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Abstract: Diabetes mellitus is a chronic metabolic disorder characterized by persistent hyperglycemia due to
impaired insulin secretion or action. Diabetic neuropathy, a common complication, leads to pain, sensory loss,
and motor deficits, and is often managed with synthetic drugs such as antidepressants and anticonvulsants, which
are limited by adverse effects. Herbal and herbo-mineral formulations like Mehamudgara Vati (MMV) have
shown antidiabetic and antioxidant properties, but their efficacy in neuropathic pain remains unclear. This study
evaluated MMV in high-fat diet (HFD) and streptozotocin (STZ)-induced diabetic neuropathy in albino rats. Rats
were fed HFD for eight weeks followed by STZ injection (35 mg/kg). Treatment groups included diabetic control
(0.25% Na-CMC), MMV (100 mg/kg), amitriptyline (AMT, 10 mg/kg), and MMV (50 mg/kg) plus AMT (5
mg/kg) for six weeks. Behavioral assessments—including thermal hyperalgesia, cold allodynia, mechanical
hyperalgesia, grip strength, walking function, locomotor activity, motor coordination, and oral glucose
tolerance—showed significant improvement with MMV, especially in combination with AMT. Biochemical
analyses revealed reductions in blood glucose, lipids, and malondialdehyde, with increased insulin and antioxidant
(SOD, GSH, CAT) levels, and normalization of pro-inflammatory cytokines (TNF-a, IL-1f, IL-6). These findings
suggest that MMV effectively alleviates diabetic neuropathy and exerts a synergistic effect with AMT, presenting

a safe and promising alternative or adjunct to conventional therapies.
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1.0 Introduction:

Diabetes is increasingly recognized as a major
public health concern in India, currently affecting
over 62 million people. The country consistently
ranks among those with the highest diabetes
prevalence worldwide and is projected to witness the
most significant rise in cases by 2030, with estimates
approaching 80 million individuals (Chauhan et al,
2025; Kaveeshwar & Cornwall, 2014). Diabetes
mellitus is a complex and multifactorial metabolic
disorder characterized by chronic hyperglycemia
resulting from impaired insulin secretion, defective
insulin action, or a combination of both (Goyal et al,
2026). Sustained high blood glucose levels induce a
cascade of metabolic disruptions, leading to
progressive damage in multiple organs, including
the eyes, kidneys, nerves, heart, and vasculature,
which may ultimately result in organ dysfunction or
failure (Wu et al, 2022; American Diabetes
Association et al., 2009). Among the spectrum of
chronic diabetic complications, diabetic neuropathy
is the most common, affecting over half of all
patients. It profoundly impacts quality of life,
manifesting as sensory deficits, chronic pain, and
motor impairments, thereby representing a
significant  clinical challenge in diabetes
management (Rosenberger et al, 2020; Yang et al,
2025).

Diabetic neuropathy (DN) is a debilitating
complication of diabetes, clinically manifested by
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tingling, numbness, burning sensations, and a
progressive loss of perception to pain, temperature,
and pressure. These sensory deficits increase the
susceptibility to foot ulcers, delayed wound healing,
motor weakness, infections, and in severe cases,
limb amputation (Zhu et al, 2024). DN encompasses
dysfunction of sensory, motor, and autonomic
nerves, primarily driven by  persistent
hyperglycemia. Chronic elevation of blood glucose
contributes to insulin resistance, dyslipidemia,
oxidative stress, and excessive production of
reactive oxygen species (ROS), which collectively
trigger inflammation and neuronal injury (Xiaofeng
& Tang, 2026). The recruitment and activation of
macrophages within peripheral nerves further
amplify cytokine-mediated inflammatory responses,
exacerbating nerve damage. Additional
pathophysiological mechanisms implicated in DN
include the accumulation of advanced glycation end
products (AGEs), dysregulation of the hexosamine
and protein kinase C signaling pathways, and
neurovascular dysfunction, all of which compromise
nerve repair processes and promote the gradual
progression of neuropathic injury (Nashtahosseini et
al, 2025; Baum et al, 2021; Yang et al, 2025).

