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ABSTRACT

Polyherbal mixtures (PHMs) have gained significant attention in the management of diabetes mellitus due
to their potential to provide a multifaceted approach to therapy. These mixtures, which often combine
extracts from different plant species, possess diverse therapeutic effects, including antioxidant, anti-
inflammatory, and hypoglycemic properties. The antioxidant action of PHMs helps neutralize free radicals,
mitigating the oxidative stress that plays a crucial role in the pathogenesis of diabetes and its complications.
Anti-inflammatory effects further reduce the chronic inflammation commonly seen in diabetic patients,
while hypoglycemic properties aid in regulating blood glucose levels, making PHMs an attractive
alternative or adjunct to conventional treatments. However, the growing popularity of PHMs has raised
significant safety concerns, particularly regarding their potential to cause hepatotoxicity and
nephrotoxicity. Both the liver and kidneys play essential roles in the detoxification, metabolism, and
excretion of various xenobiotics, including those from herbal products. This makes these organs highly
susceptible to damage induced by the phytochemicals present in PHMs. The review critically examines the
histopathological changes observed in both liver and kidney tissues in diabetic models treated with PHMs.
These include hepatocellular necrosis, fatty degeneration, tubular necrosis, and glomerular atrophy, as
reported in both preclinical and clinical studies. Furthermore, the review discusses various risk factors
contributing to PHM-induced toxicity, such as phytochemical interactions, bioaccumulation of toxic
substances, lack of standardization in formulation, and variations in dosage. Emphasizing the importance
of robust toxicological evaluations, the review advocates for the development of standardization protocols
and regulatory oversight for the production and usage of PHMs. Ensuring their safety is critical for
promoting their use as viable therapeutics in diabetic care.
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INTRODUCTION
Diabetes mellitus (DM) is a chronic metabolic disorder that affects millions worldwide, characterized by
sustained high blood glucose levels due to defects in insulin secretion, insulin action, or both [17. Diabetes
leads to serious complications, including cardiovascular disease, neuropathy, retinopathy, and nephropathy
[2]. Furthermore, the management of diabetes remains challenging, with conventional therapies often
providing insufficient control over blood glucose levels and posing various side effects. Polyherbal mixtures
(PHMSs), composed of combinations of plant extracts, have gained attention as alternative treatments due
to their perceived efficacy and fewer side effects compared to synthetic drugs. Herbal medicines have been
used for centuries in various cultures for their therapeutic benefits. In the context of diabetes, PHMs are
particularly favored for their ability to offer multifaceted actions such as anti-inflammatory, antioxidant,
anti-hyperglycemic, and insulin-sensitizing properties [87]. These mixtures often combine extracts from
medicinal plants such as Vernonia amygdalina, Ocimum gratissimum, and Allium sativum, among others,
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to improve glycemic control and reduce complications associated with the disease [47]. However, despite
the promising effects of PHMs, their safety profiles remain poorly understood, especially concerning
hepatotoxicity and nephrotoxicity. The liver and kidneys are critical organs responsible for the
detoxification and excretion of metabolites, including phytochemicals from herbal products [57. The
presence of bioactive compounds such as flavonoids, alkaloids, and saponins in PHMs, while therapeutically
beneficial, can lead to organ-specific toxicity [67]. This review aims to examine the histopathological
changes induced by PHMs in diabetic models, focusing on liver and kidney damage, and to highlight the
risk factors contributing to toxicity.
Polyherbal Formulations in Diabetes Management
The use of PHMs for diabetes management is rooted in the belief that these mixtures can provide a holistic
approach to treating the disease. Traditionally, single herbal plants have been used for therapeutic purposes,
but more recently, polyherbal formulations have been developed to maximize synergistic effects [77.
