journals. Total publications rose 48.2% to 563 papers over five years - clear evidence of the Institute's deepening integration into the global scientific community.
Third, the development of high-quality human resources exceeded expectations. The number of doctoral graduates increased by 150% compared with the preceding period (from 9 to 25). A cohort of young, rigorously trained scientists from reputable domestic and international institutions provides a solid foundation for NIMM's long-term development.
Fourth, NIMM expanded its research network by establishing additional research units - Center for Medicinal Material Resources, Highlands Research Center of Medicinal Materials, and Tam Dao Research Center of Medicinal Materials - thereby extending geographical coverage and multi-ecological-zone research capacity. Investments in research equipment during this phase have prioritized modern analytical machinery to facilitate advanced, in-depth research.
Fifth, NIMM demonstrated effective performance in its policy advisory role, contributing to the drafting and refinement of numerous important circulars and decrees in the pharmaceutical sector and providing substantive input to the Ministry of Health for the implementation of Resolution 72-NQ/TW and Directive 25/CT-TTg on the development of Vietnamese traditional medicine and pharmacy.
3.2. Limitations and shortcomings
Alongside these positive outcomes, certain persistent limitations must be acknowledged candidly. Regarding the scale and composition of projects: the total number of S&T projects across all levels declined compared with 2016–2020 (443 versus 487 projects), with a particularly notable decrease in national-level projects (from 46 to 17), attributable primarily to the contraction of the S&T budget in the aftermath of COVID-19. Research activities have not yet sufficiently engaged with industry demand and market requirements.
Regarding research quality and novelty: Research activities remained fragmented, lacking focus and in-depth resources, while investment in specialized research infrastructure was limited. There was a shortage of modern equipment and funding for drug research and development, especially clinical trials; thus, few new products were developed. The utilization of research infrastructures was far from optimized; many research projects have not achieved breakthroughs, and few have produced complete, commercially viable final products.
Regarding financial sustainability: income generated from S&T services and production activities remains limited, representing only approximately 10% of recurrent expenditure - insufficient to either meet the financial autonomy trajectory prescribed under Decree 60/2021/NĐ-or attract and retain talent.
Regarding management and organisational structure: administrative procedures for research management have not been substantially streamlined; investment remains dispersed rather than strategically concentrated. Newly established units have yet to complete their leadership teams and scientific staff. The Institute's performance evaluation mechanisms lack systematic rigour and substantive depth.
4. Strategic Science and Technology Orientations for the Period of 2026–2030
The 2026–2030 period constitutes a pivotal juncture for the concurrent implementation of Politburo Resolution 57-NQ/TW on S&T breakthroughs, Prime Ministerial Directive 25/CT-TTg on traditional medicine development, and National Assembly Resolution 193/2025/QH15 providing exceptional mechanisms to accelerate S&T. Drawing on the results achieved and lessons learned, NIMM identifies five strategic orientations:
Restructuring Research along the Full Value Chain: Research will be refocused along a complete value chain – from genetic resources and high quality medicinal plant varieties to commercially viable products. Targets include: selecting and rehabilitating 20–25 new medicinal plant varieties and registering 50–60 varieties for circulation; establishing 25–30 GACP-WHO-compliant cultivation and primary processing procedures; developing innovative herbal medicines and modernization of traditional medicines. Priority therapeutic areas with high unmet need include musculoskeletal conditions, metabolic disorders, neurological conditions, and gastrointestinal diseases. Ten existing NIMM pharmaceutical products will be upgraded and optimised.
Upgrading the Quality Assurance and Testing System into a National Technical Infrastructure: Department of Analytical Chemistry and Standardization will be upgraded to ISO/IEC 17025:2017 accreditation, and the laboratories of Department of  Pharmacology and Biochemistry to GLP acc. These initiatives establish a solid foundation for NIMM’s integration into the pharmaceutical R&D value chain, in compliance with Ministry of Health regulations and WHO guidelines. Our focus on standardizing medicinal materials, semi-finished products, traditional medicines, and herbal drugs directly contributes to strengthening National Standards. In parallel, we are developing a comprehensive national electronic database on Vietnam’s medicinal resources, advancing digital transformation in the sector. 
Building Multidisciplinary Research Capacity: Recognizing this as the most significant gap in the current value chain, NIMM is committed to investing in pre-clinical research capabilities and supporting clinical trials for herbal medicines in strict accordance with ICH/GCP standards. This strategic move aims to meet domestic registration requirements and pave the way for international export. Furthermore, NIMM plans to restructure its specialized units into advanced research centers, expanding the scope of R&D to effectively address emerging challenges and opportunities in the medicinal materials sector..
Digital Transformation and Construction of a National Medicinal Materials Database: In alignment with Resolution 57-NQ/TW, NIMM will develop a comprehensive national electronic database for Vietnamese medicinal materials, integrating distribution, chemical composition, biological effects, and quality standards. Furthermore, we are establishing a centralized repository for medicinal extracts, phytochemicals, and reference standards, all managed through advanced digital information technology. This integrated infrastructure will serve as a powerful foundation for pharmaceutical research and development, ensuring precision and efficiency in every stage of drug discovery. It will apply OMICs (metabolomics, genomics) and DNA barcode technology in the identification and quality control of medicinal plants. The entire archive of medicinal plant documents, specimens, and knowledge on the use of traditional medicinal plants,  will be digitized.
Intellectual Property Protection and Expansion of Public–Private Partnerships (PPP): NIMM will actively pursue patent registration, plant variety protection, and intellectual property rights enforcement, linking these to technology transfer agreements with industry. Sustainable PPP models will be developed with medicinal material enterprises, under which NIMM provides scientific and technological foundations while enterprises ensure commercial market linkages - creating a regenerative investment cycle for research. By 2030, the Institute aims to develop a high-quality workforce, significantly increasing the number of Professors, Associate Professors, and PhDs to lead pioneering research and foster academic excellence; a gene bank holding 2,000 accessions; and recognition as one of the leading medicinal material research institutes in South-East Asia.
5. Implementation Solutions
Reform of management mechanisms and strategic concentration of investment: The Institute will transition from dispersed to strategically concentrated investment, prioritising tasks that are critical to the value chain. An independent scientific council will be established to evaluate and select tasks on the basis of impact potential and transformative capacity. A performance-based research funding mechanism tied to deliverables will be applied in the spirit of Resolution 193/2025/QH15. ISO/IEC 17025- and GLP-accredited laboratories and a flagship specialised medicinal materials research Center will be established during 2026–2028.
Development and strategic deployment of scientific talent: Policies will be developed to attract leading scientists from abroad and from domestic institutions to NIMM. The quality of scientific staff will be continuously enhanced to meet the demands of medicinal material development. Management will be reformed to create an open scientific environment that encourages interdisciplinary and international collaboration.
Strengthening international cooperation and technology transfer: The MOU network will be expanded with leading universities and research institutes globally in the fields of medicinal materials and traditional medicine. Active participation in national S&T programmes and ministerial/provincial funding schemes will be sustained. Targets include: at least 5 patents, 10 registered medicinal plant varieties, and 1 herbal pharmaceutical product transferred to industry during 2026–2030.
Promoting application-oriented research to meet societal needs for medicinal material development: Revenue streams will be diversified through: ISO/IEC 17025-accredited analytical testing services; GACP-WHO advisory services for medicinal crop growing areas; commercialisation of high-quality medicinal plant varieties; and collaborative research contracts with industry partners to address practical societal needs.
Comprehensive digital transformation of Institute operations: A digitalised research management system will be implemented, covering task proposal, progress tracking, acceptance testing, and publication of results. A shared data platform will be established across all Institute units and external partners. Artificial intelligence (AI) and machine learning will be applied to big-data analysis in phytochemistry and biological activity screening.
6. Conclusion
Over 65 years of development, NIMM has consolidated its position as the leading research institute in the field of Vietnamese medicinal materials, with a comprehensive research system, a specialist scientific workforce, and an organisational network spanning all ecological zones of the country. During 2021–2025, notwithstanding the considerable challenges posed by the pandemic and global economic disruptions, the Institute achieved notable outcomes: published 563 scientific papers including 135 international publications which alone saw an 82.4% increase; conferred 25 doctoral degrees; officially registered 10 medicinal plant varieties for commercial circulation; issued 97 technical procedures for medicinal plant breeding and production; isolated more than 250 pure compounds; established 27 reference compouds; and research & developed of 7 herbal pharmaceutical formulations. These achievements have laid a solid foundation for a transformative breakthrough phase during 2026–2030.
For the 2026–2030 period, benefiting from the strong support of transformative policy mechanisms enacted by the Party and the State - in particular Resolution 57-NQ/TW and Directive 25/CT-TTg - NIMM charts a path of focused, high-quality development along the full medicinal materials value chain, tightly integrating research, training, production, and commercialisation. The overarching goal is to establish NIMM as an internationally recognised Center for medicinal materials S&T, making substantive contributions to the modernization of Vietnamese traditional medicine and pharmacy, and to the enhanced global competitiveness of Vietnamese medicinal materials.
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Summary
By employing chromatographic techniques, six triterpenoids (1−6) were successfully isolated from the leaves of Walsura pinnata Hassk. Their structures were elucidated to be cumingianol E (1), 21-O-methyltoosendanpentol (2), 21α-methylmelianodiol (3), 21S,23R-epoxy-3β,24R-dihydroxy-21β,25-dimethoxy-tirucalla-7-en (4), odoratone (5), and cabraleone (6) by detailed analysis of 1D, 2D NMR, and MS spectroscopic data, as well as comparison with previously reported literature. This is the first time compounds 1−6 from W. pinnata were reported.
Keywords: Walsura pinnata; Meliaceae; Apotirucallane; Tirucallane; Dammarane; Triterpenoids.


1. Introduction
Plants of the genus Walsura Roxb, belonging to the Meliaceae family and comprising approximately 21 species [1], are distributed in subtropical regions, including South India, mainland China, and Southeast Asia (Malaysia, Indonesia, Thailand, and Vietnam) [2]. Currently, there are no accurate data regarding the exact number of Walsura species present in Vietnam. However, based on published literature, seven species have been recorded in the country: W. bonii, W. cochinchinensis, W. elata, W. pinnata, W. poilanei, W. robusta, and W. villosa [3]. Traditionally, members of this genus have been used in folk medicine to treat various ailments, such as tendon disabilities, hemorrhoids, excessive bleeding, and wounds, as well as for their expectorant, emmenagogue, and emetic properties [4]. Previous phytochemical investigations on Walsura have led to the isolation of phenols, limonoids, lignans, and terpenoids, some of which exhibited cytotoxic, antimicrobial, antioxidant, antifeedant, and neuroprotective activities [5],[6],[7],[8]. However, phytochemical and pharmacological data on W. pinnata remain limited [4]. To date, a few studies have reported the presence of sesquiterpenoid and triterpenoid constituents, which have drawn interest due to their cytotoxic effects [9],[10],[11]. In continuation of our interest in the phytochemistry of plants belonging to the genus Walsura, we have conducted further investigations and successfully isolated six triterpenoid compounds (1−6, Fig. 1) from the leaves of W. pinnata.
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Fig. 1. Chemical structures of compounds 1−6

2. Materials and methods
2.1. Chemicals and equipment
Optical rotations were determined on a JASCO P-2000 polarimeter. The NMR spectra were recorded on a Bruker AVANCE NEO 600 FT-NMR spectrometer with TMS as an internal standard. The HRESIMS data were taken on an Agilent 6530 Accurate Mass Q-TOF LC/MS. Column chromatography (CC) was conducted on silica gel, Diaion HP-20, Sephadex LH-20, and RP-18. Preparative HPLC was performed using Agilent 1100, J′sphere ODS H-80 column (4 µm, 250 × 20 mm), a flow rate of 6 mL/min, and a detector DAD at wavelengths of 205, 230, 254, and 280 nm. An isocratic mobile phase with a flow rate of 3.0 mL/min was used in pre-HPLC. Analytical thin-layer chromatography was performed on precoated silica gel 60 F254 and RP-18 F254S plates, and compounds were visualized by spraying with 10% H2SO4 in water and then heating for 1.5−2 minutes.
2.2. Plant material
The leaves of W. pinnata were collected at Dakrong, Quang Tri Province, Vietnam, in May 2025. The species was taxonomically identified by Dr. Le Tuan Anh (Vietnam National Museum of Nature). A voucher herbarium specimen (NCCT-P184) has been deposited at the Herbarium of the Institute of Chemistry, VAST.
2.3. Extraction and isolation
The dried leaves of W. pinnata (3.5 kg) were ultrasonically extracted with methanol (3 × 7.0 L, each for 2.5 h at room temperature), yielding a MeOH extract (300 g) after solvent removal under reduced pressure. The extract was then suspended in water and sequentially partitioned with organic solvents to obtain the n-hexane (H, 32.5 g), dichloromethane (D, 95 g), ethyl acetate (E, 40 g), and aqueous fractions. HPLC analysis indicated that the CH2Cl2 fraction contained a relatively high abundance of secondary metabolites, and this fraction was therefore selected for further chromatographic separation. The CH2Cl2 fraction (95 g) was subjected to silica gel CC, using a gradient solvent system of CH2Cl2-MeOH (from 50:0 to 0:100), based on TLC analysis results. Fractions with similar polarity were combined, resulting in the acquisition of seven fractions (D1−D7). Fraction D2 (5.1 g) was purified on an RP-18 column using 40% MeOH in H2O as the eluent, yielding six subfractions (D2.1−D2.6). Among these, subfraction D2.2 (56 mg) was further purified by semi-preparative HPLC with CH3CN-H2O (65:35) as the mobile phase, yielding compound 1 (6.5 mg, tR = 44.3 min). Similarly, subfraction D2.3 (82 mg) was purified by a semi-preparative HPLC system using a CH3CN-H2O (50:50) mixture, resulting in the isolation of compound 2 (10.8 mg, tR = 33.8 min). Subfraction D3 (1.52 g) was subjected to RP-18 CC with MeOH-H2O (2:3) as the eluent, producing three subfractions (D3.1−D3.3). Further purification of subfraction D3.2 (75 mg) by semi-preparative HPLC, using CH3CN-H2O (30:70) as the mobile phase, yielded compound 6 (7.2 mg, tR = 47.3 min). Additionally, subfraction D3.3 (0.8 g) was subjected to silica gel CC using a CH2Cl2-MeOH-H2O solvent system (5:1:0.1, v/v/v), yielding five fractions (D3.3a to D3.3e). Compounds 3 (10.1 mg, tR = 31.8 min) and 5 (7.9 mg, tR = 35.4 min) were obtained from subfraction D3.3b (0.11 g) through semi-preparative HPLC system (CH3CN-H2O containing 0.05% TFA, 20:80). In a similar process to that described above, subfraction D3.3d (0.10 g) was purified by semi-preparative HPLC using 20% CH3CN in H2O as the mobile phase, yielding compound 4 (8.9 mg, tR = 40.5 min). 
Cumingianol E (1): White amorphous powder; : −89.5 (c 0.1, CHCl3); HRESIMS m/z 557.3840 [M + Na]+ (calcd. for [C32H54NaO6]+, 557.3835); 1H (600 MHz, CDCl3) and 13C NMR (150 MHz, CDCl3) spectroscopic data, see Table 1.
21-O-Methyltoosendanpentol (2): White amorphous powder; : −41.4 (c 0.1, CHCl3); HRESIMS m/z 543.3679 [M + Na]+ (calcd. for [C31H52NaO6]+, 543.3676); 1H (600 MHz, CDCl3) and 13C NMR (150 MHz, CDCl3) spectroscopic data, see Table 1.
21α-Methylmelianodiol (3): White amorphous powder; : −89.7 (c 0.1, CHCl3); HRESIMS m/z 503.3739 [M + H]+ (calcd. for [C31H51O5]+, 503.3731); 1H (600 MHz, CDCl3) and 13C NMR (150 MHz, CDCl3) spectroscopic data, see Table 2.
21S,23R-epoxy-3β,24R-dihydroxy-21β,25-dimethoxy-tirucalla-7-en (4): White amorphous powder; : +35.0 (c 0.1, CHCl3); HRESIMS m/z 541.3874 [M + Na]+ (calcd. for [C32H54NaO5]+, 541.3864); 1H (600 MHz, CDCl3) and 13C NMR (150 MHz, CDCl3) spectroscopic data, see Table 2.
Odoratone (5): Colorless needles; : −41.8 (c 0.1, CHCl3); 1H NMR (CDCl3, 600 MHz) δ (ppm): 1.45 (1H, m, Ha-1), 1.98 (1H, m, Hb-1), 2.24 (1H, dd, J = 14.4, 1.6 Hz, Ha-2), 2.75 (1H, ddd, J = 14.4, 14.4, 5.4 Hz, Hb-2), 1.72 (1H, t, J = 9.0 Hz, H-5), 2.10 (2H, m, H-6), 5.31 (1H, dd, J = 6.6, 3.6 Hz, H-7), 2.28 (1H, m, H-9), 1.56 (2H, m, H-11), 1.62 (1H, m, Ha-12), 1.86 (1H, m, Hb-12), 1.50 (2H, m, H-15), 1.37 (1H, m, Ha-16), 2.02 (1H, m, Hb-16), 1.87 (1H, m, H-17), 0.83 (3H, s, H-18), 1.00 (3H, s, H-19), 1.64 (1H, m, H-20), 0.85 (3H, d, J = 7.2 Hz, H-21), 3.82 (1H, dd, J = 6.6, 1.8 Hz, H-22), 3.97 (1H, dd, J = 6.0, 5.4 Hz, H-23), 3.66 (1H, dd, J = 6.0, 5.4 Hz, H-24), 1.22 (3H, s, H-26), 1.22 (3H, s, H-27), 1.05 (3H, s, H-28), 1.11 (3H, s, H-29), and 1.03 (3H, s, H-30); 13C NMR (CDCl3, 150 MHz) δ (ppm): 38.6 (C-1), 35.1 (C-2), 217.1 (C-3), 47.9 (C-4), 52.4 (C-5), 24.4 (C-6), 117.8 (C-7), 146.0 (C-8), 48.6 (C-9), 35.0 (C-10), 18.3 (C-11), 33.6 (C-12), 43.6 (C-13), 51.2 (C-14), 34.1 (C-15), 27.9 (C-16), 49.3 (C-17), 21.9 (C-18), 12.8 (C-19), 37.5 (C-20), 12.4 (C-21), 83.7 (C-22), 72.9 (C-23), 77.4 (C-24), 80.9 (C-25), 27.7 (C-26), 21.3 (C-27), 24.6 (C-28), 21.6 (C-29), and 27.7 (C-30).
Cabraleone (6): White amorphous powder; : +67.3 (c 0.1, CHCl3); 1H NMR (CDCl3, 600 MHz) δ (ppm): 1.45 (1H, m, Ha-1), 1.92 (1H, m, Hb-1), 2.43 (1H, m, Ha-2), 2.50 (1H, m, Hb-2), 1.37 (1H, dt, J = 9.0, 3.0 Hz, H-5), 1.47 (1H, m, Ha-6), 1.55 (1H, m, Hb-6), 1.32 (1H, m, Ha-7), 1.56 (1H, m, Hb-7), 1.43 (1H, m, H-9), 1.25 (1H, m, Ha-11), 1.52 (1H, m, Hb-11), 1.80 (1H, m, Ha-12), 1.88 (1H, m, Hb-12), 1.60 (1H, m, H-13), 1.10 (1H, m, Ha-15), 1.47 (1H, m, Hb-15), 1.25 (1H, m, Ha-16), 1.89 (1H, m, Hb-16), 1.82 (1H, m, H-17), 0.99 (3H, s, H-18), 0.94 (3H, s, H-19), 1.14 (3H, s, H-21), 1.63 (1H, m, Ha-22), 1.72 (1H, m, Hb-22), 1.48 (1H, m, Ha-23), 1.78 (1H, m, Hb-23), 3.73 (1H, dd, J = 7.8, 7.2 Hz, H-24), 1.21 (3H, s, H-26), 1.12 (3H, s, H-27), 1.08 (3H, s, H-28), 1.04 (3H, s, H-29), and 0.88 (3H, s, H-30); 13C NMR (CDCl3, 150 MHz) δ (ppm): 39.9 (C-1), 34.1 (C-2), 218.1 (C-3), 47.4 (C-4), 55.3 (C-5), 19.7 (C-6), 34.6 (C-7), 40.3 (C-8), 50.2 (C-9), 36.9 (C-10), 22.1 (C-11), 26.1 (C-12), 43.1 (C-13), 50.1 (C-14), 31.4 (C-15), 27.5 (C-16), 49.5 (C-17), 15.1 (C-18), 16.0 (C-19), 86.3 (C-20), 23.6 (C-21), 35.7 (C-22), 25.7 (C-23), 83.3 (C-24), 71.4 (C-25), 27.4 (C-26), 24.3 (C-27), 26.7 (C-28), 21.0 (C-29), and 16.4 (C-30).
3. Results and discussion
Compound 1 was obtained as a white amorphous powder. Its molecular formula was determined to be C32H54O6, corresponding to six degrees of unsaturation, based on its sodium adduct molecular ion peak at m/z 557.3840 [M + Na]+ (calcd. for [C32H54NaO6]+, 557.3835) in the HRESIMS spectrum. The 1H NMR spectrum of 1 exhibited signals for seven tertiary methyl groups [δH 0.85, 0.90, 1.05, 1.06, 1.15, and 1.24 (3H, s, for each)], five oxymethine protons [δH 3.40 (1H, br s, H-3), 3.90 (1H, t, J = 3.0 Hz, H-7), 4.80 (1H, d, J = 3.0 Hz, H-21), 4.21 (1H, ddd, J = 10.8, 4.8, 2.4 Hz, H-23), and 3.37 (1H, d, J = 2.4 Hz, H-24)], two methoxy groups (δH 3.23 and 3.35), and a characteristic olefinic proton signal [δH 5.42 (1H, d, J = 1.8 Hz, H-15). All 32 carbons in the molecular structure were resolved as individual resonances in the 13C NMR spectrum and classified using HSQC spectroscopy as two olefinic carbons [δC 162.4 (C-14) and 119.1 (C-15)], one acetal carbon [δC 109.2 (C-21)], four sp3 quaternary carbons [δC 37.0 (C-4), 44.4 (C-8), 37.7 (C-10), and 47.0 (C-13)], and one oxygen-bearing sp3 quaternary carbon [δC 77.0 (C-25)] (Table 1). All these data, coupled with a literature survey, indicated that 1 is an apotirucallane-type triterpenoid and shares the same A−D ring framework as cumingianol E [12]. Four rings and one double bond account for five of the six degrees of unsaturation, indicating that the remaining degree of unsaturation must arise from an additional ring. A spin system, CH(17)−CH(20)−CH(21)−CH(24)−CH(23)−CH2(22)−CH(20), determined from the 1H−1H COSY spectrum (Fig. 2), suggested that C-21 is connected to C-20, C-22, and C-23. This connectivity requires the presence of an additional five-membered ring (ring E) attached at C-17. This structural feature was confirmed by HMBC correlations of H-21 (δH 4.80) with C-17, C-20, C-22, and C-23 (δC 57.7, 46.2, 35.5, and 75.1, respectively) as well as correlations of Ha-22 (δH 1.60) and Hb-22 (δH 1.97) with C-17, C-20, C-23, and C-24 (δC 76.3). HMBC correlations from the proton signals at δH 1.15 (H3-26) and 1.24 (H3-27) to the carbon signals at δC 76.3 (C-24) and 77.0 (C-25), together with the methoxy signal (δH 3.23) correlating with C-25, supported the presence of an isopropyl methoxy group at C-25. In addition, HMBC cross-peaks between H-21 and C-23, and between a methoxyl signal (δH 3.35) and C-21, indicated a tetrahydrofuran moiety bearing a methoxy group at C-21. Furthermore, HMBC correlations of H3-28 (δH 0.95) with C-3, C-4, C-5, and C-29, and of H3-30 (δH 1.05) with C-7, C-8, C-9, and C-14 were consistent with the presence of OH-3, OH-7, and Δ14,15 substituents, respectively. The hydroxy groups at C-3 and C-7 were assigned as α-oriented based on the broad singlet of H-3 and the small coupling constant values of H-7 (J = 3.0 Hz) [12].
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Fig. 2. Key COSY and HMBC correlations of 1 and 3
Table 1. NMR spectroscopic data of compounds 1 and 2 and the reference compounds
	No.
	#δC
	1
	$δCa
	2

	
	
	δCa,b
	δHa,c mult. (J in Hz)
	
	δCa,b
	δHa,c mult. (J in Hz)

	1
	33.3
	32.6
	1.33 m/1.38 m
	32.8
	32.5
	1.35 m/1.38 m

	2
	26.1
	25.0
	1.55 m/1.92 m
	25.0
	25.0
	1.57 m/1.92 m

	3
	74.9
	76.2
	3.40 br s
	76.2
	76.1
	3.39 br s

	4
	37.5
	37.0
	-
	37.1
	37.0
	-

	5
	40.6
	40.4
	1.98 m
	40.5
	40.3
	1.98 m

	6
	25.0
	23.7
	1.71 m
	23.7
	23.6
	1.71 m

	7
	72.5
	72.3
	3.90 t (3.0)
	72.3
	72.3
	3.91 br s

	8
	44.4
	44.4
	-
	44.3
	44.3
	-

	9
	42.0
	41.6
	2.02 dd (12.0, 7.8)
	41.6
	41.6
	2.02 dd (11.4, 7.2)

	10
	38.0
	37.7
	-
	37.7
	37.6
	-

	11
	16.6
	16.2
	1.50 m/1.74 m
	16.3
	16.2
	1.50 m/1.72 m

	12
	33.3
	32.7
	1.43 m/1.60 m
	32.6
	32.7
	1.45 m/1.79 m

	13
	47.0
	47.0
	-
	46.9
	46.9
	-

	14
	162.2
	162.4
	-
	162.4
	162.3
	-

	15
	118.7
	119.1
	5.42 d (1.8)
	119.2
	119.1
	5.43 br s

	16
	34.9
	34.7
	2.10 m/2.16 m
	34.7
	34.6
	2.11 m/2.19 m

	17
	58.0
	57.7
	1.71 m
	57.5
	57.4
	1.92 m

	18
	19.2
	19.3
	1.06 s
	19.3
	19.2
	1.06 s

	19
	15.6
	15.2
	0.90 s
	15.2
	15.2
	0.90 s

	20
	46.3
	46.2
	2.33 m
	45.9
	45.5
	2.33 m

	21
	109.5
	109.2
	4.80 d (3.6)
	109.6
	109.4
	4.80 d (3.0)

	22
	35.2
	35.5
	1.60 dd (12.0, 10.8)
1.97 ddd (12.0, 7.2, 4.8)
	33.8
	33.8
	1.78 dd (12.0, 10.2)
1.95 ddd (12.0, 8.4, 4.8)

	23
	68.9
	75.1
	4.21 ddd (10.8, 4.8, 2.4)
	76.9
	76.7
	4.24 ddd (10.2, 8.4, 4.8)

	24
	76.4
	76.3
	3.37 d (2.4)
	75.6
	75.6
	3.24 d (4.8)

	25
	76.4
	77.0
	-
	73.1
	73.0
	-

	26
	22.8
	20.1
	1.15 s
	26.4
	26.2
	1.26 s

	27
	20.3
	21.6
	1.24 s
	26.5
	26.4
	1.29 s

	28
	29.0
	28.0
	0.95 s
	28.1
	28.0
	0.95 s

	29
	22.5
	22.1
	0.85 s
	22.1
	22.1
	0.85 s

	30
	28.3
	27.7
	1.05 s
	27.7
	27.6
	1.05 s

	21-OCH3
	55.0
	55.4
	3.35 s
	55.6
	55.5
	3.35 s

	25-OCH3
	49.0
	49.1
	3.23 s
	
	
	



Measured in aCDCl3, b150 MHz, and c600 MHz. #δC of cumingianol E in pyridine-d5 + D2O [12] and $δC of 21-O-methyltoosendanpentol in CDCl3 [13].    


Moreover, the S-configuration at C-24 was confirmed on the basis of the small coupling constant (JH‑23/H‑24 = 2.4 Hz) in the 1H NMR spectrum [12],[13]. The NOESY correlations of H3-29/H-2β, H-2β/H3-19, H3-19/H3-30, and H3-30/H-17 indicated that these methyl groups are cofacial and β-oriented, whereas the correlations of H3-28/H-5 and H-9/H3-18 supported an α-orientation. Additionally, the cross-peak observed for H3-18/H-20, Ha-22/H-23, and H-23/H3-26 showed that both H-20 and H-23 are α-oriented, whereas those for H-17/H-21, H-21/H-24 revealed that H-21 and H-24 are β-oriented. Based on the above evidence and comparison with the published data [12], compound 1 was finally identified as cumingianol E (Fig. 1 and Table 1). This compound was previously obtained from the leaves of Dysoxylum cumingianum (Meliaceae) and was reported to show no growth inhibitory effects against KB, MCF-7, and KB-C2 cell lines [12].
Compound 2 was isolated as a white amorphous powder. The HRESIMS data of 2 showed a sodium adduct ion at m/z 543.3679 [M + Na]+ (calcd. for [C31H52NaO6]+, 543.3676), consistent with the molecular formula C31H52O6 (six degrees of unsaturation). Analysis of the NMR spectra allowed the assignment of most functional groups characteristic of an apotirucallane-type triterpenoid skeleton [12],[13]. Complete elucidation of 1D NMR (Table 1) and HSQC spectra indicated that the structure of 2 closely resembled that of cumingianol E (1) [12] (Table 1), except for minor differences observed at C-25 resonance in the side chain. The difference between the two compounds is that the methoxy group at C-25 in 1 was replaced by a hydroxy group in 2. This substitution was suggested by the upfield shifts of C-25, from δC 77.0 in 1 to δC 73.0 in 2 (Table 1). This conclusion was further supported by 2D HMBC correlations from the proton signal at δH 1.26 (H3-26)/1.29 (H3-27) with C-25 (δC 73.0), as well as a 14 mass units difference between the two molecules. The structure of 2 was additionally confirmed through 2D NMR experiments, including HSQC, HMBC, and NOESY spectra. Its relative configuration of 2 was inferred from NOESY correlations and found to be identical to that of compound 1. Detailed examination of the NMR spectroscopic data supported the identification of 2 and in comparison with reported literature, established it as 21-O-methyltoosendanpentol [14]. This compound was previously reported from the leaves and stems of Aglaia duperreana [14] and the fruits of Melia toosendan [15]. Thus far, no activity was found in an inhibition assay for compound 2.
Compound 3 was obtained as a white amorphous powder. Its molecular formula, C31H50O5, was established based on the HRESIMS peak at m/z 503.3739 [M + H]+ (calcd. for [C31H51O5]+, 503.3731) and NMR data, indicating seven degrees of unsaturation. The 1H NMR spectrum of 3 showed signals corresponding to seven methyl groups, one methoxy group [δH 3.34 (3H, s)], three oxygenated methine protons, one olefinic proton [δH 5.32 (1H, dd, J = 6.6, 3.0 Hz, H-7], and several overlapping resonances for aliphatic methine and methylene protons. Combined analysis of the 13C NMR and HSQC spectra revealed 31 carbon signals attributable to one ketone group, seven methyl groups, one methoxy carbon, eight sp3 methylenes, seven sp3 methines (three oxygenated at δC 109.0, 76.8, and 75.6), one sp2 methine carbon (δC 118.2), one sp2 non-protonated carbon (δC 145.6), and five sp3 non-protonated carbons (Table 2). The remaining five degrees of unsaturation indicated that 3 possessed a pentacyclic core. The presence of a tetrahydrofuran ring in the side chain was assigned based on correlations observed in the 2D NMR data. Overall, the NMR spectroscopic data closely matched those reported for a 3-oxotirucalla-7-ene skeleton bearing a 21,23-epoxy-21-methoxy-24,25-dihydroxy side chain [16].

Table 2. NMR spectroscopic data of compounds 3 and 4 and the reference compounds.
	No.
	#δCa
	3
	$δCa
	4

	
	
	δCa,b
	δHa,c mult. (J in Hz)
	
	δCa,b
	δHa,c mult. (J in Hz)

	1
	38.5
	38.5
	1.47 m/1.98 m
	37.2
	37.2
	1.14 m/1.67 m

	2
	35.1
	35.1
	2.24 dt (14.4, 3.6)
2.75 ddd (14.4, 14.4, 5.4)
	27.7
	27.7
	1.60 m
1.64 m

	3
	216.9
	216.8
	-
	79.2
	79.2
	3.23 m

	4
	47.9
	47.9
	-
	38.9
	39.0
	-

	5
	52.3
	52.4
	1.72 dd (9.6, 7.8)
	50.7
	50.8
	1.31 m

	6
	24.3
	24.4
	2.09 m/2.11 m
	24.0
	24.0
	1.97 m/2.14 m

	7
	118.1
	118.2
	5.32 dd (6.6, 3.0)
	118.2
	118.2
	5.26 q (3.0)

	8
	145.5
	145.6
	-
	145.5
	145.6
	-

	9
	48.3
	48.4
	2.33 m
	48.8
	48.9
	2.24 m

	10
	34.9
	34.9
	-
	35.0
	35.1
	-

	11
	17.7
	17.8
	1.59 m
	17.7
	17.7
	1.52 m

	12
	31.5
	31.6
	1.55 m/1.75 m
	31.2
	31.2
	1.30 m/1.87 m

	13
	43.60
	43.8
	-
	43.5
	43.6
	-

	14
	50.9
	51.0
	-
	50.7
	50.8
	-

	15
	34.3
	34.4
	5.48 d (1.8)
	34.2
	34.2
	1.49 m/1.54 m

	16
	27.4
	27.4
	1.75 m/1.95 m
	27.3
	27.3
	1.29 m/1.87 m

	17
	50.3
	50.3
	1.30 m/1.94 m
	45.0
	45.0
	2.03 t (9.0)

	18
	22.6
	22.6
	0.86 s
	23.2
	23.2
	0.83 s

	19
	12.7
	12.8
	1.00 s
	13.1
	13.1
	0.75 s

	20
	47.7
	47.8
	2.17 m
	46.5
	46.5
	1.96 m

	21
	108.9
	109.0
	4.78 d (3.6)
	104.8
	104.9
	4.68 d (3.6)

	22
	33.8
	33.9
	1.52 m
	32.5
	32.6
	1.78 m/1.94 m

	23
	76.7
	76.8
	4.22 ddd (10.8, 5.4, 1.8)
	77.8
	77.8
	4.44 ddd (9.6, 9.6, 2.4)

	24
	75.3
	75.6
	3.25 dd (9.6, 1.2)
	76.7
	77.0
	3.26 dd (9.6, 2.4)

	25
	73.1
	73.1
	-
	77.1
	77.1
	-

	26
	26.3
	26.4
	1.27 s
	20.1
	20.1
	1.18 s

	27
	26.4
	26.5
	1.30 s
	22.4
	22.4
	1.24 s

	28
	21.6
	21.6
	1.10 s
	27.0
	27.6
	0.97 s

	29
	24.5
	24.6
	1.05 s
	14.7
	14.7
	0.86 s

	30
	27.3
	27.3
	1.12 s
	27.3
	27.3
	0.99 s

	21-OCH3
	55.6
	55.6
	3.34 s
	55.0
	55.0
	3.35 s

	25-OCH3
	
	
	
	49.3
	49.3
	3.25 s



Measured in aCDCl3, b150 MHz, and c600 MHz. #δC of 21α-methylmelianodiol [16] and $δC of 21S,23R-epoxy-3β,24R-dihydroxy-21β,25-dimethoxy-tirucalla-7-en [13].


The strong cross-peaks observed in the HMBC spectrum (Fig. 2) between the methyl protons and their neighboring carbons were used to establish the tirucallane backbone. The location of the methoxy group at C-21 was confirmed by the HMBC cross-peak from the methoxy protons to C-21. HMBC correlations from olefinic proton H-7 [δH 5.32 (1H, dd, J = 6.6, 3.0 Hz, H-7)] to C-5 (δC 52.4), and C-9 (δC 48.4) assigned the trisubstituted double bond to C-7 (δC 118.2) and C-8 (δC 145.6). Further structural elucidation of 3 was analyzed by 1H−1H COSY spectrum, which enabled the identification of four structural fragments: C-1−C-3, C-5−C-6−C-7, C-9−C-11−C-12, and C-15−C-16−C-17−C-20(C-21)−C-22−C-23−C-24 based on the sequences of correlated protons (Fig. 2). The NOESY cross-peaks for H-5/H-9, H-5/H3-28, H-9/H3-18, H3-18/H-20, and H-20/H-23, indicated that H-5, H-9, H3-18, H3-28, H-23 were α-oriented. The observable NOESY correlations between H3-29/H3-19, H3-30/H-17 suggested β-configurations for H-17, H3-19, H3-29 and H3-30. The coupling constant between H-23 and H-24 (J = 9.6 Hz) in 3 indicated a trans relationship, which was further supported by the NOESY correlation between H-24/H-21. Furthermore, compound 3 displayed the same configuration at C-20 as compounds 1 and 2. The comparison of the NMR data of 3 with NMR spectroscopic data in the published literature [16] supported the identification of 3. Thus, compound 3 was established as 21α-methylmelianodiol, previously reported from the fruits of Poncirus trifoliata (Rutaceae) [16] and Melia azedarach [17]. 21α-Methylmelianodiol showed significant cytotoxicity against HCT116 (carcinoma) and RKO (adenocarcinoma) cell lines with IC50 values of 10.16 ± 1.22 and 8.57 ± 0.80 μM, respectively [17]. The anticancer potential of 3 with a redox regulatory mechanism and also outlines the mechanistic action of 3 in inhibiting the growth, survival, and metastasis of human non-small cell lung cancer cells and influences a mechanism that results in the influence on suppression of P-gp/MDR1-associated multidrug resistance in drug-resistant human non-small cell lung cancer cells [18]. Additionally, the anti-inflammatory effect of compound 3 was evaluated based on its ability to inhibit nitric oxide (NO) production in mouse peritoneal macrophages [19]. This effect was mediated through the suppression of interleukin-6 (IL-6) expression [20] and the inhibition of NF-κB phosphorylation [21].
Compound 4 was obtained as a white amorphous powder with the molecular formula C32H54O5, as confirmed by the sodium adduct ion peak at m/z 541.3874 [M + Na]+ (calcd. for [C32H54NaO5]+, 541.3864). The 1D and 2D NMR spectroscopic data of 4 were highly similar to those of the compound 21α-methylmelianodiol (3), indicating that both compounds shared the same tirucallane-type triterpenoid core [13],[22]. The obvious difference was the presence of the addition of a methoxy group (δH 3.25/δC 49.3) and a ketone signal (δC 216.8) in 3 instead of an oxygenated methine signal for C-3 in 4. In the HMBC spectrum of 4, cross-peaks from the two gem-dimethyl protons at δH 0.97 and 0.86 (each 3H, s) to the oxymethine carbon resonance δC 79.2 suggested the presence of a hydroxy group at the C-3 position. Furthermore, the methoxy group was assigned to C-25 based on the HMBC correlation between OMe (δH 3.25) and C-25 (δC 77.1). The configuration of the hydroxy group was determined to be β-orientation from the multiplicity of H-3 (δH 3.23, m), in contrast to the broad singlet typically observed for an α-orientation [13],[22]. Similarly, a β-orientation of the methoxy group at C-21 was supported by the 13C NMR chemical shift of C-21 in 4 (δC 104.9), which closely matched the corresponding value reported for 21S,23R-epoxy-3β,24R-dihydroxy-21β,25-dimethoxy-tirucalla-7-en [13] at δC 104.8. A comprehensive analysis of the NMR spectroscopic data, together with comparison to previously published data [13],[22], led to the identification of 4 to be 21S,23R-epoxy-3β,24R-dihydroxy-21β,25-dimethoxy-tirucalla-7-en. Compound 4 was evaluated for its growth-inhibitory effects on HepG2 (liver), K562 (leukemia), SGC7901 (gastric), and HL60 (leukemia) cancer cell lines using MTT and SRB assays. The results showed that compound 4 exhibited moderate cytotoxic activity against the HL60 cell line, with an IC50 value of 44.9 µM, in comparison with cisplatin (IC50 = 4.2 µM)  [13].
Two remaining compounds were determined to be odoratone (5) [23] and cabraleone (6) [24] by comparison of their physical and spectroscopic data to those reported in the references. Indeed, odoratone (5) was reported for the first time by Chan and co-workers in 1967 from Cedrela odorata based on its IR absorption bands and the characteristic proton signals [25]. Its 13C NMR data were published for the first time by Luo et al [23]. Unfortunately, although compounds 5 and 6 have been reported in many other plants, it is worth noting that there is still little research on their biological assay.
4. Conclusions
The chemical constituents of W. pinnata leaves have been identified in the present study. Six compounds were isolated, including cumingianol E (1), 21-O-methyltoosendanpentol (2), 21α-methylmelianodiol (3), 21S,23R-epoxy-3β,24R-dihydroxy-21β,25-dimethoxy-tirucalla-7-en (4), odoratone (5), and cabraleone (6). The structures of these compounds were elucidated through NMR spectroscopic analysis and comparison with previously reported data. To the best of our knowledge, the occurrence of compounds 1−6 are reported here for the first time in this species.
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Summary
Six compounds, including gracilol A (1), dipterocarpol (2), 8-hydroxylabdan-15-oic acid (3), (E)-1-(2-methoxy-4ʹ,5ʹ-dihydroxyphenyl)-3-phenylprop-2-ene (4), (+)-eudesmin (5), and (-)-epi-eudesmin (6), were isolated from propolis of stingless bee Lepidotrigona terminata (Smith, 1878) collected in Van Duc, Gia Lai province. The structures of isolated compounds 1−6 were elucidated by spectroscopic (NMR, MS) analysis and comparison with previous literature. This is the first report on the NMR data of compounds 1 and 4. 
Keywords: Lepidotrigona terminata; Triterpene; Diterpene; Lignan; Phenolic. 


1. Introduction
Propolis is a complex resinous substance collected by bees from plant exudates and mixed with salivary secretions and wax. Propolis has been used since ancient times for its diverse therapeutic properties. While propolis of the honeybee (Apis mellifera) has been extensively studied, garnering significant scientific and commercial interest, propolis produced by stingless bees remains underexplored [1],[2]. Stingless bee propolis, known variably as "cerume" or geopropolis, differs in botanical origins, physical properties, and chemical profiles from that of honeybee (A. mellifera). The chemical composition of stingless bee propolis is remarkably diverse and geographically variable, reflecting the specific flora foraged by different meliponine species [2]. Phytochemical investigations have revealed a diverse profile of compounds, including phenolic acids, flavonoids, terpenoids, and lignans, many of which are unique to specific bee-plant interactions [3],[4],[5]. Pharmacological studies of propolis extracts and their isolated compounds exhibit a wide range of biological activities such as antibacterial, anticancer, antioxidant, and anti-inflammatory effects [2].
Lepidotrigona terminata (Smith, 1878) is a stingless bee species widely distributed across Southeast Asia, including Thailand, Malaysia, Vietnam, and Indonesia [6]. Nevertheless, relatively few studies have characterized the chemical composition and bioactivity of L. terminata propolis. The L. terminata propolis extract in Thailand, containing xanthone compounds, displayed weak cytotoxic, antioxidant, and anti-diabetic activities [7],[8]. Using the GC/MS method, Popova et al. reported that L. terminata propolis samples in Vietnam had cardanols, fatty acids, and triterpenes with antibacterial effect [9]. There has been no isolation study of natural compounds from L. terminata propolis in Vietnam so far. In our ongoing research on natural compounds and bioactive substances of stingless bee propolis, we report herein our first investigation on chemical constituents from L. terminata propolis collected in Van Duc, Gia Lai province. 
2. Materials and methods
2.1. Materials
The propolis sample was collected from a stingless bees hive in beekeeping house at Van Duc town, Gia Lai province, Vietnam, in 2024. The stingless bee species was identified as Lepidotrigona terminata (Smith, 1878) by Prof. Nguyen Thi Phuong Lien and Dr. Tran Thi Ngat, Institute of Biology, Vietnam Academy of Science and Technology. Voucher specimens were deposited at the Department of Insect Ecology, Institute of Biology, Vietnam Academy of Science and Technology.
2.2. General experimental procedures
ESI-MS spectra were recorded on an Agilent 1260 series single quadrupole LC/MS system (Agilent, CA, USA). NMR spectra (1H, 13C, HSQC, HMBC, and NOESY) were obtained on Bruker AVANCE III HD 500 MHz or Bruker AVANCE NEO 600 MHz spectrometers (Bruker, Billerica, MA, USA) with tetramethylsilane as the internal standard. Column chromatography (CC) was performed on normal phase silica gel 60 (230-400 mesh, Merck) and Sephadex LH20. Thin layer chromatography was performed on silica gel 60 F254 and RP-18 F254S. Compounds were visualized by spraying with 10% sulfuric acid in EtOH and heating. 
2.3. Extraction and isolation
The propolis sample (500 g) was macerated and extracted with 90% EtOH (4 times × 5 L for 48 h) at room temperature. The combined extracts were concentrated under reduced pressure to yield 254 g of a dark brown EtOH extract. The EtOH extract (250 g) was suspended in 800 mL of distilled water and then partitioned with EtOAc (4 × 500 mL). The combined EtOAc extracts were evaporated under reduced pressure to afford the EtOAc extract (165.7 g). The EtOAc residue (160 g) was applied to silica gel CC, eluted with a solvent gradient of n-hexaneEtOAc (100:1 to 0:100) to yield 12 fractions (E1-E12). Fraction E3 (63.0 g) was chromatographed by normal phase silica gel CC (n-hexaneEtOAc, 19:1, v/v) to give 11 fractions (E3.1-E3.11). Fraction E3.6 (1.8 g) was separated by silica gel CC (n-hexaneacetone, 6:1, v/v) to yield ten fractions E3.6.1-E3.6.10. Fraction E3.6.1 (85.3 mg) was then purified by silica gel CC (n-hexaneEtOAc, 8:2, v/v) to afford 3 (7.0 mg). Fraction E3.9 (450 mg) was subjected to silica gel CC (n-hexaneacetone, 19:1, v/v), yielding 11 sub-fractions E3.9.1-E3.9.11. Fraction E3.9.6 (50 mg) was further purified by silica gel CC (n-hexaneacetone, 19:1, v/v) to give 1 (3.6 mg). Fraction 3.10 (100 mg) was separated by silica gel CC (n-hexaneacetone, 19:1, v/v) to afford 2 (15.6 mg). Fraction E8 (8.96 g) was separated on a normal-phase silica gel column, eluted with a gradient solvent system of n-hexaneEtOAc (7:1 to 3:1), yielding 12 sub-fractions (E8.1 to E8.12). Fraction E8.7 (2.98 g) was chromatographed on normal-phase silica gel CC (n-hexaneacetone v/v, 9:1), to afford 4 (3.6 mg). Fraction E8.10 (2.98 g) was purified on normal-phase silica gel CC (CH2Cl2EtOAc, 9:1, v/v), and then subsequently on Sephadex LH20 CC (MeOH) to give 6 (5.4 mg). Fraction E8.11 (197 mg) was purified on Sephadex LH20 CC (MeOH) to yield 5 (10.3 mg).
Gracilol A (1): white solid; ESI-MS: m/z 433 [M+H]+; 1H-NMR (600 MHz, CDCl3) and 13C-NMR (125 MHz, CDCl3): see Table 1.
Dipterocarpol (2): white solid; ESI-MS m/z 433 [M+H]+; 1H-NMR (500 MHz, CDCl3) and 13C-NMR (125 MHz, CDCl3): see Table 1. 
8-Hydroxylabdan-15-oic acid (3): yellow solid; ESI-MS: m/z 323 [M-H]-; 1H-NMR (600 MHz, CDCl3) and 13C-NMR (125 MHz, CDCl3): see Table 2.
(E)-1-(2'-Methoxy-4',5'-dihydroxyphenyl)-3-phenylprop-2-ene (4): red oil; 1H-NMR (600 MHz, CDCl3) and 13C-NMR (125 MHz, CDCl3): see Table 2. 
(+)-Eudesmin (5): yellow solid; [α]D25 + 48o (c 0.5, MeOH); ESI-MS m/z 387 [M+H]+; 1H-NMR (500 MHz, CD3OD): δH 7.00 (2H, s, H-2, H-2'), 6.94 (4H, m, H-5, H-5', H-6, H-6'), 4.76 (2H, d, J = 4.5 Hz, H-7, H-7'), 4.26 (2H, m, H-9a, H-9'a), 3.88 (2H, dd, J = 3.5, 9.0 Hz, H-9b, H-9'b), 3.85 (6H, s, 2  OMe), 3.83 (6H, s, 2  OMe), 3.16 (2H, m, H-8, H-8'); 13C-NMR (125 MHz, CD3OD): δC 150.7 (C-3, C-3'), 150.2 (C-4, C-4'), 135.3 (C-1, C-1'), 119.8 (C-6, C-6'), 113.0 (C-5, C-5'), 111.3 (C-2, C-2'), 87.3 (C-7, C-7'), 72.7 (C-9, C-9'), 56.6 (2  OMe), 56.5 (2  OMe), 55.4 (C-8, C-8').
(-)-epi-Eudesmin (6): pale yellow solid; [α]D25 -85o (c 0.5, CHCl3); ESI-MS m/z 387 [M+H]+; 1H-NMR (600 MHz, CDCl3): δH 6.94 (1H, br s, H-2), 6.92 (1H, d, J = 1.8 Hz, H-2'), 6.90 (1H, dd, J = 1.8, 8.4 Hz, H-6), 6.86 (1H, dd, J = 1.8, 8.4 Hz, H-6), 6.85 (1H, d, J = 8.4 Hz, H-5), 6.84 (1H, d, J = 8.4 Hz, H-5), 4.88 (1H, d, J = 5.4 Hz, H-7), 4.45 (1H, d, J = 7.2 Hz, H-7), 4.14 (1H, d, J = 10.2 Hz, H-9a), 3.91 (3H, s, OMe), 3.90 (3H, s, OMe), 3.89 (3H, s, OMe), 3.88 (3H, s, OMe), 3.86 (2H, m, H-9a, H-9b), 3.33 (2H, m, H- H-9b, H-8), 2.92 (1H, m, H-8); 13C-NMR (125 MHz, CD3OD): δC 149.3 (C-3), 148.9 (C-3), 148.8 (C-4), 148.1 (C-4), 133.7 (C-1), 131.0 (C-1), 118.5 (C-6), 117.8 (C-6), 111.1 (C-5,C-5), 109.3 (C-2), 109.1 (C-2), 87.7 (C-7), 82.1 (C-7), 71.1 (C-9), 69.8 (C-9), 56.0 (2  OMe), 55.98 (OMe), 55.95 (OMe), 54.5 (C-8), 50.2 (C-8).
3. Results and discussion 
The ethyl acetate extract of the propolis of the stingless bee  L. terminata was separated using combined chromatographic methods to afford six compounds, including gracilol A (1), dipterocarpol (2), 8-hydroxylabdan-15-oic acid (3), (E)-1-(2′-methoxy-4′,5′-dihydroxyphenyl) -3-phenylprop-2-ene (4), (+)-eudesmin (5), and (-)-epi-eudesmin (6) (Fig. 1).



Fig. 1. Chemical structures of compounds 1–6 from L. terminata propolis


Compound 1 was isolated as a white solid. The 1H-NMR spectrum of 1 exhibited characteristic signals of a triterpene with 8 methyl singlets at δH 1.00 (3H, s, H-18), 0.94 (3H, s, H-19), 1.56 (3H, s, H-21), 1.23 (6H, s, H-26, H-27), 1.08 (3H, s, H-28), 1.04 (3H, s, H-29), and 0.86 (3H, s, H-30). In addition, an olefinic proton was observed at δH 5.15 (1H, t, J = 7.2 Hz, H-22). The 13C-NMR and HSQC spectra of 1 showed 30 carbons including a carbonyl carbon at the downfield δC 218.9 (C-3); 2 olefinic carbons at δC 137.3 (C-20) and 124.5 (C-22), an oxygenated carbon at δC 71.2 (C-25); eight methyl groups at δC 15.3 (C-18), 16.1 (C-19), 13.0 (C-21), 29.2 and 29.3 (C-26 and C-27), 26.8 (C-28), 21.0 (C-29), and 15.8 (C-30). The ESI-MS spectrum of 1 showed a protonated molecular ion peak at m/z 433 [M+H]+, which gave evidence of its molecular formula as C30H50O2 (M = 432), corresponding to six DBE. The NMR and MS spectra suggested that 1 was a tetracyclic triterpene. The ketone group at C-3 was confirmed by the HMBC correlations of H-28 (δH 1.08) and H-29 (δH 1.04) to C-3 (δC 218.9). The tertiary alcohol substituted group at C-25 was determined by the HMBC correlations of H-26 and H-27 (δH 1.23) to C-25 (δC 71.2). The HMBC cross-peaks of H-22 (δH 5.15) to C-21 (δC 13.0) and C-17 (δC 50.3), of H-21 (δH 1.56) to C-20 (δC 137.3) and C-22 (δC 124.5) suggested the location of the double bond at C-20 and C-22 (Fig. 2). The E configuration of the double bond was assigned based on NOESY cross-peaks of H-22 (δH 5.15) with H-17 (δH 2.17), and of H-21 (δH 1.56) with H-23 (δH 2.08). The NOESY spectrum also confirmed the dammarane structure. NOESY cross-peaks of H-30 (δH 0.86) with H-17 (δH 2.17) and H-9 (δH 1.41) suggested that the H-30 methyl group and protons H-9 and H-17 were on the same side. Compound 1 was identified as gracinol A. This compound was reported from Dipterocarpus gracilis, but the data could not be accessed [10]. The NMR data of this compound were documented for the first time.
Compound 2 was isolated as a white solid. The molecular formula of 2 was also assigned as C30H50O2 based on a protonated molecular ion peak at m/z 433 [M+H]+ in the ESI-MS spectrum and NMR data. The 1H- and 13C-NMR spectra of 2 revealed similar signals to those of 1. In the 1H-NMR spectrum, eight methyl singlets [δH 1.00 (3H, s, H-18), 0.93 (3H, s, H-19), 1.15 (3H, s, H-21), 1.69 (3H, s, H-26), 1.62 (3H, s, H-27), 1.08 (3H, s, H-28), 1.04 (3H, s, H-29), and 0.89 (3H, s, H-30)], and an olefinic proton [δH 5.12 (1H, t, J = 6.0 Hz, H-24)] were detected. The 13C NMR and DEPT also exhibited 30 carbon signals including a ketone group [δC 218.0 (C-3)], 2 olefinic carbon signals [δC 124.7 (C-24) and 131.6 (C-25)], an oxygenated carbon [δC 75.3 (C-20)] and 8 methyl groups [δC 15.2 (C-18), 16.0 (C-19), 25.5 (C-21), 25.7 (C-26), 17.7 (C-27), 26.7 (C-28), 21.0 (C-29), and 16.3 (C-30)]. The NMR data suggested that 1 and 2 are structural isomers. Compound 2 was assigned as dipterocarpol by comparison with previously reported data [11].

[image: ]

Fig. 2. Key HMBC [image: ]  and NOESY [image: ] correlations of compounds 1, 3, and 4


Table 1. 1H- and 13C-NMR spectroscopic data of compounds 1 and 2
	[bookmark: _Hlk181730115]Pos.
	1
	2
	Ref [11]

	
	δHa (mult., J in Hz)
	δCb
	δHc (mult., J in Hz)
	δCb
	δHc (mult., J in Hz)
	δCb

	1
	1.93 (m)/1.46 (m)
	40.0
	
	39.9
	
	39.9

	2
	2.49-2.43 (m)
	34.1
	2.42-2.49 (m)
	34.1
	2.37-2.42 (m)
	34.1

	3
	
	218.9
	
	218.0
	
	218.0

	4
	
	47.4
	
	47.4
	
	47.4

	5
	1.39 (m)
	55.4
	
	55.3
	
	55.4

	6
	1.55-1.46 (m)
	19.7
	
	19.6
	
	19.7

	7
	1.61 (m)/1.33 (m)
	34.8
	
	34.5
	
	34.6

	8
	
	40.4
	
	40.3
	
	40.3

	9
	1.41 (m)
	50.4*
	
	50.0
	
	50.0

	10
	
	37.0
	
	36.8
	
	36.8

	11
	1.52 (m)/1.26 (m)
	22.0
	
	22.0
	
	22.0

	12
	1.80 (m)/1.42 (m)
	27.3
	
	27.5
	
	27.5

	13
	1.62 (m)
	44.5
	
	42.4
	
	42.4

	14
	
	49.2
	
	50.2
	
	50.3

	15
	1.52 (m)/1.11 (m)
	31.6
	
	31.1
	
	31.2

	16
	1.60 (m)/1.47 (m)
	24.9
	
	24.8
	
	24.8

	17
	2.17 (m)
	50.3*
	
	49.8
	
	49.8

	18
	1.00 (s)
	15.3
	1.00 (s)
	15.2
	0.93 (s)
	15.2

	19
	0.94 (s)
	16.1
	0.93 (s)
	16.0
	0.88 (s)
	16.0

	20
	
	137.3
	
	75.3
	
	75.4

	21
	1.56 (s)
	13.0
	1.15 (s)
	25.5
	1.08 (s)
	25.5

	22
	5.15 (t, 7.2 Hz)
	124.5
	
	40.5
	
	40.5

	23
	2.08 (m)
	23.0
	2.05 (m)
	22.6
	1.99 (m)
	22.6

	24
	1.53 (m)
	43.7
	5.12 (t, 6.0)
	124.7
	5.05 (t, 5.0)
	124.7

	25
	
	71.2
	
	131.6
	
	131.6

	26
	1.23 (s)
	29.2**
	1.69 (s)
	25.7
	1.62 (s)
	25.7

	27
	1.23 (s)
	29.3**
	1.62 (s)
	17.7
	1.56 (s)
	17.7

	28
	1.08 (s)
	26.8
	1.08 (s)
	26.7
	1.01 (s)
	26.7

	29
	1.04 (s)
	21.0
	1.04 (s)
	21.0
	0.97 (s)
	21.0

	30
	0.86 (s)
	15.8
	0.89 (s)
	16.3
	0.82 (s)
	16.4


a: CDCl3, 600 MHz, b: CDCl3, 125 Mz  c: CDCl3, 500 MHz, *, **: the signals can be exchanged.


Compound 3 was isolated as a white solid. The ESI-MS spectrum showed the peak m/z 323 [M–H]-, suggesting the molecular formula C20H36O3 (DBE = 3). The 1H-NMR spectrum of 3 displayed signals for 5 methyl groups including 4 singlets [δH 1.15 (3H, s, H-17), 0.83 (3H, s, H-18), 0.86 (3H, s, H-19), and 0.75 (3H, s, H-20)] and 1 doublet [δH 0.98 (3H, d, J = 6.6 Hz, H-16)]. The 13C-NMR and HSQC spectra showed signals for 20 carbons, including 5 methyl groups at δC 19.7 (C-16), 30.6 (C-17), 33.4 (C-18), 21.7 (C-19), and 15.1 (C-20); 8 methylene groups at δC 38.9 (C-1),
Table 2. 13C-NMR spectroscopic data of compounds 3 and 4
	C
	3
	Ref [12]
	C
	4

	
	δCa
	δHb (mult. J in Hz)
	δCc
	δHd (mult. J in Hz)
	
	δCa
	δHb

	1
	38.9
	
	39.8
	
	1
	32.6
	3.50 (d, 6.6)

	2
	18.2
	
	18.6
	
	2
	129.0
	6.32 (dd, 15.6, 6.6)

	3
	41.8
	
	41.5
	
	3
	130.9
	6.43 (d, 15.6)

	4
	33.2
	
	33.4
	
	4
	137.5
	-

	5
	56.0
	
	56.3
	
	5
	126.1
	7.33 (d, 7.8)

	6
	18.3
	
	20.6
	
	6
	128.5
	7.28 (t, 7.8)

	7
	40.7
	
	40.7
	
	7
	127.1
	7.19 (t, 7.8)

	8
	73.2
	
	75.1
	
	8
	128.5
	7.28 (t, 7.8)

	9
	59.3
	1.12 (s)
	62.3
	
	9
	126.1
	7.33 (d, 7.8)

	10
	39.2
	
	39.3
	
	1'
	124.6
	-

	11
	22. 6
	
	23.2
	
	2'
	148.5
	-

	12
	42.2
	
	44.1
	
	3'
	111.3
	6.67 (s)

	13
	31.2
	
	31.4
	
	4'
	136.1
	-

	14
	42.1
	2.12 (m)/2.31 (m)
	42.2
	
	5'
	143.1
	-

	15
	173.2
	
	178.0
	
	6'
	121.1
	6.67 (s)

	16
	19.7
	0.98 (d, 6.6 Hz)
	20.2
	0.98  (d, 6.6 Hz)
	OMe
	61.4
	3.82 (s)

	17
	30.6
	1.15 (s)
	24.1
	1.14 (s)
	
	
	

	18
	33.4
	0.83 (s)
	33.4
	0.83 (s)
	
	
	

	19
	21.7
	0.86 (s)
	21.7
	0.85 (s)
	
	
	

	20
	15.1
	0.75 (s)
	15.7
	0.77 (s)
	
	
	


a: CDCl3, 600 MHz, b: CDCl3, 125 MHz, c: CDCl3, 300 MHz, d: CDCl3, 750 MHz.

18.2 (C-2), 41.8 (C-3), 18.3 (C-6), 40.7 (C-7), 22.6 (C-11), 42.2 (C-12), and 42.1 (C-14); 3 methine groups at δC 56.0 (C-5), 59.3 (C-9), and 31.2 (C-13); 2 quaternary carbons not bearing hydrogen at δC 33.2 (C-4), and 39.2 (C-10); 1 oxygenated carbon at δC 73.2 (C-8); and 1 carboxylic acid group at δC 173.2 (C-15). The HMBC spectrum allowed the assignment of proton and carbon signals. HMBC correlations of H-18 (δH 0.83) and H-19 (δH 0.86) to C-4 (δC 33.2) and C-5 (δC 56.0); of H-17 (δH 1.15) and H-9 (δH 1.12) correlated to C-8 (δC 73.2); and the HMBC signal of H-14 (δH 2.12 and 2.31) correlated to C-15 (δC 173.2) suggested the labdane skeleton. Comparing the NMR data with reference [12], compound 3 was determined as 8-hydroxylabdan-15-oic acid.
Compound 4  was isolated as a red oil. The 1H- NMR spectrum of 4 showed signals for 9 protons in the aromatic/double bond region, including 5 protons of a phenyl group at δH 7.33 (2H, d, J = 7.8 Hz, H-5 and H-9), 7.28 (2H, t, J = 7.8 Hz, H-6 and H-8), and 7.19 (1H, t, J = 7.8 Hz, H-7); two aromatic proton singlets at δH 6.67 (2H, s, H-3' and H-6'); and two trans-protons of a double bond at δH 6.43 (1H, d, J = 15.6 Hz, H-3) and 6.32 (1H, dd, J = 15.6, 6.6 Hz, H-2). Additionally, there is a methoxy group signal at δH 3.82 (3H, s, OMe) and a methylene group signal at δH 3.50 (2H, d, J = 6.6 Hz, H-1). The 13C-NMR and HSQC spectra showed signals for 16 carbons, with 14 signals in the region for double-bond or aromatic carbons. The first phenyl ring included signals at δC 137.5 (C-4), 126.1 (C-5, C-9), 128.5 (C-6, C-8), and 127.1 (C-7). The second phenyl ring showed carbon signals at δC 124.6 (C-1'), 148.5 (C-2'), 111.3 (C-3'), 136.1 (C-4'), 143.1 (C-5'), and 121.1 (C-6'). The signals for carbons in the propene side chain are at δC 130.9 (C-3), 129.0 (C-2), and 32.6 (C-1). In addition, the methoxy group was at δC 61.4 (OMe). In the HMBC spectrum, correlations of H-5 and H-9 (δH 7.33) to C-3 (δC 130.9), of H-2 (δH 6.32) to C-4 (δC 137.5) indicate the linkage C-3/C-4. HMBC correlations of H-1 (δH 3.50) to C-1' (δC 124.6), C-6' (δC 121.1), and C-2' (δC 148.5) suggested the 1,2,4,5-substitutions at the second phenyl ring. The HMBC correlations of H-3' and H-6' (δH 6.67) to C-4' (δC 136.1) and C-5' (δC 143.1) confirmed the substitution pattern. The correlation of methoxy protons (δH 3.82) to C-2' (δC 148.5) confirmed the methoxy group at C-2'. Based on the spectral analysis, 4 is determined to be (E)-1-(2'-methoxy-4',5'-dihydroxyphenyl)-3-phenylprop-2-ene. Compound 4 was found in Dalbergia retusa (Fabaceae family), but the authors only reported the NMR data of a diacetylated product [13],[14]. Therefore, this is the first time that we report the NMR spectral data of this compound, as well as its first discovery in stingless bee propolis. Compound 4 has a structure similar to compound (Z)-1-(2'-methoxy-4',5'-dihydroxyphenyl)-3-phenylprop-2-ene, found in red Mexican propolis [15].
Compounds 5 and 6 were determined as (+)-eudesmin (5) and (-)-epi-eudesmin (6), respectively, based on the comparison of NMR data with those in the previous reports [16],[17]. 
This is the first chemical study of stingless bee L. terminata (Smith, 1878) propolis in Vietnam. Compound 2 was identified from propolis of Lisotrigona furva [3] and Lepidotrigona terminata [9]. Compound 5 was isolated from the propolis of Lepidotrigona ventralis collected in Tuyen Quang province [18]. To the best of our knowledge, compounds 1, 3, 4, and 6 were first reported from stingless bee propolis. Notably, gracinol A (1) and dipterocarpol (2) have been found in the plants Dipterocarpus spp. [10], while compound 4 was only isolated from Dalbergia retusa [13],[14].  Based on our chemical results, resin sources for L. terminata propolis could be Dipterocarpus spp. and Dalbergia retusa plants. Our findings are in agreement with those of Popova et al., that Lepidotrigona sp. propolis displayed complicated and diverse chemical composition due to multiple resin sources [9]. 
4. Conclusion 
Phytochemical study of stingless bee Lepidotrigona terminata propolis resulted in six constituents, including gracilol A (1), dipterocarpol (2), 8-hydroxylabdan-15-oic acid  (3), (E)-1-(2ʹ-methoxy-4ʹ,5ʹ-dihydroxyphenyl)-3-phenylprop-2-ene (4), (+)-eudesmin (5), and epi-eudesmin (6). Compounds 1, 3, 4, and 6 were identified for the first time from stingless bee propolis. NMR spectral data of compounds 1 and 4 were first documented. The plants Dipterocarpus sp. and Dalbergia retusa are proposed as the resin sources for L. terminata propolis in Gia Lai province. 
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Summary
Using combined chromatographic experiments, five glycoside derivatives, 1-allyl-3-methoxy-4-[apiofuranosyl(12)-glucopyranosyloxybenzene] (1), phenylethyl rutinoside (2), kaempferol 3-O--D-glucopyranosyl-(21)--D-xylopyranoside (3), pinoresinol 4-O--L-rhamnopyranosyl (12)--D-glucopyranoside (4), and (7S*,8R*)-urolignoside (5), were isolated from the methanolic extract of Abroma augustum (L.) L. f. (Malvaceae). Their chemical structures were elucidated on the basis of the 1D (1H and 13C NMR) and 2D (HSQC and HMBC) NMR spectroscopic data in comparison with those published. This is the first report of compounds 15 from this species. In addition, compounds 2 and 4 exhibited moderate to weak antiproliferative activity against three human cancer cell lines (MCF-7, HepG2, and SK-LU-1) with IC50 values ranging from 49.38 ± 3.64 to 84.55 ± 6.60 µM.
Keywords: Abroma augustum; Malvaceae; Antiproliferative activity.


