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ABSTRACT

Tinospora cordifolia (TC) has an impressive track record regarding its pharmacological potential in immunomodulatory, anti-inflammatory, and
antioxidant activities in a range of diseases. The plant is acknowledged for having several other significant attributes. Angiogenesis plays a critical role
in various developmental and pathological processes. TC is a significant medicinal important plant because of its variety of phytoconstituents including
palmative, tinosporin, berberine, isocolumbin, and arabinogalactan, which play a critical role synergistically to tackle inflammation and oxidative stress,
thus nominating itself as a potential anti-angiogenic agent in angiogenic diseases including cancer, rheumatoid arthritis, and psoriasis. Moreover, no
significant adverse effects have been reported with its use. In this summary, author has reviewed the anti-angiogenic potential of TC, extrapolated TC’s
mechanism of action from some angiogenic diseases to other possible angiogenic ailments, suggesting a plant origin has been identified as promising

adjuncts or may be a dietary agent to the anti-angiogenic pharmacotherapies.
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INTRODUCTION

Tinospora cordifolia (TC), a deciduous climbing shrub
indigenous to the Indian subcontinent, which belongs to the
family Menispermaceae. TC has long held an esteemed position
in Indian Ayurvedic traditional medicine (designated as
“Rasayana” [means elixir or a medicine to bolstering immunity
and preventing the diseases onset] which boosts the immune
system) for its purported ability to modulate the immune system.!
Extracts from this plant have demonstrated a variety of
therapeutic effects, including functions as a general tonic 2, anti-
inflammatory, anthelmintic, anti-arthritic, anti-periodic, anti-
pyretic, anti-pruritic, aphrodisiac, cardiotonic, carminative 3,
antiallergic *, antidiabetic °, hepato-protective ¢, neuroprotective
and neuroregenerative. ' The plant has been identified as
containing numerous chemical compounds, such as alkaloids,
lignans, terpenoids, and steroids, which contribute to the vital
phytochemical profile and crucial pharmacological properties of
TC. In recent studies, TC has demonstrated its anti-angiogenic
ability by inhibiting cell proliferation, reducing expression of
vascular endothelial growth factors (VEGF), inhibiting
angiogenesis-related enzymes, and supporting some other disease
specific challenges. ! The term ‘angiogenesis’ refers to the
process of developing new blood vessels. This process is essential

for handling various physiological functions, the menstrual cycle,
including embryonic, wound healing, or recovering in injuries.
The regulation of angiogenesis is governed by a complex
interplay of stimulatory and inhibitory factors. An imbalance in
these factors is associated with several diseases, such as cancer,
cardiovascular and cerebrovascular disorders, age-related
macular degeneration (AMD), rheumatoid arthritis (RA),
multiple sclerosis, asthma, and psoriasis. Consequently, aiming
for angiogenesis presents a convincing and promising strategy for
treating these medical conditions.

This review article delves into all related angiogenic pathologies,
where TC can show possible therapeutic opportunities as a
treatment adjuvant, exploring its potential applications in
complex angiogenic diseases.

Phytochemistry

A variety of constituents have been isolated from different parts
of TC. The phytochemical classes of TC are remarkably diverse,
encompassing a wide array of alkaloids, terpenoids, lignans,
diterpenoid lactones, glycosides, steroids, sesquiterpenoid, and
other bioactive compounds. '? Table 1 shows phytochemical class
and constituents of TC.

Table 1: Phytochemical Class and Constituents of Tinospora cordifolia

Phytochemical Class Constituents References
Alkaloids Berberine, Palmatine, Magnoflorine, Choline, Tembetarine, Isocolumbin 13, 14
Diterpenoid Lactones Tinosporide, Tinosporine, Cordifolide, Cordifol, Tinosporidine, Jateorine 15,16
Glycosides Tinocordifolioside, Tinocordifolin, Cordioside, Furanoid diterpine glucoside, Syringin. 17, 18
Steroids B-Sitosterol, d-sitosterol, Giloinsterol 19, 16
Sesquiterpenoids Tinocordifolin 17,20
Phenolics Syringin 21,22

Polysaccharides Arabinogalactan, Glucan 23
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Table 2: Pharmacological activities of Tinospora cordifolia

Activity Pharmacological Effect References
Immunomodulatory Enhances immune response, increases lymphocyte count 24, 25,26
Anti-inflammatory Aqueous and methanolic extract of leaves possess anti-inflammatory properties and exhibited 27,28
significant diphenyl picrylhydrazyl (DPPH) radical scavenging activity
Antioxidant Scavenges free radicals, reduces oxidative stress. The TC root extract additionally leads to elevated 29, 30
levels of glutathione and vitamin C in cases of alloxan-induced diabetes.
Antidiabetic Lowers blood glucose levels, improves insulin sensitivity. 31,32
Antimicrobial Ethanolic, methanolic and aqueous extracts of the leaf inhibited growth of E. coli, Staphylococcus 33,34
aureus, Streptococcus pyogenes, Bacillus subtilis and Proteus vulgaris
Wound healing TC support in wound healing 35,36
Hepatoprotective Ethanolic extract of plant TC, showed significant hepatoprotective activity 37
Anti-cancer Methanolic extract of TC illustrated to possess cytotoxic activity against human breast cancer cells 38
Antiviral Exhibited activity against hepatitis-A virus 39
Anti-anxiety Showed anxiolytic property in dose dependent manner. 40
Cardioprotective Alcoholic extract of TC suggests the cardioprotective activity in limiting ischemia-reperfusion 41
induced myocardial infarction
Neuroprotective effect Ethanol extract possess significant neuroprotection in 6-hydroxy dopamine lesion rat model of 42
Parkinson's disease.

TC has long been widely acknowledged as one of the extensively
utilized plants in traditional medicine, primarily because of its
spasmolytic, and anti-diabetic characteristics. This plant plays a
vital role in enhancing the immune system. It is endowed with
numerous beneficial pharmacological properties. The root is
particularly noted for its ability to alleviate stress and combat
malaria, while the stem is employed as a bitter stomachic and
diuretic. Additionally, it enhances biliary secretion, improves the
blood quality, and aids in the treatment of jaundice. Table 2
provides a snapshot of the diverse pharmacological activities of
TC, supported by relevant research references.

