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ABSTRACT

Herbal remedies remain widely used worldwide as adjuncts or alternatives for diabetes management. Many
botanicals show promising glucose-lowering, insulin-sensitizing, anti-inflammatory and antioxidant effects in vitro,
in animals and in small human trials. However, enthusiasm for phytomedicines is tempered by variable product
quality, inconsistent clinical evidence, and growing reports of organ toxicity-particularly herb-induced liver injury
(HILI), nephrotoxicity, and, less commonly, neurotoxic or hematologic adverse events. This review synthesizes
current evidence on the efficacy of common antidiabetic herbs, highlights mechanisms by which herbs may both help
and harm (glycemic modulation, antioxidant action, mitochondrial effects, xenobiotic metabolism), and surveys
reported toxicities and their mechanistic bases. We emphasize three practical priorities for clinicians, researchers
and policymakers: (1) rigorous clinical evaluation (well-designed RCTs with adequate duration and safety
endpoints), (2) pharmacovigilance and pre-market quality controls to detect contaminants/adulterants and ensure
dose consistency, and (8) patient-centered risk—benefit communication, particularly for people with hepatic or renal
impairment. Finally, we outline research gaps-standardized extracts, herb—drug interaction studies, and shared
registries for herbal adverse events-that are essential to safely integrate plant medicines into diabetes care.
Keywords: diabetes, herbal remedies, hepatotoxicity, nephrotoxicity, oxidative stress

INTRODUCTION

Diabetes mellitus remains one of the most prevalent metabolic disorders globally, affecting populations across both
developed and developing nations [1-67. In addition to conventional pharmacotherapy, the use of herbal remedies
has become deeply embedded in the management of this chronic disease. The popularity of botanicals is fueled by
perceptions of natural safety, affordability, cultural traditions, and in some cases, dissatisfaction with standard
medications or health care access [7-97. In regions where health systems are strained, herbal preparations may also
be the first or only therapeutic option available. From a scientific perspective, plants used in traditional medicine
contain diverse classes of bioactive phytochemicals such as polyphenols, alkaloids, saponins, and terpenoids [10-137.
These compounds exhibit multiple biological effects, including modulation of insulin secretion, enhancement of
glucose uptake, attenuation of oxidative stress, and suppression of low-grade inflammation [14-197. Their
pleiotropic mechanisms make them attractive candidates for addressing the multifactorial nature of diabetes and its
complications. Nevertheless, the therapeutic promise of herbal remedies is tempered by several challenges [20-257.
First, variations in plant species, cultivation, harvesting, and processing can result in significant differences in
phytochemical composition and potency, even among products labeled as identical [26-297]. Second, the absence of
rigorous standardization and quality control increases the risk of adulteration, contamination with heavy metals, or
inclusion of undeclared synthetic drugs [80-357. Third, the same compounds that provide pharmacological activity
may also pose risks of hepatotoxicity, nephrotoxicity, or interactions with prescribed medications [86-387. Thus,
the field of herbal diabetes management exists at the interface of efficacy and toxicology. This review aims to
critically evaluate contemporary evidence on both sides of this balance. By examining the mechanisms and outcomes
associated with frequently studied botanicals, as well as reported toxicities and adverse reactions, the discussion
seeks to guide clinicians, researchers, and public health stakeholders toward evidence-based integration of herbal
remedies in diabetes care.
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2. Common herbs and claimed antidiabetic mechanisms

Several plants have received considerable attention in both preclinical and clinical studies. Cinnamon (Cinnamomum
species) has been investigated for its potential to enhance insulin signaling pathways, delay gastric emptying, and
improve lipid metabolism, though clinical findings remain inconsistent [39-437. Gymnema sylvestre, long used in
Ayurvedic practice, is believed to promote insulin secretion and support regeneration of pancreatic [-cells, with
encouraging results in animal models [44-497. Fenugreek (Trigonella foenum-graecum) contains soluble fibers and
steroidal saponins that slow glucose absorption and improve postprandial glycemic control [117. Bitter melon
(Momordica charantia) demonstrates insulin-mimetic properties, activation of AMPK pathways, and regulation of
glucose transporters, though human data are still limited [50-567].

Other agents such as turmeric (curcumin), green tea catechins (notably EGCG), and berberine from various
medicinal plants have been studied for their antioxidant, anti-inflammatory, and insulin-sensitizing properties [57-
637. These compounds are particularly relevant in addressing oxidative stress, a major contributor to diabetic
complications. Beyond these widely recognized herbs, many regional remedies from Chinese, African, and Ayurvedic
traditions are under active investigation. It is important to note that single-herb preparations and complex
polyherbal formulations often differ markedly in chemical composition, making efficacy and safety outcomes difficult
to generalize [64-697].

3. Evidence for efficacy - clinical trials and meta-analyses

The clinical evaluation of herbal remedies in diabetes management has steadily increased, with a number of
randomized controlled trials (RCTs) and systematic reviews now available. Most meta-analyses demonstrate small-
to-moderate improvements in fasting blood glucose, postprandial glucose, and glycated hemoglobin (HbA 1¢) among
patients using certain phytomedicines [70-767. These effects are generally greater than placebo but often less robust
than those achieved with standard pharmacotherapy such as metformin or sulfonylureas. For example, berberine
has been shown in several Chinese trials to reduce HbA1c by 0.5-1.0%, approaching the effect of first-line drugs,
although methodological limitations temper confidence in these results [77-797.