1. Introduction
Abroma augustum (L.) L. f. is a medium-sized shrub or small tree, 1–3 m tall. Leaves are variable in shape, blade ovate, cordate, sometimes narrowly ovate, usually toothed, slightly velvety hairy, more densely so on the lower surface, 10–20 cm long, 5–24 cm wide. The plant grows scattered in open forests, shrubby hills, along roadsides, and near stream banks. Flowering occurs from May through June, with fruiting from July to November. The root bark is used as a folk medicine to treat paralysis, gonorrhea, and to regulate menstruation. In China, the roots and leaves are used medicinally to treat injuries from falls and broken bones, irregular menstruation, and red, swollen boils [1]. In 1993, maslinic acid and α-amyrin were isolated from this plant [2]. In addition, taraxerol isolated from this species was reported to attenuate diabetic nephropathy in type 2 diabetic rats [3] and acute inflammation via inhibition of NF-κB signaling [4]. This species also exhibits many noteworthy biological activities, including antidiabetic, anti-inflammatory, antibacterial, antioxidant, cytotoxic (against cancer cells), and wound healing effects… [5]. Within the frame of our research project on cytotoxic compounds from some plants growing in Phia Oac-Phia Den National Park, the MeOH extract of this plant was found to exhibit cytotoxic activity against the HepG2 human cancer cell line with IC50 = 90.22 ± 7.54 g/mL. In this paper, we report the isolation and structure elucidation of five glycoside derivatives (Fig. 1) from this species and evaluate their in vitro antiproliferative activity against three human cancer cell lines such as MCF-7 (breast), HepG2 (liver), and SK-LU-1 (lung).
2. Materials and methods
2.1. Plant materials
[bookmark: _Hlk216089875]Branches and leaves of Abroma augustum (L.) L. f. were collected at Phia Oac - Phia Den National Park, Thanh Cong commune, Nguyen Binh District, Cao Bang province, in July 2024. The species was identified by Dr. Nguyen The Cuong, Institute of Ecology and Biological Resources (now: Institute of Biology), Vietnam Academy of Science and Technology. The voucher specimen (No. KHCBHH.01/24-25-08) was deposited at the Institute of Chemistry.
2.2. General experimental procedures
[bookmark: _Hlk219473532]The Nuclear Magnetic Resonance spectra (NMR) were recorded on Bruker AVANCE NEO 600 and AVANCE 500 FT-NMR spectrometers with TMS as an internal standard. Medium-pressure liquid chromatography (MPLC) was carried out on a Biotage Isolera One system. Column chromatography (CC) was carried out on silica gel (Kieselgel 60, 70–230 mesh and 230–400 mesh, Merck), reversed-phase silica gel (ODS-A, 12 nm S-150 µm, YMC Co., Ltd.), Sephadex LH-20 (Sigma), and Diaion HP-20 (Supelco). Pre-coated silica gel 60 F254 (1.05554.0001, Merck, Darmstadt, Germany) and RP-18 F254S plates (1.15685.0001, Merck) were used for TLC, and spots were visualized by spraying with aqueous 10% H2SO4, followed by heating for 3–5 min at 120ºC.
2.3. Extraction and isolation
Branches and leaves of A. augustum were cleaned, dried at 50oC, and ground into fine powder. This powder (10 kg) extracted three times with methanol under ultrasonic conditions. The resulting solutions were combined and concentrated using a rotary evaporator under vacuum to afford the methanol residue (M, 440 g). The residue M was suspended in water and extracted in turn with dichloromethane and ethyl acetate to give dichloromethane (D, 35 g), ethyl acetate (E, 22 g) extracts, water layer, and a portion of undissolved residue. The water layer was filtered and passed through a Diaion HP-20 CC using stepwise elution with 100% water, methanol-H2O (30:70), methanol-H2O (70:30) and methanol 100% to obtain four fractions W1-W4.
Fraction W4 (14 g) was divided into seven subfractions W4A-W4G using RP-18 MPLC with gradient eluent of MeOH-H2O (1:3-1:0, v/v). Subfraction W4F (2.0 g) was then separated on silica gel CC with CH2Cl2-MeOH-H2O (5:1:0.1, v/v/v) to give three smaller fractions W4F1-W4F3. Fraction W4F2 (100 mg) was purified on reversed phase silica gel CC with acetone - H2O (1:2, v/v) to furnish compound 1 (4.0 mg). Subfraction W4E (2.5 g) was also separated on silica gel CC with CH2Cl2-MeOH-H2O (5:1:0.1, v/v/v), giving six smaller fractions W4E1-W4E6. Fraction W4E4 (200 mg) was further separated on silica gel CC with CH2Cl2-acetone-H2O (1:2:0.05, v/v), followed by Sephadex LH-20 CC with MeOH-H2O (1:1, v/v) to get compound 4 (18 mg). Similarly, fraction W4E3 (250 mg) was also separated on silica gel CC with CH2Cl2-acetone-H2O (1:2:0.05, v/v) to get two fractions W4E3A (100 mg) and W4E3B (130 mg). Fraction W4E3B was further separated into two fractions, W4E3B1 (80 mg) and W4E3B2 (40 mg), using reversed phase silica gel CC with acetone-H2O (1:4, v/v). Purification of fraction W4E3B2 on silica gel CC with CH2Cl2-MeOH-H2O (7:1:0.1, v/v) to obtain compound 5 (13 mg). Fraction W4E3B1 was purified on silica gel CC with CH2Cl2-MeOH-H2O (5:1:0.1, v/v) to give compounds 2 (3 mg) and 3 (6.5 mg).
1-Allyl-3-methoxy-4-[apiofuranosyl(12)-glucopyranosyloxybenzene] (1): Pale yellow solid; 1H-NMR (600 MHz, CD3OD) and 13C-NMR (150 MHz, CD3OD) see Table 1.
	Phenylethyl rutinoside (2): Pale yellow solid; 1H-NMR (600 MHz, CD3OD) and 13C-NMR (150 MHz, CD3OD) see Table 1.
Kaempferol 3-O--D-glucopyranosyl-(21)--D-xylopyranoside (3): Pale yellow powder; 1H-NMR (600 MHz, CD3OD) and 13C-NMR (150 MHz, CD3OD) see Table 2.
	Pinoresinol 4-O--L-rhamnopyranosyl (12)--D-glucopyranoside (4): White powder; []D22 +15 (c 0.05, MeOH); 1H-NMR (600 MHz, CD3OD) and 13C-NMR (150 MHz, CD3OD) see Table 2.
(7S*,8R*)-Urolignoside (5): White powder; []D22 25 (c 0.05, MeOH); 1H-NMR (500 MHz, CD3OD) and 13C-NMR (125 MHz, CD3OD) see Table 2.
2.4. Antiproliferative assay
[bookmark: _Hlk219152757]The in vitro antiproliferative activity of compounds 15 on three human cancer cell lines as MCF-7 (breast), HepG2 (liver), and SK-LU-1 (lung) was evaluated using MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide) method [6],[7]. The cell lines are a kind gift from Prof. Chi-Ying F. Huang, National Yang Ming Chiao Tung University, Taipei, Taiwan. Detail: 
- Compounds were dissolved in DMSO 100% to get the stock solution at 20 mM. Serial dilutions were performed on a 96-well plate using cell culture medium (Gibco, Thermo Fisher Scientific Inc.) without FBS to create 4 concentration series from high to low.
- Trypsinize the experimental cells to detach them, then count the cells using a hemocytometer to adjust the cell density to the appropriate level for the experiment. Add 5700 cells/well were added in 190 µL of complete culture medium (supplemented with 5% FBS) into each well of a 96-well plate and incubate in a CO2 incubator to allow stable growth for 18–20 hours.
- After this stabilization period, the cells were treated with test samples as follows: 10 µL of the pre-diluted test sample (at various concentrations prepared earlier) is added to the wells containing cells. Negative control wells contain cancer cells (190 µL) + 1% DMSO (10 µL) without any test compound. Blank wells contain only culture medium (no cells, no test sample). All treatments are performed in triplicate to ensure reliability. Ellipticine at concentrations of 10, 2, 0.4, and 0.08 µg/mL is used as the positive control. 
- After 48 hours of incubation with the test compounds in a CO2 incubator (37°C, 5% CO2), 10 µL of MTT (Bio Basic Canada Inc.) solution (final concentration in the well = 0.5 mg/mL) is added to each well. 
[image: ]
Fig. 1. Structures and key HMBC (HC) correlations
 of compounds 15

- After 4 hours, the medium is carefully removed, and the formazan crystals are dissolved in 50 µL of 100% DMSO. The optical density (OD) is measured at 540 nm using a BioTek ELx800 microplate reader.
The IC50 value (concentration that inhibits 50% of cell growth) is calculated using TableCurve 2D v4 software.
- The percentage of cell growth inhibition in the presence of the test compound is calculated using the following formula:

where OD (DMSO): absorbance of well with untreated cells; OD (sample): absorbance of well with treated cells; and OD (blank): absorbance of well was medium only.
3. Results and discussion
Compound 1 was isolated as a pale yellow solid. The 1H- and 13C-NMR spectra revealed typical signals of an ABX coupled aromatic ring [H 6.82 (d, J = 1.8 Hz, H-2), 7.04 (d, J = 8.4 Hz, H-5), and 6.71 (dd, J = 1.8, 8.4 Hz, H-6)/C 136.06 (C-1), 114.07 (C-2), 150.78 (C-3), 146.32 (C-4), 117.50 (C-5), and  121.78 (C-6)], a methylene group attached to an aromatic ring [H 3.33 (m, H-7)/C 40.75 (C-7)], a monosubstituted double bond [H 5.96 (m, H-8), 5.04 (dd, J = 1.8, 10.2 Hz, H-9), and 5.08  (dd, J = 1.8, 17.4 Hz, H-9)/C 139.06 (C-8) and 115.77 (C-9)] and a methoxy group [H 3.83 (s, 3-OMe)/C 56.44 (3-OMe)]. The obtained data are indicative of the eugenyl aglycon [8]. In addition, the presence of two anomeric protons at H 4.97 (d, J = 7.8 Hz, H-1) and 5.56 (d, J = 1.2 Hz, H-1), showed HSQC correlations with two relevant anomeric carbons at C 101.16 (C-1) and 110.26 (C-1) confirmed two sugar units. Detailed analysis of the HSQC and HMBC correlations allowed assignment of the 1H- and 13C-NMR spectral data of the two sugars, as shown in Table 1.

Table 1. The 1H- (CD3OD, 600 MHz) and 13C-NMR (CD3OD, 150 MHz) spectral data of 1 and 2
	Pos.
	δCa
	δCb
	1
	δCc
	2

	
	
	
	δC
	δH mult. (J in Hz)
	
	δC
	δH mult. (J in Hz)

	[bookmark: _Hlk215920435]1
	136.4
	133.8
	136.06
	-
	140.1
	140.03
	-

	2
	114.1
	113.0
	114.07
	6.82 d (1.8)
	129.5
	129.38
	7.28 m

	3
	150.7
	149.2
	150.78
	-
	130.1
	130.01
	7.27 m

	4
	146.3
	145.1
	146.32
	-
	127.3
	127.21
	7.19 m

	5
	118.2
	115.6
	117.50
	7.04 d (8.4)
	130.1
	130.01
	7.27 m

	6
	122.1
	120.6
	121.78
	6.71 dd (1.8, 8.4)
	129.5
	129.38
	7.28 m

	7
	40.8
	39.5
	40.75
	3.33 m
	37.4
	37.30
	2.96 m

	8
	139.0
	138.4
	139.06
	5.96 m
	71.9
	71.84
	3.78 m/4.05 m

	9
	115.9
	116.0
	115.77
	5.04 dd (1.8, 17.4)
5.08 dd (1.8, 10.2)
	
	
	

	3-OCH3
	56.7
	55.9
	56.44
	3.83 s
	
	
	

	
	Glc
	
	
	
	
	
	

	1ʹ
	103.0
	98.8
	101.16
	4.97 d (7.8)
	104.7
	104.50
	4.31 d (7.8)

	2ʹ
	74.9
	77.7
	77.59
	3.70 m
	75.3
	75.08
	3.19 dd (7.8, 9.0)

	3ʹ
	78.1
	76.5
	78.79
	3.60 m
	78.3
	78.07
	3.35 m

	4ʹ
	71.3
	70.5
	71.49
	3.42 t (8.4)
	71.8
	71.66
	3.30 t (9.0)

	5ʹ
	77.8
	75.4
	78.00
	3.40 m
	77.1
	76.84
	3.42 m

	6ʹ
	62.5
	61.1
	62.52
	3.69 dd (5.4, 12.0)
3.87 dd (1.8, 12.0)
	68.4
	68.12
	3.63 dd (6.0, 12.0)
4.00 dd (1.8, 12.0)

	
	
	Api
	
	
	Rha
	
	

	1ʹʹ
	
	108.
	110.26
	5.56 d (1.2)
	102.4
	102.25
	4.76 d (1.8)

	2ʹʹ
	
	77.3
	77.85
	4.00 d (1.2)
	72.3
	72.20
	3.85 dd (1.8, 3.6)

	3ʹʹ
	
	79.8
	80.82
	-
	72.5
	72.37
	3.68 m

	4ʹʹ
	
	74.4
	75.49
	3.76 d (9.6)
4.19 d (9.6)
	74.2
	74.02
	3.38 m

	5ʹʹ
	
	64.9
	66.21
	3.55 d (11.4)
3.60 d (11.4)
	69.9
	69.81
	3.69 m

	6ʹʹ
	
	
	
	
	18.5
	18.04
	1.27 d (6.0)


aC of eugenyl-O--glucopyranoside in CD3OD [8]; bC of 1-allyl-3-methoxy-4-[apiofuranosyl(12)-glucopyranosyloxybenzene] in DMSO-d6 [9]; cC of phenylethyl-rutinoside in CD3OD [10].
Table 2. The 1H- and 13C-NMR spectral data of 35 in CD3OD
	Pos.
	δCa
	3
	4
	5

	
	
	δCb
	δHc mult. (J in Hz)
	δCb
	δHc mult. (J in Hz)
	δCd
	δHe mult. (J in Hz)

	1
	
	
	
	137.23
	-
	138.32
	-

	2
	158.5
	158.40
	-
	111.26
	7.01 d (1.8)
	111.20
	7.05 br s

	3
	135.0
	134.98
	-
	151.44
	-
	150.92
	-

	4
	179.7
	179.58
	-
	147.01
	-
	147.58
	-

	5
	163.1
	163.10
	-
	117.84
	7.10 d (8.4)
	118.01
	7.15 d (8.5)

	6
	99.8
	99.80
	6.20 br s
	119.23
	6.89 dd (1.8, 8.4)
	119.38
	6.95 br d (8.5)

	7
	165.8
	165.80
	-
	87.13
	4.76 d (4.2)
	88.46
	5.57 d (6.0)

	8
	94.6
	94.66
	6.40 br s
	55.51
	3.14 m
	55.61
	3.46  m

	9
	158.4
	158.37
	-
	72.67
	3.89 m/4.26 m
	65.04
	3.77 dd (7.5, 11.0)
3.87 m

	10
	105.9
	105.80
	-
	
	
	
	

	1
	122.9
	122.86
	-
	133.78
	-
	137.05
	-

	2
	132.3
	132.29
	8.08 d (8.4)
	111.02
	6.96 d (1.8)
	114.17
	6.75 br s

	3
	116.2
	116.17
	6.91 d (8.4)
	149.12
	-
	145.22
	-

	4
	161.5
	161.42
	-
	147.31
	-
	147.47
	-

	5
	116.2
	116.17
	6.91 d (8.4)
	116.12
	6.79 d (7.8)
	129.59
	-

	6
	132.3
	132.29
	8.08 d (8.4)
	120.05
	6.82 dd (1.8, 7.8)
	117.93
	6.73 br s

	7
	
	
	
	87.49
	4.72 d (4.8)
	32.87
	2.64 t (8.0)

	8
	
	
	
	55.32
	3.14 m
	35.77
	1.83 m

	9
	
	
	
	72.69
	3.89 m/4.26 m
	62.22
	3.58 t (7.0)

	3-OMe
	
	
	
	56.41
	3.86 s
	56.70
	3.85 s

	3-OMe
	
	
	
	56.46
	3.87 s
	56.78
	3.89 s

	
	
	
	
	
	
	
	

	1
	100.8
	100.77
	5.50 d (7.8)
	100.53
	5.07 d (7.8)
	102.75
	4.90 d (7.0)

	2
	82.4
	82.33
	3.69 dd (7.8, 9.0)
	78.41
	3.75 dd (7.8, 9.0)
	74.88
	3.50 m

	3
	78.3
	78.18
	3.62 m
	79.43
	3.61 t (9.0)
	78.15
	3.41m

	4
	71.1
	71.12
	3.38 m
	71.48
	3.42 t (9.0)
	71.31
	3.41 m

	5
	77.1
	77.07
	3.40 m
	77.96
	3.40 m
	77.81
	3.48 m

	6
	62.5
	62.43
	3.55 dd (5.4, 12.0)
3.72 dd (1.8, 12.0)
	62.44
	3.68 m/3.84 m
	62.47
	3.69 dd (3.0, 12.0)
3.87 m

	
	
	
	
	
	
	
	

	1
	105.5
	105.37
	4.78 d (7.2)
	101.95
	5.38 d (1.2)
	
	

	2
	75.0
	74.91
	3.39 m
	72.32
	3.96 dd (1.8, 3.0)
	
	

	3
	78.4
	78.30
	3.24 m
	72.21
	3.68 m
	
	

	4
	71.2
	71.02
	3.54 m
	70.01
	4.12 m
	
	

	5
	66.7
	66.66
	3.26 dd (11.4, 9.6)
3.96 dd (11.4, 5.4)
	73.98
	3.40 m
	
	

	6
	
	
	
	18.11
	1.23 d (6.0)
	
	


aC of kaempferol 3-O--D-glucopyranosyl-(21)--D-xylopyranoside [11], b150 MHz, c600 MHz, d125 MHz, e500 MHz.


Comparison of these data with reported values led to the identification of the sugar chain as apiofuranosyl(12)-glucopyranoside [9]. The HMBC cross-peak of H-1 (H 5.56) with C-2 (C 77.59) confirmed the attachment of the apiofuranose unit at C-2 of the glucopyranose moiety. In addition, the HMBC cross-peak of the anomeric proton H-1 (H 4.97) with carbon C-4 (C 146.32) indicated the attached position of the sugar chain at this carbon (Fig. 1). From the above evidence, compound 1 was identified as 1-allyl-3-methoxy-4-[apiofuranosyl(12)-glucopyranosyl-oxybenzene] [9].
The 1H- and 13C-NMR spectra of 2 also revealed two anomeric protons/carbons at H 4.31 (d, J = 7.8 Hz, H-1) and 4.76 (d, J = 1.8 Hz, H-1)/C 104.50 (C-1) and 102.25 (C-1), confirming the presence of two sugar moieties. Detailed analysis of the HSQC and HMBC correlations in comparison of the 1H- and 13C-NMR spectral data for the sugar part with the reported values led to the assignment of the two sugars as rhamnopyranose and glucopyranose [10]. The 13C-NMR signal at C-6 of 2 was strongly shifted downfield at C 68.12 (relative to that of 1 at C 62.52), confirming the attached position of the rhamnose unit at C-6 of the glucose moiety. This was further confirmed by the HMBC cross-peak between H-1 (H 4.76) and C-6 (C 68.12). In addition, the aglycon part contained signals of a monosubstituted benzene ring, a methylene group attached to an aromatic ring, and an oxymethylene group (Table 1). The anomeric proton H-1 (H 4.31) exhibited an HMBC cross-peak with the oxymethylene carbon C-8 (C 71.84) indicating the attachment of the sugar chain at this carbon. Thus, compound 2 was identified as phenylethyl-rutinoside [10].
The spot of compound 3 on the TLC plate turned orange when sprayed with 10% H2SO4 reagent and heated, suggesting that it is a flavonoid. The presence of two pairs of symmetric ortho coupled aromatic protons [H 8.08 (d, J = 8.4 Hz, H-2 and H-6) and 6.91 (d, J = 8.4 Hz, H-3 and H-5)] and two meta coupled aromatic protons [H 6.20 (br s, H-6) and 6.40 (br s, H-8)] indicated the presence of the kaempferol skeleton. In addition, signals of one glucose and one xylose moieties (see Table 2) [11] were also recorded. The 13C-NMR chemical shifts for C-3 of the aglycon at C 134.98 and C-2 of the glucose moiety at C 82.33 suggested attachments of the xylose unit at C-2 and the sugar chain at C-3 [11]. This was further supported by the HMBC cross-peaks of H-1 (H 4.78) with C-2 (C 82.33) and H-1 (H 5.50) with C-3 (C 134.98). Consequently, compound 3 was identified as kaempferol 3-O--D-glucopyranosyl-(21)--D-xylopyranoside [11].
Compound 4 was isolated as a white powder. The 1H-NMR spectrum revealed signals of two ABX coupled aromatic rings [H 7.01 (d, J = 1.8 Hz, H-2), 7.01 (d, J = 8.4 Hz, H-5), 6.89 (dd, J = 1.8, 8.4 Hz, H-6), 9.96 (d, J = 1.8 Hz, H-2), 6.79 (d, J = 7.8 Hz, H-5), and 6.82 (dd, J = 1.8, 7.8 Hz, H-6)], two oxymethines [H 5.57 (d, J = 6.0 Hz, H-7) and 4.72 (d, J = 4.8 Hz, H-7)], two oxymethylenes [H 3.89 and 4.26, m, H-9 and H-9], and two methoxy groups [H 3.85 (s, 3-OMe) and 3.89 (s, 3-OMe)]. In addition, signals of one glucose and one rhamnose units (see Table 2) [12] were also observed. The 1H- and 13C-NMR data of 4 were found to be similar to those of pinoresinol 4-O--L-rhamnopyranosyl (12)--D-glucopyranoside [12]. Protons H-1 (H 5.38), 3-OMe (H 3.85), and 3-OMe (H 3.89) revealed HMBC cross-peaks with the corresponding carbons C-2 (C 78.41), C-3 (C 151.44), and C-3 (C 149.12), respectively, confirming attachments of the rhamnose at C-2 and two methoxy groups at C-3 and C-3. Moreover, the HMBC cross-peaks of H-6 (H 6.89) and H-1 (H 5.07) with C-4 (C 147.01) confirmed the location of the sugar chain at this carbon. Thus, 4 was identified as pinoresinol 4-O--L-rhamnopyranosyl (12)--D-glucopyranoside [12].
The 1H-NMR spectrum of 5 exhibited signals of three ABX [H 7.05 (br s, H-2), 7.25 (d, J = 8.5 Hz, H-5), 6.95 (br d, J = 8.5 Hz, H-6)] and two meta coupled [H 6.75 (br s, H-2) and 6.73 (br s H-6)] aromatic protons, one oxymethine [H 5.57 (d, J = 6.0 Hz, H-7)], two oxymethylenes [H 3.77 (dd, J = 7.5, 11.0 Hz, Ha-9), 3.87 (m, Hb-9), and 3.58 (t, J = 7.0 Hz, H-9)], and two methoxy groups [H 3.85 (s, 3-OMe) and 3.89 (s, 3-OMe)]. In addition, signals of one glucose moiety were also recorded. The 1H- and 13C-NMR data of 5 closely resembled those of (7S*,8R*)-urolignoside [13],[14]. The structure of 5 was further confirmed by the HMBC experiment, as shown in Fig. 1. Without CD data, only the relative configuration of 5 was assigned by comparison of its NMR and []D data with the reported values. Consequently, compound 5 was identified to be (7S*,8R*)-urolignoside [13],[14].
Table 3. The antiproliferative activity of compounds 15
	Compounds
	IC50 values (M)

	
	MCF-7
	HepG2
	SK-LU-1

	1
	(-)
	(-)
	(-)

	2
	67.17 ± 5.97
	49.38 ± 3.64
	71.03 ± 5.08

	3
	(-)
	(-)
	(-)

	4
	82.35 ± 5.39
	63.01 ± 5.14
	84.55 ± 6.60

	5
	(-)
	(-)
	(-)

	Ellip.a
	1.46 ± 0.12
	1.34 ± 0.12
	1.54 ± 0.12


a Ellipticine was used as the positive control, (-): IC50 > 100 M.

Compounds 15 were evaluated for their antiproliferative activity against three human cancer cell lines, MCF-7 (breast), HepG2 (liver), and SK-LU-1 (lung) using the MTT assay [6],[7]. As the results (Table 3), phenylethyl-rutinoside (2) exhibited moderate activity on the HepG2 cell line (IC50 = 49.38 ± 3.64 M) and weak effect on the two MCF-7 (IC50 = 67.17 ± 5.97 M) and SK-LU-1 (IC50 = 71.03 ± 5.08 M) cell lines, relative to that of the positive control ellipticine (with IC50 values of 1.34 ± 0.12, 1.46 ± 0.12 and 1.54 ± 0.12 M). Compound 2 was reported to have anti-inflammatory activity via inhibition of IL-12 p40 production in LPS-stimulated BMDCs (IC50 = 29.23 ± 0.75 µM) [15], inhibitory effect of enzymes COX-1 (IC50 = 41.2 ± 1.5 µM), COX-2 (IC50 = 35.4 ± 1.6 µM) [16], and less cytotoxic activity against the human lung cancer cell line A549 (IC50 > 100 µM) [17]. Pinoresinol 4-O--L-rhamnopyranosyl (12)--D-glucopyranoside (4) revealed weak effect against all the three MCF-7, HepG2 and SK-LU-1 cell lines with the IC50 values of 82.35 ± 5.39, 63.01 ± 5.14 and 84.55 ± 6.60 M, respectively. This compound was reported to inhibit lipid peroxidation in rat liver microsomes (IC50 = 27.0 µM) [18]. The other compounds were inactive with IC50 > 100 µM. Compounds 2 and 4 exhibited only moderate to weak antiproliferative activity; nevertheless, this finding provides a scientific basis for directing further investigations into the pharmaceutical effects of the isolated compounds. In general, glycoside compounds could participate in detoxification and elimination processes in animals and humans, where toxic substances are often conjugated to sugars for safer transport and excretion, while some exhibit broader effects such as cytotoxic, antioxidant, anti-inflammatory, or signaling functions in cellular processes.
4. Conclusion
From the branches and leaves of Abroma augustum, five glycoside derivatives 1-allyl-3-methoxy-4-[apiofuranosyl(12)-glucopyranosyloxybenzene] (1), phenylethyl rutinoside (2), kaempferol 3-O--D-glucopyranosyl-(21)--D-xylopyranoside (3), pinoresinol 4-O--L-rhamnopyranosyl-(12)--D-glucopyranoside (4), and (7S*,8R*)-urolignoside (5) were isolated using combined chromatographic experiments. Their chemical structures were elucidated by one (1H- and 13C- NMR) and two-dimensional (HSQC and HMBC) NMR spectra. This is the first report of compounds 15 from A. augustum. Compounds 2 and 4 exhibited moderate to weak antiproliferative activity against three human cancer cell lines (MCF-7, HepG2, and SK-LU-1) with IC50 values ranging from 49.38 ± 3.64 to 84.55 ± 6.60 µM.
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Summary
Physalis angulata is an important medicinal plant that has been widely used in traditional medicine for the treatment of inflammation and various inflammatory-related disorders. Despite its medicinal relevance, comprehensive chemical profiling of the fruits of P. angulata collected in Vietnam has not yet been systematically investigated. In this study, a comprehensive chemical characterization of the methanolic extract of P. angulata was performed using high-resolution quadrupole time-of-flight mass spectrometry (HR-QTOF-MS), enabling rapid and accurate profiling of its bioactive constituents. Furthermore, the anti-inflammatory activity of the isolated compounds was evaluated by measuring lipopolysaccharide (LPS)-induced production of pro-inflammatory cytokines, including interleukin (IL)-12p40, IL-6, and tumor necrosis factor-α (TNF-α), in bone marrow-derived dendritic cells. Consistent with this, compound 1 exhibited potent anti-inflammatory activity against IL-12p40, IL-6, and TNF-α, with IC50 values of 1.17 ± 0.02, 7.52 ± 0.03, and 2.93 ± 0.05 µM, respectively, compared with the positive control adezmapimod (IC50 = 5.00 ± 0.01, 3.50 ± 0.01, and 7.20 ± 0.01 µM, respectively). Overall, this study provides the first comprehensive chemical profile of P. angulata from Vietnam and offers scientific evidence supporting its traditional use as a source of anti-inflammatory agents.
Keywords: Physalis angulata L.; Solanaceae; Chemical profile; Anti-inflammatory agents. 


1. Introduction
Physalis angulata L. (Solanaceae), commonly known as cutleaf groundcherry, is a medicinal plant broadly distributed in tropical and subtropical regions, particularly in Southeast Asia, Africa, and South America [1]. The species has been extensively employed in traditional medicine for the treatment of various ailments, including inflammatory disorders, fever, malaria, liver diseases, and cancer-related conditions [2]. In recent years, P. angulata has gained increasing scientific interest due to its chemically diverse secondary metabolites and accumulating evidence of its broad pharmacological potential [3]. Phytochemical investigations have identified P. angulata as a rich source of bioactive compounds, including physalins, withanolides, flavonoids, phenolic acids, and steroids [4]. Among these, physalins-highly oxygenated seco-steroidal lactones-are recognized as the major characteristic constituents of the species. Substantial experimental evidence has demonstrated that physalins possess a wide range of biological activities, such as anti-inflammatory, immunomodulatory, antitumor, antimalarial, and antimicrobial effects [5]. 
Despite these advances, the correlation between the phytochemical composition of P. angulata and its biological activities has not yet been fully elucidated. In particular, comprehensive chemical profiling remains limited, and the effects of geographical origin, plant parts, and extraction conditions on its chemical constituents are poorly understood. Addressing these knowledge gaps is crucial for the standardization of P. angulata-derived materials and for providing scientific validation of its traditional medicinal uses. Therefore, the present study aims to characterize the chemical profile of P. angulata collected in Vietnam using LC–MS/MS, thereby providing supportive evidence for a scientific basis for future investigations into its pharmacological potential and potential applications in pharmaceutical and functional food development.
2. Materials and methods
2.1. General experimental procedures
Open-column chromatographic separations were carried out using silica gel (Kieselgel 60, 70–230 and 230–400 mesh; Merck, Darmstadt, Germany) as well as reversed-phase C-18 (YMC*GEL ODS-A packing, 12 nm pore size, S-150 μm; YMC Co., Ltd., Japan). The progress of fractionation and compound purity was monitored by thin-layer chromatography performed on pre-coated silica gel 60 F254 and RP-C18 F254S plates (Merck). Chromatographic spots were visualized under ultraviolet illumination at 254 and 365 nm, followed by spraying with 10% (v/v) aqueous sulfuric acid and subsequent heating. All chemicals and solvents employed in this study were of analytical or HPLC grade and were obtained from Aldrich Chemical Co. (St. Louis, MO, USA). Nuclear magnetic resonance (NMR) analyses, including 1H, 13C, and two-dimensional experiments, were performed using a Bruker Avance III spectrometer operating at 500 MHz. 
2.2. Plant material
The whole plant of P. angulata was collected in Me Linh, Hanoi, Vietnam, in July 2024. The plant material was taxonomically authenticated by Dr. Nguyen Cao Cuong, and a voucher specimen (QTB 005) was deposited in the herbarium of Yersin University of Da Lat, Faculty of Medicine and Pharmacy, Lam Dong.
2.3. Extraction and isolation
Fresh aerial parts of P. angulata were collected, cut into small pieces, air-dried, and pulverized to yield 2.0 kg of dry powder. The material was extracted with methanol (3 × 5 L) under ultrasonic assistance at 50°C for 3 h each time. The combined extracts were filtered and evaporated under reduced pressure to afford a MeOH extract (90 g). This extract was suspended in water (1.5 L) and successively partitioned with chloroform and EtOAc, yielding the chloroform (C, 24.5 g), EtOAc (PAE, 4.5 g), and water layer (PAW, 61.0 g) fractions. The chloroform fraction (C, 24.5 g) was subjected to silica gel column chromatography and eluted with a gradient of chloroformmethanol (100:1 → 1:100, v/v) to afford five subfractions (C1–C5). Fraction C2 wasfurther separatedn over silica gel (CH2Cl2MeOH, 20:1, v/v) yielded three subfractions (C2A–C2C). Subfraction C2A was fractionated on RP-18 column chromatography with acetonewater (1.8:1, v/v), affording C2A1–C2A3. Repeated RP-18 chromatography of C2A1 with MeOHH2O (1:1, v/v) gave compound 1 (4.6 mg). Silica gel chromatography of C2A3 (CH2Cl2acetone, 10:1, v/v) afforded compounds 2 (7.1 mg) and 3 (4.9 mg). 
2.4. Liquid chromatography quadrupole time-of-flight mass spectrometry (LC-Q-TOF MS/MS) conditions
The secondary metabolite composition of P. angulata was characterized using an optimized analytical strategy adapted from our earlier work [6]. Chromatographic analyses were carried out on an Agilent 1260 Infinity liquid chromatography platform (Agilent Technologies, Santa Clara, CA, USA) equipped with a binary solvent delivery system, an inline degassing unit, an automated sample injector, a thermostated column oven, and a photodiode array detector. Compound separation was achieved using a CAPCELL PAK UG C18 column (150 × 4.6 mm, 5 μm; Shiseido, Japan), protected by a C18 guard cartridge (4.0 × 3.0 mm; Phenomenex, Torrance, CA, USA).
Chromatographic separation was performed using a binary solvent system consisting of solvent A (0.1% formic acid in water, v/v) and solvent B (0.1% formic acid in acetonitrile, v/v). To achieve adequate separation of the metabolite components, a gradient elution program was applied as follows: 5% B from 0 to 5 min; a linear increase from 5% to 80% B over 5–10 min; 80–85% B from 10 to 15 min; 85–90% B from 15 to 25 min; and finally 90–95% B from 25 to 30 min. The mobile phase was delivered at a constant flow rate of 0.6 mL/min, and the injection volume was set to 5 µL. Mass spectrometric analysis was conducted using an Agilent 6530 quadrupole time-of-flight (Q-TOF) mass spectrometer (Agilent Technologies, Santa Clara, CA, USA) equipped with an electrospray ionization (ESI) source. Data acquisition was carried out in both positive and negative ionization modes to ensure comprehensive detection of metabolites. The mass spectrometer was operated under optimized conditions, with the capillary voltage set to 4000 V, fragmentor voltage to 175 V, skimmer voltage to 65 V, and OCT 1 RF Vpp to 750 V. The nebulizer pressure was maintained at 40 psi, while the drying gas and sheath gas temperatures were set at 325 °C and 350 °C, respectively. High-accuracy mass data were acquired in centroid mode over an m/z range of 50–1000, ensuring mass measurement errors below 5 ppm. Instrument operation and data analysis were performed using MassHunter Workstation software (version B.05.00; Agilent Technologies). The combination of high-resolution chromatographic separation and accurate mass detection enabled rapid and reliable profiling of secondary metabolites in complex plant extracts, providing excellent sensitivity and reproducibility.
2.5. Cell culture and reagents
Bone marrow-derived dendritic cells (BMDCs) were generated from wild-type C57BL/6 mice obtained from Orient Bio Inc. (Seoul, Korea) [7]. All animal experiments were conducted in accordance with the ethical guidelines approved by the Institutional Animal Care and Use Committee of Jeju National University (approval no. 2016-0059). For BMDC preparation, bone marrow cells were harvested from the femurs and tibias by flushing with Dulbecco’s Modified Eagle Medium (DMEM; Welgene, Gyeongsan, Korea). The collected cells were subsequently cultured in RPMI 1640 medium supplemented with 10% heat-inactivated fetal bovine serum (FBS; Gibco, New York, NY, USA), 50 μM 2-mercaptoethanol, and 2 mM L-glutamine. To promote dendritic cell differentiation, the culture medium was further enriched with 3% conditioned medium from J558L hybridoma cells as a source of granulocyte–macrophage colony-stimulating factor (GM-CSF). The culture medium supplemented with GM-CSF was refreshed at two-day intervals. After six days of differentiation, loosely attached dendritic cell clusters and non-adherent cells were harvested, washed, and resuspended in RPMI 1640 medium containing 5% FBS. The cells were then seeded into 48-well plates at a density of 1 × 105 cells per 0.5 mL and preincubated with the isolated compounds at the indicated concentrations for 1 h. Subsequently, dendritic cells were stimulated with lipopolysaccharide (LPS; 10 ng/mL) derived from Salmonella minnesota (Alexis, New York, USA). Following an 18 h incubation period, culture supernatants were collected, and the levels of murine IL-12p40, IL-6, and TNF-α were quantified using enzyme-linked immunosorbent assay (ELISA) kits (BD PharMingen, San Diego, CA, USA) in accordance with the manufacturer’s protocols. Data represent the mean ± SD obtained from three independently repeated experiments.
2.6. Cytokine production measurements
BMDCs were seeded into 48-well culture plates at a density of 1 × 105 cells in 0.5 mL per well and allowed to equilibrate prior to treatment. The cells were pretreated with the isolated compounds at the specified concentrations for 1 h, followed by stimulation with lipopolysaccharide (LPS; 10 ng/mL) from S. minnesota (Alexis, NY, USA) for 18 h. After incubation, culture supernatants were collected, and the levels of murine IL-12p40, IL-6, and TNF-α were quantified using ELISA kits (BD PharMingen, CA, USA) according to the manufacturer’s instructions.
2.7. Cell viability assay and statistical analysis
Cell viability was evaluated using an MTT-based colorimetric assay to determine the cytotoxic effects of the isolated compounds on BMDCs [7]. Cells were exposed to the test compounds at concentrations ranging from 1 to 50 µM for a period of 18 h. All data are expressed as mean values with corresponding standard deviations. Statistical evaluation was performed using one-way analysis of variance (ANOVA), with significance thresholds set at P < 0.05 and P < 0.01. Each experiment was independently repeated at least three times to ensure reproducibility.
3. Results and discussion
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Fig. 1. MS chromatograms of P. angulata extract analyzed by LC–MS/MS


The chemical constituents of P. angulata in the methanol extract were systematically characterized using liquid chromatography coupled with tandem mass spectrometry (LC–MS/MS). This analytical approach enabled comprehensive profiling of the secondary metabolites present in the extract. A total of thirteen major compounds were detected and tentatively identified based on their chromatographic and spectrometric characteristics.
Specifically, the detected peaks (Table 1) were tentatively assigned to chlorogenic acid [8], esculetin [9], rutin [10], kaempferol 3-O-α-L-arabinopyranosyl-7-O-α-L-rhamnopyranoside [11], isorhamnetin 3-O-β-rutinoside [12], physalins D, E, G, and W [13], physagulin H [14], withaminimin [15], kaempferol-3-O-β-rutinoside [16], and 9,12,13-trihydroxyoctadec-10-enoic acid [17]. These compounds were tentatively identified by comparing their retention times, deprotonated molecular ions ([M–H]⁻), characteristic MS/MS fragmentation patterns, and maximum UV absorption wavelengths with those reported in the literature and available reference data. The LC–MS/MS results revealed that flavonoids and physalin-type withanolides constituted the predominant classes of compounds in the methanol extract of P. angulata. In particular, the presence of multiple physalin derivatives highlights the chemical complexity of the extract and is consistent with previous phytochemical investigations of the genus Physalis. A detailed summary of the identified compounds, including their retention times, observed and calculated mass-to-charge ratios, and proposed molecular formulas, is presented in Table 1. Although most compounds were reliably identified, several showed noticeable mass deviations (ppm), suggesting the need for further calibration and quantitative validation of the LC–MS method to ensure greater analytical robustness.
In particular, esculetin, physagulin H, withaminimin, and kaempferol-3-O-β-rutinoside were tentatively identified. Although relatively high mass errors (ppm) were observed for the precursor ions, the MS/MS fragmentation patterns were consistent with those previously reported in the literature, thereby supporting the proposed assignments. Further isolation of the major constituents will be conducted to validate the identification and confirm the analytical method.
Table 1. LC-QTOF MS/MS analysis of secondary metabolites from P. angulata
	[bookmark: _Hlk224213947]Peak No
	Expected compounds
	tR (min)
	Observed (m/z)
	Calculated (m/z)
	Molecular formula 
[M–H]⁻
	MS/MS fragment 
(m/z)
	Collision energy (eV)
	UV
(λmax, nm
	Error
(ppm)

	1
	-
	11.10
	471.2481
	–
	
	
	10
	214
	7.36

	2
	Chlorogenic acid
	12.85
	353.0904
	353.0878
	C16H18O9
	191[M-C9H6O8-H]-
	
	
	7.36

	3
	-
	13.22
	421.1667
	–
	
	
	10
	215
	

	4
	Esculetin
	13.85
	177.0277
	177.0193
	C9H6O4
	133 [M−CO2−H]−
	10
	215
	47.45

	5
	Rutin
	14.66
	609.1509
	609.1461
	C27H30O16
	300[M-C12H20O9-H]-
	10
	215
	7.88

	6
	Kaempferol 3-O-α-L-Arabinopyranosyl-7-O-α-L-Rhamnopyranoside
	14.79
	563.1437
	563.1406
	C26H28O14
	431[M−H−Ara]⁻
	10
	216
	5.50

	7
	Isorhamnetin 3-O-β-rutinoside
	15.29
	623.1649
	623.1618
	C28H32O16
	593[M−H−HCHO]⁻
	
	
	4.97

	8
	-
	16.35
	549.1922
	–
	
	
	10
	220
	

	9
	Physalin D
	16.97
	579.1679
	579.1639
	C28H32O11a
	543[M–H]⁻
	10
	220
	6.91

	10
	Physagulin H
	17.91
	543.1899
	543.1620
	C30H38O8b
	525[M–H]⁻
	10
	220
	51.36

	11
	Physalin E 
	18.60
	579.1687
	579.1639
	C28H32O11a
	543[M–H]⁻
	10
	
	8.29

	12
	Withaminimin
	18.72
	527.1963
	527.2650
	C30H40O8
	507[M−H−H2O]⁻
	10
	220
	130.29

	13
	Physalin W
	18.97
	579.1669
	579.1639
	C28H30O10c
	523 [M−H−H2O]⁻
	
	
	5.18

	14
	Diterpene lactone
	19.22
	581.1049
	–
	
	
	10
	
	

	15
	-
	19.53
	597.1337
	–
	
	
	10
	
	

	16
	Fatty acids (9,12,13-trihydroxyoctadec-10-enoic acid)
	21.03
	329.3259
	–
	C18H34O5
	
	10
	
	

	17
	Kaempferol-3-O-β-rutinoside
	21.41
	593.1322
	593.1512
	C27H30O15
	557[M−H−2H2O]⁻
	10
	254
	32.03

	18
	Physalin G
	21.85
	561.1573
	561.1533
	C28H20O10b
	525[M–H]⁻
	10
	214
	7.13

	19
	-
	23.47
	479.1771
	–
	–
	
	
	
	

	20
	-
	26.03
	657.4546
	–
	–
	
	10
	
	

	21
	-
	27.66
	301.2197
	–
	–
	
	
	
	


a[M + Cl]− ; b[M + OH]− ; c[M + Cl+H2O]−.  


The methanolic extract of P. angulata was sequentially fractionated using chloroform and EtOAc to afford solvent-partitioned extracts. Subsequent phytochemical investigations were carried out through an integrated separation strategy employing multiple chromatographic methods, including repeated silica gel column chromatography, RP-C18 chromatography, Sephadex LH-20 gel filtration, and preparative high-performance liquid chromatography (prep-HPLC). This systematic approach led to the isolation of three compounds (1–3).



Fig. 2. Chemical structures of compounds isolated from the fruits of P. angulata.


Compound 1 was obtained as a white amorphous powder. It corresponded to peak 18 with a retention time of 21.85 min. The molecular formula was determined to be C28H30O9 based on the HRESI-MS ion at m/z 561.1573 ([M+Cl]⁻, calcd for C28H33O12Cl⁻, 561.1533). The NMR spectroscopic data of compound 1 were typical of physalin-type withanolides, which are major constituents of the genus Physalis. The ¹H NMR (CDCl3) spectrum of compound 1 showed signals for three singlet methyl groups at δH 1.52 (s, H-19), 1.29 (s, H-28), and 1.99 (s, H-21), each integrating for three protons; one oxygenated methine proton; three olefinic protons; and two geminally coupled protons of an oxygenated methylene. The 13C NMR spectrum of compound 1 displayed 28 carbon signals, which, in combination with 1H–13C HSQC analysis, were assigned to four carbonyl carbons at δC 166.7, 172.3, 208.1, and 205.7. The 16,24-cyclo-13,14-seco-steroidal skeleton was assigned based on the characteristic A/B steroidal ring system and a lactone ring between C-22 (δC 77.1) and C-26 (δC 167.0), together with the presence of both δ- and γ-lactone moieties. An intramolecular ether bridge between C-14 (δC 107.1) and C-27 (δC 60.8), along with a conjugated α,β-unsaturated carbonyl system, further supported its identification as a physalin-type framework.  Moreover, the carbonyl signal at δC 210 was assigned to the C-1 ketone, forming an α,β-unsaturated enone system with C-2 (δC 125.5) and C-3 (δC ~139.9), whereas the signals corresponding to C-18 and C-26 were attributed to lactone carbonyls. The resonance at δC 107.1 confirmed the presence of the characteristic C-14 acetal carbon of physalins, and the cleavage of the C-13/C-14 bond supported the 13,14-seco feature. These structural assignments of 1 were further confirmed by key HMBC correlations. The HMBC correlations from H-27 to C-14 and C-25 confirmed the presence of an ether bridge between C-14 and C-27. Additionally, key HMBC cross-peaks from H-2 to C-4 and C-10, from H-3 to C-1 and C-5, and from H-6 to C-8 and C-10 further supported the proposed carbon framework. Other key HMBC correlations are shown in Fig. 2. Therefore, on the basis of comprehensive analysis of 1H NMR, 13C NMR, 1H–1H COSY, 1H–13C HSQC, and 1H–13C HMBC data, together with comparison with reported literature, compound 1 was identified as physalin G [18]. The relative configuration of 1 was tentatively assigned based on comparison of NMR data with literature values of physalin G. The absolute configuration was not determined in the present study due to the lack of CD or X-ray analysis. Similarly, compounds 2 and 3 were identified as physalins D and B, respectively, based on the same analytical approach. The detailed NMR data of compounds are presented in Table 2. The isolation and structural elucidation of the compounds were validated and used for the chemical profiling of P. angulata.

Table 2. NMR data of compounds 1–3
	No.
	1
	2
	3

	
	δCa,b
	δHa,c (mult., J in Hz)
	δCa,b
	δHa,c (mult., J in Hz)
	δCa,b
	δHa,c (mult., J in Hz)

	1
	210.7
	-
	207.3
	-
	205.7
	-

	2
	125.5
	5.92 (d, 10.0)
	127.9
	5.84 (dd, 2.0, 10,0)
	127.4
	5.91 (dd, 2.0, 10,0)

	3
	139.9
	6.88 (dd, 6.0, 10.0)
	144.0
	6.67 (m)
	146.2
	6.78 (ddd, 2.5, 5.0, 10.0)

	4
	119.4
	6.08 (d, 5.5)
	35.6
	3.26 (d, 20.0)/2.06*
	32.7
	2.86 (d, 4.5)/3.27*

	5
	156.4
	-
	77.8
	-
	134.0
	-

	6
	71.4
	4.53*
	73.6
	3.64 (br s)
	124.5
	5.58 (d, 6.5)

	7
	25.7
	2.38*/1.53*
	26.7
	2.08*/ 2.00*
	24.2
	2.19*/2.37 (m)

	8
	38.6
	2.69 (t, 8.5)
	38.8
	2.43 (dt, 3.5, 12.5)
	40.0
	2.20*

	9
	36.0
	2.96 (dd, 8.5, 10.5)
	30.8
	3.04 (dd, 8.5, 11.0)
	33.2
	2.92 (m)

	10
	54.1
	-
	54.9
	-
	52.7
	-

	11
	24.3
	2.36*
1.26*
	25.5
	1.16 (m)
1.86 (t, 16.5)
	24.8
	1.22*
2.03 (d, 2.0)

	12
	32.9
	2.06 (brs)
	26.0
	1.00 (dd, 10.0, 16.5)
 2.34*
	25.8
	1.60 (m)
2.40 (m)

	13
	79.7
	-
	80.0
	-
	79.67
	-

	14
	107.1
	-
	108.0
	-
	107.5
	-

	15
	208.2
	-
	208.9
	-
	208.1
	-

	16
	55.6
	2.29 (br s)
	55.9
	2.32*
	56.4
	2.22 (br s)

	17
	81.1
	-
	81.2
	-
	80.3
	-

	18
	172.3
	-
	173.1
	-
	172.3
	-

	19
	21.0
	1.52 (s)
	14.2
	1.30 (s)
	17.9
	1.22 (s)

	20
	80.6
	-
	81.4
	-
	81.0
	-

	21
	21.6
	1.99 (s)
	21.8
	1.99 (s)
	21.5
	1.97 (s)

	22
	77.1
	4.53*
	77.8
	4.58 (br s)
	76.9
	4.55 (d, 2.0)

	23
	31.4
	2.49 (br s)/1.56*
	33.0
	2.10*/ 2.13 (dd, 3.0, 14.5)
	33.1
	2.04 (m)

	24
	31.0
	-
	31.3
	-
	31.1
	-

	25
	50.9
	2.45 (br d, 3.0)
	51.0
	2.58 (d, 4.0)
	51.0
	2.45 (d, 4.0)

	26
	167.0
	-
	168.6
	-
	166.7
	-

	27
	60.8
	3.79 (d, 13.0)/4.51 (d, 4.5)
	61.0
	3.78 (d, 13.5)/4.47 (dd, 4.5, 13.5)
	60.7
	3.79 (d, 13.5)/4.51 (dd, 4.5, 13.5)

	28
	26.5
	1.29 (s)
	26.3
	1.29 (s)
	26.5
	1.27 (s)


Data was identified based on 1D and 2D NMR experiments (500 MHz, CDCl3). *Overlapped signals.
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Fig. 3. Important HMBC cross-peaks of compound 1

Elucidating the mechanisms by which bioactive compounds suppress key pro-inflammatory mediators, including IL-12p40, IL-6, and TNF-α, provides critical insights into molecular pathways that may be exploited for the development of novel anti-inflammatory strategies in disease prevention and health promotion. Consistent with this, compound 1 exhibited potent anti-inflammatory activity against IL-12p40, IL-6, and TNF-α, with IC50 values of 1.17 ± 0.02, 7.52 ± 0.03, and 2.93 ± 0.05 µM, respectively, compared with the positive control Adezmapimod (IC50 = 5.00 ± 0.01, 3.50 ± 0.01, and 7.20 ± 0.01 µM, respectively). In contrast, the remaining compounds were inactive. The strong inhibition of IL-12p40 and TNF-α production suggests that compound 1 may interfere with upstream signaling events in LPS-activated BMDCs. Given that these cytokines are primarily regulated by NF-κB and MAPK pathways, physalin G may suppress phosphorylation of IKK or p38 MAPK, thereby preventing nuclear translocation of NF-κB. The presence of an α,β-unsaturated carbonyl moiety in physalin G could enable covalent interaction with cysteine residues of signaling proteins, a mechanism previously reported for several withanolides. Further mechanistic studies involving Western blot analysis of p-p38, p-IKK, and NF-κB nuclear translocation would be necessary to confirm this hypothesis.
4. Conclusion
In this study, the methanolic extract of P. angulata collected in Vietnam was chemically characterized for the first time using HR-QTOF-MS, enabling rapid profiling of its major constituents. Several secondary metabolites (1–3) were identified and validated. Biological evaluation showed that compound 1 significantly inhibited LPS-induced production of IL-12p40, IL-6, and TNF-α in bone marrow–derived dendritic cells, indicating notable anti-inflammatory activity. These findings support the traditional medicinal use of P. angulata and provide a basis for further pharmacological investigation. However, this study was limited to in vitro assays, and additional in vivo studies are required to confirm the therapeutic potential. Moreover, further calibration and quantitative validation of the LC–MS method are necessary to improve accuracy and reproducibility for future applications.
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Summary
Camellia flava (Pitard) Sealy is one of the yellow camellia species belonging to the genus Camellia (family Theaceae), which is widely distributed in Vietnam. Phytochemical investigation of the ethyl acetate extract of C. flava flowers collected in Phu Tho province led to the identification of eight phenolic compounds, including 3,3',4'-tri-O-methyl ellagic acid (1), pinoresinol (2), quercetin (3), kaempferol (4), tyrosol (5), caffeic acid (6), protocatechuic acid (7), and gallic acid (8). The structures of the isolated compounds were determined by NMR and MS spectroscopic analyses and comparison with the reported data. This study represents the first report of compounds (1–8) from the flowers of C. flava.
Keywords: Camellia flava; Camellia cucphuongensis; Flavonoid; Lignan; Phenolic.


1. Introduction
Yellow Camellias, belonging to the genus Camellia L. (family Theaceae), represent a distinct group of plants characterized by their unique yellow flowers. Unlike the traditional green tea Camellia sinensis, yellow Camellias have remained poorly studied until recent decades, when their exceptional ornamental value and potential medicinal properties began attracting scientific attention [1]. The genus Camellia comprises approximately 300 accepted species, with about 97 species distributed in China and 95 species and 2 varieties recorded in Vietnam. Among these, around 69 yellow Camellia species have been described, of which over 50 species are found in Vietnam [2]. In recent years, phytochemical studies have revealed that yellow Camellias contain diverse classes of bioactive compounds comparable to those found in C. sinensis, including flavonoids, phenolic compounds, saponins, triterpenoids, phytosterols, essential oils, polysaccharides, and amino acids [1]. However, chemical investigations have focused primarily on a few species like C. nitidissima, C. chrysantha, and C. bugiamapensis, with C. nitidissima receiving the most intensive research attention [1],[3]. These studies have demonstrated that extracts and isolated compounds from yellow Camellias possess a wide spectrum of biological activities, including antioxidant, anticancer, hypolipidemic, hypoglycemic, hepatoprotective, neuroprotective, and antidepressant effects [3]. 
Camellia flava (Pitard) Sealy (synonym: Camellia cucphuongensis Ninh & Rosmann), one of the yellow Camellia species, is mainly distributed in Ninh Binh and Phu Tho provinces. However, research on this species remains limited. Nguyen et al. have studied the anti-diabetic and hypolipidemic effects of C. flava flower and leaves extracts [4],[5],[6],[7]. The high concentration of polyphenols, total flavonoids, and antioxidant capacity of C. flava leaves were also reported by this group [8]. However, only one isolation study of C. flava leaves has been reported by Do et al., which identified phenolic compounds including kaempferol, gallic acid, astragalin, and vanillin [9]. As part of our efforts to discover bioactive compounds from medicinal plants, in this current study, we aimed to isolate and structurally elucidate chemical constituents from the ethyl acetate extract of unexplored C. flava flowers collected in Phu Tho province.
2. Materials and Methods
2.1. Materials
Flowers of Camellia flava (Pitard) Sealy (Theaceae) were provided by Biopharm Hoa Binh Joint Stock Company in Hoa Binh ward, Phu Tho province, in October 2024. The plant material was identified by Prof. Tran The Bach, Institute of Biology, Vietnam Academy of Science and Technology (VAST). The voucher specimen (Cong21102024) was deposited at the Institute of Biology (VAST).
2.2. General experimental procedures
Solvents and chemicals used for extraction and isolation were of analytical grade. The stationary phases for column chromatography included silica gel (240–430 mesh, Merck), reversed-phase silica gel (RP-18 YMC), and Sephadex LH-20 (Sigma). Thin-layer chromatography was performed on pre-coated silica gel plates (Merck 60 F254). Visualization was carried out under a UV lamp at 254 nm or by spraying with 10% sulfuric acid reagent followed by heating. Nuclear magnetic resonance (NMR) spectra were recorded on Bruker 600 MHz and Bruker AM500 FT-NMR spectrometers. Mass spectra (ESI-MS) were measured using an Agilent 1260 LC/MS system.
2.3. Extraction and isolation
The dried flower powder (2.6 kg) was macerated with 70% EtOH at room temperature for 24 hours (13 L  4 times). The combined EtOH extracts were concentrated under reduced pressure to afford an EtOH residue (1.167 kg). This residue was dissolved in 500 mL of distilled water and successively partitioned with n-hexane and ethyl acetate (EtOAc). Removal of the solvent from the EtOAc fraction yielded an EtOAc residue (98.5 g).
The EtOAc residue was subjected to silica gel column chromatography (CC), and eluted with a gradient of n-hexane–EtOAc (0–100%) to afford nine fractions E1–E9. Fraction E6 (269 mg) was separated by Sephadex LH-20 CC, eluted with MeOH, yielding 7 fractions (E6A–E6G). Fraction E6A (53 mg) was purified by reversed-phase silica gel CC eluting with acetone–water (3:1, v/v) to obtain 4 (5.5 mg). Fraction E6D (46 mg) was purified by reversed-phase silica gel CC and eluted with acetone–water (2:1, v/v) to obtain 5 (3.4 mg). Fraction E7 (1.45 g) was separated on a silica gel column, eluting with n-hexane–acetone (8:2, v/v) to afford 10 fractions (E7A–E7K). Fraction E7D (53 mg) was purified by reversed-phase silica gel CC, eluting with acetone–water (2:1, v/v) to give 7 (4.5 mg). Fraction E7K (112 mg) was chromatographed by reversed-phase silica gel CC using acetone–water (2:1, v/v) as eluent to afford 3 (3.4 mg). Fraction E7F (36 mg) was separated by reversed-phase silica gel CC eluting with acetone–water (2:1, v/v) to yield 6 (2.4 mg).
Fraction E8 (1.69 g) was separated on a silica gel CC eluting with n-hexane–acetone (8:2, v/v) to afford 9 fractions (E8A–E8I). Compound 1 (5.6 mg) was obtained by recrystallization in MeOH from fraction E8A. Fraction E8G (245 mg) was purified by reversed-phase silica gel CC eluting with acetone–water (2:1, v/v) to obtain 2 (4.5 mg). Fraction E8I (123 mg) was purified by reversed-phase silica gel CC and eluted with MeOH–water (2:1, v/v) to give 8 (6.5 mg).
3,3',4'-Tri-O-methyl ellagic acid (1): White solid. ESI-MS m/z 345 [M+H]+. 1H-NMR (600 MHz, DMSO-d6) and 13C-NMR (125 MHz, DMSO-d6): see Table 1.
Pinoresinol (2): White solid. ESI-MS m/z 357 [M-H]-. 1H-NMR (600 MHz, CD3OD) and 13C-NMR (125 MHz, CD3OD): See Table 1.
Quercetin (3): Pale yellow solid. ESI-MS m/z 303.1 [M+H]+. 1H-NMR (600 MHz, CD3OD) and 13C-NMR (125 MHz, CD3OD): see Table 2.
Kaempferol (4): Pale yellow solid. ESI-MS m/z 287.1 [M+H]+. 1H-NMR (600 MHz, CD3OD) and 13C-NMR (125 MHz, CD3OD): see Table 2.
Tyrosol (5): White solid. 1H-NMR (600 MHz, DMSO-d6) and 13C-NMR (125 MHz, DMSO-d6): see Table 3.
Caffeic acid (6): Pale yellow solid. ESI-MS m/z 179.1 [M-H]-. 1H-NMR (500 MHz, CD3OD) and 13C-NMR (125 MHz, CD3OD): See Table 3.
Protocatechuic acid (7): Brown solid. 1H- NMR (600 MHz, CD3OD) δ (ppm): 7.44 (1H, br s, H-2), 7.42 (1H, d, J = 8.4 Hz, H-6), 6.79 (1H, d, J = 8.4 Hz, H-5). 13C-NMR (125 MHz, CD3OD) δ (ppm): 169.5 (COOH), 149.7 (C-4), 144.0 (C-3), 123.3 (C-1), 121.6 (C-6), 116.5 (C-5), 114.6 (C-2).
Gallic acid (8): Yellow solid. 1H-NMR (600 MHz, CD3OD) δ (ppm): 7.07 (2H, s, H-2, H-6). 13C-NMR (125 MHz, CD3OD) δ (ppm): 170.3 (COOH), 146.3 (C-4), 139.6 (C-3, C-5), 110.3 (C-2, C-6), 121.9 (C-1).
1. Results and Discussion
Compound 1 was isolated as a white solid. The 1H-NMR spectrum showed two signals in the aromatic region at δH 7.49 (s, H-5) and 7.57 (s, H-5'); 3 methoxy group signals at δH 4.05 (3H, s), 4.03 (3H, s), and 3.98 (3H, s). The 13C-NMR spectrum revealed the signals of 17 carbons, including two carboxyl carbon signals at δC 158.5 (C-7') and 158.4 (C-7); 12 aromatic carbons at δC 153.8, 152.9, 141.9, 141.0, 140.8, 140.3, 113.4, 112.5, 111.8, 111.8, 111.0, and 107.5 and 3 methoxy group signals at δC 61.3, 61.0, and 56.7. The ESI-MS spectrum exhibited a molecular ion at m/z 345 [M+H]+, so the molecular formula of 1 was determined as C17H12O8. From NMR and MS data, compound 1 was determined as 3,3',4'-tri-O-methyl ellagic acid [10].
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Compound 2 was obtained as a white powder. The negative ESI-MS spectrum displayed an ion m/z 357 [M−H]−, which combined with the NMR data, suggested the molecular formula C20H22O6​. The molecular formula indicated that 1 has a symmetrical structure with the duplication of NMR signals. The 1H-NMR spectrum showed the presence of 22 protons, including six protons belonging to two ABX aromatic ring systems at δH​ 6.98 (2H, d, J = 1.8 Hz, H-2, H-2'), 6.83 (2H, dd, J = 8.4, 1.8 Hz, H-6, H-6'), and 6.78 (2H, d, J = 8.0 Hz, H-5, H-5'); two oxymethine protons at δH​ 4.67 (2H, d, J = 4.2 Hz, H-7, H-7'); four protons of two oxymethylene groups at δH 4.20 (2H, m, Ha-9, Ha-9') and 3.80 (2H, m, Hb-9, Hb-9'); two methoxy groups at δH 3.84 (6H, s, 3-OMe, 3'-OMe); and two methine protons at δH 3.08 (2H, m, H-8, H-8'). The 13C-NMR spectrum exhibited 10 signals for 20 carbons, including 12 aromatic carbon signals at δC​ 133.8 (C-1, C-1'), 111.0 (C-2, C-2'), 149.1 (C-3, C-3'), 147.3 (C-4, C-4'), 116.1 (C-5, C-5'), and 120.1 (C-6, C-6'); two oxymethine carbons at δC 87.5 (C-7, C-7'); two oxymethylene carbons at δC 72.6 (C-9, C-9'); two methoxy carbons at δC 56.5 (3-OMe, 3'-OMe); and two methine carbons at δC​ 55.3 (C-8, C-8'). Based on the above spectral data and comparison with the reported literature [11], 2 was identified as pinoresinol.

Table 1. 1H-  and 13C-NMR  data of compounds 1 and 2
	Pos.
	1
	δCa,d [10]
	Pos.
	2
	δCe,c [11]

	
	δHa,b mult. (J in Hz)
	δCa,c
	
	
	δHe,b, mult. (J in Hz)
	δCe,c
	

	1
	
	111.0
	111.2
	1, 1'
	
	133.8
	133.8

	2
	
	141.0
	140.9
	2, 2'
	6.98, d (1.8)
	111.0
	111.9

	3
	
	140.3
	140.2
	3, 3'
	
	149.1
	149.1

	4
	
	152.9
	152.6
	4, 4'
	
	147.3
	147.2

	5
	7.49, s
	111.8
	111.6
	5, 5'
	6.78, d (8.4)
	116.1
	116.1

	6
	
	112.5
	112.5
	6, 6'
	6.83, dd (8.4, 1.8)
	120.1
	120.0

	7
	
	158.4
	158.3
	7, 7'
	4.73, d, (4.2)
	87.5
	87.4

	1'
	
	111.8
	111.9
	8, 8'
	3.16, m
	55.3
	55.3

	2'
	
	141.4
	141.5
	9, 9'
	4.25, m/3.85, m
	72.6
	72.6

	3'
	
	140.8
	140.8
	
	
	
	

	4'
	
	153.8
	153.8
	3-OMe
	3.87, s
	56.5
	56.4

	5'
	7.57, s
	107.5
	107.5
	
	
	
	

	6'
	
	113.4
	113.4
	
	
	
	

	7'
	
	158.7
	158.4
	
	
	
	

	3-OMe
	4.05, s,
	61.0
	61.0
	
	
	
	

	3'-OMe
	4.03, s
	61.3
	61.3
	
	
	
	

	4'-OMe
	3.98, s
	56.7
	56.7
	
	
	
	


a : DMSO-d6; b: 600 MHz, c: 125 MHz; d: 100 MHz; e: CD3OD; 

Compound 3 was isolated as a pale yellow solid. The ¹H-NMR spectrum displayed two meta-coupled aromatic proton signals at δH 6.41 (1H, d, J = 2.4 Hz, H-8) and 6.19 (1H, d, J = 2.4 Hz, H-6); 3 signals corresponding to an ABX spin system of an aromatic ring at δH 7.68 (1H, d, J = 2.4 Hz, H-2'), 7.55 (1H, dd, J = 2.4, 8.4 Hz, H-6'), and 6.89 (1H, d, J = 8.4 Hz, H-5'). The 13C-NMR spectrum showed 15 carbon signals of a flavonoid skeleton, including a carbonyl carbon at δC 175.4 (C-4), oxygenated aromatic carbons at δC 164.1 (C-7), 160.7 (C-5), 156.2 (C-9), 147.7 (C-4'), 146.8 (C-2), 145.1 (C-3'), and 135.7 (C-3), methine carbons at δC 120.0 (C-6'), 115.6(C-5'), 115.0 (C-2’), 98.2 (C-6), and 93.4 (C-8), and non-protonated aromatic carbons at δC 121.9 (C-1') and 102.9 (C-10). The ESI-MS of compound 3 displayed a protonated peak at m/z 303.1 [M+H]+, in combination with the NMR data, suggested the molecular formula of 3 as C15H10O7. Compound 3 was identified as quercetin based on comparison of its spectral data with previous literature [12].
Compound 4 was obtained as a pale yellow solid. The 1H-NMR spectrum of 4 also showed characteristic signals of a flavonoid, with two meta-aromatic proton signals at δH​ 6.40 (1H, d, J = 2.0 Hz, H-8) and 6.20 (1H, d, J = 2.0 Hz, H-6); and signals of a 1,4-disubstituted benzene ring at δH​ 8.01 (2H, d, J = 8.5 Hz, H-2', H-6') and 6.92 (2H, d, J = 8.5 Hz, H-3', H-5'). The 13C-NMR spectrum of 4 showed signals for 15 carbons of a flavonoid skeleton. The ESI-MS of 4 exhibited an ion at m/z 287.1 [M+H]+, which suggested the molecular formula C15H10O6​. Compound 4 was determined as kaempferol (Fig. 1) based on the agreement with the reported spectral data [13].

Table 2. 1H- and 13C-NMR  data of compounds 3 and 4
	Pos.
	3
	δCa,c [12]
	4
	δC [13]

	
	δHa,b, mult. (J in Hz)
	δCa,c
	
	δHd,e, mult. (J in Hz)
	δCd,c
	

	2
	-
	146.8
	146.8
	-
	148.0
	148.0

	3
	-
	135.7
	135.6
	-
	137.1
	137.1

	4
	-
	175.8
	175.9
	-
	177.3
	177.3

	5
	-
	160.7
	160.8
	-
	162.5
	162.5

	6
	6.19, d (2.4)
	98.2
	98.3
	6.20, d (2.0)
	99.3
	99.3

	7
	-
	164.1
	164.2
	
	165.5
	165.6

	8
	6.41, d (2.4)
	93.4
	93.4
	6.40, d (2.0)
	94.5
	94.4

	9
	-
	156.2
	156.2
	-
	158.2
	158.2

	10
	-
	102.9
	102.0
	-
	104.5
	104.5

	1'
	-
	121.9
	122.1
	-
	123.7
	123.7

	2'
	7.68, d (2.4)
	115.0
	115.0
	8.01, d (8.5)
	130.7
	130.7

	3'
	-
	145.1
	145.1
	6.92, d (8.5)
	116.3
	116.3

	4'
	-
	147.7
	147.8
	-
	160.5
	160.5

	5'
	6.89, d (8.4)
	115.6
	115.7
	6.92, d (8.5)
	116.3
	116.3

	6'
	7.55, dd (2.4, 8.4)
	120.0
	120.0
	8.01, d (8.5)
	130.7
	130.7

	5-OH
	12.48, s
	
	
	
	
	


a : DMSO-d6; b: 600 MHz, c: 125 MHz; d: CD3OD; e: 500 MHz.


Compound 5 was obtained as a white solid. The 1H-NMR spectrum showed signals of an A2B2 system of an aromatic ring at δH 6.78 (2H, d, J = 8.4 Hz, H-3, H-5), 7.08 (2H, d, J = 8.4 Hz, H-2, H-6), and two methylene groups at δH 2.80 (2H, t, J = 6.6 Hz, H-7), 3.82 (2H, t, J = 6.6 Hz, H-8). The 13C-NMR spectrum showed signals for 8 carbons, with 6 signals for the aromatic ring at δC 131.0 (C-1), 130.9 (C-2, C-6), 116.1 (C-3, C-5), and 156.78 (C-4), an oxymethylene group at δC 64.8 (C-8), and a methylene group at δC 39.4 (C-7). Compound 5 was identified as tyrosol based on comparison of its spectral data with the reference literature [14].
Compound 6 was isolated as a pale yellow powder. The 1H-NMR spectrum of 6 showed the presence of an ABX system with three protons at δH 7.05 (1H, d, J = 2.0 Hz, H-2), 6.94 (1H, dd, J = 2.0, 8.5 Hz, H-6), and 6.79 (1H, d, J = 8.5 Hz, H-5). In addition, there were two trans olefinic protons at δH 7.53 (1H, d, J = 15.5 Hz, H-7) and 6.25 (1H, d, J = 15.5 Hz, H-8). The 13C-NMR spectrum of 6 showed signals for 9 carbons, with 6 signals for an aromatic ring at δC 149.4 (C-3), 146.8 (C-4), 127.9 (C-1), 122.8 (C-6), 115.9 (C-2), and 115.1 (C-5), two olefinic carbons at δC 146.8 (C-7) and 116.5 (C-8), and one carboxylic acid group at δC 171.3 (COOH). Based on the above spectral data and comparison with reference literature, 6 was identified as caffeic acid [15].
Compounds 7 and 8 were identified as protocatechuic acid [16] and gallic acid [9], respectively, based on the comparison of NMR data with those in the previous literature.

