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ABSTRACT 
Metabolic syndrome characterized by obesity, insulin resistance, dyslipidemia, and hypertension poses a 
growing global health burden. While synthetic drugs address individual components, their side effects and often 
limited holistic efficacy have revived interest in traditional herbal formulations. This review explores evidence 
from in vitro, animal, and human studies on single and polyherbal preparations used to manage metabolic 
syndrome, particularly obesity and type 2 diabetes. Key formulations such as F2 (a blend including Orostachys 
japonica, Rhus verniciflua, Geranium thunbergii, royal jelly, and lemon juice) demonstrate multi-targeted actions: 
inhibiting adipogenesis, reducing oxidative stress, and improving lipid and glucose metabolism in diet-induced 
obese (DIO) mice). Polyherbal combinations containing Curcuma longa, Gymnema sylvestre, and Emblica officinalis 
modulate body weight, blood pressure, glucose, triglycerides, and HDL in animal models). Clinical trials and 
meta-analyses reveal that green tea, Phaseolus vulgaris, Garcinia cambogia, and Nigella sativa significantly reduce 
weight, waist circumference, and triglycerides). Aloe vera and basil extracts show promise in improving insulin 
resistance and lipid profiles). Mechanistically, these herbs act via appetite suppression, thermogenesis, inhibition 
of lipase activity, improvement of insulin sensitivity, and antioxidative/inflammatory modulation). While 
evidence is compelling, limitations such as small trials, lack of standardization, and potential herb-drug 
interactions must be addressed. Future directions include well-designed RCTs, standardized formulations, and 
exploration through omics approaches to enable integration of herbal therapies into mainstream metabolic 
syndrome management. 
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INTRODUCTION 

Metabolic syndrome (MetS) is a complex health condition characterized by a cluster of interrelated 
cardiometabolic disorders that include abdominal (central) obesity, elevated fasting blood glucose, dyslipidemia 
(typically high triglycerides and low HDL cholesterol), and hypertension[1–4]. These risk factors 
synergistically increase the likelihood of developing chronic diseases such as type 2 diabetes mellitus (T2DM), 
non-alcoholic fatty liver disease (NAFLD), and cardiovascular diseases (CVD), including heart attacks and 
strokes[5–7]. The prevalence of MetS has been rising at an alarming rate globally, primarily due to the 
increasing adoption of sedentary lifestyles, the widespread availability of calorie-dense processed foods, and the 
growing incidence of obesity across all age groups[8–10]. 
Conventional medical approaches to treating MetS often involve pharmacological agents that target individual 
components of the syndrome[11, 12]. For instance, antihypertensive medications manage blood pressure, lipid-
lowering drugs such as statins reduce cholesterol levels, and insulin sensitizers like metformin help control 
blood glucose[13]. However, these monotherapies frequently fall short in addressing the multifactorial nature 
of MetS. Treating one symptom in isolation does not necessarily alleviate the systemic metabolic dysfunction 
that underlies the condition[13]. Additionally, long-term use of such medications can result in undesirable side 
effects—metformin, for example, is known to cause gastrointestinal discomfort in many patients, while statins 
have been associated with liver enzyme elevation and muscle pain[14]. Furthermore, the financial burden 
associated with polypharmacy in chronic conditions often poses a significant challenge, particularly in low- and 
middle-income countries. 
In response to these challenges, there has been growing interest in complementary and integrative medicine, 
especially herbal therapies, as potential alternatives or adjuncts to conventional treatment strategies. Herbal 
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medicine, rooted in traditional systems such as Ayurveda, Traditional Chinese Medicine (TCM), and African 
folk medicine, has been used for centuries to treat metabolic imbalances. Herbs like Azadirachta indica (neem), 
Trigonella foenum-graecum (fenugreek), Cinnamomum verum (cinnamon), and Momordica charantia (bitter melon) 
have long been employed to support blood sugar control, reduce inflammation, and improve lipid 
metabolism[15]. These botanicals are believed to offer synergistic effects due to their multi-component nature, 
targeting multiple pathways involved in MetS pathophysiology while posing relatively fewer side effects 
compared to synthetic drugs[15]. 
Modern scientific research is increasingly validating these traditional claims. Preclinical studies using animal 
models and in vitro systems have elucidated numerous bioactive compounds within these herbs, such as 
flavonoids, saponins, alkaloids, and polyphenols[15]. These compounds have demonstrated anti-inflammatory, 
antioxidant, insulin-sensitizing, and lipid-lowering properties. Clinical trials have also provided promising 
results, with certain herbal formulations showing significant improvements in glycemic control, blood pressure, 
and lipid profiles among patients with T2DM or MetS[15, 16]. For instance, cinnamon has been shown to 
improve insulin sensitivity and lower fasting blood glucose, while fenugreek seeds may aid in reducing 
postprandial glucose spikes and triglyceride levels[17]. Despite the encouraging evidence, several limitations 
still hinder the widespread clinical adoption of herbal therapies. Many studies have small sample sizes, short 
durations, and lack standardized dosing or formulation protocols[17]. Moreover, herbal products can vary 
significantly in their phytochemical composition depending on cultivation conditions, preparation methods, and 
storage, which can affect consistency and reproducibility of therapeutic outcomes. Drug-herb interactions are 
also a concern, especially when used concurrently with conventional medications[18]. This review aims to 
provide a comprehensive synthesis of the current evidence on traditional herbal formulations used in the 
management of MetS, with a particular focus on obesity and diabetes models. It will explore their therapeutic 
potentials, mechanisms of action, limitations, and challenges in clinical translation. Additionally, it will highlight 
the importance of rigorous scientific validation, standardization, and regulatory oversight to facilitate the 
integration of effective herbal therapies into mainstream healthcare. Future research directions will also be 
discussed, including the need for large-scale randomized controlled trials and the application of systems biology 
and network pharmacology to unravel complex herb-drug interactions and optimize formulation efficacy. 

