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Summary
Network Pharmacology Study on the Mechanism of Diabetic Neuropathy Treatment Using Mangiferin
Mangiferin was the natural C-glycosyl xanthone compound with the various pharmacological activities, however, the
absence of evidence for potential actions in diabetic neuropathy. Structure-based (molecular docking) and ligand-based
(pharmacophore) methodologies, and network pharmacology could investigate the therapeutic potential of mangiferin for
diabetic neuropathy due to simple and a system information of mechanism. Which structure-based methodologies, the
diabetic neuropathy genes were determined by String db and converted to protein name with Uniprot. After mangiferin
docking by Smina, the gene which coded the protein with the lower than -6 kcal/mol binding energy would be selected to the
structure-based dataset. Also, the ligand-based dataset was composed of the genetics targets of mangiferin thought TargetNet
and SwissTarget server. All gene belongs two datasets were the forces targets which further analyzed. Genemania and
DAVID6.8 tools were used to obtain the GO and KEGG pathways. In results, 16 focus genes corresponding with 796 protein
targets were revealed the mechanism of mangiferin in the diabetic neuropathy therapeutics. Furthermore, 91 biological
processes and 29 pathways were disclosed according to the topological parameters of network pharmacology, specially,
VEGF signaling pathway, HIF-1 signaling pathway, insulin resistance, and Alzheimer's disease. Mangiferin was suggested

the good candidates for the diabetic uremic neuropathy and peripheral neuropathy onset and progression.
Keywords: Diabetic neuropathy, Mangiferin, Molecular docking, Network pharmacology, Pharmacophore.

1. Introduction

Diabetic neuropathy (DN) was a type of nerve
damage that could be occur as least 50% of
diabetic individuals. Depending on the affected
nerves, diabetic neuropathy symptoms could be
range from pain and numbness in legs and feet to
problems with digestive system, urinary tract,
blood vessels and heart. The difference
symptoms were between patients for instance
some patients have mild symptoms, for others
with quite painful and disabling [1],[2]. In
treatment, the glucose control therapy could be
effectively halts the progression of diabetic
neuropathy in patients with type I diabetes
mellitus, however, the more modest effects with
type II. In recent, several therapies have been
designed to target the pathogenesis of diabetic
neuropathy. Although, the unequivocal evidence
of those was remain lacking [1].

Mangiferin was the C-glycosyl xanthone type
with various pharmacological activities which
isolated from natural sources as Mangifera
indica, Anemarrhena asphodeloides or Cyclopia
sp. Its capability on treatment diabetes mellitus
and neuroprotection was confirmed by Aswal S
et al. [3]. However, the evidence for potential
actions in diabetic neuropathy was still unclear.

Network pharmacology (NP) was first
identified by Hopkins in 2007. It could be
established a “compound-protein/gene disease”
network and revealed the regulation principles of
small molecules in a high-throughput manner
[4].[5]. Also, the discovery new targets of
existing drug molecules would be proposed the
difference application according to an unbiased
investigation of potential target spaces [6].

Therefore, this study aimed at predicting the
target and signaling pathways for mangiferin
against diabetic neuropathy from a network
pharmacology. The ADMElab server was used to
evaluate the molecular and pharmacokinetic
properties of mangiferin. The focus genetics targets
were determined by structure-based (docking) and
ligand-based  (TargetNet and  SwissTarget)
methodologies. Furthermore, these targets were
used for GO enrichment analysis, KEGG
enrichment analysis. Finally, we systematically
explained the targets and mechanism of mangiferin
by constructing the pharmacological relationship
network. Fig. 1 was the workflow of gene
prediction and analysis process.