Polyherbal formulations often include several herbs, each contributing different therapeutic actions. For
instance, Vernonia amygdalina has demonstrated hypoglycemic properties, while Ocimum gratissimum has
antioxidant and anti-inflammatory effects, contributing to reduced oxidative stress in diabetic individuals
[87. One of the primary advantages of PHMs is their ability to target multiple pathways involved in the
pathogenesis of diabetes [97. These formulations can help: - Regulate blood glucose levels by inhibiting
carbohydrate-digesting enzymes (e.g., alpha-glucosidase and alpha-amylase) [107, increase insulin
sensitivity through modulation of insulin receptor signaling pathways [117] reduce oxidative stress by
scavenging free radicals and reducing the load on the antioxidant defense system [127], modulate
inflammation by inhibiting inflammatory cytokines like TNF-o and IL-6 137 Nevertheless, despite these
benefits, the safety of these herbal mixtures needs to be scrutinized, especially since many of them are taken
long-term by diabetic patients. Safety concerns arise due to the risk of toxic effects on the liver and kidneys,
which are central to detoxifying and processing many of the active components in PHMs [14]
Mechanisms of Hepatotoxicity Induced by Polyherbal Mixtures
The liver is the principal organ responsible for metabolizing various compounds, including the
phytochemicals found in herbal formulations [157. As such, it is particularly vulnerable to the toxic effects
of these substances. Hepatotoxicity from PHMs is commonly linked to oxidative stress, disruption of
cellular integrity, and inflammation.
Oxidative Stress and Inflammatory Pathways
Phytochemicals such as flavonoids, alkaloids, and tannins, while beneficial in therapeutic doses, can induce
oxidative stress in higher concentrations [167]. This stress results from the excessive production of reactive
oxygen species (ROS), which damage cellular components, including lipids, proteins, and DNA [17]. In
the liver, this leads to hepatocellular damage, manifested as necrosis, fatty degeneration (steatosis), and
fibrosis [177]. Studies have shown that PHMs containing Vernonia amygdalina, for example, can induce
lipid peroxidation, contributing to liver dysfunction and cellular damage [187. Furthermore, inflammation
plays a critical role in the pathogenesis of hepatotoxicity. Many PHMs trigger the release of pro-
inflammatory cytokines such as TNF-a and IL-1, which exacerbate liver injury by promoting cellular
apoptosis and fibrosis [1387]
Mitochondrial Dysfunction
The liver's detoxifying function heavily relies on mitochondria, which produce energy and regulate
apoptosis [197]. PHMs, especially those with high concentrations of alkaloids, can disrupt mitochondrial
function, leading to energy depletion and further exacerbating hepatic injury [207]. Dysfunctional
mitochondria also release cytochrome c, initiating caspase activation and programmed cell death (apoptosis)
in hepatocytes [217].
Mechanisms of Nephrotoxicity Induced by Polyherbal Mixtures
The kidneys are critical organs for maintaining homeostasis by filtering blood, excreting waste products,
and regulating electrolytes [227. However, they are also highly susceptible to damage from the
phytochemicals present in polyherbal mixtures (PHMs) [227. Nephrotoxicity induced by PHMs is
commonly observed in diabetic animal models and is linked to oxidative stress, inflammatory processes,
and structural changes that compromise renal function [237. These toxic effects can lead to long-term
damage if not properly addressed.
Renal Tubular Damage
One of the most frequently observed histopathological changes in PHM-induced nephrotoxicity is tubular
necrosis, often accompanied by vacuolar degeneration and cell sloughing [247]. These alterations occur due
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to the accumulation of bioactive compounds from the herbal mixture within renal tubular cells. The
resulting oxidative stress damages cellular structures, including mitochondria and the plasma membrane,
which are essential for maintaining renal tubular cell integrity [257. This oxidative damage leads to cell
apoptosis or necrosis, contributing to dysfunction in the kidney's filtration ability. In addition, tubular cells
may become obstructed due to sloughing, further impairing kidney function and exacerbating renal injury