Herbal Extracts & Formulations: Preclinical Evidence 
F2 Polyherbal Formulation in DIO Mouse Model 
The F2 polyherbal formulation represents a carefully standardized blend of ethanol extracts derived from five 
biologically active components[19]: Orostachys japonica, Rhus verniciflua, Geranium thunbergii, lemon juice, and 
royal jelly. This combination was specifically evaluated in a diet-induced obesity (DIO) mouse model to 
investigate its anti-obesity and metabolic regulatory effects[19]. Initially, mice were fed a high-fat diet (HFD) 
for five weeks to reliably induce obesity and mimic metabolic syndrome characteristics commonly observed in 
humans. Following obesity induction, the animals received oral administration of the F2 formulation at a dose 
of 46 mg/kg body weight for seven weeks[19]. The outcomes revealed substantial therapeutic potential: mice 
treated with F2 demonstrated a marked reduction in body weight gain compared to untreated controls. This 
was accompanied by an improved food efficiency ratio, indicating a more favorable balance between caloric intake 
and body weight. In addition, there was a significant reduction in white adipose tissue mass, a key indicator of 
visceral fat accumulation. These physiological improvements were supported by biochemical analyses showing 
lowered serum triglycerides and total cholesterol levels, suggesting effective lipid metabolism modulation. 
Moreover, insulin sensitivity was notably enhanced, as F2 treatment attenuated the insulin resistance typically 
induced by the high-fat diet, indicating a beneficial effect on glucose homeostasis[19]. 
At the molecular level, the F2 formulation exerted significant regulatory effects on adipogenic pathways within 
epididymal fat tissue[19]. There was downregulation of critical adipogenic transcription factors such as 

peroxisome proliferator-activated receptor gamma (PPARγ), sterol regulatory element-binding protein 1c 
(SREBP-1c), and adipocyte protein 2 (aP2), which collectively contribute to fat cell differentiation and lipid 
storage. Histological analysis of liver tissues further demonstrated reduced hepatic steatosis, highlighting F2’s 
role in mitigating fatty liver development associated with obesity[19]. The analytical rigor of the study was 
ensured by employing validated ultra-performance liquid chromatography with diode-array detection (UPLC-
DAD) assays to quantify and standardize the presence of reference phytochemicals including astragalin, ellagic 
acid, fisetin, fustin, and sulfuretin in the formulation[19]. This analytical control strengthens the reproducibility 
and quality of the herbal blend. Overall, the study underscores the synergistic action of F2’s constituent 
compounds in targeting multiple facets of obesity and metabolic dysfunction, suggesting its promise as a natural 
therapeutic strategy for managing diet-induced obesity and associated metabolic derangements. 
Other Polyherbal Combinations 
A comprehensive review of the literature identified 25 animal studies investigating various polyherbal blends 
targeting metabolic syndrome (MetS) components, such as obesity, hypertension, dyslipidemia, and insulin 
resistance[20]. These studies primarily used rodent models that emulate human metabolic dysfunctions, 
offering valuable preclinical insights[20]. Among the most notable combinations were blends containing 
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Curcuma longa (turmeric), Salacia reticulata, Gymnema sylvestre, Emblica officinalis, and Terminalia chebula. These 
blends consistently demonstrated significant improvements in multiple metabolic parameters, including 
reductions in body weight, blood pressure, triglycerides, and fasting glucose levels, alongside increases in high-
density lipoprotein (HDL) cholesterol in rodents[21]. Similarly, another combination consisting of Glycyrrhiza 
uralensis (licorice), Rheum undulatum, Prunus persica, and Cinnamomum cassia was reported to modulate all major 
components of MetS effectively, suggesting broad-spectrum benefits in metabolic regulation[22]. Additionally, 
traditional multi-herbal decoctions such as Lingguizhugan have shown potential synergistic effects, although 
detailed dosing data and pharmacokinetic profiles were often lacking, limiting the ability to fully evaluate their 
therapeutic window and efficacy[23]. 
Other polyherbal blends like red ginseng combined with Polygonum multiflorum or Curcuma longa with Artemisia 
iwayomogi also produced promising results, reinforcing the concept that herbal synergy can enhance therapeutic 
outcomes in metabolic disorders[24]. However, a common limitation across most studies was the absence of 
rigorous experimental design features, such as appropriate controls, randomized dosing, and clear dose-
dependency assessments[24]. Many studies relied on single-dose experiments or lacked placebo groups, 
reducing the robustness of the conclusions. Moreover, standardization of herbal extracts and identification of 
active constituents were often insufficient, which hinders reproducibility and translational potential[25]. These 
shortcomings underscore the urgent need for improved experimental methodologies in polyherbal research, 
including validated phytochemical standardization, dose-response studies, and long-term safety evaluations. 
Addressing these gaps will enhance the scientific credibility of polyherbal formulations and facilitate their 
development into evidence-based therapeutics for metabolic syndrome and related disorders. 
Single Herb and Compound Models 
Recent preclinical studies have highlighted the synergistic potential of specific herbal blends and isolated 
phytochemicals in combating obesity and metabolic syndrome (MetS). For instance, formulations such as F2, 
which consist of multi-herbal mixtures, have demonstrated pronounced synergistic effects in animal models and 
in vitro systems. These blends often combine herbs with complementary actions, resulting in enhanced efficacy 
compared to individual components[26]. In several studies, such herbal combinations significantly reduced 
weight gain, adipocyte hypertrophy, and serum lipid levels in high-fat diet (HFD)-induced obese models[27]. 
These findings suggest that multi-compound herbal formulas may exert broad-spectrum metabolic regulatory 
effects, making them promising candidates for integrative obesity therapy[27]. This approach mirrors 
traditional medicinal systems where polyherbal prescriptions are frequently employed for complex disorders 
like obesity, which involve multiple dysregulated pathways. 
Beyond multi-herb formulas, individual phytochemicals and defined combinations also show considerable anti-
obesity potential. A notable example includes the co-administration of berberine, catechin, and capsaicin, which 
collectively inhibited adipocyte differentiation in 3T3-L1 preadipocyte cells[28]. Each compound targets 
different cellular pathways—berberine modulates AMPK activity, catechins exhibit antioxidant effects, and 
capsaicin activates thermogenic pathways—highlighting their complementary mechanisms[29]. Moreover, a 
study involving L-carnitine combined with a herbal mixture demonstrated significant physiological benefits in 
HFD-fed rats[29–31]. This combination not only reduced body weight but also improved lipid profiles, 
enhanced antioxidant enzyme activity, and lowered oxidative stress markers. Such findings underscore the 
therapeutic promise of integrating nutraceuticals and bioactive plant compounds for managing metabolic 
dysfunction. These models offer valuable insights into the pharmacodynamic interactions among bioactive 
compounds, paving the way for future clinical applications that are both effective and safer than conventional 
pharmacotherapy. 
Mechanisms of Action 
The therapeutic efficacy of many herbal and natural compounds in treating obesity and metabolic syndrome is 
largely attributed to their diverse and complementary mechanisms of action[32]. One of the most commonly 
observed effects is appetite suppression, which leads to a significant reduction in overall energy intake[32]. This 
is often mediated through the modulation of central nervous system pathways involving neurotransmitters such 
as serotonin and dopamine, or through peripheral signals like leptin and ghrelin. Additionally, these compounds 
frequently enhance thermogenesis and elevate the basal metabolic rate by activating brown adipose tissue or 
inducing the expression of uncoupling proteins, thereby increasing energy expenditure even in the absence of 
physical activity[33]. These combined effects help create a negative energy balance that promotes fat loss over 
time. 
Furthermore, several natural agents exert anti-obesity actions through direct modulation of lipid metabolism. 
Pancreatic lipase inhibition, for instance, reduces fat absorption in the gastrointestinal tract, thereby limiting 
caloric uptake from dietary fats[34]. Some compounds also improve insulin sensitivity, which is particularly 
beneficial for individuals with MetS. This is achieved through the regulation of adipokines like adiponectin and 
the facilitation of glucose transporter type 4 (GLUT4) translocation, leading to enhanced glucose uptake and 
reduced insulin resistance. Many of these herbs and phytochemicals also possess potent antioxidant and anti-
inflammatory properties, which are crucial for mitigating oxidative stress and chronic inflammation—both 
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hallmarks of metabolic syndrome[34]. By neutralizing reactive oxygen species (ROS) and downregulating pro-