Table 3. 1H-  and 13C-NMR  data of compounds 5 and 6
	Pos.
	5
	δCa,c [14]
	6
	δCa,c [15]

	
	δHa,b, mult. (J in Hz)
	δCa,c
	
	δHa,d, mult. (J in Hz)
	δCa,c
	

	1
	
	131.0
	131.0
	
	127.9
	126.4

	2
	7.08, d (8.4)
	130.9
	130.9
	7.05, d (2.0)
	115.9
	113.7

	3
	6.78, d (8.4)
	116.1
	116.1
	
	149.4
	145.6

	4
	
	156.8
	156.8
	
	146.8
	145.4

	5
	6.78, d (8.4)
	116.1
	116.1
	6.79, d (8.5)
	115.1
	115.1

	6
	7.08, d (8.4)
	130.9
	130.9
	6.94, dd (2.0, 8.5)
	122.8
	121.4

	7
	2.80, t (6.6)
	39.4
	39.4
	7.53, d (15.5)
	146.8
	148.1

	8
	3.82, t (6.6)
	64.8
	64.6
	6.25, d (15.5)
	116.5
	114.8

	9
	
	
	
	-
	171.3
	169.6


a : CD3OD; b: 600 MHz, c: 125 MHz, d: 500 MHz.


Our work represents the first isolation study of C. flava flowers. Several ellagic acids have already been found from Camellia sp [1], but  3,3',4'-tri-O-methyl ellagic acid (1) was identified in the genus Camellia for the first time.  Lignan pinoresinol was isolated from C. olifera [17]. Flavonoids quercetin (3), kaempferol (4), and phenolic acids 57 were identified from flowers and leaves of many Camellia species like C. chrysantha [18], C. flava [9], C. olifera [19], C. sinensis [20], and C. japonica [21]. Tyrosol (5) was reported from C. olifera [22] and C. japonica [23]. Our chemical study suggested that C. flava possibly has a close chemotaxonomic relationship with C. olifera and C. japonica. These phenolic constituents displayed various pharmacological activities such as antioxidant, anti-diabetic, and neuroprotective activities [19],[21],[23],[24],[25].
4. Conclusions 
Eight phenolic constituents, including 3,3',4'-tri-O-methyl ellagic acid (1), pinoresinol (2), quercetin (3), kaempferol (4), tyrosol (5), caffeic acid (6), protocatechuic acid (7), and gallic acid (8), were isolated and characterized from the ethyl acetate extract of Camellia flava flowers. Compounds 2, 3, and 57 were identified for the first time from this species, and compound 1 was first reported from the Camellia genus.
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Summary
By employing chromatographic techniques, six compounds (1–6) were successfully isolated from the leaves of Triadica rotundifolia (Hemsl.)  Esser. Their structures were elucidated to be (1S,2S)-2-(4-hydroxy-3,5-dimethoxyphenyl)-1-(4-hydroxy-3-methoxyphenyl)-1-methoxy propanol (1), (1S,2R)-2-(4-hydroxy-3,5-dimethoxyphenyl)-1-(4-hydroxy-3-methoxyphenyl)-1-methoxypropane-3-ol (2), syringaresinol (3), trimethyl-3,4-dihydrochebulate (4), methyl 3,4,5-trihydroxybenzoate (5), and 5-hydroxymethyl-2-furancarboxaldehyde (6), by detailed analysis of 1D, 2D NMR, and MS spectroscopic data as well as comparison with those reported. The absolute configurations of compounds 1, 2, and 4 were further confirmed using experimental circular dichroism (CD) spectroscopy. Several compounds were evaluated for their inhibitory activity against the production of nitric oxide (NO) in lipopolysaccharide (LPS)-stimulated RAW264.7 cells. Compounds 1, 2, and 6 were found to reduce NO levels in murine macrophage cells, with IC50 values ranging from 21.1 to 54.5 μM. This study represents the first report of compounds 1−6 isolated from T. rotundifolia.
Keywords: Triadica rotundifolia; Euphorbiaceae; Lignan; Phenolic; NO inhibitory effect.


1. Introduction
Triadica is a genus of Euphorbiaceae with approximately 120 species distributed worldwide[1]. Several species within this genus are widely employed in traditional medicine across Asia, Africa, and South America. Ethnomedicinal applications include the treatment of dermatological disorders, musculoskeletal pain, digestive and urinary ailments, hernia, wound infections, and inflammatory conditions. In many regions, preparations such as decoctions, powders, or topical applications are also used for respiratory complaints, malaria, anemia, fever, and parasitic diseases, reflecting the broad therapeutic relevance of this genus in indigenous healthcare systems [1],[2],[3],[4]. Phytochemical work on this genus has revealed the presence of a wide array of diterpenoids, triterpenoids, flavonoids, lignanoids, and coumarins [1],[2].
Triadica rotundifolia (Hemsl.) Esser (syn. Sapium rotundifolium Hemsl.) is one of six species reported in Vietnam [5]. This shrub is widely distributed in northern Vietnam [6] and is also found in several temperate and tropical regions of Asia, including Cambodia, China, Malaysia, and Thailand [3]. The leaves and stems of T. rotundifolia have traditionally been used in folk medicine to treat various conditions, such as acute skin disease, detoxification-related ailments, eczema, herpes zoster, snake bites, scabies, and ulcers [3],[4]. However, there is a lack of phytochemical and pharmacological data on this plant. To date, only one study has reported the presence of diterpenoid and triterpenoid compounds, which have attracted interest because of their potential anti-inflammatory activity [7]. In continuation of our interest in the phytochemistry of plants belonging to the genus Triadica, we have conducted further studies on the leaves of T. rotundifolia and isolated six compounds (1−6, Fig. 1). In addition, the NO production inhibitory activity of these phytochemicals was also evaluated.
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Fig. 1. Chemical structures of compounds 1–6.
2. Materials and methods
2.1. Chemicals and equipment
Optical rotations were determined on a JASCO P-2000 polarimeter. The CD spectra were measured on a Chirascan spectrometer (Applied Photophysics, Surrey, UK). The NMR spectra were recorded on a Bruker AVANCE NEO 600 FT-NMR spectrometer with TMS as an internal standard. HRESIMS data were acquired using an Agilent 6530 Accurate Mass Q-TOF LC/MS. Column chromatography (CC) was conducted on silica gel, Diaion HP-20, Sephadex LH-20, and RP-18. Preparative HPLC using an Agilent 1100, a J′sphere ODS H-80 (4 µm, 250×20 mm) column, a flow rate of 6 mL/min, and a DAD detector at wavelengths of 205, 230, 254, and 280 nm. An isocratic mobile phase with a flow rate of 3.0 mL/min was used for pre-HPLC. Analytical thin-layer chromatography was performed on precoated silica gel 60 F254 and RP-18 F254S plates, and compounds were visualized by spraying with 10% H2SO4 in water and then heating for 1.5−2 minutes.
2.2. Plant material
The leaves of Triadica rotundifolia were collected at Nam Dong, Hue City, Vietnam, in December 2024. The species was taxonomically identified by Dr. Bui Van Thanh, Institute of Biology, VAST. A voucher herbarium specimen (NKB1225) has been deposited at the Herbarium of the Institute of Chemistry, VAST.
2.3. Extraction and isolation
The dried leaves of T. rotundifolia (2.5 kg) were extracted with 100% methanol (6 L) by maceration at room temperature, with occasional shaking for 24 hours. This process was repeated over five consecutive days (3 × 6 L). The combined methanolic extracts were filtered and concentrated under reduced pressure at 45°C using a rotary evaporator, yielding 180.6 g of a dark-brown residue. A portion (150 g) of this extract was suspended in MeOH-H2O (10:1, 1.5 L) and partitioned with n-hexane (3 × 1.5 L), which was dried to give a n-hexane-soluble fraction (H, 25.7 g). In turn, the MeOH-H2O (10:1) partition was completely dried and resuspended in distilled H2O (1.5 L) and successively partitioned first with CH2Cl2 (3 × 1.5 L) and next with EtOAc (3 × 1.5 L). This provided 56.0 g of the CH2Cl2-, 15.8 g of the EtOAc-, and 82.3 g of the H2O-soluble fractions, respectively. The EtOAc fraction was fractionated using silica gel CC with gradient mixtures of CH2Cl2-MeOH (50:1, 30:1, v/v). Fractions with similar TLC profiles were combined, yielding six pooled subfractions (E1–E6). Subfraction E4 (0.25 g) was chromatographed over a silica gel column and eluted with a CH2Cl2-EtOAc (3:1, v/v) gradient to yield four pooled subfractions (E4.1−E4.4). Of these, subfraction E4.3 (0.06 g) was purified by preparative reversed-phase HPLC, using ACN-H2O (35% of ACN, flow rate 6 mL/min for 45 min) to yield compounds 5 (3.5 mg, tR = 43.3 min) and 6 (tR = 39.8 min). Compound 6 (2.6 mg) was further purified by repeated precipitation and centrifugation in MeOH. Using the same HPLC conditions, compound 3 (4.8 mg, tR = 24.6 min) was also obtained. Subfraction E5 (0.21 g) was subjected to silica gel CC with CH2Cl2-MeOH (10:1, v/v). Altogether, three subfractions (80 mL each) were collected and combined according to their TLC similarities to give three pooled fractions (E5.1−E5.3). Among them, subfraction E5.2 (0.02 g) was purified by semipreparative reversed-phase HPLC with MeOH-H2O (28% of MeOH, flow rate of 4 mL/min, for 40 min) to yield 4 (3.8 mg, tR = 38.6 min). Subfraction E5.3 (0.01 g) fraction was purified by HPLC, using the reversed-phase preparative column described above, with a solvent system of ACN-H2O (20% ACN, flow rate 6 mL/min, for 60 min). From this separation, compounds 1 (4.8 mg, tR = 57.3 min) and 2 (36.0 mg, tR = 58.9 min) were obtained.
(1S,2S)-2-(4-Hydroxy-3,5-dimethoxyphenyl)-1-(4-hydroxy-3-methoxyphenyl)-1-methoxy propanol (1): Yellow, amorphous powder; : +11.8 (c 0.05, MeOH); ECD (MeOH, nm) λmax (Δε): 207 (-3.48), 215 (+1.90); HRESIMS m/z 387.1422 [M + Na]+ (calcd. for [C19H24NaO7]+, 387.1414); 1H (600 MHz, CD3OD) and 13C NMR (150 MHz, CD3OD) spectroscopic data, see Table 1.
(1S,2R)-2-(4-Hydroxy-3,5-dimethoxyphenyl)-1-(4-hydroxy-3-methoxyphenyl)-1-methoxy propane-3-ol (2): Yellow, amorphous powder; : -14.1 (c 0.05, MeOH); ECD (MeOH, nm) λmax (Δε): 205 (+5.65), 220 (-2.28); ESIMS m/z 363.1 [M - H]−; 1H (600 MHz, CD3OD) and 13C NMR (150 MHz, CD3OD) spectroscopic data, see Table 1.
Syringaresinol (3): White, amorphous powder; 1H NMR (CD3OD, 600 MHz) δ (ppm): 6.73 (4H, s, H-2, H-6, H-2', H-6'), 4.73 (2H, d, J = 4.5 Hz, H-7, H-7'), 3.14 (2H, m, H-8, H-8'), 4.27 (2H, dd, J = 9.0, 6.5 Hz, Ha-9, Ha-9'), 3.89 (2H, dd, J = 9.0, 3.5 Hz, Hb-9, Hb-9'), 3.86 (12H, s, 4 × OCH3); 13C NMR (CD3OD, 150 MHz) δ (ppm): 133.2 (C-1, C-1'), 104.6 (C-2, C-6, C-2', C-6'), 149.4 (C-3, C-5, C-3', C-5'), 136.3 (C-4, C-4'), 87.6 (C-7, C-7'), 55.5 (C-8, C-8'), 72.8 (C-9, C-9'), and 56.8 (4 × OCH3).
Trimethyl-3,4-dihydrochebulate (4): Brown, amorphous powder; : +121.6 (c 0.05, MeOH-H2O); ECD (MeOH, nm) λmax (Δε): 315 (+1.56), 279 (+4.46), 250 (+1.84), 233 (+12.2), 210 (-6.97); HRESIMS ion at m/z 405.0464 [M + Na]+ (calcd. for [C16H14NaO11]+, 405.0428); 1H (600 MHz, CD3OD) and 13C NMR (150 MHz, CD3OD) spectroscopic data, see Table 2.
Methyl 3,4,5-trihydroxybenzoate (5): White, amorphous powder; 1H NMR (CD3OD, 600 MHz) δ (ppm): 7.07 (2H, s, H-2, H-6), 3.83 (3H, s, OCH3); 13C NMR (CD3OD, 150 MHz) δ (ppm): 122.0 (C-1), 110.5 (C-2, C-6), 147.0 (C-3, C-5), 140.2 (C-4), 169.5 (C-7), and 52.7 (OCH3).
5-Hydroxymethyl-2-furancarboxaldehyde (6): Yellow needle; 1H NMR (CD3OD, 600 MHz) δ (ppm): 7.39 (1H, d, J = 3.6 Hz, H-3), 6.60 (1H, d, J = 3.6 Hz, H-4), 4.63 (2H, s, H-6), 9.55 (1H, s, H-7); 13C NMR (CD3OD, 150 MHz) δ (ppm): 153.9 (C-2), 124.8 (C-3), 110.9 (C-4), 163.2 (C-5), 57.6 (C-6), and 179.4 (C-7).
2.4. NO production inhibitory assay
Nitric oxide assay was performed as previously described [8],[9]. In brief, RAW264.7 cells, originally sourced from the American Type Culture Collection (ATCC, Manassas, VA, USA), were maintained in Dulbecco’s Modified Eagle’s Medium (DMEM; Gibco-BRL, St. Louis, MO, USA) supplemented with 5% heat-inactivated fetal bovine serum, along with 100 U/mL penicillin and 100 μg/mL streptomycin. The cultures were incubated under controlled conditions at 37°C under a humidified atmosphere containing 5% CO2. After 24 hours of incubation, compounds were added to each well (0.4−100 µM) or vehicle and followed by LPS  (1 μg/mL) after 2h. Cells were seeded at a density of 2 × 105 cells per well in a 96-well plate and allowed to adhere for 6h before treatment. To assess cell viability, the remaining adherent cells were subjected to the MTT assay using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) reagent (Sigma Chemical Co., St. Louis, MO, USA), and absorbance was measured at 570 nm. Cultural medium (100 μL) was mixed with an equal volume of Griess reagent and incubated at room temperature for 10 minutes. Absorbance was measured at 540 nm on a microplate reader. Nitrite concentration as an indicator of NO production was determined using a standard curve that was built by serially diluting NaNO2 solutions. Experiments were performed in triplicate. The IC50 values were generated by TableCurve 2Dv4 software.
3. Results and discussion
Compound 1 was obtained as a yellow amorphous powder. Its molecular formula, C19H24O7, was established from a sodium adduct ion at m/z 387.1422 [M + Na]+ (calcd. for [C19H24NaO7]+, 387.1414) observed in the HRESIMS data. Analysis of the 1H, 13C NMR, and HSQC data of 1 (Table 1) revealed the occurrence of five aromatic methines, an oxymethine, an oxymethylene, a methine, five oxygenated aromatic carbons, seven quaternary aromatic carbons, and four methoxy groups. In the 1H NMR spectrum, two different sets of aromatic protons were discernible. One of these at δH 6.40 (2H, s, H-2', H-6') integrated for two protons, suggesting symmetry consistent with a 1,3,4,5-tetrasubstituted aromatic ring. The remaining set of aromatic resonances showed the typical splitting patterns and coupling constants of a 1,3,4-trisubstituted aromatic ring [δH 6.53 (1H, d, J = 1.2 Hz, H-2''), 6.74 (1H, d, J = 8.4 Hz, H-5''), and 6.65 (1H, dd, J = 8.4, 1.2 Hz, H-6'')]. In addition, an oxymethine [δH 4.50 (1H, d, J = 5.4 Hz, H-1)], a methine [δH 2.88 (1H, m, H-2], an oxymethylene [δH 3.88 (1H, dd, J = 10.8, 4.2 Hz, Ha-3) and 3.70 (1H, dd, J = 10.8, 8.4 Hz, Hb-3)], as well as four methoxy groups [δH 3.19 (3H, s, 1-OCH3), 3.78 (6H, s, 3',5'-OCH3), and 3.69 (3H, s, 3''-OCH3)], were also determined in the 1H NMR spectrum. Analysis of the additional aromatic proton resonances led to the proposal of a further 1,3,4-trisubstituted ring, with one of the substituents corresponding to a methoxy group, a second to a hydroxy group, and a quaternary carbon. The attachment of the methoxy group at C-3'' (δC 148.7) was confirmed by a correlation with the protons of the methyl group (δH 3.69) and this carbon, in the HMBC spectrum. The hydroxy group was attached to C-4'' (δC 147.0), consistent with its characteristic downfield chemical shift. Furthermore, the structure of 1 was identified as 1,2-diarylpropan-1-alkoxy-3-ol [10],[11] based on HMBC correlations of H-1 (δH 4.50) with C-2 (δC 56.9), 1-OCH3 (δC 57.1), C-1'' (δC 133.1), C-2'' (δC 111.8), C-6'' (δC 121.3), and H-2 (δH 2.88) with C-1 (δC 85.0), C-3 (δC 64.3), C-1' (δC 131.5), and C-2'/C-6' (δC 108.2) (Fig. 2). The relative configuration of 1,2-diarylpropan-1-alkoxy-3-ol could be readily determined by the chemical shift differences between H-1 and H-2 (in methanol-d4) [10],[11]. Comparing the chemical shift differences between H-1 and H-2 (Δδ1,2 = 1.62 ppm) with published data confirmed the erythro configuration of substituents at C-1 and C-2 in compound 1 [10],[11]. This assignment was further supported by the experimental CD spectrum, which displayed a negative Cotton effect (CE) at 207 nm and a positive CE at 215 nm. These spectral features closely matched the calculated ECD spectrum of (1S,2S)-2-(4-hydroxy-3,5-dimethoxyphenyl)-1-(4-hydroxy-3-methoxyphenyl)-1-methoxypropane-3-ol [10]. Therefore, the structure of compound 1 was elucidated as (1S,2S)-2-(4-hydroxy-3,5-dimethoxyphenyl)-1-(4-hydroxy-3-methoxyphenyl)-1-methoxypropane-3-ol. This compound was previously isolated from the seed shells of Cerasus humilis [10]. Its biological activities were evaluated through in vitro experiments, which revealed only weak cytotoxicity against HepG2 and A549 cell lines (IC50 ~ 50 µM). 1 demonstrated significant antioxidant activity as revealed by the DPPH (IC50 = 9.8 µg/mL) and ATBS (IC50 = 15.3 µg/mL) assays [10].
Table 1. 1H and 13C NMR spectroscopic data of compounds 1 and 2 and the reference compounds
	No.
	#δCa
	1
	$δCb
	2

	
	
	δCa,c
	δHa,d mult. (J in Hz)
	
	δCa,c
	δHa,d mult. (J in Hz)

	1
	85.0
	85.0
	4.50 d (5.4)
	84.3
	87.2
	4.33 d (8.4)

	2
	56.9
	56.9
	2.88 m
	54.1
	56.5
	3.00 m

	3
	64.3
	64.3
	3.88 dd (10.8, 4.2)
3.70 dd (10.8, 8.4)
	62.4
	64.8
	4.08 dd (10.8, 5.4)
3.39 dd (10.8, 7.2)

	1'
	131.5
	131.5
	-
	130.9
	131.8
	-

	2', 6'
	108.2
	108.2
	6.40 s
	106.9
	107.8
	6.26 s

	3', 5'
	148.7
	148.7
	-
	147.2
	148.7
	-

	4'
	135.3
	135.3
	-
	133.7
	135.5
	-

	1''
	133.1
	133.1
	-
	130.8
	132.7
	-

	2''
	111.8
	111.8
	6.53 d (1.2)
	111.5
	112.4
	6.55 d (1.8)

	3''
	148.7
	148.7
	-
	147.0
	148.6
	-

	4''
	147.0
	147.0
	-
	145.5
	146.9
	-

	5''
	115.6
	115.6
	6.74 d (8.4)
	114.6
	115.5
	6.66 d (7.8)

	6''
	121.3
	121.3
	6.65 dd (8.4, 1.2)
	120.2
	121.5
	6.58 dd (7.8, 1.8)

	1-OCH3
	57.1
	57.1
	3.19 s
	56.2
	56.7
	3.24 s

	3',5'-OCH3
	56.7
	56.8
	3.78 s
	55.9
	56.8
	3.72 s

	3''-OCH3
	56.2
	56.2
	3.69 s
	55.4
	56.3
	3.70 s


Measured in a CD3OD, b DMSO-d6, c125 MHz, and d600 MHz. #δC of (1S,2S)-2-(4-hydroxy-3,5-dimethoxyphenyl)-1-(4-hydroxy-3-methoxyphenyl)-1-methoxypropane-3-ol [10] and $δC of (1S,2R)-2-(4-hydroxy-3,5-dimethoxyphenyl)-1-(4-hydroxy-3-methoxyphenyl)-1-methoxypropane-3-ol [10].
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Fig. 2. Key HMBC ([image: ]) correlations of compounds 1, 2, and 4


Compound 2 was obtained as a yellow amorphous powder. Its molecular formula, C19H27O7, was supported by the observation of a deprotonated molecular ion at m/z 363.1 [M - H]− present in the ESIMS data. The 1H and 13C NMR data of compound 2 were closely comparable to those of compound 1 (Table 1), indicating that they share a similar structural scaffold. However, distinct differences in the chemical shifts and splitting patterns of the protons in the propanyl moiety (C/H-1 to C/H-3) were observed (Table 1), suggesting that compound 2 has subtle configurational differences compared to 1. The relative configuration at C-1 and C-2 in compound 2 was confirmed as threo configuration based on Δδ1,2 ≤ 1.33 ppm [10],[11]. Moreover, the experimental CD spectrum of 2 exhibited a positive CE at 205 nm and a negative CE at 220 nm, consistent with the absolute configuration of (1S,2R). These CEs closely matched those reported for (1S,2R)-2-(4-hydroxy-3,5-dimethoxyphenyl)-1-(4-hydroxy-3-methoxyphenyl)-1-methoxypropane-3-ol [(1S,2R): positive CE at 204 nm and a negative CE at 221 nm] as previously reported [10]. Accordingly, the structure of compound 2 was proposed as (1S,2R)-2-(4-hydroxy-3,5-dimethoxy phenyl)-1-(4-hydroxy-3-methoxyphenyl)-1-methoxy propane-3-ol. Previously, compound 2 exhibited only weak cytotoxicity against the HepG2 and A549 cell lines, with IC50 values exceeding 50 μM. In contrast, it demonstrated strong antioxidant activity, as evidenced by the DPPH (IC50 = 8.6 µg/mL) and ABTS (IC50 = 9.7 µg/mL) assays [10]. 
Compound 4 was obtained as colorless crystals and determined to have the molecular formula of C19H20O11 with 10 indices of hydrogen deficiency, as established on the basis of its 13C NMR data and a sodium adduct ion observed in the HRESIMS at m/z 405.0464 [M + Na]+ (calcd. for [C16H14O11]+, 405.0428). The 1H NMR data (Table 2) indicated characteristic signals for an aromatic proton [δH 7.08 (1H, s, H-7)], an olefinic proton [δH 6.83 (1H, s, H-3')], two methine protons [δH 5.31 (1H, d, J = 1.2 Hz, H-2) and 5.38 (1H, br s, H-3], and three methoxy groups [δH 3.70, 3.65 × 2 (each 3H, s)]. Its 13C NMR data (Table 2), in conjunction with the HSQC experiment, displayed 17 carbon signals. These comprised four carbonyl carbons [δC 171.1, 167.6, 166.9, and 166.0], eight sp2-hybridized carbons [δC 108.7−146.7], two methines (δC 79.9 and 35.5), and three methoxy groups (δC 53.5, 53.0, and 52.6). The above information implied that compound 4 should be a dehydrochebulic acid derivative [12]. Detailed analysis of its 2D NMR data not only supported the above inference but also verified the planar structure as shown in Fig. 1. In the HMBC spectrum, the proton H-2 (δH 5.31) showed long-range correlations with C-1 (δC 166.0), C-3 (δC 35.5), C-3a (δC 116.2), C-8 (δC 171.1), and C-2' (δC 142.9). Similarly, the proton H-3 (δH 5.38) exhibited correlations with C-2 (δC 79.9), C-4 (δC 144.1), and C-2'. Additional HMBC correlations from H-2/8-OCH3 to C-8, H-3' (δH 6.38)/1'-OCH3 to C-1' (δC 167.6), and 4'-OCH3 to C-4' confirmed the positions of the three methoxy substituents at C-8, C-1', and C-4', respectively (Fig. 2). The small coupling constant (3J2,3 = 1.2 Hz) [12],[13],[14], along with the NOESY correlation of H-2/H-3 indicated that these protons were a trans-diequatorial relative configuration with both hydrogens in an equatorial orientation. Based on the putative biosynthetic pathway to the formation of the dehydrochebulic acid derivatives and their similar NMR patterns (Table 2), the E-configuration of the Δ2ʹ(3ʹ) olefinic bond and the absolute configurations of C-2 and C-3 in 4 were proposed as depicted and confirmed by their virtually identical ECD spectra compared to those of 4. The ECD spectra of 4 showed a positive n−π* Cotton effect near 279 nm, which defined the (2S,3R) absolute configurations based on the dihydroisocoumarin P-helicity rule [12],[13],[14]. Based on the above evidence and comparison with previously reported literature [12], compound 4 was finally identified as dehydrochebulic acid trimethyl ester. This compound was previously obtained from Phyllanthus urinaria (Euphorbiaceae) [15], Geranium bellum (Geraniaceae) [12], and Sapium insigne (Euphorbiaceae) [16]. In the antioxidant assay, compound 4 exhibited significant DPPH radical scavenging activity with an IC50 value of 9.4 μM. Moreover, it markedly inhibited NO production in a dose-dependent manner, and the inhibition reached 84.2% at a concentration of 30 μM [15].

Table 2. NMR spectroscopic data of 4 and the reference compound
	No.
	@δC
	4

	
	
	δCa,b
	δHa,c mult. (J in Hz)

	1
	163.0
	166.0
	-

	2
	79.2
	79.9
	5.31 d (1.2)

	3
	35.3
	35.5
	5.38 br s

	3a
	116.1
	116.2
	-

	4
	145.0
	144.1
	-

	5
	141.2
	140.4
	-

	6
	147.4
	146.7
	-

	7
	108.6
	108.7
	7.08 s

	7a
	117.5
	117.7
	-

	8
	170.5
	171.1
	-

	1'
	166.7
	167.6
	-

	2'
	142.8
	142.9
	-

	3'
	129.6
	130.2
	6.83 s

	4'
	165.7
	166.9
	-

	8-OCH3
	52.2
	53.5
	3.70 s

	1'-OCH3
	52.7
	53.0
	3.65 s

	4'-OCH3
	51.9
	52.6
	3.65 s

	Measured in aCD3OD, b125 MHz, and c600 MHz. @δC of dehydrochebulic acid trimethyl ester in pyridine-d5 [12].



Table 3. Inhibitory effects of isolated compounds on NO production in LPS-induced RAW264.7 cells
	Compounds
	IC50 (µM)
	Compounds
	IC50 (µM)

	1
	26.9 ± 1.5
	6
	54.5 ± 2.3

	2
	21.1 ± 1.2
	Dexamethasone
	13.6 ± 1.1



Results were indicated as the mean IC50 ± SD of three independent experiments in triplicate. Dexamethasone was used as a reference drug.


The remaining compounds were identified as syringaresinol (3) [17], methyl 3,4,5-trihydroxybenzoate (5) [18], and 5-hydroxymethyl-2-furancarboxaldehyde (6) [19], based on our spectroscopic data and by comparison with those of reported data.
NO formation and secretion were closely associated with a range of inflammatory pathophysiological processes. As a key signaling molecule in living systems, NO plays essential biological roles; however, excessive production of NO has been implicated in the development of inflammatory diseases [20]. Therefore, it is highly significant to suppress its excessive production. To evaluate whether the compounds isolated from T. rotundifolia possess anti-inflammatory activity, we assessed their inhibitory effects on LPS-induced NO production in RAW264.7 cells. Only compounds that were both stable and obtainable in sufficient amounts (1, 2, and 6) were selected for evaluation of their inhibitory activity against NO production in LPS-induced RAW264.7 cells. At their effective concentrations, none of the tested compounds exhibited cytotoxicity toward RAW264.7 cells. Among them, compounds 1 and 2 exhibited significant inhibitory effects, with the IC50 values of 26.9 and 21.1 μM, respectively, compared with the positive control, dexamethasone (IC50 = 13.6 μM). Compound 6 demonstrated only moderate inhibition, with an IC50 value of 54.5 µM (Table 3). Building on previous studies, syringaresinol (3) [21], dehydrochebulic acid trimethyl ester (4) [12],[13],[14], and methyl galate (5) [22] derived from many plants have been found to possess anti-inflammatory activities. Structural features such as the number of methoxy groups and geometric symmetry of its benzene ring appears to significantly contribute to its anti-inflammatory effects.
4. Conclusions
Phytochemical study of the methanol extract from T. rotundifolia leaves resulted in the isolation of six compounds (1−6). Their chemical structures were determined by comprehensive analysis of MS and NMR spectral data, as well as by comparison of their spectral data with those reported in the literature. Lignans were identified as the major constituents, marking the first report of lignan derivatives in T. rotundifolia. Compounds 1, 2, and 6 showed significant inhibitory effect against NO production, with IC50 values ranging from 21.1 to 54.5 μM. These findings highlight the bioactive metabolites of T. rotundifolia and provide a scientific basis for further exploration of natural products within the genus Triadica.
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Summary
Five compounds, lanosta-7,9(11),24-triene-3β,26-diol (1), 3β-hydroxy-lanosta-7,9(11),24-trien (2), (22E)-ergosta-7,9,22-trien-3β-ol (3), (22E)-ergosta-7,22-dien-3-one (4), and methyl 2-hydroxynonacosanoate (5) were isolated from Ganoderma multipileum Ding Hou, Ganodermataceae, collected in Taynguyen. Their structures were elucidated by the spectroscopic methods, such as the ESI-MS and NMR (1D and 2D) spectroscopy and comparison with published data. Five compounds (1–5) are the first report of the chemical composition from G. multipileum in Vietnam.
Keywords: Ganoderma multipileum; Ganodermataceae; Lanostane; Ergostrol.


1. Introduction
Ganoderma consists of almost 300 species of the family Ganodermataceae globally, but about 26 species in Tay Nguyen [1]. Among them, G. lucidum has the most comprehensive research, but the number of publications on the species continues to increase annually. Because the species has many valuable activities as immunomodulatory [2], antitumor [3], anti-inflammation [4], cardio-vascular [5], liver protection, detoxification, hepatitis, and gastric ulcer [6],[7]. G. multipileum is quite popular in Kon Ka Kinh Park, Gialai [8]. G. multipileum parasitizes living plants of the Delonix genus in subtropical to tropical forests [9]. Morphologically, G. multipileum is quite similar to G. lucidum, leading to easy confusion between the two species. Research on the chemical composition and biological activity of this fungus is still very limited in Vietnam and worldwide. Only one study by Mei-Juan Li et al. [10] isolated 16 lanostane-triterpenoids from G. multipileum and their anti-inflammatory activity. In this report, we isolated and determined the structure of 5 compounds (Fig. 1): lanosta-7,9(11),24-triene-3β,26-diol (1), 3β-hydroxy-lanosta-7,9(11),24-trien (2), (22E)-ergosta-7,9,22-trien-3β-ol (3), (22E)-ergosta-7,22-dien-3-one (4), and methyl 2-hydroxynonacosanoate (5). This is the first study on the chemical composition of this species in Vietnam.
2. Materials and methods
2.1. Plant material
The fruiting bodies of the samples were collected in Kon Ka Kinh Park, Gialai, in November 2024. The mushroom was identified as Ganoderma multipileum Ding Hou, belonging to the Ganodermataceae family by Assoc. Prof. Nguyen Phuong Dai Nguyen. A voucher specimen (GM112024) was deposited at the National Institute of Medicinal Materials. 
2.2. Methods
The NMR measurements were conducted using CDCl3 as a solvent on a Bruker NMR spectrometer with a frequency of 600 MHz. Tetramethylsilane was used as an internal standard, and chemical shifts were reported in δ (ppm). Electrospray Ionization Mass Spectrometry (ESI-MS) was performed using an Agilent 1100 series LC-MSD ion trap spectrometer. Column chromatography was performed using silica gel (70-230 or 230-400 mesh, Merck) and reversed-phase resin (YMC ODS-A 12 nm, S-75 µm, Japan) as a stationary phase. Thin Layer Chromatography (TLC) was carried out on silica gel 60 F254S plates (Merck). Spots were detected by UV radiation (245 and 365 nm) or by spraying with 10% H2SO4 followed by heating.
2.3. Extraction and isolation
The dried and pulverized fruiting body of G. multipileum (7.0 kg) was extracted with 80% ethanol (v/v) for 3 hours at 70 °C, and concentrated under reduced pressure to yield total extract (TGM, 245 g, 3.5%). The total extract was suspended in water and successively extracted with dichloromethane (DCM) and ethyl acetate (EtOAc). The solvent was evaporated in vacuo to obtain the corresponding dichloromethane extract (DGM, 28.1 g), ethyl acetate extract (EGM, 13.4 g), and water extract (WGC, 197.6 g), respectively. TLC chromatograms of the fractions showed that the EtOAc and DCM extracts were quite similar, so they were combined for column chromatography (DEGM, 42.4 g).
The DEGM extract (40 g) was chromatographed on a silica gel column, eluting with gradient solvents of DCMMeOH (50:1-5:1-100% MeOH, v/v) to give 8 fractions (A-H). The A fraction (2.9 g) was continuously separated on a silica gel column, eluting with solvents of n-hexaneacetone (10:1, v/v) to afford 3 fractions (A1 – A3). Compound 4 (9 mg) was yielded from crystallizing and washing A.1 precipitation (107 mg) with an eluent of n-hexaneacetone (2:1, v/v). Compound 5 (6 mg) was yielded from the A3 fraction (156 mg) by reversed-phase column with an eluent of acetonewater (10:1, v/v). The C fraction (7.8 g) was separated three times on a silica gel column, eluting with solvents of DCMMeOH (30:1-10:1, v/v) to yield the C.1.1.1 fraction. Compound 2 (5 mg) was yielded from the C.1.1.1 fraction (125 mg) by reversed-phase column with an eluent of MeOHwater (7:1, v/v). Compound 3 (7 mg) was yielded from preparative thin-layer chromatography, using the prepared solvents of DCMMeOH (15:1, v/v) and eluting with DCM. The D fraction (1.7 g) was separated three times on a silica gel column, eluting with solvents of DCMMeOH (15:1-5:1, v/v) to yield 4 fractions (D1 - D4). Compound 1 (12 mg) was yielded from the D2 fraction (125 mg) by reversed-phase column with an eluent of MeOHwater (5:1, v/v).
[bookmark: _Hlk221782316][bookmark: _Hlk221805210]Lanosta-7,9(11),24-triene-3β,26-diol (1): colorless needles; mp. 168-170°C; ESI-MS m/z: 441.5 [M+H]+, C30H48O2. 1H-NMR (600 MHz, CDCl3) δH (ppm) and 13C-NMR (150 MHz, CDCl3) see table 1.
3β-Hydroxy-lanosta-7,9(11),24-triene (2): white power; ESI-MS m/z: 425.50 [M+H]+, C30H48O. 1H-NMR (600 MHz, CDCl3) δH (ppm) and 13C-NMR (150 MHz, CDCl3) see Table 1.
(22E)-Ergosta-7,9,22-trien-3β-ol (3): white powder; ESI-MS m/z: 395.4 [M-H]-, C28H44O. 1H-NMR (600 MHz, CDCl3) δH (ppm) and 13C-NMR (150 MHz, CDCl3) see table 1.
(22E)-Ergosta-7,22-dien-3-one (4): white powder; mp. 178-180°C; ESI-MS m/z: 419.0 [M+Na]+, C28H44O. 1H-NMR (600 MHz, CDCl3) δH (ppm) and 13C-NMR (150 MHz, CDCl3) see Table 1.
Methyl 2-hydroxynonacosanoate (5): white powder; ESI-MS m/z: 467.5 [M-H]-, C30H60O3. 1H-NMR (600 MHz, CDCl3) δH (ppm): 4.19 (1H, dd, J = 4.0, 7.5 Hz, H-2), 3.79 (3H, s, OCH3), 1.26 - 1.80 (52xH), 0.88 (3H, t, J = 14.0 Hz, H-29). 13C-NMR (150 MHz, CDCl3) δC (ppm): 175.9 (COO), 70.5 (C-2), 52.5 (OCH3), 34.5 - 22.7 (26xCH2), 14.1 (C-29).
[image: ]
Fig. 1. Chemical structure of compounds 1 – 5 

3. Results and discussion
[bookmark: _Hlk221805941][bookmark: _Hlk221805979]Compound 1 was obtained as colorless needles. Its molecular formula was determined to be C30H48O2 based on the ESI-MS spectrum with a peak at m/z 441.5 [M+H]+. The 1D-NMR spectra of 1 showed the characteristic signals of a lanostane-triterpenoid. The 1H-NMR spectrum of 1 showed 7 methyl groups, including 6 singlet signals at δH 1.67 (3H, s, H-27), 1.09 (3H, s, H-29), 0.99 (3H, s, H-19), 0.88 (6H, s, H-28, H-30), 0.57 (3H, s, H-18) and 1 doublet signal at δH 0.92 (3H, d, J = 6.3 Hz, H-21); three oxygen-linked proton signals at δH 4.0 (2H, s, H-26) and 3.25 (1H, dd, J = 2.4, 9.0 Hz, H-3); 3 olefinic proton signals at δH 5.48 (1H, d, J = 6.0 Hz, H-11), 5.40 (1H, t, J = 7.2 Hz, H-24) and 5.32 (1H, d, J = 6.0 Hz, H-7). The 13C-NMR spectrum exhibited 30 carbons: seven methyl carbon signals at δC 28.2 (C-29), 25.6 (C-30), 22.8 (C-19), 18.4 (C-21), 15.8 (C-28), 15.7 (C-18) and 13.6 (C-27); two oxygen-linked carbon signals at δC 79.0 (C-3) and 69.1 (C-26); and six olefinic carbon signals at δC 120.3 (C-7),143.0 (C-8), 146.0 (C-9),116.3 (C-11), 127.0 (C-24), and 134.0 (C-25). The HMBC correlations of H-28 (δH 0.88) and H-29 (δH 1.09) with C-3 (δC 79.0), C-4 (δC 38.7), and C-5 (δC 49.2) indicated that the hydroxy location was at C-3; the correlations of  H-27 (δH 1.67) and H-24 (δH 4.0) with C-25 (δC 134.0) and C-26 (δC 69.1) indicated that the hydroxy location was at C-26, and one double bond is located at C-24/C-25. Furthermore, the other long-range correlations of H-7 (δH 5.32) with C-8 (δC 143.0) and C-6 (δC 23.0), and the correlations of H-11 (δH 5.48) with C-9 (δC 146.0) indicated that two double bonds are at C-7/C-8 and C-9/C-11. Based on these spectroscopic data and by comparison to published literature [11], compound 1 was identified as lanosta-7,9(11),24-triene-3β,26-diol and named ganodermadiol. This compound was isolated from G. multipileum Mei-Juan Li et al. [10]
Compound 2 was obtained as a white powder. Its molecular formula was determined to be C30H48O based on the ESI-MS spectrum with a peak at m/z 425.50 [M+H]+. The 1H-NMR and 13C-NMR spectra of compound 2 were similar to those of 1, a lanostane-triterpenoid, except for a methyl signal at δH 1.69 (H-26). And the proton and carbon signals were identified in Fig. 1 and corresponded completely to published spectral data [12], compound 2 was identified as 3β-hydroxy-lanosta-7,9(11),24-triene. Compound 2 was isolated for the first time from G. multipileum.
Compound 3 was obtained as a yellow amorphous powder. The ESI-MS spectrum with a peak at m/z 395.4 [M-H]- suggested the molecular formula of 3 as C28H44O. The 1H-NMR spectrum of 3 showed the presence of 6 methyl groups at δH 1.04 (3H, d, J = 6.4 Hz, H-21), 0.95 (3H, s, H-19), 0.92 (3H, d, J = 7.2 Hz, H-28), 0.84 (3H, d, J = 7.2 Hz, H-27), 0.83 (3H, d, J = 7.2 Hz, H-26), and 0.63 (3H, s, H-18); one hydroxymethine group at δH 3.62 (1H, dd, J = 4.4 & 10.6 Hz, H-3); 4 olefinic protons at δH 5.57 (1H, dd, J = 3.1, 5.4 Hz, H-11), 5.39 (1H, dd, J = 3.1, 5.6 Hz, H-7), 5.23 (1H, dd, J = 7.2 & 15.0 Hz, H-22) and 5.18 (1H, dd, J = 7.2, 15.0 Hz, H-23). The E-configuration of the double bond at C-22/C-23 was deduced from the coupling constants J = 15.0 Hz of H-22 and H-23. The 13C-NMR spectrum displayed 28 carbon signals, including 6 methyl carbon signals at δC 21.1 (C-21), 20.0 (C-27), 19.7 (C-26), 17.6 (C-28), 16.3 (C-19) and 12.1 (C-18); one hydroxymethine carbon signal at δC 70.5; six olefinic carbon signals at δC 116.3 (C-7), 139.8 (C-8), 132.0 (C-22), 135.6 (C-23), 141.8 (C-9) and 119.6 (C-11). The HMBC correlations of H-7 (δH 5.39) with C-8 (δC 139.8) and C-5 (δC 46.3); and the correlations of H-11 (δH 5.57) with C-12 (δC 40.8), C-10 (δC 37.1), and C-9 (δC 141.8) indicated that two double bonds are at C-7/C-8 and C-9/C-11. Furthermore, the correlations of H-22 (δH 5.23) with C-20 (δC 40.4) and C-23 (δC 135.6); and the correlations of H-23 (δH 5.18) with C-22 (δC 132.0) and C-24 (δC 42.9) confirmed that one olefinic pair is C-22/C-23. Based on the above evidence and by comparison to published literature [13], compound 3 was identified as (22E)-ergosta-7,9,22-trien-3β-ol. 
Compound 4 was isolated as a white amorphous powder with a melting point 178-180°C.  Its molecular formula was determined as C28H44O by the ESI-MS at m/z 419.0 [M+Na]+. The 1H- and 13C-NMR spectra of compound 4 were similar to those of 3, an ergostane-structure, except for a keton-carbon signal at δC 212.0 (C-3) and no olefinic signal at C-9/C-11. And the proton and carbon signals were identified in Table 1 and corresponded completely to published spectral data [14], compound 4 was identified as (22E)-ergosta-7,22-dien-3-one. Compound 4 was the first isolated from G. multipileum.



Fig. 2. The HMBC correlations of compounds 1 and 3

Compound 5 was obtained as a white amorphous powder. The ESI-MS spectrum with a peak at m/z 467.5 [M-H]- suggested the molecular formula of 5 as C30H60O3. The 1H-NMR spectrum of 5 showed the presence of one triplet methyl group at δH 0.88 (3H, t, J =14.0 Hz, H-29); one singlet methoxy group at δH 3.79; 26 methylene groups at δH to 1.26 from 1.80; and one hydroxymethine group at δH 4.19 (1H, dd, J = 4.0 & 7.5 Hz, H-2). The carbon signals in the 13C-NMR and DEPT spectra displayed 30 carbon signals and corresponded completely to the proton signals in the 1H-NMR spectrum, including: one methyl signal at δC 14.1; one methoxy signal at δC 52.5; 26 methylene signals at δC 22.7 to 34.5; and one hydroxymethine signal at δC 70.5. Based on the 1D-NMR and MS spectral analysis, and comparison to published literature [15], compound 5 was identified as methyl 2-hydroxynonacosanoate. 
The five compounds (1–5) were isolated for the first time from G. multipileum in Vietnam. Among them, four compounds (1–4) were isolated from G. lucidum [11-14], and two compounds (2 and 5) were published from G. tropicum [15]. Morphologically, the three species G. lucidum, G. tropicum, and G. multipileum are quite similar, so the isolated compounds can be used as chemical markers to distinguish these species.

Table 1. 1H- (600 MHz, CDCl3) and 13C-NMR (150 MHz, CDCl3) data of compounds 1–4
	[bookmark: _Hlk220423686][bookmark: _Hlk221766978]
No.
	1
	2
	3
	4

	
	δH (mult., J, Hz)
	δC
	δCa [11]
	δH (mult., J, Hz)
	δC
	δCb [12]
	δH (mult., J, Hz)
	δC
	δCc [13]
	δH (mult., J, Hz)
	δC
	δCa[14]

	1
	
	35.8
	35.8
	
	35.8
	35.7
	
	38.4
	34.6
	
	38.8
	38.8

	2
	
	28.9
	28.2
	
	27.9
	27.8
	
	32.0
	31.6
	
	38.1
	38.1

	3
	3.25 (dd, 2.4, 10.9)
	79.0
	79.0
	3.25 (dd, 4.6, 11.3)
	79.0
	79.0
	3.62 (dd, 4.4, 10.6)
	70.5
	70.3
	
	212.0
	211.9

	4
	
	38.7
	38.7
	
	38.7
	38.7
	
	39.1
	37.7
	
	44.2
	44.3

	5
	
	49.2
	50.4
	
	49.2
	49.1
	
	46.3
	39.1
	
	42.8
	42.8

	6
	
	23.0
	23.1
	
	23.0
	23.0
	
	28.3
	29.8
	
	30.0
	30.1

	7
	5.32 (d, 6.0)
	120.3
	120.3
	5.47 (br d, 6.2)
	120.2
	120.1
	5.39 (dd, 3.1, 5.6)
	116.3
	118.0
	5.18 (br s)
	117.0
	117.0

	8
	
	143.0
	142.7
	
	142.8
	142.7
	
	139.8
	135.7
	
	139.5
	139.5

	9
	
	146.0
	145.9
	
	146.0
	145.9
	
	141.8
	143.4
	
	48.8
	48.9

	10
	
	37.4
	37.4
	
	37.4
	37.3
	
	37.1
	35.6
	
	34.4
	34.4

	11
	5.48 (m, 6.0)
	116.3
	116.3
	5.32 (br d, 6.0)
	116.4
	116.3
	5.57 (dd, 3.1, 5.4)
	119.6
	118.8
	
	21.7
	21.7

	12
	
	37.9
	37.9
	
	37.9
	37.8
	
	40.3
	42.1
	
	39.4
	39.4

	13
	
	43.7
	43.8
	
	43.8
	43.7
	
	42.9
	42.7
	
	43.3
	43.3

	14
	
	50.7
	49.2
	
	50.4
	50.3
	
	54.6
	51.5
	
	55.0
	55.0

	15
	
	27.9
	28.0
	
	31.6
	31.5
	
	23.0
	23.1
	
	22.9
	22.9

	16
	
	31.5
	31.5
	
	27.9
	27.9
	
	28.3
	28.8
	
	28.1
	28.1

	17
	
	51.0
	50.9
	
	51.0
	50.9
	
	55.8
	56.0
	
	55.9
	56.0

	18
	0.57 (s)
	15.7
	15.7
	0.57 (s)
	15.7
	15.6
	0.63 (s)
	12.1
	11.4
	0.56 (s)
	12.1
	12.2

	19
	0.99 (s)
	22.8
	22.8
	0.99 (s)
	22.8
	22.7
	0.95 (s)
	16.3
	19.3
	1.02 (s)
	12.5
	12.4

	20
	
	36.1
	36.1
	
	36.1
	36.0
	
	40.4
	40.3
	
	40.5
	40.5

	21
	0.92 (d, 6.3)
	18.4
	18.4
	0.91 (d, 6.4)
	18.5
	18.4
	1.04 (d, 6.4)
	21.1
	19.6
	1.03 (d, 6.4)
	21.1
	21.1

	22
	
	36.0
	36.0
	
	36.3
	36.3
	5.23 (dd, 7.2,15.0)
	132.0
	131.5
	5.19 (dd, 7.8, 15.2)
	135.6
	135.6

	23
	
	24.6
	24.6
	
	25.0
	24.9
	5.18 (dd, 7.2,15.0)
	135.6
	135.0
	5.22 (dd, 7.8, 15.2)
	132.0
	132.0

	24
	5.42 (t, 7.6)
	127.0
	127.0
	5.11 (t, 6.4)
	125.2
	125.2
	
	42.9
	42.7
	
	42.9
	42.9

	25
	
	134.0
	134.3
	
	131.0
	131.0
	
	33.1
	32.9
	
	33.1
	33.1

	26
	4.00 (s)
	69.1
	69.1
	1.69 (s)
	25.7
	25.7
	0.83 (d, 7.2)
	19.7
	19.8
	0.92 (d, 7.8)
	19.9
	19.9

	27
	1.67 (s)
	13.6
	13.7
	1.61 (s)
	17.6
	17.6
	0.84 (d, 7.2)
	20.0
	20.6
	0.83 (d, 7.2)
	19.6
	19.6

	28
	0.88 (s)
	15.8
	15.8
	0.88 (s)
	15.8
	15.8
	0.92 (d, 7.2)
	17.6
	17.6
	0.84 (d, 7.2)
	17.6
	17.6

	29
	1.09 (s)
	28.2
	27.8
	1.01 (s)
	28.2
	28.1
	-
	-
	-
	-
	-
	-

	30
	0.88 (s)
	25.6
	25.6
	0.88 (s)
	25.6
	25.6
	-
	-
	-
	-
	-
	-


a: Measured in CDCl3 and 125 MHz, b: Measured in CDCl3 and 75.5 MHz, c: Measured in CDCl3 and 25 MHz.


4. Conclusion
Five compounds were obtained from the DCM and EtOAc extracts of G. multipileum, including lanosta-7,9(11),24-triene-3β,26-diol (1),	3β-hydroxy-lanosta-7,9(11),24-trien (2), (22E)-ergosta-7,9,22-trien-3β-ol (3), (22E)-ergosta-7,22-dien-3-one (4), and methyl 2-hydroxynonacosanoate (5). The structures of these compounds were established by spectral data and literature references. 
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Summary
This study reports the chemical composition and, for the first time, evaluates the antimicrobial activity and cytotoxic effects of the leaf essential oil of Knema globularia (Lamk.) Warb. collected in Thanh Hoa Province, Vietnam. The essential oil was obtained by hydrodistillation and analyzed by GC–MS, leading to the identification of 47 compounds representing 97.82% of the total essential oil. The major constituents were β-(E)-caryophyllene (26.24%), α-pinene (18.44%), β-pinene (13.04%), and (3E,6E)-α-farnesene (14.36%). The essential oil showed selective antimicrobial activity against Gram-positive bacteria, with IC50 values of 64.00–80.00 µg/mL, while no significant activity was observed against Gram-negative bacteria or Candida albicans at the tested concentrations. In cytotoxic assays, the essential oil exhibited moderate effects against four human cancer cell lines (KB, HepG2, A549, and MCF-7), with IC50 values ranging from 44.82 to 61.28 µg/mL. These results suggest that the leaf essential oil of K. globularia is a promising natural source for further studies on antimicrobial and anticancer agents.
Keywords: Knema globularia; Essential oil; GC-MS; Antimicrobial activity; Cytotoxicity.


1. Introduction
Knema globularia (Lamk.) Warb. belongs to the genus Knema, the third largest genus within the family Myristicaceae. This family is well known for its medicinal importance, and many species are traditionally used as herbal remedies. Species of the genus Knema contain a wide range of bioactive constituents, including essential oils [1]. In Vietnam, K. globularia (Lamk.) Warb. is a medicinal plant widely distributed in low mountainous regions of northern and central Vietnam, including Son La, Phu Tho, and Thanh Hoa provinces. The species, locally known as “mau cho la nho”, has been traditionally used as a blood tonic and for the treatment of scabies, skin ulcers, back pain, and musculoskeletal disorders [2],[3]. Previous phytochemical studies on K. globularia have identified a variety of bioactive constituents, including flavonoids, proanthocyanidins, and sterols, while analyses of its essential oil have reported compounds such as -elemen, α-copaene, β-caryophyllene, and α-humulene as major components [4],[5]. The chemical composition of leaf essential oils from plants collected in several regions of Vietnam, including Phu Tho (formerly Vinh Phuc Province), Ho Chi Minh City (formerly Vung Tau Province), and Hue, has been described [5],[6],[7]. However, the chemical composition of leaf essential oil from K. globularia collected in Thanh Hoa Province has not yet been reported, despite the species being widely distributed and abundant in this region. Several biological activities of K. globularia essential oil have been reported, including inhibition of α-amylase and tyrosinase [6], suppression of nitric oxide production [3], and antioxidant effects [7]. Moreover, cytotoxic activities have been reported for a number of compounds isolated from species of the genus Knema, indicating potential anticancer properties. Considering the traditional use of this plant for the treatment of skin infections and wounds, antimicrobial activity also represents a relevant biological property to be evaluated. However, antimicrobial and cytotoxic activities of the leaf essential oil of K. globularia have not yet been investigated. Therefore, the present study aimed to analyze the chemical composition of the leaf essential oil of K. globularia collected in Thanh Hoa using GC–MS and to evaluate its antimicrobial and cytotoxic activities in vitro.
2. Materials and methods
2.1. Materials
Fresh leaves of Knema globularia (Lamk.)Warb. were collected in Thanh Hoa Province, Vietnam (20°29′68.58″N, 105°54′05.89″E) in May 2025. The plant was identified by Assoc. Prof. Dr. Nguyen Hoang Tuan from the Faculty of Pharmacognosy and Traditional Medicine, Hanoi University of Pharmacy. A voucher specimen (HMC-TH-001) was deposited at the Plant Herbarium of Hanoi Medical College (HMC), Hanoi, Vietnam.
2.2. Methods
2.2.1. Extraction of essential oil:
Fresh mature leaves of K. globularia (500 g) were washed and minced into small pieces (≤ 0.5 cm). The plant material was mixed with distilled water at a ratio of approximately 1:3 (w/v), ensuring complete immersion. Hydrodistillation was then carried out using a Clevenger-type apparatus. The process was performed in triplicate and continued until no further essential oil was recovered (approximately 4 h). The obtained essential oil was dried over anhydrous sodium sulfate and stored in amber glass vials at 4°C for subsequent chemical and biological analyses [8].
2.2.2. Gas chromatography–mass spectrometry (GC-MS) analysis:
The volatile composition of Knema globularia leaf essential oil was analyzed by gas chromatography–mass spectrometry (GC–MS) using an Agilent 7890B GC system coupled with an Agilent 5977B MSD equipped with an HP-5MS UI capillary column (30 m × 0.25 mm i.d.; 0.25 μm film thickness). The essential oil (1.0 μL injection from a 1:1000 dilution in dichloromethane) was analyzed under the following conditions: carrier gas (helium at 1.0 mL/min), injection mode (split ratio 40:1), MS source temperature (230°C), MS quadrupole temperature (150°C), inlet temperature (300°C), and Aux-2 temperature (250°C). The oven temperature program was initiated at 50°C (3 min hold), increased to 180°C at a gradient of 3°C/min, subsequently increased to 280°C at 5°C/min, and held isothermally for 5 min. Mass spectra were recorded at 70 eV with a scan range of 50–550 m/z at a scan rate of 2 scans/s. Identification of the constituents was carried out by comparing their mass spectra and retention indices (RIs), calculated relative to a homologous series of n-alkanes (C7–C30), with those reported in the NIST 17 and Adams (2007) libraries [9]. The relative percentage of each component was calculated based on the total ion chromatogram (TIC) peak area.
2.2.3. Antimicrobial assay:
The antimicrobial activity of the essential oil from K. globularia leaves was evaluated against Gram-positive bacteria (Staphylococcus aureus ATCC 13709, Bacillus subtilis ATCC 6633, Lactobacillus fermentum N4), Gram-negative bacteria (Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 15442, and Salmonella enterica), and yeast (Candida albicans ATCC 10231). 
The antimicrobial activity was evaluated using the broth microdilution method (serial dilution technique in liquid medium) to assess the antibacterial potency of the tested samples based on the turbidity of the culture medium. The leaf essential oil of K. globularia was dissolved in pure DMSO and diluted to obtain concentrations from 1 to 256 µg/mL. Bacterial and yeast strains were prepared at final densities of 5 × 105 CFU/mL and 1 × 103 CFU/mL, respectively. In a 96‑well plate, 10 µL of each essential oil concentration was mixed with 190 µL of microbial suspension. The plates were incubated at 37°C for 16–24 hours. 
Ampicillin and cefotaxime were used as positive controls for antibacterial activity, while nystatin was used as the positive control for antifungal activity. Dimethyl sulfoxide (DMSO, 100%) was used as the negative control. All experiments were conducted in triplicate [10],[11],[12].
The activity parameters were expressed as IC₅₀ (50% inhibitory concentration) and MIC (minimum inhibitory concentration). The MIC value was defined as the lowest concentration of essential oil that completely inhibited visible microbial growth. The IC₅₀ value was calculated based on the percentage of growth inhibition using Rawdata software [11].
	Inhibition (%) =
	
	OD(+) - ODsample
	x 100

	
	
	OD(+) – OD(-)
	


Where OD(+) is the positive control, OD(–) is the negative control, and ODsample is the absorbance of the treated microbial suspension.
2.2.4. Cytotoxic assay:
The cytotoxic effects of the leaf essential oil of K. globularia were evaluated against four human cancer cell lines: KB (human oral epidermoid carcinoma, CCL-17™), HepG2 (human hepatocellular carcinoma, HB-8065™), A549 (human lung carcinoma, CCL-185™), and MCF-7 (human breast adenocarcinoma, HTB-22™). The assay was performed using the MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] method, originally described by Mosmann (1983) [13],[14],[15]. Briefly, cells were cultured in 96-well plates and treated with two-fold serial dilutions of the essential oil prepared in DMSO (initial concentration 20 mg/mL) to obtain final concentrations of  256, 64, 16, and 4 μg/mL. After 72h of incubation under standard conditions, 10 µL of MTT solution (5 mg/mL) was added to each well and incubated for 4 h. Viable cells reduced MTT (yellow) to insoluble formazan crystals (purple) by mitochondrial dehydrogenase activity. The crystals were dissolved in 100 µL DMSO, and the optical density (OD) was measured at 540 nm using a Biotek microplate reader. The percentage of growth inhibition was calculated as follows:
	Inhibition (%) =
	
	OD(+) - ODsample
	x 100

	
	
	OD(+) – OD(-)
	



Where OD(+) is the positive control, OD(–) is the negative control, and ODsample is the absorbance of treated cells.
IC50 values were determined from dose–response curves derived from the percentage of cell growth inhibition using Rawdata software [13]. Ellipticine was used as the positive control, while 1% DMSO served as the negative control. All experiments were performed in triplicate.
3. Results and discussion
3.1. Essential oil composition 
The essential oil obtained from the leaves of K. globularia was pale yellow in color and lighter than water. The yield of the essential oil was 0.16 ± 0.01% (calculated on a fresh weight basis). The chemical composition of the essential oil was analyzed by GC–MS, and the results are presented in Table 1. 


Table 1. Chemical composition of the essential oil from K. globularia leaves

	No.
	RT (min)
	RI (exp.)
	RI (lit.)
	Compounds
	MF
	%

	1
	7.061
	929
	929
	α-Thujene
	C10H16
	0.19

	2
	7.317
	937
	937
	α-Pinene
	C10H16
	18.44

	3
	7.800
	951
	952
	Camphene
	C10H16
	0.36

	4
	8.754
	975
	974
	Sabinene
	C10H16
	0.05

	5
	8.874
	978
	979
	β-Pinene
	C10H16
	13.04

	6
	9.456
	992
	991
	β-Myrcene
	C10H16
	1.02

	7
	10.793
	1026
	1025
	p-Cymene
	C10H14
	0.05

	8
	10.966
	1030
	1030
	α-Limonene
	C10H16
	1.68

	9
	11.422
	1041
	1038
	β-(Z)-Ocimene
	C10H16
	0.32

	10
	11.653
	1047
	1045
	1-Methylhexyl acetate
	C9H18O2
	0.37

	11
	11.873
	1052
	1049
	β-(E)-Ocimene
	C10H16
	3.89

	12
	12.282
	1061
	1060
	γ-Terpinene
	C10H16
	0.16

	13
	13.576
	1088
	1088
	α-Terpinolene
	C10H16
	0.26

	14
	14.148
	1099
	1099
	β-Linalool
	C10H18O
	0.06

	15
	14.913
	1118
	1116
	(E)-4,8-Dimethylnona-1,3,7-triene
	C11H18
	2.11

	16
	15.453
	1131
	1131
	(4E,6Z)-allo-Ocimene
	C10H16
	0.07

	17
	17.592
	1178
	1177
	Terpinen-4-ol
	C10H18O
	0.07

	18
	18.132
	1188
	1187
	(Z)-Hex-3-enyl butanoate
	C10H18O2
	0.06

	19
	18.205
	1190
	1189
	α-Terpineol
	C10H18O
	0.26

	20
	18.347
	1193
	1192
	Methyl salicylate
	C8H8O3
	0.42

	21
	21.775
	1270
	1270
	Ethyl salicylate
	C9H10O3
	0.12

	22
	24.721
	1337
	1338
	δ-Elemene
	C15H24
	0.26

	23
	26.362
	1375
	1376
	α-Copaene
	C15H24
	0.28

	24
	27.08
	1391
	1391
	β-Elemene
	C15H24
	0.31

	25
	27.672
	1405
	1406
	β-(Z)-Caryophyllene
	C15H24
	0.82

	26
	27.793
	1408
	1409
	α-Gurjunene
	C15H24
	0.08

	27
	28.259
	1420
	1419
	β-(E)-Caryophyllene
	C15H24
	26.24

	28
	28.799
	1433
	1433
	γ-Elemene
	C15H24
	0.05

	29
	28.978
	1438
	1440
	Aromadendrene
	C15H24
	0.54

	30
	29.586
	1453
	1454
	α-Caryophyllene
	C15H24
	4.54

	31
	29.869
	1460
	1461
	Alloaromadendrene
	C15H24
	0.25

	32
	30.555
	1476
	1473
	γ-Gurjunene
	C15H24
	0.16

	33
	30.891
	1484
	1486
	β-Eudesmene
	C15H24
	0.21

	34
	31.378
	1495
	1491
	(3Z,6E)-α-Farnesene
	C15H24
	1.56

	35
	31.724
	1504
	1505
	α-Bulnesene
	C15H24
	0.2

	36
	31.96
	1511
	1508
	(3E,6E)-α-Farnesene
	C15H24
	14.36

	37
	32.464
	1525
	1524
	β-Sesquiphellandrene
	C15H24
	0.71

	38
	33.171
	1544
	1542
	α-Calacorene
	C15H20
	0.07

	39
	34.015
	1567
	1564
	(6E)-Nerolidol
	C15H26O
	2.17

	40
	34.136
	1570
	1568
	Palustrol
	C15H26O
	0.09

	41
	34.424
	1578
	1576
	Spathulenol
	C15H24O
	0.22

	42
	34.618
	1583
	1581
	β-Caryophyllene epoxide
	C15H24O
	0.99

	43
	34.917
	1591
	1591
	Viridiflorol
	C15H26O
	0.14

	44
	36.227
	1633
	1631
	γ-Eudesmole
	C15H26O
	0.08

	45
	36.547
	1643
	1640
	tau-Cadinol
	C15H26O
	0.05

	46
	36.898
	1655
	1655
	Pogostole
	C15H26O
	0.23

	47
	39.886
	1765
	1762
	Benzyl benzoate
	C14H12O2
	0.21

	
	
	
	
	Total
	
	97.82

	
	Monoterpene hydrocarbons (Sr. No. 1–9, 11–13, 16)
	
	39.53

	
	Oxygenated monoterpenes (Sr. No. 14, 17, 19-21)
	
	0.93

	
	Sesquiterpene hydrocarbons (Sr. No. 22–38), 
	
	50.34

	
	Oxygenated sesquiterpenes (Sr. No. 39–46)
	
	3.97

	
	Others (Sr. No. 10, 15, 18, 47)
	
	2.75



(RT: Retention time (min); RI (exp.) and RI (lit.): Retention indices obtained from the experiment and the literature, respectively; MF: Molecular formula).


GC–MS analysis identified 47 constituents, accounting for 97.82% of the total essential oil. The essential oil consisted predominantly of sesquiterpene hydrocarbons (50.34%) and monoterpene hydrocarbons (39.53%), followed by oxygenated sesquiterpenes (3.97%), oxygenated monoterpenes (0.93%), and other compounds (2.75%). The major constituents were β-(E)-caryophyllene (26.24%), α-pinene (18.44%), (3E,6E)-α-farnesene (14.36%), and β-pinene (13.04%), which together comprised more than 70% of the total essential oil. Other notable constituents included α-caryophyllene (4.54%), β-(E)-ocimene (3.89%), and (6E)-nerolidol (2.17%).
A previous study showed that the leaf essential oil of Vietnamese K. globularia was mainly composed of sesquiterpenes, with β-elemene (25.48%) and α-copaene (17.05%) as the major components, and β-caryophyllene at 9.37% [16]. The leaf essential oil of K. globularia from Thua Thien Hue also contained high levels of sesquiterpenes, especially β-caryophyllene (54.11%) and α-humulene (12.67%) [17]. In Ba Ria–Vung Tau, leaf essential oils of K. globularia were rich in β-caryophyllene (76.06%) and α-caryophyllene (10.56%), whereas peel essential oils from the same area were mainly composed of trans-β-ocimene (45.19%) [18]. These results indicate that the Thanh Hoa essential oil differs not only in the number of identified compounds but also in the proportion of monoterpenes and sesquiterpenes. In most previously reported samples, one or two sesquiterpenes accounted for the majority of the essential oil. In contrast, the Thanh Hoa essential oil contained considerable amounts of both monoterpenes and sesquiterpenes. This composition may be related to its potential biological activities, including antimicrobial, anti-inflammatory, antioxidant, and cytotoxic effects. The differences among samples may be explained by geographical factors (soil, altitude, and climate), harvesting time, plant maturity, plant part used (leaves or peels), and variations in hydrodistillation and GC–MS conditions. Overall, the Thanh Hoa sample shows a distinct chemical composition, supporting the importance of regional studies for the development of standardized essential oils of K. globularia.
3.2. Antimicrobial activity of the essential oil
To date, no published studies have specifically reported the antimicrobial activity of essential oil obtained from the leaves of K. globularia. Previous research has mainly focused on botanical characteristics, chemical composition, antioxidant activity, and enzyme inhibition, without providing quantitative antimicrobial parameters such as IC50 or MIC values [16],[18]. To our knowledge, this study provides the first quantitative evaluation of the antimicrobial activity of K. globularia leaf essential oil against Gram-positive bacteria, Gram-negative bacteria, and yeast. The antimicrobial activity is summarized in Tables 2, 3, and 4.


