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Metabolic syndrome is characterized by obesity, insulin resistance, dyslipidemia, and hypertension. 
Withania somnifera, commonly known as ashwagandha or Indian winter cherry, belongs to the 
Solanaceae family. W. somnifera, particularly its powdered root, is a fundamental component of 
traditional Indian medicine. W. somnifera (Ashwagandha) exhibits pharmacological activities, 
including immunomodulatory, anti-stress, and neuroprotective effects in animal models. Also, 
preclinical and clinical studies demonstrate its anti-inflammatory and antiviral properties. In 
rodent studies, ashwagandha regulates apoptosis and modulates reactive oxygen species (ROS) 
levels as well as mitochondrial activity. Additionally, it improves endothelial function in rats, dogs, 
and human brain endothelial cells. Research conducted in both living organisms and controlled 
laboratory conditions has demonstrated that W. somnifera alleviates the symptoms of metabolic 
syndrome. It positively affects diabetes by inhibiting dipeptidyl peptidase-4 (DPP-4), α-glucosidase, 
and α-amylase, while simultaneously increasing pancreatic insulin secretion and improving insulin 
sensitivity in organs. It has a vasodilatory and diuretic effect. Ashwagandha reduces the activity of 
3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase. It modulates the gene expression 
of peroxisome proliferator-activated receptor (PPAR)-γ. It regulates the gene expression of sterol 
regulatory element-binding protein (SREBP)-1c and CYP7A1. It increases the secretion of bile acids 
that eliminate excess cholesterol. It reduces oxidative stress and inflammation while protecting the 
body from the harmful effects of elevated cholesterol. This study aims to compile a variety of research 
findings on the effectiveness of ashwagandha in managing metabolic syndrome.
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Introduction

                                   © 2026. This work is openly licensed via CC BY 4.0.
                                       This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses),                                                                                            
                                   which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 

Insulin resistance syndrome, also known as metabolic 
syndrome, is increasingly recognized as a significant 
global health challenge. This condition is characterized by 
a combination of abdominal obesity, insulin resistance, 
dyslipidemia, and hypertension, which may occur with 
impaired glucose tolerance, a pro-inflammatory state, and 
a pro-thrombotic condition (1, 2). Contributing factors to 
the development of insulin resistance syndrome include a 
sedentary lifestyle, rapid urbanization, and excessive caloric 
intake (3, 4). 

Insulin resistance syndrome 
Indeed, environmental factors and genetic 

predispositions play significant roles in the development 
of insulin resistance syndrome, which is characterized by 
an increase in adipose tissue mass. When subcutaneous 
adipose tissue reaches its capacity, free fatty acids (FFAs) 
can be transported to vital organs, particularly the liver. 
This process raises the risk of developing type 2 diabetes 
and atherogenic dyslipidemia by increasing insulin 

resistance in muscle tissue and enhancing gluconeogenesis 
and de novo lipogenesis in the liver. Additionally, in cases 
of fatty liver, a glucagon-resistant state affects amino acid 
metabolism. This resistance leads to the conversion of 
amino acids into glucose instead of their conversion into 
urea, creating a vicious cycle that can precede the onset of 
diabetes (5). Moreover, several factors contribute to obesity-
induced sympathetic activation, including hyperleptinemia, 
hyperinsulinemia, visceral obesity, sleep apnea, elevated 
non-esterified fatty acids, disturbances in nitric oxide levels, 
suppressed anger, altered eicosanoid metabolism, increased 
cytokine levels, and high levels of active tri-iodothyronine. 
This sympathetic activation can lead to severe health issues 
such as sodium retention, increased cardiac output and 
heart rate, elevated vascular resistance, activation of the 
renin-angiotensin system, high blood pressure, enhanced 
oxygen consumption, sudden death, insulin resistance, 
increased non-esterified fatty acids, diabetes, dyslipidemia, 
and congestive heart failure (6). Addressing these critical 
health concerns is essential, as they represent the five key 
components of insulin resistance syndrome: hypertension, 

https://ijbms.mums.ac.ir
https://creativecommons.org/licenses/by-nc/4.0/legalcode.en


Iran J Basic Med Sci, 2026, Vol. 29, No. 1

Azimi et al. Indian ginseng in metabolic syndrome 

4

diabetes, obesity, dyslipidemia, and atherosclerosis. 
By understanding and managing these issues, we can 
significantly improve overall health and reduce the risk 
of serious complications. Insulin resistance syndrome is a 
cluster of dysregulations that requires multidrug therapy 
for effective management. Therefore, introducing drugs, 
compounds, or medicinal foods that address these multiple 
issues can enhance patient compliance. 

Botanical medicine in insulin resistance syndrome 
There has been a growing fascination with the utilization 

of botanical remedies to avert and manage a diverse array 
of ailments, notably cardiovascular conditions. This is 
primarily due to their commendable attributes, such as safety, 
effectiveness, cultural acceptance, and minimal adverse 
reactions (7). In addition to focusing on drug repositioning 
for managing complications of metabolic syndrome (8-12), 
several studies have also explored the potential effectiveness 
of various medicinal plants in addressing multiple issues 
related to metabolic syndrome. Notable examples of such 
plants include: Tinospora cordifolia (giloy) (13), Ziziphus 
jujuba (Jujube) (14), Juglans regia (walnut) (15), Coriandrum 
sativum (coriander) (16), Portulaca oleracea (purslane) (17), 
Zingiber officinale (ginger) (18), Panax ginseng (ginseng) 
(19), Solanum melongena (eggplant) (20), Boswellia species 
(21), Abelmoschus esculentus (okra) (22), Ginkgo biloba 
(23), Crataegus pinnatifida (Chinese hawthorn) (24), Aloe 
vera (25), Silybum marianum (milk thistle) (26), Capsicum 
annuum (27), Persea americana (avocado) (28), Garcinia 
mangostana (29), Berberis vulgaris (30), Rosmarinus 
officinalis (rosemary) (31), Vitis vinifera (grapes) (32), 
Allium sativum (garlic) (33), and Nigella sativa (34). These 
plants offer probable therapeutic options for managing the 
complications associated with metabolic syndrome.

Withania somnifera botanical characterization 
W. somnifera is an evergreen, stout, shrubby plant that 

grows to a height of 1.5–2 m. It is a member of the Solanaceae 

family. It grows in the drier parts of tropical and subtropical 
zones of the world, including warmer parts of Europe, the 
Canary Islands, and tropical Africa to South Africa, Sri 
Lanka, the Middle East, China, and India. It is known as 
“Indian winter cherry”, “Indian ginseng”, “Ashwagandha”, 
“Asgandh”, “Punir”, and “Asgand” (35).

Indian ginseng is characterized by simple, shiny, smooth, 
and glabrous leaves that are ovate. The leaves are petiolate 
with a smooth margin, showing a dull green color and 
measuring 10 to 15 cm in length. The leaves are arranged 
alternately on vegetative shoots and oppositely on floral 
shoots. They have a bitter taste. The branches are round, 
straight, and can grow up to 60 to 120 cm long, covered in 
minute trichomes. Flowers appear solitary, are bisexual, and 
have a pedicel, measuring 4 to 6 cm in diameter, with colors 
ranging from greenish to yellow. The fruits are berry-like, 
small, and approximately 6 mm in diameter, characterized 
by an orange-red color. They contain tiny, smooth, and 
kidney-shaped seeds that are yellow and about 2.5 mm in 
diameter. The roots are stout and fleshy, tapering to a point, 
with a brownish-white or light-yellow color. They measure 
15 to 25 cm in length and have a bitter taste with a horse-like 
smell (36, 37). 

Characterization of the phytochemicals in W. somnifera 
revealed the presence of several classes of compounds, 
including steroidal lactones, alkaloids, steroids, flavonoids, 
phenolic compounds, glycosides, and other compounds 
(tannins, resin, fatty acids, organic acids, and amino acids) 
(35, 37, 38). Steroidal lactones and alkaloids are responsible 
for a wide range of pharmacological effects of Indian ginseng 
(39). The phytochemical structures of some compounds, 
based on information from PubChem, are presented in 
Figure 1. It is important to note that in a recently published 
article, hentriacontane was categorized as an alkaloid 
compound (37) despite being an alkane hydrocarbon. 

This characterization highlights the diverse range of 
bioactive compounds present in W. somnifera that are 
physiologically and pharmacologically active chemical 
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components (40). This herb has been used for over 3,000 
years as a medicinal herb in various medical systems, 
including Ayurvedic, Allopathic, Unani, and homeopathic 
medicine (37). Currently, there are more than ten marketed 
formulations of Indian ginseng (38). People refer to the 
specific aromatic young root of the plant as “ashwa” which 
means “horse” and “gandha” means fragrance (41), and 
have used it as an aphrodisiac, stimulant, tonic, narcotic, 
diuretic, and anthelmintic (42-44). Ashwagandha’s 
acylsterylglucosides and sitoindosides have anti-stress 
properties. An animal study has demonstrated that active 

components of ashwagandha, such as sitoindosides VIII 
and Withaferin-A, have intense anti-stress action against 
acute forms of experimental stress, including PTZ-induced 
defecation and urination, restraint stress-induced gastric 
ulcers, and forced swimming test (45). Some components in 
it promote immunomodulatory effects in mice and promote 
memory and learning in rats (46). This plant has been an 
essential component of Ayurvedic medicine that supports 
the nervous system (47). 