inflammatory cytokines such as TNF-α and IL-6, these compounds help restore metabolic homeostasis and 
protect against obesity-related comorbidities. Collectively, these multifaceted actions make natural compounds 
valuable tools in both the prevention and management of metabolic disorders[35]. 

Clinical Evidence in Humans 
Meta-Analyses and Systematic Reviews 
A comprehensive 2019 meta-analysis encompassing 279 randomized controlled trials (RCTs) investigated the 
effectiveness of plant-derived products in managing obesity and metabolic syndrome (MetS)[36]. This large-
scale review highlighted a significant impact of various botanical agents on key metabolic indicators such as 
body weight, body mass index (BMI), waist-to-hip circumference, and lipid profiles. Notably, several plants 
including Camellia sinensis (green tea), Phaseolus vulgaris (white kidney bean), Garcinia cambogia, Nigella sativa 
(black cumin), puerh tea, Irvingia gabonensis, and Caralluma fimbriata demonstrated statistically and clinically 
meaningful reductions in body weight and metabolic risk markers[37]. The findings underscored the potential 
of phytotherapeutic interventions as complementary strategies in the clinical management of obesity and its 
associated complications. 

Among these botanicals, P. vulgaris and N. sativa emerged as particularly efficacious. P. vulgaris, through its α-
amylase inhibitory properties, contributed significantly to reductions in body weight, likely by reducing 
carbohydrate absorption and promoting satiety[38]. On the other hand, N. sativa showed strong lipid-
modulating effects, especially in lowering triglyceride levels, suggesting its potential for managing dyslipidemia 
in MetS[38]. These outcomes offer promising directions for future clinical trials and pharmacological 
development, but also highlight the need for caution due to the heterogeneity in trial quality and intervention 
protocols. Systematic reviews such as this provide valuable aggregated evidence but call attention to critical 
gaps in long-term safety data, dosage standardization, and the mechanisms underpinning observed effects. 
Single-Herb Trials 
Individual herb-based clinical trials have provided further insight into the potential efficacy of specific botanicals 
in the management of obesity and metabolic risk factors. For example, green tea catechins, particularly 
epigallocatechin gallate (EGCG), have shown consistent benefits in reducing body weight (standardized mean 
difference [SMD] –0.75), BMI (–1.2), waist circumference (–1.71 cm), and total cholesterol levels (–0.43)[39]. 
These effects are likely attributable to enhanced fat oxidation, increased energy expenditure, and improved lipid 
metabolism[40]. Similarly, Phaseolus vulgaris extracts have demonstrated moderate but significant 
improvements in weight (SMD –0.88), mainly through inhibition of starch digestion and appetite 
suppression[41]. Nigella sativa has shown strong triglyceride-lowering effects (SMD –1.67), possibly due to its 
bioactive compound thymoquinone, which exerts antioxidant and anti-inflammatory properties[42]. 
Other botanicals like Irvingia gabonensis, Cissus quadrangularis, and Caralluma fimbriata have also shown 
promising outcomes in smaller trials, particularly in supporting weight loss[43]. These herbs are believed to 
act via diverse pathways including appetite suppression, modulation of adipogenesis, and improvement of insulin 
sensitivity[43]. Additionally, Aloe vera gel supplementation has been linked to reductions in fat mass and 
improvements in glycemic control and lipid profiles, especially in obese or prediabetic individuals. Ocimum 
basilicum (basil leaf) has demonstrated hypoglycemic effects in patients with type 2 diabetes mellitus (T2DM), 
reducing both fasting and postprandial glucose levels[44]. Despite these encouraging findings, the overall 
evidence base is constrained by the limited scale and duration of these studies, necessitating more robust, long-
term trials to validate efficacy and determine safety across diverse populations. 
Safety & Limitations 
Despite their promising therapeutic profiles, plant-derived anti-obesity agents are not without limitations. Most 
clinical trials conducted so far have been of relatively short duration, typically less than 12 weeks, and generally 
report good tolerability with few adverse events. However, the long-term safety of these botanicals remains 
largely unexamined[45]. Potential herb-drug interactions, especially in patients on multiple medications for 
comorbid conditions such as diabetes, hypertension, or dyslipidemia, are insufficiently documented. This lack of 
pharmacovigilance is a significant concern given the increasing use of herbal products as complementary or 
alternative therapies[45]. 
Moreover, the methodological rigor of many studies in this field is variable. Issues such as small sample sizes, 
lack of randomization, inadequate blinding, and inconsistent outcome reporting hinder the ability to draw 
definitive conclusions[46]. Another major limitation lies in the absence of standardized extracts, making it 
difficult to compare results across studies or replicate findings[46]. The quality and composition of herbal 
supplements can vary widely depending on geographical origin, processing methods, and storage 
conditions[46]. These limitations highlight the urgent need for more rigorous, large-scale randomized 