These constituents are believed to contribute significantly to its
pharmacological effects, particularly in regulating immune
responses and enhancing the body's resilience against infections
and diseases ">*3. Moreover, the immunomodulatory effects of TC
have been demonstrated through various studies, indicating its
potential to not only enhance immune function but also to
ameliorate inflammation and oxidative stress, contributing to its
reputation as a key player in general wellness. - 2843

Numerous in vitro and in vivo studies have elucidated the
mechanisms by which TC exerts its immunomodulatory

influence. For instance, investigations have revealed that extract
components can stimulate the proliferation of lymphocytes and
enhance the production of cytokines, thereby promoting a
balanced immune response essential for maintaining health and
combating infections*3. Additionally, the extract has shown
promising results in clinical evaluations concerning its effects on
viral infections, such as those associated with HIV, thereby
positioning TC as a potential adjunctive treatment in managing
immune-related conditions and infections**. Furthermore, the
extensive research conducted on TC has not only highlighted its
immunomodulatory effects but also its role in addressing various
immune-related disorders, suggesting that this herbal remedy
could be an invaluable asset in integrative medicine strategies
aimed at enhancing overall health and well-being.

Angiogenesis is the physiological process through which new
blood vessels form from the existing vasculature. It plays a
critical role in various developmental and pathological processes.
Precise regulation of angiogenesis is essential for maintaining a
healthy vascular system. Any disruptions in this regulation may
result in diseases like cancer and diabetic retinopathy. Table 3
illustrates angiogenesis mechanism of action (MoA) and role of
medication in different diseases.

Table 3: Angiogenesis and Mechanism of Action (MoA) in Different Diseases

Disease Angiogenesis Role MoA of Anti-angiogenic Therapy Example Therapies

Cancer Essential for tumor growth and Prevents VEGF signaling, starve Bevacizumab,

metastasis tumors by blocking new blood Aflibercept
vessel formation

Diabetic Macular Edema (DME) Abnormal blood vessel growth Reduces VEGF signaling, prevent Ranibizumab,
leakages fluid into the macula fluid leakage Aflibercept

Age-related Macular Unusual blood vessel growth in the Slows VEGF signaling, prevent Ranibizumab,
Degeneration (AMD) (Wet Form) macula fluid leakage and vision loss Aflibercept

Rheumatoid Arthritis

Carries inflamed tissues by

Target blood vessels supplying

Baricitinib (indirectly

supplying nutrients

inflamed joints, reduce involves angiogenesis)

inflammation

Psoriasis

cells

Establishes rapid growth of skin

Inhibit blood vessel development in
psoriatic lesions

Apremilast (indirectly
influences angiogenesis)

Angiogenesis research has emerged as a highly appealing area in
medicine for pharmaceutical scientists due to its extensive
relevance to a range of diseases, including the most common and
lethal diseases such as cancer, cardiovascular diseases, and
ophthalmological diseases. Although the development of
angiogenesis can be triggered by different and diverse angiogenic
factors, a common mechanism that triggers the angiogenic
process exists under several pathological settings.

The angiogenic cascade involves a complex interplay of various
signaling molecules and cellular consequences. The angiogenesis
process is explained in Figure 1. Here is a breakdown of the
angiogenesis key steps:

Activators and Inhibitors: Numerous factors can stimulate or
inhibit angiogenesis. Pro-angiogenic factors like VEGF are the
primary initiators (stimulant), while anti-angiogenic factors like
thrombospondin-1 (TSP-1) act as opposite regulators (inhibitors).
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Figure 1: Angiogenesis Process

VEGF Binding and Receptor Activation: VEGF binds to
specific endothelial cell surface receptors, primarily VEGFR-2.
This binding triggers a signaling cascade within the endothelial
cell.

Endothelial Cell Activation and Proliferation: VEGFR-2
activation leads to a sequence of intracellular signaling events
encompassing molecules like protein kinase C (PKC), mitogen-
activated protein kinase (MAPK), and Akt (Akt kinase). These
pathways raise endothelial cell proliferation, relocation, and
survival.

Extracellular Matrix Degradation: To migrate and form new
blood vessels, endothelial cells need to break down the
surrounding extracellular matrix (ECM). Proteases like matrix
metalloproteinases (MMPs) are activated during this process.

Tube Formation and Vessel Maturation: Endothelial cells
migrate, proliferate, and construct hollow tubular structure.
Additional signaling molecules like angiopoietins and Tie
receptors play a role in vessel maturation, stabilization, and
recruitment of perivascular cells.

Targeting angiogenesis has provided an effective therapeutic
method of treatment of some diseases. An example here, anti-
VEGF drugs show significantly beneficial effects in terms of
improvement in patients with wet type of AMD.

Unfortunately, the current therapies struggle with varieties of
adverse effects including high blood pressure, nosebleeds, and
gastrointestinal perforations in cancer patients, and eye pain and
increased eye pressure in DME/AMD patients, hence there are
limitations treating such patients 4. Also, despite considerable

progress in the management of all such listed disease during the
past few decades, there remains a significant population of
patients who are not served well by current treatment approaches.
Cost effectiveness and adverse effects are predominant causes
among all these reasons. Anti-angiogenic therapy with plant
extracts may offer benefits of safety and cost effectivity over
conventional VEGF inhibitors used in therapy.

Tinospora cordifolia as a potential Anti-angiogenic agent

Antiangiogenic activity of TC in Cancer

The predictable number of new cancer cases in India for the year
2022 was determined to be 1,461,427, linking to a crude rate of
100.4 per 100,000 individuals. In India, Sathishkumar et al.
predicted that one in nine individuals will be diagnosed with
cancer at some point in their lives. ¢ Phytochemicals and their
constituents found in plants represent promising alternatives for
enhancing treatment efficacy in cancer patients while reducing
adverse effects. Many of these phytochemicals are naturally
occurring biologically active substances that exhibit considerable
anticancer  properties.” TC  derived phytocompounds
demonstrated remarkable anti-carcinogenic properties, including
palmative, berberine, a novel clerodane furanoditerene glycoside,
phenolic compounds, arabinogalactan, and epoxy clerodane
diterpene. -3 Malabadi et al. highlighted its anti-carcinogenic
properties, including the existence of phytocompounds such as
berberine that exhibit significant antitumor activity. *!