Table 2. Antimicrobial activity of the essential oil of K. globularia leaves (EO) against Gram-positive bacteria

	Sample
	
	Conc. (µg/mL)
	Staphylococcus aureus
	Bacillus subtilis
	Lactobacillus fermentum

	EO
	Inhibition (%)
	256
	92
	52
	0

	
	
	64
	8
	49
	0

	
	
	16
	0
	46
	0

	
	
	4
	0
	0
	0

	
	
	1
	0
	0
	0

	
	IC50 (µg/mL)
	80.00 ± 4.05
	64.00 ± 3.98
	>256

	
	MIC (µg/mL)
	256 ± 0.00
	>256
	>256

	Ampicillin
	IC50 (µg/mL)
	0.020 ± 0.005
	3.62 ± 0.15
	1.03 ± 0.07

	
	MIC (µg/mL)
	0.125 ± 0.000
	32 ± 0.00
	32 ± 0.00



Table 3. Antimicrobial activity of the essential oil of K. globularia leaves (EO) against Gram-negative bacteria

	Sample
	
	Conc. (µg/mL)
	Salmonella enterica
	Escherichia coli
	Pseudomonas aeruginosa

	EO
	Inhibition (%)
	256
	8
	0
	0

	
	
	64
	0
	0
	0

	
	
	16
	0
	0
	0

	
	
	4
	0
	0
	0

	
	
	1
	0
	0
	0

	
	IC50 (µg/mL)
	>256
	>256
	>256

	
	MIC (µg/mL)
	>256
	>256
	>256

	Cefotaxime
	IC50 (µg/mL)
	0.43 ± 0.05
	0.007 ± 0.002
	4.34 ± 0.15

	
	MIC (µg/mL)
	32 ± 0.00
	0.500 ± 0.000
	8 ± 0.00



Table 4. Antimicrobial activity of the essential oil of K. globularia leaves (EO) against yeast

	Sample
	
	Conc. (µg/mL)
	Candida albicans

	EO
	Inhibition (%)
	256
	29

	
	
	64
	16

	
	
	16
	0

	
	
	4
	0

	
	
	1
	0

	
	IC50 (µg/mL)
	>256

	
	MIC (µg/mL)
	>256

	Nystatin
	IC50 (µg/mL)
	1.32 ± 0.05

	
	MIC (µg/mL)
	8 ± 0.0




The results indicate that the essential oil exhibited inhibitory activity only against certain Gram-positive bacteria, while no detectable activity was observed against Gram-negative bacteria or yeast at the tested concentrations. As shown in the tables, the Thanh Hoa leaf essential oil exhibited moderate and selective antimicrobial activity. It inhibited Gram-positive bacteria, with IC50 values of 80.00 ± 4.05 µg/mL for S. aureus and 64.00 ± 3.98 µg/mL for B. subtilis. A MIC value of 256 µg/mL was observed only for S. aureus. No inhibitory effect was detected against L. fermentum, Gram-negative bacteria (E. coli, S. enterica, and P. aeruginosa), or C. albicans at concentrations up to 256 µg/mL. These findings indicate that the essential oil mainly acts against certain Gram-positive strains. The lower activity against Gram-negative bacteria may be related to their outer membrane, which limits the penetration of hydrophobic terpenoids. Although Lactobacillus fermentum is a Gram-positive bacterium, the essential oil of Knema globularia did not inhibit its growth in this study. This may be due to the intrinsic tolerance of lactic acid bacteria to plant-derived essential oils, associated with adaptive mechanisms such as membrane fatty-acid modification, stress-response systems, and detoxification pathways [19]. Moreover, the frequent association of Lactobacillus species with plant environments and fermented foods suggests an evolutionary adaptation to phytochemicals [20].
Compared with other Knema species, the Thanh Hoa K. globularia essential oil shows a narrower antimicrobial spectrum. Essential oils from leaves and twigs of K. tonkinensis have been reported to inhibit a broader range of bacteria and fungi [21]. Similarly, K. squamulosa leaf essential oil exhibited moderate activity against S. aureus, P. aeruginosa, and C. albicans (MIC 200 µg/mL), although it showed no effect against E. coli or Bacillus cereus. These differences among species are likely related to variations in chemical composition [22]. The antimicrobial activity of the Thanh Hoa essential oil may be associated with its major constituents, including β-(E)-caryophyllene, α-pinene, β-pinene, and α-farnesene. Terpenoids are known to affect microbial cell membranes and disrupt cellular processes. In addition, synergistic interactions among essential oil components may contribute to the observed activity [23]. Although the essential oil is less potent than standard antibiotics, its measurable inhibition of Gram-positive bacteria suggests potential for further investigation, particularly in studies on the mechanism of action, fractionation, and evaluation of individual or combined constituents. Further research is also needed to determine whether the effect is bacteriostatic or bactericidal and to assess its activity in vivo.
3.3. Cytotoxic activity of the essential oil
The cytotoxic activity of the leaf essential oil of K. globularia against four human cancer cell lines is summarized in Table 5.


Table 5. Cytotoxic activity of the essential oils from K. globularia leaves (EO)

	Sample
	
	Conc. (µg/mL)
	KB
	HepG2
	A549
	MCF-7

	EO
	Inhibition (%)
	256
	85
	88
	91
	87

	
	
	64
	52
	56
	74
	53

	
	
	16
	16.5
	28.5
	14
	18

	
	
	4
	2
	11
	3
	5

	
	IC50 (µg/mL)
	61.28 ± 1.97
	53.81 ± 3.10
	44.82 ± 1.81
	59.89 ± 1.94

	Ellipticine
	IC50 (µg/mL)
	0.46 ± 0.02
	0.47 ± 0.02
	0.45 ± 0.02
	0.46 ± 0.02




The leaf essential oil of K. globularia collected in Thanh Hoa province exhibited moderate and selective cytotoxic activity against human cancer cell lines. The IC50 values were 61.28 ± 1.97 µg/mL (KB), 53.81 ± 3.10 µg/mL (HepG2), 44.82 ± 1.81 µg/mL (A549), and 59.89 ± 1.94 µg/mL (MCF-7). The US National Cancer Institute (NCI) classifies the cytotoxic activity (IC50) values as follows: IC50 < 20 μg/mL in the high category, IC50 20–100 μg/mL in the moderate category, IC50 101–500 μg/mL in the weak category, and IC50 > 500 μg/mL in the inactive category as an anticancer [24]; therefore, the present essential oil can be classified as moderately active. Slightly stronger inhibition was observed against A549 cells, suggesting some degree of cell-line selectivity. The observed cytotoxicity may be related to the high content of β-(E)-caryophyllene and other sesquiterpenes, including α-farnesene. β-Caryophyllene has been reported to show antiproliferative effects in several cancer cell lines and may enhance activity in complex essential oil mixtures [25],[26]. However, the overall potency of the essential oil remains lower than that of the positive control, ellipticine.
Compared with root-derived extracts of K. globularia, the leaf essential oil shows a different activity pattern. Most crude root extracts were inactive against KB and MCF-7 at concentrations above 50 µg/mL, while only a few isolated compounds displayed moderate cytotoxicity. In contrast, the leaf essential oil demonstrated measurable activity across all tested cell lines. Although its IC50 values are higher than those of the most active isolated compounds, the essential oil exhibited activity against multiple cell lines rather than a limited response [5]. Similarly, studies on fruit-derived constituents reported several isolated compounds, including knecorticosanones A–B, of which knecorticosanone B and malabaricone D showed moderate cytotoxicity (IC50 = 8.76–18.74 µM), while others were less active [27]. The stronger activity of these isolated metabolites likely reflects the effect of structurally defined non-volatile compounds. In contrast, the cytotoxicity of the leaf essential oil may result from combined or synergistic effects among volatile terpenoids.
Overall, these findings indicate organ-dependent variation in the cytotoxic profile of K. globularia. Root and fruit extracts, rich in non-volatile secondary metabolites, tend to show stronger but more compound-specific activity, whereas the leaf essential oil exhibits moderate activity across several cell lines. Further studies are needed to clarify the mechanisms involved and to evaluate possible synergistic interactions among its major constituents.
4. Conclusion
This study reports the chemical composition of K. globularia leaf essential oil from Thanh Hoa province, Vietnam, and presents the first report on its antimicrobial and cytotoxic activities. GC–MS analysis identified 47 volatile constituents, representing 97.82% of the total essential oil, with sesquiterpene hydrocarbons (50.34%) and monoterpene hydrocarbons (39.53%) as the dominant classes. The major components were β-(E)-caryophyllene, α-pinene, β-pinene, and (3E,6E)-α-farnesene. The essential oil exhibited selective antimicrobial activity against Gram-positive bacteria (S. aureus and B. subtilis), while no significant inhibition was observed against Gram-negative bacteria or C. albicans. In addition, moderate cytotoxic activity was detected against four human cancer cell lines (KB, HepG2, A549, and MCF-7). Overall, the results demonstrate a distinct chemical profile and organ-dependent bioactivity of K. globularia leaf essential oil from Thanh Hoa. These findings emphasize the influence of geographical origin on essential oil composition and provide a basis for further phytochemical and pharmacological investigations.
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Summary
Endophytic fungi are one of the typical endophytic microbial groups that have recently attracted considerable research interest because of their roles in many aspects. The most special thing is the ability to biosynthesize secondary substances with biological activity, such as antioxidant, anti-microbial, anti-tumor, and anti-inflammatory effects. The endophytic fungal strains were first isolated from Acorus gramineus herbs and identified as Penicillium sclerotiorum by morphological, microscopic, and DNA sequencing based on the modified Sanger method. From the ethyl acetate fraction of the medium extract, six compounds were isolated and identified as peniazaphilones I (1), 11-epi-geumsanol F (2), sclerotioramine (3), epi-isochromophilone III (4), isochromophilone IV (5), and linoleic acid (6). Their structures were determined by means of spectroscopic methods (MS, 1D, and 2D NMR). 
Keywords: Penicillium sclerotiorum; Endophytic fungus; Acorus gramineus; Azaphilone; Derivative.


1. Introduction
Endophytic fungi are the most popular microorganisms, present in the majority of plant species and existing in many parts of plants such as roots, stems, leaves, flowers, fruits, and seeds [1]. Endophytic fungi in plants are considered important sources of secondary metabolites and bioactive natural products such as alkaloids, terpenoids, steroids, quinones, coumarins, flavonoids, phenols, phenolic acids, and peptides [2]. Several endophytic fungi can produce bioactive compounds originating from plants that are similar or identical to those of their host plants, such as paclitaxel, podophyllotoxin, camptothecin, vinblastine, hypericin, and diosgenin [3]. In addition, the compounds isolated from endophytic fungi exhibited remarkable biological activities as antioxidant [4],[5], antibacterial [6], and anti-tumor activity [7],[8], which are potential sources for new drug research. Therefore, this study was undertaken to gain a deeper understanding of the mechanisms and chemical constituents of endophytic fungi involved in the production of bioactive secondary metabolites used in the treatment of several diseases. Our present study on chemical constituents from the ethyl acetate fraction of the endophytic fungus strains of P. sclerotiorum led to the isolation of six compounds. Their structures were identified as peniazaphilones I (1), 11-epi-geumsanol F (2), sclerotioramine (3), epi-isochromophilone III (4), isochromophilone IV (5), and linoleic acid (6) (Fig.1) by spectroscopic data and compared to those reported in the literature.




Fig. 1. Chemical structures of compounds 1-6

2. Experimental
2.1. Materials and chemicals
The rhizomes of Acorus gramineus Aiton. (Acoraceae) were collected in Hoa Binh province in December 2024 for the isolation of the endophytic fungus strains. The voucher specimen of endophytic fungus strain (KN15.122024.HB) was deposited at the School of Pharmacy, University of Medicine and Pharmacy at Ho Chi Minh City (UMP), Vietnam. The solvents were used for isolation and extraction, including ethyl acetate and methanol (Thermo Fisher Scientific, USA).
2.2. General experimental procedures
Silica gel (40-63 µm, Merck) and Sephadex LH-20 (GE Healthcare, Sweden) were used for column chromatography (CC). TLC was performed using normal phase silica gel 60 F254 plates (Merck). Spots were detected by UV and 5% vanillin-sulfuric acid/absolute ethanol. ESI-MS spectra were obtained from a Xevo G2-XS QTOF mass spectrometer (Waters, USA). NMR spectra were measured on a JEOL 400 MHz spectrometer (Japan), using TMS as an internal standard. NMR solvents were purchased from Sigma-Aldrich (USA). Microorganisms were manipulated under sterile conditions in an Esco AVC-4A1 class III biological safety cabinet.
Fungal Isolation and Scale-Up Cultivation
The rhizome of Acorus gramineus was washed with reverse osmosis water, then treated with 7% Javel (3 min), 70% ethanol (3 min) before being used to isolate the endophytic fungal strains. The fungal strain isolation procedure was followed as our previous protocol [9]. The potato dextrose agar-PDA (with chloramphenicol 25 mg/L) was used to isolate and investigate the growth ability of endogenous fungi. The fungial strain was identified based on the microscopic morphology characteristics with lactophenol cotton blue (LPCB) and DNA sequencing based on the modified Sanger method [10],[11]. 
The fungus was cultivated on 22 L of PDA agar at room temperature for 30 days. The agar and fungal mycelia were then harvested and extracted with EtOAc (30 L). The combined organic phase and water layer were filtered and concentrated in vacuo at 40 °C to yield the EtOAc extract (PSEA, 35 g).
2.3. Extraction and isolation
The EtOAc extract (30 g) was separated into 11 fractions (PSEA1 to PSEA11) by reversed phase silica gel C18 VLC using a linear gradient elution of MeOH  H2O (0:100, 25:75, 50:50, 75:25, and 100:0). Fraction PSEA5 (2.48 g) was further separated by Sephadex LH-20 column chromatography (CC) and eluted with MeOH (100%) to give 3 sub-fractions (PSEA5.1 to PSEA5.3). Sub-fraction PSEA5.2 (167.6 mg) was continued to separate by preparative RP-HPLC (Phenomenex Luna C18, 250  10 mm, 5 mm, 2 mL/min) with CH3CN-H2O (32:68, v/v) to obtain compounds 1 (7.0 mg, tR=23.4 min) and 2 (6.8 mg, tR=22.2 min). Fraction PSEA8 (787 mg) was separated into 4 fractions (PSEA8.1 to PSEA8.4) by Sephadex LH-20 CC (MeOH 100%). Sub-fraction PSEA8.3 (108.5 mg) was continued to be separated by semi-preparative HPLC (CH3CN-H2O, 50:50, v/v, 2 mL/min) to yield compound 3 (96.9 mg, tR = 40.5 min).
Fraction PSEA10 (1.67 g) was separated into 4 fractions (PSEA10.1 to PSEA10.4) by Sephadex LH-20 CC (MeOH 100%). Sub-fraction PSEA10.3 (258 mg) was continued to separate by semi-preparative HPLC (CH3CN-H2O, 64:36, v/v, 2 mL/min) to yield compounds 4 (9.1 mg, tR = 24.8 min), 5 (20.1 mg, tR = 40.8 min), and 6 (61 mg, tR = 62.3 min), respectively.
Peniazaphilones I (1): Yellowish oil. ESI-MS: m/z 403.1563 [M+H]+, C19H27O7Cl. 1H NMR and 13C NMR data are shown in Table 1 and Supplementary Information Table S1-S2.
11-Epi-geumsanol F (2): Yellowish oil, ESI-MS: m/z 385.1516 [M+H]+, C19H25O6Cl. 1H NMR and 13C NMR data are shown in Table 1 and Supplementary Information Table S1-S2.
Sclerotioramine (3): Orange-red amorphous powder. ESI-MS: m/z 390.1579 [M+H]+, C21H24O4NCl. 1H NMR and 13C NMR data are shown in Table 1 and Supplementary Information Table S1-S2.
Epi-isochromophilone III (4): Light yellowish-brown oil. ESI-MS: m/z 353.1637 [M+H]+, C19H25O4Cl. 1H NMR and 13C NMR data are shown in Table 1 and Supplementary Information Table S1-S2.
Isochromophilone IV (5): Yellowish oil. ESI-MS: m/z 395.1762 [M+H]+, C21H27O5Cl. 1H NMR and 13C NMR data are shown in Table 1 and Supplementary Information Table S1-S2.
Linoleic acid (6): Colorless oil, ESI-MS: m/z 319.2104 [M+K]+, C18H32O2, 1H NMR (400 MHz, CDCl3) δH: 5.29 - 5.42 (4H, m, H-12, H-13, H-9, H-10), 2.77 (2H, t, J=7.6 Hz, H2-11), 2.34 (2H, t, J=7.6 Hz, H2-2), 2.05 (2H, q, J=7.2 Hz, H2-8), 2.05 (2H, q, J=7.2 Hz, H2-14), 1.63 (2H, m, H2-3), 1.24 - 1.39 (14H, m, H2-4, H2-5, H2-6, H2-7, H2-15, H2-16, H2-17), 0.90 (3H, t, J=6.8 Hz, H3-18). 13C NMR (100 MHz, CDCl3) δC: 178.9 (C-1), 130.2 (C-13), 130.0 (C-9), 128.1 (C-12), 127.9 (C-10), 34.0 (C-2), 31.5 (C-16), 29.6 (C-7), 29.4 (C-6), 29.2 (C-15), 29.1 (C-4), 29.1 (C-5), 27.2 (C-8), 27.2 (C-14), 25.6 (C-11), 24.7 (C-3), 22.6 (C-17), 14.1 (C-18).
3. Results and discussion
The endophytic fungi showed the ability to increase biomass rapidly and to produce secretions on the surface, which is one of the important factors in the isolation of fungi. The PDA medium showed suitability for fungi growth. Follow-up to the reference [12], PDA medium was selected for the scale-up cultivation. 
In eight days, the endophytic fungal strain was preliminarily identified based on the microscopic morphology characteristics with LPCB color dyeing. Then, the colony of endophytic fungi was selected and identified by DNA sequencing based on the modified Sanger method. Genomic DNA was extracted from the mycelia of fungi, and the 18S rRNA genes were amplified by PCR, which were carried out by Phu Sa Genomics company, and the nucleotide sequence (5ʹ-3ʹ) was obtained as shown in the Supplementary Information data.
A BLAST analysis (NCBI database) on the resulting 18S rRNA gene partial sequence revealed 100.0% identity with the fungal strain Penicillium sclerotiorum MT071304.1. 
The cultivation of the endophytic strain of P. sclerotiorum was further scaled up for the isolation of secondary metabolites at room temperature for 30 days. From the ethyl acetate extract, six compounds were isolated and structurally elucidated.
Compound 1 was obtained as a yellowish oil. The UV spectrum displayed a maximum absorption at 371 nm, suggesting the presence of an extended conjugated chromophore. The ESI-MS spectrum data showed the pseudomolecular ion peaks at m/z 403.1563 and 405.1648 [M+H]+ with a ratio of 3:1, indicating the presence of one chlorine atom, which is calculated for the molecular formula C19H27O7Cl with 6 degrees of unsaturation. The 13C NMR spectrum showed signals of 19 carbons including 4 methyl carbons (δC 26.5 (C-17), 26.4 (C-18), 14.4 (C-16), and 12.3 (C-15)), 2 methylene carbons (δC 74.9 (C-1) and 30.2 (C-14)), 6 methine carbons (δC 145.1 (C-10), 122.7 (C-9), 101.9 (C-4), 81.0 (C-12), 79.2 (C-8), and 36.4 (C-13)), and 7 non-protonated carbons (δC 195.3 (C-6), 162.3 (C-3), 146.2 (C-4a), 120.1 (C-5), 78.3 (C-7), 76.8 (C-11), and 69.0 (C-8a)). The 1H NMR data showed the signals of two oxymethine protons (δH 3.81 (H-8) and 3.42 (H-12)), 4 methyl groups (δH 1.52 (H3-18), 1.33 (H3-17), 0.91 (H3-15), and 0.87 (H3-16), a pair of trans-coupled olefinic protons δH 6.29 (1H, d, J = 15.6 Hz, H-9) and 6.76 (1H, d, J = 15.6 Hz, H-10), two methine protons (δH 6.04 (H-4) and 1.72 (H-13)) and two methylene protons. The HMBC spectrum showed the correlations between H2-1 and C-3/C-4a/C-8a, between H-4 and C-3 (δC 162.3)/C-5/C-8a, exhibiting the presence of a 3,4-dihydro-2H-pyran moiety. In addition, HMBC cross-peaks from H-8 to C-1 (δC 74.9)/C-4a/C-6 (δC 195.3)/C-7/C-8a/C-18, and from H3-18 to C-6/C-7/C-8 verified a bicyclic core moiety, demonstrating the presence of an azaphilone skeleton. The COSY correlations were observed between the protons H-9/H-10 and H-12/H-13/H2-14/H3-15, together with the HMBC correlations from H-9 and C-3/C-4/C-10/C-11, H-10 and C-3/C-9/C-11/C-17, H-12 and C-10/C-11/C-13/C-14/C-16/C-17, H3-13 and C-14/C-15/C-16 were used to construct the side chain of azaphilone with two hydroxy groups located at C-11 and C-12. Those NMR data suggested that compound 1 was a typical structure of the azaphilone framework, which has been reported in P. sclerotiorum. Based on the above NMR spectra data and comparison with the literature data [13], compound 1 was identified as peniazaphilones I, which was isolated from the mangrove endophytic fungi P. sclerotiorum.
Compound 2 was isolated as a yellowish oil. The positive ESI-MS spectrum exhibited the ion peaks at m/z 385.1516 and 387.1551 [M+H]+ with a ratio of 3:1, showing the presence of one chlorine atom, which was consistent with the molecular formula of C19H25O6Cl and calculated with 7 degrees of unsaturation. The 13C NMR spectrum of compound 2 showed the presence of 19 carbons, including six methine carbons (δC 146.6 (C-1), 144.9 (C-10), 106.5 (C-4), 120.3 (C-9), 78.2 (C-12), and 35.4 (C-13)), one carbonyl carbon (δC 191.6, C-6), one methylene carbon (δC 28.6 (C-14)), seven non-protonated carbons (δC 156.7 (C-3), 140.4 (C-4a), 116.9 (C-8a), 107.8 (C-5), 76.3 (C-7), 71.7 (C-8), and 75.7 (C-11)), and four methyl carbons (δC 11.9 (C-15), 13.4 (C-16), 23.7 (C-17), and 23.8 (C-18)). The 1H NMR spectrum data showed two singlet signals of aromatic protons at δH 7.35 (H-1) and 6.55 (H-4), two oxymethine protons at δH 4.35 (H-8) and 3.53 (H-12), a pair of trans-coupled olefinic protons (δH 6.64 (1H, d, J = 15.2 Hz, H-10) and 6.41 (1H, d, J = 15.2 Hz, H-9), one methylene group and four methyls (δH 1.35 (3H, s, H3-17), 1.29 (3H, s, H3-18), 0.98 (3H, d, J = 6.8 Hz, H3-16), and 0.93 (3H, t, J = 7.6 Hz, H3-15). The 13C and 1H NMR spectral data suggested that compound 2 was an azaphilone structure. The NMR data of compound 2 were similar to those of compound 1, the main difference was the change of hydroxyl group at C-8a by an olefinic double bond between C-1 and C-8a (D1,8a). The COSY and HMBC correlations of compound 2 were similar to those of 1 and are shown as in Fig. 2. The planar structure of 2 was closely related to those of geumsanol F and 11-epi-geumsanol F. The difference between geumsanol F and 11-epi-geumsanol F was the orientation of the hydroxyl group linked to carbon C-11, whereas the hydroxyl group in geumsanol F was -orientation and vice versa. The NOESY spectrum of 2 showed the correlations between H-8/H3-18, indicating that H-8 and CH3-18 were on the same side of α-orientation. Correlations were observed between H-10 and H-12/H3-16/H3-17, between H3-17 and H-12/H3-16, suggesting that H3-16 and H3-17 were -orientation as shown in Fig.3. On the basis of the spectroscopic data, compound 2 was identified as 11-epi-geumsanol F, which was isolated from the marine algae-derived fungus Penicillium sclerotiorum [12],[14].
Compound 3 was isolated as an orange-red amorphous powder. The ESI-MS spectral data exhibited the positive-ion peaks at m/z 390.1579 and 392.1541 [M+H]+, corresponding to the molecular formula C21H24ClNO4 and 9 degrees of unsaturation. Mass spectrometry data of 3 exhibited pseudomolecular ion peaks at m/z 390 and 392 with a ratio of 3:1, and an odd-numbered molecular ion peak indicates that compound 3 possessed one chlorine and one nitrogen atom in the structure. The 13C NMR spectrum of 3 showed the presence of 21 carbon signals, including three carbonyl groups (δC 193.4 (C-8), 183.6 (C-6), and 171.5 (C-19)), six methine carbons (δC 138.0 (C-1), 110.0 (C-4), 116.1 (C-9), 142.5 (C-10), 148.8 (C-12), and 35.1 (C-13)), six non-protonated carbons (δC 146.1 (C-4a), 145.5 (C-3), 131.9 (C-11), 113.8 (C-8a), 102.1 (C-5), and 85.9 (C-7)), one methylene at δC 30.1, (C-14) and 5 methyls (δC 23.6 (C-18), 20.8 (C-20), 20.2 (C-16), 12.5 (C-17), and 12.1 (C-15)). 1H NMR spectrum of 3 presented three methine at δH 7.76 (H-1), 6.76 (H-4), and 5.68 (1H, d, J = 9.6 Hz, H-12), a double bond of olefinic protons at δH 6.91 (1H, d, J = 16.0 Hz, H-10) and 6.05 (1H, d, J = 16.0 Hz, H-9), five methyls (δH 2.24 (H3-20), 1.84 (H3-17), 1.58 (H3-18), 1.03 (H3-16), and 0.86 (H3-15) and a broad singlet signal at δH 10.5 accounted for -NH- group. 
The COSY spectrum exhibited the correlations of trans-coupled olefinic protons H-9 (δH 6.05) and H-10 (δH 6.76), and five consecutive protons between H-12/H-13/(H3-16)/H2-14/H3-15. The HMBC spectrum showed the correlations from H-1 to C-3/C-4a/C-8/C-8a, from H-4 to C-3/C-4/C-5/C-8a/C-9, from H-9 to C-3/C-4/C-10/C-11, from H-10 to C-3/C-12/C-17, from H-12 to C-10/C-14/C-16/C-17, from H2-14 to C-12/C-13/C-15/C-16, from H3-18 to C-6/C-7/C-8, and from H3-20 to C-7/C-19. The above NMR spectral features showed that compound 3 was an azaphilone derivative with one oxygen group at C-2 replaced by an -NH- group and one acetyl moiety linked to a hydroxyl group at C-7. Based on the NMR spectral data and compared to those of the reference data [15], compound 3 was determined as sclerotioramine, a major compound of P. sclerotiorum.

Table 1. 1H (400 MHz) and 13C NMR (100 MHz) spectroscopic data of compounds 1–5
	No.
	1a
	2b
	3b
	4b
	5b

	
	C
	H, mult, J (Hz)
	C
	H, mult, J (Hz)
	C
	H, mult, J (Hz)
	C
	H, mult, J (Hz)
	C
	H, mult, J (Hz)

	1
	74.9
	4.31, q, 12.0 Hz
	146.6
	7.35, s
	138.0
	7.76, s
	68.2
	4.26, dd, 12.0, 10.8, Hz
	67.4
	3.83, dd, 13.6; 10.8 Hz

	
	
	
	
	
	
	
	
	4.52, dd, 10.8; 4.8 Hz
	
	4.37, dd, 10.8; 5.2 Hz

	3
	162.3
	-
	156.7
	-
	145.5
	-
	163.0
	-
	163.4
	-

	4
	101.9
	6.04, s
	106.5
	6.55, s
	110.0
	6.76, s
	102.2
	6.10, s
	101.6
	6.12, s

	4a
	146.2
	-
	140.4
	-
	146.1
	-
	145.7
	-
	145.7
	-

	5
	120.1
	-
	107.8
	-
	102.1
	-
	115.4
	-
	118.5
	-

	6
	195.3
	-
	191.6
	-
	183.6
	-
	192.8
	-
	187.1
	-

	7
	78.3
	-
	76.3
	-
	85.9
	-
	77.3
	-
	74.9
	-

	8
	79.2
	3.81, s
	71.7
	4.35, s
	193.4
	-
	73.6
	4.13, d, 3.2 Hz
	73.2
	5.01, d, 10.4 Hz

	8a
	69.0
	-
	116.9
	-
	113.8
	-
	36.9
	3.07, m
	35.6
	3.45, m

	9
	122.7
	6.29, d, 15.6 Hz
	120.3
	6.41, d, 15.2 Hz
	116.1
	6.05, d, 16.0 Hz
	118.9
	6.00, d, 15.6 Hz
	118.9
	5.99, d, 15.2 Hz

	10
	145.1
	6.76, d, 15.6 Hz
	144.9
	6.64, d, 15.2 Hz
	142.5
	6.91, d, 16.0 Hz
	142.0
	7.01, d, 15.6 Hz
	142.0
	6.97, d, 15.2 Hz

	11
	76.8
	-
	75.7
	-
	131.9
	-
	132.3
	-
	132.3
	-

	12
	81.0
	3.42, d, 2.4 Hz
	78.2
	3.53, d, 1.2 Hz
	148.8
	5.68, d, 9.6 Hz
	147.3
	5.63, d, 9.6 Hz
	147.4
	5.61, d, 10 Hz

	13
	36.4
	1.72, m
	35.4
	1.71, m
	35.1
	2.47, m
	35.0
	2.46, m
	35.0
	2.45, m

	14
	30.2
	1.42, m
	28.6
	1.43, m
	30.1
	1.43, m
	30.1
	1.42, m
	30.1
	1.40, m

	
	
	1.29, m
	
	1.35, m
	
	1.32, m
	
	1.31, m
	
	1.29, m

	15
	12.3
	0.91, t, 7.2 Hz
	11.9
	0.93, t, 7.6 Hz
	12.1
	0.86, t, 7.2 Hz
	12.0
	0.85, t, 7.6 Hz
	12.0
	0.85, t, 7.6 Hz

	16
	14.4
	0.87, d, 6.8 Hz
	13.4
	0.98, d, 6.8 Hz
	20.2
	1.03, d, 6.8 Hz
	20.3
	1.00, d, 6.8 Hz
	20.3
	0.99, d, 6.8 Hz

	17
	26.5
	1.33, s
	23.7
	1.35, s
	12.5
	1.84, d, 1.2 Hz
	12.4
	1.82, d, 1.2 Hz
	12.4
	1.81, d, 0.8 Hz

	18
	26.4
	1.52, s
	23.8
	1.29, s
	23.6
	1.58, s
	23.5
	1.38, s
	20.7
	1.43, s

	19
	-
	-
	-
	-
	171.5
	-
	-
	-
	170.4
	-

	20
	-
	-
	-
	-
	20.8
	2.24, s
	-
	-
	20.7
	2.23, s

	
	
	
	
	
	
	(-NH-) 10.5 brs
	
	
	
	


a: Measured in CD3OD 		b: Measured in CDCl3


Compound 4 was isolated as a light yellowish-brown oil, whose molecular formula C19H25O4Cl was deduced by HR-ESIMS (m/z = 353.1637 [M+H]+, implying 7 degrees of unsaturation. The 13C NMR spectrum showed 19 carbon signals, including 2 methylene carbons (δC 68.2 (C-1), 30.1 (C-14)), 6 methine carbons (δC 142.0 (C-10), 102.2 (C-4), 118.9 (C-9), 73.6 (C-8), 36.9 (C-8a), and 35.0 (C-13)), 7 non-protonated carbons (δC 192.8 (C-6), 163.0 (C-3), 147.3 (C-12), 145.7 (C-4a), 132.3 (C-11), 115.4 (C-5), and 77.3 (C-7)), and 4 methyl carbons (δC 23.5 (C-18), 20.3 (C-16), 12.4 (C-17), and 12.0 (C-15)). The 1H NMR data showed 4 methyl signals at δH 1.38 (s, CH3-18), 1.82 (d, CH3-17), 1.00 (s, CH3-16), and 0.85 (t, CH3-15), seven methine protons (including three olefinic, one aromatic, and three aliphatic protons), and two methylene protons. Comparing the 13C and 1H NMR data of 4 with that of compound 1, it is found that their planar structures are very close. The differences between them were that the hydroxyl groups at C-8a, C-11, and C-12 in 1 were removed to form double bonds between C-1/ C-8a and C-11/ C-12 in 4. The 1H-1H COSY spectrum showed an additional spin system H-8/H-8a/H2-1 in comparison to those of compound 1. The HMBC correlations of 4 were similar to those of 1, as shown in Fig. 2. Based on the NMR data and compared to those of the reference data [16], compound 4 was identified as epi-isochromophilone III, which was isolated from soil fungus P. multicolor.
Compound 5 was isolated as a yellowish oil. The molecular formula of 5 was determined to be C21H27O5Cl by the HRESIMS peak at m/z 395.1762 [M+H]+, with the 1:3 chlorine isotope peaks, corresponding to the molecular formula with 6 degrees of unsaturation. The 13C NMR spectrum showed 21 carbon signals, including 2 methylene carbons (δC 67.4 (C-1), 30.1 (C-14)), 7 methine carbons (δC 147.4 (C-12), 142.0 (C-10), 101.6 (C-4), 118.9 (C-9), 73.2 (C-8), 35.6 (C-8a), and 35.0 (C-13)), 7 non-protonated carbons (δC 187.1 (C-6), 170.4 (C-19), 163.4 (C-3), 145.7 (C-4a), 132.3 (C-11), 118.5 (C-5), and 74.9 (C-7)), and 5 methyl carbons (δC 20.7 (C-20), 20.7 (C-18), 20.3 (C-16), 12.4 (C-17), and 12.0 (C-15)). The 1H NMR data showed five methyl signals at δH 2.23 (3H, s, CH3-20), 1.43 (3H, s, CH3-18), 1.81 (3H, d, CH3-17), 0.99 (3H, d, CH3-16), and 0.85 (3H, t, CH3-15), seven methine (including four olefinic and three aliphatic protons), and two methylene protons. The 13C and 1H NMR data of 5 were similar to those of 4. The differences between 5 and 4 were the addition of one acetyl group at carbon C-8 (δC 73.2), and the position of proton H-8 was changed to b-orientation in 5. The same correlations as those of 4 were observed in the 1H-1H COSY and HMBC of 5. A cross peak from the H-8 proton (δH 5.01, d, J = 10.4 Hz) to the acetyl carbonyl carbon (δC 170.4) in HMBC revealed that 5 confirmed an acetyl moiety located to carbon C-8. Therefore, the structure of compound 5 was identified as isochromophilone IV, which was isolated from P. multicolor [17]. 
Compound 6 was isolated as a colorless oil; its positive ESI-MS presented the ion peak at m/z 319.2039 [M+K]+, corresponding to the molecular formula C18H32O2 with 3 degrees of unsaturation. The 13C NMR spectrum showed 18 carbon signals, including 12 methylene carbons (δC 34.0 (C-2), 31.5 (C-16), 29.6 (C-7), 29.4 (C-6), 29.2 (C-15), 29.1 (C-4), 29.1 (C-5), 27.2 (C-8), 27.2 (C-14), 25.6 (C-11), 24.7 (C-3), 22.6 (C-17)), four methine carbons (δC 130.0 (C-9), 127.9 (C-10), 128.1 (C-12), and 130.2 (C-13)), one carboxylic carbon (δC 178.9 (C-1), and one methyl (δC 14.1 (C-18)). The 1H NMR data exhibited the signals of a methyl group at δH 0.90 (3H, t, CH3-18), two pairs of double bond δH 5.29 - 5.42 (4H, m, H-12, H-13, H-9, H-10), and twelve methylene groups. In comparison with the published NMR data in the reference [18], compound 6 was identified as linoleic acid, which is reported for the first time in the fungus Penicillium sclerotiorum.





Fig. 2. The key HMBC () and COSY () correlations of compounds 1-5.

[image: ]
Fig. 3. The NOESY correlations of geumsanol F and 11-epi-geumsanol F.


Based on those references reported in the literature, peniazaphilone I was evaluated on anti-inflammatory effect against NO production on RAW 264.7 cell lines, cytotoxicity on MDA-MB-435 and A549 cancer cells, and antibacterial activities. The results showed that peniazaphilone I was found to be inactive in all tested conditions [13]. 11-Epi-geumsanol F and isochromophilone IV were evaluated on the anti-angiogenic effect in human endothelial progenitor cells. As a result, only isochromophilone IV displayed strong anti-angiogenic activities by blocking cell growth, migration, and tube formation without cytotoxicity on cell lines [14]. Furthermore, epi-isochromophilone III and isochromophilone IV exhibited antimalarial activity against Plasmodium falciparum (IC50 = 2.1–7.8 µg/mL), while epi-isochromophilone III showed cytotoxicity against three cancer cell lines, KB, MCF-7, and NCI-H187 (IC50 2.2–35.2 µg/mL) [16], and sclerotioramine showed strong antimycobacterial activity against Mycobacterium tuberculosis with MIC = 50.0 µg/mL and inhibitory effects on Staphylococcus epidermidis, Candida albicans, C. parapsilosis, C. tropicalis, and C. krusei [15],[16].	Comment by Ha Do: Check lại đơn vị ug/ml hay là mg/ml
4. Conclusion
In summary, the endophytic fungi from the rhizome of A. gramineus Aiton was isolated and identified as Penicillium sclerotiorum based on the microscopic morphological characteristics and DNA sequencing by the modified Sanger method. Six compounds were isolated from the ethyl acetate fraction of the endophytic fungi P. sclerotiorum. Their structures were identified as peniazaphilones (1), 11-epi-geumsanol F (2), sclerotioramine (3), epi-isochromophilone III (4), isochromophilone IV (5), and linoleic acid (6). The endophytic fungus strain P. sclerotiorum was first isolated and reported in the rhizome of A. gramineus, and the compounds 4 and 6 are first reported from Penicillium sclerotiorum.
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Summary
Phytochemical studies of the n-hexane and ethyl acetate fractions from aerial parts of Barleria lupulina L. (Acanthaceae) collected in Cu Chi, Ho Chi Minh city, Vietnam, led to the isolation and identification of six known compounds, including (+)-lyoniresinol (1), (+)-lyoniresinol 9ʹ-O-β-D-glucopyranoside (2), 2-methyl-1,3,6-trihydroxy-9,10-anthraquinone 3-O-β-D-glucopyranoside (3), (3S)-l-octene-3-ol 3-O-β-D-glucopyranoside (4), uracil (5) and stigmasterol (6). The structures of the isolated compounds were determined on the basis of detailed spectroscopic (MS and NMR) analysis and comparison with reported literature. Compounds 1, 3, 4, and 5 were found for the first time from the Barleria genus.
Keywords: Barleria lupulina; Lignan; Anthraquinone; Sterol. 


1. Introduction
Genus Barleria (Acanthaceae), which comprises over 300 species of herbs and shrubs, has been traditionally utilized across various countries for treating a wide range of ailments [1]. Barleria lupulina L., commonly known as hop-headed barleria, is one species recognized for its decorative and medicinal value. Traditionally, different parts of the plant have been employed in Asian countries, such as India, Thailand, and Indonesia, for the treatment of diabetes, rheumatoid arthritis, inflammation, skin infections, and mental strain [2]. In Vietnam, the leaves of B. lupulina have been applied in case of snakebites and fever [3]. Recent phytochemical studies have revealed that B. lupulina is a rich source of diverse bioactive compounds, predominantly iridoid glycosides, phenylethanoid glycosides, phenylpropanoid glycosides, and phenolic compounds [2],[4],[5],[6]. These isolated constituents are associated with a broad spectrum of pharmacological activities, including antibacterial, anti-inflammatory, anti-arthritic, anti-diabetic, antioxidant, anti-osteoporotic, anti-ulcer, and neuroprotective effects [2],[7],[8],[9]. 
Despite promising traditional uses and preliminary scientific validation, the chemical investigations of B. lupulina in Vietnam are still limited [5],[6],[7]. Preliminary biological screening results showed that the n-hexane and ethyl acetate extracts from the B. lupulina sample collected in Ho Chi Minh city displayed potent anti-inflammatory activity, inhibiting 72-87% of NO-production in LPS-induced RAW264.7 cells at the concentration of 50 µg/mL. Hence, our research paper aims to provide an isolation and identification of chemical constituents from n-hexane and ethyl acetate extracts, including (+)-lyoniresinol (1), (+)-lyoniresinol 9ʹ-O-β-D-glucopyranoside (2), 2-methyl-1,3,6-trihydroxy-9,10-anthraquinone 3-O-β-D-glucopyranoside  (3), 3-O-β-D-glucopyranosyl (3S)-l-octene-3-ol (4), uracil (5), and stigmasterol (6).
2. Materials and methods
2.1. Materials
The aerial parts of Barleria lupulina L. (Acanthaceae) were collected in Cu Chi, Ho Chi Minh City, in 2024. The plant species was identified by MSc Nguyen Quynh Nga and BS. Dao Viet Quoc, Center of Medicinal Material Resources (CMMR), National Institute of Medicinal Materials. The voucher specimen (NIMM-20133) was deposited at the National Institute of Medicinal Materials. 
2.2. General experimental procedures
ESI-MS spectra were acquired on an Agilent 1260 series single quadrupole LC/MS system. NMR spectra (1H, 13C, HSQC, HMBC, and NOESY) were obtained on Bruker AVANCE III HD 500 MHz or Bruker AVANCE NEO 600 MHz spectrometers with tetramethylsilane as the internal standard. Column chromatography (CC) was performed on normal phase silica gel 60 (230-400 mesh, Merck), reversed phase (RP-18) resin (YMC), and Sephadex® LH20. Preparative HPLC was conducted by Shimadzu HPLC (LC-20AP), SunFire® C18 OBD™ Prep Column (100 Å, 10 µm, 10 × 250 mm). Thin-layer chromatography has been performed on silica gel 60 GF254 and RP-18 G F254S. Compounds were visualized by spraying with 10% sulfuric acid in EtOH and heating. 
2.3. Extraction and isolation
The dried aerial parts (28 kg) were macerated and extracted with 70% EtOH (3 times × 220 L for 24 h) at room temperature. The combined extracts were concentrated under reduced pressure to yield the EtOH extract (4.3 kg). The EtOH extract (4 kg) was suspended in 4 L of distilled water and then successively extracted with n-hexane, dichloromethane (DCM), and EtOAc (each 3 × 4 L). The organic solvents were then removed in vacuo to afford n-hexane (95 g), DCM (265 g), and EtOAc (300 g) extracts, respectively.
The n-hexane extract (90 g) was chromatographed on a silica gel CC, eluted with a solvent gradient of n-hexaneacetone (20:1 to 1:1, v/v), DCMMeOH (20:1 → 2:1, ν/ν), and MeOH to give 11 fractions (H1-H11). Fraction H1 (2.8 g) was chromatographed by silica gel CC, eluted with a gradient solvent of n-hexaneacetone (15:1 → 1:1, ν/ν) to afford 3 fractions H1.1H1.3. Compound 6 (50 mg) was obtained by recrystallization in MeOH from fraction H1.3.
The EtOAc extract (240 g) was applied to silica gel CC, eluted with a solvent gradient of n-hexaneacetone (20:1 to 1:1, v/v), DCMMeOH (20:1 → 2:1, ν/ν), and MeOH to give 10 fractions (E1E10). Fraction E6 (3.0 g) was chromatographed by Sephadex® LH20 CC (MeOHH2O 1:1, ν/ν), yielding 5 fractions E6.1E6.5. Fraction E6.2 (1.8 g) was separated by silica gel CC eluted with a solvent gradient of DCMMeOH (20:1 → 2:1, ν/ν) to afford ten fractions E6.2.1E6.2.10. Fraction E6.2.4 (55 mg) was then purified by reversed-phase silica gel CC (MeOHH2O 1:1, ν/ν) to afford 1 (3.0 mg). Fraction 6.2.7 (89 mg) was subjected to a reversed-phase silica gel CC (MeOHH2O 2:3, ν/ν), yielding 2 sub-fractions E6.2.7.1 and E6.2.7.2. Fraction 6.2.7.1 (32 mg) was further purified by silica gel CC (EtOAcMeOH 35:1, v/v) to give 5 (4.1 mg). Fraction E6.2.8 (138 mg) was chromatographed by reversed-phase silica gel CC (MeOHH2O 1:1, ν/ν) to afford 3 (9.0 mg). Fraction E8 (23.4 g) was subjected to silica gel CC, eluted with gradient solvents of  DCMMeOH (10:1 - 100% MeOH, ν/ν), yielding 12 fractions E8.1E8.12. Fraction E8.9 (6.2 g) was purified by reversed-phase silica gel CC (MeOHH2O 1:2, ν/ν) to give 12 sub-fractions E8.9.1E8.9.12. Fraction E8.9.2 (3.2 g) was separated by reversed-phase silica gel CC (n-hexaneacetone v/v, 19:1), followed by Sephadex LH-20 to afford 3 fractions (E8.9.2.1E8.9.2.3). Fraction 8.9.2.1 (170 mg) was purified by preparative HPLC (acetonitrileH2O 13:87 (ν/ν), flow rate: 2.5 mL/min, injection volume 65 µL, detection wavelength 210 nm) to yield compound 2 (2.6 mg, tR = 45 min). Fraction 8.9.2.3 (55 mg) was purified by preparative HPLC (MeOHH2O 43:57 (ν/ν), flow rate: 2.5 mL/min, injection volume 49 µL, detection wavelength 254 nm) to give 4 (14 mg, tR = 15 min).
(+)-Lyoniresinol (1): White solid; ESI-MS: m/z 419 [M–H]– ; [α]D20 = +17.9 (MeOH, c = 0.56). 1H-NMR (600 MHz, CD3OD) and 13C-NMR (125 MHz, CD3OD): See Table 1.
(+)-Lyoniresinol 9ʹ-O-β-D-glucopyranoside (2): White solid; [α]D20 = +60.1 (MeOH, c = 0.33). ESI-MS m/z 581 [M–H]– . 1H-NMR (600 MHz, CD3OD) and 13C-NMR (125 MHz, CD3OD): See Table 1. 
2-Methyl-1,3,6-trihydroxy-9,10-anthraquinone 3-O-β-D-glucopyranoside (3): Yellow solid, ESI-MS: m/z 291 [M+H]+. 1H-NMR (600 MHz, CD3OD) and 13C-NMR (125 MHz, CD3OD): See Table 2.
3-O-β-D-Glucopyranosyl (3S)-l-octene-3-ol (4): Yellow solid, [α]D20 = -7,9 (MeOH, c = 1,27). 1H-NMR (600 MHz, CD3OD) and 13C-NMR (125 MHz, CD3OD): See Table 2. 
Uracil (5): Yellow solid. ESI-MS m/z 111.2 [M–H]– . 1H-NMR (500 MHz, CD3OD): δH 5.61 (1H, d, J = 7.5 Hz, H-5), 7.38 (1H, d, J = 7.5 Hz, H-6). 13C-NMR (125 MHz, CD3OD): δC 151.5 (C-2), 167.3 (C-4), 101.7 (C-5), 143.5 (C-6). 
Stigmasterol (6): White solid, ESI-MS m/z 413 [M+H]+. 1H-NMR (600 MHz, CDCl3): δH  3.52 (1H, m, H-3), 5.34 (1H, m, H-6), 0.70 (3H, s, H-18), 1.01 (3H, s, H-19), 1.03 (3H, d, J = 6.6 Hz, H-21), 5.15 (1H, dd, J = 15.0; 8.4 Hz, H-22), 5.02 (1H, dd, J = 15.0; 8.4 Hz, H-23), 0.84 (3H, d, J = 6.6 Hz, H-26), 0.81 (3H, d, J = 6.6 Hz, H-27), 0.80 (3H, t, J = 7.2 Hz, H-29). 13C-NMR (125 MHz, CDCl3): δC 37.3 (C-1), 31.7 (C-2), 71.8 (C-3), 42.3 (C-4), 140.8 (C-5), 121.7 (C-6), 31.9 (C-7), 31.9 (C-8), 50.2 (C-9), 36.5 (C-10), 21.1 (C-11), 39.7 (C-12), 42.3 (C-13), 56.9 (C-14), 24.4 (C-15), 28.9 (C-16), 56.0 (C-17), 12.1 (C-18), 19.4 (C-19), 40.5 (C-20), 21.1 (C-21), 138.3 (C-22), 129.3 (C-23), 51.3 (C-24), 31.9 (C-25), 21.2 (C-26), 19.0 (C-27), 25.4 (C-28), 12.2 (C-29).
3. Results and discussion

 


Fig. 1. Chemical structures of compounds 1–6 from B. lupulina


Compound 1 was isolated as a white solid. The 1H-, 13C-NMR and HSQC spectra of 1 exhibited signals of 3 aromatic protons at δH 6.61 (1H, s, H-2)/δC 107.8 (C-2), δH 6.40 (2H, s, H-2ʹ and H-6ʹ)/δC 106.98 (C-2); 2 oxymethylene groups at δH 3.61-3.51 (2H, H-9)/δC 66.8 (C-9) and δH 3.51 (2H, d, J = 5.4 Hz, H-9ʹ)/δC 64.2 (C-9ʹ), 4 methoxy groups at δH 3.40 (3H, s, 3-OMe)/δC 56.6; δH 3.88 (3H, s, 5-OMe)/δC 60.2 and 3.76 (6H, s, 3ʹ-OMe, 5ʹ-OMe)/δC 56.8; one methylene group at δH 2.72-2.59 (2H, H-7)/δC 33.6 (C-7), 3 methine groups at δH 1.64 (1H, m, H-8)/δC 40.9 (C-8), δH 4.33 (1H, d, J = 5.4 Hz, H-7ʹ)/δC 42.3 (C-7ʹ) and δH 1.99 (1H, m, H-8ʹ)/δC 49.9 (C-8ʹ). The negative ESI-MS spectrum of 1 showed a deprotonated molecular ion peak at m/z 419 [M–H]–, which gave evidence of its molecular formula as C22H28O8 (M = 420). The NMR and MS spectra suggested that 1 was an aryltetralin lignan. The aromatic proton at C-2 was confirmed by the HMBC correlations of H-2 (δH 6.61) to C-7 (δC 33.6) and of H-7 (δH 2.72 and 2.59) to C-2 (δC 107.8). The symmetrical 3ʹ,5ʹ-dimethoxy-4ʹ-hydroxy phenyl group substituted at C-7ʹ was confirmed by the HMBC correlations of H-2ʹ and H-6ʹ (δH 6.40) to C-7ʹ (δC 42.3) and C-4ʹ (δC 134.6), of methoxy protons (δH 3.76) to C-3ʹ and C-5ʹ (δC 149.0). In addition, the methoxy groups at C-3 and C-5 were assigned by HMBC cross-peaks of methoxy protons at δH 3.40 and 3.88 to C-3 (δC 56.6) and C-5 (δC 60.2), respectively. In addition, HMBC cross-peaks of H-7 (δH 2.72 and 2.51) to C-8ʹ (δC 49.9) and C-9 (δC 66.8), of H-7ʹ (δH 4.33) to C-9ʹ (δC 64.2) and C-8 (δC 40.9) confirmed the aryltetralin skeleton (Fig. 2). The relative configuration of 1 was assigned based on the NOESY spectrum. The cross-peaks of H-8ʹ (δH 1.99) with H-2ʹ (δH 6.40) and H-9 (δH 3.51 and 3.61); of H-7ʹ (δH 4.33) with H-8 (δH 1.64) and H-9ʹ (δH 3.51) suggested H-7ʹ, H2-9ʹ and H-8 are on the same side, while the phenyl ring, H-8ʹ and H2-9 are on the other side. Based on spectral analysis and the specific optical rotation value of +17.9 (ref [10]: [α]D25 = +65.1 (MeOH, c 0.10)), 1 was identified as (+)-lyoniresinol [11].
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Fig. 2. Key HMBC ([image: ]) correlations of compounds 1, 3, and 4


Compound 2 was isolated as a white solid. The molecular formula of 2 was determined as C28H38O13 based on a deprotonated molecular ion peak at m/z 581 [M–H]–  in the ESI-MS spectrum and NMR data. The 1H-, 13C-NMR and HSQC spectra of 2 revealed similar signals as those of 1 including 3 aromatic protons (δH 6.58 (1H, s, H-2)/δC 107.9 (C-2), δH 6.43 (2H, s, H-2ʹ and H-6ʹ)/δC 107.0 (C-2ʹ, C-6ʹ)); 2 oxymethylene groups (δH 3.64-3.53 (2H, H-9)/δC 66.3 (C-9) and δH 3.88-3.45 (2H, H-9ʹ)/δC 71.5 (C-9ʹ)), one methylene (δH 2.71-2.61 (2H, H-7)/δC 33.8 (C-7)) and 3 methine groups (δH 1.70 (1H, m, H-8)/δC 40.6 (C-8), δH 4.41 (1H, d, J = 6.6 Hz, H-7ʹ)/δC 42.8 (C-7ʹ) and δH 2.08 (1H, m, H-8ʹ)/δC 46.7 (C-8ʹ)). The NMR spectra of 2 showed additional signals of a β-glucopyranosyl moiety at δH 4.28 (1H, d, J = 7.8 Hz, H-1ʹʹ), δH 3.24-3.83 (5H, H-2ʹʹ-H-6ʹʹ)/δC 104.8 (C-1ʹʹ), 75.2 (C-2ʹʹ), 78.0 (C-3ʹʹ), 71.7 (C-4ʹʹ), 78.3 (C-5ʹʹ), 62.9 (C-6ʹʹ). The HMBC correlations of H-1ʹʹ (δH 4.28) with C-9ʹ (δC 71.5) indicated that the β-D-glucopyranoside moiety is linked at C-9ʹ. Compound 2 was assigned as (+)-lyoniresinol 9ʹ-O-β-D-glucopyranoside by comparison of specific optical rotation (+60.1, Ref. [12] [α]D20 = + 47 (MeOH, c = 0.8)) and NMR data with previous literature [11].

Table 1. 1H- and 13C-NMR spectroscopic data of 1–2
	Pos.
	1
	Ref [11]
	2
	Ref [11]

	
	δHa,b (mult., J in Hz)
	δCa,c
	δCa,c
	δHa,b (mult., J in Hz)
	δCa,c
	δCa,c

	1
	
	130.2
	130.2
	
	130.2
	130.2

	2
	6.61 (1H, s)
	107.8
	107.8
	6.58 (1H, s)
	107.9
	107.9

	3
	
	148.7
	148.7
	
	148.7
	148.7

	4
	
	138.9
	138.9
	
	138.9
	138.9

	5
	
	147.7
	147.7
	
	147.6
	147.6

	6
	
	126.3
	126.3
	
	126.4
	126.4

	7
	2.72 (1H, dd, 15.0, 4.8)
2.59 (1H, dd, 15.0, 11.4)
	33.6

	33.6

	2.71 (1H, dd, 15.0, 4.8)
2.61 (1H, dd, 15.0, 12.0)
	33.8
	33.8

	8
	1.64 (1H, m)
	40.9
	40.9
	1.70 (1H, m)
	40.6
	40.6

	9
	3.61 (1H, dd, 9.0, 5.4)
3.51 (1H, m)
	66.8

	66.8
	3.64 (1H, m)
3.53 (1H, dd, 10.8, 6.6)
	66.3
	66.2

	3-OCH3
	3.88 (3H, s)
	56.6
	56.6
	3.86 (3H, s)
	56.6
	56.6

	5-OCH3
	3.40 (3H, s)
	60.2
	60.2
	3.35 (3H, s)
	60.2
	60.2

	1ʹ
	-
	139.3
	139.3
	
	139.3
	139.3

	2ʹ, 6ʹ
	6.40 (2H, s)
	106.9
	106.9
	6.43 (2H, s)
	107.0
	107.0

	3ʹ, 5ʹ
	-
	149.0
	149.0
	
	149.0
	149.0

	4ʹ
	-
	134.6
	134.5
	
	134.5
	134.5

	7ʹ
	4.33 (1H, d, 5.4)
	42.3
	42.3
	4.41 (1H, d, 6.6)
	42.8
	42.8

	8ʹ
	1.99 (1H, dq, 9.0, 5.4)
	49.9
	49.9
	2.08 (1H, m)
	46.7
	46.7

	9ʹ
	3.51 (2H, d, 5.4)
	64.2
	64.2
	3.88 (1H, dd, 9.6, 5.4).
3.45 (1H, dd, 9.6, 4.2)
	71.5
	71.5

	3ʹ,5ʹ-OCH3
	3,76 (6H, s)
	56.8
	56.8
	3.75 (6H, s)
	56.9
	56.9

	1ʹ
	
	
	
	4.28 (1H, d, 7.8)
	104.8
	104.8

	2ʹ
	
	
	
	3.24 (1H, m)
	75.2
	75.2

	3ʹ
	
	
	
	3.24 (1H, m)
	78.0
	77.9

	4ʹ
	
	
	
	3.28 (1H, m)
	71.7
	71.7

	5ʹ
	
	
	
	3.36 (1H, m)
	78.3
	78.2

	6ʹ
	
	
	
	3.83 (1H, dd, 12.0, 2.4)
3.64 (1H, m)
	62.9
	62.8


a: CD3OD, b 600 MHz, c: 125 Mz.  


Compound 3 was isolated as a pale yellow solid. The negative ESI-MS spectrum showed the peak m/z 323 [M–H]–, suggesting the molecular formula C21H20O10. The 1H-NMR spectrum of 3 displayed 4 aromatic signals including a singlet at δH 7.41 (1H, s) and 3 protons of an ABX system at δH 7.39 (1H, d, J = 2.4 Hz, H-5), 7.03 (1H, dd, J = 2.4, 8.4  Hz, H-7), and 8.03 (1H, d, J = 8.4 Hz, H-8); a methyl singlet at δH 2.18 (3H, s, 2-Me); and signals of a sugar at δH 5.07 (1H, d, J = 2.4 Hz, H-1ʹ), 3.37-3.43 (4H, m, H-2ʹ, H-3ʹ, H-4ʹ, H-5ʹ), and 3.82 (1H, dd, J = 12.0; 2.4 Hz, H-6a), 3.67 (1H, dd, J = 12.0, 6.0 Hz, H-6b). The 13C NMR and HSQC spectra showed signals for 21 carbons, including 2 ketone groups at δC 188.1 (C-9) and 183.8 (C-10); 12 aromatic carbons, a methyl carbon at δC 8.6 and carbon signals of a β-D-glucopyranosyl part at δC 101.6 (C-1ʹ), 74.8 (C-2ʹ), 78.1 (C-3ʹ), 71.1 (C-4ʹ), 78.3 (C-5ʹ), and 62.3 (C-6ʹ). The NMR and MS data suggested that 3 was an anthraquinone glucoside. HMBC correlations of methyl protons to C-1 (δC 163.2), C-2 (δC 122.5), and C-3 (δC 162.1); of H-4 (δH 7.41) to C-10 (δC 183.8) and C-2; of H-8 (δH 8.03) to C-9 (δC 188.1) allowed the assignment of substitutions at the anthraquinone skeleton. Comparing the NMR data with reference [13], compound 3 was determined as 2-methyl-1,3,6-trihydroxy-9,10-anthraquinone 3-O-β-D-glucopyranoside.
Table 2. 13C-NMR spectroscopic data of 3–4
	Pos.
	3
	Ref [13]
	4
	
	Ref [14]

	
	δHa,b (mult., J in Hz)
	δCa,c
	δCa,d
	δHa,b (mult., J in Hz)
	δCa,c
	δC

	1
	-
	163.2
	163.4
	5.19 (1H, d, 16.5)
5.08 (1H, d, 11.0)
	141.0
	141.0

	2
	-
	122.5
	120.7
	5.87 (1H, ddd, 16.5, 11.0, 7.0)
	116.0
	116.0

	3
	-
	162.1
	160.7
	4.12 (1H, q, 7.0)
	82.8
	82.8

	4
	7.41 (1H, s)
	106.9
	105.6
	1.68 (1H, m)
1.52 (1H, m)
	33.0
	33.0

	5
	7.39 (1H, d, 2,4)
	114.1
	112.5
	1.40−1.29 (6H, m)
	25.6
	25.6

	6
	-
	165.8
	161.2
	
	35.6
	35.6

	7
	7.03 (1H, dd, 8.4, 2.4)
	122.5
	121.3
	
	23.6
	23.6

	8
	8.03 (1H, d, 8.4)
	130.7
	129.5
	0.90 (3H, t, 7.0)
	14.4
	14.4

	9
	-
	188.1
	186.3
	
	
	

	10
	-
	183.8
	181.5
	
	
	

	11
	-
	137.0
	135.2
	
	
	

	12
	-
	126.0
	124.4
	
	
	

	13
	-
	112.0
	110.5
	
	
	

	14
	-
	133.7
	131.9
	
	
	

	2-Me
	2.18 (3H, s)
	8.6
	8.3
	
	
	

	1ʹ
	5.07 (1H, d, 7.2)
	101.6
	100.3
	4.32 (1H, d, 7.5)
	103.2
	103.2

	2ʹ
	
3.37−3.47 (4H, m)
	74.8
	73.1
	3.19 (1H, m)
	75.3
	75.3

	3ʹ
	
	78.1
	76.2
	3.32 (1H, m)
	78.2
	78.2

	4ʹ
	
	71.1
	69.3
	3.29 (1H, m)
	71.7
	71.6

	5ʹ
	
	78.3
	72.2
	3.19 (1H, m)
	77.8
	77.8

	6ʹ
	3.82 (1H, dd, 12.0, 2.4)
3.67 (1H, dd, 12.0, 6.0)
	62.3
	60.4
	3.80 (1H, dd, 12.0, 2.4)
3.65 (1H, dd, 12.0, 6.0)
	62.8
	62.8


a: CDCl3, b: 600 MHz, c:125 MHz, d: 100 MHz.


Compound 4  was isolated as a yellow solid. The 1H-NMR spectrum of 4 shows signals of allyl group at δH 5.19 (1H, d, J = 16.5 Hz, H-1a), 5.08 (1H, d, J = 11.0 Hz, H-1b), 5.87 (1H, ddd, J = 16.5, 11.0, 7.0 Hz, H-2), an oxymethine group at δH 4.12 (1H, q, J = 7.0 Hz, H-3), 4 methylene groups at δH 1.68-1.52 (2H, m, H-4), 1.40-1.29 (6H, m, H-5, H-6, H-7), and a methyl group at δH 0.90 (3H, t, J = 7.0 Hz). In addition, a β-glucose moiety was observed with signals at δH 4.32 (1H, d, J = 7.5 Hz, H-1), 3.19-3.32 (4H, m, H-2, H-3, H-4, H-5), 3.80 (1H, dd, J = 12,0, 2.4 Hz, H-6a) and 3.65 (1H, dd, J = 12.0, 6.0 Hz, H-6b). The HMBC correlations of H-1ʹ (δH 4.32) and H-1 (δH 5.19 and 5.08) to C-3 (δC 82.8) indicated the sugar linked to the carbon chain at C-3. Compound 4 was identified as (-)-3-O-β-D-glucopyranosyl (3S)-l-octen-3-ol by comparison of specific optical rotation (-7.9) ([α]D20 = -37.2 (MeOH, c = 0.17)  and NMR data with previous literature [14]. 
Finally, compounds 5 and 6 were determined as uracil and stigmasterol, respectively, based on the comparison of NMR data with those in the previous literature [15], [16]. 
(+)-Lyoniresinol 9ʹ-O-β-glucoside 2 has already been identified from B. lupulina [1], but its aglycone (1) was found in the genus Barleria for the first time. (+)-Lyoniresinol (1) was identified in various plants and displayed antioxidant, anti-inflammatory, and cytoprotective activities [17], while (+)-lyoniresinol 9ʹ-O-β-glucoside (2) exhibited antimicrobial and antidiabetic effects [18]. In the assay, (+)-lyoniresinol showed weak NO-production inhibitory activity with an IC50 value of 238 µM [19]. Compound 3 was only reported from Rubia cordifolia (Rubiacea family); it was first identified from the Barleria genus. Compound 4 might be a hydrolyzed product from 1-octen-3-yl β–primeveroside, which was found in this plant [1]. Uridine (5) is an essential nucleoside that plays a pivotal role in various biological processes, including macromolecule synthesis, circadian rhythms, inflammatory response, and antioxidant process [20]. Uridine was reported to reduce oxidative stress and inflammation by inhibiting the MAPK and NF-kB signaling pathways under pathological conditions [21]. Stigmasterol (6) is a common sterol in many plants and possesses anti-inflammatory, antioxidant, and neuroprotective activities [22]. Studies revealed that stigmasterol exhibited substantial anti-inflammatory and immune regulatory effects and has potential for the prevention and treatment of inflammation-related diseases like arthritis [23],[24]. The anti-inflammatory effect of these isolated compounds may make contributions to the activity of n-hexane and ethyl acetate extracts from B. lupulina.
4. Conclusions 
Six chemical constituents including (+)-lyoniresinol (1), (+)-lyoniresinol 9-O-β-D-glucopyranoside (2), 2-methyl-1,3,6-trihydroxy-9,10-anthraquinone 3-O-β-D- glucopyranoside (3), 3-O-β-D-glucopyranosyl (3S)-l-octen-3-ol (4), uracil (5), and stigmasterol (6) were identified from n-hexane and ethyl acetate extracts of B. lupulina aerial parts collected in Ho Chi Minh city. To the best of our knowledge, compounds 1, 3, 4, and 5 were identified for the first time from the Barleria genus.
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Summary
[bookmark: _Hlk213406905]The quality of Rhizoma Homalomenae occultae samples collected in Vietnam was evaluated based on total polyphenol content, total essential oil content, and essential oil composition. The results showed that the total polyphenol content ranged from 0.25% to 2.64%, while essential oil content ranged from 0.27% to 0.92%, meeting the essential oil content criteria specified in the Vietnamese Pharmacopoeia V. Gas chromatography-mass spectrometry (GC-MS) analysis of the essential oil revealed the presence of compounds such as 6-methyl-2-(2-oxiranyl)-5-hepten-2-ol, trans-linalool oxide, hotrienol, L-terpinen-4-ol, α-terpineol, δ-cadinene, spathulenol, and notably linalool, which accounted for over 40% (based on peak area percent). The findings provide valuable data for upgrading quality standards for Rhizoma Homalomenae occultae in Vietnam.
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1. Introduction
The genus Homalomena, particularly the species Homalomena occulta (Lour.) Schott, is considered a valuable medicinal herb in traditional Vietnamese medicine. It has long been used as a folk remedy for treating various conditions such as rheumatism, joint pain, inflammation, bacterial infections, gastrointestinal disorders, and enteritis  [1],[2],[3]. Previous studies have revealed the presence of numerous bioactive compounds in H. occulta, such as sesquiterpenoids, triterpenoids, triterpenoid saponins, flavonoids, alkaloids, phenolic acids, lignans, and essential oils [4],[5],[6]. Notably, H. occulta contains a high content of linalool, which is known for its sedative, anxiolytic, analgesic, anticonvulsant, and anti-inflammatory properties, among others [7]. Owing to these pharmacological properties, various commercial products derived from H. occulta have been developed, including massage oils, capsules, liquid extracts, and traditional prescription-based formulations such as Cot Thoai Vuong, PQA Thien Nien Kien, Tuzamin-F, Phuoc An Trat Da Thap Khop, Phong Te Thap Fito Pharma, and Phong Te Thap DHĐ.
In Vietnam, there are six different species of Homalomena, all of which are used medicinally. Among these, H. occulta (Lour.) Schott is the most widely distributed, primarily concentrated in the mountainous provinces of Northern Vietnam [3],[8]. As part of the project titled ‘Experimental cultivation of H. occulta (Lour.) Schott – Araceae) according to GACP guidelines in Lang Son province, efforts are underway to propagate H. occulta in Lang Son. The evaluation of the quality of the initially collected samples crucial for the conservation and evaluation of genetic resources. The Vietnamese Pharmacopoeia V specifies quality assessment parameters for H. occulta, including macroscopic description, microscopic examination, powder characteristics, identification, moisture content, total ash, and essential oil quantification [9]. Based on the research by Lam Bich Thao and colleagues, essential oils and polyphenols are two key pharmacologically valuable components in H. occulta [10]. Consequently, this study focuses on determining the total polyphenol content and total essential oil content in H. occulta samples collected from Lang Son, as well as analyzing the essential oil composition for comparison and quality assessment of the genetic resources.
2. Materials and Methods
2.1. Materials
The materials used in this study were the dried rhizome of Homalomena occulta (Lour.) Schott (Araceae). The rhizomes of H. occulta samples were collected in some provinces in Vietnam during the period of 2024-2025. They were provided and identified by the National Center for Research on Genetic Resources and Medicinal Plant Varieties, National Institute of Medicinal Materials. The information on these samples is presented in Table 1.