26 |.
-6 Glomerular Atrophy and Interstitial Fibrosis
Another critical effect of PHM-induced nephrotoxicity is the presence of glomerular atrophy and interstitial
fibrosis. Glomerular atrophy refers to the shrinking and loss of function of the glomeruli, which are essential
for the filtration of blood [277]. Oxidative stress in the glomeruli can damage endothelial cells, podocytes,
and the glomerular basement membrane, impairing their ability to filter blood effectively [287. As the
kidney attempts to repair itself, fibrotic changes in the renal interstitium may occur, characterized by the
accumulation of extracellular matrix proteins such as collagen [297]. These fibrotic changes are often a
response to chronic inflammation, which is promoted by the persistent presence of phytochemicals that
induce inflammatory cytokine release [307. Over time, fibrosis can lead to the progressive decline in kidney
function, contributing to renal failure if left untreated [317].
Risk Factors Influencing Toxicity of Polyherbal Mixtures
The toxicity of polyherbal mixtures (PHMs) can be influenced by various factors that contribute to their
safety and efficacy. These factors include:
Lack of Standardization
One of the primary concerns regarding the safety of PHMs is the variability in their composition. Unlike
pharmaceutical drugs, which undergo rigorous standardization processes, the quality and concentration of
bioactive compounds in PHMs can vary significantly depending on the source of the plants, the preparation
methods, and the dosage used [327]. This lack of standardization increases the likelihood of unpredictable
outcomes, such as unanticipated toxic effects, as patients may receive inconsistent amounts of active
compounds with each dose [337. This inconsistency in formulation can also complicate the determination
of safe therapeutic doses and effective treatment regimens.
Bioaccumulation of Heavy Metals
Another significant risk factor for PHM toxicity is the potential for heavy metal contamination. Many
medicinal herbs are grown in environments with polluted soil or water, leading to the accumulation of toxic
metals such as lead, arsenic, and cadmium in plant tissues [847]. These metals can then be transferred to
humans when consumed, potentially causing organ toxicity, particularly in the liver and kidneys [857].
Over time, bioaccumulation of heavy metals can result in chronic poisoning, contributing to long-term
health complications.
Herb-Drug Interactions
Diabetic patients often take various medications, including insulin and oral hypoglycemic agents, to control
their blood glucose levels. When combined with PHMs, these medications may interact with the bioactive
compounds in the herbal mixtures. Such interactions can alter the pharmacokinetics of the drugs, affecting
their absorption, metabolism, or excretion, potentially leading to reduced efficacy or increased toxicity
[367. For example, certain phytochemicals may enhance the hypoglycemic effect of oral agents, leading to
dangerously low blood sugar levels [377.
High Dosage and Long-term Use
Chronic use of PHMs, especially in high doses, can significantly increase the risk of toxicity. Prolonged
exposure to high levels of certain bioactive compounds, such as alkaloids or flavonoids, can overwhelm the
body’s natural detoxification mechanisms, particularly the liver and kidneys [38,397. This can lead to
bioaccumulation of harmful substances and result in organ damage over time. The risks are compounded
in diabetic patients, whose organ function may already be compromised due to the disease itself [397].
Recommendations for Safer Use of Polyherbal Mixtures
To mitigate the risks associated with PHMs, the following recommendations are suggested:
Comprehensive Phytochemical Profiling: Accurate identification and quantification of bioactive
compounds in PHMs can help assess potential toxicity and ensure safe use.
Standardization of Formulation Protocols: Clear guidelines for the preparation, dosage, and
administration of PHMs should be established to minimize variability and maximize therapeutic efficacy.
Toxicological Screening: Rigorous preclinical and clinical trials should be conducted to evaluate the
hepatotoxic and nephrotoxic effects of PHMs across different doses and durations of use.
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Regulatory Oversight: Governments and health authorities should regulate PHM production and usage

to ensure that only safe and effective products reach the market.

Pharmacovigilance Systems: Post-market surveillance and reporting of adverse effects should be

strengthened to detect and manage potential toxicity in real-world settings.

CONCLUSION

Polyherbal mixtures represent a promising alternative in the management of diabetes mellitus. However,

their potential hepatotoxic and nephrotoxic effects necessitate careful evaluation. Histopathological

evidence indicates that while PHMs can provide therapeutic benefits, they also pose risks to liver and kidney

health, especially in diabetic individuals. Further research into the toxicological mechanisms and

standardization of PHMs is essential to enhance their safety and efficacy.
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