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Abstract: 
Obesity, dyslipidemia, and type 2 diabetes are examples of metabolic disorders that pose serious worldwide health 
risks. These conditions are typified by oxidative stress, persistent low-grade inflammation, and disturbed lipid and 
glucose metabolism. The study of complementary and alternative methods has been prompted by the fact that, 
despite their effectiveness, conventional pharmaceutical treatments are frequently constrained by side effects, high 
prices, and incomplete efficacy. With an emphasis on holistic and multi-targeted therapies using single herbs and 
polyherbal combinations, traditional Indian medical systems, especially Ayurveda, offer a centuries-old storehouse 
of botanical knowledge. Numerous preclinical investigations in animal models show that these plant-based 
treatments can improve overall metabolic homeostasis by regulating important molecular pathways like PPARs, 
AMPK, and GLUT4, suppressing pro-inflammatory cytokines, enhancing antioxidant defenses, and modulating 
lipid and glucose metabolism. Synergistic effects are sometimes seen in polyherbal formulations, which provide 
better benefits across several physiological pathways than single-plant therapies. Although these results demonstrate 
the therapeutic value of Ayurvedic treatments and their conformity to contemporary scientific concepts, issues with 
standardization, mechanistic clarification, and comparative effectiveness with mainstream medications still exist. A 
promising framework for the creation of safe, efficient, and evidence-based phytotherapeutics to control the rising 
worldwide burden of metabolic illnesses is provided by combining traditional Indian medical knowledge with 
modern research. 
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1. INTRODUCTION 

One of the major worldwide health issues is metabolic diseases, which include obesity, 
dyslipidemia, and type 2 diabetes1. These conditions are marked by oxidative stress, chronic 
low-grade inflammation, and disturbed lipid and glucose metabolism. These disorders are 
becoming more common, which has serious negative effects on both public health and the 
economy. Although there are contemporary pharmaceutical treatments available, their 
drawbacks—such as adverse effects, exorbitant costs, and insufficient effectiveness—have led to 
research into alternative medicinal modalities. For millennia, metabolic imbalance and 
associated health problems have been treated with a wealth of botanical knowledge from 
traditional Indian medical systems, especially Ayurveda. These conventional methods have 
started to be validated by recent preclinical studies employing animal models, which offer 
mechanistic insights into their possible advantages in metabolic regulation. 

Indian traditional medicine practices holistic treatment strategies, which in many cases involve 
the use of single herbs or polyherbal formulations aimed at balancing various physiological 
processes. Experimental studies conducted on rodents have shown that plant-based therapies can 
modulate lipid metabolism, improve antioxidant status, decrease inflammation, and improve 
glucose regulation. These observations highlight the importance of combining traditional 
knowledge with modern scientific research to identify safe and effective multi-targeted 
approaches for the treatment of metabolic disorders. 

1.1 Background Information and Context 

Metabolic disorders are very complex and are affected by genetic, dietary, lifestyle, and 
environmental factors. The Ayurvedic system of medicine, which is an ancient Indian system of 
traditional medicine, classifies herbs and compounds according to their effects on tissues 
(dhatus) and metabolism, and thus offers a theoretical approach to the treatment of obesity, 
hyperlipidemia, and diabetes. The translation of these theories into experimental models would 
enable the testing of their efficacy and mechanisms of action3. 

1.2 Objectives of the Review 

1. To evaluate the efficacy of traditional Indian medicinal plants and polyherbal 
formulations in managing metabolic disorders using preclinical (animal) models. 

2. To investigate the molecular and physiological mechanisms through which these plant-
based interventions modulate lipid metabolism, glucose homeostasis, oxidative stress, 
and inflammation. 

3. To critically assess the comparative effectiveness of single herbs versus polyherbal 
formulations and explore potential synergistic effects in metabolic regulation. 

4. To identify the strengths, limitations, and gaps in current preclinical research, including 
variability in dosing, extract preparation, and mechanistic studies. 
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5. To provide evidence-based insights that can guide standardization, translational research, 
and the development of phytotherapeutics for metabolic disorders. 

1.3 Importance of the Topic 

Investigating traditional Indian medicinal practices using animal models is essential for several 
reasons: it offers mechanistic proof for the efficacy of a therapeutic, helps in the development of 
safe and effective therapies, and aids in future research. By combining traditional knowledge 
with scientific validation, this review aims to emphasize effective strategies for the increasing 
incidence of metabolic disorders globally4. 

