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ABSTRACT

Diabetes mellitus (DM) is a global health concern, and its prevalence continues to rise due to increasing lifestyle
changes and aging populations. Chronic hyperglycemia in diabetic patients leads to various complications, including
renal and hepatic damage. While conventional pharmacological treatments for diabetes manage blood glucose levels,
there has been growing interest in the use of herbal medicine as complementary or alternative therapy. Herbal
medicines, containing bioactive compounds with anti-diabetic, anti-inflammatory, and antioxidant properties, are
often considered for the management of diabetes and its complications. However, despite their benefits, the safety of
herbal medicines, particularly concerning renal and hepatic toxicity, remains a significant concern. This review aims
to explore the intersections between diabetes, herbal medicine, and histopathology, with a particular focus on renal
and hepatic safety. We analyze the potential effects of herbal medicine on diabetic kidney and liver dysfunction,
examining the histopathological changes and underlying mechanisms involved in such interactions. The review also
evaluates clinical findings, potential therapeutic benefits, and safety profiles of popular herbal medicines used in the
management of diabetes.

Keywords: Diabetes mellitus, Herbal Medicine, Renal Safety, Hepatic Safety, Histopathology, Toxicity,
Bioactive Compounds

INTRODUCTION
Diabetes mellitus (DM) is a metabolic disorder patients, making it essential to evaluate the safety of
marked by chronic hyperglycemia due to defects in these herbs in  managing diabetes [67].
insulin secretion, action, or both [17. With an Histopathological examination is a vital tool for
estimated 537 million people affected globally, the identifying organ-specific damage and understanding
burden of diabetes is rising, and it is associated with a the underlying mechanisms of toxicity. Changes in
range of complications, particularly nephropathy and renal and hepatic tissues, such as glomerular damage,
hepatopathy, which contribute significantly to patient fibrosis, hepatocyte necrosis, and steatosis, can be
morbidity and mortality [27]. The use of herbal indicators of toxicity induced by certain herbal
medicine has gained popularity as an alternative or compounds [7]. This review explores the
complementary therapy due to its perceived natural intersections between diabetes, herbal medicine, and
origih and fewer side effects compared to histopathology, focusing on the safety of the kidneys
conventional treatments [37]. Various herbal and liver when herbal remedies are used for diabetes
preparations, such as Cinnamomum verum management. It highlights the importance of
(cinnamon), Allium sativum (garlic), Gymnema understanding both the therapeutic potential and the
sylvestre, and Berberis vulgaris, have demonstrated risks associated with herbal treatments, particularly
anti-diabetic properties and are widely studied for in vulnerable organ systems like the kidneys and
their potential to manage blood glucose levels and liver, to ensure safe and effective clinical outcomes.
related complications [47]. Despite these benefits, Diabetes and Organ-Specific Complications:
concerns about the safety of herbal medicine, Renal and Hepatic Damage
particularly regarding its impact on renal and hepatic 1. Diabetic Nephropathy
function, have emerged [57. The kidneys and liver Diabetic nephropathy (DN) is a progressive kidney
are particularly vulnerable to damage in diabetic disorder that results from prolonged hyperglycemia
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associated with diabetes mellitus [87. It is one of the
most common and serious complications of diabetes,
leading to end-stage renal disease (ESRD) and often
requiring renal replacement therapy, including
dialysis or kidney transplantation [87]. The
pathogenesis of DN is multifactorial, with several
mechanisms contributing to kidney damage over
time. These include glomerular hyperfiltration,
glomerular hypertension, and the accumulation of
advanced glycation end products (AGEs) [97.
Additionally, chronic hyperglycemia promotes the
overproduction of reactive oxygen species (ROS),
which induce oxidative stress, further exacerbating
renal injury [107]. At the histopathological level, DN
is characterized by several key changes within the
kidney. The glomeruli, which are responsible for
filtering blood, show thickening of the basement
membrane, a hallmark of early-stage diabetic
nephropathy [87. In more advanced stages, there is
mesangial expansion, where the mesangium (the
tissue supporting the glomeruli) becomes enlarged
due to the accumulation of extracellular matrix
proteins, further impairing kidney function [117. As
the disease progresses, glomerulosclerosis (scarring
of the glomeruli) and tubulointerstitial fibrosis
(scarring of the tubules and surrounding tissues)
occur, leading to irreversible kidney damage [127.
The kidney’s ability to filter waste products and
regulate fluid balance deteriorates as these
histopathological changes worsen [137]. The
accumulation of toxic waste in the body results in
complications such as hypertension, electrolyte
imbalances, and fluid retention [147]. Importantly,
renal dysfunction often manifests late in the disease,
which is why early diagnosis and intervention are
crucial [157. The role of proteinuria (the presence of
excess protein in the urine) is particularly important
in diagnosing DN, as it is often one of the earliest
signs of kidney injury in diabetic patients [167]. The
primary therapeutic strategies for managing diabetic
nephropathy aim to control blood glucose levels and
blood pressure [17]. However, new research is
exploring potential adjunct therapies, including
herbal remedies, to alleviate renal damage and slow
the progression of DN. Some herbs, such as Curcuma
longa (turmeric) and Camellia sinensis (green tea),
have  demonstrated antioxidant and anti-
inflammatory properties that may help reduce the
inflammation and fibrosis that characterize diabetic
kidney damage [187].