2. Materials and methods

2.1. Pharmacokinetic evaluation

To be effective as a drug, a potent molecule
must be satisfied with many parameters to reach
its target in the body in sufficient concentration
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and stay there in a bioactive form long enough for
the expected biologic events to occur. In drug
research and development, assessment of
absorption, distribution, metabolism, and excretion
(ADME) is important [7]. Here, ADMElab servers
were used to evaluate pharmacokinetic properties

of mangiferin. The ADMEIlab  server
(https://admet.scbdd.com/home/index/) is a
network tool that provides a set of mature and
efficient predictive models to users for calculating
molecular and pharmacokinetic properties.
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Fig. 1. The workflow for the network-pharmacology approach used in our study

2.2. Prediction and identification of diabetic
neuropathy-associated targets

Collection of target protein for related
diabetic neuropathy

The keyword “diabetic neuropathy” was
selected to search for related genes in Cytoscape
3.8.2 using plugins String db. The confidence
(score) for cutoff were set to the default value
(0.4) and the number of proteins was limited to
100. The received gene name converted to
protein name through the UniProt database
(https://www.UniProt.org/). After removing
repetitive protein targets, we acquired all protein
targets for diabetic neuropathy.

Molecular docking

Molecular docking was performed with Smina
(a fork of Autodock Vina). Smina added better
control of scoring terms as well as a range of
convenience functions for easy use from the
command line (https://sourceforge.net/
projects/smina). With ligand preparation, ligand-
mangiferin for molecular docking could be
prepared to create 3-dimensional geometries in
RDKit library assigned to addition hydrogen,
generate conformations, and determination the
minimization conformer in MMFF94 force-field
(kcal/mol). With protein preparation, the crystal
structure of proteins - encoding diabetic
neuropathy genes were saved as pdb format from

RCSB Protein Data Bank (RCSB PDB,
http://www.pdb.org/). The protein-ligand
complex (pdb files) was split into protein (.pdb)
and ligand (.sdf) files and assign ligand bond
orders by SMILES strings from Ligand Export.
Only the bioactive ligand file was utilized to
define a binding site of molecular docking, the
co-crystallized ligand files including the
stabilizer agent, ion, metal (PEG, NO3, SO4,
SCN, Cu, Fe...), and water would be unattended.
The autobox ligand function of docking Smina
was applied and the binding pattern with the
lower than -6 kcal/mol binding energy was
selected for further analysis.

Focus genetics target of mangiferin

Related target of mangiferin also were
obtained from TargetNet
(http://targetnet.scbdd.com/  home/index/) and
SwissTarget (http://www.swisstargetprediction.ch/,
2021 version). TargetNet is a server which can be
used to provide target prediction results of small
molecule through many QSAR models built on
proven valence data to predict based on proven
chemogenomic data for prediction. SwissTarget
is a server can be used to evaluate the most
probable macromolecular targets of a small
molecule. This prediction is based on the 2D and
3D similarity alignment in the established active
substance library [8]. The canonical smiles of
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manfigerin were uploaded to TargetNet and
SwissTarget with AUC > 0.7 and “Homo
sapiens”, respectively. All the received targets
were transferred to UniProtKB
(https://www.uniprot.org/) to avoid mix-up
across the databases and platforms.

2.3. Analysis genes using Gene MANIA

GeneMANIA (http://www.genemania.org) is
a flexible, user-friendly web interface for
generating hypotheses about gene function,
analyzing gene lists and prioritizing genes for
functional assays. Given a query list,
GeneMANIA extends the list with functionally
similar genes that it identifies using available
genomics and proteomics data. GeneMANIA
also reports weights that indicate the predictive
value of each selected data set for the query [9].
The list of potential gene targets with selecting
Homo Sapiens organism were queried to reveal
results of the prediction process [10].

