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Summary

Five flavonoids (1-5) were isolated from leaves of Scurrula parasitica L. parasitizing on the mulberry tree (Morus alba

L.), including kaempferol (1), quercetin (2), juglanin (3), avicularin (4). and quercitrin (5). Their chemical structures were

elucidated by spectroscopic methods (NMR and MS) and comparison with literature data. Notably, compounds 1 and 3 were

isolated from S. parasitica L. for the first time.

Keywords: Scurrula parasitica L.; Loranthaceae; Flavonoids; Avicularin, Quercitrin.

1. Introduction

The Loranthaceae, known as the mistletoe
family, is one of the most species-rich parasitic
plants, containing approximately 78 genera and
around 1000 species. These species are distributed
across Africa, Asia, Europe, Australia, South
America, and New Zealand [1]. Many species of
this family have long been used in indigenous
medical systems of diverse cultures. Several
mistletoe species can parasitize the same host, and
a single species may exhibit distinct
characteristics depending on the host plant it
grows on [2]. Among the different types of
mistletoe, the one parasitizing the mulberry free
(Morus alba 1..), known as Sang Ji Sheng in
Chinese, benalu teh in Malay, basokisei in
Japanese, and Tang ky sinh in Vietnamese, is
considered as the most widely used in the
traditional medicine of Asian countries [3],[4].[5]-
Several mistletoe species have been reported to
parasitize the mulberry tree, including Agelanthus
brunneus (Engl.) Tiegh., Dendrophthoe falcata
(L.f) Ettingsh., Tapinanthus glomeratus Danser,
Scurrula parasitica L., Taxillus chinensis (DC.)
Danser (Loranthaceae), and Viscum album L.
(Viscaceae) [6]. Among these, S. parasitica L. and
T. chinensis (DC.) Danser are the two species most
commonly used. In Vietnam, the medicinal
material known as “Tang ky sinh” or “mulberry

mistletoe” (Tdm giki cdy ddu) is sourced from
Loranthus parasiticus (L.) Merr. or S. parasitica
L. growing on mulberry (M. alba L.). It is valued
in folk medicine for the treatment of anemia and
bleeding in pregnant and postpartum women, as
well as dysmenorrhea and chronic debilitation. It
is also traditionally believed to tonify the liver and
kidneys, strengthen tendons and bones, and
promote meridian circulation [7],[8].

M. alba L. contains a wide range of bioactive
compounds, including ascorbic acid, carotene, B
vitamins, and flavonoids such as rutin, quercetin,
and apigenin, together with coumarins,
triterpenes, sterols, amino acids, and organic
acids. One of its major constituents is 1-
deoxynojirimycin (DNJ). These compounds have
been associated with antidiabetic, antioxidant,
anti-inflammatory, and analgesic activities
[9],[10]. Numerous studies have reported that
host plants may ftransfer characteristic
constituents to the parasitic mistletoes growing
on them, thereby influencing their chemical
composition and medicinal quality [11],[12].
Therefore, the phytochemical profile of M. alba
may affect the chemical composition of the
mistletoe parasitizing this species.
Phytochemical studies have identified flavonoids
as the primary bioactive constituents of S.
parasitica, together with sesquiterpenes and
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sterols [13],[14]. The present study aims to
investigate the chemical composition of mulberry
mistletoe (S. parasitica L.).

2. Materials and methods

2.1. Plant material

Leaves of Scurrula parasitica L. were
collected in December 2023 in Hung Yen
province, Vietnam, and identified by MSec.
Nguyen Quynh Nga and MSc. Phan Van Truong
(Center of Medicinal Material Resources —
NIMM). A voucher specimen (DV-251023) has
been deposited at the Center of Medicinal Material
Resources, NIMM.