2. PRECLINICAL EVIDENCE OF TRADITIONAL INDIAN MEDICINES IN 
MANAGING METABOLIC DISORDERS 

This section will discuss preclinical studies conducted on animals to assess the efficacy of 
traditional Indian medicinal plants and their formulations in the management of metabolic 
disorders. It will also discuss the findings of such studies and the limitations of these studies. 
This will give a scientific rationale for the use of Ayurvedic treatments in metabolic disorders5. 

2.1 Overview of Methods in Preclinical Studies 

Preclinical research studies involving metabolic disorders and the efficacy of herbal or 
polyherbal combinations are mainly conducted using animal models. Rodents, specifically 
Wistar albino rats and Swiss albino mice, are the most widely used models for the above 
reasons. In these studies, animal metabolic conditions are induced by a high-fat diet (HFD) or 
using chemical inducers like streptozotocin (STZ) or alloxan, or a combination of both, which 
can easily reproduce the characteristics of obesity, dyslipidemia, insulin resistance, and 
hepatopathology in the animal model6. 

The experimental protocols in these studies would typically include the oral administration of 
plant extracts, bioactive compounds, or polyherbal combinations for a certain period of time 
ranging from a few weeks to several months. The parameters that are measured to determine the 
efficacy of these interventions include: 

• Biochemical assays: Assessment of serum lipid profiles (total cholesterol, triglycerides, 
LDL-C, HDL-C, VLDL-C), fasting blood glucose, insulin levels, and markers of liver 
function like ALT, AST, and ALP. 

• Antioxidant analysis: Analysis of enzymatic antioxidants like superoxide dismutase (SOD), 
catalase, glutathione peroxidase (GPx), and reduced glutathione (GSH) to assess the 
modulation of oxidative stress. 

• Histological analysis: Histological analysis of tissue architecture, especially in the liver, 
adipose tissue, and pancreas, by hematoxylin and eosin staining to identify any abnormalities 
like lipid deposition or inflammation. 

• Metabolic analysis: Analysis of body weight changes, food intake, fat pad weights, and 
glucose tolerance tests to assess the systemic effects of the interventions. 
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These methodologies offer a broad understanding of the biochemical and physiological effects of 
the plant-based therapies, enabling researchers to assess the therapeutic potential before 
proceeding to clinical studies7. 

2.2 Key Findings from Animal-Based Research 

 Anti-Obesity Effects 
Increasing preclinical studies have also emphasized the anti-obesity properties of some Indian 
medicinal plants. According to systematic reviews, plants such as Garcinia pedunculata, 
Zanthoxylum armatum, Moringa oleifera, and Sida rhomboidea have been shown to reduce 
adiposity in rodents fed high-fat diets. The mechanisms involved in these processes are complex 
and include: 

• Regulation of lipid metabolism: Modulation of enzymes participating in fatty acid 
synthesis and oxidation to lower fat deposition. 

• Enzyme inhibition: Inhibition of carbohydrate and lipid hydrolyzing enzymes like α-
amylase and pancreatic lipase, thereby lowering calorie absorption. 

• Antioxidant properties: Lowering oxidative stress and inflammation, which are major 
contributors to metabolic problems in obesity. 

It is pertinent to note that certain studies have focused on the improved efficacy of polyherbal 
combinations, which indicate synergistic interactions between various plant components. For 
example, a study conducted on Swiss albino mice showed that a combination of Phyllanthus 
urinaria and Adhatoda vasica significantly reduced body weight and adiposity in high-fat diet-
induced obesity models, thus indicating the efficacy of combination herbal therapies for the 
management of obesity8. 

 Antihyperlipidemic and Hepatoprotective Effects 
Various animal studies have been conducted to assess the antihyperlipidemic and 
hepatoprotective properties of herbal medicines. A multi-herbal compound (AKSS16-LIV01) 
given to obese mice proved effective in: 

• Decreasing total cholesterol, triglycerides, LDL-C, and VLDL-C 
• Increasing the levels of protective HDL-C 
• Improving the activities of antioxidant enzymes like SOD, catalase, GSH, and GPx, 

thus preventing oxidative stress-induced hepatic injury 
In addition, the traditional Ayurvedic categorization of “medo nashaka” (fat-reducing) herbs, 
including Cinnamomum camphora, Commiphora mukul, and Ficus species, has been found to 
possess significant antihyperlipidemic properties in Wistar rat models. These findings indicate 
that the principles of Ayurvedic medicine can be used as a scientifically valid approach to 
identify herbs with dual properties of ant. 