2.4. GO, Pathway Analyses, and Network
Construction

GO (Gene Ontology) is an ontology widely
used in bioinformatics, covering three aspects of
biology: molecular function, biological process,
and cellular component [11]. The cellular
component refers to each part of the cell and the
extracellular environment. Molecular functions
can be described as molecular levels of activity,
such as catalytic or binding activity. Biological
process is a process that results from the orderly
combination of one or more molecule functions
[11]. DAVID is a web-accessible program that
integrates functional genomic annotations with
intuitive graphical summaries. Lists of gene or
protein identifiers are' rapidly annotated and
summarized according to shared categorical data
for Gene Ontology, protein domain, and
biochemical pathway membership. DAVID
assists in the interpretation of genome-scale

datasets by facilitating the transition from data
collection to biological meaning. In this study,
DAVID 6.8 (https://david.ncifcrf.gov/home.jsp)
were used to obtain GO and KEGG Pathway
Analysis results, Functional Annotation Tool had
been selected and four parameters “GOTERM-
BP-DIRECT”, “GOTERM-CC-DIRECT”,
“GOTERM-MF-DIRECT” “KEGG-
PATHWAY” were chosen.

Cytoscape 3.8.2 is an open-source software
project for integrating biomolecular interaction
networks with high-throughput expression data
and other molecular states into a unified
conceptual framework. Cytoscape's software
Core provides basic functionality to layout and
query the network; to visually integrate the
network with expression profiles, phenotypes,
and other molecular states; and to link the
network to databases of functional annotations.
The Core is extensible through a straightforward
plug-in architecture, allowing rapid development
of additional computational analyses and
features. Drug-Target Pathway Network were
constructed by Cytoscape 3.8.2 to visualize and
gain insight into the interactions of mangiferin
with potential targets and protect mechanisms in
diabetic neuropathy.

3. Results and Discussion

3.1.  Molecular  and  pharmacokinetic
properties of Mangiferin

The molecular and pharmacokinetic properties
of mangiferin (PubChem CID: 5281647) were
evaluated in silico with ADMElab server. The
obtained data were shown in 1 and 2. Among five
common rules of druglikeness including Lipinski,
Ghose, Oprea, Veber, and Varma, the property
value of mangiferin in the Ghose filter were the
highest with 75% (Table 1). Additionally, the
vital ADME properties were displayed in Table
2.

Table 1. Molecular properties of mangiferin by ADMElab server

Lipinski Ghose Oprea Veber Varma
~The number of ring 4
The number of rigid bonds 31
The number of rotatable bonds 2 2 2
Molecular weight 422.342 422.342 422342
Hydrogen bond donor 8 8 8
Hydrogen bond acceptor 11 11 11
LogP 0.716 -0.716
Log D -0.112
Molar refractivity 99.369
Total number of atoms 48
TPSA 21.28
Matches (%) 50 75 66.67 33.33 60
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Table 2. Pharmacological properties of mangiferin by ADMElab server

Predicted values Suggestions
LogS (Solubility) -2.998 log mol/L > 10 pg/ml
@49\ pgmt)
LogD7.4 (Distribution Coefficient D) -0.112 1~5
LogP (Distribution Coefficient P) -0.716 0~3
Caco-2 Permeability ~ -6.512 cm/s >-5.15 em/s
~ PPB (Plasma Protein Binding) 67.433% 90%
BBB (Blood-Brain Barrier) - These features tend to improve BBB
permeation:
H-bonds (total) < 8-10; MW < 400-
[ .. 500; No acids.
T 1/2 (Half Life Time) 1.262 h >0.5h

3.2. Prediction and identification of Diabetic
neuropathy - associated targets

Molecular docking

From String database, the retrieve mapping in
Uniprot, and RCSB Protein Data Bank, the final
dataset of the docking target included 2627 the
crystal structure of proteins in relationship with
the diabetic neuropathy genes. The mangiferin
docking results showed that the predicted binding
affinity of 1070 protein targets corresponding to
46 gens which was less or equal than -6 kcal/mol.

The focus genetics target of mangiferin in
relating the diabetic neuropathy

To identify gene targets of mangiferin,
TargetNet and SwissTarget were used to reveal
the bioactive target. Using the aforementioned
method, 623 and 70 gene targets were receipted
from TargetNet and SwissTarget, respectively.
After removal of duplicates, 646 gene targets of
mangiferin were determined. Of those, 16 gene
targets were shared with the obtain gene targets
(796 protein targets) from molecular docking.
This was the focus genetics targets of mangiferin
respecting the diabetic neuropathy therapy
(Supporting information Table S1).