controlled trials with standardized formulations and robust safety monitoring protocols. Only then can the true 
potential and applicability of these botanicals in clinical practice be accurately assessed. 

DISCUSSION 
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Multi-Targeted Synergy 
Herbal formulations composed of multiple botanicals have demonstrated promising efficacy in the management 
of obesity-related metabolic disorders due to their ability to exert simultaneous effects on several biological 
targets[47]. These natural mixtures often contain bioactive compounds that work in concert to modulate key 
physiological processes such as adipogenesis, glucose homeostasis, inflammation, and oxidative stress[47]. The 
synergistic or additive interactions between these compounds can enhance therapeutic efficacy beyond what is 
achievable with single-ingredient interventions. This multi-targeted mechanism is particularly valuable in 
complex diseases like obesity, where multiple pathways are dysregulated. For example, certain polyherbal 
formulations can inhibit adipocyte differentiation while also improving insulin sensitivity and reducing pro-
inflammatory cytokines, offering a holistic therapeutic benefit[48]. 
Standardization techniques, such as Ultra Performance Liquid Chromatography with Diode-Array Detection 
(UPLC-DAD), have significantly advanced the reproducibility and quality control of herbal preparations[49]. 
These analytical tools allow for the consistent quantification of bioactive markers, ensuring batch-to-batch 
uniformity, which is essential for clinical reliability and regulatory approval. A standardized formulation, such 
as the referenced F2 compound evaluated in peer-reviewed studies, illustrates the potential of integrating 
advanced analytical chemistry into herbal medicine development. As a result, combining traditional 
ethnopharmacological knowledge with modern standardization techniques holds promise for optimizing the 
therapeutic potential of multi-herbal regimens[49]. 
Challenges to Clinical Translation 
Despite growing evidence supporting the efficacy of herbal formulations, several critical challenges hinder their 
clinical translation. A primary concern is the lack of comprehensive standardization practices across 
formulations[50]. Many herbal products on the market lack rigorous quality control measures, resulting in 
inconsistencies in bioactive compound content and therapeutic potency. Quantifying bioactive markers and 
establishing dose consistency is vital for translating preclinical success into reproducible clinical outcomes. 
Moreover, randomized controlled trials (RCTs) exploring herbal interventions often suffer from small sample 
sizes, poor methodological rigor, or short durations, making it difficult to draw definitive conclusions about 
long-term safety and efficacy[51]. 
Safety remains another major hurdle. Herb–drug interactions, especially those involving cytochrome P450 
enzymes, may alter the pharmacokinetics of co-administered drugs, leading to adverse effects or therapeutic 
failure[52]. These interactions require thorough pharmacovigilance and mechanistic profiling. Furthermore, 
regulatory ambiguities—such as whether a product is classified as a supplement or a drug can influence the 
stringency of clinical trial design and approval pathways[52]. Without clear classification, navigating global 
regulatory frameworks becomes complex. Finally, the mechanistic understanding of herbal therapies is still 
evolving. Systems biology approaches, including genomics, proteomics, and metabolomics, combined with 
advanced in vitro and in vivo models, can provide much-needed clarity on the molecular underpinnings of herbal 
efficacy, paving the way for more informed clinical applications. 
Future Directions 
The future of herbal medicine in managing metabolic disorders lies in the integration of herbal blends with 
conventional care and lifestyle interventions. This approach includes conducting well-designed integrative 
clinical trials that evaluate herbal formulations alongside standard pharmacotherapies and personalized diet and 
exercise programs. These studies should be powered to detect long-term clinical benefits and safety outcomes. 
Additionally, pharmacokinetic investigations are essential to understand how herbal compounds are absorbed, 
metabolized, and eliminated, as well as to establish dose-response relationships. This information will support 
dose optimization and minimize toxicity, enhancing clinical reliability and regulatory acceptance. 
Innovations in formulation technologies—such as nanoencapsulation and the use of bioenhancers—are also 
promising avenues to improve the bioavailability and therapeutic efficacy of herbal compounds. Furthermore, 
advances in precision medicine provide opportunities to tailor herbal interventions based on an individual’s 
genetic background or metabolic profile, increasing the likelihood of treatment success. Personalized herbal 
medicine, informed by omics data and systems biology, could revolutionize how these natural therapies are 
prescribed. Lastly, synthesizing global evidence through meta-analyses and integrating ethnopharmacological 
wisdom into clinical guidelines can support broader primary care adoption. This multidimensional strategy will 
help bridge the gap between traditional practices and evidence-based medicine, enabling herbal therapies to play 
a more prominent role in modern healthcare. 