Ali et al. evaluated anticancer potential of palmatine alkaloid of
TC in 7,12-Dimethylbenz(a)anthracene (DMBA) induced skin
cancer model in mice, concluding oral administration of
palmatine in the daily dietary to achieve some protection against
skin cancer. '* TC stem extract was evaluated against human
breast cancer cell line MDA-MB-231 cell line and extracts of TC
showed cytotoxic activity against human breast cancer cells. 352
Cancer development and metastasis are dependent on the
formation of new blood vessels. ** Many studies have highlighted
the relationship between the expression of angiogenic factors and
the occurrence of metastasis in cancer patients. VEGF plays a
critical role as a growth factor in the processes of tumor
development and metastasis. It is synthesized by various tumor
cells, which may enable tumor progression through the promotion
of neo-vascularization. According to Nagaraj et al. VEGF-
mediated proliferation, migration, and invasion are crucial to the
process of cancer formation and should be suppressed to cease it
from proceeding. ** TC is a potent inhibitor of metastatic events
which are trigged by VEGF and metastasis associated 1-like
protein and demonstrated as an antiangiogenic molecule.
Additionally, Mishra et al. provided evidence of TC's anti-
proliferative, differentiation-inducing, and anti-migratory/anti-
metastatic potential in glioma cells, which could be indirectly
related to anti-angiogenic effects, as these processes are often
associated with the angiogenic pathways in cancer progression. 3
TC is potent anti-inflammatory agents; it has been shown to exert
its anti-angiogenic potential in cancer through different possible
mechanisms. Some possible key anti-angiogenic MoA are
discussed in the following steps;

Down regulation of pro-angiogenic factors: The in vivo
angiogenesis assay has proved that octacosanol, a long-chain
aliphatic alcohol derived from the plant TC, down regulates the
expression of the VEGF gene. This effect is attributed to the
inhibition of matrix metalloproteinases activity and the
translocation of the transcription factor nuclear factor kappa B
into the nucleus. *
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Inhibition of angiogenesis-related enzymes: TC inhibit Matrix
metalloproteinase (MMP) activity. MMPs are enzyme involved
in breaking down the extracellular matrix to allow new blood
vessel formation, which is an important step in angiogenesis. °

Modulation of signal pathway: TC can interfere with signalling
pathways that advances angiogenesis and offers protection in
neurodegeneration, such as the phosphatidylinositol-3-kinase
PI3K/AKT/ mammalian target of the rapamycin (mTOR) and
MAPK pathways. 657

Antiangiogenic activity of TC in Age-related Macular
Degeneration (AMD)

AMD with neovascularization is a frequent cause of vision loss
in the elderly characterised by the degeneration of the macula the
central part of the retina one of the key pathological processes in
AMD is abnormal angiogenesis or the growth of new blood
vessels. This can lead to leakage of blood and fluid into the retina
causing damage. *® Immune mediators (proinflammatory
cytokines IL-1f, IL-6, IL-8, IL-18, TNF-a, and MCP-1) play a
critical role in pathophysiology of AMD. %

TC a traditional Ayurvedic herb has been studied for its potential
therapeutic properties in various diseases recent research has
suggested that they have antiangiogenic effects. #!° Furthermore,
TC has already demonstrated its important role in prevention and
management of diabetic retinopathy by inhibiting overexpression
of angiogenic and inflammatory mediators, which are distinct
markers of diabetic retinopathy making it a promising candidate
for the treatment of AMD.

Potential possible anti-angiogenic MoA of TC in prevention of
AMD:

Inhibition of VEGF is a key player of angiogenesis: TC has
been shown to reduce VEGF levels potentially inhibiting the
formation of new blood vessels. 1!

Modulation of inflammatory pathways: inflammation plays a
crucial role in AMD. TC has anti-inflammatory properties that
may help reduce inflammation by inhibiting proinflammatory
mediator release (cytokines like tumour necrosis factor-a,
interleukin-1pB) and associated angiogenesis !¢ 61-63:

Antioxidant activity: Oxidative stress is another contributing
factor to AMD. TC contains antioxidants that may help protect
the retina from oxidative damage and reduce angiogenesis. 27
Arunachalam et al. specified that, phytoconstituents of TC may
trigger antioxidant transcription factor (Nrf2), which leads to the
overexpression of antioxidant enzymes such as glutathione
peroxidase (GPx), and catalase (CAT), and thereby induces the
adaptive response to oxidative stress. ¢

Antiangiogenic activity of TC in Rheumatoid Arthritis (RA)

Rheumatoid arthritis (RA) is an autoimmune inflammatory
condition that manifests as symmetrical polyarthritis, marked by
joint discomfort, swelling, and stiffness. It is projected that by the
year 2050, approximately 31.7 million (ranging from 25.8 to 39.0
million) individuals will be affected by RA globally. ® The
presence of effective medications, such as biologics, has not
ensured that all patients experience positive outcomes; some do
not respond to these treatments, while others encounter adverse
effects from prolonged usage. Subsequently, there has been a
notable increase in the utilization of natural herbal products
among RA patients in recent years. There are strong literature

supports available which suggests that plant extracts or
polyherbal compounds effectively regulate the immune system to
alleviate RA by inhibiting pro-inflammatory cytokines. ©6-¢
Flavonoids, phenolic acids, alkaloids and triterpenes of traditional
herbal medicines are identified as the main components to
ameliorate RA. 7 The development of new blood vessels, known
as 'angiogenesis,' is increasingly acknowledged as a crucial factor
in the formation and sustenance of the pannus in RA. This pannus
displays a high degree of vascularization, indicating that affecting
blood vessels in RA could represent a promising therapeutic
target.”! Furthermore, it is well understood now that VEGF and
its receptors are the best characterized system in the regulation of
rheumatoid arthritis (RA) by angiogenesis. Anti-VEGF drugs
have generated promising clinical data in patients with RA,
pharmacologic alterations targeting VEGF, or its receptor may
offer new therapeutic tactics. ’> Berberine successfully attenuates
arthritic scores and suppresses collagen—specific immune
responses in collagen-induced arthritis (CIA) rats, reversing
pathological changes. Berberine treated group also showed
improvement in inflammatory infiltration and synovial
hyperplasia as compared to the untreated CIA group. Moreover,
serum sample post berberine treatment pointed significantly
lower expression levels of VEGF, interleukin (IL)-1f, IL-6, IL-
17, and tumor necrosis factor (TNF)-a (all P <0.05). 7

George et al. successfully evaluated anti-arthritic effect of TC
(150 mg/kg) in the CIA model. Additionally, in the same study
TC extract effectively downregulated the level of pro-
inflammatory mediators (IL-6, TNF-0, PGE2, and NO) in LPS-
stimulated RAW 264.7 cells. % In another study, Sannegowda et
al. demonstrated that TC extract treatment suppressed arthritic
inflammation and bone and cartilage damage, using the rat
adjuvant-induced arthritis model of human RA. 7

Furthermore, Sannegowda et al. attributed anti-inflammatory
effect of TC extract was mediated via reduction of the pro-
inflammatory cytokines and the production of chemokines. TC
extract and its isolated compounds demonstrated to possess
immunomodulatory, anti-proliferative, and anti-angiogenic
effects in various in vitro models. 7* So, TC contains various
bioactive compounds including alkaloid glycosides and
terpenoids which have been shown to possess anti-inflammatory
and antioxidant properties several studies have investigated the
effect of TC on RA.