2. Diabetic Hepatopathy

The liver plays a central role in maintaining glucose
homeostasis through processes like gluconeogenesis,
glycogen synthesis, and insulin clearance [197. In
diabetes mellitus, particularly in patients with type 2
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diabetes, the liver is often subjected to dysfunction
due to insulin resistance and chronic hyperglycemia
[207]. This results in the development of diabetic
hepatopathy, which encompasses a spectrum of liver
conditions ranging from simple fatty liver (non-
alcoholic fatty liver disease, or NAFLD) to more
severe forms of liver damage such as cirrhosis [217].
NAFLD is commonly found in diabetic individuals
and is characterized by the accumulation of fat in liver
cells, particularly hepatocytes, without significant
inflammation or fibrosis [227]. However, if left
untreated, NAFLD can progress to non-alcoholic
steatohepatitis (NASH), a more severe form of the
disease, which involves inflammation and damage to
liver cells, potentially progressing to liver fibrosis
and cirrhosis [237. The histopathological hallmark of
NASH includes hepatocyte ballooning, which is the
swelling of liver cells, along with steatosis (fat
accumulation), lobular inflammation, and varying
degrees of fibrosis [247].
The development of diabetic hepatopathy is closely
linked to insulin resistance, a common feature in type
2 diabetes [197. Insulin resistance in the liver leads
to increased lipogenesis (fat production) and
decreased fatty acid oxidation, contributing to fat
buildup [257. In addition, oxidative stress plays a
significant role in liver injury, as elevated blood
glucose levels promote the production of ROS,
leading to inflammation and hepatocellular damage
[267]. Inflammation in the liver further activates
fibrotic pathways, which result in the accumulation of
collagen and other extracellular matrix proteins,
leading to the development of fibrosis [277].
Histopathologically, the liver in diabetic patients
often shows signs of lipid infiltration, inflammatory
cell infiltration, and, in advanced stages, fibrosis and
cirrhosis [287. These changes impair the liver’s
ability to detoxify the body, produce proteins, and
regulate  glucose, further complicating the
management of diabetes [17]. The combination of
liver dysfunction and diabetes contributes to an
increased risk of cardiovascular disease, liver failure,
and other systemic complications [287].
Like diabetic nephropathy, the management of
diabetic hepatopathy involves strict control of blood
glucose levels, as well as addressing underlying
conditions such as obesity and dyslipidemia [297].
There is also growing interest in the use of herbal
medicines to manage diabetic liver damage. Herbs
like Silybum marianum (milk thistle) and Curcuma
longa (turmeric) have demonstrated hepatoprotective
effects in both experimental models and human
studies, potentially mitigating the inflammatory and
fibrotic  processes  associated ~ with  diabetic
hepatopathy [307].
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Herbal Medicine in Diabetes Management
Herbal medicine has been utilized for centuries as a
therapeutic approach to manage various health
conditions, including diabetes [817]. The use of plant-
based remedies in diabetes treatment is largely driven
by their perceived safety, natural origin, and growing
body of evidence supporting their efficacy in
managing blood glucose levels, improving insulin
sensitivity, and reducing the complications associated
with diabetes [[327]. Many plants possess bioactive
compounds, such as alkaloids, flavonoids, terpenoids,
and phenolic compounds, which have shown
antioxidant, anti-inflammatory, and hypoglycemic
properties [337]. These compounds help counteract
the oxidative stress and inflammation that play
critical roles in the pathogenesis of diabetic
complications,  including  nephropathy and
hepatopathy [837. Several herbal agents have been
extensively studied for their potential benefits in
managing diabetes and its complications:
Cinnamon (Cinnamomum verum): This widely used
herb contains compounds such as cinnamaldehyde,
which mimic insulin action and help improve glucose
metabolism [347]. Cinnamon has been shown to
enhance insulin sensitivity, reduce fasting blood
glucose levels, and lower HbAlc levels in diabetic
patients [35].
Garlic (Allium sativum): Garlic contains sulfur
compounds like allicin, which have been found to
possess  anti-inflammatory,  antioxidant, and
antihyperglycemic properties [867]. These effects
help reduce oxidative stress and inflammation in
diabetic organs, including the kidneys and liver, thus
potentially preventing or slowing the progression of
diabetic nephropathy and hepatopathy [377].
Gymnema sylvestre: This herb has long been used
in traditional medicine for its ability to enhance
insulin secretion and promote the regeneration of
pancreatic beta cells [387. It also reduces the
absorption of glucose from the intestines, helping to
lower blood sugar levels. Gymnema has shown
promise in improving renal and hepatic function in
diabetic models by reducing oxidative stress and
inflammation [88,397].
Berberis vulgaris: Known for its bioactive compound
berberine, this herb has been shown to exert anti-
hyperglycemic, anti-inflammatory, and anti-oxidant
effects [407]. Berberine has been reported to improve
insulin sensitivity, reduce blood glucose levels, and
protect against diabetic complications, including
kidney and liver damage [417].
While herbal medicine offers promising benefits in
managing diabetes and related complications, it is
essential to consider the potential for herb-drug