2.2. General experimental procedures

NMR spectra were recorded on a Bruker AM
600 FT-NMR spectrometer (Karlsruhe, Germany)
using TMS as the internal standard. MS data were
analyzed with an LC-MS/MS system (Shimadzu,
Japan). Silica gel (Merck, 63—200 mm) and RP-
Cys (Fuji Silysia Chemical Ltd, 75 pm) were used
for column chromatography (CC). Thin-layer
chromatography (TLC) was carried out with silica
gel 60F»s: (Merck, 0.25 mm) and RP-18F:s4
(Merck, 0.25 mm) plates. Spots were detected
under UV light at 254 and 365 nm or by spraying
with 10% sulfuric acid in 96% ethanol (EtOH) and
heating.

2.3. Extraction and isolation

The dried leaves of S. parasitica L. (2.2 kg)
were coarsely powdered and extracted with 90%
ethanol (25 L, 3 x 24 h, room temperature). The
combined extracts were concentrated under
reduced pressure to yield 179.4 g of a crude semi-
solid ethanol extract. A portion of this extract
(176.5 g) was suspended in hot water (1.0 L) and
successively partitioned with organic solvents to
afford n-hexane (35.3 g), dichloromethane (4.7
g), ethyl acetate (51.7 g), and aqueous (84.0 g)
extracts. The ethyl acetate extract (41.7 g) was
subjected to silica gel CC and eluted with a

gradient of dichloromethane—methanol (90:1,
60:1,40:1,20:1, 15:1, 10:1, 7:1, 5:1, 3:1, 1:1, v/v)
to obtain nine fractions (E1-E9). Compound 1
(13 mg) was purified from fraction E1 (1.6 g) by
recrystallization from acetone. Fraction E2 (1.3
g) yielded crystals, which were washed with
acetone to afford compound 2 (20 mg). Fraction
E4 (2.3 g) was further chromatographed on silica
gel CC and eluted with dichloromethane—
methanol (8:1, 5:1, 3:1, 1:1, 0:1, v/v) to obtain
compounds 3 (9.2 mg), 4 (60.2 mg), and 5 (200
mg).

Kaempferol (1): Yellow amorphous powder;
ESI-MS: m/~= 285.15 [M—H]; 'H-NMR (600
MHz, DMSO-ds) and BC-NMR (150 MHz,
DMSO-d;): Table 1.

Quercetin (2): Yellow amorphous powder;
ESI-MS: m/= 301.15 [M-H]; 'H-NMR (600
MHz, DMSO-ds) and *C-NMR (150 MHz,
DMSO-ds): Table 1.

Juglanin (3): Yellow amorphous powder; ESI-
MS: m/= 417.2 [M-H]; 'H-NMR (600 MHz,
DMSO-ds) and “C-NMR (150 MHz, DMSO-ds):
Table 1.

Avicularin (4): Yellow amorphous powder;
ESI-MS: m/= 433.15 [M-H]; 'H-NMR (600
MHz, DMSO-ds) and BC-NMR (150 MHz,
DMSO-ds): Table 1.

Quercitrin (5): Yellow amorphous powder;
ESI-MS: m/= 44720 [M=H]:; 'H-NMR (600
MHz, DMSO-ds) and BC-NMR (150 MHz,
DMSO-ds): Table 1.

3. Result and discussion

Five flavonoids (1-5) were isolated as yellow
amorphous powders from the EtOAc fraction of
mulberry mistletoe leaves by chromatographic
techniques. Their structures were elucidated on
the basis of NMR and MS data, in comparison
with literature values (Fig. 1).

Table 1. NMR data of compounds 1-5

1 2 _ 3 4 5
Pos ! T

omP S P P 7ol B LU P P Scre oh St

3 - 135.7 - 135.7 | i 1333 - 133.3 - 134.2

4 - 175.9 . 175.8 | {1776 - 177.6 - 177.7
3 z 160.7 2 1607 L1612 = 1612 e 1612

6 6.19(s) | 982 6.18(d.1.8) 982  6.19(s) | 9838 6.19 (s) 98.8 | 6.20(d. 1.8) | 98.7
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- 1 2 3 4 5

S dce o*? dce or® | geae or*P 3 P acne
7 g 163.9 s 164.0 < 164.2 . 164.7 . 164.2
8 644(s) | 935 1640(d,1.8)| 933 | 643(s) | 937 | 639(s) | 93.6  639(d, 18) 936
9 - 156.2 . 156.1 | : 156.7 . 156.8 . 157.2