Possible anti-angiogenic MoA of TC in prevention of Rheumatoid
Arthritis (RA) is as follows,

Inhibition of pro-inflammatory cytokines and upstream
kinases of the JAK/STAT pathway: TC has found to reduce the
level of IL-6, IL-1B, PGE2 and TNF-o. Furthermore, TC extract
exert anti-inflammatory and anti-arthritic effect via modulation of
JAK/STAT pathway. 74 6375

Modulation of VEGF expression: VEGF is a key promote pro
angiogenic factor TC has been shown to down regulate VEGF
expression potentially inhibiting angiogenesis. ¢

Direct effect on endothelial cell: some studies suggest that TC
may direct inhibit the proliferation and migration of endothelial
cells which are essential for angiogenesis. >

Effect on bone re-modelling: TC extract exerted pro-stimulatory
effects on human osteoblast-like cells and promoted
mineralization of bone-like matrix on two in vitro model systems
of bone diseases. 7
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Antiangiogenic activity of TC in Psoriasis

Psoriasis is a prevalent and persistent autoimmune skin disorder
marked by ongoing inflammation. It affects approximately 2—5%
of the worldwide population. Psoriasis is characterized by hyper-
proliferation and inflammation of the skin. The pathogenesis of
psoriasis involves dysregulated immune responses characterized
by increased levels of proinflammatory cytokines, increase in
dermal vascularity and proliferation of keratinocytes. Oxidative
stress is regarded as one of the underlying pathological factors
contributing to the progression and exacerbation of psoriasis.
Between all factors, vascular modifications and angiogenesis
seems to have a critical role in giving rise to psoriasis
phenotype.”’

Recently, the field of herbal product development has gained
attention as a valuable complement to conventional treatment
methods in psoriasis management. Specifically, some natural
solutions display characteristics that may help alleviate the
symptoms of psoriasis. ’® Immunomodulation and controlling
inflammation have emerged as a hopeful therapeutic approach for
dealing psoriasis. TC can play crucial role in immunomodulation
because this plant contains pharmacologically active compounds
that can boost the production of antibodies 7°, nitric oxide, and
supports many other immune system-modifying processes. 8
Aqueous and alcoholic extract of TC have been tested and
reported successfully as immunomodulatory activity. The TC
product demonstrated peak activation (viability) in J774A
macrophage cells at a concentration of 80 pg/ml. 26

In skin repair, Arora et al. reported a curative effect of polyherbal
formulation including TC in a preclinical mice model of
imiquimod-induced psoriasis 8! In another study, TC extract was
reported to have chemopreventive ability on skin carcinogenesis
in mice ¥ suggested beneficial role in skin repair. TC is also
reported for its significant wound healing abilities in many
articles. # Furthermore, TC extract notably diminished the
erythema and swelling in DNFB-induced allergic contact
dermatitis mouse model. %

In psoriasis abnormal angiogenesis contributes to the
development of thickened, scaly patches on the skin. TC is
thought to exit its anti-psoriatic effects at least in part by
regulating this process. The complex interplay of factors
including its potential to modulate angiogenesis by different
mechanism action.

Here's the proposed possible anti-angiogenic step by step MoA of
TC:

Immunomodulation: TC is one of the important plants with
proven immunomodulatory activities, it has seven
immunomodulatory active compounds which synergistically
provide immunomodulatory activity. 23

Handling of inflammation, angiogenesis and cell signalling
pathways:

e Nuclear factor kappa B (NF-«xB): which is a key regulatory
parameter in a variety of immune and inflammatory pathways
in cellular proliferation 8. Octacosanol isolated from the
plant TC as a new antiangiogenic compound markedly
inhibits translocation of NF-«B to nucleus’.

e Signal Transducer and Activator of Transcription (STAT) 3
and Janus kinase (JAK) STAT pathway is also actively
involved in pathogenesis of psoriasis promoting

inflammation 8% and TC plays important role in
downregulation of overexpression downregulation of
overexpressed cytokines in mice. 863

e Mitogen activated protein kinase (MAPK) and
phosphatidylinositol 3-kinase (PI3K)/Akt plays critical role
in pathogenesis and progression of psoriasis by increasing
and activating psoriatic lesions. 8 TC has showed reduced
phosphorylated p38 MAPK levels in a preclinical study ¢+
may be by reducing cell proliferation and promoting
apoptosis in psoriatic keratinocytes.

e Anti-inflammation action: TC has been shown to reduce the
levels of pro inflammatory cytokines such as TNF-a, PGE2,
IL-1, IL-6 and IL-8 that contribute to angiogenesis. *

Inhibition of VEGF expression: TC can supress VEGF levels
which is potential proangiogenic factors.

Improve skin repair function: TC plays a vital role in wound
healing may be by promoting angiogenesis, fibroblast activity
leading to collagen production improving overall skin function *°.
The anti-inflammatory properties of TC can help restore skin
barrier functions.

There is enough non-clinical and clinical literature available
where TC has been evaluated and confirmed as a safe supportive
alternative. °1-%2

CONCLUSION

Tinospora cordifolia (local name Guduchi), a renowned
medicinal plant in Ayurveda, being a potent anti-inflammatory
and antioxidant exhibits significant anti-angiogenic properties,
making it a hopeful therapeutic representative for various
conditions such as cancer, AMD, RA, and psoriasis.