Table 1. Sample information used in this study
	Sample
	Sampling time
(month/year)
	Sampling location

	
	
	Before July 1, 2025
	After the merger
(effective from July 1, 2025)

	M1
	05/2025
	Dong Giap, Van Quan, Lang Son
	Tan Doan, Lang Son

	M2
	05/2025
	Tan Van, Binh Gia, Lang Son
	Tan Van, Lang Son

	M3
	05/2025
	Huu Lien, Huu Lung, Lang Son
	Huu Lien, Lang Son

	M4
	05/2025
	Hai Yen, Cao Loc, Lang Son
	Cong Son, Lang Son

	M5
	04/2025
	Loc Binh, Loc Binh, Lang Son
	Loc Binh, Lang Son

	M6
	05/2025
	Chien Thang, Bac Son, Lang Son
	Vu Le, Lang Son

	M7
	05/2025
	Mau Son, Loc Binh, Lang Son
	Mau Son, Lang Son

	M8
	05/2025
	Thien Tan, Huu Lung, Lang Son
	Thien Tan, Lang Son

	M9
	06/2025
	Tan Van, Binh Gia, Lang Son
	Tan Van, Lang Son

	M10
	06/2025
	Van Linh, Chi Lang, Lang Son
	Van Linh, Lang Son

	M11
	11/2024
	Phong Van, Luc Ngan, Bac Giang
	Bien Son, Bac Ninh

	M12
	11/2024
	Truong Son, Luc Nam, Bac Giang
	Truong Son, Bac Ninh

	M13
	11/2024
	Ta Ngao, Sin Ho, Lai Chau
	Tua Sin Chai, Lai Chau

	M14
	11/2024
	Ta Ngao, Sin Ho, Lai Chau
	Tua Sin Chai, Lai Chau

	M15
	11/2024
	Han Da, Yen Binh, Yen Bai
	Thac Ba, Lao Cai

	M16
	12/2014
	Han Da, Yen Binh, Yen Bai
	Thac Ba, Lao Cai




2.2. Chemicals
The gallic acid standard was purchased from Chemfaces (China), CAS No. 149-91-7, Lot No. CFS201501, purity of 98%. Folin-Ciocalteu's phenol reagent was purchased from Merck (USA). Solvents and chemicals used to extract and process samples for quantitative analysis all meet analytical purity standards (P.A.). The solvent used for GC/MS analysis was from Merck (USA), meeting purity standards for mass spectrometry analysis.
2.3. Instruments 
Gas Chromatography Mass Spectrometry (GCMS-QP2020) system (Shimadzu, Japan) with a SH-Rxi-5Sil MS capillary column (30 m x 0.25 mm x 0.25 µm); UV–Vis Spectrophotometer (UV-1800) system (Shimadzu, Japan), Steam distillation apparatus (Behr – Germany), and some other laboratory glassware.
2.4. Methods
2.4.1. Determination of total polyphenol content in Homalomena occulta:
The total polyphenol content was determined by UV-VIS spectrophotometry using the Folin-Ciocalteu method (according to Method 2 of Appendix 12.6 of the Vietnamese Pharmacopoeia V) [9].
Sample extract: Weigh accurately about 2 g of powdered sample and place it in a 100-mL conical flask, then add 20 mL of methanol. The mixture was sonicated for 30 minutes, cooled, and filtered. The extraction process was repeated with 10 mL of methanol. All extracts were collected, filtered into a 25-mL volumetric flask, and made up to mark with methanol. 
UV-VIS procedure: Briefly, 0.25 mL of each sample extract was mixed with 1.25 mL of Folin-Ciocalteu reagent. After 5 min of incubation, 1 mL of 7.5% sodium carbonate was added to the mixture and homogenously using a vortex mixer and diluted with distilled water to a final volume of 5 mL. After 1 h of incubation, the absorbance of each solution was measured at 760 nm using a double-beam UV-Vis spectrophotometer. Gallic acid was used to plot the calibration curve using different concentrations (0.137-1.096 mg/mL) to determine the total polyphenol content of each sample extract. Total phenolic content was expressed as milligrams of gallic acid equivalent per gram (mg GAE/g DW) of the extract by using a standard calibration curve. All values were estimated in triplicate using the following formula:  
P = C.V/m 
Where P is the total phenolic content (mg/g plant extract, in GAE), C is the concentration of gallic acid (mg/mL), V is the volume of extract (mL), and m is the weight of pure plant extract (g).
2.4.2. Determination of total essential oil content in the rhizome of H. occulta:
The rhizomes of the H. occulta plant were cleaned, cut, and ground into coarse powder. The essential oil content in the medicinal plant was determined according to the Vietnamese Pharmacopoeia V, Appendix 12.7, “Determination of essential oil in medicinal plants” [9]. 
2.4.3. Analysis of essential oil composition by gas chromatography-mass spectrometry (GC/MS):
Sample solution: The oil was dried with anhydrous Na2SO4, then diluted with n-hexane to obtain a 1% (v/v) sample solution for GC/MS analysis.
GC/MS analysis was performed on a GCMS-QP2020 system with a SH-Rxi-5Sil MS capillary column (30 m x 0.25 mm x 0.25 µm), temperature programmed as follows: 60°C (held for 2 minutes), 60°C−120°C (at 10°C/min), 120°C−240°C (at 5°C/min) and 240°C (held for 5 minutes). The carrier gas was helium at a flow of 2.0 mL/min. Injection volume was 1 µL, and the split ratio was 1:20. Mass spectra were taken at 70 eV. Scan mass range was from 50-900 m/z at a sampling rate of 1.0 scan/s. The components of the oil were identified by their retention time, mass spectra, and computer matching with the NIST MS Version 2.2 library. The percentage composition of the identified compounds was calculated from the GC peak areas and expressed as relative percentages. The analysis of the essential oil is the average of three replicates [14],[15].
3. Results and Discussion
3.1. Determination of total polyphenol content in the rhizome of  H. occulta samples
Determination of total polyphenol content in the rhizome of H. occulta samples was conducted according to the method presented in Section 2.4.1. The calibration curve of gallic acid is shown in Table 2 and Fig. 1. The total polyphenol content of H. occulta samples collected in Vietnam is presented in Table 2.

Table 2. The data of the calibration curve of gallic acid
	No.
	The concentration of gallic acid (mg/mL)
	Absorbance (AU)

	1
	0.137
	0.146

	2
	0.274
	0.290

	3
	0.548
	0.536

	4
	0.822
	0.802

	5
	1.096
	1.047



[image: ]
Fig. 1. Calibration curves for gallic acid


Table 3. Total polyphenol content in the rhizome of  H. occulta samples collected in Vietnam
	No.
	Sample ID
	The content of total polyphenol*
(mean ± SD, n=3)
	No.
	Sample ID
	The content of total polyphenol*
(mean ± SD, n=3)

	1
	M1
	1.28 ± 0.03
	9
	M9
	0.66 ± 0.02

	2
	M2
	1.25 ± 0.02
	10
	M10
	0.41 ± 0.02

	3
	M3
	1.19 ± 0.03
	11
	M11
	2.09 ± 0.04

	4
	M4
	1.52 ± 0.02
	12
	M12
	2.08 ± 0.03

	5
	M5
	1.11 ± 0.01
	13
	M13
	2.18 ± 0.02

	6
	M6
	1.06 ± 0.03
	14
	M14
	2.35 ± 0.05

	7
	M7
	1.03 ± 0.02
	15
	M15
	2.52 ± 0.03

	8
	M8
	0.25 ± 0.01
	16
	M16
	2.64 ± 0.03


* These results were calculated on a dry sample.


The total polyphenol content among these samples showed a wide fluctuation, from 0.25% to 2.64%. The H. occulta samples collected in Bac Ninh, Lai Chau, and Yen Bai provinces (M11-M16) had total polyphenol content greater than 2%, significantly higher than the total polyphenol content in the H. occulta samples collected in Lang Son (M1-M10).
3.2. Determination of total essential oil content in the rhizome of H. occulta samples
Determination of total essential oil content in H. occulta samples was conducted according to the method presented in Section 2.4.2. The results of total essential oil content analysis in H. occulta samples are presented in Table 3.

Table 3. Total essential oil content of the rhizome of H. occulta samples collected in Vietnam
	No.
	Sample ID
	The content of total essential oil*
(mean ± SD, n=3)
	No.
	Sample ID
	The content of total essential oil*
(mean ± SD, n=3)

	1
	M1
	0.70 ± 0.04
	9
	M9
	0.62 ± 0.04

	2
	M2
	0.58 ± 0.03
	10
	M10
	0.62 ± 0.02

	3
	M3
	0.92 ± 0.05
	11
	M11
	0.27 ± 0.03

	4
	M4
	0.92 ± 0.05
	12
	M12
	0.28 ± 0.04

	5
	M5
	0.69 ± 0.04
	13
	M13
	0.55 ± 0.03

	6
	M6
	0.71 ± 0.03
	14
	M14
	0.52 ± 0.04

	7
	M7
	0.58 ± 0.04
	15
	M15
	0.41 ± 0.03

	8
	M8
	0.69 ± 0.02
	16
	M16
	0.46 ± 0.02


*These results were calculated on a dry sample


The total essential oil content in the rhizome of H. occulta samples ranged from 0.27% to 0.92%.  In particular, the H. occulta samples collected in Lang Son (M1-M10) and Lai Chau (M13 and M14) have essential oil content greater than 0.5% and all meet the regulations in the monograph H. occulta in Vietnam Pharmacopoeia V. The H. occulta samples collected in Bac Ninh (M11 and M12) and Yen Bai (M15 and M16) have essential oil content lower than 0.5% and do not meet the standards of Vietnam Pharmacopoeia V [9].
[bookmark: _Toc197429400]3.3. GC/MS analysis of the essential oil from the rhizome of H. occulta 
The composition of the essential oil from the H. occulta samples was analyzed by GC/MS according to the conditions described in Section 2.4.3. The obtained results were presented in Table 4.

[bookmark: _Hlk215678152]Table 4. The composition of the essential oil from the rhizome of H. occulta samples
	No.
	Retention time (min)
	Compound
	Relative percentages (%)

	
	
	
	M1
	M2
	M3
	M4
	M5
	M6
	M7
	M8
	M9
	M10
	M11
	M12
	M13
	M14
	M15
	M16

	1
	6.568
	Sabinene
	0.73
	0.50
	
	0.24
	0.22
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	2
	7.171
	β-Myrcene
	0.51
	0.58
	0.26
	0.21
	0.21
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	3
	7.912
	δ-3-Carene
	0.98
	0.50
	0.64
	0.41
	0.36
	-
	0.35
	-
	0.38
	-
	0.69
	1.72
	0.65
	0.73
	2.20
	-

	4
	8.244
	α-Terpinene
	0.44
	0.27
	-
	0.26
	0.17
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	5
	8.555
	o-Cymene
	1.01
	0.86
	0.40
	0.57
	0.45
	-
	0.29
	-
	-
	-
	-
	0.79
	-
	-
	-
	0.49

	6
	8.766
	D-Limonene
	0.79
	0.71
	0.51
	0.45
	0.23
	-
	-
	-
	-
	-
	-
	0.42
	-
	-
	-
	0.35

	7
	9.106
	trans-β-Ocimene
	0.17
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	8
	9.579
	cis-β-Ocimene
	0.33
	0.39
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	9
	10.092
	γ-Terpinene
	0.96
	0.57
	0.47
	0.48
	0.33
	-
	0.29
	-
	-
	-
	-
	-
	-
	-
	-
	0.35

	10
	10.350
	Unknown
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	3.79
	3.12
	2.23
	
	2.65
	0.89

	11
	10.707
	6-Methyl-2-(2-oxiranyl)-5-hepten-2-ol
	0.66
	0.82
	0.53
	0.65
	0.71
	0.44
	0.81
	0.96
	1.05
	1.74
	-
	-
	-
	-
	-
	-

	12
	11.418
	(+)-4-Carene
	0.35
	0.28
	-
	0.13
	0.11
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	13
	11.521
	trans-Linalool oxide (furanoid)
	0.45
	0.63
	0.42
	0.49
	0.32
	0.37
	0.66
	0.81
	0.88
	1.38
	1.89
	1.58
	3.20
	2.57
	0.79
	2.52

	14
	12.508
	Linalool
	62.3
	61.27
	63.26
	67.35
	66.62
	68.43
	72.87
	71.76
	67.66
	50.49
	69.7
	74.35
	48.70
	71.75
	69.27
	73.10

	15
	12.555
	Hotrienol
	0.28
	0.42
	0.30
	0.32
	0.41
	0.40
	1.68
	1.34
	1.06
	1.72
	0.81
	0.36
	3.07
	-
	-
	0.33

	16
	13.477
	trans-Sabinene hydrate
	0.31
	0.22
	0.33
	0.45
	0.29
	-
	-
	-
	0.29
	-
	-
	-
	-
	-
	-
	-

	17
	14.454
	cis-2-p-Menthen-1-ol
	0.21
	-
	0.24
	0.33
	0.47
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	18
	15.599
	p-Mentha-1,5-dien-8-ol
	0.35
	0.26
	0.68
	0.41
	0.32
	0.70
	0.69
	-
	0.66
	1.20
	-
	0.62
	1.41
	-
	-
	-

	19
	16.636
	L-Terpinen-4-ol
	9.17
	7.56
	8.92
	12.88
	10.42
	4.77
	6.35
	6.62
	1.78
	4.57
	2.00
	8.01
	2.93
	3.47
	7.56
	5.66

	20
	16.888
	Crypton
	0.27
	0.34
	0.33
	0.45
	0.12
	-
	-
	-
	-
	-
	-
	0.59
	0.67
	-
	0.35
	-

	21
	17.035
	p-Cymene-8-ol
	0.16
	-
	0.23
	0.20
	0.98
	-
	0.51
	-
	0.76
	0.77
	0.48
	1.10
	2.07
	-
	0.28
	-

	22
	17.504
	α-Terpineol
	4.77
	4.77
	2.78
	2.45
	3.11
	1.21
	1.09
	1.14
	0.52
	0.99
	2.37
	0.79
	10.31
	1.00
	1.34
	0.40

	23
	18.345
	cis-Piperitol
	0.24
	-
	-
	0.36
	0.29
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	24
	19.390
	cis-Geraniol
	0.59
	0.67
	0.32
	0.22
	0.18
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	25
	19.617
	Citronellol
	-
	-
	-
	0.13
	0.27
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	26
	21.058
	trans-Geraniol
	2.11
	3.17
	1.36
	0.78
	1.02
	-
	-
	-
	-
	-
	-
	-
	6.58
	1.31
	1.25
	-

	27
	25.378
	E-Methylgeranate
	-
	-
	-
	0.16
	0.11
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	28
	26.799
	α-Terpinyl acetate
	0.31
	0.46
	-
	0.20
	0.21
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	29
	27.769
	cis-Geranyl acetate
	0.76
	1.11
	0.36
	0.21
	0.43
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	30
	29.002
	trans-Geranyl acetate
	1.5
	2.16
	0.79
	0.39
	0.27
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	31
	29.328
	β-Elemen
	-
	-
	0.23
	-
	-
	1.69
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	32
	30.928
	Caryophyllene
	0.23
	-
	0.43
	0.37
	0.33
	0.71
	0.60
	-
	1.16
	1.21
	-
	-
	-
	-
	-
	0.26

	33
	33.103
	Humulene
	0.37
	0.32
	0.71
	0.45
	0.49
	0.69
	-
	-
	-
	1.15
	-
	-
	-
	-
	-
	-

	34
	33.398
	Alloaromadendrene
	0.43
	0.56
	0.75
	0.37
	0.12
	-
	-
	-
	-
	0.83
	-
	-
	-
	-
	-
	-

	35
	35.443
	β-Selinene
	-
	-
	-
	-
	-
	-
	-
	2.06
	-
	-
	-
	-
	-
	-
	-
	-

	36
	36.545
	α-Muurolene
	0.25
	-
	0.51
	0.25
	0.17
	-
	-
	-
	-
	-
	-
	-
	1.06
	1.83
	-
	-

	37
	37.563
	γ-Cadinene
	0.32
	-
	0.65
	0.28
	0.18
	1.20
	-
	-
	-
	0.90
	-
	-
	-
	-
	1.64
	-

	38
	38.096
	δ-Cadinene
	1.54
	1.17
	3.32
	1.45
	2.77
	4.52
	0.93
	1.48
	0.87
	2.93
	-
	-
	4.94
	5.33
	5.35
	1.67

	39
	38.631
	Unknown
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0.60
	-
	-
	1.12
	1.02
	1.16
	1.01

	40
	39.334
	α-Calacorene
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0.68
	-
	-
	-
	-
	-
	-

	41
	40.223
	Unknown
	-
	-
	0.34
	-
	-
	1.05
	0.71
	-
	0.69
	1.63
	0.29
	-
	3.14
	2.54
	2.11
	1.68

	42
	40.882
	Nerolidyl acetate
	0.24
	0.40
	-
	-
	-
	0.39
	-
	-
	-
	1.30
	-
	-
	-
	-
	-
	-

	43
	41.206
	Spathulenol
	4.96
	7.11
	8.22
	4.61
	5.10
	11.90
	10.48
	11.68
	12.95
	19.92
	6.94
	2.00
	6.62
	6.63
	2.59
	8.09

	44
	41.363
	Caryophyllene oxide
	0.86
	1.27
	1.38
	1.03
	1.96
	1.48
	1.70
	2.16
	9.29
	4.91
	10.62
	4.21
	0.59
	1.60
	0.77
	2.99

	
	
	Total (%)	Comment by Ha Do: Định dạng cùng 1 hàng
	99.91
	99.35
	99.67
	99.99
	99.75
	99.95
	100.01
	100.01
	100.00
	98.92
	99.58
	99.66
	99.25
	99.78
	99.31
	99.82


	-: Not detected.


GC/MS analysis results showed that 44 different chemical components were identified in essential oils from H. occulta samples collected in different regions in Vietnam. Some components that appeared in most samples were linalool, 6-methyl-2-(2-oxiranyl)-5-hepten-2-ol, trans-linalool oxide, hotrienol, L-terpinen-4-ol, α-terpineol, δ-cadinene, and spathulenol. Linalool accounted for the highest relative percentage of peak area (48.70% to 74.35%), indicating that it is the major constituent in H. occulta essential oil, followed by the compound L-terpinen-4-ol (1.78% to 12.88%), spathulenol (2.00% to 19.92%), and caryophyllene oxide (0.59% to 10.62%).
The H. occulta samples collected in Lang Son (M1-M10) show similar chemical compositions in essential oils. Meanwhile, samples collected in other regions (M11-M16) contain fewer components than samples collected in Lang Son. 
3.4. Discussion
Thien nien kien (Rhizoma Homalomenae occultae), primarily used for treating rheumatism and bone and joint pain, particularly effective for the elderly and frail, is a promising medicinal herb with an estimated annual wild collection yield of 200 to 500 tons [14]. However, the number of studies on chemical composition analysis and quality assessment of Rhizoma H. occulta is currently limited. In Vietnam, H. occulta is widely distributed, so the quality of this medicinal herb in different regions is an issue that needs to be researched.
This study evaluated the essential oil content and composition, total polyphenol content of sixteen samples of the rhizome of H. occulta collected in four different provinces, of which ten samples were collected in Lang Son, two samples in Bac Ninh, two samples in Lai Chau, and two samples in Yen Bai. The selected quality assessment criteria are the content of total polyphenol and the content of total essential oil. The results obtained show that these two criteria have opposite trends in these samples. The samples collected in Lang Son had higher essential oil content than the remaining samples, while polyphenol content was lower. This may be due to differences in geographical location and climate characteristics in the regions, leading to differences in metabolic profiles in the sample. These findings suggest the need for further studies on developing suitable growing areas for H. occulta. The total polyphenol content in 16 samples of H. occulta ranged from 0.25% to 2.64%. The polyphenol content in the Thien nien kien reached 7.75% [12]. Currently, there is no published research on the polyphenol content in the H. occulta samples collected in Vietnam, so the results obtained in this study provide more information about the phytochemistry of this herb in Vietnam. Analysis of the obtained essential oil composition revealed that linalool is the main component, accounting for 48.70% to 74.35%. Linalool is a monoterpene with numerous biological activities, such as antibacterial, anti-inflammatory, anti-cancer, and antioxidant effects [11]. In addition to linalool, the component L-terpinen-4-ol is a natural monoterpene found in the essential oil from the rhizome of H. occulta, which has antiviral, antibacterial, antifungal, and insecticidal properties as well as antioxidant and anti-inflammatory effects [12],[13]. Identifying the main chemical components in the essential oil from the rhizome of H. occulta is important and provides a scientific basis to demonstrate the use of this medicinal herb in remedies for rheumatism, strengthening tendons and bones, and alleviating bone pain. Luu Dam Ngoc Anh reported that the total essential oil content in the rhizome of  H. occulta samples collected in Vietnam reached 0.718%, and linalool accounted for 8.6% to 63.394%. Meanwhile, H. occulta samples collected in China have an essential oil content of 0.79-0.84%, with linalool ranging from 11.1% to 47.7% [14]. Our study showed that the essential oil content in H. occulta samples ranges from 0.27% to 0.92%, and the main chemical component is linalool, accounting for over 40% of the chemical composition in the essential oil. This result shows that the rhizome of H. occulta samples collected in Vietnam are of good quality and have great potential to exploit and develop products from this medicinal source.
4. Conclusion
The study determined the total polyphenol content and essential oil content in the rhizome of H. occulta samples collected in Lang Son. Total polyphenol content ranged from 0.25% to 2.64%, while essential oil content ranged from 0.27% to 0.92%, meeting the quality evaluation criteria (essential oil content) specified in the Vietnamese Pharmacopoeia V [9]. GC/MS analysis of the essential oil revealed the presence of compounds such as 6-methyl-2-(2-oxiranyl)-5-hepten-2-ol, trans-linalool oxide, hotrienol, L-terpinen-4-ol, α-terpineol, δ-cadinene, spathulenol, and notably linalool, which accounted for over 40% (based on peak area ratio). These results provide valuable data on the chemical composition and quality of the rhizome of H. occulta. 
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Summary
This study aimed to establish an in-house quality standard for Prunellae spica (PS) based on the Vietnamese Pharmacopoeia V, incorporating enhanced qualitative and quantitative specifications. The evaluated criteria included description, powder, water content, total ash, acid-insoluble ash, identification by chemical reaction and thin-layer chromatography, quantification of rosmarinic acid using high-performance liquid chromatography with diode array detection according to the Chinese Pharmacopoeia (2020), extractives, and foreign matter. Quantitative analysis of eight PS samples revealed that the rosmarinic acid content ranged from 0.172% to 0.860%, calculated with reference to the dried drug. The developed in-house standard was subsequently applied for the quality assessment of PS samples collected from the market.
Keywords: In-house standard; Prunellae spica; Qualitative and quantitative analysis; HPLC-ĐA; Rosmarinic acid.


1. Introduction
Prunellae spica (PS) is the dried fruiting spike (infructescence) of Prunella vulgaris L. (Lamiaceae) [1]. The species thrives in bright and humid environments, typically forming small, localized clusters with limited overall biomass. It can be propagated by seed, with flowering occurring approximately 75–90 days after cultivation. The blooming season extends from April to June, followed by fruiting from July to October. P. vulgaris L. is native to temperate regions across Europe and Asia, with a distribution covering China, Japan, India, and several European countries. In Vietnam, this species is found in cool, moist mountainous regions such as Sa Pa (Lao Cai Province), Tam Dao (Phu Tho Province), Mau Son (Lang Son Province), as well as in other provinces, such as Tuyen Quang, Lai Chau, and Quang Ngai. Traditionally, P. vulgaris L. has been used in folk medicine to treat various diseases such as epiphora, scrofula, goiter, mastitis, neurodermatitis, furuncles, tinea corporis, and psoriasis [2].
P. vulgaris L. contains abundant active components, including triterpenoids, sterols, phenolics, flavonoids, coumarins, phenylpropanoids, polysaccharides, and volatile oils [3]. In the Vietnamese Pharmacopoeia V (VP V), the monograph for PS includes criteria description, powder, water content, total ash, acid-insoluble ash, extractives, foreign matter, and identification by chemical reaction and thin-layer chromatography (TLC) using reference herbal material. However, quantitative assays have not yet been established. Among its phytochemical constituents, rosmarinic acid (RA) and ursolic acid (UA) are considered major bioactive compounds with diverse pharmacological effects. Numerous studies have demonstrated that RA exhibits anti-inflammatory, antioxidant, antidiabetic, antiviral, antitumor, neuroprotective, and hepatoprotective properties [4]. Likewise, UA possesses anti-inflammatory, antioxidant, anti-apoptotic, and anticancer activities [5]. In the Chinese Pharmacopoeia (CP) [6] and the Hong Kong Chinese Materia Medica Standards (HKCMMS) [7], RA is employed as a quality control marker for PS, whereas UA is used for the same purpose in the European Pharmacopoeia (EP) [8]. Therefore, this study was conducted to upgrade an in-house standard for PS according to the VP V and CP in terms of qualitative and quantitative specifications.
2. Materials and methods
2.1. Materials
Samples of Prunellae spica were collected from several provinces in Vietnam (Table 1) and identified based on morphological characteristics by Assoc. Prof. Pham Thanh Huyen, National Institute of Medicinal Materials. The plant materials were then oven-dried at 50°C and ground into powder before extraction.

Table 1. List of the test samples
	No.
	Samples
	Location
	Collection time

	1
	M1
	SaPa, Lao Cai*
	06.2025

	2
	M2
	Quan Ba, Ha Giang
	06.2025

	3
	M3
	Dong Van, Ha Giang
	07.2025

	4
	M4
	Sin Ho, Lai Chau
	07.2025

	5
	M5
	Dong Van, Ha Giang
	07.2025

	6
	M6
	SaPa, Lao Cai
	07.2025

	7
	M7
	Quan Ba, Ha Giang
	07.2025

	8
	M8
	Quan Ba, Ha Giang
	07.2025

	9
	TT1
	Lan Ong Street, Hanoi
	08.2025

	10
	TT2
	Lan Ong Street, Hanoi
	08.2025

	11
	TT3
	Lan Ong Street, Hanoi
	08.2025

	12
	TT4
	Lan Ong Street, Hanoi
	08.2025


Samples M1-M8 were used to upgrade an in-house standard for PS; * Sample M1 was used for HPLC method validation; Samples TT1-TT4 were collected on the market.


2.2. Chemicals
- Reference substances: Rosmarinic acid (CAS No. 20283-92-5; Lot No. CNF99103; purity 98%) and ursolic acid (CAS No. 77-52-1; Lot No. CNF97259; purity 98%) were purchased from ChemFaces (China).
- Reference medicinal materials: PS (Lot No. HP0125120) was obtained from the National Institute of Drug Quality Control (Vietnam).
- Solvents and reagents: Solvents and chemicals used for TLC and HPLC were purchased from Merck (Germany). All solvents and reagents used for extraction and sample preparation in quantitative analysis were of analytical grade. TLC F254S silica gel plates (Merck) were used for chromatographic analysis.
2.3. Instruments
The HPLC system (Shimadzu, Japan) used for analysis consisted of an LC-20AD pump, a SIL-20AHT autosampler, and a DAD detector. Data acquisition and processing were performed using LabSolutions software. The chromatographic separation was carried out on an Agilent C18 column (250 × 4.6 mm, 5 μm).
2.4. Methods
2.4.1. Description, powder, water content, total ash, acid-insoluble ash, extractives, foreign matter: 
These criteria were determined in accordance with the procedures described in the VP V.
2.4.2. Identification:
a. Identification by chemical reaction: Performed according to the PS monograph in the VP V.
b. Identification by TLC: 
- Test solution: Accurately weigh approximately 2.5 g of PS powder, add 30 mL of 70% ethanol, sonicate for 30 minutes, then filter. Concentrate the filtrate to dryness, and dissolve the residue in 5 mL of ethanol to obtain the solution.
- Reference medicinal material solution: Accurately weigh approximately 2.5 g of PS reference material powder and prepare in the same manner as the test solution.
- Reference substance solution (1): Dissolve rosmarinic acid reference standard in methanol to obtain a concentration of 0.1 mg/mL.
- Reference substance solution (2): Dissolve ursolic acid reference standard in methanol to obtain a concentration of 0.5 mg/mL.
- Chromatographic conditions:
Stationary phase: Pre-coated silica gel 60 GF254 TLC plates (Merck), activated at 100°C for 30 minutes.
Mobile phase (MP):
+ Condition I: cyclohexane – chloroform – ethyl acetate – glacial acetic acid (20:5:8:0.5, v/v/v/v) 
+ Condition II: cyclohexane – ethyl acetate – isopropanol – formic acid (15:3:3.5:0.5, v/v/v/v) 
+ Condition III: n-hexane – ethyl acetate – isopropanol – formic acid (8:3:1.25:0.1, v/v/v/v).
+ Condition IV: toluene – ethyl acetate – acetone – formic acid (5:2:1:0.75, v/v/v/v).
Detecting reagent: 10% sulfuric acid in ethanol.
Procedure: Spot 5 μL of the test solution and each reference solution separately on the TLC plate. Develop the chromatogram according to the VP V, Appendix 5.4. After the solvent front has migrated approximately 8 cm, remove the plate and allow it to dry at room temperature. Then, spray with the detecting reagent, heat at 120°C until clear spots appear, and observe under visible light.
2.4.3. Quantification of rosmarinic acid: 
The content of rosmarinic acid in PS samples was determined by HPLC according to the PS monograph in the CP (2020), with minor modifications to suit the laboratory conditions.
· Chromatographic conditions: 
- Column: C18 (250 × 4.6 mm, 5 µm)
- Flow rate: 1 mL/min
- Injection volume: 10 µL
- Detection wavelength: 330 nm
- Mobile phase: methanol – 0.1% trifluoroacetic acid (42:58, v/v)
· Preparation of solutions:
Test solution: Accurately weigh about 0.2500 g of PS powder into a stoppered conical flask. Add exactly 50 mL of 50% ethanol, weigh the flask, sonicate for 30 minutes, allow to cool, and reweigh. Compensate for any weight loss with 50% ethanol, mix well, and filter through a 0.45 µm membrane filter to obtain the test solution.
Standard solution: Accurately weigh an appropriate amount of rosmarinic acid reference standard and dissolve in methanol to prepare standard solutions with concentrations  ranging from approximately 4 µg/mL to 500 µg/mL.
The rosmarinic acid content in the test sample was calculated according to the following formula:

	X (%) =
	C x
	50
	x
	100
	x
	100

	
	
	1000
	
	100 - h
	
	m




In which: X (%): the content of rosmarinic acid in test sample calculated with reference to the dried substance; C: the concentration of analyzed compound in the sample solution from the calibration curve equation (µg/mL); m: weight of  the tested sample taken to prepare the sample solution (g); h: water content of test sample (%).
3. Results and Discussion
3.1. Identification
3.1.1. Identification by chemical reaction:
All samples gave positive results in the reactions described in Section 2.4.2a. 
3.1.2. Identification by TLC:
After performing the procedure described in Section 2.4.2b, the obtained chromatograms are shown in Fig. 1.
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Fig. 1. Results of the investigation of TLC conditions
(UA: ursolic acid; RA: rosmarinic acid; M1: sample M1; DL: reference medicinal material)
[image: ]
Fig. 2. TLC chromatograms for the identification of PS samples (M1–M8)
UA: ursolic acid; RA: rosmarinic acid; M1-M8: sample M1-M8; DL: PS reference medicinal material

Condition III was selected as the optimal mobile phase for the identification of RA and UA in PS samples. This condition allows simultaneous detection of both compounds, providing Rf values within the suitable range (RA: Rf = 0.2; UA: Rf = 0.8). The chromatographic spots are compact, well-resolved, and produced using solvents of low toxicity. The chromatograms of the test solutions exhibit spots with the same Rf values and colors as those of the corresponding reference solutions (Fig. 2).
3.2. Quantification of rosmarinic acid by HPLC 
The HPLC method was validated following AOAC guidelines [9].
3.2.1. Method validation:
a) System suitability:
System suitability was verified by making six consecutive injections of the reference substance solutions. RSD (%) of retention time and peak areas were all under 2% (Table 2). These results indicate that to system suitability criteria. 

Table 2. System suitability testing (n=6)
	Parameter
	RA (65.5 μg/mL)

	
	Mean
	RSD (%)

	Retention time, tR (min)
	13.814
	0.23

	Peak area (mAu.s)
	1804058
	0.75



b) Selectivity:
The experiment was performed with a blank sample, RA, and sample solutions according to the analytical procedure. The obtained chromatograms are shown in Fig. 3. The peak signal of RA is sharp and well separated. Comparison of the UV spectrum of RA in the test sample and the standard sample showed that the matching ratio was above 0.99, indicating that the analytical method met the requirements for specificity.
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	Fig. 3. Chromatograms for analysis of RA in PS under different conditions
(1): test sample; (2): rosmarinic acid; (3): blank sample
	Fig. 4. UV spectrum overlay





c) Calibration curve
The calibration curve was constructed by plotting the peak areas versus the concentrations of the analyte. The result showed satisfactory linearity in the concentration ranges of 4.09  524.00 μg/mL for RA (Fig. 5 and Table 3). The calibration curve has R2 > 0.99 and bias < 15%, indicating that there is a good linear correlation between the concentration of rosmarinic acid and the peak area. Therefore, the proposed method can be used for the quantitative analysis of RA.


Table 3. Linearity study data
	Concentration (µg/mL)
	Peak area (mAU.s)
	Deviation (%)

	524.00
	14897264
	0.09

	262.00
	7422351
	-0.02

	131.00
	3648914
	-1.20

	65.50
	1807457
	-1.14

	32.75
	898369
	0.23

	16.38
	440968
	2.36

	8.19
	220149
	9.99

	4.09
	97741
	14.97
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Fig. 5. Calibration curve of RA
d) Precision: 
Table 4. Precision study by the proposed procedure
	No.
	Rosmarinic acid content (%)

	
	Day 1
	Day 2
	

	1
	0.253
	0.254
	Average: 0.258%
RSD: 2.106%

	2
	0.258
	0.263
	

	3
	0.256
	0.266
	

	4
	0.262
	0.255
	

	5
	0.254
	0.259
	

	6
	0.254
	0.257
	

	Average
	0.256
	0.259
	

	RSD (%)
	1.219
	1.624
	




The intra- and inter-day precisions have been summarized in Table 4. The RSD (%) value of intra-day was less than 2% and the RSD (%) value of inter-day was under 4%. These results showed that the method had good precision (the analyte content is in the range of 0.1% – 1%).
e) Accuracy
The accuracy was evaluated by adding a known amount of rosmarinic acid at 3 different levels (50%, 100%, 150%) to the known sample and then extraction and analysis were done. 
Recovery (%) = 100 × Amount found/(Amount spiked + Initial amount). 
In which: Initial amount: the quantity of RA originally present in the unspiked sample (mg); Amount spike: the known quantity of RA added to the sample (mg); Amount found: the experimentally determined quantity of RA (mg).
The results showed that recovery rates of rosmarinic acid were in the range 92% - 105%. The results indicated that the accuracy of the method was acceptable.

Table 5. Recovery study of rosmarinic acid by the proposed procedure
	No.
	Initial amount (mg)
	Amount spiked (mg)
	Amount found (mg)
	Recovery (%)

	1
	0.552
	0.262
	0.799
	98.26

	2
	0.552
	0.262
	0.797
	97.95

	3
	0.552
	0.262
	0.796
	97.84

	4
	0.557
	0.524
	1.059
	97.98

	5
	0.557
	0.524
	1.062
	98.26

	6
	0.557
	0.524
	1.073
	99.32

	7
	0.546
	0.786
	1.279
	96.01

	8
	0.546
	0.786
	1.267
	95.13

	9
	0.546
	0.786
	1.279
	96.03

	Mean
	
	
	
	97.42

	RSD (%)
	
	
	
	1.32




f) Limit of Detection (LOD) and Limit of Quantification (LOQ)
LOD and LOQ values were determined by LOD was defined as a signal-to-noise ratio of 3:1 and a LOQ 9-10 times the level of noise in the samples. LOD and LOQ were estimated to be 0.22 µg/mL and 0.73 µg/mL for RA.
3.2.2. Sample analysis
The quantification results are presented in Table 6.

Table 6. The content of RA in the PS samples (n = 3)
	No.
	Samples
	RA content (Avg. ± SD) (%)

	1
	M1
	0.860 ± 0.022

	2
	M2
	0.391 ± 0.008

	3
	M3
	0.172 ± 0.006

	4
	M4
	0.216 ± 0.006

	5
	M5
	0.266 ± 0.002

	6
	M6
	0.269 ± 0.008

	7
	M7
	0.188 ± 0.007

	8
	M8
	0.254 ± 0.002

	VP V
	-

	CP (2020)
	≥ 0.20

	HKCMMS
	≥ 0.041

	Proposal
	≥ 0.20




Quantitative analysis showed that the RA content in PS samples collected from different regions of Vietnam varied notably, ranging from 0.172 ± 0.006% (Dong Van, Ha Giang) to 0.860 ± 0.022% (Sa Pa, Lao Cai). According to the CP (2020), the RA content in PS should not be less than 0.20%, whereas the HKCMMS set a much lower limit (≥ 0.041%). Both pharmacopoeias employ the HPLC-DAD method using a mobile phase composed of methanol and 0.1% trifluoroacetic acid. The variation in RA content among samples may be attributed to differences in ecological conditions and geographic origins. As the PS monograph in the VP V does not specify a quantitative requirement for RA, we propose that the RA content in PS should not be less than 0.20% according to the CP (2020), calculated with reference to the dried drug.
3.3. Proposal for an in-house Standard for Prunellae spica
The upgrading of the in-house standard for Prunellae spica based on the Vietnamese Pharmacopoeia V, with improvements in both qualitative and quantitative specifications, is shown in Table 7.

Table 7. Proposal for an in-house Standard for Prunellae spica
	Criteria
	· VP V
	· CP (2020)
	· HKCMMS
	Results
	Proposal

	· Description
	
	
	
	Cylindrical spikes, 1.5–8 cm long and 0.8–1.5 cm in diameter, are light brown to reddish brown in color. Each spike consists of more than ten calyces and bracts. Each whorl bears two opposite, fan-shaped bracts with an acuminate apex and distinct vein striations, densely covered with white hairs on the outer surface. Each bract contains three small flowers, whose corollas often fall off. The calyx is bilabiate and encloses four small, brown, ovoid nutlets with a white, convex area at the acute end. Texture light and brittle; odor slight; taste weak
	· The medicinal material must exhibit the characteristics as described

	· Powder
	
	
	
	Dark brown powder; odor slight; taste weak. Multicellular trichomes (5–7 cells), sometimes very long, with a dotted surface. Fragments of the lower epidermis of the leaf show stomata. Epidermal cells of the calyx have sinuous walls. Fragments of branch parenchyma consist of rectangular cells arranged alternately. Calcium oxalate crystals are spherical with blunt spines. Scalariform, spiral, and reticulate vessels are present. The stigma consists of elongated cells radiating like fan spokes
	· The medicinal material powder must exhibit the characteristics as described

	Water content (%)
	≤ 12.0
	· ≤ 14.0
	· ≤ 15.0
	· 7.8 ± 0.2   10.9 ± 0.2
	· ≤ 12.0

	Total ash (%)
	· ≤ 13.0
	· ≤ 12.0
	· ≤ 10.0
	· 5.6 ± 0.1  8.5 ± 0.1
	· ≤ 13.0

	Acid-insoluble ash (%)
	· ≤ 3.0
	· ≤ 4.0
	· ≤ 1.5
	· 0.8 ± 0.1  2.2 ± 0.1
	· ≤ 3.0

	Identification by chemical reaction
	
	×
	×
	· Positive in the qualitative test
	· The medicinal material must show positive reactions in the qualitative tests

	Identification by TLC
	PS reference medicinal material
	RA
	UA
	· The chromatogram of the test solution exhibits spots with the same Rf values and colors as those of the reference solutions (PS reference medicinal material, RA, UA)
	· The chromatogram of the test solution must exhibit spots with the same Rf values and colors as those of the reference solutions

	Quantification  RA content (%)
	×
	· ≥ 0.20
	· ≥ 0.041
	· 0.172 ± 0.006  0.860 ± 0.022
	· ≥ 0.20

	Extractives (%)
	≥ 7.0
· (96% ethanol)
	≥ 10.0 (water)
	≥ 10.0 (water);
≥ 6.0
· (96% ethanol)
	· 7.2 ± 0.2  11.8 ± 0.1
· (96% ethanol)
	≥ 7.0
· (96% ethanol)

	Foreign matter (%)
	Stems
	· ≤ 5.0
	· ≤ 5.0
	· ≤ 1.0
	· 1.2 ± 0.1 3.5 ± 0.1
	· ≤ 5.0

	
	Other
	· ≤ 1.0
	· ≤ 1.0
	×
	· 0.3 ± 0.2  0.8 ± 0.2
	· ≤ 1.0

	·  criterion available, × criterion not available.
· 




3.4. Utilizing the developed in-house standard for quality assessment of PS samples collected on the market
The developed in-house standard was applied to evaluate the quality of several PS samples (TT1-TT4) collected on the market, and the results are presented in Table 8.

Table 8. Quality assessment results of several PS samples on the market
	Samples
	Water content (%)
	Total ash (%)
	Acid-insoluble ash (%)
	Identification

	TT1
	7.2  ± 0.1
	8.5 ± 0.1
	2.1 ± 0.1
	Conforms to the description (Fig. 6)

	TT2
	11.3 ± 0.1
	8.1 ± 0.1
	1.9 ± 0.1
	

	TT3
	9.4 ± 0.1
	7.4 ± 0.1
	1.6 ± 0.0
	

	TT4
	11.1 ± 0.1
	5.4 ± 0.1
	1.2 ± 0.1
	

	
	Quantification
RA content (%)
	Extractives (%)
	Foreign matter

	
	
	
	Stems (%)
	Other (%)

	TT1
	0.42 ± 0.01
	5.8 ± 0.1
	3.3 ± 0.2
	0.6 ± 0.1

	TT2
	0.83 ± 0.03
	7.7 ± 0.2
	2.6 ± 0.1
	0.3 ± 0.1

	TT3
	0.53 ± 0.00
	10.2 ± 0.1
	2.9 ± 0.1
	0.6 ± 0.3

	TT4
	0.81 ± 0.02
	11.6 ± 0.1
	1.5 ± 0.1
	0.4 ± 0.1
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Fig. 6. TLC chromatograms for the identification 
of PS samples (TT1–TT4)
UA: ursolic acid; RA: rosmarinic acid; TT1-TT4: sample TT1-TT4; DL: Prunellae spica reference medicinal material

Descriptions of the medicinal herbs and powders from the four samples exhibited the morphological and microscopic characteristics described in Section 3.4. Sample TT1 showed the lowest ethanol-soluble extractive value (5.8% in 96% ethanol), which did not comply with the specified limit. In contrast, samples TT2, TT3, and TT4 met the extractive criterion, ranging from 7.7% to 11.6%. The RA content of all samples met both the in-house standard and the CP (2020) requirements, ranging from 0.42% to 0.83%. Overall, all four samples (TT1–TT4) satisfied the specifications of the developed in-house standard with respect to description, powder, water content, total ash, acid-insoluble ash, qualitative and quantitative identification, and foreign matter.
3.7. Discussion
The results for description, powder, water content, total ash, foreign matter, acid-insoluble ash, extractives, and identification by chemical reactions complied with the requirements specified in the PS monograph of the VP V. The VP V monograph does not include any marker compounds for either qualitative or quantitative analysis. In comparison, RA is used as a quality control marker for PS in the CP (2020), while UA serves as a marker in the EP. In this study, both compounds were simultaneously examined to enhance the analytical scope of the in-house standard. However, due to the poor UV absorption of UA, only RA was quantified in accordance with the CP (2020) method, and UA was employed as a qualitative marker in the standard.
Quantitative analysis of both research and market samples revealed a wide variation in RA content (0.172% – 0.860%), which is consistent with previously reported studies. Several investigations worldwide have determined the RA content in PS mainly using HPLC. Liu et al. (2014) reported that RA content in 14 samples collected from different regions in China ranged from 0.0423 mg/g to 0.5687 mg/g [10]. RA has been identified as the major phenolic compound in PS, accounting for approximately 0.28% of the dried material, and its content increases slightly (to about 0.3%) when the influence of UV radiation is excluded [11]. Guo et al. (2012) further demonstrated that RA content varies with harvest time, reaching a maximum of 0.57% (on May 5) and a minimum of 0.17% (on June 25), suggesting that early May may represent the optimal harvest period for achieving superior quality [3]. Overall, the observed variability in the chemical quality of PS samples can be attributed mainly to differences in ecological conditions, geographical origins, and harvest periods.
4. Conclusion
An upgraded in-house quality standard for PS was established with the following specifications: description; powder; water content ≤ 12.0%; total ash ≤ 13.0%; acid-insoluble ash ≤ 3.0%; identification by chemical reactions and TLC (compared with the reference medicinal material and two reference substances RA and UA); quantification of rosmarinic acid by HPLC with a minimum required content of ≥ 0.20%, calculated with reference to the dried drug; extractives ≥ 7.0%; and foreign matter limited to stems ≤ 5.0% and other impurities ≤ 1.0%. The quality of several PS samples collected from the market was subsequently evaluated based on this in-house standard, demonstrating its applicability and reliability for routine quality assessment.
Acknowledgments: The study was supported by the National Institute of Medicinal Materials - Ministry of Health (Vietnam) on the project (Contract No. 09/2024/HĐ-NVCV-HPTTC) "Research to upgrade an in-house standard for Prunellae spica".
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Summary
This study successfully established and validated a High-Performance Thin-Layer Chromatography (HPTLC) method, HPTLC Scanner Method for the simultaneous quantification of two marker carotenoid compounds, lycopene and β-carotene, in the aril of Gac (Momordica cochinchinensis Spreng.). This method provides a rapid, cost-effective, and reliable analysis. The validation results, conducted according to international standards (ICH and AOAC), indicated that the new method possesses high reliability, with intra-day and inter-day precision both being below 5%, and the accuracy falling within the acceptable range of 96.50% to 102.12%. The content of the two marker carotenoid compounds in ten samples of Gac seed aril collected in Vietnam revealed significant variability: lycopene ranged from 0.03% to 1.01%, and β-carotene ranged from 0.09 to 1.43 mg/g. The quantification results obtained by the HPTLC-scanner method showed a very high correlation with the previously developed High-Performance Liquid Chromatography (HPLC-DAD) method (R2 > 0.95).
Keywords: Momordica cochinchinensis (Lour.) Spreng.; HPTLC scanner; Validation method; Lycopene, β-carotene. 


1. Introduction
Gac (Momordica cochinchinensis (Lour.) Spreng., which belongs to the Cucurbitaceae family, originates from the South and Southeast Asian regions, including Vietnam and China [1],[2]. In traditional Vietnamese medicine, Gac is widely used, particularly for the deep red natural coloring in Gac sticky rice, and traditional Gac oil is applied in the supportive treatment of visual disorders (dry eyes, night blindness) [3],[4]. The Gac seed aril, which is the dark red membrane enveloping the seed, has been identified as the component with the highest nutritional and pharmacological value in the fruit. This seed aril has an exceptionally high carotenoid content, notably lycopene and β-carotene, with concentrations exceeding those found in common plant sources, such as tomatoes and carrots [3],[5]. Regarding lipid composition, oil accounts for approximately 22% of the aril’s dry weight, with the major fatty acids including oleic acid (32%), palmitic acid (29%), and linoleic acid (28%) [3]. Furthermore, the presence of phenolic and flavonoid compounds contributes to the strong antioxidant capacity [6]. Studies have demonstrated that extracts from Gac seed aril possess potent anticancer activities, including the ability to exhibit potential anticancer activity against breast cancer and melanoma cells through the activation of programmed cell death [2],[6]. Moreover, Gac is also recognized for other biological effects such as improving fatty liver conditions, controlling obesity, and regulating the gut microbiota [7]. 
Currently, Gac products (Gac oil, Gac powder, and functional foods) are widely available in the market; therefore, quality control and quantifying active ingredients has become crucial [8]. The research group prioritized the establishment and development of an HPLC-DAD method for the simultaneous quantification of lycopene and β-carotene in Gac seed aril [9]. However, because carotenoids are a group of easily degradable compounds, analysis must be carried out quickly. To optimize the procedure and minimize the risk of sample degradation, the research group incorporated an HPTLC scanner. The HPTLC method is applied for preliminary and rapid screening of the main components in Gac seed aril, serving as a quick check before proceeding with precise quantification via HPLC. The combination of HPTLC and HPLC provides a flexible and cost-effective solution, particularly suitable for research and quality control of Gac seed aril.
2. Experimental
[bookmark: _Toc495482753]2.1. Samples
A selection of ten samples of Gac seed aril was collected randomly from different regions  in Vietnam. The identity of these samples was formally authenticated by the Center for Medicinal Plant Resources at the National Institute of Medicinal Materials using morphological comparison methods [10]. All plant materials were dried at 50 ºC and stored in vacuum-sealed bags shielded from light using an external black bag until needed for analysis. Moisture content was quantified via the solvent distillation method as prescribed in Appendix 12.13 of the Vietnamese Pharmacopoeia V (VP V).
2.2. Chemicals
β-Carotene standard was purchased from Chemfaces, China (CAS: 7235-40-7; Lot: CFS202202; purity 98%), and lycopene (CAS: 502-65-8, Lot: 000220023, purity 98%) from Sigma-Aldrich.
Solvents and chemicals used for analysis by HPLC (acetonitrile, methanol) from Merck. Solvents and chemicals used to extract and prepare samples for quantitative analysis were all of analytical grade (P.A.).
2.3. Instruments 
The HPLC system (Shimadzu, Japan) used for the analysis consisted of a binary pump LC-20AD, a SIL-20A HT autosampler, a CTO-10AS column oven, a diode-array detector (SPD-M20A), and an Agilent Eclipse Plus C18 column (250 x 4.6 mm, 5 µm).
The HPTLC system (Camag, Japan) used for the analysis consisted of Linomat 5 sample applicator, automatic developing chamber 2, TLC scanner 4, TLC visualizer 3, dosage syringe 100 μL for Linomat, vision CATS software, and HPTLC Silica gel 60 F254S 25 glass plates 20 x 20 cm Merck.
2.4. Methods
2.4.1. Preparation of standard solutions:
Stock standard solutions of the carotenoid were initially prepared as 1000 μg/mL in n-hexane – acetone – ethanol (2:1:1, v/v/v) solvent, and then diluted with n-hexane – acetone – ethanol (2:1:1, v/v/v) solvent. Carotenoids utilized in the analysis were β-carotene and lycopene. Working concentrations were 6.25, 12.50, 25.00, 50.00, and 100.00 μg/mL for lycopene, 3.91, 7.81, 15.63, 31.25, 62.50, and 125.00 μg/mL for β-carotene. 
2.4.2. Preparation of sample solution:
All crude drug samples were powdered to a homogeneous size using a mill. Each Gac seed aril sample was accurately weighed (1 g) and extracted twice with 25 mL of n-hexane – acetone – ethanol (2:1:1, v/v/v) solvent in a shaker for 30 min each time. The pooled extracts were adjusted to volume with the solvent mixture n-hexane – acetone – ethanol (2:1:1, v/v/v), shaken well to obtain the extract. The extract was filteredthrough a 0.45 µm filter to obtain the sample solution for HPLC analysis. The working solutions were kept protected from light at −20°C until use [9]. 
2.4.3. Chromatographic conditions for HPLC analysis:
The samples were analyzed using acetonitrile (solvent A) and methanol (solvent B) as a mobile phase. The isocratic program was set at 30% B for 40 minutes at a flow rate of 1.5 mL/min. The mobile phase was filtered through 0.45 µm PTFE membrane filters and degassed using an ultrasonic bath before analysis. The injection volume of standards and sample solutions was 10 µL. The wavelength was set at 475 nm for monitoring the chromatographic profile. All measurements were done in triplicate [9]. 
2.4.4. Developing a quantitative method for lycopene and β-carotene in Gac seed aril using TLC-Scanner:
2.4.4.1. Chromatographic Optimization Study:
- The wavelength was set at 475 nm.
- Mobile phase investigation: various mobile phase solvent systems with different constituent components were investigated. 
Chromatographic procedure: Separately spot 10 μL each of the sample solution and the standard solution. After developing the chromatogram and observing under visible light, the chromatogram of the sample solution mobile phase 4 provided compact peaks the chromatogram of the reference substance solution. The selected solvent system is one that yields spots with retention factor (Rf) values between 0.2 and 0.8, and where the spots on the TLC chromatogram are clearly separated.
- The sample loading volume: spotting volumes were investigated at different volumes: 5 µL, 10 µL, 20 µL, and 30 µL.
2.4.4.2. Method Validation:
Method validation was conducted following the guidelines established by AOAC and ICH, assessing parameters including specificity, suitability, linearity (calibration curve), repeatability, recovery, and limit of detection (LOD) [11],[12].
2.5. Calculation
The content of analyzed compounds in Gac seed aril samples was calculated as follows:


		(1)            	       (2)

Where Ct: the concentration of analyzed compounds in the sample solution from the calibration curve equation (μg/band); V: volume of the sample solution (mL); M: weight of sample taken to prepare the sample solution (g); a: the moisture of the sample (%).

3. Results and discussion
3.1. Survey of chromatographic conditions
3.1.1. Mobile phase:
Testing various mobile phase solvents, the separation efficiency was evaluated based on the retention factor (Rf). The results obtained are shown in Fig. 1.
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	Mobile phase 1:
n-hexane – acetonitrile (100:1, v/v)
	Mobile phase 2:
n-hexane – acetonitrile
(100:1.5, v/v)
	Mobile phase 3:
n-hexane – isopropanol
(100:1, v/v)
	Mobile phase 4:
n-hexane – acetone (100:1, v/v)


Fig. 1. TLC chromatograms of testing some different mobile phases
(L: lycopene; B: β-carotene; T: Gac seed aril sample)


The results showed that the Rf values of lycopene and β-carotene in four TLC chromatograms were all within the range 0.2-0.8. However, mobile phase 4 gives compact peaks and spots in the middle of the thin plate. Therefore, mobile phase 4 was selected for TLC chromatography.
3.1.2. Sample loading volume:
Survey different sample loading volumes in the range of 5 – 30 µL. The sample used for the survey was the extract of the Gac seed aril. The results obtained are shown in Table 1 and Fig. 2.

Table 1. Peak parameters of lycopene and β-carotene corresponding to different sample loading volumes
	Sample
loading volume
(µL)
	Lycopene
	β-Carotene

	
	Peak area
	The spot width (ΔRf)
	Peak area
	The spot width (ΔRf)

	5
	0.0026
	0.083
	not detected
	not detected

	10
	0.0095
	0.081
	0.0010
	0.065

	20
	0.0200
	0.113
	0.0028
	0.082

	30
	0.0326
	0.184
	0.0055
	0.090
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Fig. 2. Results of testing sample loading volumes
[bookmark: _Toc184127178]

[bookmark: _Toc184117837][bookmark: _Toc194573021][bookmark: _Toc194573173][bookmark: _Toc198177448][bookmark: _Toc194583187][bookmark: _Toc194680282]The sample injection volume is proportional to the received peak signal. The peaks are asymmetrical, and the spot width (ΔRf) is very large, affecting the analysis process when sample loading volumes are above 20 µL. Therefore, the sample loading volume is about 10 µL, which is suitable for the method. In this study, a sample loading volume of 10 µL was selected for the next steps.
3.2. Method validation
3.2.1. Specificity:
To evaluate the specificity of the method, conduct chromatography of blank sample, lycopene and β-carotene standard, and Gac seed aril sample solutions. The results are presented in Figures 3 and 4.
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	Mixed sample of lycopene and β-carotene standard
	Gac seed aril sample solution
	Blank sample


[bookmark: _Toc1841271781]Fig. 3. TLC chromatogram to evaluate the specificity
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	Lycopene
	β-Carotene


Fig. 4. UV spectra of the standard solution and test solution by HPTLC


The results obtained showed that clear and compact spots appeared in the test sample, with Rf values ​​coinciding with the lycopene and β-carotene standard solutions. The blank sample did not show any spots with Rf values ​​similar to the standard sample and the test sample. Furthermore, the match ratios for both lycopene and β-carotene in the sample solution compared to the standard solutions were greater than 0.99. These results collectively demonstrate that the constructed qualitative method meets the requirements for specificity.
3.2.2. System suitability:
Use a mixed sample of lycopene and β-carotene standards and repeat HPTLC analysis six times under the selected chromatographic conditions, record the Rf values ​​and peak areas. The results obtained are presented in Table 2.

Table 2. Results of system suitability assessment
	No.
	Lycopene
	β-Carotene

	
	Rf
	Peak area
	Rf
	Peak area

	1
	0.532
	0.0104
	0.682
	0.0298

	2
	0.526
	0.0105
	0.678
	0.0294

	3
	0.527
	0.0109
	0.678
	0.0287

	4
	0.521
	0.0102
	0.674
	0.0288

	5
	0.517
	0.0108
	0.671
	0.0297

	6
	0.520
	0.0107
	0.672
	0.0296

	RSD (%)
	0.957
	2.5551
	0.569
	1.4373




The relative standard deviation (RSD, %) of the peak area and Rf value was less than 3%, showing that the chromatographic conditions selected and the HPTLC system used are appropriate and ensure the stability of quantitative analysis of lycopene and β-carotene.	
3.2.3. Linearity:
Prepare standard solutions with different concentrations in the range 0.06 – 1.00 µg/band for lycopene and 0.04 – 1.25 µg/band for β-carotene. Carry out HPTLC chromatography of the standard solutions after dilution according to the selected conditions, record the peak area value corresponding to each standard, thereby building a standard curve representing the relationship between the concentration of each standard in the solution and the peak area value obtained on the chromatogram. The results are shown in Fig. 5 and Table 3.

Table 3. Linearity study data
	Lycopene
	β-Carotene

	Concentration (μg/mL)
	Applied quantity (µg/band)
	Peak area
	Bias (%)
	Concentration (μg/mL)
	Applied quantity (µg/band)
	Peak area
	Bias (%)

	100.00
	1.00
	0.0100
	0.00
	125.00
	1.25
	0.0690
	0.26

	50.00
	0.50
	0.0053
	2.27
	62.50
	0.63
	0.0357
	-0.19

	25.00
	0.25
	0.0025
	-7.63
	31.25
	0.31
	0.0189
	-2.00

	12.50
	0.13
	0.0016
	7.22
	15.63
	0.16
	0.0110
	0.42

	6.25
	0.06
	0.0009
	-1.03
	7.81
	0.08
	0.0070
	4.05

	
	
	
	
	3.91
	0.04
	0.0050
	11.30
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Fig. 5. Calibration curves of lycopene and β-carotene

The calibration curves had Pvalue (intercept) > 0.05, correlation coefficient R2 > 0.99, indicating good linear correlation between β-carotene (lycopene) concentration and peak area value, the deviation is less than 15%, and no systematic error. Therefore, the developed method can be applied to the quantitative analysis of β-carotene and lycopene.
3.2.4 Repeatability:
[bookmark: _Toc184127162][bookmark: _Toc198206801]The results of the intra-day and inter-day repeatability assessment were presented in Table 4.

Table 4. Results of evaluating intra-day and inter-day repeatability
	No.
	Mass (g)
	Content lycopene (%)
	Content β-carotene (%)

	M1
	1.0023
	0.775
	0.067

	M2
	1.0091
	0.726
	0.067

	M3
	1.0187
	0.688
	0.061

	M4
	1.0270
	0.723
	0.062

	M5
	1.0130
	0.752
	0.067

	M6
	1.0007
	0.779
	0.066

	Mean (n = 6)
	0.741
	0.065

	RSD (%, n=6)
	3.982
	3.686

	M7
	1.0056
	0.756
	0.065

	M8
	1.0070
	0.719
	0.069

	M9
	1.0026
	0.734
	0.064

	M10
	1.0038
	0.727
	0.067

	M11
	1.0002
	0.760
	0.063

	M12
	1.0094
	0.769
	0.062

	Mean (n = 12)
	0.742
	0.065

	RSDr (%, n=12)
	4.594
	4.931




The obtained results showed that the RSD values ​​(%) for intra-day and inter-day repeatability assessment were less than 4.0%, proving that the developed method had high repeatability, stability, and was suitable for analyzing and quantifying β-carotene and lycopene in the Gac seed aril sample.

3.2.5. Limit of detection and limit of quantification:
[bookmark: _Toc184127163][bookmark: _Toc198206802]The limit of detection (LOD) and the limit of quantification (LOQ) were calculated by diluting sample solutions until signal-to-noise ratios of 3 and 10, respectively. LOD and LOQ of two substances were also calculated, as shown in Table 5.

Table 5. LOD and LOQ of lycopene and β-carotene
	
	
	Lycopene
	β-Carotene

	LOD
	Concentration (µg/mL)
	1.55
	0.985

	
	Content (%)
	0.008
	0.005

	LOQ
	Concentration (µg/mL)
	5.13
	3.25

	
	Content (%)
	0.026
	0.016




The results obtained showed that LOD and LOQ values of lycopene and β-carotene by the HPTLC scanner method were 1.55 µg/mL and 5.13 µg/mL for lycopene, 0.985 µg/mL and 3.25 µg/mL for β-carotene, respectively.
3.2.6. Accuracy:
The accuracy was evaluated by spiking the previously quantified sample with known amounts of β-carotene standard solution and lycopene standard in solid form at three different levels (50%, 100%, and 150%) relative to the inherent concentration found in the unspiked sample. Each experiment was repeated three times. Conduct HPTLC scanner analysis of spiked and unspiked samples, determine the amount of standard added based on the calibration curve equations, and calculate the recovery efficiency compared to the actual amount of standard added.

Table 6. The results of evaluating the accuracy (n=3)
	Compound
	Level
	Recovery rate (%)
	Mean (%)

	Lycopene
	50% spiked (3.71 mg)
	101.53
	98.57 ± 2.14

	
	100% spiked (7.41 mg)
	96.54
	

	
	150% spiked (11.12 mg)
	97.65
	

	β-Carotene
	50% spiked (0.33 mg)
	98.73
	100.60 ± 1.41

	
	100% spiked (0.65 mg)
	100.95
	

	
	150% spiked (0.98 mg)
	102.12
	




The results in Table 5 showed that the recovery rates of the two compounds were in the range of 96.54% – 102.12%. The results indicated that the accuracy of the developed method was acceptable.
[bookmark: _Toc198206803][bookmark: _Toc184127164]3.3. Applying the method to quantify β-carotene and lycopene in some Gac seed arils
Applying the HPTLC method to evaluate the content of β-carotene and lycopene in ten samples of Gac seed aril collected in Vietnam. The results obtained are presented in Table 7 and Fig. 6.
The results of evaluating the active ingredient content in ten samples of Gac seed aril showed that the lycopene content in Gac seed aril samples fluctuated greatly from 0.03 to 1.01%, and the β-carotene content in the test sample was in the range of 0.09 to 1.43 mg/g.

Table 7. Results of β-carotene and lycopene content in some samples 
of Gac seed aril collected in Vietnam by HPTLC scanner and HPLC-DAD methods
	No.
	Sample
	HPTLC scanner method (n = 3)
	HPLC-DAD method

	
	
	Mass (g)
	Lycopene
	[bookmark: _Hlk220142811]β-Carotene
	Lycopene
	β-Carotene

	
	
	
	Content (%)
	Mean (%)
	Content
(%)
	Content
(mg/g)
	Mean (mg/g)
	Content
(%)
	Content
(mg/g)

	1
	G1
	1.0087
	0.43
	0.41
	0.07
	0.73
	0.72
	0.44
	0.78

	
	
	1.0184
	0.39
	
	0.07
	0.69
	
	0.35
	0.68

	
	
	1.0054
	0.41
	
	0.08
	0.75
	
	0.46
	0.72

	2
	G2
	1.0776
	0.23
	0.22
	0.12
	1.19
	1.11
	0.17
	1.07

	
	
	1.0363
	0.22
	
	0.10
	1.04
	
	0.22
	1.26

	
	
	1.0915
	0.21
	
	0.11
	1.09
	
	0.18
	1.13

	3
	G10
	1.0255
	0.51
	0.50
	0.06
	0.63
	0.60
	0.54
	0.74

	
	
	1.0726
	0.48
	
	0.06
	0.58
	
	0.42
	0.65

	
	
	1.0457
	0.50
	
	0.06
	0.59
	
	0.49
	0.50

	4
	G12
	1.0398
	0.09
	0.09
	0.01
	0.10
	0.09
	0.09
	0.11

	
	
	1.0234
	0.09
	
	0.01
	0.10
	
	0.09
	0.09

	
	
	1.0125
	0.09
	
	0.01
	0.09
	
	0.08
	0.08

	5
	G13
	1.0158
	0.03
	0.03
	0.02
	0.23
	0.21
	0.04
	0.27

	
	
	1.0833
	0.03
	
	0.02
	0.20
	
	0.03
	0.24

	
	
	1.0395
	0.03
	
	0.02
	0.20
	
	0.03
	0.18

	6
	G19
	1.0177
	0.60
	0.61
	0.14
	1.43
	1.40
	0.70
	1.40

	
	
	1.0070
	0.60
	
	0.14
	1.35
	
	0.55
	1.28

	
	
	1.0240
	0.62
	
	0.14
	1.41
	
	0.60
	1.29

	7
	G29
	1.0135
	0.10
	0.09
	0.08
	0.76
	0.82
	0.09
	0.60

	
	
	1.0856
	0.09
	
	0.08
	0.83
	
	0.07
	0.80

	
	
	1.0199
	0.08
	
	0.09
	0.86
	
	0.11
	0.84

	8
	G30
	1.0180
	0.15
	0.15
	0.09
	0.86
	0.91
	0.11
	0.75

	
	
	1.0005
	0.15
	
	0.09
	0.92
	
	0.11
	0.99

	
	
	1.0267
	0.15
	
	0.09
	0.94
	
	0.10
	1.04

	9
	G33
	1.0171
	0.84
	0.82
	0.11
	1.07
	1.18
	0.83
	0.98

	
	
	1.0207
	0.80
	
	0.12
	1.19
	
	0.71
	1.04

	
	
	1.0450
	0.82
	
	0.13
	1.28
	
	0.81
	1.11

	10
	G34
	1.0634
	0.10
	0.99
	0.06
	0.56
	0.57
	1.04
	0.51

	
	
	1.0264
	1.01
	
	0.06
	0.60
	
	1.28
	0.65

	
	
	1.0799
	0.95
	
	0.05
	0.54
	
	0.91
	0.47
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Fig. 6. Linear regression line comparing lycopene and β-carotene content determined by two methods


The R2 between the HPTLC-scanner method and the reference HPLC-DAD method for lycopene and β-carotene were 96.83% and 95.10%, respectively. A paired T-test indicated no statistically significant difference between the two methods; the p-values for lycopene and β-carotene were above 0.05 (0.908 for lycopene and 0.260 for β-carotene). Furthermore, the results of the method’s accuracy assessment showed high accuracy. These results showed that the HPTLC scanner method was highly accurate and can be used to semi-quantify lycopene and β-carotene in Gac seed aril samples.
3.4. Discussion
Gac is a rather complicated object due to the complex nature of Gac oil and the diversity/variation of ingredients. β-Carotene and lycopene vary depending on cultivar, cultivation, and harvesting conditions. In particular, carotenoid compounds such as β-carotene and lycopene are easily decomposed by heat, light, and oxygen, causing errors during processing and analysis. Therefore, for the analysis of β-carotene and lycopene in Gac, sample processing techniques and fast and accurate analysis methods are required for quantification to ensure accurate results. In the previous stage, the HPLC-DAD method was developed to simultaneously quantify β-carotene and lycopene in Gac seed arils to meet the above requirements. However, to contribute to expanding the application of modern methods in testing medicinal materials, research into other analytical techniques is necessary and plays an important role.
TLC is only used as a qualitative method in testing the quality of medicinal materials. However, with the development of science and technology, the HPTLC scanner system can be applied in both qualitative and quantitative analysis. For medicinal material samples, the HPTLC scanner method has the outstanding advantage of simultaneously analyzing many samples, saving costs and time, allowing quick quantification while still ensuring high specificity and reliability. The HPTLC scanner method to simultaneously quantify β-carotene and lycopene in Gac seed arils was established and validated according to ICH guidelines on the criteria of specificity, linearity, repeatability, and recovery efficiency. The results of quantitative analysis of β-carotene and lycopene in ten samples of Gac seed arils using HPTLC scanner and HPLC-DAD were compared and showed no statistically significant difference between the two data sets. The obtained results demonstrate that this method is suitable for applying in analyzing and controlling the quality of Gac seed aril medicinal herbs.
4. Conclusion
This study successfully developedand evaluated a method to simultaneously quantify lycopene and β-carotene in Gac seed arils using the HPTLC scanner system. The method uses the mobile phase solvent: n-hexane - acetone (100:1, v/v), a sample loading volume of 10 µL, observed at 475 nm, providing good separation of the two compounds to be analyzed. The method has good repeatability (RSD% < 5%), the limit of detection was 1.55 µg/mL (0.008%) for lycopene and 0.985 µg/mL (0.005%) for β-carotene, respectively, meeting qualitative and semi-quantitative requirements with the advantages of being fast and effective.
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Summary
[bookmark: _Hlk223168198]This study was conducted to optimize the simultaneous extraction of total polyphenol content (TPC) and total flavonoid content (TFC) from the flowers of the yellow Camellia (Camellia cucphuongensis Ninh & Rosmann) collected in Phu Tho province. A Central Composite Design (CCD) combined with Response Surface Methodology (RSM) was employed to evaluate the effects of three independent variables: ethanol concentration (EtOH, 30-70%), extraction temperature (40-80°C), and extraction time (2-8 h). The optimal extraction conditions were identified as 58% EtOH, a temperature of 60°C, and an extraction time of 8 hours. Under these optimized parameters, the experimental values for TFC and TPC were 18.09 ± 0.17% and 35.12 ± 0.28%, respectively, which showed high compatibility with the predicted values. This optimized process provides a reliable scientific basis for the standardized production of bioactive-rich extracts from C. cucphuongensis. These findings highlight the potential of this endemic species as a high-value raw material for the development of antioxidant-based pharmaceuticals and functional foods in the field of natural products chemistry.
Keywords: Camellia cucphuongensis; Optimization; CCD; Polyphenol; Flavonoid.