CONCLUSION 
Traditional herbal formulations offer promising multi-target therapies for metabolic syndrome, with strong 
preclinical data and emerging clinical support. Their complex activity profile—spanning adipogenesis 
inhibition, lipase activity, insulin signaling, and inflammation—provides a compelling case for broader adoption. 
However, realization of their full potential demands rigor: standardized preparation, robust clinical trials, safety 
evaluation, mechanistic studies, and regulatory pathways. With these foundations, herbal formulations may 
become valuable tools in combating the metabolic syndrome epidemic. 



  
 
 
https://www.eejournals.org                                                                                                                              Open Access 

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

Page | 87 Page | 87 

REFERENCES 

1.  Bilog, N.C., Mekoulou Ndongo, J., Bika Lele, E.C., Guessogo, W.R., Assomo-Ndemba, P.B., Ahmadou, 
Etaga, N.B., Mbama Biloa, Y.J., Bindi, J.G.B.N., Temfemo, A., Mandengue, S.H., Guyot, J., Dupré, C., 
Barth, N., Bongue, B., Etoundi Ngoa, L.S., Ayina Ayina, C.N.: Prevalence of metabolic syndrome and 
components in rural, semi-urban and urban areas in the littoral region in Cameroon: impact of physical 
activity. Journal of Health, Population and Nutrition. 42, 95 (2023). https://doi.org/10.1186/s41043-023-
00415-0 

2.  Chellappan, D.K., Chellian, J., Rahmah, N.S.N., Gan, W.J., Banerjee, P., Sanyal, S., Banerjee, P., Ghosh, 
N., Guith, T., Das, A., Gupta, G., Singh, S.K., Dua, K., Kunnath, A.P., Norhashim, N.A., Ong, K.H., 
Palaniveloo, K.: Hypoglycaemic Molecules for the Management of Diabetes Mellitus from Marine 
Sources. DMSO. 16, 2187–2223 (2023). https://doi.org/10.2147/DMSO.S390741 

3.  Chen, B., Li, T., Wu, Y., Song, L., Wang, Y., Bian, Y., Qiu, Y., Yang, Z.: Lipotoxicity: A New Perspective 
in Type 2 Diabetes Mellitus. Diabetes Metab Syndr Obes. 18, 1223–1237 (2025). 
https://doi.org/10.2147/DMSO.S511436 

4.  Alum, E.U.: Metabolic memory in obesity: Can early-life interventions reverse lifelong risks? Obesity 
Medicine. 55, 100610 (2025). https://doi.org/10.1016/j.obmed.2025.100610 

5.  Uti, D.E., Atangwho, I.J., Omang, W.A., Alum, E.U., Obeten, U.N., Udeozor, P.A., Agada, S.A., Bawa, I., 
Ogbu, C.O.: Cytokines as key players in obesity low grade inflammation and related complications. 
Obesity Medicine. 54, 100585 (2025). https://doi.org/10.1016/j.obmed.2025.100585 

6.  Umoru, G.U., Atangwho, I.J., David‐Oku, E., Uti, D.E., Agwupuye, E.I., Obeten, U.N., Maitra, S., 
Subramaniyan, V., Wong, L.S., Aljarba, N.H., Kumarasamy, V.: Tetracarpidium conophorum nuts (African 

walnuts) up‐regulated adiponectin and PPAR‐γ expressions with reciprocal suppression of TNF‐α gene 
in obesity. J Cell Mol Med. 28, e70086 (2024). https://doi.org/10.1111/jcmm.70086 

7.  Umoru, G.U., Atangwho, I.J., David-Oku, E., Uti, D.E., De Campos, O.C., Udeozor, P.A., Nfona, S.O., 
Lawal, B., Alum, E.U.: Modulation of Lipogenesis by Tetracarpidium conophorum Nuts via SREBP-
1/ACCA-1/FASN Inhibition in Monosodium-Glutamate-Induced Obesity in Rats. Natural Product 
Communications. 20, 1934578X251344035 (2025). https://doi.org/10.1177/1934578X251344035 

8.  Deng, L., Liu, T., Liu, C.-A., Zhang, Q., Song, M.-M., Lin, S.-Q., Wang, Y.-M., Zhang, Q.-S., Shi, H.-P.: 
The association of metabolic syndrome score trajectory patterns with risk of all cancer types. Cancer. 130, 
2150–2159 (2024). https://doi.org/10.1002/cncr.35235 