Management of diabetic neuropathy often relies on
pharmacological agents that encompass multiple
drug classes, including antioxidants like a-lipoic
acid, antidepressants such as duloxetine,
amitriptyline, and venlafaxine, anticonvulsants like
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pregabalin and gabapentin, anti-arrhythmic drugs
including lidocaine and mexiletine, polyphenolic
compounds such as curcumin and resveratrol, and
opioids like tramadol and tapentadol (Kaur et al,
2011; Cohen et al, 2015). While these therapies can
provide symptomatic relief, their long-term use is
frequently  limited by  adverse  effects.
Antidepressants and anticonvulsants often cause
sedation, dizziness, weight gain, and gastrointestinal
disturbances, whereas anti-arrhythmic agents may
induce cardiac or central nervous system toxicity
(Farach et al, 2012; Goldenberg, 2010). Opioids
carry risks of constipation, sedation, dependence,
and abuse potential, and even relatively safe
compounds like antioxidants or polyphenols may
lead to mild gastrointestinal upset or interact with
other medications. These challenges highlight the
difficulty of achieving sustained neuropathic pain
control and emphasize the need for safer, effective,
and well-tolerated alternatives (Paul et al, 2021;
Khansari et al, 2013).

Ayurvedic and plant-derived formulations are
generally cost-effective and possess a wide array of
pharmacological  activities, including  anti-
inflammatory, antioxidant, neuroprotective, and
metabolic regulatory effects (Fiirst et al, 2014). Such
herbal products are often considered safer
alternatives to conventional synthetic drugs, as they
typically exhibit lower toxicity profiles and are
associated with a reduced risk of adverse reactions.
Moreover, many of these preparations contain
multiple bioactive constituents that may act
synergistically to target various pathological
pathways simultaneously, offering a holistic
approach to disease management (Zhang et al, 2015;
Karimi et al, 2015).

Mehamudgara Vati is a classical herbo-mineral
Ayurvedic formulation traditionally used to manage
a broad spectrum of health conditions. It is
recognized for its multifaceted therapeutic
properties, including  metabolic  regulation,
antioxidant, anti-inflammatory, and rejuvenating
effects, which together contribute to its role in
promoting overall health and managing chronic
disorders (Tanna et al, 2011). Limited scientific
studies and clinical investigations  have
demonstrated its antidiabetic potential, showing
efficacy in controlling blood glucose levels and
supporting metabolic function (Tanna et al, 2011).
Nevertheless, its capacity to alleviate neuropathic
pain has not been extensively studied, and the
therapeutic outcome of combining Mehamudgara
Vati with Amitriptyline in diabetic neuropathy
remains unexplored. Accordingly, the present study
was designed to assess the effects of Mehamudgara
Vati on neuropathic pain, both alone and in
combination with Amitriptyline.

2.0 Materials and Methods:

2.1 Chemicals and reagents:
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Anmitriptyline, thiobarbituric acid, and hydrogen
peroxide were procured from Sigma-Aldrich
Chemicals Pvt. Ltd., India. Streptozotocin, sodium
citrate, trichloroacetic acid, 5,5-dithiobis-(2-
nitrobenzoic acid) (DTNB), nitro blue tetrazolium
chloride (NBT), B-nicotinamide adenine
dinucleotide phosphate (NADPH), citric acid, D-
glucose, and sodium carboxymethyl cellulose were
obtained from Sisco Research Laboratories Pvt.
Ltd., Mumbai. Glucose monitoring equipment along
with test strips (Contour Plus, India) were acquired
from local suppliers in Pune. All other chemicals
and reagents used were of analytical grade.
Mehamudgara Vati (Shree Baidyanath Ayurved
Bhawan Pvt. Ltd., India) was purchased from a local
pharmacy.