The anti-angiogenic mechanism of TC primarily involves anti-
inflammatory action, down regulation of pro-angiogenic factors
(MMP), modulation of signalling pathway, a key mediator of
angiogenesis. In cancer, this inhibition can reduce tumor growth
and metastasis by limiting the blood supply to the tumor. For
AMD, the suppression of VEGF can help in preventing abnormal
blood vessel formation in the retina, thereby preserving vision. In
RA, TC remarkably reduces inflammation and joint damage by
downregulating pro-inflammatory cytokines and mediators such
as IL-6, IL-1B, TNF-a, and PGE2, which are also involved in
angiogenesis. Similarly, in psoriasis, the anti-inflammatory and
anti-angiogenic effects help in repairing skin barrier function,
reducing the proliferation of keratinocytes and thus reducing the
neovascularization in psoriatic lesions. Overall, the multi-faceted
action of TC makes it an effective supporting agent in managing
these angiogenesis-related diseases. Further, research needs to be
conducted in this area to understand beneficial and effective doses
of TC in angiogenic diseases.

REFERENCES

1. Yates CR, Bruno EJ, Yates MED. Tinospora cordifolia: A
review of its immunomodulatory properties. J Diet Suppl.
2022;19(2):271-285.

2. Sinha K, Mishra NP, Singh J, Khanuja SP. Tinospora
cordifolia (Guduchi), a reservoir plant for therapeutic
applications: A Review. Indian J of Traditional Knowledge.
2004; 3(3):257-270

3. Bhatt N, Sharma N. Medicinal Importance of Tinospora
Herbs (Tinospora cordifolia). Can J Clin Nutr. 2020;8(1):95-
112.

4. Badar VA, Thawani VR, Wakode PT, Shrivastava MP,
Gharpure KJ, Hingorani LL, et al. Efficacy of Tinospora

238



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Pawar Amit Vikram et al / Int. ]. Res. Ayurveda Pharm. 16 (2), 2025

cordifolia in allergic rhinitis. Journal of ethnopharmacology.
2005 Jan 15;96(3):445-9.

Wadood N, Wadood A, Shah SA. Effect of Tinospora
cordifolia on blood glucose and total lipid levels of normal
and alloxan-diabetic rabbits. Planta medica. 1992
Apr;58(02):131-6.

Singh DP, Awasthi H, Lugman S, Singh S, Mani D.
Hepatoprotective effect of a polyherbal extract containing
Andrographis paniculata, Tinospora cordifolia and Solanum
nigrum against paracetamol induced hepatotoxicity.
Pharmacognosy Magazine. 2015 Oct;11(Suppl 3):S375.
Sharma A, Kaur G. Tinospora cordifolia as a potential
neuroregenerative candidate against glutamate induced
excitotoxicity: an in vitro perspective. BMC complementary
and alternative medicine. 2018 Dec;18:1-7.

Leyon PV, Kuttan G. Effect of Tinospora cordifolia on the
cytokine profile of angiogenesis-induced animals.
International immunopharmacology. 2004 Jan 1;4(13):1569-
75.

Thippeswamy G, Sheela ML, Salimath BP. Octacosanol
isolated from Tinospora cordifolia downregulates VEGF
gene expression by inhibiting nuclear translocation of NF-
<kappa>B and its DNA binding activity. Eur J Pharmacol.
2008 Jul 7;588(2-3):141-50.

Paradkar P, Dandekar S, Joshi J, Amonkar A, Vaidya A.
Assessment of in vitro-in vivo Antimigratory and Anti-
angiogenic activity of Curcuma longa linn. and Tinospora
cordifolia willd. Extracts in Cervical Cancer. Int J
Pharmaceut Sci Rev Res. 2017;42:87-93.

Tayal N, Srivastava N, Srivastava. Anti-angiogenic activity
of columbin: A diterpenoid from Tinospora cordifolia. Int. J.
Biol. Pharm. Allied Sci. 2020;9(3):540-52. DOI: 202010
.31032/ijbpas/2020/9.3.5004.

Kumar P, Kamle M, Mahato DK, Bora H, Sharma B, Rasane
P, Bajpai VK. Tinospora cordifolia (Giloy): Phytochemistry,
Ethnopharmacology, Clinical Application and Conservation
Strategies. Curr Pharm Biotechnol. 2020;21(12):1165-1175.
DOI: 10.2174/1389201021666200430114547.

Sharma V, Pandey D, Sharma A. Phytochemical screening
and antioxidant activity of Tinospora cordifolia. Scholars
Academic Journal of Pharmacy. 2020;4(8):364-369.

Ali H, Dixit S. Extraction optimization of Tinospora
cordifolia and assessment of the anticancer activity of its
alkaloid palmatine. The Scientific World Journal.
2013;2013(1):376216.

Singh SS, Pandey SC, Srivastava S, Gupta VS, Patro B,
Ghosh AC. Chemistry and medicinal properties of Tinospora
cordifolia (Guduchi). Indian Journal of Pharmacology.
2003;35(2):83-91.

Tiwari M, Dwivedi UN, Kakkar P. Tinospora cordifolia
extract modulates COX-2, iNOS, ICAM-1, pro-inflammatory
cytokines and redox status in murine model of asthma.
Journal of ethnopharmacology. 2014 Apr 28;153(2):326-37.
Patel S, Rajput V, Patel J. Phytochemical analysis and
antimicrobial activity of Tinospora cordifolia. Journal of
Current Research. 2021;10(3):33147-33152.

Jabiullah SI, Battineni JK, Bakshi V, Boggula N. Tinospora
cordifolia: A medicinal plant: A review. growth. 2018;9:11.
Kumar M, Hasan M, Sharma A, Suhag R, Maheshwari C,
Chandran D, et al. Tinospora cordifolia (Willd.) Hook. f. &
Thomson polysaccharides: A review on extraction,
characterization, and bioactivities. International Journal of
Biological Macromolecules. 2023 Feb 28;229:463-75.
Maurya R, Handa SS. Tinocordifolin, a sesquiterpene from
Tinospora  cordifolia. ~ Phytochemistry. 1998  Nov
5;49(5):1343-5.

Singh SS, Pandey SC, Srivastava S, Gupta VS, Patro B,
Ghosh AC. Chemistry and medicinal properties of Tinospora

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

cordifolia (Guduchi). Indian Journal of Pharmacology.
2003;35(2):83-91.

Kumar V, Singh S, Singh A, Dixit AK, Srivastava B, Sidhu
GK, et al. Phytochemical, antioxidant, antimicrobial, and
protein binding qualities of hydro-ethanolic extract of
Tinospora cordifolia. Journal of Biologically Active Products
from Nature. 2018 May 4;8(3):192-200.