10 - 1032 - 1029 1038 - J1038 - 1040
I i 1217 - 1219 : 1207 2 120.9 B 120.7
2 18.04(d.84)| 1297 | 7.67(d, 1.8) | 115.0 | 8.02(d, 84) | 130.7 | 7.48(s) | 1155 | 7.30(d, 1.8) | 115.6
3 16.92(d.8.4) 1154 . 145.0 | 6.89(d,84) | 115.4 2 145.1 - 145.2
4 : 159.2 . 147.7 ’ 11599 4 148.5 . 1484

5 692(d.84) 1154 | 688(d.84) | 1156  689(d.84) 1154 | 685(d.84) | 1155 | 636(d.84) 1154
6 18.04(d,84) 1297 | 7.53(dd, | 119.9 | 8.02(d.8.4) | 130.7 | 7.56(d,8.4) | 121.7 | 7.25(dd, 1.8, | 121.1

1.8,8.4) 8.4)

S-OH ;| 1247(s) . - i 1247(s) . - . 1262(s) or i 1263(s) - 1266(s) . -
1 562(s) 1080 | 5.58(s) | 107.8 | 5.25(d,1.2) 1018
2 415(d,1.2) | 821 | 4.16(d,2.4) | 8.1 | 397(brs) = 70.0

_8F L AT | 771 372 | 770 | 321(m) | 705
4" 1353(dd. 4.8, 86.3 | 3.58(d.42) | 858 @ 3.14(19.6) 712
5 13.26(dd, 4.8, 608 328(dd, 48, | 60.8 | 3.50(m) | 703

o120 12.0)
1333(dd. 4.2, 3.33(dd, 3.6,
Po120) | 12.0)

A DMSO-ds, » 600 MHz, @ 150 MHz.

Compound 1 showed a deprotonated molecular
ion peak at m/z 285.15 [M-H] in the ESI-MS
spectrum, corresponding to the molecular formula
Ci15sH100s. The 'H-NMR spectrum of 1 displayed
typical signals of a flavonol, including two singlets
at oy 6.19 (1H, s, H-6) and dx 6.44 (1H, s, H-8) of
the meta-substituted A ring, an AA'BB’ system at dy
8.04 (2H, d, J= 8.4 Hz, H-2', H-6') and dy 6.92 (2H,
d, J = 84 Hz, H-3', H-5), along with a downfield
singlet at dx 12.47 (1H, s, 5-OH). The *C-NMR
spectrum exhibited 15 signals consistent with a
flavonol skeleton, including a carbonyl carbon at dc
175.9 (C-4), seven oxygenated aromatic carbons at
dc 146.7 (C-2), 135.7 (C-3), 160.7 (C-5), 163.9 (C-
7), 156.2 (C-9), and 159.2 (C-4"), two aromatic
methines of A ring at dc 98.2 (C-6) and 93.5 (C-8),
four methines of B ring at dc 129.7 (C-2', C-6"), and
115.4 (C-3', C-5"), and two quaternary carbons at dc
103.2 (C-10) and 121.7 (C-1'). Based on these
spectroscopic data, together with literature values
[15], 1 was identified as kaempferol.

The ESI-MS spectrum of 2 displayed a
deprotonated molecular ion peak at m/z 301.15
[M-H]J", establishing its molecular formula as
CisH1007. The NMR data of 2 were similar to
those of kaempferol (1), showing two mera-
coupled protons of the A ring at = 6.18 (1H, d, J
= 1.8 Hz, H-6) and 6.40 (1H, d, /= 1.8 Hz, H-8),
together with a downfield singlet at dy 12.47 (1H,
s, 5-OH). However, the B ring resonances
differed, displaying an ABX system at du 7.67
(1H,d,/=1.8 Hz, H-2"), 6.88 (1H, d, /= 8.4 Hz,
H-5"), and 7.53 (1H, dd, J = 1.8, 8.4 Hz, H-6),
along with an additional oxygenated carbon at dc
145.0 (C-3") in the *C-NMR spectrum. These
features indicated the presence of an extra
hydroxyl group at C-3' compared with 1. Taken
together with literature data [16], compound 2 was
identified as quercetin.