Fig. 2. Part of molecular docking results including mangiferin-5UOC (A) and mangiferin-SKCV (B). The compound
structure was presented as a cyan stick, the protein structure was presented as a yellow ribbon in 3D chemical structure. The
2D chemical structure with the pi interaction and hydrogen bonding were shown as a green and black dotted lines
respectively.
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3.3. Analysis genes using Gene MANIA

Give the query above 16 genes list,
GeneMANIA was shown their functionally
similar genes at the gene level to illuminate the
associations among colocalization, shared protein
domains, co-expression, prediction, and pathways
in the diabetic neuropathy of mangiferin (Figure
3). Among them, the weight of portions which
had physical interactions and genetic interactions
were 22.57 and 38.68%, respectively. The
portions that had co-localization were 14.07%.

The weight of these portions adds up to 75.32%.
Furthermore, the portions that displayed similar
co-expression characteristics occupy 10.86% of
the weight. The portions that shared the same
protein domains occupy 5.91% of the weight and
genes that were predicted to interact with each
other occupy 10.66% of the weight. These results
indicated that the potential genes targets may
comprehensively interact with each other and
could function through alliance mechanisms.
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Fig. 3. A GeneMANIA gene-gene interaction network between 16 focus genetics target of mangiferin in the diabetic
neuropathy therapeutic automatically were visualised showing interaction strength (edge thickness), interaction type (color),
multiple edges between nodes, protein score (node size) defined using a stylesheet.

3.4. GO, Pathway Analyses, and Network
Construction

DAVID 6.8 was used to analyze the internal
interaction networks of the targets and -log10 (P
value) were used for clarity to compare the P-
value. After analyzing, 16 potential genes targets
of mangiferin were performed 91 functions
(P<0.05) and top 30 functions were shown in
Figure 4. Among them, top 5 functions were
GO:0008217 (regulation of blood pressure),
G0:0048661 (positive regulation of smooth
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muscle cell proliferation), GO:0051926 (negative
regulation of calcium ion transport), GO:0006809
(nitric oxide biosynthetic process), GO:0045766
(positive regulation of angiogenesis). In addition,
these targets enriched in 29 pathways (P <0.05),
including (Insulin resistance), hsa04066 (HIF-1
signaling pathway) and hsa05010 (Alzheimer's
disease). Information about 29 KEGG pathways
were displayed in Figure 5. The count values
represent for the number of targets participated in
the pathway.
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Based on target identification and pathway
analysis, the mangiferin- the focus targets-Pathwa
networks were constructed using Cytoscape 3.8.2.
The network of potential targets using molecular

3.5. Discussion

In this study, the pharmacological mechanism
of mangiferin effecting the diabetic neuropathy
were Investigated using a bioinformatics
methodologies includin structure-based
(molecular dockir:f), ligand-based (TargetNet and
SwissTarget), and network pharmacology. The
structure-based and ligand-based results indicated
that mangiferin had the strong binding force with
796 protein targets corresponding to the 16 genes
association with the diabetic neuropathy. Basic on
analysis GeneMANIA results, these genes could
be interacted amongst themselves and functioned
through alliance mechanisms.

In clinical, diabetic neuropathies were divided
three groups inclusive of uremic neuropathy,
diabetic peripheral neuropathy, and cardiac
autonomic  neuropathy  (CAN).  Diabetic
neuropathies have complex disease etiologies for
instance chronic hyperglycemia, hypertension,
dyslipidemia, insulin resistance, and uremia could
be the key factors that contribute to their
pathogenesis. They caused changes in gene
expression, molecular transport, inflammation, and
oxidative stress. Genetic  sensitivity and
environmental factors were also recognized to
relate and contribute to disease onset and
progression [12]. Ini-Isabée Witzel et al suggested
that polymorphism within ACE, AKR1B1, APOE,
MTHFR, NOS3, and VEGF could act as the
genetic risk factors for the diabetic peripheral
neuropathy as well as uremic neuropathy that a
statistically significant association has been
published. Coincidentally, three gene as ACE,
AKRI1BI1, and NOS3 also were appeared in
catalogue of 16 focus genes target of mangiferin.
Additionally, Vieira ef al found that Mangiferin
increases NOS3 expression in cultured tracheal
rings by Western blot [13]. Mangiferin showed to
inhibit the expression of TNF-alpha and Caspase-3
proteins in vivo and in vitro models [14]. This
evidence suggested mangiferin could be usefully
in therapies for the uremic and peripheral