18

www.iaajournals.org
interactions and organ toxicity. Herbal remedies,
when used appropriately and in combination with
conventional therapies, may enhance the therapeutic
outcomes for diabetic patients [427]. However, more
research, particularly clinical trials and long-term
studies, is necessary to fully understand the safety and
efficacy of these herbs in the management of diabetic
nephropathy and hepatopathy.
Herbal Medicine and Histopathology: Renal and
Hepatic Safety Concerns
1. Renal Toxicity
‘While herbal medicines offer numerous benefits in
managing diabetes, some herbs have been associated
with renal toxicity [437]. The kidneys are particularly
vulnerable to damage because they play a central role
in the metabolism, absorption, and excretion of many
compounds, including herbal constituents [447].
Certain herbs may induce nephrotoxicity through
several mechanisms, which can lead to irreversible
kidney damage [437. One of the primary mechanisms
by which herbal medicines can induce renal damage is
through oxidative stress [45]. Many herbal
compounds, such as flavonoids and polyphenols, have
antioxidant properties that provide therapeutic
effects [467]. However, when taken in excess or for
prolonged periods, some herbs may trigger excessive
production of reactive oxygen species (ROS),
overwhelming the body's antioxidant defenses and
leading to oxidative injury to kidney tissues [47].
This can result in damage to renal cells and tissues,
exacerbating kidney dysfunction [437]. Renal fibrosis
is another mechanism of toxicity linked to some
herbal medicines [487. Herbs such as Cinnamomum
and Camellia sinensis have been shown to induce
mesangial expansion and glomerulosclerosis, two
hallmarks of kidney damage that result from
excessive extracellular matrix production [497.
Additionally, some herbs have been reported to cause
interstitial fibrosis, further impairing kidney function
[507. Certain herbal bioactive compounds, such as
those found in Aristolochia species, are known to
produce nephrotoxic metabolites, contributing to
renal damage [517]. These metabolites can directly
damage renal cells, leading to severe nephropathy and
renal failure. Histopathological evidence of herbal-
induced kidney damage typically includes glomerular
lesions, tubular atrophy, interstitial inflammation,
and fibrosis [507.