Preclinical studies have shown that Indian ginseng has 
therapeutic effects against hepatic (48) and neurological 

Figure 1. Some phytoactive constituents of Indian ginseng are presented
A: Steroidal lactones (withaferin A, withanone, withanolide (A, E, G, M) (35, 37, 38), withasomniferols A-C (37)) B: Alkaloids (nicotine (35, 37, 38), tropine, choline, pelletierine, 
anaferine, cuscohygrine (37, 38), hygrine, withasomnine, anahygrine (37), scopoletin (38)) C: Steroids (cholesterol, β-sitosterol, stigmasterol, diosgenin, sitoindosides (IX, X) (35, 
37, 38), and ergostane (37)) D: Flavonoids (kaempferol, quercetin (35, 37, 38), and 7-hydroxyflavone (37)) E: Phenolic compounds (coumaric acid, caffeic acid, chlorogenic acid, 
gallic acid, catechin, and ferulic acid (37)) F1 & F2: Glycosides (withanosides II-VI, withanamides A-I (37)) 
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diseases (49), anxiety (50), and Parkinson’s disease (51). A 
review of both preclinical and clinical studies reported that 
W. somnifera may alleviate the symptoms of insomnia and 
depression, potentially through GABAergic and serotonergic 
pathways, and by modulating the hypothalamic-pituitary-
adrenal axis and the sympathetic-adrenal-medullary 
system (52). Another review suggested that Indian ginseng 
inhibits the inflammasome proliferation of macrophages 
and oxidative stress and prevents acute liver injury in both 
preclinical and clinical models (53). Additionally, its role in 
managing COVID-19 has been explored in another review 
study. It can affect viral entry and load, immune homeostasis, 
and cytokine storms (54). Ko et al.’s comparable animal 
studies revealed significant gains in strength and muscular 
mass (55). According to a well-established clinical study by 
Wankhede et al. (56) and a review by Bonilla et al. (57), W. 
somnifera enhances body composition and encourages the 
retention of muscular mass by raising anabolic activity and 
lowering catabolic stress hormones.

Withania somnifera safety 
Hydroalcoholic extract of Indian ginseng has been 

reported to be safe at 2,000 mg/kg/day, orally, for 28 
days in Wistar rats (58). In addition, prenatal exposure 
to 2,000 mg/kg/day of hydroalcoholic extract of Indian 
ginseng, orally, during days 5 to 19 of gestation in Wistar 
rats, did not show any maternal or developmental toxicity 
(59). The bacterial reverse mutation test indicated that 
Ashwagandha root extract, at concentrations ranging 
from 0.156 to 5.00 mg/plate, did not demonstrate any 
potential for mutagenicity or carcinogenicity. Additionally, 
a chromosome aberration assay using human peripheral 
blood lymphocytes exposed to the extract at concentrations 
of 0.25, 0.5, 1, and 2 mg/ml and in vivo micronucleus test 
in mammalian erythrocyte cells that received doses of 500, 
1,000, and 2,000 mg/kg also showed that the extract had 
no inhibitory effects on the mitotic index, the formation 
of micronuclei, or cell proliferation, and did not induce 
chromosomal abnormalities. Furthermore, there were 
no signs of acute toxicity observed at a dose of 2,000 mg/
kg when administered orally to female Wistar rats (60). 
Clinical studies did not report significant side effects related 
to Ashwagandha root extract at a dosage of 600 mg/day, 
taken orally, for up to 12 weeks (61, 62). 

In a recently published review, Quinones et al. reported 
that ashwagandha may have protective effects against stress-
induced cortisol elevation and obesity (63). Further, Allah et 
al. highlighted the role of W. somnifera in metabolic health 
disorders such as hypertension, obesity, dyslipidemia, and 
diabetes (64). In the present study, we explore deeper into 
the botanical characteristics of W. somnifera and examine 
the mechanisms by which it impacts the physiological and 
biochemical components of insulin resistance syndrome; 
some mechanisms discussed in our study were not included 
in the work by Allah et al. We will explore these effects 
on diabetes, overweight, hypertension, dyslipidemia, 
and atherosclerosis in a structured manner, separating 
the analyses into in vitro, in vivo, and clinical studies. 
Additionally, we will include a section on poly herbal 
formulations that feature Indian ginseng as one of the 
constituents.

Methodology
The databases of Web of Science, PubMed, and Google 

Scholar were searched for this narrative review by the 
following keywords: hypertension, “blood pressure”, 
hypotensive, antihypertensive, hypertensive, diuretic, 
diabetes, hyperglycemia, insulin, hypoglycemic, 
antihyperglycemic, antidiabetic, “blood glucose”, HbA1c, 
dyslipidemia, hyperlipidemia, “high cholesterol”, “high 
triglyceride”, hypercholesterolemia, hypertriglyceridemia, 
hypoglycemic, hypolipidemic, hypoglycaemic, 
hypolipidaemic, “lipid-lowering”, atherogenic, 
atherosclerosis, obesity, overweight, appetite, anti-obesity, 
“weight loss”, “bodyweight”, “food intake”, “feed intake”, 
“metabolic syndrome”, “metabolic syndromes”, “metabolic 
syndrome X”, “insulin resistance syndrome”, “dysmetabolic 
syndrome X”, “reaven syndrome X”, “metabolic 
cardiovascular syndrome”, “cardiometabolic syndrome”, 
“cardiometabolic syndromes”, “Withania somnifera”, 
“winter cherry”, “Indian ginseng”, ashwagandha, withanias, 
withaferins, withanolides and withanosides.

We expanded our search to include the reference lists 
of related articles to uncover additional findings. We 
considered all relevant in vitro, in vivo, and clinical studies 
published up to 2025, without restrictions on age or type 
of animal or cell line. Our primary outcome was the effects 
of Indian ginseng on diabetes, overweight, hypertension, 
dyslipidemia, and atherosclerosis. The mechanism by which 
Indian ginseng influenced these outcomes was considered a 
secondary outcome. We excluded narrative and systematic 
reviews, meta-analyses, opinions, and editorials. The titles 
and abstracts of the articles were reviewed for eligibility. Out 
of the 698 articles collected, we selected the relevant ones 
for inclusion (Figure 2). The results are categorized into 
three main sections: diabetes and overweight, hypertension, 
dyslipidemia, and atherosclerosis, each accompanied by a 
brief discussion and conclusion. Additionally, studies on 
poly herbal formulations that contain Indian ginseng or its 
constituents are included. 

Results and Discussion
The effects of Indian ginseng or its constituents on diabetes, 
overweight, and related complications

Diabetes is a key component of insulin resistance 
syndrome (65). It is associated with several complications, 
such as hypertension, atherosclerosis, and microcirculatory 
disorders, all of which contribute to increased morbidity and 
mortality rates (27). This section examines the mechanisms 
by which W. somnifera affects diabetes, obesity, and their 
related complications through in vitro, in vivo, and clinical 
studies (Table 1). 

In silico studies
The results of in silico studies indicate the potential of 

withanolide A to act as an α-amylase and α-glucosidase 
inhibitor, contributing to diabetes management (66).

Furthermore, catechin, a flavonoid found in the methanolic 
extract of W. somnifera roots, exhibits strong antidiabetic 
properties. According to docking studies, catechin binds to 
and inhibits dipeptidyl peptidase-4 (DPP-4) (67).
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In vitro studies
In cultures of rat myotubes and adipocytes, both leaf and 

root extracts of W. somnifera increased glucose absorption 
in a dose-dependent manner, with the leaf extract showing 

greater activity than the root extract. Additionally, in 
pancreatic RIN-5 β-cells, the leaf extract enhanced insulin 
secretion at baseline levels (68). RIN-5F is a rat insulinoma 
cell line (69). 

Figure 2. Schematic diagram showing the selection method and the number of included articles in brief

Table 1. Effects of Indian ginseng or its constituents on diabetes, overweight, and related complications

 

 

Withania 

somnifera 30 μg/ml) for 24 hr
↓

↓
↓ α β γ

↓ protein levels of both C/EBPβ and PPARγ
↑

↑ α

↑ α
W. somnifera

and 30 μg/ml for 5 days
C. elegans  ↓

↓
↓

↓
↓

↑
↓

↑
↑

↓
↓

↓
↓
↓
↓

↓
↓ epatic expression of PPARγ, PPARα, CD36, FAS, CPT1, GCK, and 

epatic expression of LXRα and SREBP

Withaferin A (10 μM) ↑

W. somnifera ↑ β

W. somnifera ↓
↓

↓
↓

↑
↑

↑
↑

↑
↑

↑
↑

W. somnifera ↓
↑
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Continued Table 1. 
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Continued Table 1. 
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The antidiabetic activity of the extract may be attributed 
to its phenolic and flavonoid compounds. Withaferin-A, 
derived from W. somnifera, exhibits anti-inflammatory 
effects and protects Langerhans cells from cytokine-induced 
damage (70). 

Babu et al. proposed that W. somnifera is effective in 
preventing pathogenesis induced by glycation. High levels 
of glucose can glycate collagen, leading to the formation 
of cross-links. The research revealed that the effects of the 
ethanolic extract of W. somnifera are comparable to those of 
metformin (71). 

It has been shown that the hydromethanolic leaf 
extract of Indian ginseng induces lipolytic effects and 
enhances glucose uptake in 3T3-L1 cells. Balkrishna et al.’s 
research offers mechanistic data supporting the activation 
of the AMPK/p38MAPK/ERK signaling pathway as an 
underlying mechanism driving the anti-adipogenic actions 
of W. somnifera leaf extract. Furthermore, supporting 
the possibility of using W. somnifera leaf as a successful 
treatment approach for obesity prevention are the results of 
their research (72). 3T3-L1 cells are a preadipocyte cell line 
that is developed from mouse embryo fibroblasts (73).

Additionally, leaf extracts of W. somnifera that are 
combined with ZnO nanoparticles have been shown to inhibit 
the activity of the enzymes α-amylase and α-glucosidase, 
contributing to their antidiabetic potential (74).

Animal studies
W. somnifera root extract is effective in reducing oxidative 

stress and mitochondrial dysfunction in the hypothalamus of 
diabetic rats. The hypothalamus is a crucial area of the brain 
that plays a key role in sensing glucose levels. In diabetic 
patients, oxidative stress can impair the hypothalamus’s 
function, leading to significant disruptions in neuronal 
metabolic functions. The root extract of W. somnifera not 
only improved mitochondrial function but also prevented 
oxidative damage in the hypothalamus of diabetic rats. 
Overall, W. somnifera root extract helps mitigate oxidative 

stress and mitochondrial dysfunction in this region of the 
brain (75).

In cases of alloxan-induced diabetes, both W. somnifera 
root extract and glibenclamide have been found to 
normalize glucose levels. This effect may be attributed to the 
plant’s phenolic compounds and anti-oxidant properties. 
Additionally, W. somnifera root extract, W. somnifera leaf 
extract, and glibenclamide led to a moderate increase in 
islet size and a significant reduction in pancreatic injuries 
(76). The regeneration and revitalization of β-cells could 
lead to increased production and release of insulin (77, 78). 