 Hypoglycemic and Anti-Diabetic Effects 
Preclinical studies have also revealed the strong antidiabetic properties of several Ayurvedic 
herbs. For instance, the antidiabetic properties of Momordica charantia have been demonstrated 
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to decrease fasting blood glucose levels, increase insulin sensitivity, and alleviate symptoms of 
metabolic syndrome in animal models. 

In addition, the use of polyherbal combinations like Kal-1 in high-fat diet-induced obese and 
prediabetic C57BL/6J mice has been demonstrated to have a comprehensive effect on 
metabolism, including: 

• Decreased gain in body weight 
• Improved glucose tolerance and blood glucose levels 
• Normalization of immune-metabolic dysbalances, which are commonly linked to 

chronic low-grade inflammation in obesity and prediabetes 
These observations, taken together, emphasize the potential use of Ayurvedic botanicals and 
combinations in the management of metabolic disorders such as obesity, hyperlipidemia, and 
type 2 diabetes mellitus in preclinical models9. 

2.3 Strengths and Weaknesses of Research 

• Strengths of the Research 
One of the major strengths of the research work is the utilization of well-established animal 
models that accurately simulate animal metabolic disorders. By using these models, the research 
work is able to provide valid preclinical information that may be indicative of possible animal 
outcomes, thus improving the translational value of the results. Another major strength of the 
research work is the multidimensional analysis of therapeutic efficacy, which takes into account 
the analysis of lipid levels, enzyme markers, and antioxidant levels. This enables the researchers 
to obtain information on the impact of therapy on various physiological systems, rather than 
relying on a single indicator, thus providing a complete understanding of the therapeutic 
outcomes.  

• Weaknesses of the Research 
Notwithstanding the advantages, the research also has some marked disadvantages. There is a 
great deal of variability in the dosing regimens, preparation of herbal extracts, and the outcome 
variables, which makes it difficult to compare the findings of different studies. There may be 
inconsistencies due to differences in the preparation and administration of herbal extracts. 
Moreover, there is a lack of investigation at the molecular level in comparison to modern 
pharmacological research10. Although the studies may investigate the physiological or 
biochemical variables, they rarely investigate the molecular pathways or targets in depth. Finally, 
the research has a lack of standardized methodologies among the different studies. 

3. MECHANISTIC INSIGHTS OF TRADITIONAL INDIAN MEDICINES IN 
METABOLIC REGULATION 

This section delves into the mechanisms through which traditional Indian medicinal plants and 
polyherbal preparations modulate metabolic health in animal models. It draws attention to the 
plant-specific actions on lipid metabolism, antioxidant mechanisms, and anti-inflammatory 
targets, as well as the synergistic advantages of multi-herb combinations. These findings form 
the molecular and physiological foundation for the therapeutic utility of Ayurvedic approaches in 
the management of metabolic disorders11. 
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3.1 Plant‑Specific Mechanisms in Rodent Models 

Plant extracts in animal studies affect lipid metabolism in regulating enzymes and pathways such 
as HMG-CoA reductase, CPT-1, and AMPK, which decrease lipid accumulation. They also have 
antioxidant and anti-inflammatory properties in regulating enzymes (SOD, GPx) and 
suppressing cytokines (TNF-α, IL-6). 

 Lipid Metabolism Regulation 
Some studies conducted on rodent models have also emphasized the importance of individual 
plant extracts in regulating lipid metabolism. For example, Garcinia pedunculata, a tropical fruit 
that is rich in polyphenols, has been demonstrated to have a significant effect on lowering blood 
cholesterol and triglyceride levels. The proposed mechanism of action involves the suppression 
of lipogenic enzymes in the liver, such as HMG-CoA reductase, and the induction of lipid 
catabolism, including the activation of carnitine palmitoyltransferase-1 (CPT-1). Zanthoxylum 
armatum, a plant used in traditional herbal medicine, also has hypolipidemic properties due to its 
ability to modulate enzymes involved in the synthesis and storage of fatty acids. These plants 
may also activate energy expenditure pathways, possibly through the activation of AMP-
activated protein kinase (AMPK), thus increasing the oxidation of fatty acids and decreasing 
lipid deposition in the liver and adipose tissues12. 