docking and the network of predicted target
collected from TargetNet and SwissTarget were
shown in Figure 5.

Fig. 5. Mangiferin-16 the focus
genetics targets-29 KEGG
Pathway network of magiferin in
the diabetic neuropathy
therapeutic.

neuropathy diabetic.

Furthermore, 29 pathways and 91 biological
processes were disclosed according to the
topological parameters of network pharmacology.
Go analysis showed that targets were mainly act in
5 functions: GO:0008217 (regulation of blood
pressure), GO:0048661 (positive regulation of
smooth muscle cell proliferation), GO:0051926
(negative regulation of calcium ion transport),
GO:0006809 (nitric oxide biosynthetic process),
GO:0045766 (positive regulation of angiogenesis).
As impaired angiogenesis and endothelial
dysfunction were hallmarks of diabetes, positive
regulation of angiogenesis and positive regulation
of smooth muscle cell proliferation functions
could help promoting angiogenesis and reduce
serious complications of impaired angiogenesis
and endothelium consequences. Regulation of
blood pressure function could also be used to
1p':rotect blood vessels for patients with diabetes,

elping to reduce serious complications such as
stroke and brain hemorrhage [15]. Several studies
in vitro and in vivo suggested that nitric oxide
(NO) involve in the development of glomerular
hyperfiltration in diabetes mellitus and enrich in
nitric oxide biosynthetic process may improve the
condition of diabetic patients [16]. Consistent with
our expectations, these GO corresponding to the
predicted targets of mangiferin is mainly related to
diabetic neuropathy through angiogenesis and
vascular protection processes.

Pathway analysis in diabetic neuropathy
suggested that mangiferin mainly regulates
(hsa04370) VEGF signaling pathway, HIF-1
signaling pathway, (hsa04931) insulin resistance,
and Alzheimer's disease. Vascular endothelial
growth factor (VEGF) which is a critical pro-
angiogenic growth factors may use to stimulate
angiogenesis for protecting blood vessels under
high blood pressure in diabetes mellitus patients.
Hypoxia-inducible factors (HIFs) are the key
regulators of oxygen homeostasis in response to
hypoxia. In diabetes, multiple tissues are hypoxic
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but adaptive responses to hypoxia are impaired
due to insufficient activation of HIF signaling.
Pharmacological induction of HIF-1 could
promote wound healing in experimental diabetes
models have been confirmed in several in vivo
study [17],[18]. Diabetic neuropathy could be
affected by previous insulin resistance despite
regular glycemic control. The results of recent
epidemiological and basic science investigation
have suggested possible associations and some
common pathophysiological mechanisms between
diabetes mellitus and Alzheimer's disease [19].
Several experimental evidence were existed to
confirm the affection of mangiferin in those
pathways. In vitro experimentation, mangiferin
was proved that capable treatment significantly
downregulated HG/hypoxia-induced HIF-o and
VEGF expression levels in RRCECs cell lines.
The ability for decreasing insulin resistance in vivo
model were insisted in literature. And finally,
mangiferin reduced acetylcholine and tumor
necrosis factor (TNF)-alpha levels induced by
scopolamine in mice brain as well as inhibited

scopolamine or TNF-alpha-stimulated BV-2
microglial cells [20].