Cinnamon has also been widely studied, with meta-analyses reporting modest reductions in fasting glucose but
inconsistent changes in HbA1c¢ [177. The heterogeneity across studies reflects variation in species used, preparation
methods (aqueous vs. alcoholic extracts, whole powder vs. capsules), dosages, and participant characteristics.
Similarly, fenugreek has demonstrated improvements in postprandial glycemia, though trial sizes are often fewer
than 100 participants and follow-up durations rarely exceed three months [187.

Gymnema sylvestre and bitter melon are other botanicals with encouraging preclinical and small clinical trial data.
Gymnema has been associated with modest reductions in insulin requirements among insulin-dependent patients,
while bitter melon has shown glucose-lowering effects in some South Asian studies, although larger Western trials
have failed to replicate these findings consistently [197.

More recent network meta-analyses emphasize that while phytomedicines collectively display glycemic benefits, the
strength of evidence varies considerably by herb, preparation, and outcome measured. A persistent limitation is the
short duration of most studies, which precludes assessment of long-term glycemic durability, complication
prevention, or safety outcomes [207]. Furthermore, many studies fail to report adverse events systematically,
limiting understanding of risk—benefit balance. In summary, the evidence suggests that select herbs may have an
adjunctive role in diabetes management, especially in early disease stages or in populations with limited access to
conventional therapies. However, the current data do not justify replacing first-line pharmacotherapy with herbal
remedies. Rigorous, long-term RCTs using standardized extracts, clinically meaningful endpoints, and active safety
monitoring remain an urgent research priority.

4. Toxicological risks linked to herbal antidiabetic remedies

While herbal remedies may offer metabolic benefits, they also carry important toxicological risks. These risks arise
from intrinsic phytochemical toxicity, variability in preparation, contamination or adulteration, and interactions
with prescribed antidiabetic drugs [87. For people with diabetes, who often have comorbid hepatic or renal disease,
such risks are amplified.

4.1 Hepatotoxicity (HILI)

Herbal and dietary supplements are increasingly recognized as causes of drug-induced liver injury. Green tea
extract, particularly in concentrated high-dose forms, has been repeatedly linked to acute hepatitis [217]. Multi-
herbal Ayurvedic formulations and products adulterated with undisclosed pharmaceuticals (such as glibenclamide)
are other sources of hepatotoxicity [227]. Mechanistically, injury may result from direct hepatocellular toxicity,
immune-mediated reactions, or the formation of reactive metabolites during hepatic biotransformation [237. In
clinical practice, HILI can manifest as asymptomatic enzyme elevations, cholestatic hepatitis, or fulminant liver
failure [247]. Diabetic patients with underlying nonalcoholic fatty liver disease are at heightened risk, making
pharmacovigilance especially important in this population [257].
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4.2 Nephrotoxicity
Renal injury related to herbal use may result from nephrotoxic alkaloids, heavy-metal contamination, or adulteration
with NSAIDs and other nephrotoxic agents [267]. Aristolochic acid exposure, although less common today,
illustrates the severe consequences of unrecognized nephrotoxic herbs, leading to progressive interstitial fibrosis
and end-stage renal disease [277]. For individuals with diabetes, who already have increased susceptibility to
nephropathy, even low-level renal insults can accelerate decline in kidney function [28,297]. Unfortunately, renal
outcomes are rarely measured in clinical trials of herbal therapies, leaving a gap in safety knowledge.

4.3 Neurotoxicity and hematologic risks

Neurotoxic effects, though less frequently reported, are documented in association with certain alkaloid-rich plants.

Mechanisms include mitochondrial dysfunction, oxidative stress, and interference with neurotransmitter pathways

[30]. For diabetic patients, existing neuropathy may increase vulnerability to such insults [317]. Hematologic risks

such as hemolytic anemia and bone marrow suppression are also described with some botanicals [327. These may

result from direct oxidative injury to erythrocytes, immune-mediated destruction, or interference with
hematopoietic precursors. Although uncommon, these adverse events highlight the importance of systematic
monitoring in both research and clinical use.

CONCLUSION

Herbal remedies offer biologically plausible mechanisms for improving glycemic control and reducing oxidative-

stress—mediated diabetic complications, and some show encouraging clinical signals. However, inconsistent product

quality, limited high-quality clinical data and accumulating reports of hepatotoxicity, nephrotoxicity and other
adverse effects mandate caution. Safe integration of phytomedicines into diabetes care requires stronger evidence,
better manufacturing standards, active pharmacovigilance, and clear clinician—patient communication about risks,
especially for people with hepatic or renal impairment. Until robust safety and efficacy data are available for specific
standardized products, herbal remedies should be considered adjunctive, not substitutive, to evidence-based
antidiabetic therapy [47.
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