9.  Ngai, H.-Y., Yuen, K.-K.S., Ng, C.-M., Cheng, C.-H., Chu, S.-K.P.: Metabolic syndrome and benign 
prostatic hyperplasia: An update. Asian J Urol. 4, 164–173 (2017). 
https://doi.org/10.1016/j.ajur.2017.05.001 

10.  Nurcahyanti, A.D.R., Cokro, F., Wulanjati, M.P., Mahmoud, M.F., Wink, M., Sobeh, M.: Curcuminoids 
for Metabolic Syndrome: Meta-Analysis Evidences Toward Personalized Prevention and Treatment 
Management. Front Nutr. 9, 891339 (2022). https://doi.org/10.3389/fnut.2022.891339 

11.  Lu, Z., Mao, T., Chen, K., Chai, L., Dai, Y., Liu, K.: Ginsenoside Rc: A potential intervention agent for 
metabolic syndrome. Journal of Pharmaceutical Analysis. 13, 1375–1387 (2023). 
https://doi.org/10.1016/j.jpha.2023.08.013 

12.  Alum, E.U., Ejemot-Nwadiaro, R.I., Betiang, P.A., Basajja, M., Uti, D.E.: Obesity and Climate Change: A 
Two-way Street with Global Health Implications. Obesity Medicine. 100623 (2025). 
https://doi.org/10.1016/j.obmed.2025.100623 

13.  Rizos, C.V., Elisaf, M.S.: Antihypertensive drugs and glucose metabolism. World J Cardiol. 6, 517–530 
(2014). https://doi.org/10.4330/wjc.v6.i7.517 

14.  Shang, R., Miao, J.: Mechanisms and effects of metformin on skeletal muscle disorders. Front Neurol. 14, 
1275266 (2023). https://doi.org/10.3389/fneur.2023.1275266 

15.  Ansari, P., Reberio, A.D., Ansari, N.J., Kumar, S., Khan, J.T., Chowdhury, S., Abd El-Mordy, F.M., 
Hannan, J.M.A., Flatt, P.R., Abdel-Wahab, Y.H.A., Seidel, V.: Therapeutic Potential of Medicinal Plants 
and Their Phytoconstituents in Diabetes, Cancer, Infections, Cardiovascular Diseases, Inflammation and 
Gastrointestinal Disorders. Biomedicines. 13, 454 (2025). 
https://doi.org/10.3390/biomedicines13020454 

16.  Atangwho, I.J., Egba, S.I., Ugwu, O.P.-C., Ikechukwu, G.C.: Natural Antidiabetic Agents: Current 
Evidence and Development Pathways from Medicinal Plants to Clinical use. Natural Product 
Communications. 20, 1934578X251323393 (2025). https://doi.org/10.1177/1934578X251323393 

17.  Qin, B., Panickar, K.S., Anderson, R.A.: Cinnamon: Potential Role in the Prevention of Insulin Resistance, 
Metabolic Syndrome, and Type 2 Diabetes. J Diabetes Sci Technol. 4, 685–693 (2010). 
https://doi.org/10.1177/193229681000400324 

18.  Edo, G.I., Obasohan, P., Makia, R.S., Abiola O, T., Umelo, E.C., Jikah, A.N., Yousif, E., Isoje, E.F., Igbuku, 
U.A., Opiti, R.A., Essaghah, A.E.A., Ahmed, D.S., Umar, H.: The use of quality control parameters in the 



  
 
 
https://www.eejournals.org                                                                                                                              Open Access 

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

Page | 88 Page | 88 

evaluation of herbal drugs. A review. Discov Med. 1, 168 (2024). https://doi.org/10.1007/s44337-024-
00177-6 

19.  Pandeya, P.R., Lee, K.-H., Lamichhane, R., Lamichhane, G., Poudel, A., Jung, H.-J.: Evaluation of Anti-
Obesity Activity of an Herbal Formulation (F2) in DIO Mice Model and Validation of UPLC-DAD 
Method for Quality Control. Applied Sciences. 11, 7404 (2021). https://doi.org/10.3390/app11167404 

20.  Palla, A.H., Amin, F., Fatima, B., Shafiq, A., Rehman, N.U., Haq, I. ul, Gilani, A.-H.: Systematic Review of 
Polyherbal Combinations Used in Metabolic Syndrome. Front Pharmacol. 12, 752926 (2021). 
https://doi.org/10.3389/fphar.2021.752926 

21.  Mandlik, R.V., Desai, S.K., Naik, S.R., Sharma, G., Kohli, R.K.: Antidiabetic activity of a polyherbal 
formulation (DRF/AY/5001). Indian J Exp Biol. 46, 599–606 (2008) 

22.  Wu, Y., Zhou, H., Wei, K., Zhang, T., Che, Y., Nguyễn, A.D., Pandita, S., Wan, X., Cui, X., Zhou, B., Li, 
C., Hao, P., Lei, H., Wang, L., Yang, X., Liang, Y., Liu, J., Wu, Y.: Structure of a new glycyrrhiza 
polysaccharide and its immunomodulatory activity. Front. Immunol. 13, (2022). 
https://doi.org/10.3389/fimmu.2022.1007186 

23.  Xie, P., Li, X., Jiang, H., Qiu, S., Liang, Y.: Clinical effects of Lingguizhugan decoction in the treatment of 
hypertension: a systematic review and meta-analysis. Ann Palliat Med. 10, 11529–11538 (2021). 
https://doi.org/10.21037/apm-21-2639 

24.  Kim, H.-G., Lee, S.-B., Lee, J.-S., Kim, W.-Y., Choi, S.-H., Son, C.-G.: Artemisia iwayomogi plus Curcuma 
longa Synergistically Ameliorates Nonalcoholic Steatohepatitis in HepG2 Cells. Evid Based Complement 
Alternat Med. 2017, 4390636 (2017). https://doi.org/10.1155/2017/4390636 