2.2 Experimental animals:

Male Sprague Dawley rats (180-200 g) bred in-
house were maintained in polypropylene cages
under controlled environmental conditions,
including a temperature of 22+1°C, relative
humidity of 60-70%, and a 12 h light—dark cycle, in
a registered animal facility. All experimental
procedures were conducted in compliance with the
guidelines of the Committee for the Control and
Supervision of Experiments on Animals (CCSEA),
Government of India. The study protocol
(IIRT/TAEC/35/2024/028) received prior approval
from the Institutional Animal Ethics Committee
before initiation of the experiment.

2.3 Diabetes induction in rats:

Streptozotocin (STZ) was accurately weighed, and
individual aliquots were prepared and kept on ice.
Just before administration, STZ was freshly
dissolved in ice-cold 100 mM sodium citrate buffer
(pH 4.5) and passed through a 0.2 pum membrane
filter. The buffer was added to each aliquot
immediately prior to dosing, and all procedures were
carried out under low-light conditions to prevent
degradation of STZ (Motyl & McCabe, 2009).
Type 2 diabetes mellitus was induced using a
modified high-fat diet (HFD) and STZ protocol.
Animals assigned to the diabetic group were fed an
HFD, while the normal control group received
standard laboratory chow. The HFD was formulated
by mixing powdered standard chow (25%) with
sugar (25%), corn starch (10%), refined wheat flour
(maida; 10%), cholesterol (0.20%), and dalda
(29.8%). This diet was administered daily for 8
weeks. After prolonged HFD feeding, a single
intraperitoneal injection of STZ (35 mg/kg) was
given. Blood glucose levels were measured 48 hours
post-STZ administration to confirm the induction of
diabetes (Jain et al, 2014; Rahigude et al, 2012;
Zhang et al, 2008).

2.4 Treatment schedule and experimental
protocol:
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A total of thirty animals were used in the study. Six
rats were assigned to the normal control group,
while the remaining animals were induced with
diabetes. The normal control group received
distilled water and was maintained under non-
diabetic  conditions. After three days of
streptozotocin administration, diabetic animals were
randomly divided into different experimental
groups. The diabetic control group was administered
the wvehicle (0.25% sodium carboxymethyl
cellulose). The standard treatment group received
AMT at a dose of 10 mg/kg, whereas another group
was treated with Mehamudgara Vati (MMV) at 100
mg/kg. Additionally, a combination group was
administered MMV (50 mg/kg) along with a lower
dose of AMT (5 mg/kg). Body weight and fasting
blood glucose levels were recorded on a weekly
basis throughout the experimental period.

2.5 Oral glucose tolerance test (OGTT):

Oral glucose tolerance was evaluated using the
OGTT method. The assessment was performed after
8 weeks of high-fat diet feeding and prior to
streptozotocin administration in overnight-fasted
animals (12 h). Glucose was orally administered at
a dose of 2 g/kg body weight, and blood samples
were obtained from the tail vein at 0, 30, 60, and 120
min to measure glucose levels. Animals showing
elevated glucose levels and impaired clearance were
considered glucose intolerant. The OGTT was
repeated at the end of the treatment period to
determine the effect of drug interventions on glucose
tolerance (Tang et al, 2018).

2.6 Development of diabetic neuropathy:

The development of diabetic neuropathy was
comprehensively assessed in all experimental
groups using multiple behavioral and functional
tests. These included the tail immersion test to
evaluate thermal hyperalgesia, the cold plate test for
cold allodynia, the pinprick test to assess mechanical
hyperalgesia, as well as grip strength and walking
tests to measure neuromuscular function.
Locomotor activity was quantified using an
actophotometer, and motor coordination was
evaluated with the rotarod test.