 

Figure 2: Lipid Metabolism Regulation13 

 Antioxidant and Anti‑Inflammatory Roles 
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Oxidative stress and chronic inflammation are major contributing factors to metabolic 
dysfunction. In animal models, different herbal extracts have shown strong antioxidant and anti-
inflammatory properties. The administration of these herbs has been shown to increase the 
expression of endogenous antioxidant enzymes, such as superoxide dismutase (SOD), catalase, 
and glutathione peroxidase (GPx), simultaneously decreasing the levels of oxidative stress 
markers, such as malondialdehyde (MDA). For instance, different herbs such as Curcuma longa 
and Withania somnifera have been shown to decrease the levels of pro-inflammatory cytokines, 
such as TNF-α and IL-6, and prevent the activation of NF-κB signaling pathways, thus reducing 
chronic low-grade inflammation in metabolic syndrome14. The combination of antioxidant 
enhancement and inflammation inhibition is a major contributing factor to improved insulin 
sensitivity, lipid metabolism, and overall metabolic function in animal models. 

 

Figure 3: Superoxide Dismutase15  

3.2 Polyherbal Formulations and Synergism 

Polyherbal combinations are a strategic improvement over single herb treatments, where a 
combination of several herbs is used to produce complementary and synergistic actions on 
metabolism16. Based on Ayurvedic concepts, polyherbal combinations are intended to produce 
holistic effects, which simultaneously target several physiological mechanisms rather than 
focusing on a single biochemical process. It has been observed in various studies that when 
herbs possessing lipid-lowering, antioxidant, and anti-inflammatory properties are used in 
combination, they tend to produce additive or synergistic therapeutic effects. For instance, herbs 
such as Garcinia species, when used in combination with other medicinal herbs, tend to produce 
greater decreases in blood cholesterol, triglyceride, and fasting glucose levels than individual 
herbs17. These combinations also tend to increase the body’s antioxidant capacity, as indicated by 
the augmentation of enzyme activities such as superoxide dismutase (SOD) and glutathione 
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peroxidase (GPx), while also decreasing the levels of oxidative stress indicators such as 
malondialdehyde (MDA). 

Mechanistically, the action of polyherbal formulations involves multi-target engagement, which 
affects major molecular mechanisms underlying metabolism, inflammation, and oxidative 
stress18. By modulating lipid metabolism enzymes, glucose-regulating proteins, pro-
inflammatory cytokines, and antioxidant mechanisms, these formulations offer a holistic 
approach to the normalization of metabolic dysfunctions. The synergistic advantage of using 
herbs in combination enables the formulation to work better at a lower concentration, thus 
minimizing the chances of side effects that are often associated with higher doses of 
monotherapies19. This holistic approach makes polyherbal formulations highly useful in the 
management of complex metabolic disorders like dyslipidemia, obesity, and type 2 diabetes, for 
which current single-target therapies may be inadequate. Additionally, the blending of traditional 
Ayurvedic wisdom with modern scientific validation of pharmacological relevance underscores 
the importance of these formulations in current metabolic research20. 

4. MOLECULAR MECHANISMS OF TRADITIONAL MEDICINES IN 
METABOLIC REGULATION 

Herbs work on improving metabolic function by acting on enzymes (α-glucosidase, α-amylase, 
lipase), oxidative stress, and inflammation (TNF-α, IL-6). They also act on gene expression and 
signaling pathways (PPARs, AMPK, GLUT4), increasing lipid metabolism, glucose transport, 
and insulin sensitivity21. 

 Enzyme Modulation 
The traditional Indian herbs have been widely investigated in animal models for their efficacy in 
modulating the major enzymes involved in glucose and lipid metabolism, thereby providing a 
beneficial effect on glucose and lipid homeostasis22. The first mechanism of action involves the 
inhibition of carbohydrate-digesting enzymes, such as α-glucosidase and α-amylase, thereby 
reducing the rate of conversion of complex carbohydrates to glucose. This mechanism of action 
has been found to be particularly useful in the management of type 2 diabetes. Moreover, some 
herbs have been found to possess lipase inhibitory activity, thereby reducing the absorption of 
dietary fats and preventing adiposity in animal models of high-fat diet-induced obesity. For 
example, the extracts of Momordica charantia and Garcinia pedunculata have been found to 
possess significant α-amylase and lipase inhibitory activity in animal models, thereby providing 
a beneficial effect on glucose tolerance and lipid profiles23. 