The disadvantage of mangiferin was the poor
oral bioavailability basic on the prediction value of
pharmacokinetic properties, especially, it is not
easy to cross the Blood-Brain Barrier (BBB).
Addition, the drug likeness value of mangiferin
were only the highest as 75%. However,
mangiferin using vitamin E-TPGS co-loaded self-
assembled phosholipidic nano-mixed micellar
systems were promised to augment oral
bioavailability  [21]. The enhancing oral
bioavailability of mangiferin could be conduct
further research and development.

4. Conclusion

Our studies showed that mangiferin were one of
the good candidates for the diabetic uremic
neuropathy and peripheral neuropathy onset and
progression. At the same time, we analyzed the
possible mechanism of action of mangiferin, which
can be used to further develop safe and effective
drugs. However, its shortcomings such as the poor
oral bioavailability and the low BBB permeability

nuclear  factor (NF)-kappaB activation in also bring development barriers.
References

1. Eva L. Feldman, Brian C. Callaghan, Rodica Pop-Busui, Douglas W. Zochodne, Douglas E. Wright, David L. Bennett, Vera Bril, James W.
Russell & Vijay Viswanathan (2019), Diabetic neuropathy. Nature reviews Disease primers, 5(1), 42. 2. Rodica Pop-Busui, Andrew J.M. Boulton,
Eva L. Feldman, Vera Bril, Roy Freeman, Rayaz A. Malik, Jay M. Sosenko & Dan Ziegler (2017), Diabetic Neuropathy: A Position Statement by
the American Diabetes Association. Diabetes Care, 40(1), 136-154. 3. Sonali Aswal, Ankit Kumar, Ashutosh Chauhan, Ruchi Badoni Semwal,
Abhimanyu Kumar & Deepak Kumar Semwal (2020), A Molecular Approach on the Protective Effects of Mangiferin Against Diabetes and
Diabetes-related Complications. Current Diabetes Reviews, 16(7), 690-698. 4. Andrew L. Hopkins (2007), Network pharmacology. Nature
Biotechnology, 25(10), 1110-1111. 5. Stefin Berger & Dieter Sicker (2009), Classics in spectroscopy: isolation and structure elucidation of natural
prodhucts, John Wiley & Sons. 6. Milla Kibble, Niina Saarinen, Jing Tang, Krister Wennerberg, Sari Mikeli & Tero Aittokallio (2015), Network
pharmacology applications to map the unexplored target space and therapeutic potential of natural products. Natural Product Reports, 32(8), 1249-
1266. 7. Antoine Daina, Olivier Michielin & Vincent Zoete (2017), SwissADME: a fiee web tool to evaluate pharmacokinetics, drug-likeness and
medicinal chemistry friendliness of small molecules. Scientific Reports, 7(1), 42717. 8. Antoine Daina, Olivier Michielin & Vincent Zoete (2019),
Swiss TargetPrediction: updated data and new features for efficient prediction of protein targets of small molecules. Nucleic Acids Research, 41(W1),
W357-W364. 9. David Warde-Farley, Sylva L. Donaldson, Ovi Comes, Khalid Zuberi, Rashad Badrawi, Pauline Chao, Max Franz, Chris Grouios,
Farzana Kazi, Christian Tannus Lopes, Anson Maitland, Sara Mostafavi, Jason Montojo, Quentin Shao, George Wright, Gary D. Bader & Quaid
Morris (2010), The GeneMANIA prediction server: biological network integration for gene prioritization and predicting gene function. Nucleic Acids
Research, 38, p214-220. 10. Jiawen Han, Minjie Wan, Zhanchuan Ma, Cong Hu & Huanfa Yi (2020), Prediction of Targets of Curculigoside A in