Kumar A, Singh R, Sharma S. Tinospora cordifolia: A review
on its ethnobotany, phytochemical and pharmacological
profile. Journal of Emerging Technologies and Innovative
Research. 2023;10(12):341-345.

Nair PK, Rodriguez S, Ramachandran R, Alamo A, Melnick
SJ, Escalon E, ef al. Immune stimulating properties of a novel
polysaccharide from the medicinal plant Tinospora
cordifolia. Int Immunopharmacol. 2004 Dec 15;4(13):1645-
59.

Sharma U, Bala M, Kumar N, Singh B, Munshi RK, Bhalerao
S. Immunomodulatory active compounds from Tinospora
cordifolia. J Ethnopharmacol. 2012 Jun 14;141(3):918-26.
DOI: 10.1016/j.jep.2012.03.027. Epub 2012 Mar 26.

Rege NN, Thatte UM, Dahanukar SA. Adaptogenic
properties of six rasayana herbs used in Ayurvedic medicine.
Phytother Res. 1999;13(4):275-91.

Shwetha RJ, Tahareen S, Myrene RD. Antioxidant and anti-
inflammatory activity of Tinospora cordifolia using in vitro
models. Journal of Chemical, Biological and Physical
Sciences. 2016 Feb 1;6(2):497.

Sharma P, Dwivedee BP, Bisht D, Dash AK, Kumar D. The
chemical constituents and diverse pharmacological
importance of Tinospora cordifolia. Heliyon. 2019;5(9):
e02437

Ghate NB, Chaudhuri DI, Mandal NR. /n vitro assessment of
Tinospora cordifolia stem for its antioxidant, free radical
scavenging and DNA protective potentials. Int J Pharm Bio
Sci. 2013 May 22;4(1):373-88.

Prince PS, Menon VP. Antioxidant activity of Tinospora
cordifolia roots in experimental diabetes. J Ethnopharmacol.
1999 Jun;65(3):277-81.

Jain R, Sharma V. Antidiabetic potential of Tinospora
cordifolia. Diabetes Res Clin Pract. 2020;162:108107.
Sangeetha MK, Priya CD, Vasanthi HR. Anti-diabetic
property of Tinospora cordifolia and its active compound is
mediated through the expression of Glut-4 in L6 myotubes.
Phytomedicine. 2013 Feb  15;20(3-4):246-8. DOI:
10.1016/j.phymed.2012.11.006. Epub 2013 Jan 3.

Kumar DV, Geethanjali B, Avinash KO, Kumar JR,
Basalingappa KM. Tinospora cordifolia: The antimicrobial
property of the leaves of Amruthaballi. J Bacteriol Mycol
Open Access. 2017;5(5):363-71.

Singh N, Singh SM, Shrivastava P. Immunomodulatory and
antitumor actions of medicinal plant Tinospora cordifolia are
mediated  through activation of tumor-associated
macrophages. Immunopharmacol Immunotoxicol.
2004;26(1):145-62. DOI: 10.1081/iph-120029952.

Barua CC, Talukdar A, Barua AG, Chakraborty A, Sarma
RK, Bora RS. Evaluation of the wound healing activity of
methanolic extract of Azadirachta indica (Neem) and
Tinospora cordifolia (Guduchi) in rats. Pharmacologyonline.
2010;1:70-7.

Girish M, Priyadarshini K. Influence of Tinospora cordifolia
on wound healing in albino rats. International Journal of
Pharma & Bio Sciences. 2012;3(2):379-84.

Kavitha BT, Shruthi SD, Rai SP, Ramachandra YL.
Phytochemical analysis and hepatoprotective properties of
Tinospora cordifolia against carbon tetrachloride-induced
hepatic damage in rats. Journal of basic and Clinical
Pharmacy. 2011 Jun;2(3):139.

239



38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Pawar Amit Vikram et al / Int. ]. Res. Ayurveda Pharm. 16 (2), 2025

Ahmad R, Srivastava AN, Khan MA. Evaluation of in vitro
anticancer activity of stem of Tinospora cordifolia against
human breast cancer and Vero cell lines. J] Med Plants Stud.
2015;3(4):33-7.

Maddi R, Kandula VL, Vallepu B, Navuluri H, Kolluri H,
Vunnam DT. Preliminary phytochemical analysis and /n vitro
anti—viral activity of Ethanolic extract of whole plant of
Tinospora cordifolia (Thunb.) Miers against hepatitis-A
virus. International Journal of Scientific Research in
Biological Sciences. 2018 Jun;5:3.

Gururaja MP, Joshi H. Evaluation of Anti-anxiety Potential
of Tinospora cordifolia (Willd.) Leaf Extract in Mice Using
Experimental Models. Journal of Young Pharmacists.
2022;14(1):46.

Rao PR, Kumar VK, Viswanath RK, Subbaraju GV.
Cardioprotective activity of alcoholic extract of Tinospora
cordifolia in ischemia-reperfusion induced myocardial
infarction in rats. Biol Pharm Bull. 2005 Dec;28(12):2319-
22. DOI: 10.1248/bpb.28.2319.

Kosaraju J, Chinni S, Roy PD, Kannan E, Antony AS, Kumar
MS. Neuroprotective effect of Tinospora cordifolia ethanol
extract on 6-hydroxy dopamine induced Parkinsonism. Indian
Journal of Pharmacology. 2014 Mar 1;46(2):176-80.

Singh D, Chaudhuri PK. Chemistry and Pharmacology of
Tinospora  cordifolia. Nat Prod Commun. 2017
Feb;12(2):299-308.

Kalikar MV, Thawani VR, Varadpande UK, Sontakke SD,
Singh RP, Khiyani RK. Immunomodulatory effect of
Tinospora cordifolia extract in human immuno-deficiency
virus positive patients. Indian Journal of Pharmacology. 2008
May 1;40(3):107-10.

American Academy of Ophthalmology (AAO) [updated 2023
Jul  26; cited 2024 Sep 25] Available from:
https://www.aao.org/eye-health/drugs/anti-vegf-treatments.
Sathishkumar K, Chaturvedi M, Das P, Stephen S, Mathur P.
Cancer incidence estimates for 2022 & projection for 2025:
Result from National Cancer Registry Programme, India.
Indian J Med Res. 2022 Oct-Nov;156(4&5):598-607.
Choudhari AS, Mandave PC, Deshpande M, Ranjekar P,
Prakash O. Phytochemicals in Cancer Treatment: From
Preclinical Studies to Clinical Practice. Front Pharmacol.
2020 Jan 28;10:1614.