Research has shown that the extract of W. somnifera has 
a significant hypoglycemic effect in streptozotocin-induced 
diabetic rats (79, 80). It is suggested that W. somnifera 
regulates the changes in gonadal hormones caused by 
diabetes (81). Furthermore, W. somnifera protects against 
diabetes-induced testicular dysfunction in prepubertal 
rats by regulating thiol/glutathione (GSH) status and 
improving blood glucose levels (82). Studies indicate that 
anti-oxidants may be effective in treating infertility (83-
85) and neuronal damage (86-88) associated with diabetes 
by balancing oxidant and pro-oxidant levels. In cases of 
alloxan-induced diabetes, ashwagandha root extract has 
been found to alleviate brain oxidative stress and depression 
(86). In non-insulin-dependent diabetic rats, W. somnifera 
significantly improves the insulin sensitivity index (89). 
Udayakumar et al. hypothesized that both W. somnifera leaf 
and root extracts may increase pancreatic insulin secretion. 
In diabetic rats, the effects of W. somnifera root extract and 
leaf extract on blood glucose levels were more pronounced 
than those of glibenclamide (90). 

Jena et al. demonstrated that the methanolic root extract 
of W. somnifera exhibits potent antihyperglycemic activity 
comparable to glibenclamide in streptozotocin-induced 
diabetic rats (91).

In diabetic mice, W. somnifera has been shown to protect 
against stress-induced hyperglycemia and hypercortisolemia 
(92). 

 

 

 

  

W. somnifera ↓
↑
↑

↓
↓
↓
↓

Gymnema sylvestre, Eugenia 

jambolana, Momordica charantia, Azadirachta indica, 

Cassia auriculata, Aegle marmelose Withania 

somnifera Curcuma longa

↓
↑

↓
↓
↓

↑
↑

↓

ATGL: Adipose triglyceride lipase; C/EBP: CCAAT enhancer binding protein β; CD36: cluster of differentiation 36; CPT1: carnitine palmitoyltransferase 1; DPP-4: ipeptidyl 
peptidase 4; FAS: fatty acid synthase; GCK: glucokinase; GSH: Glutathione; GLUT4: Glucose transporter 4; HbA1C: A hemoglobin A1C; HDL: high-density lipoprotein, HSL: 
Hormone sensitive lipase; IL-6: Interleukin-6; LDL: low-density lipoprotein, MDA: Malondialdehyde; NFκB: Nuclear factor kappa-light-chain-enhancer of activated β-cells; 
Nrf2: Nuclear factor erythroid 2-related factor 2; PCK1: phosphoenolpyruvate carboxykinase; PGC1α PPARγ coactivator 1α; PPARγ peroxisome proliferator-activated receptor 
gamma; PPAR-: Peroxisome proliferator-activated receptor-; RIN-5F: rat pancreatic β-cell line derived from an insulinoma, SREBP-: sterol regulatory element binding protein; TG: 
triglyceride, TNFα: Tumour necrosis factor α; UCP1: Uncoupling protein 1, VLDL: very-low-density lipoprotein

Continued Table 1. 
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Furthermore, Tekula et al. confirmed that Withaferin-A 
effectively regulates type 1 diabetes in rats by modulating 
Nrf2/NFκB signaling pathways. This treatment significantly 
reduced levels of pro-inflammatory cytokines such as 
TNF-α and IL-6, decreased DNA fragmentation and 
apoptosis, and mitigated oxidative and nitrosative stress 
caused by streptozotocin (93). According to Lee et al. 
(2016), Withaferin-A has a remarkable ability to sensitize 
leptin, suggesting its potential as a treatment for metabolic 
syndrome associated with obesity and type 2 diabetes. The 
Lee et al. study demonstrates that Withaferin A reduced body 
weight, food intake, and fat mass in diet-induced obesity 
in mice, with minimal effects in ob/ob and db/db mice, 
indicating leptin-dependent effects. Withaferin A enhanced 
leptin potency, reduced hypothalamic endoplasmic 
reticulum stress, lowered PERKᵀʰʳ980 phosphorylation, and 
maintained energy expenditure in diet-induced obesity 
mice. It improved glucose homeostasis in diet-induced 
obesity, ob/ob, and db/db mice, with more substantial 
antidiabetic effects than celastrol, a highly potent leptin 
sensitizer, in ob/ob and db/db mice (94).

W. somnifera supplementation also reduces lipid peroxidation 
and significantly increases glutathione (GSH) levels in the 
pancreas (95). Additionally, the root extract containing 
Withaferin-A inhibits DPP-4 activity and, improves insulin 
resistance and β-cell dysfunction in type 2 diabetic rats (96). 

In studies examining high-fat diet-induced obesity 
in mice, the root water extract of W. somnifera has been 
shown to have no beneficial effects. It enhances the hepatic 
expression of the peroxisome proliferator-activated receptor 
(PPAR)-γ gene (97), which is known to play a positive role 
in the development of hepatic steatosis (98, 99), while also 
positively influencing pancreatic function (100). Kumari 
et al.’s findings (97) regarding the impact of W. somnifera 
root water extract on PPAR-γ expression contrast with 
those of Balkrishna et al. (72) and Abu Bakar et al.’s studies 
(101). The study by Balkrishna et al. reported a decrease in 
PPAR-γ expression. It demonstrated the anti-adipogenic 
effects of a hydromethanolic leaf extract of W. somnifera 
in 3T3-L1 adipocytes (72). Abu Bakar et al. showed that 
administration of Withaferin-A, a natural steroidal lactone 
found in W. somnifera, improved insulin sensitivity and 
glucose tolerance in mice made obese through a high-fat 
diet. Furthermore, Withaferin-A enhanced liver oxidative 
function and reduced levels of pro-inflammatory cytokines. 
It also decreased the expression of genes involved in 
glucose and lipid metabolism, including glucokinase 
(GCK), phosphoenolpyruvate carboxykinase (PCK1), 
PPARs, CD36, carnitine palmitoyltransferase 1 (CPT1), 
and fatty acid synthase (FAS) mRNA in the liver. Overall, 
Withaferin-A offers protection against obesity by reducing 
inflammation, oxidative stress, and insulin resistance (101). 
It is important to note that the explanation of Abu Bakar et 
al.’s findings in the article differed from what was presented 
in the abstract. Based on the results discussed in the text, we 
conclude the items mentioned above (101). The decrease in 
expression of GCK, PCK1, PPARs (PPARγ, PPARα), CD36, 
CPT1, and FAS in the liver, as reported in Abu Bakar et al. 
(2018), refers specifically to transcription (mRNA) levels, 
as measured by qRT-PCR. The study did not assess protein 
levels, and thus, it is not known whether these mRNA 
reductions correspond to decreased protein expression 
or activity. The authors explicitly note this as a limitation, 

suggesting that future studies should investigate protein-
level changes to confirm the full mechanistic impact of 
Withaferin-A (101).

This highlights the different roles of PPAR-γ in various 
tissues (98) and the diverse effects of other types of W. 
somnifera extracts.

Dianex, a polyhedral formulation containing W. 
somnifera, has demonstrated hypoglycemic effects in both 
normal and diabetic mice, both in acute and long-term 
settings. Dianex is a polyherbal formulation made from the 
aqueous extracts of Gymnema sylvestre, Eugenia jambolana, 
Momordica charantia, Azadirachta indica, Cassia auriculata, 
Aegle marmelos, W. somnifera, and Curcuma longa (102).

Clinical studies
In a study involving human subjects with mild non-

insulin-dependent diabetes mellitus and another group 
with mild hypercholesterolemia, the administration of 
W. somnifera root powder (1,000 mg three times a day 
for 30 days) resulted in significant hypoglycemic and 
hypocholesterolemic effects. Additionally, the extract 
demonstrated diuretic properties (103).

Beyond its anti-oxidant effects, W. somnifera exhibits 
two primary functions relevant to its antidiabetic effects: 
DPP-4 inhibition and the blocking of polysaccharide 
conversion into glucose. Furthermore, W. somnifera boosts 
the pancreatic secretion of insulin from existing β-cells 
within the islets of Langerhans. This process facilitates an 
increase in peripheral glucose consumption through various 
enzymatic pathways (Figure 3). 

The effects of Indian ginseng or its constituents on 
hypertension 

High blood pressure, also known as hypertension, can be 
detrimental to human health in various ways. It may lead 
to severe damage to vital organs, including the heart, brain, 
kidneys, and eyes (104).

Animal studies
In a study involving dogs, it has been demonstrated that 

W. somnifera extract reduces the hypotensive effects of 
acetylcholine while extending the hypertensive effects of 
adrenaline. Additionally, it exhibits hypotensive effects in 
normotensive animals (105). 

In both preventive and therapeutic settings, W. somnifera 
therapy has been shown to reduce right ventricular 
hypertrophy and pressure. In the preventive context, it 
decreases inflammation, oxidative stress, and endothelial 
dysfunction. Additionally, it reverses the remodeling of 
the pulmonary vascular system associated with pulmonary 
hypertension. W. somnifera exhibits anti-inflammatory, pro-
apoptotic, vasodilatory, and anti-oxidant properties, making 
it a valuable option for managing pulmonary hypertension. 
High-performance liquid chromatography (HPLC) 
investigations have identified several bioactive compounds, 
primarily withaferin A and withanolide A, which are 
likely responsible for the protective effects of W. somnifera 
(106). Withaferin A enhances the activity of endogenous 
anti-oxidant enzymes such as superoxide dismutase while 
simultaneously reducing lipid peroxidation, giving W. 
somnifera its strong anti-oxidant capabilities (107). 

Clinical trials
In a double-blind, placebo-controlled, randomized 
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crossover study, W. somnifera extract (500 mg of dried 
aqueous extract of roots and leaves, taken twice daily) showed 
a statistically significant reduction in aortic pressure among 
normotensive volunteers experiencing mental stress (108). 

Several mechanisms seem to contribute to the 
antihypertensive effects of W. somnifera, particularly its 
diuretic properties, as well as its modulation of inflammation 
and oxidative stress (Figure 4 and Table 2).

The effects of Indian ginseng or its constituents on 
dyslipidemia and atherosclerosis 

Dyslipidemia and obesity are components of insulin 
resistance syndrome (109). Dyslipemia is considered 
one of the main predisposing factors for diabetes and 

cardiovascular diseases (110). The deposit of lipids in 
vessel walls aggravates atherosclerosis (111). This part 
discusses the most relevant articles that evaluated the role 
of W. somnifera in dyslipidemia, atherosclerosis, and related 
complications (Table 2).