1. Introduction
Yellow Camellias, commonly known as "Kim hoa Trà," refer to species within the genus Camellia L. characterized by yellow flowers in the Theaceae family, primarily distributed in Southern China and Vietnam. Globally, the Camellia genus comprises approximately 300 species, with 97 species found in China, of which 76 are endemic and about 30 produce yellow flowers [1]. According to recent studies, the Camellia genus in Vietnam consists of  95 species and 2 varieties, including 46 species specifically identified as yellow Camellias. Various research on yellow Camellias suggested that approximately 56 species have been discovered in Vietnam to date [2]. The chemical composition of yellow Camellia is similar to that of green tea (C. sinensis), containing numerous bioactive compounds such as phenolics, flavonoids, saponins, and essential oils [1]. 
Specifically, Camellia cucphuongensis Ninh & Rosmann (synonym of Camellia flava (Pitard) Sealy) is a notable yellow Camellia species primarily distributed in Ninh Binh and Phu Tho provinces [3]. Despite its potential, comprehensive research on this species remains relatively limited. Previous pharmacological investigations by Nguyen et al. have demonstrated the anti-diabetic and hypolipidemic effects of extracts derived from both the flowers and leaves of C. cucphuongensis [4],[5]. Furthermore, this research group reported significant antioxidant capacity along with high concentrations of TPC and TFC, particularly in the leaves [6]. The phytochemical profile of C. cucphuongensis has been significantly enriched by the findings of Do et al., who successfully isolated and identified four key phenolic markers from the flowers: kaempferol, gallic acid, astragalin, and vanillin [7]. These constituents are of profound pharmacological importance, as they are widely recognized for their potent antioxidant, anti-inflammatory, and neuroprotective properties [8]. The presence of these specific bioactive compounds not only corroborates the traditional medicinal use of the species but also provides a concrete scientific rationale for investigating targeted extraction processes to maximize their recovery for therapeutic applications.
While these findings establish a strong chemical and biological foundation, C. cucphuongensis, as an endemic species, remains insufficiently investigated regarding standardized extraction processes. Studies aimed at maximizing the simultaneous recovery of major bioactive groups like TPC and TFC from the flowers are still scarce, which hinders the development of high-quality commercial products. In conventional extraction methods, parameters such as solvent concentration, temperature, and time are decisive factors [9]. To achieve optimal efficiency, it is essential to construct a mathematical model like Response Surface Methodology (RSM) to evaluate these interactions [10].
Therefore, this study was conducted to optimize the extraction process of TPC and TFC from the flowers of C. cucphuongensis collected in Phu Tho using a CCD model. The findings of this research will provide a scientific background for standardizing the preparation of bioactive-rich extracts, supporting the development of health products from this precious endemic medicinal resource.
2. Materials and Methods
2.1. Plant Materials
The flowers of Camellia cucphuongensis Ninh & Rosmann were harvested in October 2024 from the garden of BIOPHARM Hoa Binh Joint Stock Company (Hoa Binh city, Phu Tho Province). The species was authenticated by Prof. Dr. Tran The Bach. A voucher specimen (coded "Cong21102024") was deposited at the Institute of Biology, Vietnam Academy of Science and Technology. After harvesting, the flowers were washed and dried at 60°C until the moisture content was below 12%. The material was subsequently ground into a coarse powder (particle size < 2 mm) and stored in moisture-proof zip bags.
2.2. Chemicals and instrumentation
Standard gallic acid (98.7% purity, CAS: 149-91-7, Lot: CFS202502) and rutin (98.0% purity, CAS: 153-18-4, Lot: CFS202501) were purchased from Wuhan ChemFaces Biochemical Co., Ltd. (China). Folin & Ciocalteu′s phenol reagent 2N was purchased from Merck (Germany). All chemicals and solvents used were of analytical grade.
The quantification was conducted on an AV-770 Double Beam UV-Visible/NIR Spectrophotometer (Jasco, Japan).
2.3. Extraction
Approximately 20.0 g of the plant material was accurately weighed and subjected to maceration with controlled heating at a solid-to-solvent ratio of 1:30 (w/v). This specific ratio was selected based on established studies identifying 1:30 as an optimal balance to maximize the concentration gradient for polyphenol and flavonoid recovery while ensuring solvent efficiency [11]. The extraction conditions, including ethanol (EtOH) concentration, temperature, and time, were established according to a CCD matrix. After the extraction process, the resulting mixture was filtered and concentrated under reduced pressure using a rotary evaporator to obtain the final extract. The TFC and TPC of the extracts were quantified using the methods described in Section 2.4.
2.4. Quantitative Analysis
2.4.1. Determination of TFC:
Principle: The TFC was determined using the aluminum chloride (AlCl3) colorimetric assay, based on the formation of a stable chelate complex between flavonoids and Al3+ ions.
Preparation of standard curve: A series of rutin standard solutions (0.1, 0.2, 0.4, 0.6, and 0.8 mg/mL) was prepared from a 1 mg/mL stock solution.
Sample preparation: Approximately 0.1 g of the extract was accurately weighed and dissolved in 20 mL of 50% EtOH in a 25 mL volumetric flask, followed by ultrasonication. The solution was made up to volume and filtered.
Procedure: 1 mL of the sample or standard solution was transferred into a 10 mL volumetric flask. Sequentially, 0.3 mL of 5% NaNO2 was added (5 min incubation), followed by 0.5 mL of 2% AlCl3 (6 min incubation), and 0.5 mL of 1 M NaOH (10 min incubation). The flask was filled to the mark with distilled water. Absorbance was measured at 510 nm. TFC was calculated as rutin equivalents using the standard curve.

Ctf (mg/mL) is the total flavonoid concentration (expressed as rutin equivalents) in the test solution, calculated from the standard curve equation; mtf (g) is the mass of the test sample; Pf (%) is the purity of the rutin reference standard; and Bf (%) is the moisture content of the test sample.
2.4.2. Determination of TPC: 
Principle: TPC was quantified by measuring the absorbance of the colored complex formed through the reaction with Folin–Ciocalteu (FC) reagent. 
Preparation of standard curve: A series of gallic acid standard solutions (0.1, 0.2, 0.4, 0.6, and 0.8 mg/mL) was prepared from a 1 mg/mL stock solution. 
Sample preparation: 0.1 g of the extract was extracted with 10 mL of 50% EtOH via ultrasonication for 30 minutes. The extraction was repeated, and the combined filtrates were made up to 25 mL in a volumetric flask. 
Procedure: 100 µL of the sample or standard was added to 9.3 mL of 2% Na2CO3, followed by 0.5 mL of FC reagent. The mixture was incubated at 40°C for 1 hour. Absorbance was recorded at 760 nm. TPC was calculated as gallic acid equivalents.

Ctp (mg/mL) is the total polyphenol concentration (calculated as gallic acid equivalents) in the test solution, derived from the standard curve equation; mtp (g) is the mass of the test sample; Pp (%) is the purity of the gallic acid reference standard; and Bp (%) is the moisture content of the test sample.
2.5. Experimental Design and Optimization
The optimization process was conducted using a CCD implemented through Design-Expert 11.0 software. Three independent input factors were selected for investigation: ethanol concentration (EtOH), extraction temperature (ND), and extraction time (TG), which were coded in the experimental matrix as A, B, and C, respectively. The specific ranges for these factors are detailed in Table 1. The software generated a total of 20 experimental runs involving these three input variables. The dependent output variables (responses) were defined as TPC and TFC, which were evaluated according to the procedures described in Section 2.3.

Table 1. Experimental ranges and levels of the independent variables
	Investigated Factor
	Lowest
(-α)
	Highest (+α)
	Low Level (-1)
	High Level (+1)
	Center Point (0)
	Standard Deviation

	EtOH (%)
	16.4
	83.6
	-1 ↔ 30
	+1 ↔ 70
	50
	16.95

	ND (oC)	Comment by Ha Do: ND Là gì?
	26.4
	93.6
	-1 ↔ 40
	+1 ↔ 80
	60
	16.95

	TG (h)
	3.3
	6.7
	-1 ↔ 4
	+1 ↔ 6
	5
	0.8516




The selection of independent variable ranges (Table 1) was based on preliminary single-factor experiments and established literature on the extraction of bioactive compounds from the Camellia genus [12]. Specifically, ethanol concentration (30–70%) was chosen to balance solvent polarity for diverse flavonoid and polyphenol recovery. Extraction temperature (40–80°C) was set to facilitate mass transfer without causing significant thermal degradation of thermo-sensitive compounds. These boundaries ensured that the experimental design space captured the true optimal regions while maintaining the stability of the target bioactive markers.
In this study, TPC and TFC were exclusively selected as the responses for the optimization model. While total extraction yield (% yield) provides information on the total mass recovery, it often includes significant amounts of non-bioactive ballast materials (such as sugars, fibers, and chlorophyll). For the development of high-quality medicinal extracts, prioritizing the concentration of specific bioactive markers is more critical for ensuring therapeutic efficacy than simply maximizing the total dry matter recovery [12].
2.6. Experimental Model Validation
To verify the compatibility between the theoretical results predicted by the CCD model and the actual experimental performance, the extraction process was re-executed under the determined optimal conditions. The experimental values for TFC and TPC were considered compatible with the model if the relative error did not exceed 5% compared to the software's predicted values.
2.7. Statistical Analysis and Data Processing
Design-Expert 11.0 software was utilized for the optimization of the extraction process input and output parameters. All experimental data were statistically processed using Microsoft Office Excel 2021.
3. Results and Discussion 
3.1. Yields of Total Flavonoids and Total Polyphenols according to the CCD Model 
Identifying critical input factors and their optimal values is essential for developing an effective extraction method. This study utilized a CCD to evaluate the influence of ethanol concentration (A), temperature (B), and extraction time (C) on the TFC and TPC.
Table 2 presents the TFC and TPC results for the 20 experimental runs. The TFC was calculated based on the linear relationship between absorbance and rutin concentration, using the equation y = 1.0611x - 0.0108 with a correlation coefficient of R2 = 0.9997. The TPC was determined via the linear regression equation between absorbance and gallic acid concentration: y = 0.6465x - 0.0137 with a correlation coefficient of R2 = 0.9994.

Our results in Table 2 demonstrated the stability and reliability of the model through the center point replicates (Runs 15 to 20), where TFC and TPC values fluctuated within a narrow range of 14.92–15.49% and 33.07–33.61%, respectively, proving the reproducibility of the experiments.
Table 2. Experimental results for TFC and TPC
	Std
	Run
	Factor 1
A:EtOH (%)
	Factor 2
B:ND (°C)
	Factor 3
C:TG (h)
	Response 1
TFC (%)
	Response 2
TPC (%)

	1
	1
	30
	40
	4
	11.72
	28.59

	2
	11
	70
	40
	4
	12.71
	29.68

	3
	4
	30
	80
	4
	12.71
	27.43

	4
	7
	70
	80
	4
	14.02
	27.89

	5
	6
	30
	40
	6
	12.45
	28.03

	6
	15
	70
	40
	6
	14.14
	28.82

	7
	12
	30
	80
	6
	12.61
	31.28

	8
	3
	70
	80
	6
	14.46
	30.43

	9
	10
	16.4
	60
	5
	11.62
	26.47

	10
	5
	83.6
	60
	5
	13.65
	27.95

	11
	19
	50
	26.4
	5
	11.63
	27.9

	12
	9
	50
	93.6
	5
	11.54
	26.93

	13
	2
	50
	60
	3.3
	14.5
	32.15

	14
	13
	50
	60
	6.7
	16.76
	34.38

	15
	14
	50
	60
	5
	14.92
	33.49

	16
	16
	50
	60
	5
	15.01
	33.07

	17
	20
	50
	60
	5
	15.49
	33.1

	18
	18
	50
	60
	5
	15.19
	33.07

	19
	17
	50
	60
	5
	15.19
	33.61

	20
	8
	50
	60
	5
	15.05
	33.31




The maximum levels of TFC and TPC were both obtained under the conditions of 50% EtOH, 60°C, and 6.7 hours (line 14), indicating a similar influence of extraction time on the yield of both TFC and TPC. Meanwhile, both EtOH concentration and temperature recorded a decrease in extractable active components compared to the regions surrounding the center point; this suggests the existence of quadratic parabolic effects and confirms that the optimal process region lies within the experimental design space. The consistent behavior of both TFC and TPC indices under the influence of independent variables indicated a high degree of uniformity in the diffusion and dissolution mechanisms of flavonoids and polyphenols in this solvent system, while also affirming that the harmonious coordination between solvent concentration and thermodynamic conditions is key to achieving maximum extraction efficiency.
3.2. Analysis of Variance (ANOVA) of the Two Output Variables
The ANOVA results presented in Table 3 show that the second-order quadratic regression models for both TFC and TPC response variables are highly statistically significant, with F-values of 42.80 and 97.04, respectively (P < 0.0001). For the TFC, the significant components include the linear effects of EtOH concentration (A) and extraction time (C), as well as the quadratic effects of EtOH concentration (A2) and temperature (B2) (P < 0.05). Based on these factors, the actual regression equation was established as follows: TFC = -3.599 + 0.211A + 0.440B - 0.813C + 0.00015AB + 0.0077 AC - 0.011BC - 0.0022A2 - 0.0032B2 + 0.157C2. 
Regarding the TPC, in addition to the influence of EtOH concentration (A) and time (C), the interaction between temperature and time (BC) and the quadratic variables of EtOH concentration and temperature (A2, B2) exerted highly significant effect on TPC levels (P < 0.0001). The corresponding impact factors are expressed through the following equation:  TPC = 6.924 + 0.645A + 0.416B - 1.699C - 0.0007AB - 0.010AC + 0.049BC - 0.0054A2 - 0.0052B2 - 0.0091C2.
The "Lack of Fit" indices for both models were not statistically significant, with values of 0.0570 for TFC and 0.0591 for TPC (both P > 0.05), thereby confirming the suitability of the mathematical models with the obtained experimental data. Previous research indicated that an optimal model requires a non-significant "Lack of Fit" value to ensure that overlooked variables or random errors do not significantly impact the model's predictive capability [13].

Table 3. ANOVA results for the quadratic models of TFC and TPC
	Source
	F-value (TFC)
	p-value (TFC)
	F-value (TPC)
	p-value (TPC)

	Model
	42.8
	< 0.0001
	97.04
	< 0.0001

	A- EtOH (%)
	54.63
	< 0.0001
	7.51
	0.0208

	B - ND
	4.41
	0.062
	0.0373
	0.8506

	C - TG
	25.43
	0.0005
	36.1
	0.0001

	AB
	0.2509
	0.6273
	4.17
	0.0683

	AC
	1.67
	0.2248
	2.1
	0.1779

	BC
	3.61
	0.0867
	49.42
	< 0.0001

	A2
	101.45
	< 0.0001
	431.84
	< 0.0001

	B2
	202.55
	< 0.0001
	403.22
	< 0.0001

	C2
	3.2
	0.1041
	0.0079
	0.9307

	Lack of Fit
	4.71
	0.0570
	4.62
	0.0591




The results presented in Table 4 further confirm the reliability of the model through the coefficient of determination (R2), which reached very high values of 0.9747 and 0.9887 for the TFC and TPC models, respectively. This indicates that over 97% of the variation in active compound content can be explained by the input variables. Furthermore, the adjusted R2 values for the TFC and TPC models were 0.9519 and 0.9785, respectively. The small discrepancy between the R2 and adjusted R2 values demonstrates that the variables included in the model significantly contribute to the response without causing overfitting.
Specifically, the high degree of compatibility between the adjusted R2 and predicted R2 values indicates that the model possesses strong predictive capability for the output variables. According to the study by Mourabet, a model is considered to have good predictive power if the difference between these two values is less than 0.2. The results of this study fully satisfied this criterion, with adjusted R2 versus predicted R2 values of 0.9519 vs. 0.8344 for TFC and 0.9785 vs. 0.9254 for TPC. This confirmed that the model not only fits the obtained data but also accurately predicts the outcomes of new experimental trials.

Table 4. Statistical fit parameters of the TFC and TPC regression models
	Parameters
	TFC
	TPC

	R2 value
	0.9747
	0.9887

	Adjusted R2
	0.9519
	0.9785

	Predicted R2
	0.8344
	0.9254

	Adeq Precision
	21.5044
	27.4551

	Coefficient of Variation (C.V. %)
	2.46
	1.29




3.3. Interaction Effects Analysis
Analysis of the 2D contour plots in Fig. 3.1 reveals complex interactions between ethanol (EtOH) concentration (A), temperature (B), and time (C) affecting the extraction efficiency of active compounds from yellow Camellia flowers. The influence of the input variable pairs on TPC is illustrated in Figures 3.1 (1, 2, and 3), showing that the interaction between solvent concentration and extraction temperature plays a decisive role. This is evidenced by the concentric elliptical contour lines surrounding the optimal region.
The TFC reached its maximum level when the EtOH concentration was maintained within the 55–60% range in combination with a temperature of 60°C. According to the study by Savić et al. on the optimization of flavonoid extraction from tea, this combination optimizes solvent polarity. Simultaneously, the appropriate temperature helps weaken the hydrogen bonds between flavonoids and the cell matrix, thereby significantly enhancing the solubility of the active compounds in the extract [14]. Figures 1 (2 and 3) show steep contour lines expanding toward the right corner of the plots, corresponding to the maximum extraction time of 6 hours. This confirms that time is a linear factor that helps the extraction system reach the highest concentration equilibrium.


[image: ]
Fig. 1. 2D contour plots of the interaction effects on TFC (1, 2, 3) and TPC (1', 2', 3')


The influence of the input variable pairs on TPC, as shown in Figures 1', 2', and 3', exhibits a higher density of contour lines compared to TFC. This indicates that the polyphenol group is more sensitive to changes in the input conditions. Notably, Fig. 3' reveals that the interaction between temperature and time is statistically highly significant (P < 0.0001). The optimal region, indicated in dark red for concentrations exceeding 34%, converges clearly at the coordinates of 60°C and 6 hours. The increase in temperature reduces solvent viscosity, which, combined with the extended extraction time of 6 hours, allows the diffusion coefficient of phenolic compounds through the plant cell walls to reach its maximum. Research by Silva on the extraction of phenolic compounds suggested that the convergence of contour lines into a closed elliptical shape on a 2D plot serves as experimental evidence confirming the existence of an ideal interaction zone [15].
3.4. Determination of Optimal Conditions
Based on data from the CCD matrix, the study searched for optimal conditions within the established design space. The ethanol concentration (A) and extraction temperature (B) were maintained within the initial survey ranges of 30-70% and 40-80°C, respectively, as the research scope already covered the best extraction conditions. However, the extraction time (C) was extended to 8 hours, beyond the initial upper limit of 6 hours. This adjustment is supported by extraction kinetics in Camellia species, where specific flavonoids and polyphenols with bulky molecular structures require prolonged durations to achieve complete diffusion and solubility into the solvent system [16]. Furthermore, since the predicted optimal region for this variable was situated at the boundary of the initial design space, extending the range was necessary to prevent the exclusion of the actual global maximum [10]. This strategic refinement of the design space boundaries based on response surface trends ensures the mathematical model's robustness and enhances the reliability of the optimized predictions.
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Nội dung do AI tạo ra có thể không chính xác.]
Fig. 2. Optimization criteria and desirability ramps for the extraction process


During the optimization setup for the two output variables, TFC was selected as the primary objective, while TPC was set as a supporting objective. The prioritization of TFC stems from the fact that flavonoids are a characteristic group of active compounds playing a key role in health protection effects, such as the potent antioxidant and anti-inflammatory activities of the yellow Camellia species [1],[2]. Assigning higher importance weights to compounds with more specific bioactivity ensures that the optimized extraction process targets the production of extracts with superior therapeutic efficacy. Fig. 2 illustrates the selection of these optimal conditions.
3.5. Results of CCD Optimization and Experimental Validation
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Fig. 3. Response surface and desirability plots for the optimization of TFC and TPC


The results from Design-Expert 11.0 software proposed 27 optimal solutions based on the established objective constraints, among which solution number 1 was selected due to its high desirability index of 0.963. The optimal extraction conditions for yellow Camellia flowers, as determined by the software for the input variables, include an EtOH concentration of 57.664%, an extraction temperature of 59.983°C, and an extraction time of 8 hours. Under these parameters, the mathematical model predicts a TFC of 18.242% and a TPC of 34.664%.
Fig. 3 illustrates that increasing the EtOH concentration and temperature leads to a higher yield of active compounds. However, once these parameters exceed the optimal values, the active compound content tends to decrease slightly or reach a saturation point. Shiyan et al., in their research on the extraction of natural compounds from the Camellia genus, pointed out that this phenomenon occurs because changes in solvent polarity become unsuitable for dissolving the target solutes [16]. Furthermore, after reaching a certain threshold, the extraction process achieves a state of dynamic equilibrium, and efficiency no longer increases.
Additionally, the EtOH concentration was identified as the most significant factor affecting TFC (P < 0.0001) compared to temperature (P = 0.0620). This is consistent with the findings of Savić, who confirmed that the flavonoid group in tea was most efficiently extracted in the presence of EtOH at moderate concentrations [14]. Moreover, combining excessively high temperatures with high EtOH concentrations leads to a gradual decline in TFC. This is because high temperatures, while increasing molecular motion and disrupting plant tissues, simultaneously cause thermal decomposition or oxidation of heat labile compounds such as flavonoids and polyphenols [17].

Table 5. Comparison between predicted and experimental values under optimal conditions
	Optimal Condition
	Software Parameters (Predicted)
	Actual Parameters (Experimental)

	
	EtOH (A)
	ND (B)
	TG (C)
	EtOH (A)
	ND (B)
	TG (C)

	
	57.664 %
	59.983°C
	8 h
	58 %
	60°C
	8 h

	TFC Content (%)
	18.242
	18.09 ± 0.17

	TPC Content (%)
	34.664
	35.12 ± 0.28




To confirm the reliability of the model, validation experiments were performed in triplicate (n=3) under the optimal conditions, including an EtOH concentration of 58%, a temperature of 60°C, and an extraction time of 8 hours. The experimental results yielded an average TFC of 18.09 ± 0.17% and a TPC of 35.12 ± 0.28% (Table 5). The compatibility between the predicted and experimental values showed a relative error of less than 2%, which is well within the pre-established allowable limit of 5%. This high degree of similarity between the experimental data and the predicted data from the regression model is the most convincing evidence confirming the suitability of the second order quadratic model [18]. Furthermore, the optimized yields of TFC (18.09 ± 0.17%) and TPC (35.12 ± 0.28%) obtained for C. cucphuongensis in this study are remarkably high compared to other species in the Camellia genus, highlighting its superior potential as a source of bioactive compounds. For instance, a study on Camellia dalatensis leaves using response surface methodology reported an optimal TPC of 29.30%, which is notably lower than the value achieved in our current research [12]. This difference may be attributed to species-specific chemical profiles and the specific plant parts used, as flowers often accumulate higher concentrations of secondary metabolites than leaves. Compared to the well-known Camellia sinensis, which typically reports TPC ranges from 20% to 30%, the TPC and TFC levels of C. cucphuongensis remain highly competitive [19]. In another study for Camellia nitidissima, a widely used yellow tea species, TFC and TPC yields were reported at approximately 10-15% and 25-28%, respectively [20]. These comparisons demonstrate that C. cucphuongensis flowers are an exceptionally rich source of polyphenols and flavonoids, providing strong scientific evidence for the reliability of our optimized extraction process.
These validation results demonstrated that the CCD successfully established the parameters for input variables to optimize the two major bioactive groups from C. cucphuongensis, providing a stable extraction process with the potential for direct application in large-scale medicinal extract production.
4. Conclusion
Our study successfully applied a CCD to optimize the simultaneous extraction of TFC and TPC from the flowers of yellow Camellia (Camellia cucphuongensis) collected in Phu Tho. The optimal extraction condition was established as 58% EtOH, a temperature of 60°C, and a duration of 8 hours, yielding a TFC of 18.09 ± 0.17% and a TPC of 35.12 ± 0.28%. The high degree of fit between the experimental results and the mathematical model predictions confirmed the accuracy and practical applicability of the process.
Furthermore, while this study successfully maximized the concentration of key bioactive markers, future research should consider incorporating total extraction yield (% yield) as an additional response variable. Investigating the correlation between mass recovery and bioactive potency will provide a more comprehensive evaluation of extraction efficiency, particularly for scaling up the process in industrial pharmaceutical production. These findings established a crucial foundation for the development of health products from this endemic yellow Camellia.
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Summary
Hibiscus tiliaceus L. (Malvaceae) plays a significant role in traditional medicine for treating various diseases. This study aimed to quantify the total polyphenolic and flavonoid contents and evaluate the antihyperglycemic and renal protective effects of H. tiliaceus leaf extracts using in vitro assays (DPPH and α-glucosidase inhibitory activity) and a streptozotocin (STZ)-induced hyperglycemic mouse model. The results showed that the total phenolic and flavonoid contents in the aqueous extract (27.67 mg GAE/g and 11.01 mg QE/g) were lower than those in the 45% ethanol extract (31.67 mg GAE/g and 15.64 mg QE/g). Furthermore, the ethanol extract demonstrated superior antioxidant activity (IC50 value of 5.75 μg/mL) and α-glucosidase inhibitory activity (IC50 value of 2.69 μg/mL) compared to the aqueous extract (IC50 value of 21.05 μg/mL and 7.71 μg/mL, respectively). Oral administration of the 45% ethanol extract at 1.33 g/kg for 14 days significantly reduced fasting plasma glucose and improved glucose tolerance in STZ-induced mice. This dose also attenuated the oxidative stress marker malondialdehyde (MDA) in the kidneys while significantly enhancing endogenous glutathione (GSH) levels. These findings suggest that the H. tiliaceus leaf 45% ethanol extract is a potential candidate for managing hyperglycemia and preventing diabetic kidney disease.
Keywords: Antihyperglycemic effect; Antioxidant activity; α-Glucosidase inhibitory activity; Hibiscus tiliaceus leaves; Streptozotocin-induced oxidative damage.


1. Introduction
Diabetes mellitus (DM) is the leading cause of kidney disease, known as diabetic nephropathy, which is characterized by the prevalence of micro- or macroalbuminuria and cardiovascular disease. Approximately 20% to 40% of type 2 diabetes patients with microalbuminuria progress to clinical diabetic kidney disease, a progression often linked to poor glycemic control or comorbid hypertension [1]. In Asia, research in Japan indicated that up to 56.7% of type 2 diabetic patients may have chronic kidney disease (CKD), while figures for China, South Korea, and Thailand were reported at 25.6%–49.3%, 24.4%–36.0%, and 25.4%, respectively [1]. Similarly, results in Vietnam are consistent with neighboring countries, ranging from 23.8% to 41.7% [2]. The normalization of both fasting plasma glucose (FPG) and postprandial plasma glucose (PPG) is essential for patients to achieve glycemic and HbA1C targets, thereby preventing diabetic nephropathy. Medicinal herbs and traditional medicines play a prominent role in maintaining long-term glycemic control due to their safety profiles and diverse bioactive compounds. However, further scientific data are required to validate the application of these medicinal herbs as alternative and complementary therapies.
Hibiscus tiliaceus L. (Malvaceae) is widely utilized in traditional medicine—primarily its bark and leaves—to treat fever, coughs, sore throat, infections, diarrhea, dysentery, and typhoid [3]. Various parts of the plant, including the bark, branches, flower buds, and leaves, have been reported to possess diverse pharmacological activities, such as antioxidant, antidiabetic, anti-inflammatory, analgesic, anthelmintic, antimicrobial, anticancer, and neuropharmacological effects [3]. In Indonesia, H. tiliaceus leaves (locally known as Waru leaves) are commonly used as natural food packaging due to their antioxidant and antimicrobial properties [4],[5]. Phytochemical screening of the leaves has identified several bioactive groups, including proteins, carbohydrates, phenols/tannins, flavonoids, terpenoids, glycosides, and steroids [4]. Sofia V. et al. (2024) demonstrated that a 70% ethanol extract of H. tiliaceus leaves attenuated blood glucose levels in glucose-loaded normoglycemic mice [5]. Furthermore, our previous study revealed that the 70% ethanol extract reduced blood glucose levels in high-fat diet-induced obese hyperglycemic mice [6]. While the in vitro antioxidant and α-glucosidase inhibitory activities of isolated compounds from H. tiliaceus have been established [7], no studies have yet investigated the application of H. tiliaceus leaf extract in managing postprandial hyperglycemia or preventing oxidative stress-induced diabetic kidney disease in hyperglycemic models. Therefore, the present study aims to evaluate the potential of a 45% ethanol extract of H. tiliaceus leaves in monitoring plasma glucose after oral glucose overload and its anti-oxidative stress effects in the kidneys of streptozotocin (STZ)-induced hyperglycemic mice.
2. Materials and Methods
2.1. Plant Materials and Extraction
H. tiliaceus leaves were collected from Can Gio District, Ho Chi Minh City, Vietnam. The plant material was authenticated, and a voucher specimen was deposited at the Research Center of Ginseng and Medicinal Materials. The leaves were thoroughly washed, dried, and ground into a fine powder (passed through a 250 μm sieve). The powdered material was then subjected to extraction with either hot water or 45% ethanol using the percolation method at a solvent-to-solid ratio of 1:20 (w/v). The resulting H. tiliaceus leaf extracts were concentrated under reduced pressure to yield the aqueous extract (AE) (moisture content: 14.87%) and the 45% ethanol extract (EE) (moisture content: 8.79%), with extraction yields of 11.15% and 26.67%, respectively. The final extracts were stored at 2–8 °C and reconstituted in distilled water prior to administration in the mouse models.
2.2. Animals 
Healthy male Swiss albino mice (4–5 weeks old, weighing 18–22 g) were obtained from the Institute of Vaccines and Medical Biologicals (IVAC) in Nha Trang, Vietnam. The mice were housed in polypropylene (PP) cages under controlled conditions, including a room temperature of 25 ± 2 °C and a 12 h light-dark cycle. They were provided with standard laboratory chow and tap water ad libitum. All animals were acclimatized for at least five days prior to the commencement of the experiments. The volume for oral (p.o.) and intraperitoneal (i.p.) administrations was maintained at 10 mL/kg of body weight. All animal procedures were conducted in strict accordance with the ethical guidelines of the Ministry of Health, Vietnam [8].
2.3. Determination of total phenolic content (TPC)
The total phenolic content of H. tiliaceus leaf extracts was determined spectrophotometrically using the Folin–Ciocalteu assay [9]. Extracts were prepared in methanol at various concentrations from a 1000 µg/mL stock solution. Gallic acid (Sigma-Aldrich, USA) served as the standard in the concentration range of 10–50 µg/mL. Briefly, the reaction mixture was prepared by combining 0.2 mL of extract or standard with 6 mL of distilled water and 0.5 mL of Folin-Ciocalteu reagent. After shaking, the mixture was incubated for 5 min in the dark, 1.5 mL of 20% Na2CO3 was added. The mixture was then adjusted to a final volume of 10 mL with distilled water and incubated at room temperature for 120 min in the dark. The absorbance was measured at 760 nm using a UV/Vis spectrophotometer (UV-VIS Heliosy, Unicam Limited, UK). TPC was expressed as milligrams of gallic acid equivalent (GAE) per gram of sample (mg GAE/g). All analyses were performed in triplicate.
2.4. Determination of total flavonoid content (TFC)
The total flavonoid content was measured using the aluminum chloride (AlCl3) assay [10]. Quercetin (Sigma-Aldrich, USA) was used as the standard at concentrations ranging from 10 to 60 µg/mL. The reaction mixture was prepared by mixing 1.0 mL of extract or quercetin with 1.0 mL of 2% AlCl3 and 8 mL of methanol. After a 10-min incubation, the absorbance was measured at 415 nm. TFC was expressed as milligrams of quercetin equivalent (QE) per gram of sample (mg QE/g). All measurements were conducted in triplicate.
2.5. DPPH radical scavenging activity 
The antioxidant activity of H. tiliaceus leaf extracts was evaluated using the DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging assay, as described by [11] with slight modifications. Standard ascorbic acid (Sigma-Aldrich, USA) at concentrations of 1.8, 8.8, 17.6, 44, and 88 µg/mL, and H. tiliaceus leaf extracts at concentrations of 10, 50, 100, 250, 500, and 1000 µg/mL, were prepared from stock solutions. Briefly, 0.5 mL of the extract or ascorbic acid was mixed with 0.5 mL of DPPH solution (0.6 mM in methanol). The mixture was shaken thoroughly, and the total volume was adjusted to 4 mL with methanol. The reaction tubes were then kept in the dark for 30 min. Finally, the absorbance was measured at 515 nm using a spectrophotometer. The control was prepared by mixing 3.5 mL of methanol and 0.5 mL of DPPH solution. All analyses were performed in triplicate. The percentage of DPPH radical scavenging activity was calculated as follows:

In which: Ac: The absorbance of control (DPPH + methanol), A0c: The absorbance of blank (only methanol), At: The absorbance of test sample (DPPH + H. tiliaceus leaf extracts or ascorbic acid), A0t: The absorbance of sample control (only test samples in methanol).
2.6. α-Glucosidase inhibitory activity
The α-glucosidase inhibitory activity was evaluated using α-glucosidase enzyme (EC 3.2.1.20, Saccharomyces cerevisiae, 20 U/mg) and p-nitrophenyl glucopyranoside (pNPG) as the substrate, both purchased from Sigma-Aldrich. Briefly, 50 µL of α-glucosidase (0.2 U/mL) in potassium phosphate buffer (0.1 M, pH 6.8) was pre-incubated at 37 °C with 60 µL of H. tiliaceus leaf extracts at various concentrations in DMSO. After a 20-min incubation, 50 µL of the substrate (final concentration of 4 mM) was added to the mixture and incubated at 37 °C for an additional 10 min. The reaction was terminated by adding 160 μL of 0.2 M Na2CO3. The absorbance was measured at 405 nm using a microplate reader (BioTek, USA). DMSO (10% final concentration) served as the control, while acarbose (Sigma-Aldrich, USA) was used as the standard inhibitor. All assays were performed in triplicate [12].
2.7. Streptozotocin-induced hyperglycemia
The hyperglycemic model was induced in overnight-fasting mice via a single intraperitoneal (i.p.) injection of streptozotocin (STZ, 170 mg/kg) prepared in sodium citrate buffer (0.1 M, pH 4.5). Seven days post-injection, mice with fasting plasma glucose levels > 200 mg/dL were selected and randomly assigned into the following groups (n = 8 per group): (1) Hyperglycemic control (STZ + distilled water); (2) Test groups (STZ + H. tiliaceus leaf ethanol extract at 0.67 or 1.33 g/kg); and (3) Reference group (STZ + glibenclamide at 5 mg/kg). Treatments were administered orally (p.o.) for 14 consecutive days. In parallel, normal control mice (n = 8) received only sodium citrate buffer (i.p.) and distilled water (p.o.). Additionally, separate normal groups were treated with the ethanol extract (0.67 or 1.33 g/kg) for 14 days to evaluate baseline effects. On day 14, 60 min after the final administration, tail vein blood was collected to determine fasting plasma glucose and glucose levels during the oral glucose tolerance test (OGTT). Plasma glucose concentrations were measured using a Glucose Liquicolor (GOD-PAP) kit (Human Diagnostic Ltd., Germany) [13].
2.8. Oral glucose tolerance test (OGTT)
Normal and hyperglycemic mice were administered a repeated dose of H. tiliaceus leaf ethanol extract (0.67 or 1.33 g/kg) for 14 consecutive days. Following a 16-hour fast, the initial fasting plasma glucose concentration was determined. One hour after the final administration of the extract, the mice were orally challenged with a glucose solution (2 g/kg body weight). Subsequently, plasma glucose levels were measured at 30 and 120 minutes post-glucose load to evaluate glucose tolerance using the GOD-PAP kit [14]. 
2.9. Determination of oxidative stress markers
Oxidative stress markers, including malondialdehyde (MDA) and reduced glutathione (GSH), were estimated in kidney tissue homogenates following a previously described method [13]. Mouse kidneys were dissected, washed with ice-cold saline, and then homogenized (1:9 w/v) in a 1.15% KCl buffer for 2 min at 4 °C using a SpeedMill PLUS homogenizer (Analytik Jena, Germany). The resulting homogenate was centrifuged at 4 °C to obtain the supernatant. For the assays, 2 mL or 1 mL of the supernatant was used for MDA and GSH quantification, respectively. The final volume was adjusted to 3 mL with Tris-HCl (pH 7.4), followed by incubation at 37 °C for 60 min. The reaction was terminated by adding 10% trichloroacetic acid (TCA), and the mixture was centrifuged at 10,000 × g for 10 min at 4 °C. 
To determine MDA levels, 2 mL of the resulting supernatant was mixed with 1 mL of 0.8% thiobarbituric acid (TBA). The mixture was heated at 90 °C for 15 min, cooled, and the absorbance was measured at λ = 532 nm. For GSH determination, 1 mL of the supernatant was reacted with 0.2 mL of Ellman’s reagent and adjusted to 3 mL with phosphate-EDTA buffer. The reaction was incubated in the dark at room temperature for 3 min, and the absorbance was measured at λ = 412 nm. Total protein concentration in the samples was determined using the Bradford assay with bovine serum albumin (BSA) as the standard. MDA (µM/mg protein) and GSH (mmol/mg protein) contents were calculated using linear regression equations derived from malondialdehyde, tetrabutylammonium, and L-glutathione standards (Sigma-Aldrich), respectively.
2.10. Statistical analysis
Experimental data were analyzed using SigmaStat software (version 3.5, USA) and are expressed as mean ± standard error of the mean (SEM). Statistical significance was determined using One-way analysis of variance (ANOVA), followed by the Student–Newman–Keuls post-hoc test for multiple comparisons. Differences were considered statistically significant at p < 0.05.
3. Results
3.1. Total phenolic and total flavonoid contents in H. tiliaceus leaf extracts

Table 1. The contents of total polyphenols and total flavonoids in the H. tiliaceus leaf extracts
	H. tiliaceus leaf extracts
	TPC
(mg GAE/g extract)
	TFC
(mg QE/g extract)

	Ethanol extract
	31.67 ± 0.24
	15.64 ± 0.36

	Aqueous extract
	27.67 ± 0.21
	11.01 ± 0.11




Based on the linear regression equations for gallic acid (y = 0.0109x + 0.0245, R2=0.9934) and quercetin (y = 0.0067x + 0.006, R2=0.9963), the total phenolic and flavonoid contents of H. tiliaceus leaf extracts were calculated and are presented in Table 1. The results indicated that the total phenolic and flavonoid contents in the aqueous extract (27.67 mg GAE/g and 11.01 mg QE/g, respectively) were significantly lower than those in the ethanol extract (31.67 mg GAE/g and 15.64 mg QE/g, respectively).
3.2. Antioxidant activity of H. tiliaceus leaf extracts
Table 2. DPPH radical scavenging activity of the H. tiliaceus leaf extracts
	Test samples
	Linear/non-linear regression equation
	R2
	IC50 (μg/mL)

	Ethanol extract
	y = 17.223ln(x) + 19.873
	0.9894
	5.75 ± 0.47

	Aqueous extract
	y = 23.466ln(x) – 21.496
	0.9891
	21.05 ± 0.76

	Ascorbic acid
	y = 8.0056x + 10.181
	0.9798
	4.97 ± 0.12




As shown in Table 2, the H. tiliaceus ethanol extract exhibited potent DPPH radical scavenging activity with an IC50 of 5.75 μg/mL, which was significantly higher than that of the aqueous extract (IC50 of 21.05 μg/mL).
3.3. α-Glucosidase inhibitory activity of H. tiliaceus leaf extracts

Table 3. α-Glucosidase inhibitory activity of the H. tiliaceus leaf extracts
	Test samples
	Linear/non-linear regression equation
	R2
	IC50 (μg/mL)

	Ethanol extract
	y = 13.944x + 12.459
	0.9900
	2.69 ± 0.13

	Aqueous extract
	y = 7.1037x – 4.741
	0.9967
	7.71  ± 0.27

	Acarbose
	y = 14.974ln(x) – 11.584
	0.9960
	61.11 ± 0.58




The α-glucosidase inhibitory activity of the H. tiliaceus ethanol extract (IC50 of 2.69 μg/mL) was superior to that of the aqueous extract (IC50 of 7.71 μg/mL). Notably, both H. tiliaceus leaf extracts demonstrated IC50 values significantly lower than that of the positive control, acarbose (IC50 of 61.11 μg/mL).
3.4. Antihyperglycemic effect of H. tiliaceus leaf 45% ethanol extract
The H. tiliaceus ethanol extract was selected for the in vivo study in hyperglycemic mice due to its higher total phenolic and flavonoid contents, as well as its superior antioxidant and α-glucosidase inhibitory activities compared to the aqueous extract. The experimental doses were determined based on the common traditional human dose (10–20 g of crude material per day). By applying the dose conversion factor between humans and mice, this range is equivalent to 2.5–5 g of crude material per kg of mouse body weight. Given the extraction yield, these values correspond to the administered test doses of 0.67 and 1.33 g/kg of the H. tiliaceus ethanol extract.

Table 4. Effect of H. tiliaceus leaf 45% ethanol extract (EE) 
on fasting plasma glucose in normoglycemic (non-STZ) and hyperglycemic (STZ) mice
	
	Groups
(n = 8)
	Fasting plasma glucose (mg/dL)

	
	
	Before treatment
	After 14-day administration

	STZ (-)
	Normoglycemic control
	90.00 ± 2.78
	93.50 ± 2.68

	
	EE 0.67 g/kg
	86.75 ± 3.21
	98.63 ± 1.18

	
	EE 1.33 g/kg
	87.13 ± 1.67
	98.75 ± 2.17

	STZ (+)
	Hyperglycemic control
	177.50±14.20*
(↑ 97%)
	163.50±8.81*
(↑ 75%)

	
	EE 0.67 g/kg
	169.75±14.31*
(↑ 89%)
	137.63±19.44
(↓ 16%)

	
	EE 1.33 g/kg
	165.63±16.79*
(↑ 84%)
	120.50±8.52#
(↓ 26%)

	
	Glibenclamide 5 mg/kg
	172.63±16.79*
(↑ 92%)
	107.25±5.56#
(↓ 34%)


*: p < 0.05 vs Normoglycemic control; #: p < 0.05 vs Hyperglycemic control; (...): The percentage of increase/decrease.


In normoglycemic mice, the results showed that the H. tiliaceus ethanol extract administered at the tested doses for 14 consecutive days had no significant effect on plasma glucose levels compared to the control group. However, in STZ-induced hyperglycemic mice, both the extract at a dose of 1.33 g/kg and glibenclamide (5 mg/kg) significantly reduced plasma glucose levels compared to the hyperglycemic control, with reductions of 26% and 34%, respectively (Table 4). In contrast, the H. tiliaceus ethanol extract at the lower dose of 0.67 g/kg did not exert a statistically significant hypoglycemic effect in the STZ-induced diabetic model.


[image: ]
Fig. 1. Effect of H. tiliaceus leaf 45% ethanol extract on plasma glucose in oral glucose tolerance test (OGTT). All bars 
are expressed as the mean ± SEM (n = 8). *: p < 0.05 vs Normoglycemic control; #: p < 0.05 vs Hyperglycemic control


In normoglycemic mice, plasma glucose levels in all groups rose markedly 30 min after the glucose challenge and returned to baseline within 120 min. Administration of the H. tiliaceus ethanol extract for 14 days at the tested doses did not significantly attenuate the glucose peak at 30 min compared to the control. In contrast, glibenclamide (5 mg/kg) significantly reduced plasma glucose levels at all time points (0, 30, and 120 min) with reductions of 14%, 36%, and 19%, respectively (Fig. 1A).
STZ-treated mice exhibited significantly higher glucose levels at 30 and 120 min compared to their respective normoglycemic controls, confirming impaired glucose tolerance. Glibenclamide treatment (5 mg/kg) effectively lowered plasma glucose levels at 30 and 120 min by 34% and 49%, respectively, relative to the hyperglycemic control. Interestingly, the H. tiliaceus ethanol extract at 1.33 g/kg significantly blunted the rise in plasma glucose at both 30 and 120 min post-challenge, achieving reductions of 22% and 38%, respectively (Fig. 1B). However, the extract at 0.67 g/kg did not demonstrate a statistically significant hypoglycemic effect following the glucose bolus in the STZ-induced model.
3.5. Renal protective effects of H. tiliaceus leaf 45% ethanol extract

Table 5.  Effect of H. tiliaceus leaf 45% ethanol extract (EE) on MDA and GSH levels 
in the kidneys of normoglycemic and hyperglycemic mice
	
	Groups
(n = 8)
	MDA levels in kidneys
(µM/g protein)
	GSH levels in kidneys
(nM/g protein)

	STZ (-)
	Normoglycemic control
	205.85 ± 8.54
	240.04 ± 21.65

	STZ (+)
	Hyperglycemic control
	269.48 ± 8.81*
(↑ 31%)
	170.18 ± 12.90*
(↓ 29%)

	
	EE 0.67 g/kg
	243.54 ± 9.60
	186.93 ± 9.95

	
	EE 1.33 g/kg
	230.40 ± 6.21#
(↓ 15%)
	235.05 ± 9.19#
(↑ 38%)

	
	Glibenclamide 5 mg/kg
	204.63 ± 8.49#
(↓ 24%)
	238.80 ± 26.94#
(↑ 40%)


[bookmark: _Hlk153051934]*: p < 0.05 vs Normoglycemic control; # :p < 0.001 vs Hyperglycemic control; (...): The percentage of increase/decrease.
   

The results presented in Table 5 show that the MDA content in the kidneys of the hyperglycemic control group significantly increased compared to the normoglycemic control, indicating lipid peroxidative damage induced by streptozotocin. Conversely, the renal GSH content in the hyperglycemic control group was markedly lower than that of the normoglycemic control group. Treatment with the H. tiliaceus ethanol extract (1.33 g/kg) or glibenclamide (5 mg/kg) for 14 consecutive days significantly reduced renal MDA levels and elevated GSH levels compared to the hyperglycemic control. Notably, the levels of MDA and GSH in these treatment groups showed no statistically significant difference when compared to the normal control group. 
4. Discussion
The results demonstrated that the H. tiliaceus ethanol extract, characterized by higher total polyphenol and flavonoid contents, exerted more potent DPPH radical scavenging and α-glucosidase inhibitory activities compared to the aqueous extract. Furthermore, the ethanol extract exhibited significant antihyperglycemic effects by lowering both fasting plasma glucose and postprandial glucose levels during the OGTT. Notably, it simultaneously mitigated oxidative stress-induced kidney damage in STZ-induced hyperglycemic mice. 
Postprandial blood glucose is a critical indicator of metabolic health and is a recommended glycemic target in diabetic management. In this study, the glucose-lowering effect of H. tiliaceus 45% ethanol extract was not observed in normoglycemic mice following glucose overload. This stands in contrast to the findings of Sofia V. et al. (2024), who reported that H. tiliaceus leaf extract reduced blood glucose levels during OGTT at doses of 200–800 mg/kg [5]. Notably, Sofia V. et al. employed a 70% ethanol solvent via maceration; this higher ethanol concentration may have resulted in a different phytochemical profile, potentially accounting for the varying pharmacological outcomes. 
Our previous study revealed that the 70% ethanol H. tiliaceus leaf extract at 1.04 g/kg (equivalent to 5 g of crude material/kg) reduced blood glucose levels in high-fat diet-induced obese hyperglycemic mice [6]. Similarly, the present study demonstrated that the 45% ethanol H. tiliaceus leaf extract, administered at 1.33 g/kg (also equivalent to 5 g of crude material/kg), significantly reduced fasting plasma glucose levels in hyperglycemic mice. Furthermore, it effectively blunted the rise in plasma glucose at both 30 and 120 min post-glucose challenge in STZ-induced hyperglycemic mice. 
STZ injection induced diabetic symptoms similar to those observed in humans, particularly hyperglycemia, resulting from the partial or complete destruction of pancreatic β-cells in the islets of Langerhans [15]. Additionally, the OGTT is a standard procedure for diagnosing diabetes mellitus, insulin resistance, and impaired pancreatic β-cell function in clinical settings [14]. Collectively, these data suggest that H. tiliaceus leaf extract exerts its antihyperglycemic effect and improves oral glucose tolerance through multifaceted mechanisms. Based on the pathways of glucose uptake and metabolism, the antihyperglycemic effect of H. tiliaceus leaf extracts in STZ-induced hyperglycemic mice may involve: (1) inhibition of intestinal glucose absorption via transporter modulation (e.g., SGLT1/GLUT2); (2) enhancement of insulin secretion by improving pancreatic β-cell function; (3) protection or regeneration of β-cells; (4) augmentation of insulin sensitivity in target tissues; (5) suppression of gluconeogenesis and glycogenolysis; and (6) inhibition of carbohydrate-metabolizing enzymes such as α-glucosidase and α-amylase. Consequently, further studies are warranted to elucidate the specific molecular pathways underlying these effects.
Chronic hyperglycemia leads to severe complications, such as diabetic nephropathy, driven largely by the overproduction of reactive oxygen species (ROS). Pancreatic β-cells are particularly vulnerable to oxidative stress due to their inherently low antioxidant capacity, which is further compromised under hyperglycemic conditions [16]. STZ also promotes oxidative damage to other cells by generating ROS and nitrogen free radicals, leading to mitochondrial dysfunction and lipid peroxidation [15]. In this study, the H. tiliaceus ethanol extract effectively attenuated MDA levels, a key lipid peroxidation marker, and enhanced endogenous GSH levels in the kidneys of hyperglycemic mice. These findings are consistent with the extract's robust in vitro antioxidant activity and align with previous reports identifying high phenolic content and antioxidant potency in crude ethanol extract and ethyl acetate fractions of this species [17],[18],[19]. 
Phytochemical profiles have identified several bioactive compounds in H. tiliaceus leaves, including quercetin, kaempferol, β-sitosterol, catechin, rutin hydrate, and ellagic acid [17],[19]. Natural antioxidants, such as polyphenols and flavonoids, play a vital role in antidiabetic therapy by targeting mechanisms related to β-cell dysfunction, apoptosis, pro-inflammatory cytokines, mitochondrial dysfunction, and endoplasmic reticulum stress [20]. Specifically, polyphenols have been reported to enhance hepatic and pancreatic antioxidant enzyme activities, thereby reducing oxidative stress in organ-specific oxidative stress—an effect most pronounced in diabetic models when combined with standard antidiabetic drugs [20]. Similarly, flavonoids—a major class of polyphenols—exhibit potent inhibitory effects against α-glucosidase and α-amylase, contributing to both hypoglycemic and antioxidant outcomes in diabetic models [21]. Both quercetin and kaempferol have been documented as potent inhibitors of α-glucosidase and α-amylase, playing a crucial role in the management of postprandial hyperglycemia. This suggests a protective role for the extract in reducing oxidative tissue damage and mitigating the risk of diabetic kidney complications. However, as this study did not specifically investigate the protective mechanisms against pancreatic β-cell damage, further research is required to elucidate these specific protective mechanisms. 
Additionally, both young and mature H. tiliaceus leaves contain essential oils, primarily linoleic acid, linolenic acid, and volatile compounds such as cis-vaccenic acid and glycidyl palmitate [18]. Essential oils have been reported to possess antidiabetic properties by modulating gluconeogenesis, upregulating insulin secretion, and enhancing insulin sensitivity [22]. Given these diverse bioactive components, further chemical and pharmacological investigations focusing on the essential oil fraction of H. tiliaceus are warranted to fully elucidate its therapeutic potential.
5. Conclusion
In conclusion, oral administration of H. tiliaceus leaf 45% ethanol extract (1.33 g/kg for 14 days) effectively reduced fasting plasma glucose and improved glucose tolerance in hyperglycemic mice. Furthermore, the extract ameliorated hyperglycemia-induced oxidative damage by significantly attenuating malondialdehyde levels and elevating glutathione content in the kidneys. These findings suggest that the 45% ethanol extract of H. tiliaceus leaves is a promising natural candidate for glycemic management and the prevention of diabetic kidney complications.

References
1.  Ganjia M. F., Ansari-Moghaddam A., Amanollahid A., Fallahie R., Abdolmohammadi N. (2024), The prevalence of kidney failure in diabetic patients with and without anemia: A systematic review and meta-analysis, Clinical Epidemiology and Global Health, vol. 28, 101641.
2.  Từ Kim Thanh, Võ Trần Minh Trí, Liêu Thị Trúc Thanh, Phan Trung Nguyên, H-Oan ByĂ (2025), Khảo sát tỷ lệ bệnh thận mạn và các yếu tố liên quan ở bệnh nhân đái tháo đường típ 2 điều trị ngoại trú tại Bệnh viện Lê Văn Thịnh năm 2025, Tạp chí Y học Thành phố Hồ Chí Minh, 28(11),172-177.
3.  Abdul-Awal S. M., Nazmir S., Nasrin S., Nurunnabi T. R., Uddin S. J. (2016), Evaluation of pharmacological activity of Hibiscus tiliaceus, SpringerPlus, 5, 1209. 
4.  Iskandar A. F. A., Santoso U., Supriyadi S. (2023), Chemical characteristics of Waru leaf (Hibiscus tiliaceus) as food packaging material, Journal of Indonesian Food and Nutrition Progress, 20(2), 72–78. 
5.  Sofia V., Firdaus T. N., Saputri M. (2024), Phytochemical screening and anti-hyperglycemic effect test of ethanol extract of Waru leaf (Hibiscus tiliaceus) on glucose-loaded mice, Jurnal Farmasi dan Ilmu Kefarmasian Indonesia, 11(3), 345–355. 
6.  Nguyen D. T., Pham H. T. V., Nguyen Q. N., Dinh T. V. V., Nguyen T. T. H., Cao N. G., Nguyen H. M. (2023), Study on the anti-hyperglycemic effect of Hibiscus tiliaceus L. leaves in obese/diabetic (+DB/+DB) mice, Journal of Medicinal Materials, 28(6), 379-384.
7.  Le B. V., Nguyen  T. M. N., Chu D. T., Tran T. H., Le H. T., Nguyen V. T., Nguyen H. M., Nguyen P. T., Hwang I., Yang S. Y., Kim Y. H. (2019), Chemical constituents of Vietnamese mangrove Hibiscus tiliaceus with antioxidant and alpha-glucosidase inhibitory activity, Natural Product Research, 35(17), 2899–2904. 
8.  Ministry of Health-Vietnam (2015), “Guidelines for the Care and Use of Laboratory Animals”, Decision of No. 141/QĐ-K2ĐT, dated on 27/10/2015. 
9.  Mohsen M. S., Ammar S. M. A. (2008), Total phenolic contents and antioxidant activity of corn tassel extracts, Food Chemistry, 112(3), 595–598. 
10. Chang C. C., Yang M. H., Wen H. M., Chern J. C. (2002), Estimation of total flavonoid content in propolis by two complementary colorimetric methods, Journal of Food and Drug Analysis, 10(3), 178–182. 
11. Amarowicz R., Pegg R., Rahimi-Moghaddam P., Barl B., Weil J. (2004), Free-radical scavenging capacity and antioxidant activity of selected plant species from the Canadian prairies, Food Chemistry, 84(4), 551–562. 
12. Qaisar M. N., Chaudhary B. A., Sajid M. U., Hussain N. (2014), Evaluation of α-glucosidase inhibitory activity of dichloromethane and methanol extracts of Croton bonplandianum Baill, Tropical Journal of Pharmaceutical Research, 13(11), 1833. 
13. Nguyen T. T. H., Tran T. T. H., Nguyen T. N. Y., Tran T. D. (2023), Renal protective effect of Ocimum basilicum L. leaf extract in diabetic mice, Hong Bang International University Journal of Science, 26, 11/2023, 35–42. 
14. Andrikopoulos S., Blair A.R., Deluca N., Fam B.C., Proietto J. (2008), Evaluating the glucose tolerance test in mice, American Journal of Physiology-Endocrinology and Metabolism, 295, E1323–E1332. 
15. Goyal S.N., Reddy N.M., Patil K.R., Nakhate K.T., Ojha S., Patil C.R., et al. (2016), Challenges and issues with streptozotocin-induced diabetes - A clinically relevant animal model to understand the diabetes pathogenesis and evaluate therapeutics, Chemico-Biological Interactions, 244, 49-63.
16. Dinic´ S., Arambašić Jovanovic´ J., Uskokovic´ A., Mihailovic´ M., Grdovic´ N., Tolic´ A., Rajic´ J., Đorđevic´ M., Vidakovic´ M. (2022), Oxidative stress-mediated beta cell death and dysfunction as a target for diabetes management, Frontiers in Endocrinology, 13, 1006376. 
17. Hossain H., Akbar P. N., Rahman S. E., Yeasmin S., Khan T. A., Rahman M., Jahan I. A. (2015), HPLC profiling and antioxidant properties of the ethanol extract of Hibiscus tiliaceus leaf available in Bangladesh, European Journal of Medicinal Plants, 7(1), 7–15. 
18. Samsudin M. S., Andriani Y., Sarjono P., Fitrya D. (2019), Study on Hibiscus tiliaceus leaves as antibacterial and antioxidant agents, Jurnal Pendidikan Dan Ilmu Kimia, 3(2), 123–131. 
19. Aaykumar R. S., Manoj R. K., Akshay R. G., Sonam S. G., Dipali M. G. (2022), Chemical characterization, thrombolytic and antioxidant activity of Hibiscus tiliaceus L. leaves, Natural Product Research, 36(23), 6106-6110.
20. Nie T., Cooper G. J. S. (2021), Mechanisms underlying the antidiabetic activities of polyphenolic compounds: A review, Frontiers in Pharmacology, 12, 798329. 
21. AL-Ishaq R. K., Abotaleb M., Kubatka P., Kajo K., Büsselberg D. (2019), Flavonoids and their anti-diabetic effects: Cellular mechanisms and effects to improve blood sugar levels, Biomolecules, 9(9), 430. 
22. Bungau S. G., Vesam C. M., Bustea C., Purza A. L., Tit D. M., Brisc M. C., Radu A. F. (2023), Antioxidant and hypoglycemic potential of essential oils in diabetes mellitus and its complications, International Journal of Molecular Sciences, 24(22), 16501.


Journal of Medicinal Materials, 2026, Vol. 31, No. 1+2 (pp. 113 - 122)

ACUTE ORAL TOXICITY AND LAXATIVE EFFECTS OF PHARBITIS NIL (L.) CHOISY SEED EXTRACT
Nguyen Thi Kim Oanh1,2, Tran Vien Thong1,3, Truong Huy Hieu3, Ly Hai Trieu1,3, 
Pham Thi Nguyet Hang1, Nguyen Thi Vinh Hue4,5, Do Thi Ha1,*
1National Institute of Medicinal Materials (NIMM), Hanoi 11018, Vietnam;
2Thai Binh University of Medicine and Pharmacy, Hung Yen 06122, Vietnam;
[bookmark: _Hlk225272613]3Research Center of Ginseng and Medicinal Materials (CGMM), NIMM, 
Ho Chi Minh City 71016, Vietnam;
4Traphaco Joint Stock Company, Hanoi 11719, Vietnam
5Faculty of Medicine and Pharmacy, Dainam University, Ha Dong, Ha Noi 12119, Vietnam
*Corresponding author: hado.vdl@nimm.org.vn
Received March 05th, 2026               Accepted March 20th, 2026
Summary
The present study aimed to investigate the acute oral toxicity and evaluate the laxative effect of Pharbitis nil (L.) Choisy seed extract in mice. Acute oral toxicity of the extract was assessed in Swiss albino mice using the Karber-Behrens method to determine the LD50 value. The laxative effect was evaluated in loperamide-induced constipation and normal mice through fecal water content, number and morphology of fecal pellets, intestinal charcoal transit ratio, amount of retained feces in the colon, and gastrointestinal fluid secretion. The results showed that the P. nil seed extract exhibited low acute oral toxicity (LD50 = 3.96 g/kg). In the loperamide-induced constipation model, the extract at doses of 150 and 300 mg/kg significantly increased fecal water content compared with the constipation model group, exhibiting effect comparable to the reference drug bisacodyl (1 mg/kg). At a dose of 300 mg/kg, this extract significantly enhanced intestinal motility, comparable to bisacodyl (1 mg/kg), by increasing the intestinal charcoal transit ratio. The extract at doses of 150 and 300 mg/kg also reduced fecal retention in the colon. In normal mice, the extract at both doses, 150 and 300 mg/kg, increased fecal water content and the weight of intestinal contents, indicating stimulation of fluid secretion into the intestinal lumen. In conclusion, the P. nil seed extract exhibited significant laxative properties in a loperamide-induced constipation mouse model, providing scientific evidence supporting the use of this medicinal plant in the management of constipation.
Keywords: Pharbitis nil (L.) Choisy seed extract; Acute oral toxicity; Laxative effect; Constipation; Loperamide.


1. Introduction
Pharbitis nil (L.) Choisy (P. nil), belonging to the family Convolvulaceae, is a plant widely used in traditional medicine in many Asian countries. The seeds of this plant, also known as Pharbitidis Semen (Khiên ngưu tử), have been reported to possess purgative, laxative, diuretic, and anti-edematous effects, and are commonly used in herbal medicine for relief and management of constipation and certain gastrointestinal disorders [1],[2]. According to the Vietnamese Pharmacopoeia V, the recommended dose of P. nil seeds is 4  8 g of crude drug per day in herbal formulations used to support the management of constipation [2].
Phytochemical studies have shown that the P. nil seeds contain various bioactive compounds, among which resin glycosides (Pharbitin) are considered the main constituents responsible for the laxative activity of the plant. These compounds are capable of stimulating intestinal motility and increasing fluid secretion into the intestinal lumen, thereby facilitating fecal excretion [3],[4]. In addition, several studies have reported other biological activities of this medicinal plant, including anti-inflammatory, antioxidant, and other pharmacological effects [5],[6].
P. nil seeds have long been used in traditional medicine. To provide further scientific evidence regarding the safety and pharmacological effects of their extract, the present study investigated the acute oral toxicity and laxative activities of P. nil seed extract in experimental models. The study results might provide scientific evidence to support the use and development of medicinal products derived from this medicinal material for the management of constipation.
2. Materials and methods
2.1. Materials 
The P. nil seed extract is derived from our previous report [7]. Briefly, P. nil seed powder was extracted with 70% ethanol (1:2, w/v) for 48 h at room temperature to get the P. nil seed extract. The extract has a moisture content of 11.45% and an extraction yield of 13.18%. The extract was stored at 2-8°C and dissolved in distilled water for dose preparation. 
The tested doses of the extract (75, 150, and 300 mg/kg) were selected based on our previous report [7], which were converted from the recommended human herbal dosage according to the monograph on P. nil seeds in the Vietnamese Pharmacopoeia V.
2.2. Animals
Swiss albino mice of both sexes (18  24 g), collected from the National Institute of Hygiene and Epidemiology, were used to study acute oral toxicity. ICR male mice (22  25 g), collected from the Biotechnology Center of Ho Chi Minh City, were used to study the laxative effect. The animals were acclimatized under laboratory conditions (relative humidity of 50–60%, temperature 25°C, and 12-h light-dark cycles) with free access to food and water for 7 days prior to the experiments. All experimental procedures involving animals were reviewed and approved by the Institutional Animal Ethics Committee of the National Institute of Medicinal Materials, Hanoi, Vietnam (Ref: 03/2024-HĐTVĐĐTĐV).
2.3. Acute oral toxicity test
Mice (n=10) were fasted overnight prior to oral administration of the extract at different concentrations via a blunt-tipped gavage needle. After administration of the extract, the animals were provided with food and water ad libitum. The mice were observed for behavioral changes, physical activity, food and water intake, excretion, and mortality for 10 days. If any animals died, a necropsy was performed to assess gross pathological changes [8-10]. The LD50 value was subsequently calculated using the Karber-Behrens formula:
Log(LD50) = Log(LD100) -  
Where: Log(LD50): Dose causing death in 50% of experimental animals, Log(LD100): Dose causing death in 100% of experimental animals, d: Difference between two consecutive doses ((Log(Di+1) - Log(Di)), z: Mean number of dead animals between two consecutive doses, n: Number of animals per group.
2.4. Evaluating the laxative effect of the extract in loperamide-induced constipated mice
The experiment was conducted for 5 days. On the day before the experiment, mice were fasted overnight with free access to water to determine their baseline body weight. To establish a reliable experimental constipation model, mice were orally administered loperamide (Nadyphar Pharmaceutical Joint Stock Company, Vietnam) at a dose of 10 mg/kg once daily for 5 days (except for the normal control group). This specific dose and duration were selected based on established protocols from previous pharmacological studies [11]. At this regimen, loperamide effectively binds to peripheral µ-opioid receptors to inhibit intestinal peristalsis and reduce fluid secretion, thereby inducing a stable and reproducible constipated state without causing severe systemic toxicity. One hour later, the mice were orally given the reference drug [12],[13] or the extract at doses of 75, 150, and 300 mg/kg. Before drug administration on day 5, mice were individually placed in metabolic cages and fasted overnight with free access to water. Fecal samples were collected during the first 12 hours (every 2 h) and during the following 12 hrs (mice were allowed normal feeding during the first 12 hours of fecal collection) [14]. The feces collected during the first 12 hrs were weighed and then dried in an oven at 50°C for 60 min. The body weight of the mice was recorded daily throughout the experiment. The mice were randomly divided into the following experimental groups (n = 8): 
· Control group (Control): Distilled water.
· Constipation model group (Lope): Loperamide 10 mg/kg.
· Reference group (Bisa): Loperamide 10 mg/kg + Bisacodyl (DHG Pharmaceutical Joint Stock Company, Vietnam) 1 mg/kg.
· Test group 1 (BB75): Loperamide 10 mg/kg + Extract 75 mg/kg.
· Test group 2 (BB150): Loperamide 10 mg/kg + Extract 150 mg/kg.
· Test group 3 (BB300): Loperamide 10 mg/kg + Extract 300 mg/kg.
The evaluated parameters included daily body weight changes, food intake over 12 hrs and water consumption over 24 hrs. In addition, fecal parameters were recorded, including the number of fecal pellets, fecal morphology score (0: normal; 1: soft; 2: unformed), wet fecal weight, dry fecal weight, and fecal water content. Fecal water content (%) was calculated using the following formula:

 
Fecal water content (%) =  ×100.

2.5. Evaluating the effect of the extract on gastrointestinal motility in loperamide-induced constipated mice
The experiment was conducted for 6 days. Mice were orally administered the reference drug or the extract once daily, 1 hr after receiving loperamide at a dose of 10 mg/kg. On day 5, the mice were fasted overnight with free access to water. Ten minutes after the final dose on day 6, mice in each group were orally administered activated charcoal (Nam Viet Pharmaceutical Co., Ltd., Vietnam) at a dose of 300 mg/kg with an administration volume of 10 mL/kg [15]. Twenty minutes after charcoal administration, the mice were sacrificed, and the small intestine from the pylorus to the cecum was removed. Simultaneously, the entire colon was carefully excised and opened longitudinally. To evaluate fecal retention, the number of formed fecal pellets remaining inside the colon was manually counted. Subsequently, all fecal contents within the colon were gently scraped, collected, and immediately weighed using an analytical balance to determine the total amount of retained feces (expressed in mg). The mice were divided into experimental groups (n = 8) similar to those described in the experiment above. The evaluated parameters included the distance traveled by activated charcoal in the intestine, the total amount of feces remaining in the colon, and the intestinal charcoal transit ratio, calculated as follows [15],[16]:

 
Charcoal transit ratio (%) =  ×100.


2.6. Evaluating the effect of the extract on gastrointestinal fluid secretion in normal mice
Before the experiment, mice were individually placed in metabolic cages and fasted overnight 
with free access to water. The mice were orally administered the corresponding treatments according to their respective groups. Fecal samples were collected within 4 hrs after administration of castor oil (SVA Naturals, India) or the extract and then dried at 50°C for 60 mins. The mice were subsequently sacrificed, and the intestine from the pylorus to the cecum was removed. The mice were divided into experimental groups (n = 8) as follows [16],[17]:
· Control group (Control): Distilled water.
· Reference group (CastO): Castor oil 10 mL/kg.
· Test group 1 (BB75): Extract 75 mg/kg.
· Test group 2 (BB150): Extract 150 mg/kg.
· Test group 3 (BB300): Extract 300 mg/kg.
The evaluated parameters included the number of fecal pellets; fecal morphology (0 - normal; 1 - soft; 2 - unformed); intestinal weight before squeezing; intestinal weight after squeezing; weight of intestinal contents = (intestinal weight before squeezing - intestinal weight after squeezing); and fecal water content (%), calculated as:


Fecal water content (%) =  ×100.


2.7. Data analysis
Data were compiled and processed using Microsoft Excel 2016. Statistical analysis was performed using GraphPad Prism (8.0.2, Inc., La Jolla, CA, USA). Data were checked for normality using Anderson-Darling and Shapiro-Wilk tests. Data were compared using one-way ANOVA, followed by Tukey’s post-test for variance homogeneity and Dunnett’s post-test for variance heterogeneity. Results are presented as Mean ± SD (Standard Deviation) in the case of a normal distribution. Data were compared using Kruskal-Wallis followed by Dunn’s post-test, and results are presented as Median ± Interquartile Range in the case of a non-normal distribution. Differences were considered statistically significant when p ≤ 0.05. Express statistical differences as follows: ns with p > 0.05, * with p < 0.05, ** with p < 0.01, *** with p < 0.001, and **** with p < 0.0001.
3. Results
3.1. Acute oral toxicity of P. nil seed extract
After the preliminary test, a total of six dose levels were used in the main experiment. The minimum dose causing 100% mortality (LD100) was determined to be 6.1 g/kg, while the maximum dose that caused no mortality (LD0) was 2.0 g/kg. Based on the determined LD0 and LD100 values, the LD50 was calculated using the Karber-Behrens formula, yielding a value of 3.96 g/kg.

Table 1. Results of the acute oral toxicity test of the P. nil seed extract
	Group
	Dose (g/kg)
	n
	Number of dead mice
	Mortality rate (%)

	I
	2.0
	10
	0
	0

	II
	2.5
	10
	1
	10

	III
	3.2
	10
	1
	10

	IV
	4.0
	10
	4
	40

	V
	4.9
	10
	9
	90

	VI
	6.1
	10
	10
	100




Abnormal signs observed after administration of the P. nil extract included loose or watery stools occurring approximately 1.5 to 4 hours after dosing. These symptoms usually resolved within 24 hrs at all tested dose levels. No gross abnormalities were observed in internal organs, including the heart, liver, kidneys, lungs, spleen, and intestines.
3.2. Laxative effect of P. nil seed extract in loperamide-induced constipated mice

Table 2. Effects of P. nil seed extract on body weight, water intake, and food consumption in mice
	Group
	Body weight Day 1 [A] (g)
	Body weight Day 6 [B] (g)
	Weight change [B - A] (g)
	Water intake (24h, mL)
	Food intake (12h, g)

	Control
	22.46 ± 1.26
	20.29 ± 0.75ns
	-2.18 ± 0.77ns
	6.31 ± 1.03*
	2.22 ± 0.51ns

	Lope
	22.85 ± 2.37
	21.05 ± 2.43
	-1.80 ± 1.05
	8.78 ± 1.70
	2.82 ± 0.58

	Bisa
	22.70 ± 2.54
	20.16 ± 1.49ns
	-2.54 ± 1.64ns
	6.25 ± 1.85*
	2.03 ± 0.64ns

	BB75
	18.94 ± 6.33
	16.94 ± 6.51ns
	-1.79 ± 0.52ns
	5.06 ± 0.91***
	1.51 ± 0.55***

	BB150
	20.56 ± 1.59
	18.59 ± 1.57ns
	-1.98 ± 0.45ns
	5.66 ± 1.81**
	1.99 ± 0.45ns

	BB300
	22.01 ± 1.82
	19.64 ± 1.52ns
	-2.38 ± 1.37ns
	5.75 ± 1.73**
	2.12 ± 0.73ns


Statistical symbols indicate comparisons with the constipation model group (Lope) using Tukey’s test.