 Antioxidant and Anti‑Inflammatory Pathways 
Oxidative stress and chronic low-grade inflammation are well-acknowledged key mediators of 
the pathogenesis of metabolic disorders. The use of traditional medicinal herbs has been 
demonstrated to effectively counteract these pathologies in animal models. The administration of 
these herbs is generally associated with the increased expression of the body’s endogenous 
antioxidant enzymes, such as superoxide dismutase (SOD), catalase, and glutathione (GSH), 
which work to neutralize reactive oxygen species and decrease oxidative damage to cells24. At 
the same time, there is a marked decrease in the expression of inflammatory cytokines, such as 
TNF-α and IL-6, which helps to decrease systemic inflammation and promote improved insulin 
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sensitivity. For instance, the use of a polyherbal combination of Phyllanthus urinaria and 
Adhatoda vasica has been demonstrated to decrease oxidative stress and inflammation in high-
fat diet-induced obese mice, leading to the restoration of liver function and improved metabolic 
parameters. These properties underscore the multi-targeted therapeutic potential of traditional 
medicines in the regulation of metabolic health25. 

 Gene Expression and Signaling Pathways 
In addition to enzyme regulation and antioxidant properties, there is emerging evidence from 
animal studies that traditional medicines demonstrate regulatory actions at the genetic and 
signaling pathway level, providing more mechanistic insights26. The major molecular targets 
include peroxisome proliferator-activated receptors (PPAR-α and PPAR-γ), which play pivotal 
roles in regulating lipid and glucose metabolism. Stimulation of these nuclear receptors increases 
fatty acid oxidation, suppresses lipid accumulation, and improves insulin sensitivity27. 
Furthermore, herbs and polyherbal preparations have been demonstrated to regulate the AMP-
activated protein kinase (AMPK) pathway, a central regulator of energy metabolism, thus 
stimulating glucose uptake and fatty acid oxidation in metabolic tissues. Increased expression of 
GLUT4 transporters in skeletal muscle and adipose tissue further facilitates increased glucose 
uptake in peripheral tissues, thus contributing to improved glycemic control28. Taken together, 
these molecular actions provide a link between the Ayurvedic principles of metabolic 
homeostasis and contemporary mechanistic understanding, thus establishing the scientific 
credibility of traditional medicines as molecular regulators of metabolic health29. 

Table 1: Summary of Key Literature on Natural Compounds and Personalized Approaches in 
Health Management30 

Author(s) & 
Year 

Study Focus Area Methodology Key Findings 

Shang & Yu 
(2025)31 

Personalized 
medication 
recommendations 
for Type 2 
Diabetes 

Diabetes 
management, 
personalized 
medicine 

Clinical data 
analysis 
integrating 
patient clinical 
characteristics 
and lifestyle 
factors 

Tailoring 
treatment plans 
to individual 
patient profiles 
improved 
therapeutic 
outcomes and 
enhanced patient 
adherence. 

Sharma et al. 
(2020)32 

Role of Vacha 
(Acorus calamus 
Linn.) in 
neurological and 
metabolic 
disorders 

Neuroprotection, 
metabolic 
disorders, 
ethnopharmacology 

Literature 
review, 
pharmacological 
evaluation, 
clinical studies 

Bioactive 
compounds 
from Vacha 
exhibited 
antioxidant, 
anti-
inflammatory, 
and 
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neuroprotective 
activities; 
supported 
traditional 
medicinal use. 

Singh et al. 
(2025)33 

Comprehensive 
review of 
apigenin, a 
dietary flavonoid 

Flavonoids, 
nutraceuticals, 
chronic disease 
prevention 

Literature 
review of 
biological 
sources, 
chemistry, 
pharmacology 

Apigenin 
demonstrated 
anti-
inflammatory, 
antioxidant, and 
anti-cancer 
activities; 
highlighted 
potential as a 
functional food 
ingredient. 

Tasnim & 
Mahmud 
(2022)34 

In silico 
evaluation of 
phytochemicals 
from Mangifera 
indica against 
Type 2 Diabetes 
targets 

Diabetes 
management, 
computational 
pharmacology 

Molecular 
docking, 
ADMET 
analysis 

Several mango-
derived 
phytochemicals 
showed strong 
binding 
affinities to 
diabetes-related 
proteins and 
favorable 
pharmacokinetic 
properties. 