In vitro studies
Soh et al. examined the effects of withanolide-A on damage 

caused by 7-ketocholesterol (7KC), a cholesterol oxidation 
product, in human brain endothelial cells (hCMEC/D3). 
Elevated levels of 7KC are found in the plasma of individuals 
with hypercholesterolemia or diabetes mellitus and are also 
present in atherosclerotic plaques. When hCMEC/D3 cells 
are treated with 7KC, withanolide-A promotes cell survival, 

Figure 3. Antidiabetic mechanisms of Withania somnifera and its main active constituents
This schematic illustration outlines the various mechanisms by which W. somnifera (commonly known as Indian ginseng) exerts its antidiabetic effects. W. somnifera inhibits DPP-
4, reduces the conversion of polysaccharides to glucose, and increases glucose uptake; furthermore, it mitigates oxidative stress and inflammation and may decrease the expression 
of PPAR-γ in the liver and adipocytes.. The red symbols indicate the effects of Indian ginseng and its secondary metabolites, with "↑" representing promotion or activation and "↓" 
indicating inhibitory or suppressive effects. 
Activating sign:  
Blocking sign:  

Figure 4. Antihypertensive mechanisms of Withania somnifera and its main active constituents
This schematic illustration outlines the various mechanisms through which W. somnifera (commonly known as Indian ginseng) exhibits antihypertensive activity. W. somnifera has 
diuretic and vasodilatory effects, helping to lower blood pressure. Additionally, it plays a role in modulating oxidative stress and inflammation. The downward arrow “↓” indicates 
the inhibitory or suppressive effects of Indian ginseng and its secondary metabolites.
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Table 2. Effects of Indian ginseng or its constituents on hypertension, dyslipidemia, and atherosclerosis

 

 

Condition Indian ginseng or its constituents Experimental model Results Ref.
Hypertension Methanol root extract of W. 

somnifera (50 and 100 
mg/kg/day), orally, for 35 days

Monocrotaline-induced pulmonary hypertension in male 
Sprague–Dawley rats, accompanied by W. somnifera 

therapy, or 21 days before W. somnifera

↓Body weight
↓Right ventricular pressure

↓Right ventricular 
hypertrophy

↓Pulmonary vascular 
remodeling

↑Procaspase-3 in the lung 
tissue

↓Reactive oxygen species in 
the lung tissue
↑IL-10 in lungs

↓TNF-α in the lung tissue
↓NFkB expression in the lung 

tissue
↑Vasorelaxation in pulmonary 

vessels
↑Endothelial nitric oxide 

synthase expression in the lung 
tissue

↓Hypoxia-inducible factor 1-
alpha expression in the lung 

tissue

(106)

Dyslipidemia and 
atherosclerosis

Isolated Withasilolide F, E, 
Withasomniferol B, Withasilolides 

G, H, and I from methanolic root 
extract of W. somnifera (12.5 and 25 

mM) for 24 hr

3T3-L1 preadipocytes Significantly inhibited 
adipogenesis

suppressed the enlargement of 
lipid droplets

↓ mRNA expression levels of 
Fabp4 and Adipsin (the 

adipocyte marker genes)
suppress adipogenesis in the 

3T3-L1 preadipocytes
↑ mRNA expression of HSL and 

ATGL, lipolytic genes in the 
3T3-L1 cells

↑Lipid metabolism by 
promoting lipolysis

↓Lipogenesis

(113)

Aqueous root extract of W. 

somnifera (200 and 400 
mg/kg/day) for 5 weeks, orally

Streptozotocin induced diabetes in 2-day-old newborn rat 
pups (species indeterminate), 90 days before receiving W. 

somnifera

↓Blood glucose
↓MDA

↑Reduced glutathione
↓Total cholesterol

↑HDL
↓TG

↓LDL-c
↓VLDL

↓Lactate dehydrogenase
↓Creatinine kinase

↑Glutathione peroxidase
↑Glutathione reductase

↑Glutathione-S-transferase
↑Superoxide dismutase

↑Catalase 

(116)

 

 

Ethanolic root extract of W. 

somnifera (250, 500, and 1000 
mg/kg/day), orally, for 28 days

Nicotinamide and streptozotocin-induced diabetes in 
Wistar rats (both sexes)

↓Total cholesterol, LDL
↑HDL levels

(117)

Root powder of W. somnifera 
(0.75 and 1.5 g/day), orally, for 4 

weeks

Hypercholesteremic Charles Foster male rats (induced by the 
addition of 0.5 % cholesterol and 1% sodium taurocholate to 

the standard Commercial diet), accompanied by the W. 

somnifera therapy

↓Total lipid
↓Total cholesterol

↑HDL
↓TG

↓LDL
↓VLDL

↓Atherogenic index
↓HMG-CoA reductase

↑Bile acid
↑Fecal cholesterol

↑Fecal bile acid
↑Neutral sterol

(119)

Ethanol root extract of W. 

somnifera (50 and 100 mg/kg, 
(dose interval indeterminate)), 

orally for six weeks

High cholesterol diet in male rabbits, for six weeks, 
accompanied by the W. somnifera therapy

↓Total cholesterol
↑HDL
↓TG

↓LDL-c
↓VLDL
↓MDA
↑GSH

(120)
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reduces COX-2 activity and the expression of inflammatory 
genes, and decreases the levels of reactive oxygen species. 
Furthermore, withanolide-A mitigates the increases in 
thrombin activity and clotting factor expression induced by 
7KC, which are the final steps in the clotting cascade (112).

The findings of some experiments indicate that the 
withanolides exhibit anti-adipogenic properties. They 
demonstrated that compounds 1-6, including Withasilolide 
F, E, and Withasomniferol B (4-6), along with three novel 
withanolides, Withasilolides G, H, and I (1-3), significantly 
prevented adipogenesis and reduced the expansion of lipid 
droplets in 3T3-L1 cells. Moreover, the mRNA expression 
levels of Fabp4 and Adipsin, which are adipocyte marker 
genes, were significantly diminished after treatment with 25 
µM of these compounds. Treatment with compounds 1-5 
raised the mRNA expression of HSL and ATGL, the lipolytic 
genes, in 3T3-L1 cells; however, compound 6 did not up-
regulate the mRNA expression of ATGL. Conversely, the 
mRNA expression of SREBP1, the lipogenic gene, was down-
regulated after treatment with 25 µM of compounds 1-6 
during adipogenesis. The studies indicated that compounds 
1-6 may enhance lipid metabolism by increasing lipolysis 
and suppressing lipogenesis (113).

Animal studies
Dietary supplementation with W. somnifera root powder 

significantly reduced the levels of cholesterol, triglycerides, 
and total lipid levels in the egg yolk of birds (114, 115).

In diabetic rats treated with W. somnifera, elevated levels 
of lipid peroxidation (LPO) were significantly reduced. 
In contrast, the levels of anti-oxidant enzymes increased. 
This suggests that W. somnifera supplements help reduce 
oxidative stress and hyperlipidemia, while also protecting 
the heart from injury. Additionally, these supplements may 
help prevent diabetes-related complications (116). Tiwari et 
al. showed protective effects of W. somnifera against diabetes-
induced dyslipidemia in rats. LDL and total cholesterol 
levels decreased after taking W. somnifera; these decreases 
were seen at all oral doses (250, 500, and 1000 mg/kg/day, 
for 28 days). W. somnifera therapy, however, did not restore 
TG levels to the same degree as LDL and total cholesterol, 
indicating a specific effect on lipid metabolism (117). In the 
other study by the Tiwari group, treatment of diabetic rats 
with W. somnifera resulted in less weight loss (118), which 
could be because of its ability to preserve muscle mass and 
lower oxidative stress (56, 57)

In alloxan-induced diabetic rats, extracts from both the 
root and leaf of W. somnifera demonstrated antidiabetic and 
antihyperlipidaemic properties. These extracts were effective 
in lowering the blood levels of cholesterol, triglycerides, and 
phospholipids, while simultaneously increasing HDL levels (90).

Acid phosphatase levels and activity are elevated in 
diabetic rats due to changes in cell membrane structure 
caused by diabetes and hyperlipidemia. However, these 
damages can be reversed in groups treated with W. 
somnifera. The administration of root and leaf extracts of 
W. somnifera, along with glibenclamide, may help reduce 
acid phosphatase levels and activity. This study conclusively 
demonstrates that the root and leaf extracts of W. somnifera 
exhibit hypoglycemic and hypolipidemic properties in rats 
with alloxan-induced diabetes mellitus (90).

One potential mechanism for the cholesterol-lowering 
effects of W. somnifera could be a reduction in the activity 
of the enzyme 3-hydroxy-3-methylglutaryl coenzyme 
A (HMG-CoA) reductase, along with an increase in the 
excretion of bile acids and cholesterol through fecal sterols. 
The hypocholesterolemic action of W. somnifera may be 
mediated by enhanced production of bile acids, which 
facilitate the removal of excess body cholesterol. Mice given 
W. somnifera root powder exhibited improved hepatic 
anti-oxidant activities, suggesting that the root’s fiber, 
phytosterols, polyphenols, flavonoids, and vitamin C may 
contribute to alleviating hyperlipidemic conditions (119). In 
rabbits with high-cholesterol diet-induced dyslipidemia, W. 
somnifera also improved anti-oxidant activities and reduced 
dyslipidemia (120). 