The molecular formula of 3 was established as
C20Hi5O010 by a negative ESI-MS ion peak at m/z
417.2 [M—H]". The NMR spectra of 3 resembled
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those of 1, except for an additional proton signals
at ox 5.62 (1H, s, H-1"), 4.15 (1H, d, /= 1.2 Hz,
H-2"), 3.72 (1H, m, H-3"), 3.53 (1H, dd, /= 4.8,
10.2 Hz, H-4"), 3.26 (1H, dd, J=4.8, 12.0 Hz, H-
5"),3.33 (1H, dd, J=4.2, 12.0 Hz, H-5") and five
carbon signals at dc 108.0 (C-1"), 82.1 (C-2"),
77.1 (C-3"), 86.3 (C-4"), and 60.8 (C-5"),
characteristic of an a-L-arabinofuranosyl unit.
The attachment of the sugar at C-3 was confirmed
by the HMBC correlation between H-1" (du 5.62)
and C-3 (Jdc 133.3). So, the structure of 3 was
determined to be kaempferol 3-0O-a-L-
arabinofuranoside, also known as juglanin, by its
NMR data and comparison with the reported data
[17].

The molecular formula of 4 was suggested as
C0Hi15011 based on a deprotonated molecular ion
peak at m/z 433.15 [M-H]. The NMR data of 4
closely resembled those of quercetin (2), except
for the additional signals of an a-L-
arabinofuranosyl moiety [dz 5.58 (1H, s, H-1"),
4.16 (1H,d,J=2.4Hz,H-2"),3.72 (1H, m, H-3"),
3.58 (1H, d, J=4.2 Hz, H-4"), 3.28 (1H, dd, J =
4.8,12.0 Hz, H-5"),and 3.33 (1H, dd, /=3.6,12.0

1R;=H,Ry=H

2 R1:OH, R2=H
3R, =H, R, = Ara(f)
4 Ry=OH, R; = Ara(f)
5 R, = OH, R, = Rha

Hz, H-5"); dc 107.8 (C-1"), 82.1 (C-2"), 77.0 (C-
3"), 85.8 (C-4"), and 60.8 (C-5")]. The HMBC
correlation between H-1" (dg 5.58) and C-3 (dc
133.3) confirmed the sugar attachment at C-3.
Thus, 4 was identified as quercetin 3-O-a-L-
arabinofuranoside (avicularin) by comparison
with literature data [18].

The ESI-MS spectrum of § showed a
deprotonated molecular ion peak at m/z 447.2 [M—
H]", corresponding to the molecular formula
C21H20011. The NMR spectra of § were similar to
those of 2, except for the presence of an a-L-
rhampyranosyl unit [éz 5.25 (1H, s, H-1"), 3.97
(1H, brs, H-2"), 3.21 (1H, m, H-3"), 3.14 (1H, t, J
=9.6 Hz, H-4"), 3.50 (1H, m, H-5"), and 0.81 (3H,
d, J=6.6 Hz. H-6"), and dc 101.8 (C-1"), 70.0 (C-
2M),70.5 (C-3"), 71.2 (C-4"), 70.3 (C-5"), and 17.4
(C-6")]. The HMBC cross-peak of H-1" with C-3
identified the position of the sugar unit at C-3.
Thus, the structure of § was determined to be
quercetin  3-O-a-L-rhamnoside, also known as
quercitrin, by comparing its NMR spectra with the
reference [19].