2.7 Behavioural Assessment:

2.7.1 Thermal hyperplasia:

Thermal nociceptive sensitivity was assessed
following the method of Ramabadran et al. (1989)
with slight modifications. The distal 5 cm of the tail
was immersed in a water bath maintained at
50+ 1°C, and the latency to tail withdrawal (tail-
flick response) was recorded as an index of
nociception. Three consecutive readings were taken
for each animal at 5-minute intervals, and the
average was used for analysis. A maximum cut-off
time of 15 s was applied to prevent tissue injury.
2.7.2 Cold allodynia:
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The method of Kim & Kim (2013) and Lim et al,
(2022) was followed to evaluate cold-induced
nociceptive sensitivity using the cold plate assay.
Each animal was placed in a transparent Perspex
chamber on the cold plate of a hot/cold plate
analgesia meter (IITC Life Science, Woodland
Hills, CA, USA) and allowed a 5-min
acclimatization period. The plate temperature was
maintained at 4+ 1°C, and the latency to paw
withdrawal was recorded as the nociceptive
response. A maximum cut-off time of 20s was
applied to prevent tissue injury.

2.7.3 Grip Strength test:

Grip strength was evaluated using a modified wire
hang test, based on the method described by Feng Q
et al. (2014). Each rat was allowed to grasp a steel
wire (2 mm in diameter, 35 mm in length), and the
time taken for the animal to release the wire was
recorded. The wire was positioned 50 cm above a
flat surface to ensure safety and standardize the
assessment.

2.7.4 Walking function test:

Walking ability was assessed using a horizontal rod
traversal test based on established protocols. A
cylindrical rod (6 cm diameter, 1 m length) was
mounted horizontally at a height of 40 cm above the
table. Rats were placed at one end and allowed up to
60s to cross the full length. The time taken to
traverse the rod was recorded, with animals that
failed to complete the task or fell assigned a
maximum score of 60s. Each animal underwent
three trials, and the average time was used for
statistical evaluation (Anjaneyulu & Chopra, 2004).
2.7.5 Mechanical hyperalgesia (pinprick test):
Saraswat et al, 2020; Kanaan et al, 1999 described
the assessment of mechanical nociception using the
pinprick test. In this method, the plantar surface of
the hind paw was gently stimulated with a bent
gauge needle held perpendicular (90°) to the paw,
ensuring the skin was not pierced. The latency to
paw withdrawal was recorded as the nociceptive
response, with a maximum cut-off time of 20s
applied to prevent tissue injury.

2.7.6 Locomotor activity:

The methods of Anjaneyulu & Chopra (2004) and
Saraswat et al (2020) were followed to evaluate
locomotor activity using an actophotometer
equipped with a photocell-based digital counter.
Each animal was placed individually in the
apparatus for a 5-minute observation period, and
locomotor behavior was quantified by recording the
number of light-beam interruptions.

2.7.7 Rota-rod performance:

Motor coordination and balance were assessed using
a rota-rod apparatus featuring a rotating drum with a
diameter of 75 mm. The rotation speed was set so
that normal control rats could remain on the rod for
over 5 minutes. Animals underwent three pre-test
training sessions with at least 3 hours between
sessions. During the evaluation, the time until the
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animal fell from the rotating rod was recorded at
rotational speeds of 15 and 25 rpm for each subject
(Vera et al, 2013; Dhavale et al, 2025).

2.7.8 Biochemical estimations:

Serum lipid levels were measured using standard
commercially available diagnostic kits. Oxidative
stress markers, including malondialdehyde (MDA)
as an indicator of lipid peroxidation, superoxide
dismutase (SOD), reduced glutathione (GSH), and
catalase (CAT), were analyzed in serum using a
biochemistry analyzer (ChemXpress, Operon
Biotech & Healthcare, India). Furthermore, serum
concentrations of insulin, tumor necrosis factor-a
(TNF-a)), and interleukin-6 (IL-6) were quantified
using ELISA  kits (GENLISA, Krishgen
Biosystems, USA) with measurements taken on a
UV/Vis microplate spectrophotometer (Thermo
Scientific Multiskan SkyHigh, USA).