Withaferin-A (0.75 or 1.5 mg/kg (dose interval 
indeterminate), orally for 7 days) showed anti-obesity 
effects in mice fed on a high-fat diet. It enhances energy 
expenditure through thermogenic gene expression and 
adipose tissue browning without affecting food intake. 
Furthermore, it down-regulates mRNA expression of 
lipogenesis-related genes (e.g., SREBP1 and FAS) in the 
liver and adipogenesis-related genes (e.g., PPARγ and C/
EBPα) in epididymal fat, decreasing hepatic and adipose 
lipid storage. withaferin-A administration up-regulates 
thermogenic genes (e.g., Ucp1, Pgc1α, Nrf1, and Prdm16) 
in brown adipose tissue and enhances thermogenesis. 
Withaferin A stimulates AMP-activated protein kinase 
(AMPK) phosphorylation at Thr172 in BAT, promoting 
catabolic processes like fatty acid oxidation and inhibiting 
anabolic pathways. It can enhance mitochondrial 
biogenesis. W. somnifera increases phosphorylation of p38 

GSH: Glutathione; HDL: high-density lipoprotein; HMG-CoA: 3-hydroxy-3-methylglutaryl coenzyme A; IL-10: Interleukin-10; LDL: low-density lipoprotein; MDA: 
Malondialdehyde; NFκB: Nuclear factor kappa-light-chain-enhancer of activated β-cells; TG: triglyceride; TNFα: Tumour necrosis factor α, VLDL: very-low-density lipoprotein

 

 

Ethanolic root extract of W. 

somnifera (250, 500, and 1000 
mg/kg/day), orally, for 28 days

Nicotinamide and streptozotocin-induced diabetes in 
Wistar rats (both sexes)

↓Total cholesterol, LDL
↑HDL levels

(117)

Root powder of W. somnifera 
(0.75 and 1.5 g/day), orally, for 4 

weeks

Hypercholesteremic Charles Foster male rats (induced by the 
addition of 0.5 % cholesterol and 1% sodium taurocholate to 

the standard Commercial diet), accompanied by the W. 

somnifera therapy

↓Total lipid
↓Total cholesterol

↑HDL
↓TG

↓LDL
↓VLDL

↓Atherogenic index
↓HMG-CoA reductase

↑Bile acid
↑Fecal cholesterol

↑Fecal bile acid
↑Neutral sterol

(119)

Ethanol root extract of W. 

somnifera (50 and 100 mg/kg, 
(dose interval indeterminate)), 

orally for six weeks

High cholesterol diet in male rabbits, for six weeks, 
accompanied by the W. somnifera therapy

↓Total cholesterol
↑HDL
↓TG

↓LDL-c
↓VLDL
↓MDA
↑GSH

(120)

Continued Table 2. 



Iran J Basic Med Sci, 2026, Vol. 29, No. 1

Azimi et al. Indian ginseng in metabolic syndrome 

16

and ERK1/2 mitogen-activated protein kinases (MAPKs) 
in brown adipose tissue and subcutaneous white adipose 
tissue. These pathways up-regulate UCP1 and PGC-1α 
transcription, critical for thermogenesis and mitochondrial 
biogenesis. In vitro, withaferin-A-treated 3T3-L1 adipocytes 
show dose-dependent UCP1 and PGC-1α expression, 
which is suppressed by p38 (SB203580) or ERK (U0126) 
inhibitors, confirming pathway dependence. Withaferin-A 
‘s anti-obesity effects are driven by increased energy 
expenditure via AMPK activation in brown adipose tissue, 
p38 and ERK1/2 MAPK signaling in brown adipose tissue 
and subcutaneous white adipose tissue, and subcutaneous 
white adipose tissue browning. These mechanisms enhance 
thermogenic gene expression and mitochondrial biogenesis 
while reducing lipid accumulation, highlighting withaferin-
A’s therapeutic potential for obesity management (121).

W. somnifera increases the mRNA expression of lipid 
metabolism-related genes, including sterol regulatory 
element-binding protein 1c (SREBP-1c) and cytochrome 
P450 7A1 (CYP7A1), in the liver of HFD-fed mice (97). 
However, in an in vitro study, hydromethanolic leaf 
extract of W. somnifera decreased the formation of lipid 
droplets and accumulation of intracellular lipids in 3T3-L1 
adipocytes, accompanied by a decrease in the expression of 
the SREBP1c gene (72). CYP7A1 plays a critical role in bile 
acid synthesis (122), while SREBP-1C enhances the uptake 
of circulating LDL by hepatocytes (123). These findings 
highlight tissue-specific actions of W. somnifera, promoting 
lipid catabolism in the liver while inhibiting adipogenesis in 
adipose tissue. It should be noted that the effect of SREBP on 
the lipid profile could be complex. Its activation may lead to 
an overexpression of hepatic LDL receptors, enhancing the 
uptake of circulating LDL by hepatocytes. However, it could 
also increase hepatic triglyceride and cholesterol synthesis, 
thereby elevating blood cholesterol levels (123). 

Specific polyherbal formulations containing Indian 
ginseng have shown positive effects in treating dyslipidemia. 

The herbal composition known as Caps HT2 includes 
various plants parts that have been extracted using 
methanol, such as Commiphora mukul, Allium sativum, 
Plumbago indica, Semecarpus anacardium, Hemidesmus 
indicus, Terminalia arjuna, Tinospora cordifolia, Ocimum 
sanctum, and W. somnifera. When this formulation was 
administered to rats with diet-induced hyperlipidemia 
for 30 days, it demonstrated a significant hypolipidemic 
effect. Notably, the administration of Caps HT2 markedly 
increased HDL cholesterol levels (124).

Ambrex is a polyherbal formulation that contains W. 
somnifera, Orchis mascula, Cycas circinalis, Shorea robusta, 
and amber. It reduces total cholesterol and triglycerides in 
male Wistar rats (125). 

The antihyperlipidemic effects of W. somnifera are 
multifaceted. Primarily, these effects are related to the 
mobilization of low-density lipoprotein cholesterol 
(LDL-C) from the blood to the liver, where it is used for 
bile acid synthesis, thereby eliminating excess cholesterol. 
Additionally, W. somnifera reduces the activity of 
Hydroxymethylglutaryl-CoA (HMG-CoA) reductase 
and lowers inflammation, oxidative stress, and thrombin 
activity, all of which contribute to its antiatherosclerotic 
properties (Figure 5).

Conclusion and future direction 
Oxidative damage is linked to the development 

of hypertension, dyslipidemia, atherosclerosis, and 
complications related to diabetes. Patients with insulin 
resistance syndrome experience chronic oxidative stress, 
which arises from an imbalance between the production 
of free radicals and the body’s ability to neutralize them. 
Indian ginseng has been shown to restore cellular defense 
mechanisms, prevent lipid peroxidation, and protect tissues 
from oxidative injuries. 

Additionally, Indian ginseng offers significant antidiabetic 
benefits by inhibiting DPP-4 and blocking the conversion of 

Figure 5. This figure illustrates the antihyperlipidemic and antiatherosclerotic mechanisms of Withania somnifera, commonly known as Indian ginseng, and 
its main active constituents 
The schematic illustration outlines various mechanisms through which W. somnifera exerts its antihyperlipidemic and antiatherosclerotic effects. Specifically, W. somnifera inhibits 
the activity of HMG-CoA reductase, which is essential for cholesterol synthesis, and increases the production of bile acids. They regulate the gene expression of SREBP-1c, PPAR-γ, 
and CYP7A1 and reduce inflammation, oxidative stress, and thrombin activity. 
HMG-CoA: 3-hydroxy-3-methylglutaryl coenzyme A, PPAR-: peroxisome proliferative receptor; SREBP: Sterol Regulatory Element-Binding Protein. 
The red indicator highlights the effects of Indian ginseng and its secondary metabolites: ↑ indicates promotion or activation, while ↓ signifies inhibitory or suppressive effects.
Activating sign: 
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polysaccharides into glucose. It enhances the secretion of 
insulin from the pancreas and improves peripheral glucose 
metabolism. 

Beyond its vasodilatory effects, Indian ginseng promotes 
diuresis. It supports the expression of genes related to lipid 
and glucose metabolism, while also reducing inflammation 
and thrombosis. It increases the excretion of bile acids 
and cholesterol through fecal sterol excretion. It possesses 
anti-adipogenic action and promotes the browning of 
subcutaneous fat by activating the AMPK/p38 MAPK/ERK 
signaling pathways.

W. somnifera and its primary constituents have various effects 
on PPAR-γ, with most of them exhibiting inhibitory effects on 
the expression of this gene in 3T3-L1 adipocytes and the liver 
tissue of high-fat-induced obesity. These effects are related to the 
different roles of PPAR-γ in various tissues, as well as the varied 
impacts of other types of W. somnifera extracts.

These numerous properties (Figure 6) make Indian 
ginseng an ideal multi-purpose compound for patients 
with diabetes mellitus, hypertension, dyslipidemia, 
cardiovascular diseases, and metabolic syndrome. However, 
these findings need to be verified through extensive clinical 
trials. More research is required to better understand 
the potential side effects and to determine the optimal 
dosage of this plant. Additionally, the impact of Indian 
ginseng and the duration of its use in individuals with 
insulin resistance syndrome should be explored further. 
Moreover, various factors, including the timing of plant 
harvesting, geographical differences in cultivation, and 
the type of extract, can impact secondary metabolites and 
pharmacological effects.

Authors’ Contributions
H H was in charge of the conceptualization, methodology, 

and supervision of the study. E A was responsible for 
methodology, literature search, writing the original draft, 
and drawing the figures. M R helped prepare the original 
draft and design the tables and figures. M GR helped in 
preparing the introduction section. All authors had a role 
in reviewing, editing, and approving the final version of the 
manuscript. All data were generated in-house, and no paper 
mill was used. All authors agree to be accountable for all 
aspects of the work, ensuring integrity and accuracy. 

Conflicts of Interest
The authors declare that no competing interests exist.

Declaration
Vector icons were obtained through smart.servier.com 

and vecteezy.com. During the preparation of this work, 
the authors used AI-assisted technologies (Grammarly and 
iThenticate) to rephrase, reduce plagiarism, and improve 
language and grammar. After using this tool/service, the 
authors reviewed and edited the content as needed and take 
full responsibility for the content of the publication. 

Funding
The authors declare that no funds, grants, or other support 

were received during the preparation of this manuscript.

References
1. Galassi A, Reynolds K, He J. Metabolic syndrome and risk of 
cardiovascular disease: A meta-analysis. Am J Med 2006; 119:812-
819.
2. Kim TN, Kim JM, Won JC, Park MS, Lee SK, Yoon SH, et al. 