The results in Table 2 showed no statistically significant differences in the initial body weight of mice (Day 1) among the experimental groups (p > 0.05). After 6 days of treatment, there were also no statistically significant differences in body weight between the constipation model group and the groups treated with P. nil seed extract at different doses or the reference drug group (p > 0.05). Similarly, the changes in body weight during the experimental period did not differ significantly among the groups (p > 0.05). However, the 24-hour water intake in the constipation model group was significantly higher than that in the control group (p < 0.05). In contrast, mice treated with P. nil seed extract (75, 150, and 300 mg/kg) and the reference drug showed significantly lower water intake compared with the constipation model group (p < 0.05). Regarding food intake over 12 hrs, no statistically significant differences were observed between the constipation model group and the groups treated with the extract at doses of 150 and 300 mg/kg or the reference drug (p > 0.05). However, the group treated with 75 mg/kg extract showed significantly lower food intake compared with the constipation model group (p < 0.001).

Table 3. Effects of P. nil seed extract on fecal parameters
	Group
	Wet fecal weight (12h, g)
	Dry fecal weight (12h, g)
	Fecal water content (%)
	Fecal pellets numbers (12h)
	Fecal morphology score (12h)

	Control
	1.35 ± 0.87ns
	0.66 ± 0.43ns
	50.71 ± 6.43*
	47.25 ± 7.05*
	1 (1; 1)ns

	Lope
	1.14 ± 0.71
	0.66 ± 0.39
	40.81 ± 4.89
	35.25 ± 6.36
	0.5 (0; 1)

	Bisa
	0.77 ± 0.57ns
	0.36 ± 0.28ns
	53.81 ± 5.31**
	32.88 ± 8.36ns
	1 (0; 1)ns

	BB75
	0.44 ± 0.30ns
	0.23 ± 0.16ns
	45.19 ± 7.57ns
	22.38 ± 5.42*
	1 (0; 1)ns

	BB150
	1.10 ± 0.76ns
	0.45 ± 0.31ns
	58.05 ± 8.16****
	30.88 ± 9.31ns
	1 (0; 1)ns

	BB300
	1.04 ± 0.85ns
	0.49 ± 0.41ns
	52.62 ± 6.41*
	40.50 ± 9.67ns
	1 (1; 1.75)ns


Statistical symbols indicate comparisons with the constipation model group (Lope) using Tukey’s test, while the Dunn’s test was used for fecal morphology score.


The results in Table 3 showed that there were no statistically significant differences in wet or dry fecal weight after 12 hrs between the control group and the constipation model group, as well as between the constipation model group and the groups treated with P. nil seed extract at different doses or the reference drug (p > 0.05). The fecal water content in the constipation model group was significantly lower than that in the control group (p < 0.05). In contrast, the groups treated with the extract at doses of 150 and 300 mg/kg, as well as the bisacodyl group, showed significantly higher fecal water content compared with the constipation model group (p < 0.05), while the 75 mg/kg extract group showed no significant difference compared with the constipation model group (p > 0.05). The extract at doses of 150 and 300 mg/kg increased fecal water content by approximately 12  18% compared with the constipation model group, showing an effect comparable to that of bisacodyl (1 mg/kg). The total number of fecal pellets within 12 hrs in the constipation model group was significantly lower than that in the control group (p < 0.05). No statistically significant differences were observed between the constipation model group and the groups treated with 150 and 300 mg/kg extract or the reference drug (p > 0.05). However, the BB75 group showed a significantly lower number of fecal pellets compared with the constipation model group (p < 0.05) (Fig. 1). The fecal morphology score after 12 hrs showed no statistically significant differences between the control group and the constipation model group, nor between the constipation model group and the treated groups (p > 0.05), although a trend toward higher scores was observed in the normal control and treatment groups compared with the constipation model group.
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Fig. 1. Number of fecal pellets in mice after 12 hours

3.3. Effects of P. nil seed extract on gastrointestinal motility in loperamide-induced constipated mice
Table 4. Effects of P. nil seed extract on gastrointestinal motility
	Group
	Small intestine length (cm)
	Charcoal transit distance (cm)
	Charcoal transit ratio (%)
	Number of fecal pellets remaining in colon
	Amount of feces remaining in colon (mg)

	Control
	45.31 ± 7.26
	29.88 ± 5.98****
	65.86 ± 6.47*
	3.75 ± 0.89*
	73.66 ± 13.28*

	Lope
	49.63 ± 5.07
	14.81 ± 4.60
	29.37 ± 6.38
	5.13 ± 0.83
	100.83 ± 13.57

	Bisa
	49.81 ± 6.41
	21.13 ± 5.22*
	42.55 ± 10.17*
	3.75 ± 0.71*
	69.78 ± 21.67**

	BB75
	49.81 ± 4.88
	14.75 ± 3.75ns
	29.74 ± 7.22ns
	3.63 ± 0.52**
	53.35 ± 14.83****

	BB150
	45.06 ± 3.95
	16.25 ± 3.37ns
	36.10 ± 7.06ns
	2.38 ± 0.92****
	37.83 ± 13.11****

	BB300
	46.81 ± 5.58
	19.63 ± 4.33*
	41.90 ± 7.38*
	2.13 ± 0.99****
	35.09 ± 23.56****


Statistical symbols indicate comparisons with the constipation model group (Lope) using Tukey’s test. 


The results in Table 4 showed that there were no statistically significant differences in the length of the small intestine among the experimental groups (p > 0.05). The charcoal transit distance in the constipation model group was significantly lower than that in the control group (p < 0.05). In contrast, the BB300 group and the bisacodyl group showed significantly higher charcoal transit distances compared with the constipation model group (p < 0.05), whereas the groups treated with 75 and 150 mg/kg extract did not show significant differences compared with the constipation model group (p > 0.05). Similarly, the charcoal transit ratio in the constipation model group was significantly lower than that in the control group (p < 0.05). At the dose of 300 mg/kg, the extract enhanced intestinal motility by approximately 11% compared with the constipation model group, an effect comparable to bisacodyl (1 mg/kg); correspondingly, the BB300 and bisacodyl groups exhibited significantly higher charcoal transit ratios than the constipation model group (p < 0.05), whereas the BB75 and BB150 groups showed no statistically significant differences (p > 0.05) (Fig. 2). The number of fecal pellets and the fecal content remaining in the colon were significantly higher in the constipation model group than in the control group (p < 0.05). Treatment with P. nil seed extract at different doses and bisacodyl significantly reduced these parameters compared with the constipation model group (p < 0.05). Notably, the extract at doses of 150 and 300 mg/kg increased defecation frequency by approximately 62  65% relative to the constipation model group, showing a stronger effect than bisacodyl (1 mg/kg).
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Fig. 2. Representative image showing the gastrointestinal transit of activated charcoal along the small intestine used to determine the charcoal transit distance and transit ratio in mice

3.4. Effects of P. nil seed extract on gastrointestinal secretion in normal mice
Table 5. Effects of P. nil seed extract on gastrointestinal secretion
	Group
	Number of fecal pellets (4h)
	Fecal morphology score
	Wet fecal weight (g)
	Dry fecal weight (g)
	Fecal water content (%)
	Intestinal weight before squeezing (g)
	Intestinal weight after squeezing (g)
	Intestinal content weight (g)

	Control
	5.17 ± 1.17
	0 (0; 1)
	0.10 ± 0.03
	0.07 ± 0.02
	36.15 ± 3.96
	1.49 ± 0.23
	0.96 ± 0.28
	0.54 ± 0.31

	CastO
	7.00 ± 2.68ns
	1 (0.75; 2)ns
	0.35 ± 0.05****
	0.10 ± 0.04ns
	70.30 ± 8.14****
	2.09 ± 0.32*
	1.16 ± 0.11ns
	0.94 ± 0.32*

	BB75
	3.67 ± 2.73ns
	1 (0.75; 1.25)ns
	0.07 ± 0.05ns
	0.04 ± 0.03ns
	46.21 ± 10.89ns
	1.95 ± 0.34ns
	1.12 ± 0.25ns
	0.83 ± 0.15ns

	BB150
	5.33 ± 2.34ns
	1 (0; 2)ns
	0.15 ± 0.06ns
	0.07 ± 0.04ns
	55.19 ± 8.75**
	2.20 ± 0.29**
	1.24 ± 0.27ns
	0.95 ± 0.20*

	BB300
	6.33 ± 1.75ns
	1.5 (0.75; 2)ns
	0.19 ± 0.07ns
	0.06 ± 0.03ns
	66.21 ± 4.28****
	2.37 ± 0.38***
	1.24 ± 0.28ns
	1.13 ± 0.11**


Statistical symbols indicate comparisons with the control group (Control) using Tukey’s test, while the Dunn’s test was used for fecal morphology scores. 


The results in Table 5 showed that there were no statistically significant differences in the number of fecal pellets within 4 hours between the control group and the groups treated with P. nil seed extract at different doses (p > 0.05). The number of fecal pellets in the castor oil group and the BB300 group tended to be higher than that in the control group; however, the differences were not statistically significant (p > 0.05) (Fig. 3). The fecal morphology scores in the extract-treated groups and the reference group were higher than those in the control group, but the differences were not statistically significant (p > 0.05). Similarly, there were no statistically significant differences in wet or dry fecal weight between the control group and the experimental groups (p > 0.05). However, the fecal water content in the groups treated with 150 and 300 mg/kg extract, as well as in the castor oil group, was significantly higher than that in the control group (p < 0.05). The BB75 group also showed a higher fecal water content than the control group, but the difference was not statistically significant (p > 0.05). The intestinal weight before squeezing in the BB150, BB300, and castor oil groups was significantly higher than that in the control group (p < 0.05), whereas the BB75 group showed no significant difference (p > 0.05). The intestinal weight after squeezing did not differ significantly between the control group and the experimental groups (p > 0.05). In contrast, the intestinal content weight in the BB150, BB300, and castor oil groups was significantly higher than that in the control group (p < 0.05), representing an increase of approximately 75  109% compared with the control group and demonstrating an effect similar to that of the reference control (castor oil), while the BB75 group showed no statistically significant difference (p > 0.05).
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Fig. 3. Fecal morphology of mice within 4 hours


4. Discussion
The results of this study showed that the oral LD50 of the P. nil seed extract in white mice was 3.96 g/kg, indicating low acute toxicity. According to the toxicity classification proposed by Hodge and Sterner, substances with an oral LD50 ranging from 0.5 to 5 g/kg are categorized as having low toxicity [18]. Therefore, the P. nil seed extract evaluated in this study can be considered to have a relatively safe level when administered orally. Compared with the traditional medicinal dosage, P. nil seeds are commonly used at a dose of 4  8 g of crude drug per day for adults according to the Vietnamese Pharmacopoeia V [2]. When converted to the equivalent dose in mice using the body surface area conversion factor, this corresponds to approximately 127  254 mg/kg [8]. Thus, the LD50 value (3.96 g/kg) is about 15.6 times higher than the maximum experimental dose, indicating a relatively wide safety margin between the therapeutic dose and the acute toxic dose. This finding is consistent with the long-standing use of this medicinal plant in traditional medicine as a purgative and laxative agent.
These findings are also consistent with several previous studies on Pharbitidis Semen. Pharmacological studies have shown that the major active constituents of this medicinal material are resin glycosides (pharbitin), which possess strong biological activity but exhibit relatively low acute toxicity when administered orally at therapeutic doses. According to the study by Ono (2017), resin glycosides isolated from plants of the Convolvulaceae family can stimulate intestinal motility and increase intestinal fluid secretion, while generally causing minimal systemic toxicity when used at appropriate doses [4]. An interesting observation in this study was that, at higher doses, mice exhibited loose or watery stools within 1.5  4 hrs after administration, with recovery occurring after approximately 24 hours. This phenomenon is consistent with the pharmacological characteristics of resin glycosides, which are known to stimulate the intestinal mucosa and increase intestinal fluid secretion, thereby producing purgative or laxative effects [3]. Therefore, these manifestations are more likely related to the pharmacological activity of the extract rather than true toxic effects. In addition, no gross pathological alterations were observed in major internal organs, including the liver, kidneys, heart, lungs, and spleen, suggesting that the P. nil seed extract did not cause significant acute toxicity to target organs under the experimental conditions. However, it should be noted that acute toxicity studies only reflect short-term effects. Therefore, further investigations on subacute and chronic toxicity are necessary to provide a more comprehensive evaluation of the safety profile of this medicinal plant.
In the present study, a loperamide-induced constipation model was used to evaluate the laxative effect of P. nil seed extract. Loperamide is a peripheral µ-opioid receptor agonist that can inhibit intestinal motility, prolong fecal retention time in the colon, and reduce intestinal fluid secretion, thereby inducing experimental constipation. Consequently, this model is widely used in studies evaluating laxative agents [13],[14],[15]. A noteworthy physiological response observed in our loperamide-induced constipation model was the apparent paradox between water intake and fecal water content. Although the constipation model group consumed significantly more water than the control group (Table 2), their fecal water content remained significantly lower (Table 3). This phenomenon can be fundamentally explained by the pharmacological action of loperamide. By agonizing peripheral µ-opioid receptors, loperamide profoundly inhibits intestinal fluid secretion and peristalsis. This prolongs colonic transit time, maximizing water reabsorption and resulting in dry, hard feces. The significant increase in water intake is likely a systemic compensatory mechanism; the animals drink more to compensate for the localized lack of luminal fluid and the difficulty in passing hard stools. However, because loperamide effectively blocks the secretory pathways into the gut lumen, the excess ingested water is absorbed systemically and excreted via the kidneys rather than hydrating the fecal mass. This observation strongly validates the successful establishment and robustness of the experimental constipation model used in this study. The results showed that the P. nil seed extract at doses of 150 and 300 mg/kg significantly increased fecal water content compared with the constipation model group. In addition, at the dose of 300 mg/kg, the extract also significantly increased the intestinal charcoal transit ratio and reduced fecal retention in the colon. These findings indicate that the extract can improve gastrointestinal motility and promote fecal excretion, thereby exhibiting a clear laxative effect. These results are consistent with several previous studies on medicinal plants with laxative activity. A study by Wintola et al. (2010) using a loperamide-induced constipation mouse model demonstrated that Aloe ferox extract significantly increased fecal water content and improved intestinal motility, showing a mechanism similar to that observed in the present study [13]. In addition, Lim et al. (2019) reported that fermented barley extract could enhance gastrointestinal transit and improve loperamide-induced constipation [14]. An interesting and noteworthy observation from our data is that the low-dose group (BB75) exhibited a significantly lower number of fecal pellets compared to the loperamide-induced constipation model group (Lope). This seemingly paradoxical result could be attributed to several intersecting pharmacological and physiological factors. Firstly, as shown in Table 2, mice in the BB75 group consumed significantly less food compared to the Lope group (p < 0.001). A reduction in food intake directly limits fecal mass formation, resulting in fewer fecal pellets. Secondly, at the dose of 75 mg/kg, the concentration of the primary laxative constituents, such as resin glycosides, might be sub-therapeutic and insufficient to overcome the potent µ-opioid receptor agonism of loperamide. Furthermore, P. nil seeds are known to contain various polyphenols. It is hypothesized that at low doses, the mildly astringent properties of certain polyphenols might manifest before the strong purgative effect of resin glycosides reaches its therapeutic threshold at higher doses (150 and 300 mg/kg). Furthermore, visual observation of the fecal morphology (Fig. 1) in the BB75 group reveals bulkier, aggregated fecal masses rather than distinct pellets. This physical impaction is consistent with prolonged colonic retention and delayed transit time, allowing the limited fecal matter to coalesce into larger, drier clumps due to the unresolved loperamide-induced stasis. This suggests a potential biphasic dose-response relationship and strongly highlights the necessity of dosage optimization when utilizing this herbal extract in clinical practice.
The laxative mechanism of P. nil seeds is believed to be mainly associated with resin glycosides (pharbitin). These compounds can stimulate the intestinal mucosa, increase secretion of water and electrolytes into the intestinal lumen, and enhance gastrointestinal smooth muscle contractions, thereby softening stools and promoting intestinal motility. An in vitro study by Zhou et al. (2022) demonstrated that pharbitin could affect the contractile tone of the colon and ileum, providing further evidence for the laxative activity of this medicinal plant [3]. However, in the present study, the tested extract was not directly characterized for pharbitin by TLC, HPLC, or other dedicated analytical methods. These should be considered for future research to obtain more convincing conclusions about the link between pharbitin and laxative effect. In this study, the 70% ethanol extraction solvent was selected for its intermediate polarity, which is optimal for recovering a broad spectrum of bioactive compounds, including the primary purgative resin glycosides (pharbitin) and various polyphenols. Furthermore, this solvent is safe, easily recoverable, and suitable for subsequent pharmacological and formulation studies. 
To ensure the reproducibility and quality of the extract, chlorogenic acid (CGA) and isochlorogenic acid A (ICGA) were employed as chemical markers, as resin glycosides possess complex structures that present challenges for routine quantification. Quantitative analysis using the HPLC-DAD method developed in our previous study confirmed that the extract batch contained 1.20 ± 0.04% of chlorogenic acid and 0.65  0.01% of isochlorogenic acid A. These compounds not only serve as reliable markers for standardization but also support the extract's biological profile through antioxidant mechanisms and protection of the intestinal mucosa. Moreover, the results obtained in normal mice demonstrated that the extract at doses of 150 and 300 mg/kg significantly increased both fecal water content and intestinal content weight, indicating a strong capacity to stimulate fluid secretion into the intestinal lumen. To validate this secretory assay, castor oil was employed as a positive control. Upon oral administration, castor oil is rapidly hydrolyzed by intestinal lipases into its active metabolite, ricinoleic acid. This compound acts as a potent mucosal irritant that alters epithelial permeability and triggers a massive net secretion of water and electrolytes into the gut lumen while inhibiting their reabsorption [19]. Consistent with this well-established mechanism, the castor oil group in our study exhibited profound increases in luminal fluid accumulation. The comparable secretory responses observed in the P. nil extract-treated groups strongly suggest that the extract exerts its laxative efficacy through a similar mechanism of enhancing intestinal fluid secretion. This mechanism is similar to that of stimulant laxatives, such as bisacodyl, which act by enhancing intestinal secretion and stimulating intestinal motility [20]. 
Beyond the direct mucosal stimulation by resin glycosides, the laxative efficacy of P. nil seed extract may involve broader metabolic and neurogastroenterological pathways. Recent evidence highlights that loperamide-induced constipation is strongly associated with bile acid dysregulation, characterized by the excessive accumulation of bile acids in the liver and a consequent reduction in their fecal excretion [21]. Since luminal bile acids are potent physiological stimulants for colonic secretion and motility, enhancing their excretion is a key mechanism for resolving constipation. Furthermore, another crucial mechanism underlying intestinal motility involves the 5-hydroxytryptamine (5-HT) signaling pathway. Constipation typically disrupts this pathway, significantly increasing 5-HT levels in the serum while drastically decreasing them in the intestinal tissue, thereby impeding the peristaltic reflex [22]. The significant improvements in gastrointestinal transit and fluid secretion observed in our extract-treated mice (BB150 and BB300) strongly suggest that P. nil seeds might exert regulatory effects on the enteric nervous system, potentially by restoring intestinal 5-HT synthesis and promoting bile acid excretion into the colon. 
At the tissue level, the histological integrity of the colon mucosa is a primary determinant of normal bowel function. In loperamide-induced models, prolonged fecal impaction structurally alters the colonic mucosa and reduces mucin production, leading to the evident presence of hard, dry fecal pellet remnants compacted within the colon lumen [14]. In our study, the profound reduction in both the number and mass of retained feces in the colon following P. nil extract administration (Table 4) indicates its high efficacy in clearing these luminal remnants. While the current findings clearly demonstrate physiological improvements in transit and fluid secretion, subsequent histological and morphometric observations of the colon mucosa, such as quantifying goblet cells and mucin layer thickness, will provide deeper structural insights into how the extract protects the intestinal barrier against impaction-induced damage.
Overall, the findings of this study are consistent with previously published pharmacological data on P. nil seeds, further supporting the scientific basis for the traditional use of this medicinal plant in the management of constipation. However, to better clarify the mechanism of action, future studies should focus on the isolation of active compounds and the evaluation of their effects on the enteric nervous system as well as intestinal water and electrolyte transport pathways.
5. Conclusion
The 70% ethanol extract of P. nil seeds has acute oral toxicity in Swiss albino mice, with an LD50 value of 3.96 g/kg. Pharmacologically, the extract exerts significant laxative and ameliorative effects against loperamide-induced constipation. These therapeutic benefits are primarily mediated by stimulating intestinal fluid secretion and enhancing gastrointestinal motility, which effectively relieve fecal impaction. Overall, these findings provide robust scientific validation for the traditional use of P. nil seeds in the prevention and management of constipation, highlighting its promising potential for development into standardized herbal therapeutics.
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Summary
This study aimed to evaluate the memory-enhancing effects of the 50% ethanolic extract and four fractions (aqueous, n-butanol, ethyl acetate, and n-hexane) from Morinda officinalis How. (MO) roots using a transgenic hAPP Drosophila model of Alzheimer’s disease. Screening of acetylcholinesterase (AChE) inhibitory activity showed that both the ethanolic and four fractions exhibited inhibitory effects, with the n-hexane fraction demonstrating the strongest activity. In the learning memory assay using Drosophila larvae, the ethanolic extract and three fractions (n-butanol, ethyl acetate, and n-hexane) improved odor memory more effectively than the aqueous fraction. Further assessments of locomotor activity and survival ability identified the ethanolic extract and n-butanol fraction as the most promising candidates. Moreover, the ethanolic extract showed antioxidant ability by significantly decreasing the concentration of MDA in the head homogenates of adult flies. These results suggest that MO extracts, especially the ethanolic extract and n-butanol fraction, have potential memory-enhancing and neuroprotective effects in a transgenic Drosophila model of Alzheimer’s disease.  
Keywords: Alzheimer’s disease; Transgenic hAPP Drosophila; Morinda officinalis How.


1. Introduction
Alzheimer’s disease (AD) is a progressive neurodegenerative disorder characterized by early memory loss and cognitive decline, eventually affecting behavior, speech, visuospatial orientation, and motor systems. The disease develops over 20-30 years, with symptoms becoming pronounced in individuals over 65 years old. AD is the most common form of dementia, accounting for approximately two-thirds of global dementia cases. Worldwide, it is estimated that around 41 million people with dementia remain undiagnosed, with only 25% of cases clinically identified [1],[2].
Current treatments for AD are symptomatic and primarily include acetylcholinesterase (AChE) inhibitors, which can reduce cognitive symptoms but often produce undesirable side effects. Non-pharmacological interventions such as physical exercise, memory training, music therapy, and art therapy aim to maintain or improve cognitive function and quality of life [3]. However, there remains a critical need for more effective therapies with fewer adverse effects. 
In traditional medicine, the root of Morinda officinalis How. (MO) has been widely used as a tonic and for the treatment of various ailments, including kidney deficiency, inflammation, and cognitive disorders [4-6]. Oligosaccharides isolated from the roots of M. officinalis can ameliorate β-amyloid–induced dementia in rats by enhancing antioxidant capacity, activating brain energy metabolism, and improving cholinergic system dysfunction [7]. Previous studies have indicated that M. officinalis oligosaccharides can attenuate the progression of AD in animal models through modulation of gut microbiota diversity and metabolic profiles. However, the precise associations between gut microbial composition and metabolic alterations have not yet been fully clarified [8]. In addition, several classical prescriptions in traditional Chinese medicine, such as Tian-Si-Yin and Bajitianwan, include MO roots for the treatment of memory loss and osteoporosis [9],[10]. Despite its traditional use for improving memory, studies on the neuroprotective and memory-enhancing effects of MO in Alzheimer’s disease are limited. Therefore, this study aims to investigate the memory-enhancing and neuroprotective potential of MO extracts using a transgenic Drosophila model of Alzheimer’s disease.
2. Materials and Methods
2.1. Plant Material and Extract Preparation
Roots of Morinda officinalis How. (5 years old) were collected in November 2024 from Phu Tho Province, Vietnam, and authenticated by MSc. Phan Van Truong, the Center of Medicinal Plant Resources, National Institute of Medicinal Materials, according to the Vietnamese Pharmacopoeia V. The roots were cleaned, debarked, sliced, and dried at 50°C until the moisture content was below 10%. Dried material (2 kg) was extracted with 50% ethanol (8 L × 3) at room temperature, followed by hot extraction at 60°C for 3 hours. The extract was concentrated under reduced pressure at 55°C to yield 1.25 kg of crude 50% ethanolic extract (MOE) with a moisture content of 1.65%. 500 g of MOE (equivalent to 800 g of dried roots) was suspended in 1 L of distilled water and successively partitioned with n-hexane, ethyl acetate, and n-butanol to yield corresponding fractions. Solvents were removed under reduced pressure. Extraction yields are shown in Table 1.

Table 1. Extraction yields obtained from dried, core-removed M. officinalis How. roots
	Extract/Fraction
	Dry weight (g)
	Yield (%)

	50% Ethanolic extract (MOE)
	725.00
	62.500

	Aqueous fraction (MOW)
	414.29
	51.780

	n-Butanol fraction (MOB)
	29.48
	3.380

	Ethyl acetate fraction (MOEt)
	1.25
	0.155

	n-Hexane fraction (MOH)
	0.195
	0.024




2.2. Evaluation of Acetylcholinesterase Inhibitory Activity
Acetylcholinesterase (AChE) inhibitory activity was assessed using a colorimetric method using Ellman’s reagent, originally described in 1961 [11]. The principle of the assay is as follows: the substrate acetylthiocholine iodide (AChI) is hydrolyzed by AChE to generate thiocholine. This product subsequently reacts with 5,5’-dithiobis-(2-nitrobenzoic acid) (DTNB) to form the yellow-colored compound 5-thio-2-nitrobenzoic acid, the intensity of which is proportional to AChE enzymatic activity. The absorbance of the reaction mixture is then measured at 412 nm to determine AChE activity.
MO extracts were dissolved in DMSO and diluted in distilled water to final concentrations of 31.25, 62.5, 125, 250, and 500 µg/mL. Tacrine (Tac, positive control) was dissolved in distilled water and diluted to concentrations of 3.125, 6.25, 12.5, 25, 50, and 100 ng/mL. The assay was conducted in 96-well ELISA plates with two groups: wells containing AChE enzyme (test wells) and wells without enzyme (blank wells). All experiments were carried out at room temperature (25°C), and each reaction was performed in triplicate. 
Each well received 25 µL of distilled water (control group) or 25 µL of plant extract/Tac solution (test group), followed by 200 µL of reaction buffer containing 25 µL of 15 mM AChI, 125 µL of 3 mM DTNB, and 50 µL of 0.1 M phosphate buffer (pH 8.0). Then, 25 µL of AChE (0.025 U/mL) was added to the test wells, whereas 25 µL of 0.1 M phosphate buffer (pH 8.0) was added to blank wells. Plates were incubated for 15 minutes at room temperature in the dark, after which absorbance was recorded at 412 nm. The percentage inhibition of AChE activity (I%) was calculated using the following formula:

 



The half-maximal inhibitory concentration (IC50) was calculated by nonlinear regression using a dose-response inhibition model with a variable slope (four-parameter logistic model) in GraphPad Prism 8 software.
2.3. Generation of an Alzheimer’s Disease Drosophila Model
In this study, the expression of the human APP protein in the Drosophila brain was achieved using the GAL4/UAS binary gene expression system. This system uses two parental fly lines: a driver line carrying the genotype w; +; Elav-GAL4 and a responder line carrying w; UAS-hAPP.HA. When these two lines are crossed, the F1 progeny inherit both Elav-GAL4 and UAS-hAPP.HA transgenes. Under the control of the neuron-specific promoter Elav, the GAL4 transcription factor is expressed and binds to the upstream activation sequence (UAS) preceding the target hAPP gene, thereby activating its transcription. As a result, the human amyloid precursor protein (APP) is produced and expressed in the Drosophila brain. When APP is expressed and released from neurons, it can accumulate and form amyloid aggregates, hallmark pathological features of Alzheimer’s disease [12]. The aggregation of amyloid-β peptides and related toxic amyloid species can ultimately lead to neuronal death and progressive AD-like neurodegeneration. Following genetic crossing, the resulting transgenic flies were used for behavioral assays relevant to Alzheimer’s disease. All experiments were performed in parallel among the control group (Elav-Gal4), the pathological group (Elav-hAPP), and the treated group.
Flies were maintained at 25±1°C under a 12-h light-dark cycle (light on: 07:00-19:00) on standard medium containing 1% agarose, 5% sucrose, 5% dry yeast, 3% milk powder, and preservatives (sodium benzoate, propionic acid). The food was replaced every 2-3 days to ensure optimal nutritional conditions for growth.
2.4. Odor-taste learning assays in Drosophila larvae
This assay was performed following the method described by Gerber et al. (2013) [13]. Short-term associative memory was assessed in F1 larvae derived from parental flies reared on diet supplemented with the 50% ethanolic extract of Morinda officinalis and its n-butanol, ethyl acetate, n-hexane, and aqueous fractions.
Third-instar larvae (day 3) were trained on two types of petri dishes: agar plates containing 1% agar and 2 M sucrose (dish X), and agar plates containing 1.5% agar without sucrose (dish Y). Two odorants were used: octanol (OCT; Sigma-Aldrich, St. Louis, MO, USA) and n-amyl acetate/paraffin (1:50, AM Merck Millipore, Burlington, MA, USA). A total of 24 larvae were collected, washed with 1× PBS to remove food residues, and sequentially trained on dishes X and Y containing different odorants for 5 minutes each. The training cycle was repeated three times.
For testing, larvae were placed for 3 minutes on an agar plate divided into two halves, one containing AM odor and the other containing OCT. After testing, the number of larvae on each side was counted. Learning performance was quantified using the Learning Index (LI):

where PREFAM and PREFOCT represent the preference indices for AM and OCT, respectively, and LI is the learning index. The preference indices were calculated as

(#: the number of larvae observed on the respective half of the test dish)
Each experimental batch consisted of approximately 144-168 larvae, with 24-28 larvae per group. Three replicates were conducted for AM-associated learning and three for OCT-associated learning.
2.5. Crawling Assay in Drosophila larvae
This experiment was conducted according to the method of Nichols et al. (2012) [14] to evaluate improvements in locomotor behavior in the Drosophila Alzheimer’s disease model.
Approximately 30-32 male third-instar larvae were randomly selected and washed with PBS to remove residual food. Larvae were transferred onto 1.5% agar plates at a density of 3-4 larvae per dish. Their movements were recorded using a digital camera at 640×480 resolution, 30 frames per second, for 60 seconds. Recorded videos were processed and analyzed using ImageJ (NIH, USA) with the wrMTrck plugin (developed by Dr. Jesper Søndergaard Pedersen) to determine average crawling velocity (AV) and movement trajectories.
2.6. Viability Assay in Adult Drosophila
The survival assay was performed following Piper et al. (2016) [15] to evaluate whether MO extracts improved lifespan in adult Drosophila expressing Alzheimer’s disease phenotypes.
Adult male and female flies were separated and placed into food vials according to their experimental groups. Each group consisted of 140-160 adult flies (1/2 male and 1/2 female). Vials were kept at 25±1°C, 50% humidity, under a 12 h light/12 h dark cycle. The food was replaced every 2-3 days; the number of dead flies was recorded at each transfer, and this process continued until no individuals survived.
2.7. Antioxidant Activity in Fly Head Homogenates (MDA Assay) 
Malondialdehyde (MDA) is a lipid peroxidation product and serves as a biomarker of oxidative membrane damage. The assay relies on the reaction of MDA with thiobarbituric acid (TBA) under acidic and high-temperature conditions, forming a pink MDA-TBA adduct with a maximal absorbance at 532 nm. The measured absorbance is proportional to the MDA concentration in the sample, and elevated MDA levels indicate enhanced lipid peroxidation, a hallmark of oxidative stress. The assay was performed following the methods of Subedi et al. (2017) and Wu et al. (2025) [16],[17]. Approximately 240-280 three-day-old adult flies from each experimental group were collected and stored at −80°C. Forty fly heads (20 males and 20 females) were dissected on ice and transferred to 2 mL eppendorf tubes. Samples were homogenized in 240 µL of 1× PBS using a tissue homogenizer at 30 strokes/s for 5 minutes, and this procedure was repeated twice. Then, 100 µL of the resulting homogenate was reacted with 450 µL of 0.37% TBA in acidified solution  H2SO4, whereas 100 µL of the corresponding blank sample received 450 µL of 1× PBS instead. Tubes were incubated in a boiling water bath (100°C) for 15 minutes. After incubation, samples were cooled in ice water, and 5 µL of 1 N HCl was added to terminate the reaction. Tubes were centrifuged at 800 g for 10 minutes. A total of 150 µL of the supernatant was transferred to a 96-well plate, and absorbance was measured at 532 nm.
3. Results
3.1. Inhibitory Effect on Acetylcholinesterase Activity
The cholinergic system is severely impaired in AD due to the degeneration of acetylcholine (ACh) producing neurons, particularly those in the nucleus basalis of Meynert and other memory-related regions such as the hippocampus and cerebral cortex. The decline in ACh levels leads to deficits in learning, memory, and attention. Acetylcholinesterase is an enzyme involved in cholinergic neurotransmission, playing a key role in the hydrolysis of the neurotransmitter ACh into choline and acetate [18].
Through the assay evaluating the acetylcholinesterase inhibitory activity of various extracts from MO roots, using Tac as the positive control and the Ellman colorimetric assay, we obtained the half-maximal inhibitory concentration (IC50) values presented in Table 2.

Table 2. IC50 values for AChE inhibition of MO root extracts and Tac.
	Sample
	IC50 (µg/mL)

	MOW
	437.7 (417.2 - 460.7)

	MOE
	420.4 (401.1 - 441.9)

	MOEt
	363.2 (352.1 - 375.0)

	MOB
	346.5 (326.6 - 368.5)

	MOH
	212.7 (203.3 - 222.7)

	Tac
	0.03978 (0.03629 - 0.0437)



All MO root extracts exhibited AChE inhibitory activity in a concentration-dependent manner. Among the tested samples, the n-hexane (MOH) and n-butanol (MOB) fractions showed the strongest inhibitory effects, followed by the ethyl acetate fraction (MOEt), 50% ethanolic extract (MOE), and aqueous fraction (MOW). Nevertheless, the inhibitory potency of all MO extracts was moderate and markedly lower than that of the reference inhibitor tacrine, indicating that MO possesses measurable but non-potent AChE inhibitory activity.
3.2. Short-Term Memory Improvement in Drosophila Larvae
AD is a progressive neurodegenerative disorder characterized by impairments in memory, cognition, and behavior; therefore, improving memory function is an essential parameter in evaluating potential therapeutic effects. We assessed short-term memory in F1 Drosophila larvae generated by crossing male flies carrying the hAPP transgene with virgin female flies of the Elav-Gal4 strain. The resulting larvae were reared on standard food supplemented with MOE and MOW at concentrations of 2, 4, and 6 mg/mL; MOB, MOEt, and MOH fractions at 0.5 and 1 mg/mL; and Tac as the positive control at 0.05 mg/mL. The results of the short-term memory assay are shown in Fig. 1.
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Fig. 1. Effects of MO extracts on short-term memory performance in Drosophila larvae.
(n = 24-30, one-way ANOVA); ###p<0.001 compared to Elav-Gal4 group *p<0.05, **p<0.01, ***p<0.001 compared to Elav-hAPP group.

The data presented in Fig. 1 show that the Learning Index (LI) of larvae in the Elav-Gal4 group was significantly higher than that of the Elav-hAPP group (p<0.001). Treatment with MO extracts significantly improved learning index (LI) values in a concentration- and fraction-dependent manner. MOE significantly improved memory performance at 4 and 6 mg/mL (p<0.01 and p<0.001, respectively), whereas the aqueous fraction showed improvement only at the highest concentration tested. Both MOB and MOEt significantly increased LI values at 0.5 and 1 mg/mL (p<0.05 and p<0.001, respectively). The MOH fraction produced robust improvements in memory at both tested concentrations (p<0.001). Positive control treatment with tacrine also significantly restored memory performance (p<0.001). These findings demonstrate that several MO, particularly MOE, MOB, and MOH, effectively ameliorate short-term memory deficits in the Drosophila Alzheimer’s model.
3.3. Improvement of Locomotor Ability in Drosophila Larvae
Motor dysfunction is also a characteristic feature of AD progression. Restoration of motor function reflects the potential therapeutic benefits against AD. Third-instar Drosophila larvae expressing the AD phenotype were collected on day 3 and evaluated for locomotor performance based on their average crawling speed and trajectory patterns. The results are presented in Fig. 2.
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Fig. 2. Effects of MO extracts on locomotor ability in Drosophila larvae. (n = 28-32, one-way ANOVA); ###p<0.001 compared to Elav-Gal4 group;***p<0.001 compared to Elav-hAPP group.

The results in Fig. 2 show that the average crawling speed (AV) of larvae in the Elav-Gal4 group was significantly higher than that of the Elav-hAPP group (p<0.001). Treatment with MOE significantly increased average crawling velocity at all tested concentrations (p<0.001). MOB improved locomotor ability at 0.5 mg/mL but not at 1 mg/mL, whereas MOEt did not produce significant effects. In contrast, MOH significantly enhanced crawling velocity at both concentrations tested (p<0.001). Tacrine treatment also significantly restored locomotor activity (p<0.001). These results indicate that MO, particularly MOE and MOH, improve motor dysfunction associated with APP expression.
3.4. Effects on Lifespan Extension in Adult Drosophila
The median survival time during the lifespan of Drosophila was assessed at the point when 50% of the individuals in each population remained alive. This assay was conducted to evaluate the ability of MO root extracts to extend the lifespan of adult flies. The results are presented in Fig. 3.
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Fig. 3. Effects of MOE and MOB on the survival 
of adult Drosophila
(n = 140-160, log-rank test, p<0.001).

The median survival time (50% survival) of the Elav-Gal4 group (48 days) was longer than that of the Elav-hAPP group (38 days) with a statistically significant difference (p<0.001). Adult flies expressing human APP showed a significant reduction in median lifespan compared with control flies. Dietary supplementation with MOE significantly extended median survival in a dose-dependent manner (42, 44, and 46 days, respectively). Similarly, MOB treatment at both tested concentrations markedly prolonged lifespan relative to the pathological control (44 and 46 days). In contrast, tacrine treatment did not significantly increase median lifespan (40 days). These results suggest that MOE and MOB exert protective effects on organismal survival in the Drosophila Alzheimer’s model.
3.5. Evaluation of the antioxidant activity of MO in the flies' head homogenates 
MDA is a byproduct of lipid peroxidation. In the brain, lipid-rich tissues are essential for maintaining structural integrity and supporting neuronal metabolic functions. Therefore, increased lipid peroxidation may lead to neuronal damage and contribute to various neurological disorders. Quantification of MDA is a widely used method to assess the antioxidant capacity of MO root extracts in the hAPP transgenic Drosophila Alzheimer’s model. A reduction in MDA levels compared with the pathological control indicates that the extract decreases lipid peroxidation. The results are shown in Fig. 4.
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Fig. 4. Effects of MOE and MOB on MDA levels in Drosophila head homogenates.
(n = 6-7, one-way ANOVA), ###p<0.001 compared to Elav-Gal4 group; **p<0.01,***p<0.001 compared to Elav-hAPP group.

APP-expressing flies exhibited significantly elevated malondialdehyde (MDA) levels, indicating increased lipid peroxidation and oxidative stress (p<0.001). Treatment with MOE significantly reduced MDA levels at 4 and 6 mg/mL (p<0.01 and p<0.001), whereas the lower dose showed no significant effect. MOB did not significantly alter MDA levels at the tested concentrations. Tacrine treatment significantly reduced MDA levels compared with the pathological control (p<0.001). These results indicate that MOE effectively attenuates oxidative damage in the fly brain, which may contribute to its neuroprotective effects.
4. Discussion
In the present study, we demonstrated that root-derived extracts of MO, particularly the 50% ethanolic extract (MOE) and the n-butanol fraction (MOB), exert pronounced memory-enhancing and neuroprotective activities in a transgenic Drosophila melanogaster model expressing human APP. These beneficial outcomes were reproducibly observed across multiple experimental endpoints, including moderate inhibition of AChE, restoration of short-term associative memory, improvement of larval locomotor activity, extension of adult lifespan, and mitigation of oxidative damage in Drosophila brains. Taken together, these findings indicate that MO mediates neuroprotection via a multi-target mode of action, consistent with reports on other neuroactive natural compounds.
Both MOE extract and fractions exhibited moderate AChE inhibitory effects, with MOH and MOB fractions displaying the greatest activity. This pattern aligns with phytochemical evidence indicating that MO roots are enriched in anthraquinones, iridoid glycosides, polysaccharides, coumarins, and triterpenoids, which preferentially distribute into relatively non-polar organic fractions [4, 19]. Anthraquinones and triterpenoids have been shown to interact with both the catalytically active site and the peripheral anionic site of AChE through hydrophobic contacts and π-π stacking interactions, leading to biologically meaningful yet moderate enzyme inhibition [20]. Although the AChE inhibitory efficacy of MO was lower than that of the reference compound tacrine, comparable degrees of inhibition have been documented for numerous multi-component herbal preparations, whose cognitive benefits arise from synergistic regulation of multiple pathological processes rather than strong suppression of a single molecular target [9],[10]. Accordingly, the observed AChE inhibition supports the view that the neuroprotective actions of MO reflect a multi-mechanistic pharmacological profile rather than potent cholinesterase inhibition alone.
MO extracts markedly alleviated short-term associative memory impairments in APP-expressing flies. This observation is consistent with a growing body of evidence demonstrating the cognition-enhancing potential of MO across diverse experimental paradigms. Previous studies in mammalian models have shown that polysaccharides and oligosaccharides derived from MO ameliorate learning and memory deficits induced by aging, scopolamine, or amyloid-β. These effects have been linked to activation of BDNF/CREB signaling pathways, attenuation of oxidative stress, and suppression of neuronal apoptosis [5],[21]. Furthermore, ethanolic extracts of MO have been reported to reduce amyloid burden and improve cognitive performance in APP/PS1 transgenic mice, supporting a direct role of MO in modulating AD-related pathology [6].
The concordance between the present Drosophila findings and mammalian data suggests that MO influences evolutionarily conserved molecular pathways governing learning and memory. Rather than acting through a single molecular target, MO appears to exert neuroprotective effects via coordinated modulation of cholinergic neurotransmission, reinforcement of endogenous antioxidant defense systems, and activation of neurotrophic signaling cascades [20].
APP-expressing flies displayed pronounced locomotor deficits, reflecting neuromuscular dysfunction commonly observed in Alzheimer’s disease models. Accumulation of APP/Aβ has been shown to induce synaptic degeneration and disruption of motor circuits in Drosophila, rendering locomotor activity, a relevant behavioral readout for neurodegenerative progression and therapeutic intervention [22],[23]. The most efficacious MO fractions are likely enriched in hydrophobic constituents with antioxidant and neuroprotective properties, and attenuation of oxidative stress and mitochondrial dysfunction may directly underlie the observed improvements in neuromuscular function [24].
In addition to behavioral abnormalities, APP-expressing flies exhibited a significant reduction in lifespan. Administration of MOE and MOB markedly prolonged median lifespan, consistent with previous findings indicating that suppression of oxidative stress and preservation of mitochondrial integrity can delay neurodegeneration and extend survival in Drosophila models of AD [24]. APP expression has been shown to increase the production of reactive oxygen species (ROS), particularly in the mitochondria of motor neurons. The accumulation of ROS can disrupt mitochondrial function, reduce ATP production, and impair the activity of neuromuscular junctions (NMJs), ultimately leading to locomotor dysfunction [25]. MDA is a major end-product of lipid peroxidation and is widely used as a biomarker reflecting oxidative damage to cellular and mitochondrial membranes caused by ROS. In the present study, treatment with MOE significantly reduced MDA levels, indicating an attenuation of oxidative stress and protection of cellular and mitochondrial membrane integrity. The reduction of oxidative damage at NMJs may help preserve mitochondrial function and neuromuscular transmission, thereby contributing to the improvement of locomotor performance observed in flies [26]. In contrast, tacrine treatment produced transient improvements in behavioral performance and oxidative stress markers but failed to extend lifespan upon prolonged exposure, consistent with its recognized limitations in long-term use and poor tolerability.
Despite these promising findings, several limitations should be addressed. The present study was conducted in a transgenic Drosophila melanogaster model, which does not fully reflect the complexity of AD in mammalian systems. In addition, the study primarily focused on behavioral outcomes and oxidative stress markers, while the precise molecular mechanisms underlying the neuroprotective effects of M. officinalis extracts remain unclear. Therefore, future studies should investigate the specific signaling pathways involved and identify the active compounds contributing to these effects, as well as further validate the findings in experimental mouse models.
5. Conclusion
This study demonstrates that M. officinalis How. root extracts, particularly the 50% ethanolic extract and the n-butanol fraction, significantly mitigate AD-like phenotypes in a transgenic Drosophila model expressing human APP. MO treatment improved associative memory and locomotor function, extended lifespan, reduced oxidative stress, and moderately inhibited acetylcholinesterase activity. Overall, these findings suggest that M. officinalis ameliorates memory impairment in experimental models of AD, indicating its potential for further investigation as a botanical therapeutic candidate.
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Summary
The objective of this study was to investigate the anti-inflammatory properties of n-hexane, ethyl acetate (EtOAc), dichloromethane (CH2Cl2), and aqueous extracts of Phellodendron amurense. The activity was evaluated in vitro by nitric oxide (NO) and prostaglandin E2 (PGE2) inhibition assays, and in vivo using carrageenan-induced paw edema and lipopolysaccharide (LPS)-induced endotoxemia models in rats. In vitro anti-inflammatory activity was assessed by measuring the inhibition of NO and PGE2 production using RAW 264.7 macrophage cells. Among the tested extracts, the CH2Cl2 extract exhibited the most potent activity, with IC50 values of 10.88 ± 2.88 µg/mL for NO inhibition and 10.82 ± 1.22 µg/mL for PGE2 inhibition, followed by the aqueous extract, which also inhibited NO and PGE2 production without causing cytotoxicity. The CH2Cl2 extract of P. amurense (CPA) was orally administered to rats in both LPS-induced endotoxemia and carrageenan-induced hind paw edema models. In the endotoxemia model, CPA significantly improved survival and markedly reduced serum IL-6 and IL-1β levels, as well as white blood cell counts. Consistently, in the carrageenan-induced paw edema model, CPA significantly suppressed edema formation, reducing paw-volume increase by 36%, 48%, and 55% at 2, 3, and 4 h, respectively, compared with the carrageenan control group (p < 0.05).
Keywords: Phellodendron amurense Rupr.; Anti-inflammatory; Carrageenan-induced paw edema; Lipopolysaccharide-induced endotoxemia; in vitro; in vivo.


1. Background
Inflammation is a hallmark of many acute and chronic debilitating disorders and is a major cause of morbidity in today's era of modern lifestyle. If unchecked, inflammation leads to the development of rheumatoid arthritis, diabetes, cancer, Alzheimer's disease, and atherosclerosis, along with pulmonary, autoimmune, and cardiovascular diseases. Inflammation involves a complex network of many mediators, a variety of cells, and the execution of multiple pathways. Current therapy for inflammatory disorders relies mainly on steroidal and non-steroidal anti-inflammatory agents (NSAIDs). Chronic use of these drugs can produce serious adverse effects such as gastrointestinal, cardiovascular, and renal complications. There is an urgent need for new anti-inflammatory agents with greater selectivity and lower toxicity. Plants and isolated phytochemicals represent promising sources of novel anti-inflammatory compounds [1],[2]. Although several studies have reported the anti-inflammatory activity of Phellodendron amurense and its major alkaloids, such as berberine, particularly in relation to the regulation of inflammatory mediators including nitric oxide (NO), prostaglandin E2 (PGE2), and pro-inflammatory cytokines (e.g., IL-6 and IL-1β), these findings have largely been obtained from isolated compounds or crude extracts and in non-Vietnamese contexts. To date, limited information is available regarding the effects of solvent-partitioned bark extracts of P. amurense on these established inflammatory markers, especially in integrated in vitro and in vivo models. Therefore, the present study aimed to investigate whether bark extracts of P. amurense modulate inflammatory responses by regulating well-characterized inflammatory markers and signaling pathways in vivo, and to further elucidate their molecular effects on inflammatory cytokines and mediators in both in vitro and in vivo experimental systems [3],[4].
2. Materials and Methods2.1. Plant material and extraction
The bark of P. amurense Rupr. was collected in Sapa, Vietnam, in 2023. The plant material was identified by MSc Nguyen Thi Quynh Nga and Dang Minh Tu (National Institute of Medicinal Materials, NIMM). A voucher specimen was deposited at the National Institute of Medicinal Materials. The contents of the characteristic alkaloids (phellodendrine, palmatine chloride, and berberine chloride) in the bark of P. amurense were determined using a previously developed and validated HPLC–DAD method [5]. The contents were 0.70 ± 0.01%, 0.11 ± 0.01%, and 7.93 ± 0.02%, respectively.
Extraction: The dried bark of P. amurense (10 kg) was ground into powder and extracted by maceration with 70% ethanol (3 times × 3 days, 1:1.5 kg/L). The combined extracts were filtered to remove plant material and concentrated under reduced pressure to remove the solvent, yielding 1082.8 g of crude extract. The crude extract (1 kg) was suspended in hot water (1:1, w/v) and then successively partitioned with solvents of increasing polarity (n-hexane, dichloromethane, and ethyl acetate), each performed three times at a ratio of 1:1 (v/v). The combined solvent extracts were concentrated under reduced pressure to give 68.35 g of the n-hexane extract, 30.94 g of the dichloromethane extract, 7.18 g of the ethyl acetate extract, and a remaining aqueous extract (121.48 g).
2.2. Chemicals 
For anti-inflammatory activity, the optical density (OD) values were measured using the BioTek Elx800 spectrophotometer. Dulbecco's Modified Eagle's Medium (DMEM) and fetal bovine serum (FBS) were sourced from Life Technologies, Inc. (Gaithersburg, MD, USA). Lipopolysaccharides (LPS), sodium nitrite, sulfanilamide, N-1-napthylenediamine dihydrochloride, dimethyl sulfoxide (DMSO), and dexamethasone were obtained from Sigma Chemical Co. (St. Louis, MO, USA). The RAW 264.7 cells were obtained from the University of Perugia, Italy. Aspirin (acetylsalicylic acid) was obtained from Sigma Chemical Co. (St. Louis, MO, USA).
2.3. Anti-inflammatory activity in vitro
2.3.1. In vitro anti-inflammatory activity of barks of P. amurense by NO inhibition assay [6]:
Griess reagent was used to measure the amount of NO production with minor adjustments. The RAW 264.7 cells were cultured for 24 hours at 37°C and 5% CO2 at a density of 2 × 105 cells/well using DMEM. Subsequently, different doses of extracts (2.65100 µg/mL) were applied to the cells when LPS (1 µg/mL) was added to induce inflammation. The untreated cells were used as the blank. Cells exposed to LPS with 0.1% DMSO but no extract served as the negative (vehicle) control. Nitrite accumulation was quantified after 24 h of treatment. Next, 100 µL of the supernatant was moved to a different 96-well culture plate, combined with 100 µL of Griess reagent (0.1% (w/v) naphthyl ethylenediamine dihydrochloride and 1% (w/v) sulfanilamide in 5% (v/v) phosphoric acid). After incubation for 15 min at room temperature, OD was measured at 540 nm. The IC50 value (50% of NO inhibition) was determined using the Table-Curve 2Dv4 software. The MTT assay was used to assess the cytotoxic activity. The formazan crystals were dissolved in DMSO for 60 minutes at 37°C. The quantity of formazan was measured at 590 nm. Dexamethasone (0.8 to 100 µM) was used as a positive control.
2.3.2. In vitro anti-inflammatory activity of barks of P. amurense by PGE2 inhibition assay [7]:
Step 1: The RAW 264.7 cells in DMEM were seeded into 96-well plates at a density of 1 × 105 cells/well and incubated at 37°C, 5% CO2, for 24 hr. Subsequently, the old medium was replaced with fresh medium containing 2 μg/mL of LPS; then, the test samples were added and incubated at 37°C, 5% CO2, for 24 h.
 Step 2: PGE2 production by enzyme-linked immunosorbent assay (ELISA) was determined by transferring 50 µL of supernatant into a goat anti-mouse IgG-coated plate. After that, 50 μL each of PGE2 AChE tracer and PGE2 monoclonal antibody were added to each well and incubated at 4°C for 18 hr. The plate was washed with wash buffer; then Ellman’s reagent was added and incubated at 37°C for 60–90 minutes. The OD was measured at 412 nm. The 50% inhibitory concentration (IC50) was calculated. All data were expressed as mean ± standard error of the mean (SEM).
2.4. Anti-inflammatory activity in vivo
2.4.1. Carrageenan-Induced Paw Edema in Rats [8]:
Animals included in this study were adult male albino Wistar rats (200–220 g), obtained from Vietnam Military Medical University, Vietnam. They were maintained under a controlled environment and had free access to water and food. Forty rats were divided into four groups (n = 10). From day 1 to day 5 of the study, each group was orally administered aspirin (300 mg/kg), and the best active extract was selected based on in vitro results at different doses (150 and 300 mg/kg) as the control, reference, and test group, respectively. On the fifth day, rats were administered one hour prior to carrageenan injection. A 0.05 mL solution of 1% carrageenan in sterile normal saline solution (NSS) was injected intradermally into the plantar side of the right hind paw of the rats in all groups. The edema volumes were determined using a plethysmometer (model 7140, Ugo Basile, Italy) before, 1, 2, 3, and 4 h after carrageenan injection. The percentage increase in paw volume throughout 4 h was determined by subtracting the paw zero-time volume from its volume at the specified time interval and then multiplying by 100.


[image: ]
Fig. 1. Schematic representation and timeline of the carrageenan-induced paw edema assay 
for evaluating the acute anti-inflammatory effects of P. amurense extracts in rats


2.4.2. LPS-induced models [9]:
Animals included in this study were adult male albino Wistar rats (200–220 g) obtained from Vietnam Military Medical University, Vietnam. Animals were housed in an air-conditioned room at 22–24 °C with a 12 h dark/light cycle and were allowed food and water ad libitum. Rats were assigned to one of the following four groups, n = 10/group: (1) NOR, normal control rats treated with vehicle; (2) LPS, treated with LPS 35 mg/kg; (3) LPS + the best active extract screened in vitro, treated with LPS and 150 mg/kg extract; (4) LPS + the best active extract screened in vitro, treated with LPS and 300 mg/kg extract. After a one-week adaptation period, the LPS + 150 mg/kg and 300 mg/kg extract groups were orally administered 150 mg/kg and 300 mg/kg extract in distilled water (DW) for three consecutive days, while the NOR and LPS groups received an equivalent volume of DW as the control. On the third day, 2 h after extract administration, the LPS and LPS + 150 mg/kg and 300 mg/kg extract groups were intraperitoneally injected with LPS (Escherichia coli 0111:B4; BD Bioscience, Sigma, St. Louis, MO, USA) dissolved in DW to induce endotoxemia, while the NOR group received the vehicle control. Animals in each group were sacrificed under anesthesia 6 h after the LPS challenge, and their blood was collected for analysis (Table 1). Serum was separated and stored at −80°C for measurement of protein levels, cytokine expression, and white blood cell counts.
Table 1. Animal treatment and experimental group in the LPS-induced model
	Groups
	Day 1
	Day 2
	Day 3
	LPS challenge
	Sacrifice

	NOR
	Vehicle administration
	Vehicle administration
	Vehicle administration
	0,9% NaCl  (i.p) -2h after vehicle
	6h after LPS challenge

	LPS
	
	
	
	LPS (i.p) -2h after vehicle
	6h after LPS challenge

	LPS + extract 150 mg/kg
	Extract 150 mg/E g
	Extract 150 mg/kg
	Extract 150 mg/kg
	LPS (i.p) -2h after extract 150 mg/kg
	6h after LPS challenge

	LPS + extract 300 mg/kg
	Extract 300 mg/kg
	Extract 300 mg/kg
	Extract 300 mg/kg
	LPS (i.p) -2h after extract 300 mg/kg
	6h after LPS challenge




2.5. Statistical analysis
Data represented as Mean ± SD using Graphpad Prism 9 (USA). Statistical analysis was carried out with the one-way ANOVA test in Graphpad Prism software. p < 0.05 is considered statistically significant.
3. Results
3.1. Anti-inflammatory activity
A Griess assay was used to confirm the effect of the extracts on NO generation in LPS-induced RAW 264.7 cells. With IC50 values of 10.88 ± 2.88 and 11.79 ± 3.20 µg/mL against NO production, the CH2Cl2 and aqueous extracts showed good inhibitory efficacy among the extracts. These extracts did not exhibit any cytotoxic effects on RAW 264.7 cells, with a cell survival rate of above 80% (Table 2).

Table 2. IC50 values for the inhibition of NO production of the extracts
	Samples
	IC50 (µg/mL)
	% Cell viability at 100 µg/mL

	n-Hexane
	>100
	87.52 ± 2.14

	EtOAc
	53.12 ± 2.05
	80.96 ± 1.98

	CH2Cl2
	10.88 ± 2.88
	97.56 ± 2.06

	Aqueous
	11.79 ± 3.20
	98.04 ± 4.08

	Dexamethasone*
	5.82 ± 0.10
	95.41 ± 1.2


Data were presented as the mean ± SD (n=3); *Positive control (µM); Extracts (µg/mL).
Table 3. Percentage of inhibition and IC50 values of the extracts on PGE2 production
	Samples
	IC50 (µg/mL)
	% Cell viability at 100 µg/mL

	n-Hexane
	97.96 ± 2.44
	83.35 ± 6.11

	EtOAc
	>100
	88.25 ± 2.11

	CH2Cl2
	10.82 ± 1.22
	96.99 ± 5.21

	Aqueous
	20.11 ± 3.12
	93.92 ± 0.19

	Dexamethasone*
	0.83 ± 0.26
	81.06 ± 6.28


Data were presented as the mean ± SD (n=3); *Positive control (µM); Extracts (µg/mL).


Table 3 indicates the effect of the extracts on PGE2 production in LPS-induced RAW 264.7 cells. With IC50 values of 10.82 ± 1.22 and 20.11 ± 3.12 µg/mL against PGE2 production, the CH2Cl2 and aqueous extracts showed good inhibitory efficacy among the extracts. These extracts did not exhibit any cytotoxic effects on RAW 264.7 cells, with a cell survival rate of above 80%. Based on the in vitro results, the CH2Cl2 extract was selected for subsequent in vivo studies. 
3.2. In vivo anti-inflammatory effect
Carrageenan administration significantly increased the percentage increase in right hind paw volume at 1, 2, 3, and 4 h compared with the control group (p ≤ 0.01). Pretreatment with the CH2Cl2 extract significantly attenuated carrageenan-induced paw edema at 2, 3, and 4 h compared with the carrageenan group (p ≤ 0.05). Similarly, aspirin pretreatment significantly reduced paw edema at 2 and 3 h after carrageenan injection (p ≤ 0.001). No significant differences were observed between the aspirin-treated and extract-treated groups (Fig. 2).
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Fig. 2. Effect of the CH2Cl2 extract and aspirin on the % increase 
in paw volume measured over the period after carrageenan injection
Data are presented as Mean ± SD (n=10); *** p ≤ 0.001 compared to control; # p ≤ 0.05;
 ## p <0.01 compared to carrageenan

To investigate the therapeutic effect of the CH2Cl2 extract on endotoxemia, we examined the survival rate of rats with LPS-induced sepsis. As shown in Fig. 3, 20% of rats survived endotoxin shock during the 72 h after LPS injection, whereas treatment with the extract in two doses increased the survival rate to 60%.
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Fig. 3. Effects of the CH2Cl2 extract on an LPS-induced endotoxemia model in rats
(A) Survival rate after LPS challenge; (B–C) Serum cytokine levels (IL-1β and IL-6); 
(D) Peripheral white blood cell (WBC) count. Each column represents the mean ± SD, 
### p< 0.001 vs. NOR group; * p<0,05; ** p< 0,01; *** p< 0,001 vs LPS group


To determine the effects of the CH2Cl2 extract on macrophage-mediated immune responses, rats were treated with or without the CH2Cl2 extract, and serum cytokine levels were analyzed by ELISA. The levels of IL-1β  and IL-6 in serum were elevated in LPS-treated rats compared to the normal group, whereas pretreatment with the extract resulted in significant down-regulation of IL-1β and IL-6. Furthermore, white blood cell counts in the extract-treated groups decreased significantly compared to Group 2 (LPS 35 mg/kg only)l.
4. Discussion
Inflammation is a complex biological response involving the coordinated activation of immune cells and the release of pro-inflammatory mediators, including NO, PGE2, and cytokines such as TNF-α, IL-1β, and IL-6. Dysregulation of these mediators plays a critical role in the pathogenesis of both acute and systemic inflammatory conditions. In the present study, we demonstrated that extracts derived from P. amurense bark exert significant anti-inflammatory effects through modulation of key inflammatory mediators and signaling pathways in both in vitro and in vivo models.
LPS-stimulated RAW 264.7 macrophages were usually used to assess the anti-inflammatory effect of phytoconstituents. The stimulation of such cells with LPS produces proinflammatory cytokines and chemokines. The cells are either directly pre-treated with the supernatant of extracts (after centrifugation) or with pure phytochemicals, followed by LPS stimulation [10]. The severity of inflammation is assessed through the manifestation of pro-inflammatory mediators like TNF-α, IL-1β, NO, and cyclooxygenase (COX-1 and COX-2) in cell supernatants [11]. The enzyme immunoassay (EIA) kits can be used to quantify mediators like PGE2, interleukins, prostaglandins, and TNF-α [11]. The cytokine levels can be measured in vitro using sandwich ELISA kits [12]. NO produced by activated macrophages plays a critical role in inflammatory diseases as a potent mediator of cellular damage in a wide range of pathological conditions. Overproduction of NO is mediated primarily by iNOS, which can be up-regulated in macrophages [13]. Thus, NO may regulate most stages of the development of inflammation, particularly the early stages of inflammatory cell transmigration to sites of inflammation [14]. In our experiments, the CH2Cl2 extract of P. amurense (CPA) exhibited an inhibitory effect on the production of NO in LPS-stimulated macrophage RAW 264.7 cells. The results showed that in in vitro experiments, the n-hexane and EtOAc extracts tested did not have PGE2 production inhibition activity. The CH2Cl2 extract was the most active extract with IC50 values of 10.88 ± 2.88 and 10.82 ± 1.22. µg/mL for NO and PGE2 inhibition, respectively. These results support the use of the bark of P. amurense as an anti-inflammatory drug in traditional medicine. These results were consistent with the anti-inflammatory in vitro effect, indicating that CPA had the strongest anti-inflammatory effect by suppressing the LPS-induced production of NO and PGE2. Thereby, CPA has the most potential for evaluation in in vivo models. The in vivo anti-inflammatory activity of CPA was confirmed by the carrageenan-induced paw edema model. Several inflammatory mediators, for example, histamine, serotonin, kinins, PGs, complement, and pro-inflammatory cytokines, play a major role in paw edema caused by carrageenan [15],[16]. The initial phase is caused by the release of histamine and serotonin, followed by the release of bradykinin during 12 h after carrageenan injection [17]. The release of PGs is closely associated with leukocyte migration to the inflamed site. The presence of PGs, particularly PGE2, in the inflammatory exudates from the injected foot can be demonstrated at 3 hours and thereafter [18]. Oral administration of CPA at two doses could reduce the swelling of carrageenan-induced paw edema with significant differences from control at 1, 2, 3, and 4 h, and was not different from the standard drug, aspirin. Oral administration of CPA at a concentration of two doses showed the anti-inflammatory activity by inhibiting the acute phase of inflammation. The main mechanism of action may be due to inhibition of PGs synthesis. Moreover, the inhibitory effect of the extract may partly involve other acute inflammatory mediators such as histamine, serotonin, bradykinin, and proinflammatory cytokines, which are released during the 1st hr after carrageenan injection. Using an LPS-induced systemic inflammation model in rats, we demonstrated that the bark of P. amurense has anti-inflammatory activity via the regulation of pro- and anti-inflammatory cytokines. Treatment with barks of P. amurense rescued rats from lethal sepsis and protected them against LPS-induced endotoxemia; most LPS-treated rats died within 48 h after LPS injection and treatment with the bark extract of P. amurense improved the survival rate. In response to LPS, macrophages readily respond to the release of pro-inflammatory cytokines and chemokines such as IL-6 and IL-1β [19]. IL-6 and IL-1β play critical roles in macrophage activation and are associated with acute and chronic inflammation [20],[21]. In this study, CPA inhibited IL-6 and IL-1β. These results indicate that the bark of P. amurense suppresses the inflammatory response via inhibition of pro-inflammatory cytokines. P. amurense and its components contain many alkaloids (e.g., berberine, palmatine, phellodendrine) known as anti-inflammatory agents [11],[22],[23],[24]. The results we obtained are similar to those reported worldwide regarding the anti-inflammatory effects of the bark of the P. amurense tree and its components [11],[22],[23],[24].
5. Conclusion
This study demonstrated that the anti-inflammatory effects of P. amurense bark are closely associated with the inhibition of key inflammatory mediators, including NO, PGE2, and pro-inflammatory cytokines such as IL-6 and IL-1β. Initial in vitro screening in LPS-stimulated RAW 264.7 macrophages identified the CH2Cl2 extract as the most potent extract, showing strong inhibition of NO and PGE2 production with low IC50 values and no significant cytotoxicity.
Based on these in vitro findings, the CH2Cl2 extract was selected for subsequent in vivo evaluation, where it effectively attenuated carrageenan-induced paw edema and improved outcomes in an LPS-induced endotoxemia model. Collectively, these results highlight the CH2Cl2 extract of P. amurense bark as a promising source of anti-inflammatory agents and support further investigation into its active constituents and underlying molecular mechanisms.
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Summary
This study aimed to evaluate the neuroprotective effects of Tianma Gouteng Decoction (TGD) in a middle cerebral artery occlusion-and-reperfusion (MCAO/R) model. Neurological scores, body weight changes, and cerebral infarct volume were evaluated. In addition, the concentrations of gastrodin, baicalin, 2,3,5,4′-tetrahydroxystilbene-2-O-β-D-glucoside (THSG), and geniposide in the TGD extract were analyzed by HPLC to characterize its chemical composition. The results indicated that TGD at 13.7 g/kg (raw herbal materials) significantly attenuated MCAO/R-induced cerebral infarction, improved neurological deficits, and attenuated body weight loss compared with the vehicle-treated group. TGD at 6.8 g/kg (raw herbal materials) also conferred neuroprotective effects, with early functional improvement observed 24 h after reperfusion, whereas TGD at 27.4 g/kg (raw herbal materials) did not produce significant protection. The TGD extract contained gastrodin (1.4 mg/mL), baicalin (10.091 mg/mL), THSG (0.0203 mg/mL), and geniposide (9.023 mg/mL), which may collectively contribute to its pharmacological activity. Overall, these findings demonstrate that TGD exerts neuroprotective effects against transient ischemia-induced brain injury, with optimal efficacy observed at 13.7 g/kg (raw herbal materials), suggesting its potential as a promising therapeutic candidate for ischemic stroke.
Keywords: Tianma Gouteng Decoction; Neuroprotective effects; Ischemic stroke.