Pawar AR, Chougule AT, Kamble JR, Salokhe P, Chougule
NB. Tinospora cordifolia — As An Anticancer Agent: Recent
And Advance Study, Int. J. of Pharm. Sci. 2024; 2(1): 707-
716.

Deepa B, Babaji HV, Hosmani JV, Alamir AWH, Mushtaq S,
A. Thirumal Raj A, Patil S. Effect of Tinospora cordifolia-
Derived Phytocomponents on Cancer: A Systematic Review.
Appl. Sci. 2019; 9: 5147; DOI:10.3390/app9235147.
Palmieri A, Scapoli L, Iapichino A, Mercolini L, Mandrone
M, Poli F, et al. Berberine and Tinospora cordifolia exert a
potential anticancer effect on colon cancer cells by acting on
specific pathways. International Journal of Immunopathology
and pharmacology. 2019 Oct;33:2058738419855567.
Malabadi RB, Sadiya MR, Kolkar KP, Chalannavar RK,
Baijnath H. Tinospora cordifolia (Amruthballi): Medicinal
plant with Anticancer activity. Magna Scientia Advanced
Biology and Pharmacy. 2024;11(2):001-19.

Maliyakkal N, Udupa N, Pai KSR Rangarajan A. Cytotoxic
and apoptotic activities of extracts of Withania somnifera and
Tinospora cordifolia in human breast cancer cells. Int J App
Res Nat Prod 2013; 6:1-10.

Saman H, Raza SS, Uddin S, Rasul K. Inducing
Angiogenesis, a Key Step in Cancer Vascularization, and
Treatment Approaches. Cancers (Basel). 2020 May
6;12(5):1172.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Nagaraj SR, Balaraju Y, Shetty N, Salimath BP. Metastatic
events of MDA-MB-231 cells induced by angiogenic factors
VEGF or MYAI1 are inhibited by Tinospora cordifolia
hexane fraction (tchf). IOSR J Pharm. 2012;2(5):24-30.
Mishra R, Kaur G. Aqueous ethanolic extract of Tinospora
cordifolia as a potential candidate for differentiation-based
therapy of glioblastomas. PLoS One. 2013 Oct
24,8(10):e78764.

Rashmi KC, Raj MH, Paul M, Girish KS, Salimath BP,
Aparna HS. A new pyrrole based small molecule from
Tinospora cordifolia induces apoptosis in MDA-MB-231
breast cancer cells via ROS mediated mitochondrial damage
and restoration of p53 activity. Chemico-biological
interactions. 2019 Feb 1;299:120-30.

Singh R, Bhattacharyya C, Prashar V, Arora T, Sharma A,
Changotra H, Parkash J. Tinospora cordifolia: a potential
neuroprotective agent against various neurodegenerative
diseases. Journal of Herbal Medicine. 2023 Sep 19:100775.
Vyawahare H, Shinde P. Age-Related Macular Degeneration:
Epidemiology, Pathophysiology, Diagnosis, and Treatment.
Cureus. 2022 Sep 26;14(9):29583. DOLI:
10.7759/cureus.29583.

Schloesser L, Klose SM, Mauschitz MM, Abdullah Z, Finger
RP. The role of immune modulators in age-related macular
degeneration. Surv Ophthalmol. 2024 Nov-Dec;69(6):851-
869.

Agrawal SS, Naqvi S, Gupta SK, Srivastava S. Prevention
and management of diabetic retinopathy in STZ diabetic rats
by Tinospora cordifolia and its molecular mechanisms. Food
and Chemical Toxicology. 2012 Sep 1;50(9):3126-32.
Rawal AK, Nath DK, Yadav N, Pande S, Meshram SU,
Biswas SK. Rubia cordifolia, Fagonia cretica Linn and
Tinospora cordifolia exert anti-inflammatory properties by
modulating platelet aggregation and VEGF, COX-2 and
VCAM gene expressions in rat hippocampal slices subjected
to ischemic reperfusion injury. Int J Appl Res Nat Prod.
2009;2(1):19-26.

Jacob J, Babu BM, Mohan MC, Abhimannue AP, Kumar BP.
Inhibition of proinflammatory pathways by bioactive fraction
of Tinospora cordifolia. Inflammopharmacology. 2018
Apr;26:531-8.

George G, Shyni GL, Mohan S, Abraham B, Nisha P, Ranjith
S, et al. In vitro and in vivo anti-inflammatory and anti-
arthritic effect of Tinospora cordifolia via modulation of
JAK/STAT pathway. Inflammopharmacology. 2023
Apr;31(2):1009-25.

Arunachalam K, Yang X, San TT. Tinospora cordifolia
(Willd.) Miers: Protection mechanisms and strategies against
oxidative stress-related diseases. Journal of
Ethnopharmacology. 2022 Jan 30;283:114540.

GBD 2021 Rheumatoid Arthritis Collaborators. Global,
regional, and national burden of rheumatoid arthritis, 1990-
2020, and projections to 2050: A systematic analysis of the
Global Burden of Disease Study 2021. Lancet Rheumatol.
2023 Sep 25;5(10):594-¢610.

Soeken KL, Miller SA, Ernst E. Herbal medicines for the
treatment of rheumatoid arthritis: A systematic review.
Rheumatology. 2003 May 1;42(5):652-9.

Rathore B, Mahdi AA, Paul BN, Saxena PN, Das SK. Indian
herbal medicines: Possible potent therapeutic agents for
rheumatoid arthritis. Journal of Clinical Biochemistry and
Nutrition. 2007;41(1):12-7.

Chandrasekar R, Chandrasekar S. Natural herbal treatment
for rheumatoid arthritis - A review. International Journal of
Pharmaceutical Sciences and Research. 2017 Feb 1;8(2):368.
Zhao X, Kim YR, Min Y, Zhao Y, Do K, Son YO. Natural
Plant Extracts and Compounds for Rheumatoid Arthritis

240



70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

Pawar Amit Vikram et al / Int. ]. Res. Ayurveda Pharm. 16 (2), 2025

Therapy. Medicina (Kaunas). 2021 Mar 15;57(3):266. DOI:
10.3390/medicina57030266.

Wang Y, Chen S, Du K, Liang C, Wang S, Boadi EO, et al.
Traditional herbal medicine: Therapeutic potential in
rheumatoid arthritis. Journal of ethnopharmacology. 2021
Oct 28;279:114368.