25.  Ifeoma, O., Oluwakanyinsola, S., Ifeoma, O., Oluwakanyinsola, S.: Screening of Herbal Medicines for 
Potential Toxicities. In: New Insights into Toxicity and Drug Testing. IntechOpen (2013) 

26.  Zhou, X., Seto, S.W., Chang, D., Kiat, H., Razmovski-Naumovski, V., Chan, K., Bensoussan, A.: Synergistic 
Effects of Chinese Herbal Medicine: A Comprehensive Review of Methodology and Current Research. 
Frontiers in Pharmacology. 7, 201 (2016). https://doi.org/10.3389/fphar.2016.00201 

27.  Che, C.-T., Wang, Z.J., Chow, M.S.S., Lam, C.W.K.: Herb-Herb Combination for Therapeutic 
Enhancement and Advancement: Theory, Practice and Future Perspectives. Molecules. 18, 5125–5141 
(2013). https://doi.org/10.3390/molecules18055125 

28.  Zhang, H., Xiong, P., Zheng, T., Hu, Y., Guo, P., Shen, T., Zhou, X.: Combination of Berberine and 
Evodiamine Alleviates Obesity by Promoting Browning in 3T3-L1 Cells and High-Fat Diet-Induced 
Mice. International Journal of Molecular Sciences. 26, 4170 (2025). 
https://doi.org/10.3390/ijms26094170 

29.  Horvath, C., Wolfrum, C.: Feeding brown fat: dietary phytochemicals targeting non-shivering 
thermogenesis to control body weight. The Proceedings of the Nutrition Society. 79, 338 (2020). 
https://doi.org/10.1017/S0029665120006928 

30.  Eyong, E.U., Umoru, G.U., Egbung, G.E., Rotimi, S.O., Nna, V.U.: African walnuts (Tetracarpidium 
conophorum) modulate hepatic lipid accumulation in obesity via reciprocal actions on HMG-CoA 
reductase and paraoxonase. Endocrine, Metabolic & Immune Disorders-Drug Targets (Formerly Current 
Drug Targets-Immune, Endocrine & Metabolic Disorders). 20, 365–379 (2020) 

31.  Udeozor, P.A., Ibiam, U.A., Umoru, G.U., Onwe, E.N., Mbonu, F.O., Omang, W.A., Ijoganu, S.I., Anaga, 
C.O., Mbah, J.O., Nwadum, S.K.: Antioxidant and Anti-Anemic Effects of Ethanol Leaf Extracts of 
Mucuna poggei and Telfairia occidentalis in Phenyl-Hydrazine-Induced Anemia in Wistar Albino Rats. 
Ibnosina Journal of Medicine and Biomedical Sciences. 14, 116–126 (2022). https://doi.org/10.1055/s-
0042-1756684 

32.  Sankar, M.R., Suyamprakasam Sundaram, V., Sankar, M., Muthupandian, S.: A review of the role of herbs 
in managing metabolic syndrome. Discov Food. 5, 90 (2025). https://doi.org/10.1007/s44187-025-
00349-y 

33.  Wen, X., Zhang, B., Wu, B., Xiao, H., Li, Z., Li, R., Xu, X., Li, T.: Signaling pathways in obesity: 
mechanisms and therapeutic interventions. Sig Transduct Target Ther. 7, 298 (2022). 
https://doi.org/10.1038/s41392-022-01149-x 

34.  Subramaniyan, V., Hanim, Y.U.: Role of pancreatic lipase inhibition in obesity treatment: mechanisms and 
challenges towards current insights and future directions. Int J Obes (Lond). 49, 492–506 (2025). 
https://doi.org/10.1038/s41366-025-01729-1 

35.  Fu, M., Yoon, K.-S., Ha, J., Kang, I., Choe, W.: Crosstalk Between Antioxidants and Adipogenesis: 
Mechanistic Pathways and Their Roles in Metabolic Health. Antioxidants. 14, 203 (2025). 
https://doi.org/10.3390/antiox14020203 

36.  Chen, T., Wang, J., Liu, Z., Gao, F.: Effect of supplementation with probiotics or synbiotics on 
cardiovascular risk factors in patients with metabolic syndrome: a systematic review and meta-analysis of 
randomized clinical trials. Front Endocrinol (Lausanne). 14, 1282699 (2024). 
https://doi.org/10.3389/fendo.2023.1282699 



  
 
 
https://www.eejournals.org                                                                                                                              Open Access 

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

Page | 89 Page | 89 

37.  Moore, E., Patanwala, I., Jafari, A., Davies, I.G., Kirwan, R.P., Newson, L., Mazidi, M., Lane, K.E.: A 
systematic review and meta-analysis of randomized controlled trials to evaluate plant-based omega-3 
polyunsaturated fatty acids in nonalcoholic fatty liver disease patient biomarkers and parameters. Nutr 
Rev. 82, 143–165 (2023). https://doi.org/10.1093/nutrit/nuad054 

38.  Peddio, S., Padiglia, A., Cannea, F.B., Crnjar, R., Zam, W., Sharifi-Rad, J., Rescigno, A., Zucca, P.: Common 

bean (Phaseolus vulgaris L.) α-amylase inhibitors as safe nutraceutical strategy against diabetes and 
obesity: An update review. Phytother Res. 36, 2803–2823 (2022). https://doi.org/10.1002/ptr.7480 

39.  Wang, Y., Xia, H., Yu, J., Sui, J., Pan, D., Wang, S., Liao, W., Yang, L., Sun, G.: Effects of green tea 
catechin on the blood pressure and lipids in overweight and obese population-a meta-analysis. Heliyon. 9, 
e21228 (2023). https://doi.org/10.1016/j.heliyon.2023.e21228 