420
Ho” S_j’?

Ara(f)

Fig. 1. Chemical structures of compounds 1-5

Compounds kaempferol (1) and juglanin (3)
were reported for the first time from S. parasitica
L. parasitizing on the mulberry tree (M. alba L.),
also known as Tang ky sinh. The results indicate
that flavonoids are the major constituents of
Tang ky sinh, with avicularin (4) and quercitrin
(5) identified as the most abundant. In addition,
all isolated compounds were found to be
glycosides of either kaempferol or quercetin.
Previous studies have shown that mulberry
leaves are also rich in flavonoids, including
glycosides of kaempferol and quercetin
[10],[20]. This finding supports the notion that
the phytochemical composition of mistletoes is
strongly influenced by their host plants. All
isolated compounds have demonstrated

antioxidant, anti-inflammatory, and various
other biological activities. Kaempferol (1) and
quercetin (2) are two important flavonoids with
potent biological effects on human health,

including  antioxidant,  anti-inflammatory,
antibacterial, antifungal, and anticancer
activities [21],[22]. Juglanin (3) has also

attracted increasing attention and exhibited anti-
inflammatory, antioxidant, anti-fibrotic, and anti-
apoptotic effects [23]. Avicularin (4) is known for
its anti-inflammatory, anti-allergic, antioxidant,
anti-tumor, and hepatoprotective activities [24],
whereas quercitrin (5) possesses antioxidant,
anti-inflammatory,  antibacterial,  analgesic,
wound-healing, vasodilatory, and
immunomodulatory properties [25].

406
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4. Conclusion

From the 90% EtOH extract of the leaves of the
mulberry mistletoe S parasitica L., five
compounds were isolated, including kaempferol
(1), quercetin (2), juglanin (3), avicularin (4), and
quercitrin (5). Notably, compounds 1 and 3 were

isolated for the first time from this species.
Acknowledgments: This research is financially

supported by the project: "Exploitation and

Development of Genetic Resources of "Tang ky sinh"

(Scurrula parasitica L.) for Medicinal Usage”, Code:
NVOG-2022/DT.18.

References

1. https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30000121-2.

2. Hans B. (2000), European mistletoe: Taxonomy, host trees, parts used, physiology, in Mistletoe, CRC Press, 47-60.

3. Moghadamtousi S. Z., Kamarudin M. N. A., Chan C. K.. Goh B. H., Kadir H. A. (2014), Phytochemistry and biology of
Loranthus parasiticus Merr, a commonly used herbal medicine, The American Journal of Chinese Medicine, 42(01), 23-35.
4. Qin M., Huang Q., Yang X., Yu L., Tang Y., Zhang C., Qin D., Zou W., Deng J., Liu J., Hu H., Wang L., Wu A., Wu J.
(2022), Taxillus chinensis (DC.) Danser: a comprehensive review on botany, traditional uses, phytochemistry, pharmacology,
and toxicology, Chinese Medicine, 17(1). 136.

5. Yang Y. J., Kim M. J., Heo J. W., Kim H. H., Kim G. S., Shim M. S., Kim K. Y., Park K. I. (2025), Korean mistletoe ( Fiscum
album var. coloratum) ethanol extracts enhance intestinal barrier function and alleviate inflammation, Antioxidants, 14(3), 370.

6. Hawksworth F. G. (1974), Mistletoes on introduced trees of the world, Forest Service, US Department of Agriculture.

7. Ministry of Health (2023), Vietnamese Pharmacopoeia 5% Supplement, Herba Loranthi paracitici, 1674-1675.

8. http://www.theplantlist.org/tpll.1/record/tro-19100936.

9. Batiha G. E. S., Al-Snafi A. E., Thuwaini M. M., Teibo J. O., Shaheen H. M., Akomolafe A. P., Teibo T. K. A., Al-Kuraishy
H. M., Al-Garbeeb A. L., Alexiou A. (2023), Morus alba: a comprehensive phytochemical and pharmacological review,
Naunyn-schmiedeberg's Archives of Pharmacology, 396(7), 1399-1413.

10. Devi B., Sharma N., Kumar D., Jeet K. (2013), Morus alba Linn: A phytopharmacological review, International Journal
of Pharmacy and Pharmaceutical Sciences, 5(2), 14-18.