2. Hepatic Toxicity

Herbal medicines can also lead to hepatic toxicity,
especially when used over extended periods or in high
doses. The liver, being the primary organ for
metabolizing drugs and toxins, is particularly
susceptible to damage from certain herbal compounds
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[527. Cytotoxicity is a primary mechanism of herbal-
induced  hepatotoxicity [537]. Many herbal
compounds, including those found in Kava kava and
Piper methysticum, are capable of directly damaging
hepatocytes (liver cells), leading to cell death [54,557.
This can result in acute liver injury, which, if not
addressed, may progress to chronic liver diseases.
Cholestasis, a condition where bile flow is impaired, is
another mechanism through which some herbal
medicines cause liver damage [567. Herbs that
interfere with bile secretion can cause bile acid
accumulation in the liver, leading to inflammation
and hepatocellular damage [577]. This condition can
progress to fibrosis and, eventually, cirrhosis if the
herbal remedy is used long-term. Furthermore,
chronic use of certain herbs has been linked to liver
fibrosis and cirrhosis. Kava kava, for example, has
been associated with hepatotoxicity, resulting in liver
fibrosis in some patients [587. Histopathological
changes induced by herbal hepatotoxicity typically
include hepatocyte necrosis, fatty infiltration,
inflammatory cell infiltration, and collagen
deposition, all of which are indicative of liver damage
[5697. Given the potential for both renal and hepatic
toxicity, it is essential to carefully monitor the use of
herbal medicines in diabetic patients, particularly
those with pre-existing renal or hepatic conditions.
Histopathological analysis remains a critical tool in
assessing the degree of damage caused by these herbs,
helping clinicians make informed decisions about
their use [607].

Safety Profile and Clinical Considerations
Although  herbal medicines offer promising
therapeutic benefits for managing diabetes, their
safety profiles, particularly regarding long-term use,
remain insufficiently understood. The effectiveness
and safety of herbal remedies depend on multiple
factors, including the quality of the herbal
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preparation, appropriate dosing, and the duration of
treatment [617. Inconsistent quality and potency of
herbal medicines pose a significant challenge, as the
concentration of active compounds may vary between
batches or products, potentially leading to
inconsistent therapeutic outcomes or adverse effects
[62].
Given the potential for renal and hepatic toxicity,
especially in patients with pre-existing organ
conditions, it is essential to consider the possible risks
when using herbal remedies in diabetic management.
Herbs that have nephrotoxic or hepatotoxic potential
should be used cautiously, and careful monitoring of
renal and liver function is recommended during
treatment. This includes regular blood tests to assess
kidney function (such as serum creatinine and blood
urea nitrogen levels) and liver enzymes (such as ALT,
AST, and bilirubin levels), as well as ultrasonography
or histopathological examination when necessary
[45]. Furthermore, patients on concurrent
pharmacological treatments for diabetes must be
monitored for herb-drug interactions, as some herbal
compounds may alter the metabolism of conventional
medications, potentially leading to adverse effects or
reduced efficacy [637]. For instance, herbs that affect
cytochrome P450 enzymes or other metabolic
pathways could increase or decrease the plasma levels
of antidiabetic drugs, resulting in either toxicity or
therapeutic failure [647]. Healthcare providers should
be proactive in identifying potential interactions and
adjusting dosages accordingly. Ultimately, the safety
of herbal medicines in diabetes management
necessitates further investigation through well-
designed clinical trials. These studies should focus on
the long-term effects, optimal dosage, and the
mechanisms  underlying  potential  toxicities,
particularly with respect to renal and hepatic safety.

CONCLUSION

The use of herbal medicines in diabetes management
offers significant promise, particularly for improving
blood glucose control and reducing complications
associated with the disease. However, the safety of
these therapies, especially concerning their potential
tfor renal and hepatic toxicity, remains a critical
concern. Understanding the histopathological
changes induced by herbal medicines in diabetic
patients is essential for ensuring their safe and
effective use. Both experimental and clinical research
play crucial roles in addressing these concerns, as
they can provide insights into the mechanisms by
which herbal compounds affect organ systems and
contribute to the development of complications such
as nephropathy and hepatopathy. While current
evidence supports the beneficial effects of many
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herbal remedies, more rigorous clinical trials and
long-term studies are needed to establish their safety
profiles. These studies should focus on evaluating the
potential risks of herbal medicine on renal and hepatic
function, particularly in vulnerable populations such
as those with pre-existing kidney or liver disease.
Additionally, further histopathological investigations
will enhance our understanding of the cellular and
tissue-level changes associated with herbal-induced
In conclusion, herbal medicines should be used with
caution in diabetic patients, especially those with
existing organ dysfunction. Regular monitoring,
including histopathological assessments, is crucial to
ensuring that these natural remedies are both safe and
effective in managing diabetes and its complications.
By bridging the gap between clinical practice and
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scientific research, we can optimize the therapeutic
potential of herbal remedies while minimizing risks.
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