40.  Atangwho, I.J., Eyong, E.U., Umoru, G.U., Egbung, G.E., Nna, V.U., Udeozor, P.A.: African walnuts 
attenuate ectopic fat accumulation and associated peroxidation and oxidative stress in monosodium 
glutamate-obese Wistar rats. Biomed Pharmacother. 124, 109879 (2020). 
https://doi.org/10.1016/j.biopha.2020.109879 

41.  Nolan, R., Shannon, O.M., Robinson, N., Joel, A., Houghton, D., Malcomson, F.C.: It’s No Has Bean: A 
Review of the Effects of White Kidney Bean Extract on Body Composition and Metabolic Health. 
Nutrients. 12, 1398 (2020). https://doi.org/10.3390/nu12051398 

42.  Ahmad, A., Husain, A., Mujeeb, M., Khan, S.A., Najmi, A.K., Siddique, N.A., Damanhouri, Z.A., Anwar, 
F.: A review on therapeutic potential of Nigella sativa: A miracle herb. Asian Pac J Trop Biomed. 3, 337–
352 (2013). https://doi.org/10.1016/S2221-1691(13)60075-1 

43.  Thunuguntla, V.B.S.C., Gadanec, L.K., McGrath, C., Griggs, J.L., Sinnayah, P., Apostolopoulos, V., Zulli, 
A., Mathai, M.L.: Caralluma fimbriata Extract Improves Vascular Dysfunction in Obese Mice Fed a High-
Fat Diet. Nutrients. 16, 4296 (2024). https://doi.org/10.3390/nu16244296 

44.  Alinejad-Mofrad, S., Foadoddini, M., Saadatjoo, S.A., Shayesteh, M.: Improvement of glucose and lipid 
profile status with Aloe vera in pre-diabetic subjects: a randomized controlled-trial. J Diabetes Metab 
Disord. 14, 22 (2015). https://doi.org/10.1186/s40200-015-0137-2 

45.  Müller, T.D., Blüher, M., Tschöp, M.H., DiMarchi, R.D.: Anti-obesity drug discovery: advances and 
challenges. Nat Rev Drug Discov. 21, 201–223 (2022). https://doi.org/10.1038/s41573-021-00337-8 

46.  Bührer, J., Del Giovane, C., Gencer, B., Adam, L., Lyko, C., Feller, M., Da Costa, B.R., Aujesky, D., Bauer, 
D.C., Rodondi, N., Moutzouri, E.: Inadequate Reporting of Cointerventions, Other Methodological 
Factors, and Treatment Estimates in Cardiovascular Trials: A Meta-Epidemiological Study. Mayo Clin 
Proc Innov Qual Outcomes. 7, 231–240 (2023). https://doi.org/10.1016/j.mayocpiqo.2023.04.010 

47.  Shaik Mohamed Sayed, U.F., Moshawih, S., Goh, H.P., Kifli, N., Gupta, G., Singh, S.K., Chellappan, D.K., 
Dua, K., Hermansyah, A., Ser, H.L., Ming, L.C., Goh, B.H.: Natural products as novel anti-obesity agents: 
insights into mechanisms of action and potential for therapeutic management. Front Pharmacol. 14, 
1182937 (2023). https://doi.org/10.3389/fphar.2023.1182937 

48.  Saad, B., Kmail, A., Haq, S.Z.H.: Anti-Diabesity Middle Eastern Medicinal Plants and Their Action 
Mechanisms. Evid Based Complement Alternat Med. 2022, 2276094 (2022). 
https://doi.org/10.1155/2022/2276094 

49.  Ma, L., Yang, L., Tang, L., Wang, Y., Luo, H., Zhong, Z., Zhang, W., Chen, D., Wei, J., Li, P., Wang, Y.: 
Sample preparation techniques for quality evaluation and safety control of medicinal and edible plants: 
Overview, advances, applications, and future perspectives. Journal of Pharmaceutical Analysis. 101296 
(2025). https://doi.org/10.1016/j.jpha.2025.101296 

50.  Parveen, A., Parveen, B., Parveen, R., Ahmad, S.: Challenges and guidelines for clinical trial of herbal 
drugs. J Pharm Bioallied Sci. 7, 329–333 (2015). https://doi.org/10.4103/0975-7406.168035 

51.  Wainwright, C.L., Teixeira, M.M., Adelson, D.L., Braga, F.C., Buenz, E.J., Campana, P.R.V., David, B., 
Glaser, K.B., Harata-Lee, Y., Howes, M.-J.R., Izzo, A.A., Maffia, P., Mayer, A.M.S., Mazars, C., Newman, 
D.J., Nic Lughadha, E., Pádua, R.M., Pimenta, A.M.C., Parra, J.A.A., Qu, Z., Shen, H., Spedding, M., 
Wolfender, J.-L.: Future directions for the discovery of natural product-derived immunomodulating 
drugs: an IUPHAR positional review. Pharmacological Research. 177, 106076 (2022). 
https://doi.org/10.1016/j.phrs.2022.106076 

52.  Wanwimolruk, S., Phopin, K., Prachayasittikul, V.: Cytochrome P450 enzyme mediated herbal drug 
interactions (Part 2). EXCLI J. 13, 869–896 (2014)

 
 
 CITE AS: Nyiramana Mukamurera P. (2025). The Role of Traditional 

Herbal Formulations in Managing Metabolic Syndrome: Evidence from 

Obesity and Diabetes Models. EURASIAN EXPERIMENT JOURNAL OF 

MEDICINE AND MEDICAL SCIENCES, 6(3):82-89 

 