11. Yuan J., Li L., Cai Z., Wu N., Chen C., Yin S., Liu S., Wang W., Mei Y., Wei L. (2021), Qualitative analysis and
componential differences of chemical constituents in Taxilli Herba from different hosts by UFLC-Triple TOF-MS/MS,
Molecules, 26(21), 6373.

12. Wu C., Zhang G. (1984), Quantitative analysis of sesquiterpene lactone in Loranthus parasiticus (L.) Merr. parasitizing on
Coriaria sinica Maxim and in seeds of Coriaria sinica Maxim, Acta pharmaceutica Sinica, 19(1), 56-62.

13. Puneetha G., Amruthesh K. (2016), Phytochemical screening and in vifro evaluation of antioxidant activity of various
extracts of Scurrula parasitica, International Journal of Pharmacy and Biological Sciences, 6(1), 77-86.

14. Nguyen T. T., Tran V. C. (2018), Phytochemical components, antioxidant and cytotoxic activities of mulberry mistletoe
(Loranthus parasiticus Merr) leaves extracts, Asian Journal of Biotechnology and Bioresource Technology, 2(4), 1-11.

15. Singh R, Singh B., Singh S., Kumar N., Kumar S., Arora S. (2008), Anti-free radical activities of kaempferol isolated from
Acacia nilotica (L.) Willd. ex. Del. toxicology in vitro, 22(8), 1965-1970.

16. Zhang Y., Wang D., Yang L., Zhou D., Zhang J. (2014), Purification and characterization of flavonoids from the leaves of
Zanthoxylum bungeanum and correlation between their structure and antioxidant activity, PloS One, 9(8), e105725.

17. Chang S. W., Kim K. H., Lee I. K., Choi S. U., Lee K. R. (2009), Phytochemical constituents of Geranium eriostemon,
Natural Product Sciences, 15(3), 151-155.

18. Fan C., Li N., Cao X. (2020), Comprehensive separation and identification of chemical constituents from Abelmoschus
manihot (L.) medic by polyamide chromatography coupled with high-performance counter-current chromatography and
preparatlve liquid chromatography Vietnam Journal of Chemistry, 58(4), 526-533.

19. Nguyén Birc Duy, Nguyen Thi Kim Thaty, Mai Thi Nhur Trang, Ninh Khic Biy. Quach Thi Thanh Van, and Quan Cim
Thiy (2021), Mot sé hop chit flavonol tir cay giao (Euphorbia tirucalli L.) & tinh Phat Tho, Tap chi Khoa hoc va Cong nghé,
Truong Pai hoc Hing Vuong, 22(1), 86-91.

20. Chen C., Mohamad Razali U. H., Saikim F. H., Mahyudin A., Mohd Noor N. Q. I. (2021), Morus alba L. plant: Bioactive
compounds and potential as a functional food ingredient, Foods, 10(3), 689.

21. Tartik M, Liu J., Mohedano M. T., Mao J., Chen Y. (2023), Optimizing yeast for high-level production of kaempferol and
quercetin, Microbial Cell Factories, 22(1), 74.

22.JanR. Khan M., Asaf S_, Tubna A. S.. Kim K. M. (2022), Bioactivity and therapeutic potential of kaempferol and quercetin:
new insights for plant and human health, Plants, 11(19), 2623.

23. Rutkowska M., Witek M., Olszewska M. A. (2024), A comprehensive review of molecular mechanisms, pharmacokinetics,
toxicology and plant sources of juglanin: Current landscape and future perspectives, International Journal of Molecular
Sciences, 25(19), 10323.

24. Patel K., Patel D. K. (2022), Health benefits of avicularin in the medicine against cancerous disorders and other complications:
Biological importance, therapeutic benefit and analytical aspects, Current Cancer Therapy Reviews, 18(1), 41-50.

25.ChenJ LiG,SunC.,PengF., YuL., Chen Y., Tan Y., Cao X, Tang Y., Xie X. (2022), Chemistry, pharmacokinetics,
pharmacological activities, and toxicity of quercitrin, Phyvtotherapy Research, 36(4), 1545-1575.

Journal of Medicinal Materials, 2025, Vol. 30, No. 6 407