Figure 6. Some phytoactive constituents of Indian ginseng and their mechanistic impacts on metabolic syndrome components, including hypertension, 
diabetes, and dyslipidemia 



Iran J Basic Med Sci, 2026, Vol. 29, No. 1

Azimi et al. Indian ginseng in metabolic syndrome 

18

A decision tree-based approach for identifying urban-rural 
differences in metabolic syndrome risk factors in the adult korean 
population. J Endocrinol Invest 2012; 35:847-852.
3. Mohamed SM, Shalaby MA, El-Shiekh RA, El-Banna HA, 
Emam SR, Bakr AF. Metabolic syndrome: Risk factors, diagnosis, 
pathogenesis, and management with natural approaches. 
FoodChem Adv 2023; 3:100335.
4. Islam MS, Wei P, Suzauddula M, Nime I, Feroz F, Acharjee M, et 
al. The interplay of factors in metabolic syndrome: understanding 
its roots and complexity. Mol Med 2024;30:279-299.
5. Godoy-Matos AF, Silva Júnior WS, Valerio CM. NAFLD as a 
continuum: From obesity to metabolic syndrome and diabetes. 
Diabetology & Metabolic Syndrome 2020; 12:60-79.
6. Egan BM. Insulin resistance and the sympathetic nervous 
system. Current hypertension Reports 2003; 5:247-254.
7. Talha J, Priyanka M, Akanksha A. Hypertension and herbal 
plants. Int Res J Pharm 2011;2:26-30.
8. Radosavljevic T, Brankovic M, Samardzic J, Djuretić J, Vukicevic 
D, Vucevic D, Jakovljevic V. Altered mitochondrial function in 
MASLD: key features and promising therapeutic approaches. 
Antioxidants 2024; 13:906-923.
9. Maiorana A, Tagliaferri F, Dionisi-Vici C. Current understanding 
on pathogenesis and effective treatment of glycogen storage disease 
type Ib with empagliflozin: new insights coming from diabetes 
for its potential implications in other metabolic disorders. Front 
Endocrinol (Lausanne) 2023; 14:1145111.
10. Wong SK. Repurposing new use for old drug chloroquine 
against metabolic syndrome: A review on animal and human 
evidence. Int J Med Sci 2021; 18:2673-2688.
11. Rameshrad M, Razavi BM, Lalau JD, De Broe ME, Hosseinzadeh 
H. An overview of glucagon-like peptide-1 receptor agonists for 
the treatment of metabolic syndrome: A drug repositioning. Iran J 
Basic Med Sci 2020; 23:556-568.
12. Rameshrad M, Razavi BM, Ferns GAA, Hosseinzadeh H. 
Pharmacology of dipeptidyl peptidase-4 inhibitors and its use in 
the management of metabolic syndrome: A comprehensive review 
on drug repositioning. Daru 2019; 27:341-360.
13. Mansouri M, Imenshahidi M, Rameshrad M, Hosseinzadeh 
H. Effects of Tinospora cordifolia (giloy) on metabolic syndrome 
components: A mechanistic review. Naunyn Schmiedebergs Arch 
Pharmacol 2025;398:4979-5009.
14. Ghasemzadeh Rahbardar M, Fazeli Kakhki H, Hosseinzadeh H. 
Ziziphus jujuba (Jujube) in metabolic syndrome: from traditional 
medicine to scientific validation. Curr Nutr Rep 2024; 13:845-866.
15. Samei M, Dowlatkhahi N, Boozari M, Hosseinzadeh H. Can 
daily consumption of enriched fatty acids diet be effective in 
improving metabolic syndrome? an attractive paradox for walnut 
kernel. Food Sci Nutr 2024; 12:2311-2333.
16. Scandar S, Zadra C, Marcotullio MC. Coriander (Coriandrum 
sativum) polyphenols and their nutraceutical value against obesity 
and metabolic syndrome. Molecules 2023; 28:4187-4198.
17. Ebrahimian Z, Razavi BM, Mousavi Shaegh SA, Hosseinzadeh 
H. Effects of Portulaca oleracea L. (purslane) on the metabolic 
syndrome: A review. Iran J Basic Med Sci 2022; 25:1275-1285.
18. Salaramoli S, Mehri S, Yarmohammadi F, Hashemy SI, 
Hosseinzadeh H. The effects of ginger and its constituents in the 
prevention of metabolic syndrome: A review. Iran J Basic Med Sci 
2022; 25:664-674.
19. Aminifard T, Razavi BM, Hosseinzadeh H. The effects of 
ginseng on the metabolic syndrome: An updated review. Food Sci 
Nutr 2021; 9:5293-5311.
20. Yarmohammadi F, Ghasemzadeh Rahbardar M, Hosseinzadeh 
H. Effect of eggplant (Solanum melongena) on the metabolic 
syndrome: A review. Iran J Basic Med Sci 2021; 24:420-427.
21. Mahdian D, Abbaszadeh-Goudarzi K, Raoofi A, Dadashizadeh 
G, Abroudi M, Zarepour E, Hosseinzadeh H. Effect of Boswellia 
species on the metabolic syndrome: A review. Iran J Basic Med Sci 
2020; 23:1374-1381.
22. Esmaeilzadeh D, Razavi BM, Hosseinzadeh H. Effect of 
Abelmoschus esculentus (okra) on metabolic syndrome: A review. 

Phytother Res 2020; 34:2192-2202.
23. Eisvand F, Razavi BM, Hosseinzadeh H. The effects of Ginkgo 
biloba on metabolic syndrome: A review. Phytother Res 2020; 
34:1798-1811.
24. Dehghani S, Mehri S, Hosseinzadeh H. The effects of Crataegus 
pinnatifida (Chinese hawthorn) on metabolic syndrome: A review. 
Iran J Basic Med Sci 2019; 22:460-468.
25. Shakib Z, Shahraki N, Razavi BM, Hosseinzadeh H. Aloe vera 
as an herbal medicine in the treatment of metabolic syndrome: A 
review. Phytother Res 2019; 33:2649-2660.
26. Tajmohammadi A, Razavi BM, Hosseinzadeh H. Silybum 
marianum (milk thistle) and its main constituent, silymarin, as 
a potential therapeutic plant in metabolic syndrome: A review. 
Phytother Res 2018; 32:1933-1949.
27. Sanati S, Razavi BM, Hosseinzadeh H. A review of the effects 
of Capsicum annuum L. and its constituent, capsaicin, in metabolic 
syndrome. Iran J Basic Med Sci 2018; 21:439-448.
28. Tabeshpour J, Razavi BM, Hosseinzadeh H. Effects of Avocado 
(Persea americana) on metabolic syndrome: A comprehensive 
systematic review. Phytother Res 2017; 31:819-837.
29. Tousian Shandiz H, Razavi BM, Hosseinzadeh H. Review of 
Garcinia mangostana and its xanthones in metabolic syndrome 
and related complications. Phytother Res 2017; 31:1173-1182.
30. Tabeshpour J, Imenshahidi M, Hosseinzadeh H. A review of 
the effects of Berberis vulgaris and its major component, berberine, 
in metabolic syndrome. Iran J Basic Med Sci 2017; 20:557-568.
31. Hassani FV, Shirani K, Hosseinzadeh H. Rosemary (Rosmarinus 
officinalis) as a potential therapeutic plant in metabolic syndrome: 
A review. Naunyn Schmiedebergs Arch Pharmacol 2016; 389:931-
949.
32. Akaberi M, Hosseinzadeh H. Grapes (Vitis vinifera) as a 
potential candidate for the therapy of the metabolic syndrome. 
Phytother Res 2016; 30:540-556.
33. Hosseini A, Hosseinzadeh H. A review on the effects of Allium 
sativum (Garlic) in metabolic syndrome. J Endocrinol Invest 2015; 
38:1147-1157.
34. Razavi BM, Hosseinzadeh H. A review of the effects of 
Nigella sativa L. and its constituent, thymoquinone, in metabolic 
syndrome. J Endocrinol Invest 2014; 37:1031-1040.
35. Ahmad M, Dar NJ. 8 - Withania somnifera: Ethnobotany, 
pharmacology, and therapeutic functions. In: Bagchi D, editor. 
Sustained Energy for Enhanced Human Functions and Activity: 
Academic Press; 2017. p. 137-154.
36. Macharia JM, Káposztás Z, Bence RL. Medicinal characteristics 
of Withania somnifera L. In colorectal cancer management. 
Pharmaceuticals (Basel) 2023; 16:915.
37. Gaurav H, Yadav D, Maurya A, Yadav H, Yadav R, Shukla AC, et 
al. Biodiversity, biochemical profiling, and pharmaco-commercial 
applications of Withania somnifera: A review. Molecules 2023; 
28:1208-1234.
38. Mandlik DS, Namdeo AG. Pharmacological evaluation of 
ashwagandha highlighting its healthcare claims, safety, and toxicity 
aspects. J Diet Suppl 2021; 18:183-226.
39. Tiwari R, Chakraborty S, Saminathan M, Dhama K, Singh SV. 
Ashwagandha (Withania somnifera): Role in safeguarding health, 
immunomodulatory effects, combating infections and therapeutic 
applications: A review. J Biol Sci 2014; 14:77-94.
40. Mishra LC, Singh BB, Dagenais S. Scientific basis for the 
therapeutic use of Withania somnifera (ashwagandha): A review. 
Altern Med Rev 2000; 5:334-346.
41. Paul S, Chakraborty S, Anand U, Dey S, Nandy S, Ghorai M, et al. 
Withania somnifera (L.) Dunal (Ashwagandha): A comprehensive 
review on ethnopharmacology, pharmacotherapeutics, biomedicinal 
and toxicological aspects. Biomed Pharmacother 2021; 143: 112175.
42. Langade D, Kanchi S, Salve J, Debnath K, Ambegaokar D. 
Efficacy and safety of Ashwagandha (Withania somnifera) root 
extract in insomnia and anxiety: A double-blind, randomized, 
placebo-controlled study. Cureus 2019; 11:e5797.
43. Połumackanycz M, Forencewicz A, Wesołowski M, Viapiana 
AA. The plant with proven health-promoting properties. Farm Pol 



19Iran J Basic Med Sci, 2026, Vol. 29, No. 1

Indian ginseng in metabolic syndrome Azimi et al.