1. Introduction
Ischemic stroke, a common cerebrovascular disease, is the second leading cause of death and a major contributor to long-term disability worldwide. It results from the sudden occlusion of cerebral arteries, leading to insufficient blood supply, oxygen deprivation, and subsequent neuronal injury. Despite advances in acute stroke management, the global burden of ischemic stroke continues to rise due to ageing populations and the increasing prevalence of vascular risk factors [1]. To date, recombinant tissue plasminogen activator (rtPA) remains the only approved pharmacological therapy for acute ischemic stroke. However, its clinical use is limited by a narrow therapeutic time window and the risk of hemorrhagic complications [2]. Consequently, only a limited proportion of patients are eligible for rtPA treatment. These limitations highlight the urgent need for the development of alternative or adjunctive therapeutic strategies that can provide neuroprotection, extend the therapeutic window, and improve functional recovery following ischemic stroke.
Tianma Gouteng Decoction (TGD) is a traditional Chinese medicinal formula widely used to treat hypertension [3]. These conditions are closely associated with cerebrovascular dysfunction and represent important risk factors for ischemic stroke. Because of its long-standing use in the management of hypertension and neurological symptoms, TGD has attracted increasing interest as a potential therapeutic strategy for cerebrovascular diseases. Yuh-Chiang Shen et al. reported that Tianma Gouteng Decoction, formulated according to traditional Chinese herbal medicine and containing 11 medicinal herbs similar to those used in the TGD extract of the present study, improved neurological outcomes, reduced infarct volume, and attenuated neuronal damage in experimental stroke models [4]. These findings suggest that TGD may possess dual pharmacological actions, combining antihypertensive effects with direct neuroprotective activity, thereby highlighting its potential relevance in the management of ischemic stroke. However, despite these promising indications, several limitations remain in the current literature. Different studies have employed modified versions of the formula, varying in herbal composition, dosage ratios, and extraction procedures, leading to inconsistent pharmacological outcomes and limiting reproducibility [4],[5]. In addition, few studies have systematically evaluated the dose–response relationship of a chemically characterized TGD extract in a standardized experimental ischemia model. The lack of quantitative characterization of major bioactive constituents further limits mechanistic interpretation and quality control.
Therefore, the present study was conducted to evaluate the neuroprotective effects of Tianma Gouteng Decoction (TGD) in a middle cerebral artery occlusion (MCAO) model of ischemic stroke. In addition, several major bioactive constituents of TGD were quantitatively determined.
2. Materials and Methods
2.1. Plant materials
The composition of Tianma Gouteng Decoction (TGD) used in this study followed the formula reported by Liu LF et al. [5]. The TGD formula consisted of the raw herbal materials listed in Table 1. All materials were supplied by Indochina Medicinal Materials Company (Vietnam) and complied with the quality standards of the Chinese Pharmacopoeia and the Vietnamese Pharmacopoeia V.

Table 1. Raw materials used in the Tianma Gouteng Decoction formula
	Materials
	Origin of materials
	Used parts
	Amount

	Gastrodia elata Blume
	Anhui (China)
	rhizome
	9 g

	Haliotis diversicolor Reeve
	Hung Yen (Vietnam)
	dried shell
	18 g

	Gardenia jasminoides Ellis
	Quang Nam (Vietnam)
	ripe fruit
	9 g

	Scutellaria baicalensis Georgi
	Anhui (China)
	root
	9 g

	Achyranthes bidentata Blume
	Anhui (China)
	root
	12 g

	Eucommia ulmoides Oliv.
	Anhui (China)
	bark
	9 g

	Leonurus japonicus Houtt.
	Hung Yen (Vietnam)
	whole plant
	9 g

	Taxillus chinensis (DC.) Danser
	Hung Yen (Vietnam)
	stems and branches
	9 g

	Polygonum multiflorum Thunb.
	Son La (Vietnam)
	stem
	9 g

	Poria cocos (Schw.) Wolf
	Anhui (China)
	sclerotium
	9 g

	Uncaria rhynchophylla (Miq.) Miq. ex Havil.
	Hung Yen (Vietnam)
	hook-bearing stems
	12 g




2.2. Animals 
Male Swiss albino mice (5–6 weeks old, weighing 35–45 g at the time of surgery) were supplied by the National Institute of Hygiene and Epidemiology (Hanoi, Vietnam). The animals were housed in a controlled environment at 25 ± 1°C with appropriate humidity and a standard 12-h light/dark cycle. Standard laboratory chow provided by the National Institute of Hygiene and Epidemiology and tap water were available ad libitum. The animals were acclimatized for at least one week before starting the experiments.
2.3. Methods
Herbal extract preparation
 The raw herbs were cut into small pieces and soaked in cold water for 30 min prior to extraction. Reflux extraction was then performed with water for 1 h, and the procedure was repeated twice. Briefly, 228 g of raw materials (equivalent to two formulations) were placed in a 2-L round-bottom flask and heated at 85°C for 1 h with a water-to-herb ratio of 5:1 (v/w). After heating, the mixture was allowed to cool and filtered three times through cloth and cotton to obtain the first extract. A second extraction was performed under the same conditions to obtain the final TGD extract. The extracts from the first and second extractions were combined and concentrated in a water bath at 60°C for 2 days, yielding 76 mL of condensed extract (corresponding to a raw herb-to-extract ratio of 3:1, w/v). The concentrated extract was stored at 4°C to −20°C until further use.
TGD is clinically administered in humans at a dose equivalent to 114 g of raw herbal materials per day. Based on interspecies dose conversion, the corresponding dose in mice was calculated to be 27.4 g of raw herbal materials per kg body weight. In this study, three dose levels of TGD were evaluated: a high dose of 27.4 g/kg (equivalent dose), a medium dose of 13.7 g/kg, and a low dose of 6.8 g/kg.
Model of transient focal ischemia in mice and drug administration
Middle cerebral artery occlusion and reperfusion (MCAO/R)-induced transient focal cerebral ischemia in mice was performed as previously described [6]. Briefly, mice were deeply anesthetized by intraperitoneal injection of a ketamine (Rotexmedica, Germany) and xylazine (Vemedim) mixture (0.1 mL/10 g body weight). The common carotid artery (CCA) was carefully exposed and temporarily occluded with a 5-0 silk suture. Two permanent knots using 4-0 silk sutures were placed at the distal portion of the external carotid artery (ECA). To prevent bleeding, the internal carotid artery (ICA) was temporarily clamped with a vascular clip. A 12-mm-long 6-0 nylon monofilament (Alfresa Pharma Co., Osaka, Japan) with a silicone-coated tip was introduced into the ECA through a small incision between the two knots and advanced into the ICA. The filament was secured with a 4-0 silk suture to prevent bleeding and displacement. It was then advanced 9–10 mm beyond the bifurcation of the CCA and ECA to occlude the origin of the middle cerebral artery (MCA) at the circle of Willis and fixed in position. The temporary ligature on the CCA was removed.
The mice were randomly allocated into five groups as follows: Group 1, vehicle-treated MCAO/R mice (n = 8); Group 2, TGD 6.8 g/kg-treated MCAO/R mice (n = 8); Group 3, TGD 13.7 g/kg-treated MCAO/R mice (n = 8); Group 4, TGD 27.4 g/kg-treated MCAO/R mice (n = 7); and Group 5, edaravone 6 mg/kg-treated MCAO/R mice (n = 7).
Edaravone (5-methyl-2-phenyl-2,4-dihydro-3H-pyrazol-3-one; Sigma-Aldrich, St. Louis, MO, USA) was solubilized in DMSO as a stock solution and then diluted in physiological saline before tail-vein injection. TGD (6.8, 13.7, and 27.4 g/kg, p.o.) or edaravone (6 mg/kg, i.v.) was administered immediately after reperfusion and continued daily throughout the experimental period (Fig. 1).
2,3,5-triphenyltetrazolium chloride (TTC) staining
The MCAO mice were decapitated three days after reperfusion to determine the cerebral infarct using TTC (Sigma-Aldrich, St. Louis, MO, USA) staining [6]. In brief, the brain was quickly removed from the skull and placed in ice-cold 0.9 % saline. The coronal tissue was cut to a thickness of 2 mm using a tissue slicer and then immersed in a 0.9% saline solution containing 0.8% TTC at 37°C for 10 min under light-proof conditions. The sections were captured with a high-resolution digital camera and analysed using ImageJ software (ver. 1.41, NIH; Bethesda, MD, USA). The area of the infarction was measured using the equation reported by Swanson RA et al. [7] and represented as the percentage of the cerebral infarct volume: Percentage of the cerebral infarct volume = [(contralateral hemispheric volume - ipsilateral non-infarcted volume)/contralateral hemispheric volume]*100.
Neurological scores
The neurological symptom of each mouse was evaluated according to Menzies et al. [8] of a four-level score: 4 = spontaneous right circling; 3 = spontaneous movement in all directions (right circling if pulled by the tail); 2 = decreased grip of the right forelimb while tail pulled; 1 = right forelimb flexion; 0 = no apparent deficits. The test was performed daily from immediately after reperfusion to day 3 by a blinded researcher.
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Fig. 1. Experimental protocols.

Determination of gastrodin, baicalin, THSG, and geniposide contents
Reference preparation: Precisely weighed baicalin (ChemFaces - China, Cat. No.: CFN99111) was dissolved in 70% ethanol; gastrodin (ChemFaces - China, Cat. No.: CFN99549) was dissolved in 50% methanol; 2,3,5,4ʹ-tetrahydroxystilbene-2-O-β-D-glucoside (THSG, ChemFaces - China, Cat. No.: CFN99995) and geniposide (ChemFaces - China, Cat. No.: CFN98261) were dissolved in methanol to prepare standard solutions at concentrations ranging from 0.1-1 mg/mL.
The contents of gastrodin, baicalin, THSG, and geniposide in TGD were determined using a Shimadzu HPLC–UV system. The TGD extract was diluted 10-fold, filtered through a 0.45 µm membrane filter, and a 20 µL aliquot was injected into the system using an autosampler.
- Assay of gastrodin: The mobile phase consisted of solvent A (0.1% phosphoric acid in methanol) and solvent B (0.1% phosphoric acid in water). A linear gradient was applied as follows: 3–6% A from 0–15 min; 6–50% A from 15–45 min; 50–3% A from 45–46 min; and maintained at 3% A from 46–50 min. The column temperature was maintained at 40 °C. The solvent flow rate was 1 mL/min. A spectrophotometric detector was set at 220 nm [9].
- Assay of baicalin and THSG: The mobile phase consisted of solvent A (acetonitrile) and solvent B (0.125% phosphoric acid in water) (20:80, v/v). The flow rate was 1 mL/min. The detection wavelengths were set at 280 nm for baicalin and 320 nm for THSG [9].
- Assay of geniposide: The mobile phase consisted of acetonitrile and water (15:85, v/v). The solvent flow rate was 1 mL/min. The detection wavelength was set at 240 nm [10].
2.4. Statistical analysis 
Statistical analyses were performed using SPSS version 20.0 (IBM Corp., Armonk, NY, USA). Body weight and cerebral infarct volume were expressed as mean ± standard error of the mean (SEM), whereas neurological scores were presented as median (first quartile; third quartile). Body weight data was analyzed using one-way analysis of variance (ANOVA), followed by the least significant difference (LSD) post hoc test for pairwise comparisons among groups. Infarct volume and neurological deficit scores were analyzed using the Kruskal–Wallis test, followed by the Mann–Whitney U test for multiple-group comparisons. A p-value < 0.05 was considered statistically significant.
3. Results 
3.1. TGD reduced cerebral infarct volume in transient cerebral ischemic mice 
Cerebral infarct volume is a critical parameter for evaluating brain injury in the MCAO/R-induced ischemic model. Therefore, TTC staining was performed to assess infarct size following transient cerebral ischemia–reperfusion injury.
As shown in Fig. 2, three days after MCAO, mice in the model group exhibited cerebral infarction involving approximately 30% of the left hemispheric volume. Treatment with edaravone (6 mg/kg/day, i.v.), used as a reference drug, significantly reduced cerebral infarct size compared to the vehicle-treated MCAO/R mice (p < 0.01). Treatment with TGD at 6.8 g/kg reduced infarct volume to approximately 12% of the left hemisphere. This reduction was statistically significant compared with the vehicle-treated MCAO/R group (p < 0.01). TGD at 13.7 g/kg markedly decreased infarct volume to below 10% of the left hemisphere (p < 0.001), representing the greatest reduction among the treatment groups. In contrast, treatment with TGD at 27.4 g/kg did not significantly affect infarct volume, as no statistically significant difference was observed compared with the model group (p > 0.05).
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Fig. 2. Effects of TGD on the infarct volume of MCAO/R mice
(A) Representative brain images using TTC staining. (B) Quantitative analysis of infarct volume (%) in the mouse brain. Mouse brain tissue was collected 72 h after MCAO/R. Data were expressed as the mean ± S.E.M. (n=7-8). **p<0.01, ***p<0.001 compared to vehicle-treated MCAO/R mice (One-way-ANOVA followed by post hoc LSD test).


3.2. TGD attenuated the body weight loss and neurological symptoms in MCAO/R-induced ischemic mice
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Fig. 3. Effects of TGD on the body weight of mice following cerebral ischemia.
Data were expressed as the mean ± S.E.M. (n=7-8). *p<0.05, **p<0.01 compared to vehicle-treated MCAO/R mice (One-way-ANOVA followed by post hoc LSD test).
As shown in Fig. 3, mice in the vehicle-treated MCAO/R group exhibited a progressive decrease in body weight over time. Treatment with edaravone attenuated body weight loss, with a slight increase observed on day 3 compared with the vehicle-treated MCAO/R group, and the difference was statistically significant (p < 0.01). Treatment with TGD at 6.8 g/kg improved body weight on day 1, and this change was statistically significant compared with the vehicle-treated MCAO/R group. However, no significant differences were observed on days 2 and 3 (p > 0.05). Treatment with TGD at 13.7 g/kg resulted in significant improvement in body weight compared with the vehicle-treated MCAO/R group on days 1–3 (p < 0.05). In contrast, treatment with TGD at 27.4 g/kg did not significantly affect body weight, as no statistically significant differences were observed compared with the vehicle-treated MCAO/R group (p > 0.05).

Table 2. Effects of TGD on neurological symptom scores in middle cerebral artery occlusion-and-reperfusion
 (MCAO/R)-induced cerebral ischemic mice
	Operation
	Treatment
(mg/kg/day)
	Neurological symptom scores after the operation

	
	
	0 hr after reperfusion
	Day 1
	Day 2
	Day 3

	MCAO/R
	vehicle
	4 (3; 4)
	3 (2; 4)
	3 (2; 4)
	3 (2; 4)

	
	TGD 6.8 g/kg
	4 (3; 4)
	2* (2; 3)
	2* (2; 3)
	2** (1; 2)

	
	TGD 13.7 g/kg
	3.5 (3; 4)
	3 (2; 3)
	2** (1; 3)
	1.5** (1; 2)

	
	TGD 27.4 g/kg
	4 (3; 4)
	3 (2; 3)
	2.5 (1; 3)
	2 (2; 3)

	
	edaravone 
6 mg/kg
	4 (3; 4)
	3 (2; 3)
	2** (1; 2)
	2** (1; 2)


Data were expressed as the median (25 and 75% interquartile range) (n=7-8). *p<0.05, **p<0.01 vs. vehicle - treated MCAO/R mice (Kruskall-Wallis and Mann-Whitney U-test).


As shown in Table 2, various extents of neurological symptoms were observed in the MCAO/R mice from day 0 (0 hr reperfusion) to day 3 after the cerebral ischemia and reperfusion operations. Neurological scores remained high (score 3–4) in the vehicle-treated MCAO/R group from day 0 to day 3 after reperfusion. There were no significant differences in neurological scores between the edaravone-treated MCAO/R group and the vehicle-treated MCAO/R group on days 0 and 1. However, significant improvement in neurological function was observed in the edaravone-treated MCAO/R group on days 2 and 3 compared with the vehicle-treated MCAO/R group (p < 0.05).
Significant improvement of neurological scores was observed earlier in the MCAO/R group treated with TGD at 6.8 g/kg, with statistically significant differences compared with the vehicle-treated MCAO/R group on days 1, 2, and 3 (p < 0.05). In the MCAO/R group treated with TGD at 13.7 g/kg, neurological function progressively improved over time, reaching statistical significance compared with the vehicle-treated MCAO/R group on days 2 and 3 (p < 0.05). Although neurological scores gradually decreased in the MCAO/R group treated with TGD at 27.4 g/kg, no statistically significant differences were observed compared with the vehicle-treated MCAO/R group (p > 0.05).
3.3. Determination of gastrodin, baicalin, THSG, and geniposide contents
The four major components in TGD (0.3 g/mL) were analyzed by HPLC, as shown in Fig. 4. The results indicated that the contents of gastrodin, baicalin, THSG, and geniposide were 1.4 mg/mL, 10.091 mg/mL, 0.0203 mg/mL, and 9.023 mg/mL, respectively.
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Fig. 4. HPLC chromatograms of TGD


4. Discussion
The present study demonstrated that TGD exerts significant neuroprotective effects in a 60-min MCAO model of transient focal cerebral ischemia. Among the three tested doses, TGD at 13.7 g/kg produced the most pronounced therapeutic effects, as evidenced by improved neurological scores, reduced body weight loss, and a marked reduction in infarct volume. TGD at 6.8 g/kg also showed effects comparable to those of edaravone. 
In experimental stroke research, therapeutic efficacy is commonly evaluated using neurological scores, body weight changes, and infarct volume. Neurological scoring reflects motor and sensory dysfunction and provides functional evidence of recovery. In this study, TGD, particularly at 13.7 g/kg, significantly improved neurological outcomes compared with the vehicle-treated MCAO/R group. Body weight monitoring served as an indirect indicator of general health status; attenuation of body weight loss further supported the functional benefits of TGD treatment. However, infarct volume assessment by TTC staining remains the most objective indicator of structural brain injury. The marked reduction in infarct size observed in the TGD-treated groups confirms its protective effect at the tissue level [11]. However, the highest tested dose (27.4 g/kg) did not produce significant neuroprotective effects. One possible explanation may be related to the traditional therapeutic context of TGD. Clinically, TGD has long been prescribed for the management of hypertension and hypertension-related neurological symptoms. Therefore, its pharmacological effects may involve both antihypertensive activity and direct neuroprotective mechanisms. In the present study, the MCAO model was established in normotensive animals, which may not fully reproduce the complex pathological conditions associated with ischemic stroke in patients with chronic hypertension. Under such conditions, the antihypertensive component of TGD pharmacology may play a limited role, potentially affecting the overall observable therapeutic response at higher doses. In addition, this phenomenon may be related to a hormetic effect, as reported in pharmacological studies of herbal medicines. Hormesis describes a biphasic dose–response relationship in which low or moderate doses produce beneficial effects, whereas higher doses may result in diminished therapeutic responses [12]. Therefore, the lack of neuroprotective efficacy at the highest tested dose may partly reflect a hormetic dose–response pattern in TGD.
Several studies worldwide have reported that the neuroprotective mechanisms of TGD include suppression of ROS overproduction, attenuation of oxidative damage in both in vitro and in vivo ischemic models, modulation of oxidative stress, and inhibition of the AGE/RAGE signalling pathway [4],[13]. These mechanisms contribute to elucidating the neuroprotective effects of TGD. Given that TGD is a multi-component formula, characterization of its major bioactive constituents is essential for understanding its mechanistic basis. In the present study, we further quantified selected bioactive constituents of TGD to better characterize the formulation and provide additional insight into its potential pharmacological effects. In general, a single herbal medicine may contain dozens of natural bioactive compounds, whereas a traditional prescription may consist of several herbs. Therefore, identifying the active components in such complex formulations remains a significant challenge [14].
The TGD formula consists of 11 medicinal herbs. The four major compounds quantified in the extract were gastrodin (from Gastrodia elata Blume (rhizome)), baicalin (from Scutellaria baicalensis Georgi (root)), THSG (from Polygonum multiflorum Thunb. (caulis)), and geniposide (from Gardenia jasminoides Ellis (ripe fruit)). According to our analysis, the TGD extract contained gastrodin (1.4 mg/mL), baicalin (10.091 mg/mL), geniposide (9.023 mg/mL), and a small amount of THSG (0.0203 mg/mL). The formula Tianma Gouteng Keli in the Pharmacopoeia of the People's Republic of China has a composition similar to TGD and specifies baicalin and gastrodin as quality control markers [9]. This finding suggests that gastrodin, baicalin, and geniposide contributed to TGD's actions.
Gastrodin, one of the principal bioactive constituents of TGD, has been widely investigated for its neuroprotective properties. Clinical evidence from randomized controlled trials indicates that gastrodin, when used as an adjuvant therapy, significantly improves neurological outcomes in patients with acute stroke, as reflected by reductions in the National Institutes of Health Stroke Scale (NIHSS) score, a standardized measure of stroke severity. In addition, gastrodin has been associated with decreased biomarkers of neuronal injury and increased levels of brain-derived neurotrophic factor [15]. In experimental animal studies, gastrodin and its derivatives have demonstrated significant neuroprotective effects in models of cerebral ischemia. In a rat MCAO model, a gastrodin derivative (Gas-D) improved neurological deficits, reduced infarct volume, and attenuated neuropathological changes by suppressing inflammatory responses through modulation of the Prx–TLR4 signalling pathway, and by reducing oxidative stress after reperfusion [16]. Recent reviews further indicate that gastrodin exerts multiple neuroprotective mechanisms, including anti-inflammatory and antioxidant effects, regulation of mitochondrial function, inhibition of autophagy and ferroptosis, and modulation of neuronal signalling pathways. In addition, gastrodin exhibits relatively low blood–brain barrier (BBB) permeability under physiological conditions. However, cerebral ischemia is known to disrupt the integrity of the BBB. Therefore, the BBB disruption observed in MCAO models may facilitate the entry of gastrodin into brain tissue. Despite its limited blood–brain barrier permeability, advances in drug delivery systems may enhance its bioavailability and therapeutic potential in neurological disorders [17]. Overall, these findings highlight the important contribution of gastrodin to TGD's neuroprotective profile in ischemic stroke.
Recent studies have demonstrated the neuroprotective effects of baicalin in ischemic stroke. Baicalin, a major flavonoid derived from Scutellaria baicalensis, has been extensively investigated for its protective role in cerebral ischemia. A recent review highlighted that baicalin exerts multifactorial actions, including antioxidant, anti-inflammatory, and anti-apoptotic effects, as well as mitochondrial protection and upregulation of neurotrophic factors, supporting its therapeutic potential in ischemic stroke [18]. In experimental MCAO models, baicalin (100 mg/kg) significantly improved neurological deficits and reduced histopathological damage compared with vehicle-treated animals. Mechanistically, baicalin attenuated ROS overproduction and lipid peroxidation, restored the balance of apoptosis-related proteins (increased Bcl-2 and decreased Bax expression), and suppressed caspase-3 activation, thereby inhibiting neuronal apoptosis [19]. Additionally, recent studies have demonstrated that THSG exerts significant neuroprotective effects against cerebral ischemia/reperfusion injury. In tMCAO/R and OGD/R models, THSG reduced infarct volume, improved neurological outcomes, and attenuated neuronal apoptosis. Mechanistically, THSG enhanced PINK1–PARK2-mediated mitophagy by activating the GluN2B–CaMKII–ERK1/2 signalling pathway, and these effects were abolished by pharmacological inhibition of mitophagy or GluN2B [20]. These mechanistic insights further support the role of baicalin and THSG as a key component contributing to the multi-target effects of TGD. Although the quantitative analysis in the present study indicated that the THSG content in the TGD extract was considerably lower than that of baicalin or geniposide, this compound may still contribute to the overall neuroprotective efficacy of the formula in vivo, possibly through synergistic interactions with other bioactive constituents.
In the MCAO model, both the neuroprotective effects and underlying mechanisms of geniposide have been extensively investigated. Geniposide administration significantly improved neurological deficits, reduced brain oedema and infarct volume, and showed no evident toxicity at doses up to 150 mg/kg. Mechanistically, its protective effects were closely associated with attenuation of inflammatory responses, as geniposide suppressed IL-6 and iNOS expression, upregulated A20, and inhibited activation of the TNF receptor–associated factor-6 (TRAF6)/NF-κB signalling pathway [21]. In addition, in both OGD/R-treated BV2 microglial cells and MCAO mice, geniposide further demonstrated anti-apoptotic, anti-inflammatory, and anti-autophagic effects. It modulated Bcl-2/Bax expression, reduced pro-inflammatory cytokines such as TNF-α and IL-1β, and regulated microglial polarization. Notably, geniposide was shown to exert its protective effect by modulating the SOX2/RIPK1 signalling axis, thereby alleviating cerebral ischemic injury in vivo [22]. Together, these findings reinforce the notion that geniposide contributes to the integrated neuroprotective mechanisms of TGD. 
According to traditional Chinese medicine theory, TGD is traditionally used to calm the liver, extinguish internal wind, clear heat, promote blood circulation, and nourish the liver and kidneys. Within this formula, Gastrodia elata, Uncaria rhynchophylla, and Haliotis diversicolor function as the “Jun” (principal herbs), primarily responsible for calming liver wind and relieving neurological symptoms. Gardenia jasminoides and Scutellaria baicalensis serve as the “Chen” (minister herbs), clearing heat and suppressing excessive liver fire. Other components, including Leonurus japonicus, Achyranthes bidentata, Eucommia ulmoides, and Taxillus chinensis, promote blood circulation and nourish the liver and kidney, while Polygonum multiflorum and Poria cocos exert calming and sedative effects; these herbs function as the “Zuo” and “Shi” components that support and harmonize the overall therapeutic action of the formula. The traditional formulation principle of “Jun–Chen–Zuo–Shi” may provide a theoretical basis supporting the neuroprotective efficacy of TGD observed in experimental ischemic stroke.
Thus, the neuroprotective effects of TGD observed in the MCAO mouse model may be partially explained by the pharmacological actions of its bioactive constituents. Importantly, the multi-component and multi-target characteristics of TGD may underlie its superior efficacy at the optimal dose identified in this study. Further studies with longer observation periods are required to determine whether TGD can provide sustained neuroprotective effects and improve long-term neurological outcomes after stroke.
5. Conclusion
Tianma Gouteng Decoction (TGD) exhibited neuroprotective effects in a 60-min MCAO model of transient focal cerebral ischemia. TGD at 13.7 g/kg produced the most pronounced effects, significantly reducing infarct volume, improving neurological deficits, and attenuating body weight loss compared with the vehicle-treated group. Chemical analysis demonstrated that the TGD extract contained gastrodin (1.4 mg/mL), baicalin (10.091 mg/mL), 2,3,5,4ʹ-tetrahydroxystilbene-2-O-β-D-glucoside (0.0203 mg/mL), and geniposide (9.023 mg/mL), which may contribute to the observed pharmacological effects.
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Summary
The capacity of Lactobacillus casei, Lactobacillus rhamnosus, Bifidobacterium bifidum, and Bacillus subtilis to increase the content of gymnemagenin in Gymnema spp. R.Br was investigated on two samples of G. sylvestre and two samples of G. latifolium by incubating these samples for 8 days with each strain of bacteria. The difference in content of gymnemagenin before and after incubation was determined by using a validated HPLC method meeting all requirements of AOAC International on analytical method performance. The four strains of bacteria were found to increase the content of gymnemagenin in the tested samples after incubation, but the change caused by B.subtilis was not statistically significant. No significant strain-to-strain difference in the capacity to improve the content of gymnemagenin was found among the four strains of bacteria.
Keyword: Gymnemagenin; Biotransformation; Incubation.


1. Introduction
Gymnemagenin is an aglycone existing either in free form in Gymnema R.Br or in the form of gymnemic acids, which can be hydrolyzed chemically or enzymatically to release gymnemagenin (Fig. 1) [1]. 
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Fig. 1. Relationship between gymnemic acids and gymnemagenin


Gymnemagenin is able to reduce the glucose level in blood [2], possessing anti-obesity and anti-diabetes capacities [3], and it is considered to have important therapeutic potential. 
During their growth phase, microorganisms produce enzymes capable of degrading natural compounds in plants to transform them into new entities [4]. The enzymatic transformation of natural products, such as that of gymnemic acids, can be catalyzed by different types of bacterial enzymes, such as glucosidases secreted by L. casei [5], L. rhamnosus [6], B. subtilis [7], or B. bifidum [8], etc. Among other cases, gymnemic acids in extracts from G. sylvestre were found to be hydrolyzed to release gymnemagenin after incubation with B. bifidum, L. casei, and L.rhamnosus [9]. Therefore, bacterial fermentation is a promising approach to transform gymnemic acids into free gymnemagenin to increase the content of gymnemagenin in Gymnema R.Br’s raw materials.
This study was carried out to investigate the capacity of four bacterial strains (B. bifidum, B. subtilis, L. casei, and L. rhamnosus) to increase the content of gymnemagenin in Gymnema R.Br by enzymatic biotransformation of gymnemic acids, with focus on the impact of certain parameters of the fermentation process (incubation time, the ratio between the mass of plant material and the bacterial suspension during the incubation process, and the choice of bacterial strain) on the effectiveness of increasing the content of gymnemagenin.
This effectiveness was quantitatively assessed by monitoring the content of gymnemagenin in Gymnema R.Br samples before and after incubation with an HPLC method developed and validated according to current requirements of AOAC International [10]. 
2. Materials and methods
2.1. Materials
2.1.1. Plant materials:
In this study, four samples of Gymnema R.Br, including two samples of G.sylvestre (coded as G5/2/2/2a, and G5/0) and two samples of G. latifolium (coded as G4/5 and G4/11), were used to investigate the capacity of bacteria to increase their content of free gymnemagenin. All samples (consisting of leaves and young stems) were harvested at Yen Ninh ward, Phu Luong district, Thai Nguyen province (currently Yen Trach ward, Thai Nguyen province) in November 2024. After being harvested, the samples were finely cut and dried at 55oC until their humidity did not exceed 8.5% and stored as such until they were used. The content of gymnemagenin in samples was determined by the HPLC method as described in section 2.2.2 before incubation. 
2.1.2. Strain of bacteria:
Bifidobacterium bifidum (1010 CFU/g), Bacillus subtilis (3×1010 CFU/g), Lactobacillus casei (1010 CFU/g), and Lactobacillus rhamnosus (1010 CFU/g) were used to investigate their capacity to increase the content of gymnemagenin in Gymnema R.Br. These strains of bacteria were provided by the Laboratory of Pharmacology and Biochemistry, National Institute of Medicinal Materials, and were used as such to prepare bacteria suspension following the procedure described in section 2.2.1.  
2.1.3. Chemicals, reagents, and reference substances:
Reference substance of gymnemagenin (purity: 98.1%, CAS: 22467-07-8, batch no: BCCM 9489) was purchased from Sigma Aldrich (St. Louis, MO, USA).
HPLC-grade solvents (acetonitrile, methanol), PA-grade solvents (acetone, butanol, ethyl acetate, ethanol), and chemicals (potassium hydroxide, hydrochloric acid) were purchased from Merck Vietnam (Ho Chi Minh City, Vietnam). Tryptic soy agar and Tryptic soy broth were purchased from Hemidia (India) and prepared according to the Vietnamese Pharmacopoeia, 5th Edition. Distilled water was employed in this study, with proper additional treatment wherever necessary to meet the corresponding requirements of specific works. 
2.1.4. Instruments and equipment:
· Sterilizing processes were done by using the autoclave HV- 110 of Hirayama (Tokyo, Japan). All HPLC analysis were carried out using an HPLC – DAD system of Thermo Fischer Scientific (Waltham, MA, USA) on a Luna® C18 column (250 mm × 4.6 mm, 5µm) of Phenomenex (Torrance, CA, USA). The glassware and other instruments were of proper standards for general laboratory use, as well as meeting the particular requirements of each specific work.
2.2. Methods
2.2.1. Incubation of plant samples with bacteria:
For each sample preparation, about 0.75 g of plant sample, previously finely ground, homogenized, and the content of gymnemagenin was determined by HPLC analysis, was accurately weighed into a suitable flask and wetted by mixing with sufficient water, then sterilized in an autoclave at 121oC for 15 minutes and cooled down to room temperature before use.
Bacteria stock suspensions were prepared separately for each strain of bacteria by dispersing about 1.0 g, accurately weighed, of the strain in 20 mL of sterile Tryptic soy broth and incubating at 35oC ± 2oC for 24 hours. Ten milliliters of each stock suspension were transferred into separate flasks, each containing 50 mL of sterile Tryptic soy broth and incubated at 35oC ± 2oC for 48 hours. The formed colony-forming units (CFU) were counted and the incubation process would be continued if necessary until suspensions containing about 108 CFU/mL. These suspensions were used as bacteria suspension.
In preliminary studies, in order to estimate the optimal ratio between the amount of plant sample and the volume of bacteria suspension, incubation time was fixed at 10 days and the volumes of bacteria suspension were tested at 20, 50, 70, and 100 mL for each sample preparation; in order to find out the optimal incubation time for assessing the impact of bacteria on the content of gymnemagenin, the incubation times were tested at 2 days, 5 days, 8 days, and 10 days and one sample preparation was incubated with 70 mL of bacteria suspension. A summary of these preliminary studies was provided in section 3.2.
From the results of preliminary studies, to assess the capacity of bacteria to increase the content of gymnemagenin in samples, different portions of sample preparation were incubated separately with 70 mL of bacteria suspension of each strain at 350°C ± 2°C for 8 days. After incubation, the content of gymnemagenin was determined by HPLC analysis.
2.2.2. Determination of gymnemagenin content:
2.2.2.1. Sample preparation:
To determine the gymnemagenin in samples before incubation, about 0.75 g of a plant sample, accurately weighed, was transferred into a flask, then 22.5 mL of ethanol 50%, 2 mL of 12% solution of potassium hydroxide were added into the flask. The flask was connected with a reflux condenser and heated in a water bath set at 100oC for 1 hour, then it was cooled back to room temperature. About 5.5 mL of 4 N solution of hydrochloric acid was added into the flask, and it was heated again in a water bath set at 100oC for 2 hours and cooled back to room temperature. The pH of the liquid inside the flask was adjusted to 7.5 – 8.5 with 12% solution of potassium hydroxide, then the liquid was transferred to a 100-mL volumetric flask, and ethanol 50% was added to the volume. The obtained liquid was filtered through a 0.45 m filter membrane and injected into the HPLC system.
To determine the gymnemagenin in the sample after incubation with bacteria suspension, the sample was evaporated to dryness and prepared similarly to the sample before incubation.
Stock standard solution of gymnemagenin was prepared by dissolving about 30 mg reference substance of gymnemagenin, accurately weighed, in a 20-mL volumetric flask with methanol and diluting with methanol to volume. Working standard solutions were prepared by diluting the stock standard solution with ethanol 50% to targeted concentrations from 0.03 mg/mL to 0.3 mg/mL.
For accuracy validation of the HPLC method by recovery studies, spiked solutions were prepared by adding an accurate quantity of standard gymnemagenin into the sample preparation at 3 different levels (corresponding to spiked concentrations of gymnemagenin in analyzed solutions of about 0.03 mg/mL, 0.06 mg/mL, and 0.12 mg/mL). For precision validation, six different portions of a sample were prepared and analyzed by the same analyst in the same day for assessment of repeatability and by each one of two different analysts for assessment of intermediate precision. For estimation of limit of quantitation (LOQ) and limit of detection (LOD) of gymnemagenin, spiked samples used for recovery studies were accurately diluted and analyzed to estimate the signal-to-noise (S/N) ratio for the gymnemagenin peak. The concentrations of gymnemagenin at LOD and LOQ corresponded to values of S/N about 3 and 10, respectively. The solvent solution for specificity validation was prepared similarly to sample preparation, without using a plant sample.
2.2.2.2. Chromatographic analysis:
Chromatographic determination of gymnemagenin in samples was carried out on a Luna® C18 column (250 mm × 4.6 mm, 5 m) employing a mixture of acetonitrile – phosphate buffer maintained at a flow rate of 1.6 milliliter per minute as mobile phase. The composition of the mobile phase varied according to a gradient program: 0 – 20 minutes: 25 – 55% acetonitrile; 20 – 25 minutes: 55 - 60% acetonitrile; 25 – 30 minutes: 60% acetonitrile; 30 – 35 minutes: 60 – 25% acetonitrile; 35 – 40 minutes: 25% acetonitrile. The chromatograms were recorded at 210 nm using UV detection after injecting 50 L of sample into the HPLC system. The phosphate buffer was prepared by dissolving 0.14 g of potassium dihydrogen phosphate and 0.5 mL of phosphoric acid in 900 mL of water, then water was added to make 1000 mL.
The HPLC method was validated according to current requirements on performance of analytical methods recommended by AOAC International [6]. A summary of validation results was provided in section 3.1.
2.2.3. Assessing the capacity of bacteria to increase the content of gymnemagenin:
To evaluate the capacity of bacteria to increase the content of gymnemagenin in Gymnema R.Br’s samples, the gymnemagenin content of each sample was determined before and after incubation to detect any change that occurred during the incubation with bacteria suspensions. The statistical significance of the change was assessed by a paired T-test.
2.3. Data processing
Chromatographic data were collected and processed by Chromeleon software of Thermo Fischer Scientific (Waltham, MA, USA). Statistical calculations were done using Microsoft Excel software (Redmond, WA, USA).
3. Results and discussion
3.1. Validation of the HPLC method for the determination of gymnemagenin
The HPLC method gave a well-shaped peak of gymnemagenin, completely separated from other peaks in the chromatogram of sample preparation (Fig. 2, B) with the same retention time and with a similar UV spectrum (Fig. 2, D) to that of the peak of gymnemagenin in the chromatogram of standard solution (Fig. 2, A). In the chromatogram of the solvent solution (Fig. 2, C), no peak was detected at the retention time of gymnemagenin. Therefore, the method was sufficiently specific for the determination of gymnemagenin.
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Fig. 2. Typical results for specificity validation (A: chromatogram of standard solution, B: chromatogram of sample preparation, C: chromatogram of solvent solution, D: overlaid UV-Vis spectra extracted from gymnemagenin’s peak on chromatograms of standard solution and sample preparation).


The suitability of the chromatographic system was assessed by six consecutive injections of the same standard solution. After six analyses, the RSD (%) values for retention time and area of gymnemagenin peak were 0.02% and 0.08%, respectively, and the gymnemagenin peak was symmetric (with asymmetric factor about 1.2) and the chromatographic system was efficient (number of theoretical plates higher than 2000 for peak of gymnemagenin), confirming the suitability of the chromatographic system for determination of gymnemagenin.
The validation results of accuracy, precision, and estimation of LOD and LOQ were summarized in Table 1. The accuracy and precision of the method were in line with the requirements of AOAC International [6]. The linearity was maintained between concentration and peak area of gymnemagenin within concentration range from 0.03 to 0.3 mg/mL (corresponding to gymnemagenin content in plant samples from 0.4% to 4%), and the LOQ for gymnemagenin content in plant samples was estimated at 1.4×10-2 % (w/w).

Table 1. Summary of validation results for HPLC method
	Criteria
	Requirements
	Results

	Linearity
	R2   0.999
	Concentration range: 0.03 – 0.3 mg/mL
R2 = 0.9999

	Accuracy
	
	

	Level 1 (0.03 mg/mL or 0.4% (w/w) in plant samples, n = 3)
	Recovery rates: 95 – 105 %
RSD  3.7 %
	Recovery rates: 98.7 – 98.9 %
RSD = 0.1 %

	Level 2 (0.06 mg/mL or 0.8% (w/w) in plant samples, n = 3)
	Recovery rates: 95 – 105 %
RSD  3.7 %
	Recovery rates: 98.8 – 98.9 %
RSD = 0.1 %

	Level 3 (0.12 mg/mL or 1.6% (w/w) in plant samples, n = 3)
	Recovery rates: 97 – 103 %
RSD  2.7 %
	Recovery rates: 99.2 – 101.4 %
RSD = 1.2 %

	Precision
	
	

	Repeatability (n = 6, 1 analyst), gymnemagenin content in the sample was about 2% (w/w)
	RSD  2.7 %
	RSD = 0.8 %

	Intermediate precision (2 analysts, n = 6 for each analyst), gymnemagenin content in the sample was about 2% (w/w)
	RSD  2.7 %
	RSD = 2.2 %

	LOQ
	
	1.1 g/mL (equivalent to gymnemagenin content about 1.4*10-2 % (w/w) in plant samples)

	LOD
	
	0.6 g/mL (equivalent to gymnemagenin content about 0.8*10-2 % (w/w) in plant samples)




3.2. Determination of some parameters for the incubation process
Preliminary studies were carried out to find a suitable ratio between the amount of plant sample and the volume of bacteria suspension, as well as the optimal incubation time to assess the impact of bacteria on the change of gymnemagenin content in plant samples.
In preliminary studies, different portions of sample preparation (section 2.2.1) from sample G5/0 (containing 1.71% (w/w) of gymnemagenin, see Table 2) were incubated with either 20 mL, 50 mL, 70 mL, or 100 mL of bacteria suspensions from each strain of bacteria for 10 days. After incubation, the gymnemagenin content was determined by the HPLC method. Experimental results (Fig. 3, A) showed that the gymnemagenin content after incubation increased when the volume of bacterial suspension increased from 20 mL to 70 mL, but comparing gymnemagenin contents after incubation with 4 bacterial strains (B. subtilis, B. bifidum, L. casei, and L. rhamnosus) with 70 mL and with 100 mL of bacterial suspension, the difference was not statistically significant (P = 0.30 with paired t-test). From these results, it was clear that after 10 days of incubation, 70 mL of bacteria suspension was sufficient to transform all types of gymnemic acids available in the sample preparation into gymnemagenin, and when higher volumes of bacteria suspension were used, the surplus of bacteria produced no further increase of gymnemagenin because gymnemic acids in the sample had completely been hydrolyzed to form gymnemagenin. So in further experimental works, the ratio of 70 mL of bacteria suspension for one portion of sample preparation was consistently used.


[image: ]  [image: ]
Fig. 3. Preliminary results on bacteria suspension volume (A) and incubation time (B).


In terms of incubation time, different portions of sample preparation were incubated with 70 mL bacteria suspension of each bacteria strain for 2 days, 5 days, 8 days, and 10 days. Experimental results (Fig. 3, B) showed that the content of gymnemagenin increased when incubation time prolonged from 2 days to 8 days, but the gymnemagenin contents in sample obtained after incubation with the 4 strain of bacteria in 8 days and in 10 days did not differ significantly one from another (P = 0.58 with paired t-test), meaning no significant increase in gymnemagenin content was gained when incubation time went longer than 8 days. It meant that after 8 days, all the content of gymnemic acid in the sample preparation had been hydrolyzed to form gymnemagenin, and incubation times longer than 8 days were not necessary. So, the incubation time was fixed at 8 days for all further experimental studies.
These results also pointed out that with a bacterial suspension initially containing 108 CFU/ml, the content of gymnemagenin in samples began to increase fast only after 5 days of incubation. This observation was similar for all four bacterial strains, so the biotransformation rate to form gymnemagenin did not depend on the nature of the bacterial strain, but rather depended on the initial amount of bacteria in suspension and the growth rate of bacteria as a function of incubation time. However, it is necessary to carry out further study with different initial amounts of bacteria to find out more clearly the relation between the initial number of bacteria and the biotransformation rate in order to optimize the gain of gymnemagenin content and to reduce incubation time.
In this study, based on the results of preliminary studies, the incubation time was fixed at 8 days, and the volume of bacteria suspension was selected at 70 mL per sample preparation for further studies.
3.3. Evaluation the impact of bacteria on gymnemagenin content
After 8 days of incubation, gymnemagenin content of all 4 samples (both G.sylvestre ones and G. latifolium ones) was increased with all 4 strains of bacteria (Table 2 and Fig. 4). However, the mean value of gymnemagenin content calculated on the 4 tested samples after incubation with B. subtilis did not increase significantly (P = 0.07 with paired t-test). Therefore, within the scope of results obtained in this study, only B.bifidum, L.casei, and L.rhamnosus helped increase the gymnemagenin content in the tested samples significantly after incubation.
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Fig. 4. Increase of gymnemagenin content (%, w/w) in samples after incubation

Table 2. Content of gymnemagenin in samples before and after incubation
	[bookmark: _Hlk196996502]Sample
	Gymnemagenin content (%, w/w)

	
	Before incubation
	After incubation

	
	
	B. subtilis
	B. bifidum
	L. casei
	L. rhamnosus

	G5/2/2/2a
	2.11
	2.28
	2.28
	2.36
	2.30

	G5/0
	1.71
	2.07
	1.98
	2.03
	2.02

	G4/11
	1.81
	1.82
	2.00
	1.94
	1.95

	G4/5
	1.50
	1.82
	1.74
	1.83
	1.89

	Mean values (%)
	1.78
	2.00
	2.00
	2.04
	2.04

	Statistical comparison of mean values of the content of gymnemagenin by paired t-test

	Before and after incubation with different strains of  bacteria
	P = 0.07
	P = 0.00
	P = 0.01
	P = 0.02

	Strain
	B. subtilis
	B. bifidum
	L. casei
	L. rhamnosus

	After incubation with different strains of bacteria
	B. subtilis
	
	P = 0.96
	P = 0.32
	P = 0.33

	
	B. bifidum
	
	
	P = 0.34
	P = 0.41

	
	L. casei
	
	
	
	P = 0.97

	
	L. rhamnosus
	
	
	
	




Among these three strains, no significant strain-to-strain difference was observed in their capacity to increase the content of gymnemagenin in the tested Gymnema R.Br’s samples (paired t-test yielded P values higher than 0.05 for all strain-to-strain comparisons, as presented in Table 2).
From these results, it is conclusive that B. bifidum, L. casei, and L. rhamnosus were capable of significantly increasing the content of gymnemagenin in G. sylvestre and G. latifolium samples after 8 days of incubation at 35°C ± 2°C, and their capacities were not significantly different from one another. In contrast, B. subtilis’s capacity to increase gymnemagenin content was not significant in the tested samples. Among the four strains of bacteria, all are capable of producing lactic acid, but only B. subtilis is capable of forming protective endospores, and this characteristic can be a factor rendering B. subtilis less efficient in increasing the content of gymnemagenin than the other three strains, which are not capable of forming protective endospores and thus are not hindered by this transformation.
Experimental results also showed no significant difference in the capacity of B. bifidum, L. casei, L. rhamnosus, and B. subtilis to increase the content of gymnemagenin in identical incubation times. This might reflect the nonstrain-dependent nature of their capacity to increase gymnemagenin in contact with samples during the incubation period. However, a study on a larger scale involving more strains of bacteria and using more Gymnema R.Br samples would be necessary to arrive at more conclusive findings on the action mechanism of bacteria and more optimal conditions to employ bacteria for improving the gymnemagenin content in plant materials.
4. Conclusion
In this study, the capacity to increase the gymnemagenin content in Gymnema spp. R.Br samples of four strains of bacteria – B. subtilis, B. bifidum, L. casei, and L. rhamnosus – was investigated. When bacteria suspensions initially containing 108 CFU/mL were used, and the amount of tested samples was fixed at 0.75 g, the most suitable ratio for incubation was 70 mL of bacteria suspension for one portion of sample preparation, and the most suitable incubation time was 8 days. 
Among the four bacterial strains, B. bifidum, L. casei, and L. rhamnosus were proven to be capable of increasing significantly the gymnemagenin content in samples of G. sylvestre and G. latifolium after 8 days of incubation at 35°C ± 2°C. 
The relation between the incubation time and the increase of gymnemagenin content in the sample was found to depend on the initial amount of bacteria rather than on the nature of the bacterial strains. Experimental results also revealed no significant strain-to-strain difference in the capacity to increase gymnemagenin content in plant materials.
From the findings of this study, in order to further optimize the incubation efficiency and to increase the gymnemagenin content after fermentation, it is necessary to carry out further studies on the relationship between the initial amount of bacteria and the biotransformation rate to produce gymnemagenin during the fermentation process.
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Summary
Gac (Momordica cochinchinensis (Lour.) Spreng.) is a tropical fruit recognized for its exceptionally high carotenoid content, particularly lycopene and β‑carotene. Although Gac possesses significant nutritional and pharmacological value, genomic and transcriptomic resources for this species are limited. Previous studies utilizing Illumina RNA‑Seq established the first de novo transcriptome of Gac aril, identifying over 81,000 unigenes and key enzymes involved in carotenoid biosynthesis. In this study, we generated a transcriptome of Gac aril using Oxford Nanopore Technologies (ONT) direct RNA sequencing and compared its assembly and annotation with the published Illumina dataset. ONT sequencing produced over 13 million long reads, resulting in 52,755 unigenes with an average length of 777 bp and an N50 of 922 bp, which are substantially longer than those generated using Illumina sequencing (average 388 bp, N50 450 bp). Functional annotation identified 33,235 unigenes with significant matches, including full-length carotenoid-related unigenes, e.g., phytoene synthase (PSY), phytoene desaturase (PDS), zeta-carotene desaturase (ZDS), zeta-carotene isomerase (Z-ISO), prolycopene isomerase (CRISTO), lycopene ß-cyclase (LCYB), and lycopene ε-cyclase (LCYE). Long-read ONT sequencing enabled the recovery of full-length transcripts, reducing assembly fragmentation and redundancy and yielding a more compact, biologically representative unigene set. While Illumina technology remains superior in sequencing accuracy and quantitative profiling, ONT offers enhanced structural resolution, isoform discovery, and the potential to detect RNA modifications. Recent advances in ONT chemistry, flow cell design, and bioinformatic pipelines are rapidly improving accuracy and throughput, establishing ONT as a credible stand‑alone approach for transcriptome analysis in non‑model plants. These findings demonstrate that ONT sequencing can reveal novel regulatory features of carotenoid biosynthesis in Gac, providing valuable resources for functional genomics and metabolic engineering in carotenoid‑rich crops. 
Keywords: Momordica cochinchinensis; Gac aril; Oxford Nanopore Technologies; RNA-seq; Comparative transcriptome 


1. Introduction
Carotenoids are essential pigments in plants that play crucial roles in photosynthesis, photoprotection, and signaling. In addition to their physiological functions, carotenoids possess significant nutritional and medicinal value for humans, serving as antioxidants and precursors of vitamin A. Among carotenoid-rich species, Gac (Momordica cochinchinensis (Lour.) Spreng.), a perennial vine native to Southeast Asia, is notable for its exceptionally high concentrations of lycopene and β-carotene in the aril layer surrounding its seeds [1],[2]. These compounds are responsible for the fruit’s vibrant red color and have been used in traditional medicine for health benefits, including reducing the risk of chronic diseases and improving eye health. As a result, Gac has emerged as a promising candidate for functional genomics and metabolic engineering to enhance carotenoid biosynthesis [3],[4].
Comprehensive transcriptome profiling is essential for elucidating the molecular mechanisms underlying carotenoid accumulation in plants. This approach enables the characterization of gene expression patterns, regulatory networks, and alternative splicing events that influence metabolic pathways. For non-model species lacking a reference genome, such as Gac, de novo transcriptome assembly is critical for gene discovery and functional annotation. These analyses yield insights into carotenoid biosynthetic pathways, identify candidate genes for breeding, and support the development of molecular markers for crop improvement [5]. Next-generation sequencing (NGS), particularly Illumina technology, has been the standard for RNA-seq analysis due to its high accuracy, throughput, and robust bioinformatics support. An early study by Hyun et al. [6] utilized Illumina short-read sequencing to characterize Gac transcriptomes, generating over 51 million high-quality reads from aril tissue and assembling 81,404 unigenes with an average length of 388 bp. This foundational research identified key enzymes in the carotenoid biosynthetic pathway, including phytoene synthase (PSY), phytoene desaturase (PDS), ζ-carotene desaturase (ZDS), carotenoid isomerase, and lycopene ε-cyclase (LCYE). Although Illumina sequencing provides reliable quantitative expression data, the short read length limits isoform resolution and impedes the detection of structural variants and RNA modifications.
Oxford Nanopore Technologies (ONT) has emerged as a complementary sequencing platform, providing long-read capabilities that facilitate the capture of full-length transcripts, the resolution of complex isoforms, and the direct detection of RNA modifications [7],[8]. ONT has been successfully applied to transcriptomic studies in plants such as Arabidopsis thaliana, Oryza sativa, and Zea mays, revealing full-length transcripts, novel isoforms, and alternative splicing events that are frequently overlooked by short-read sequencing [9],[10],[11]. Although ONT exhibits lower base-calling accuracy than Illumina, ongoing improvements in nanopore chemistry and bioinformatics pipelines have substantially increased its reliability [12]. The capacity to generate comprehensive transcript structures makes ONT particularly suitable for investigating secondary metabolite pathways, where isoform diversity and regulatory complexity are important.
Here, we presented a comparative analysis of Gac aril transcriptomes generated using the ONT and Illumina sequencing platforms. By integrating long-read ONT data with an established Illumina dataset, we assessed the strengths and limitations of each platform in reconstructing carotenoid biosynthetic pathways. This study presented the first comprehensive comparison of ONT and Illumina transcriptomic datasets in M. cochinchinensis. Our findings elucidated the distinct advantages of the long-read ONT platform in improving transcriptome assembly quality, thereby advancing the precision of functional genomics and facilitating targeted metabolic engineering in carotenoid-enriched crops.
2. Materials and methods
2.1. Plant materials 
Aril tissues of Gac fruits (elite line GM10 - preserved at Gac Conservation Garden of Research Center of Medicinal Plants - National Institute of Medicinal Materials) were collected at mid-ripening stage (45 days after flowering, DAF), consistent with the developmental stage used in the Illumina study by Hyun et al. [6]. Samples were immediately frozen in liquid nitrogen and stored at -80°C. 
2.2. RNA extraction
Total RNA was extracted from aril samples using RNAzol RT (Sigma-Aldrich, USA) supplemented with DNase I treatment to remove genomic DNA contamination. The polyA+ mRNAs were enriched using Dynabeads™ mRNA Purification Kit (Thermo Fisher Scientific, USA) according to the manufacturer’s instructions. RNA integrity and quantity were assessed using agarose gel electrophoresis and Qubit fluorometric quantification, respectively.
2.3. Oxford Nanopore Technologies (ONT) sequencing
For library construction, 100 ng polyA+ mRNA was used as the input for the ONT PCR-cDNA Barcoding Kit (SQK-PCB109, Oxford Nanopore Technologies, UK) in accordance with the manufacturer’s instructions. cDNA libraries were enriched using LongAmp Taq (New England Biolabs, USA) with thermocycling conditions as follows: initial denaturation at 95 °C for 30 s; 14 cycles of 95˚C for 15s, 62˚C for 15s, and 65˚C for 4 min; and a final extension at 65˚C for 10 min. Subsequently, library purification was performed using a 0.6× (v/v) ratio of AMPure XP magnetic beads (Beckman Coulter, USA) to remove residual contaminants and enrich the targeted cDNA for the downstream sequencing. Purified libraries were loaded onto an R9.4.1 flow cell and sequenced on the MinION Mk1B platform for 72 h. Basecalling and demultiplexing were performed using Dorado v0.7.2 (https://github.com/nanoporetech/dorado) in super-accuracy mode (“dna_r9.4.1_e8_sup@v3.6”). 
2.4. ONT-based Gac aril transcriptome assembly
ONT sequencing reads were selected by Pychopper (https://github.com/nanoporetech/pychopper) using default parameters. Then, poly (A) tails were removed with Cutadapt using the --poly-A flag [13]. Reads retained for downstream analyses met stringent criteria, requiring a minimum quality score of Q7 and a length threshold of at least 100 bp. High-quality, filtered reads were then assembled de novo with RNA-Bloom2, utilizing recommended parameters for Oxford Nanopore data (-fpr 0.005 -overlap 200 -length 150 -lrop 0.7 -p 0.7 -lrrd 3 -e 3) [14]. Assembly completeness was evaluated using BUSCO v.6.0.0,  benchmarking against both Viridiplantae (v10) and Eudicots (v10) lineage datasets. Functional annotation of assembled transcripts was performed using BLASTx (v2.16.0) against the NR, Swiss-Prot, KEGG, Clusters of Orthologous Groups (COG), and Gene Ontology (GO) databases, with a significance threshold of 1e-5. 
2.5. Comparative transcriptome profiling analysis
To rigorously assess the capabilities in Gac aril transcriptome reconstruction, the ONT-based assembly was benchmarked against the established Illumina-based dataset described by Hyun et al. [6]. Comparative metrics included total unigene count, mean transcript length, and contig/unigene N50 values, providing a quantitative framework for evaluating assembly quality. Functional annotation was further integrated by mapping assembled sequences to key databases, including NR, Swiss-Prot, KEGG, COG, and GO, to assess annotation depth comprehensively. Particular emphasis was placed on the identification and characterization of carotenoid biosynthetic pathway genes, such as PSY, PDS, ZDS, carotenoid isomerase, and LCYE, to elucidate the platforms’ respective strengths in capturing full-length gene models and isoform diversity.
 3. Results
3.1. ONT sequencing and de novo assembly of Gac aril transcriptome
Sequencing of cDNA from M. cochinchinensis aril using Oxford Nanopore Technologies (ONT) generated over 13 million reads, totaling 4.8 Gbp. Read lengths ranged from 50 bp to 50 kb, with mean and N50 values of 394 bp and 682 bp, respectively. The estimated error rate was 1.9%, and more than 89% of reads had a Qscore above 10. After full-length selection and quality filtering (Q ≥ 7, length ≥ 100 bp), 7.6 million reads (58.9%) with an N90 of 790 bp were retained for assembly. De novo assembly with RNA-Bloom2, followed by redundancy reduction with CD-HIT, yielded 52,755 unigenes with an N50 of 922 bp. The assembled transcriptome totaled 41 Mb, highlighting the ability of ONT to capture full-length transcripts and represent isoform diversity accurately [7],[8]. Most transcript lengths were below 1,500 bp (93.5%), while only 1.1% exceeded 2,000 bp (Fig. 1).


[image: A graph with a line of blue dots

AI-generated content may be incorrect.]
Fig. 1. Unigene length distribution of ONT-based Gac aril transcriptome at 45 DAF


3.2. Comparison between ONT-based and Illumina-based Gac aril transcriptomes
The Illumina-based transcriptome reported by Hyun et al. [6] generated 51.4 million short reads totaling 4.63 Gbp, which were assembled into 81,404 unigenes with an average length of 388 bp and an N50 of 450 bp. In comparison, ONT assemblies produced fewer unigenes but with significantly longer average lengths and higher N50 values, resulting in more complete transcript structures (Table 1).

Table 1. Comparative overview of sequencing approaches and Gac aril transcriptomes at 45 DAF
	
	Illumina-based approach [6]
	ONT-based approach (this study)

	Total raw reads
	51,466,670
	13,046,721

	Total raw nucleotide (nt)
	4,632,000,300
	4,486,683,391

	GC percentage (%)
	45.38
	41.86

	Transcriptome - Total assembled unigenes
	81,404
	52,755

	Transcriptome - Average length of unigenes (nt)
	388
	777.7

	Transcriptome - N50 (nt)
	450
	922

	Transcriptome - Total assembly size (Mbp)
	31.579
	41.026




3.3. Functional annotation of ONT-based transcriptome
Transcriptome completeness was evaluated using BUSCO (Fig. 2). Only 40% of the unigenes were classified as complete, a relatively low proportion that is expected given the nature of aril tissue, which lacks the transcriptional activity typical of photosynthetically and developmentally active tissues. Additionally, the length distribution of the newly assembled transcriptome reveals numerous fragmented genes, with most transcripts shorter than 1,500 base pairs. Although the ONT technique is theoretically capable of capturing full-length transcripts, several biases, including 5’ truncation, reverse transcription bias, and PCR bias, can result in transcript fragmentation.


[image: ]
Fig. 2. BUSCO analysis of ONT-based Gac aril transcriptome at 45 DAF


Annotation of the ONT-based transcriptome against the NR, Swiss-Prot, KEGG, and COG databases identified 33,235 transcripts (63%) with significant matches (Table 2). This finding indicates that many genes of unknown function may contribute to the development of Gac aril, reflecting a complex biological process. The most frequent BLAST hits in the NR database were to Momordica charantia, followed by Cucumis melo, Cucumis sativus, and other Cucurbitaceae species. Of the 33,235 hits, 20,124 were assigned to COG classifications (Fig. 3). Because a single unigene can be assigned to multiple categories, the total number of categories may exceed the number of hits. Based on sequence homology, the largest group was “Poorly characterized” (4,428 unigenes), followed by “Post-translational modification, protein turnover, chaperones” (1,085 unigenes), and “Signal transduction mechanisms” (977 unigenes). Notably, 279 unigenes were classified under “Secondary metabolite biosynthesis, transport, and catalysis,” suggesting that these metabolic processes may play a key role in Gac aril development.

Table 2. Statistics of annotation results against the public databases
	Public databases
	Number of unigenes               (this study)
	Percentage of unigenes                     (this study)
	Percentage of unigenes in the Illumina-based approach [6]

	NR
	32,093
	60.83
	43.38

	Swiss-Prot
	24,045
	45.58
	29.13

	KEGG
	21,345
	40.46
	21.01

	COG
	20,124
	38.14
	11.89

	GO
	27,378
	51.89
	25.08

	All
	33,235
	63.00
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Fig. 3. COG assignment of ONT-based Gac aril transcriptome at 45 DAF


Comparison of the functional annotation results from this study with those reported by Hyun et al. [6] demonstrated a substantial improvement (Table 3). However, as the previous study was conducted in 2012, some aspects of the direct comparison might be irrelevant due to the differences in available data and methodologies. Despite this limitation, the broader annotation range of the newly assembled transcriptome underscores the significant potential of the ONT approach.
Functional annotation identified unigenes in the ONT-based transcriptome corresponding to carotenoid biosynthetic genes, including phytoene synthase (PSY), phytoene desaturase (PDS), zeta-carotene desaturase (ZDS), zeta-carotene isomerase (Z-ISO), prolycopene isomerase (CRISTO), lycopene ß-cyclase (LCYB), and lycopene ε-cyclase (LCYE). Compared with the study by Hyun et al. [6], the current analysis recovered all structural genes associated with carotenoid biosynthesis (Table 3). The application of long-read Nanopore sequencing facilitated the recovery of full-length transcripts, minimized assembly fragmentation and redundancy, and produced a more compact and biologically representative unigene set. In contrast, short-read Illumina assemblies often yield more unigenes due to fragmented contigs, partial transcripts, and redundant isoforms generated during de novo assembly [15]. This outcome is generally interpreted as an improvement in transcript completeness rather than a reduction in transcriptome diversity.

Table 3. Unigenes potentially related to carotenoid-related
	Gene name
	Gene abbreviation
	Number of unigenes

	
	
	ONT-based approach 
(this study)
	Illumina-based approach [6]

	Phytoene synthase
	PSY
	1
	3

	Phytoene desaturase
	PDS
	2
	4

	Zeta-carotene desaturase
	ZDS
	1
	-

	Zeta-carotene isomerase
	Z-ISO
	5
	1

	Prolycopene isomerase
	CRISTO
	1
	3

	Lycopene ß-cyclase
	LCYB
	1
	-

	Lycopene ε-cyclase
	LCYE
	1
	1




4. Discussion
This study presents the to our knowledge, this is the first comparison between ONT and Illumina sequencing platforms for transcriptome profiling of M. cochinchinensis aril. Illumina RNA-Seq, as reported by Hyun et al. [6], generated over 81,000 unigenes with an average length of 388 bp and an N50 of 450 bp, resulting in a comprehensive catalog of expressed genes. In contrast, ONT sequencing produced approximately 52,000 unigenes, characterized by significantly longer average lengths (777 bp) and higher N50 values (922 bp). These findings highlight the trade-off between sequencing depth and read length, with Illumina providing greater coverage and ONT offering improved structural resolution. Further, as in the Illumina approach, the ONT direct RNA sequencing preferentially captures polyadenylated transcripts, introducing a known bias against non-polyadenylated RNAs [16]. This technical limitation is unlikely to affect the primary target and results of the presented findings, as the genes involved in carotenoid biosynthesis in Gac are protein-coding and therefore polyadenylated and well represented in our dataset. Nonetheless, it should be noted that non-polyadenylated RNAs, including potential regulatory elements, may be underrepresented and could be explored in future work using broader library preparation strategies.
The observed diversity of isoforms in carotenoid biosynthetic genes suggests the existence of novel regulatory mechanisms underlying the high carotenoid accumulation in Gac. Isoform-specific expression of PSY and LCYE may influence flux through the carotenoid pathway, thereby affecting lycopene and β-carotene concentrations. ONT's ability to detect RNA modifications further indicates the potential for epitranscriptomic regulation of carotenoid biosynthesis. These results suggest new opportunities for metabolic engineering, in which targeted interventions at the isoform or modification level could enhance carotenoid production in biofortification programs [17].
The long-read capability of ONT enabled the reconstruction of full-length transcripts, capturing isoform diversity and alternative splicing events not resolved in the Illumina dataset. For example, multiple isoforms of phytoene synthase (PSY) and zeta-carotene isomerase (Z-ISO) were identified, suggesting isoform-specific regulation of carotenoid biosynthesis. These structural insights are significant, as alternative splicing modulates plant metabolic pathways [5]. However, ONT sequencing has notable limitations. Its base-calling accuracy is lower than that of Illumina, especially in homopolymer regions and indel-rich sequences [12]. This limitation requires extensive error correction using tools such as RATTLE or a hybrid assembly approach with Illumina reads [18]. Furthermore, ONT throughput is lower, resulting in fewer total unigenes compared to the Illumina unigene catalog. Reduced sequencing depth may impede the detection of low-abundance transcripts, which often play critical roles in regulatory networks.
The application of ONT sequencing to non-model plants such as M. cochinchinensis demonstrates both its potential and its challenges. ONT provides superior structural resolution, facilitates isoform discovery, and enables epitranscriptomic analysis, but requires rigorous error correction, adequate sequencing depth, and robust quantification strategies. As ONT chemistry and basecalling algorithms improve, their utility in functional genomics is likely to increase, particularly for species with limited genomic resources. For non-model species like Gac, which lack reference genomes and comprehensive transcriptomic data, ONT’s ability to generate full-length transcripts without assembly bias is especially advantageous. With ongoing improvements in sequencing kits and bioinformatic tools, ONT is emerging as a credible stand-alone approach for transcriptome analysis. This development suggests that ONT will not only complement Illumina but may also become a primary platform for functional genomics in under-studied crops, enabling the identification of novel isoforms, regulatory mechanisms, and RNA modifications that contribute to valuable metabolic traits such as carotenoid biosynthesis.
5. Conclusion
This study presented the first direct comparison between ONT and Illumina sequencing platforms for transcriptome profiling of M. cochinchinensis aril. Illumina RNA‑Seq remains the benchmark for accuracy and quantitative profiling, while ONT offers distinct advantages in capturing full‑length transcripts, isoform diversity, and RNA modifications. Despite current limitations in accuracy and throughput, rapid advances in ONT chemistry, sequencing kits, and bioinformatic pipelines are steadily improving performance. For non‑model plants such as Gac, ONT represents a promising stand‑alone approach to uncover transcript structures and regulatory mechanisms underlying carotenoid biosynthesis. As the technology matures, ONT is poised to become a credible option for functional genomics and metabolic engineering in under‑studied crops.
Funding: This work was supported by the Vietnam Ministry of Science and Technology (NVQG-2022/ĐT.09).
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Based on those references reported in the literature, peniazaphilone I was evaluated on anti-
n inflammatory effect against NO production on RAW 264.7 cell lines, cytotoxicity on MDA-MB-435
and A549 cancer cells, and antibacterial activities. The results showed that peniazaphilone I was found
= to be inactive in all tested conditions [13]. 11-Epi-geumsanol F and isochromophilone IV were
evaluated on the anti-angiogenic effect in human endothelial progenitor cells. As a result, only
E isochromophilone IV displayed strong anti-angiogenic activities by blocking cell growth, migration,
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Fig. 2. Key HMBC (—>) correlations of compounds 1. 3, and 4

Compound 2 was isolated as a white solid. The molecu]ar formula of 2 was determined as CpsH33013
based on a deprotonated molecular ion peak at m/z 581 [M-H]~ in the ESI-MS spectrum and NMR
data. The 'H-, BC-NMR and HSQC spectra of 2 revealed similar signals as those of 1 including 3
aromatic protons (Jg 6.58 (1H, s, H-2)/8¢ 107.9 (C-2), 5 6.43 (2H, s, H-2" and H-6)/d¢ 107.0 (C-2", C-
6")); 2 oxymethylene groups (g 3.64-3.53 (2H, H-9)/6¢66.3 (C-9) and Jx 3.88-3.45 (2H, H-9')/6c 71.3
(C-9"), one methylene (dg 2.71-2.61 (2H, H-7)/dc 33.8 (C-7)) and 3 methine groups (dg 1.70 (1H, m,
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Fig. 2. Key HMBC (—>) correlations of compounds 1. 3, and 4

isolated as a white solid. The molecular formula of 2 was determined as CpsH33012

based on a deprotonated molecular ion peak at m/z 581 [M-H]~ in the ESI-MS spectrum and NMR
data. The 'H-, BC-NMR and HSQC spectra of 2 revealed similar signals as those of 1 including 3
aromatic protons (Jg 6.58 (1H, s, H-2)/8¢ 107.9 (C-2), 5 6.43 (2H, s, H-2" and H-6)/d¢ 107.0 (C-2", C-
6")); 2 oxymethylene groups (g 3.64-3.53 (2H, H-9)/6¢66.3 (C-9) and Jx 3.88-3.45 (2H, H-9')/6c 71.3
(C-9"), one methylene (dg 2.71-2.61 (2H, H-7)/dc 33.8 (C-7)) and 3 methine groups (dg 1.70 (1H, m,
H-8)/dc 40.6 (C-8), o 4.41 (1H, d, J= 6.6 Hz, H-7')/dc 42.8 (C-7") and dg 2.08 (1H, m, H-8')/d¢ 46.7
(C-8")). The NMR spectra of 2 showed additional signals of a f-glucopyranosyl moiety at oy 4.28 (1H,
d,J=7.8 Hz, H-1"), 6 3.24-3.83 (SH, H-2"-H-6")/5c 104.8 (C-1"), 75.2 (C-2"), 78.0 (C-3""), 71.7 (C=
4", 78.3 (C-5"), 62.9 (C-6""). The HMBC correlations of H-1" (Jg 4.28) with C-9' (dc 71.5) indicated
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