Paleolog EM. Angiogenesis in Rheumatoid Arthritis.
Arthritis Res. 2002;4 Suppl 3(Suppl 3):S81-90. DOI:
10.1186/ar575. Epub 2002 May 9.

Yoo SA, Kwok SK, Kim WU. Proinflammatory role of
vascular endothelial growth factor in the pathogenesis of
rheumatoid arthritis: Prospects for therapeutic intervention.
Mediators of inflammation. 2008;2008(1):129873.

Wang Z, Chen Z, Yang S, Wang Y, Huang Z, Gao J et al.
Berberine ameliorates collagen-induced arthritis in rats
associated with anti-inflammatory and anti-angiogenic
effects. Inflammation. 2014 Oct;37:1789-98.

Sannegowda KM, Venkatesha SH, Moudgil KD. Tinospora
cordifolia inhibits autoimmune arthritis by regulating key
immune mediators of inflammation and bone damage. Int J
Immunopathol Pharmacol. 2015 Dec;28(4):521-31. DOI:
10.1177/0394632015608248.

Ghatpande NS, Misar AV, Waghole RJ, Jadhav SH, Kulkarni
PP. Tinospora cordifolia protects against inflammation
associated anemia by modulating inflammatory cytokines and
hepcidin expression in male Wistar rats. Scientific reports.
2019 Jul 29;9(1):10969.

Abiramasundari G, Gowda CMM, Pampapathi G, Praveen S,
Shivamurugan S, Vijaykumar M, et al. Ethnomedicine based
evaluation of osteoprotective properties of Tinospora
cordifolia on in vitro and in vivo model systems. Biomed
Pharmacother. 2017 Mar;87:342-354. DOI: 10.1016
/j.biopha.2016.12.094.

Akhtar T, Wani WY, Kamal MA, Kaur R. Role of angiogenic
growth factors in psoriasis: a review. Current drug
metabolism. 2018 Sep 1;19(11):910-6.

Tanwar A. Natural Compounds Used in the Treatment and
Management of Psoriasis: A Review. International Journal of
Pharmaceutical and Healthcare Innovation. 2024;5(11):6138-
6144

Kapil A, Shah R, Sharma S. Immunopotentiating and
anticomplementary activity of fungisterol from mushroom
Suillus sibiricus. Indian Drugs-Bombay 1994;31:525.

Islam MR. A Review on Tinospora cordifolia and its
Immunomodulatory Activities (Doctoral dissertation, Brac
University) 2020.

Arora N, Shah K, Pandey-Rai S. Inhibition of imiquimod-
induced psoriasis-like dermatitis in mice by herbal extracts
from some Indian medicinal plants. Protoplasma. 2016
Mar;253:503-15.

Chaudhary R, Jahan S, Goyal PK. Chemopreventive potential
of an Indian medicinal plant (Tinospora cordifolia) on skin

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

carcinogenesis in mice. Journal of Environmental Pathology,
Toxicology and Oncology. 2008;27(3):233-243

Fernandez M, Shivashekaregowda NK, Yin Y. The potential
role of genus tinospora in wound healing: A review. Science.
2021;13(4): 21-29

Castillo AL, Letran RA, Modina SM. Effectiveness of
Tinospora  sinensis ~ (Menispermaceae)  extracts in
dinitrofluorobenzene (DNFB)-induced allergic contact
dermatitis (ACD) mice model. Acta Manilana. 2018;66:35-
45.

Goldminz AM, Au SC, Kim N, Gottlieb AB, Lizzul PF. NF-
kB: An essential transcription factor in psoriasis. J Dermatol
Sci. 2013  Feb;69(2):89-94. DOI: 10.1016/j.jdermsci.
2012.11.002. Epub 2012 Nov 14. PMID: 23219896.

Ben Abdallah H, Johansen C, Iversen L. Key Signaling
Pathways in Psoriasis: Recent Insights from Antipsoriatic
Therapeutics. Psoriasis (Auckl). 2021 Jun 29;11:83-97. DOI:
10.2147/PTT.S294173.

Calautti E, Avalle L, Poli V. Psoriasis: A STAT3-Centric
View. Int J Mol Sci. 2018 Jan 6;19(1):171. DOI:
10.3390/ijms19010171.

Guo J, Zhang H, Lin W, Lu L, Su J, Chen X. Signaling
pathways and targeted therapies for psoriasis. Signal
transduction and targeted therapy. 2023 Nov 27;8(1):437.
Philip S, Tom G, Vasumathi AV. Evaluation of the anti-
inflammatory activity of Tinospora cordifolia (Willd.) Miers
chloroform extract—a preclinical study. Journal of Pharmacy
and Pharmacology. 2018 Aug;70(8):1113-25.

Patil S. Potential Application of an Aqueous Extract of
Tinospora cordifolia (Thunb.) Miers (Giloy) in Oral
Submucous Fibrosis—An In Vitro Study. Materials. 2021 Jun
18;14(12):3374.

Karkal YR, Bairy LK. Safety of aqueous extract of Tinospora
cordifolia (tc) in healthy volunteers: a double-blind
randomised placebo-controlled study. Iranian Journal of

Pharmacology and Therapeutics (ijpt)[internet].
2007;6(1):59-61. Available from: https://sid.ir/
paper/297143/en

Bagri P, Kumar V, Devi S. Evaluation of safety of Moringa
oleifera leaves and Tinospora cordifolia stem extracts using
acute toxicity protocols. Journal of Veterinary Pharmacology
and Toxicology. 2022;21(1):43-7.

Cite this article as:

Pawar Amit Vikram, Anil Kumar Middha and Basavraj Chivade.
A review on Tinospora cordifolia as a potential anti-angiogenic
agent in a range of angiogenic diseases. Int. J. Res. Ayurveda
Pharm. 2025;16(2):234-241

DOI: http://dx.doi.org/10.7897/2277-4343.16278

Source of support: Nil, Conflict of interest: None Declared

Disclaimer: IJRAP is solely owned by Moksha Publishing House - A non-profit publishing house, dedicated to publishing quality research, while
every effort has been taken to verify the accuracy of the content published in our Journal. [JRAP cannot accept any responsibility or liability for
the site content and articles published. The views expressed in articles by our contributing authors are not necessarily those of the IJRAP editor
or editorial board members.

241