2020; 76:442-447.
44. Mirjalili MH, Moyano E, Bonfill M, Cusido RM, Palazón J. 
Steroidal lactones from Withania somnifera, an ancient plant for 
novel medicine. Molecules 2009; 14:2373-2393.
45. Bhattacharya SK, Goel RK, Kaur R, Ghosal S. Anti‐stress 
activity of sitoindosides VII and VIII, new acylsterylglucosides 
from Withania somnifera. Phytother Rese 1987; 1:32-37.
46. Ghosal S, Lal J, Srivastava R, Bhattacharya SK, Upadhyay SN, 
Jaiswal AK, Chattopadhyay U. Immunomodulatory and CNS 
effects of sitoindosides IX and X, two new glycowithanolides from 
Withania somnifera. Phytotherapy Research 1989; 3:201-206.
47. Mikulska P, Malinowska M, Ignacyk M, Szustowski P, Nowak 
J, Pesta K, et al. Ashwagandha (Withania somnifera)-current 
research on the health-promoting activities: A narrative review. 
Pharmaceutics 2023; 15:1057-1090.
48. Bhattacharya A, Ramanathan M, Ghosal S, Bhattacharya SK. 
Effect of Withania somnifera glycowithanolides on iron-induced 
hepatotoxicity in rats. Phytother Res 2000; 14:568-570.
49. Kuboyama T, Tohda C, Komatsu K. Neuritic regeneration and 
synaptic reconstruction induced by withanolide A. Br J Pharmacol 
2005; 144:961-971.
50. Bhattacharya SK, Bhattacharya A, Sairam K, Ghosal S. 
Anxiolytic-antidepressant activity of Withania somnifera 
glycowithanolides: an experimental study. Phytomedicine 2000; 
7:463-469.
51. Ahmad M, Saleem S, Ahmad AS, Ansari MA, Yousuf S, Hoda 
MN, Islam F. Neuroprotective effects of Withania somnifera on 
6-hydroxydopamine induced parkinsonism in rats. Hum Exp 
Toxicol 2005; 24:137-147.
52. Speers AB, Cabey KA, Soumyanath A, Wright KM. Effects 
of Withania somnifera (Ashwagandha) on stress and the stress- 
related neuropsychiatric disorders anxiety, depression, and 
insomnia. Curr Neuropharmacol 2021; 19:1468-1495.
53. Xia Y, Yan M, Wang P, Hamada K, Yan N, Hao H, et al. 
Withaferin A in the treatment of liver diseases: progress and 
pharmacokinetic insights. Drug Metab Dispos 2022; 50:685-693.
54. Saggam A, Limgaokar K, Borse S, Chavan-Gautam P, Dixit S, 
Tillu G, Patwardhan B. Withania somnifera (L.) Dunal: opportunity 
for clinical repurposing in covid-19 management. Front Pharmacol 
2021; 12:623795.
55. Ko JS, Chang BY, Choi YJ, Choi JS, Kwon HY, Lee JY, et al. 
Ashwagandha ethanol extract attenuates sarcopenia-related 
muscle atrophy in aged mice. Nutrients 2024; 16:157-174.
56. Wankhede S, Langade D, Joshi K, Sinha SR, Bhattacharyya S. 
Examining the effect of Withania somnifera supplementation on 
muscle strength and recovery: a randomized controlled trial. J Int 
Soc Sports Nutr 2015; 12:43-53.
57. Bonilla DA, Moreno Y, Gho C, Petro JL, Odriozola-Martínez 
A, Kreider RB. Effects of Ashwagandha (Withania somnifera) 
on physical performance: Systematic review and bayesian meta-
analysis. J Funct Morphol Kinesiol 2021; 6:20-50.
58. Prabu PC, Panchapakesan S, Raj CD. Acute and sub-acute 
oral toxicity assessment of the hydroalcoholic extract of Withania 
somnifera roots in Wistar rats. Phytother Res 2013; 27:1169-1178.
59. Prabu PC, Panchapakesan S. Prenatal developmental toxicity 
evaluation of Withania somnifera root extract in Wistar rats. Drug 
Chem Toxicol 2015; 38:50-56.
60. Kalaivani P, Siva R, Gayathri V, Langade D. Mutagenicity and 
safety evaluation of Ashwagandha (Withania somnifera) root 
aqueous extract in different models. Toxicol Rep 2024; 12:41-47.
61. Cheah KL, Norhayati MN, Husniati Yaacob L, Abdul Rahman 
R. Effect of Ashwagandha (Withania somnifera) extract on sleep: a 
systematic review and meta-analysis. PLoS One 2021; 16:e0257843.
62. Choudhary D, Bhattacharyya S, Bose S. Efficacy and safety 
of Ashwagandha (Withania somnifera L.) Dunal) root extract in 
improving memory and cognitive functions. J Diet Suppl 2017; 
14:599-612.
63. Quinones D, Barrow M, Seidler K. Investigating the impact of 
Ashwagandha and meditation on stress induced obesogenic eating 
behaviours. J Am Nutr Assoc 2025; 44:68-88.

64. Allah R, Zunaira R, Nehal U, Hina R, Aneela F, Zahoor A, et 
al. The role of Ashwagandha in metabolic syndrome: A review of 
traditional knowledge and recent research findings.   Biol Regul 
Homeost Agents 2023; 37:5091-5103.
65. Saklayen MG. The global epidemic of the metabolic syndrome. 
Curr Hypertens Rep 2018; 20:12-19.
66. Oyewusi HA, Wu YS, Safi SZ, Wahab RA, Hatta MHM, 
Batumalaie K. Molecular dynamics simulations reveal the 
inhibitory mechanism of Withanolide A against α-glucosidase and 
α-amylase. J Biomol Struct Dyn 2023; 41:6203-6218.
67. Kempegowda PK, Zameer F, Murari SK. Delineating 
antidiabetic proficiency of catechin from Withania somnifera and 
its inhibitory action on dipeptidyl peptidase-4 (Dpp-4). Biomed 
Res (India) 2018; 29:3192-3200.
68. Gorelick J, Rosenberg R, Smotrich A, Hanuš L, Bernstein N. 
Hypoglycemic activity of withanolides and elicitated Withania 
somnifera. Phytochemistry 2015; 116:283-289.
69. Borchi E, Bargelli V, Guidotti V, Berti A, Stefani M, Nediani 
C, Rigacci S. Mild exposure of RIN-5F β-cells to human islet 
amyloid polypeptide aggregates upregulates antioxidant enzymes 
via NADPH oxidase-RAGE: An hormetic stimulus. Redox Biology 
2014; 2:114-122.
70. Sorelle JA, Itoh T, Peng H, Kanak MA, Sugimoto K, Matsumoto 
S, et al. Withaferin A inhibits pro-inflammatory cytokine-
induced damage to islets in culture and following transplantation. 
Diabetologia 2013; 56:814-824.
71. Babu PV, Gokulakrishnan A, Dhandayuthabani R, Ameethkhan 
D, Kumar CV, Ahamed MI. Protective effect of Withania somnifera 
(Solanaceae) on collagen glycation and cross-linking. Comp 
Biochem Physiol B Biochem Mol Biol 2007; 147:308-313.
72. Balkrishna A, Kumari P, Singh P, Pathak N, Verma S, Dev 
R, Varshney A. Withanolides-enriched leaf extract of Withania 
somnifera exert anti-obesity effects by inducing brown adipocyte-
like phenotype via tuning MAP-kinase signaling axis. Int J Biol 
Macromol 2024; 282:136883.
73. Etesami B, Ghaseminezhad S, Nowrouzi A, Rashidipour M, 
Yazdanparast R. Investigation of 3T3-L1 cell differentiation to 
adipocyte, affected by aqueous seed extract of Phoenix Dactylifera 
L. Rep Biochem Mol Biol 2020; 9:14-25.
74. Malaikozhundan B, Vinodhini J, Kalanjiam MAR, Vinotha V, 
Palanisamy S, Vijayakumar S, et al. High synergistic antibacterial, 
antibiofilm, antidiabetic and antimetabolic activity of Withania 
somnifera leaf extract-assisted zinc oxide nanoparticle. Bioprocess 
Biosyst Eng 2020; 43:1533-1547.
75. Parihar P, Shetty R, Ghafourifar P, Parihar MS. Increase in 
oxidative stress and mitochondrial impairment in hypothalamus 
of streptozotocin treated diabetic rat: Antioxidative effect of 
Withania somnifera. Cell Mol Biol 2016; 62:73-83.
76. Udayakumar R, Kasthurirengan S, Vasudevan A, Mariashibu 
TS, Rayan JJS, Choi CW, et al. Antioxidant effect of dietary 
supplement Withania somnifera L. reduce blood glucose levels in 
alloxan-induced diabetic rats. Plant Foods Hum Nutr 2010; 65:91-
98.
77. Kanitkar M, Bhonde R. Existence of islet regenerating factors 
within the pancreas. Rev Diabet Stud 2004; 1:185-192.
78. Tang LQ, Wei W, Chen LM, Liu S. Effects of berberine on 
diabetes induced by alloxan and a high-fat/high-cholesterol diet in 
rats. J Ethnopharmacol 2006; 108:109-115.
79. Jain S, Pandhi P, Singh A, Malhotra S. Efficacy of standardised 
herbal extracts in type 1 diabetes-an experimental study. Afr J 
Tradit Complement Altern Med 2006; 3:23-33.
80. Tiwari DD, Thorat VM, Pakale PV, Patil SJ. Study of 
antidiabetic properties of Berberis asiatica and Withania somnifera 
in streptozotocin-nicotinamide-induced type II diabetes mellitus 
in Wistar rats. Cureus 2024; 16:e64379.
81. Kiasalari Z, Khalili M, Aghaei M. Effect of Withania somnifera 
on levels of sex hormones in the diabetic male rats. Iran J Reprod 
Med 2009; 7:163-168.
82. Kyathanahalli CN, Manjunath MJ, Muralidhara. Oral 
supplementation of standardized extract of Withania somnifera 