Osteoporosis and Rheumatoid Arthritis Using Network Pharmacology and Experimental Verification, Drug Design, Development and Therapy, 14,
5235-5250. 11. Michael Ashbumer, Catherine A. Ball, Judith A. Blake, David Botstein, Heather Butler, J. Michacl Cherry, Allan P. Davis, Kara
Dolinski, Selina S. Dwight, Janan T. Eppig, Midori A. Harris, David P. Hill, Laurie Issel-Tarver, Andrew Kasarskis, Suzanna Lewis, John C. Matese,
Joel E. Richardson, Martin Ringwald, Gerald M. Rubin & Gavin Sherlock (2000), Gene Ontology: tool for the unification of biology. Nature
genelics, 25(1), 25-29. 12. Ini-lsabel Witzel, Herbert F. Jelinek, Kinda Khalaf, Sungmun Lee, Ahsan H. Khandoker & Habiba Alsafar (2015),
Identifying Common Genetic Risk Factors of Diabetic Neuropathies. Frontiers in Endocrinology, 6. 13. Aline B. Vieira, Luciana P. Coelho, Daniclla
BR. Insuela, Vinicius F. Carvalho, Marcelo H. Dos Santos, Patricia M.R. Silva & Marco A. Martins (2013), Mangiferin prevents guinea pig tracheal
contraction via activation of the nitric oxide-cyclic GMP pathway. PLoS One, 8(8), €71759. 14. Y. Wang, X. Gu, X. Fan, H. Zhang, D. Xue & Z. Pan
(2022), The protective effect of mangiferin on osteoarthritis: An in vitro and in vivo study. Physiological Research. 15. Naoki Sawada & Zolt Arany
(2017), Metabolic Regulation of Angiogenesis in Diabetes and Aging. Physiology, 32(4), 290-307. 16. Durgavati Yadav, Vivek Pandey, Shivani
Srivastava & Yamini Bhusan Tripathi (2018), New Herbal Approaches for the Treatment of Diabetic Kidney Diseases and Its Therapeutic
Implications. Food Science and Nutrition: Breakthroughs in Research and Practice. IGI Global, 321-360. 17. Ileana Ruxandra Botusan, Vivekananda
Gupta Sunkari, Octavian Savu, Anca Irinel Catrina, Jacob Griinler, Stina Lindberg, Teresa Pereira, Seppo Yli-Herttuala, Lorenz Poellinger, Kerstin
Brismar & Sergiu-Bogdan Catrina (2008), Stabilization of HIF-1a is critical to improve wound healing in diabetic mice. Proceedings of the National
Academy of Sciences of the United States of America, 105(49), 19426-19431. 18. Dominik Duscher, Evgenios Neofytou, Victor W. Wong, Zeshaan
N. Maan, Robert C. Rennert, Mohammed Inayathullah, Michael Januszyk, Melanie Rodrigues, Andrey V Malkovskiy, Ametha J. Whitmore,
Graham G. Walmsley, Michael G. Galvez, Alexander J. Whittam, Michael Brownlee, Jayakumar Rajadas & Geofftey C. Gurtner (2015),
Transdermal deferoxamine prevents pressure-induced diabetic ulcers. Proceedings of the National Academy of Sciences of the United States of
America, 112(1), 94-99. 19. Kawser Akter, Emily A. Lanza, Stephen A. Martin, Natalie Myronyuk, Melanie Rua & Robert B. Raffa (2011),
Diabetes mellitus and Alzheimer’s disease: shared pathology and treatment? British Journal of Clinical Pharmacology, 71(3), 365-376. 20. Kangsik
Jung, Bomi Lee, Sang Jun Han, Jong Hoon Ryu & Dong-Hyun Kim (2009), Mangiferin Ameliorates Scopolamine-Induced Leaming Deficits in
Mice. Biological & Pharmaceutical Bulletin, 32(2), 242-246. 21. Rajneet Kaur Khurana, Balan Louis Gaspar, Gail Welsby, O.P. Katare, Kamalinder
K. Singh & Bhupinder Singh (2018), Improving the biopharmaceutical attributes of mangiferin using vitamin E-TPGS co-loaded self-assembled
phosholipidic nano-mixed micellar systems. Drug Delivery and Translational Research, 8(3), 617-632.

44 Journal of Medicinal Materials, 2022, Vol. 27, No. 1