Vo et al. 
(2020)35 

Role of 
antioxidant 
phytochemicals 
in periodontal 
disease 

Oral health, 
oxidative stress 

Literature 
review, analysis 
of oxidative 
stress pathways 

Antioxidant 
phytochemicals 
inhibited 
oxidative stress 
pathways, 
reduced 
inflammation, 
and minimized 
tissue damage in 
periodontal 
disease. 

5. DISCUSSION 
Animal research has demonstrated that traditional Indian plants are effective in improving 
metabolic conditions through the regulation of enzymes, reduction of oxidative stress, and 
improvement of insulin sensitivity, as proposed by Ayurvedic medicine. Future studies should 
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focus on standardizing the extracts, ascertaining the molecular mechanisms, and comparing them 
with conventional treatments to establish evidence-based phytotherapies37. 

 

5.1 Interpretation of Findings 

Animal studies have shown the efficacy of traditional Indian medicinal plants and polyherbal 
preparations in improving various metabolic disorders. These studies have shown the potential 
of these interventions to decrease body weight, improve lipid profiles, correct glucose 
metabolism, and increase the body’s natural antioxidant defenses. These studies indicate that 
these botanicals have multiple mechanisms of action, such as the regulation of metabolic 
enzymes, improvement of insulin sensitivity, and the reduction of oxidative stress and 
inflammation. Notably, these observations are in line with the Ayurvedic principles of restoring 
the balance of the “doshas” and correcting the underlying metabolic disturbances, rather than 
just treating the symptoms. These preclinical results provide a scientific rationale for the use of 
traditional Indian medicinal plants in the treatment of metabolic disorders38. 

5.2 Implications and Significance 

The cumulative preclinical data emphasizes the therapeutic value of these plant medicines in the 
treatment of metabolic disorders and the importance of further research in order to apply these 
findings in a clinical setting. Future research should aim at the clarification of the exact 
molecular and cellular mechanisms involved in these actions, the isolation of active 
phytochemicals, and the determination of the optimal dosage and treatment regimen. Moreover, 
the standardization of plant extracts regarding their composition and bioactive constituents is of 
utmost importance in order to ensure the reliability and validity of the experimental data. Such 
approaches may open the way for the development of evidence-based phytotherapeutic agents 
that could complement or even improve current pharmacotherapy, potentially providing safer 
and more holistic approaches for the treatment of metabolic disorders39. 

5.3 Gaps and Future Research Directions 

However, a number of research gaps still exist, which are promising and require attention: 

• Molecular Mechanisms: There is a requirement for detailed mechanistic analysis to 
identify particular signaling pathways, molecular targets, and gene-environment 
interactions affected by these botanicals. This will help understand how these traditional 
medicines affect metabolic pathways at the cellular and molecular level. 

• Standardization: There is a requirement for standardized extraction techniques, 
measurement of phytochemical content, and identification of bioactive molecules. This will 
help in the standardization of these botanicals and their use in future studies. 

• Comparative Studies: Comparative studies between traditional medicines and 
conventional pharmacotherapies in animal models are limited. These studies will help in 
understanding the relative efficacy and safety of these botanicals and their integration into 
conventional treatment regimens. 
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These research gaps need to be addressed to provide a scientific basis to traditional Indian 
medicine and help in the development of new, mechanism-based therapies for metabolic 
disorders40.  

 

6. CONCLUSION 
The traditional Indian medicinal plants and polyherbal preparations have shown substantial 
potential in the management of metabolic disorders, as supported by a large number of 
preclinical studies on animal models. The actions of these preparations are multifactorial, 
including the regulation of lipid and glucose metabolism, improvement of antioxidant status, 
inhibition of pro-inflammatory mediators, and modulation of key genes and signaling pathways 
such as PPARs, AMPK, and GLUT4. Both individual herbs and polyherbal preparations have 
shown therapeutic potential, and polyherbal preparations have shown synergistic actions on 
multiple metabolic pathways. Although the preclinical data supports the Ayurvedic concept and 
establishes the scientific validity of these traditional systems, there are still some limitations in 
terms of standardization, understanding of mechanisms, and relative efficacy compared to 
conventional pharmacotherapy. However, the integration of traditional knowledge with scientific 
validation provides a promising approach for the development of safe and effective 
phytotherapeutic agents to meet the global challenge of metabolic disorders. 
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