Iran J Basic Med Sci, 2026, Vol. 29, No. 1

Azimi et al. Indian ginseng in metabolic syndrome 

20

protects against diabetes-induced testicular oxidative impairments 
in prepubertal rats. Protoplasma 2014; 251:1021-1029.
83. De Young L, Yu D, Bateman RM, Brock GB. Oxidative stress 
and antioxidant therapy: their impact in diabetes-associated 
erectile dysfunction. J Androl 2004; 25:830-836.
84. Shrilatha B. Occurrence of oxidative impairments, response of 
antioxidant defences and associated biochemical perturbations in 
male reproductive milieu in the streptozotocin-diabetic rat. Int J 
Androl 2007; 30:508-518.
85. Chandrashekar KN, Muralidhara. Evidence of oxidative 
stress and mitochondrial dysfunctions in the testis of prepubertal 
diabetic rats. Int J Impot Res 2009; 21:198-206.
86. Hashem HA, Nabil ZI, Gad El-Hak HN. Ameliorative effect 
of Ashwagandha (Withania somnifera) root extract on brain 
oxidative stress and depression of diabetic rats. J Adv Vet Res 2023; 
13:508-514.
87. Wink DA, Hines HB, Cheng RY, Switzer CH, Flores-Santana 
W, Vitek MP, et al. Nitric oxide and redox mechanisms in the 
immune response. J Leukoc Biol 2011; 89:873-891.
88. Vincent AM, Russell JW, Low P, Feldman EL. Oxidative stress 
in the pathogenesis of diabetic neuropathy. Endocr Rev 2004; 
25:612-628.
89. Anwer T, Sharma M, Pillai KK, Iqbal M. Effect of Withania 
somnifera on insulin sensitivity in non-insulin-dependent diabetes 
mellitus rats. Basic Clin Pharmacol Toxicol 2008; 102:498-503.
90. Udayakumar R, Kasthurirengan S, Mariashibu TS, Rajesh 
M, Anbazhagan VR, Kim SC, et al. Hypoglycaemic and 
hypolipidaemic effects of Withania somnifera root and leaf extracts 
on alloxan-induced diabetic rats. Int J Mol Sci 2009; 10:2367-2382.
91. Jena S, Jena RC, Bhol R, Agarwal K, Sarangi A, Sahu P, Mishra 
S. A comparative study of the anti-oxidative and antidiabetic 
potential of in vitro and in vivo root and leaf extracts of Withania 
somnifera on streptozotocin induced diabetic rats. Int J Pharm 
Pharm Sci 2016; 8:85-91.
92. K Thakur A, Dey A, S Chatterjee S, Kumar V. Reverse Ayurvedic 
pharmacology of ashwagandha as an adaptogenic antidiabetic 
plant: a pilot study. Curr Tradit Med 2015; 1:51-61.
93. Tekula S, Khurana A, Anchi P, Godugu C. Withaferin-A 
attenuates multiple low doses of streptozotocin (MLD-STZ) 
induced type 1 diabetes. Biomed Pharmacother 2018; 106:1428-
1440.
94. Lee J, Liu J, Feng X, Salazar Hernández MA, Mucka P, Ibi D, 
et al. Withaferin A is a leptin sensitizer with strong antidiabetic 
properties in mice. Nature Medicine 2016; 22:1023-1032.
95. Anwer T, Sharma M, Pillai KK, Khan G. Protective effect of 
Withania somnifera against oxidative stress and pancreatic beta-
cell damage in type 2 diabetic rats. Acta Pol Pharm 2012; 69:1095-
1101.
96. Ram H, Krishna A. Improvements in insulin resistance and 
β-cells dysfunction by ddp-4 inhibition potential of Withania 
somnifera (L.) dunal root extract in type 2 diabetic rat. Biointerface 
Res Appl Chem 2021; 11:8141-8155.
97. Kumari D, Gautam J, Sharma V, Gupta SK, Sarkar S, Jana P, 
et al. Effect of herbal extracts and Saroglitazar on high-fat diet-
induced obesity, insulin resistance, dyslipidemia, and hepatic 
lipidome in C57BL/6J mice. Heliyon 2023; 9:e22051.
98. Wang Y, Nakajima T, Gonzalez FJ, Tanaka N. PPARs as 
metabolic regulators in the liver: Lessons from liver-specific PPAR-
null mice. Int J Mol Sci 2020; 21:2061-2075.
99. Lee YK, Park JE, Lee M, Hardwick JP. Hepatic lipid homeostasis 
by peroxisome proliferator-activated receptor gamma 2. Liver Res 
2018; 2:209-215.
100. Holm LJ, Mønsted MØ, Haupt-Jorgensen M, Buschard 
K. PPARs and the development of type 1 diabetes. PPAR Res 
2020;2020:6198628-6198638.
101. Abu Bakar MH, Azmi MN, Shariff KA, Tan JS. Withaferin 
A protects against high-fat diet-induced obesity via attenuation 
of oxidative stress, inflammation, and insulin resistance. Appl 
Biochem Biotechnol 2019; 188:241-259.
102. Mutalik S, Chetana M, Sulochana B, Devi PU, Udupa N. 

Effect of Dianex, a herbal formulation on experimentally induced 
diabetes mellitus. Phytother Res 2005; 19:409-415.
103. Andallu B, Radhika B. Hypoglycemic, diuretic and 
hypocholesterolemic effect of winter cherry (Withania somnifera, 
Dunal) root. Indian J Exp Biol 2000; 38:607-609.
104. Kifle ZD, Adugna M, Chanie GS, Mohammed A. Prevalence 
and associated factors of hypertension complications among 
hypertensive patients at university of gondar comprehensive 
specialized referral hospital. Clin Epidemiol Glob Health 2022; 
13:100951-100956.
105. Ahumada F, Aspee F, Wikman G, Hancke J. Withania somnifera 
extract - its effect on arterial blood-pressure in anesthetized dogs. 
Phytother Res 1991; 5:111-114.
106. Kaur G, Singh N, Samuel SS, Bora HK, Sharma S, Pachauri 
SD, et al. Withania somnifera shows a protective effect in 
monocrotaline-induced pulmonary hypertension. Pharm Biol 
2015; 53:147-157.
107. Dhuley JN. Effect of ashwagandha on lipid peroxidation in 
stress-induced animals. J Ethnopharmacol 1998; 60:173-178.
108. Pingali U, Pilli R, Fatima N. Effect of Withania somnifera 
extract on mental stress induced changes in hemodynamic 
properties and arterial wave reflections in healthy subjects. Curr 
Top Nutraceutical Res 2013; 11:151-158.
109. Blaton V. How is the metabolic syndrome related to the 
dyslipidemia? Ejifcc 2007; 18:15-22.
110. Garg R, Aggarwal S, Kumar R, Sharma G. Association of 
atherosclerosis with dyslipidemia and co-morbid conditions: A 
descriptive study. J Nat Sci Biol Med 2015; 6:163-168.
111. Haile K, Haile A, Timerga A. Predictors of lipid profile 
abnormalities among patients with metabolic syndrome in 
southwest ethiopia: A cross-sectional study. Vasc Health Risk 
Manag 2021; 17:461-469.
112. Soh S, Ong WY. Effect of Withanolide A on 7-Ketocholesterol 
induced cytotoxicity in hCMEC/D3 brain endothelial cells. Cells 
2022; 11:457-469.
113. Lee SR, Lee BS, Yu JS, Kang H, Yoo MJ, Yi SA, et al. 
Identification of anti-adipogenic withanolides from the roots of 
Indian ginseng (Withania somnifera). J Ginseng Res 2022; 46:357-
366.
114. Qureshi SR, Sahni YP, Singh SK. Withania somnifera reduces 
egg yolk total lipids, cholesterol and triglycerides in birds. Res J 
Pharm Biol Chem Sci 2011; 2:730-739.
115. Pandey S, Sahni AYP. Effect of Withania somnifera on egg 
cholesterol and production traits in birds. J Vet Pharmacol Tox 
2010; 9:64-67.
116. Anwer T, Sharma M, Khan G, Alam MF, Alam N, Ali MS, Alam 
MS. Preventive role of Withania somnifera on hyperlipidemia and 
cardiac oxidative stress in streptozotocin induced type 2 diabetic 
rats. Trop J Pharm Res 2017; 16:119-125.
117. Tiwari DD, Thorat VM, Pakale PV, Patil S, Chavan D. 
Evaluation of lipid profile modulation by Berberis asiatica, 
Withania somnifera, and their synergy in type 2 diabetic Wistar 
rats. Cureus 2024; 16:e67974.
118. Tiwari DD, Thorat VM, Pakale PV, Patil S. Effects of Berberis 
asiatica, Withania somnifera, and their combination on body 
weight in streptozotocin-nicotinamide-induced type 2 diabetes in 
Wistar rats. Cureus 2024; 16:e68295.
119. Visavadiya NP, Narasimhacharya AV. Hypocholesteremic 
and antioxidant effects of Withania somnifera (Dunal) in 
hypercholesteremic rats. Phytomedicine 2007; 14:136-142.
120. Laylani L, Saleh AH. Alcoholic extract effect of Withania 
somnifera roots on cholesterol diet induced hyperlipidemia in 
male rabbits. Iraqi J Sci 2018; 59:267-270.
121. Lee DH, Park SH, Lee E, Seo HD, Ahn J, Jang YJ, et al. 
Withaferin A exerts an anti-obesity effect by increasing energy 
expenditure through thermogenic gene expression in high-fat 
diet-fed obese mice. Phytomedicine 2021; 82:153457-153464.
122. Ikonen E. Mechanisms for cellular cholesterol transport: 
Defects and human disease. Physiol Rev 2006; 86:1237-1261.
123. Horton JD, Goldstein JL, Brown MS. SREBPs: activators of 



21Iran J Basic Med Sci, 2026, Vol. 29, No. 1

Indian ginseng in metabolic syndrome Azimi et al.

the complete program of cholesterol and fatty acid synthesis in the 
liver. J Clin Invest 2002; 109:1125-1131.
124. Mary NK, Babu BH, Padikkala J. Antiatherogenic effect of Caps 
HT2, a herbal Ayurvedic medicine formulation. Phytomedicine 
2003; 10:474-482.

125. Devi AJ, Ravindran R, Sankar M, Rajkumar J. Effect of ambrex 
(a herbal formulation) on oxidative stress in hyperlipidemic rats 
and differentiation of 3T3-L1 preadipocytes. Pharmacogn Mag 
2014; 10:165-171.


	bookmark0
	OLE_LINK82
	OLE_LINK83
	OLE_LINK128
	OLE_LINK127
	_GoBack
	OLE_LINK22
	OLE_LINK1
	OLE_LINK23
	OLE_LINK30
	OLE_LINK34
	OLE_LINK2
	OLE_LINK20
	OLE_LINK21
	OLE_LINK26
	OLE_LINK27
	OLE_LINK31
	OLE_LINK28
	OLE_LINK29
	OLE_LINK32
	OLE_LINK3
	OLE_LINK24
	OLE_LINK25
	OLE_LINK4
	OLE_LINK5
	OLE_LINK33
	_GoBack