2.7.9 Statistical analysis:

Data are presented as mean + standard deviation
(SD) for each experimental group. Statistical
analyses were performed using GraphPad Prism
software. Differences between groups were assessed
using either One-way or Two-way ANOVA,
followed by Tukey’s or Bonferroni’s multiple
comparison tests, respectively. Significance levels
were indicated as *p<0.05, **p<0.01, ***p<0.001
versus diabetic control group, #p<0.05 versus
normal control group, and ¥ denotes significant
differences compared to the MMV-treated group.

3.0 Results and Discussion:

Diabetic neuropathy represents a major and
progressively disabling complication of diabetes
mellitus, marked by chronic pain, sensory
impairment, motor deficits, oxidative stress, and
neuroinflammatory changes. Sustained
hyperglycemia initiates a series of interconnected
metabolic and molecular disturbances, including
impaired insulin signaling, altered lipid metabolism,
overproduction of reactive oxygen species (ROS),
and activation of pro-inflammatory pathways, which
collectively contribute to neuronal injury and
functional deterioration (Pittenger & Vinik, 2003;
Hussain, 2025; Bhatti et al, 2022). These processes
not only damage peripheral nerves but also disrupt
normal pain perception and neuromuscular
coordination. Considering the multifactorial nature
of its pathogenesis, targeting multiple pathways
simultaneously  is  essential for effective
management of diabetic neuropathy (Bodman et al,
20226). In this context, the present study was
designed to  systematically evaluate the
neuroprotective and antinociceptive potential of
Mehamudgara Vati (MMV), both alone and in
combination with AMT, using a high-fat diet (HFD)
and streptozotocin (STZ)-induced experimental
model of type 2 diabetic neuropathy, which closely
replicates the metabolic and neurological alterations
observed in clinical conditions.
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The findings of the present study indicate that
animals subjected to a high-fat diet (HFD) followed
by low-dose STZ administration developed
sustained  hyperglycemia, impaired glucose
tolerance, reduced insulin levels, and progressive
alterations in body weight, confirming the
successful establishment of a type 2 diabetic
condition. These metabolic disturbances were
associated with clear manifestations of neuropathic
pain, including thermal hyperalgesia, cold allodynia,
and mechanical hyperalgesia, along with reduced
locomotor activity and impaired motor coordination.
Such observations are in agreement with previous
studies indicating that chronic hyperglycemia and
insulin resistance are key contributors to diabetic
neuropathy, primarily through  mechanisms
involving increased oxidative stress, mitochondrial
dysfunction, and activation of inflammatory
pathways (Zhang et al, 2008; Brito et al, 2025).

In the present study, diabetic control rats exhibited a
distinct alteration in body weight pattern compared
with normal control animals, showing a significant
increase from week 4 through week 14 (p<0.05).
Administration of MMV (100 mg/kg) effectively
moderated this abnormal trend, indicating its role in
regulating diabetes-associated weight changes.
From weeks 9 to 10, MMV-treated animals showed
significant improvement (p<0.05-0.01), while from
weeks 11 to 14, a highly significant normalization of
body weight was observed (p<0.001), with effects
comparable to or greater than AMT. These changes
may be attributed to improved metabolic regulation,
including better insulin sensitivity and lipid
metabolism. Treatment with AMT (10 mg/kg) also
showed beneficial effects; however, the
combination of MMV with low-dose AMT
demonstrated enhanced efficacy, suggesting a
synergistic interaction (Figure-1). Overall, MMV
appears to play a key role in restoring energy
balance and counteracting diabetes-associated body
weight alterations (Dilworth et al, 2021).

OGTT assessment prior to STZ administration
revealed that diabetic control rats exhibited
significantly elevated fasting and post-glucose
blood glucose levels at all time points compared
with normal control animals (p<0.05), indicating
impaired glucose tolerance. Administration of
MMV (100 mg/kg) improved glucose tolerance,
particularly at later time points (p<0.05-0.001),
indicating its ability to enhance glucose utilization
and insulin responsiveness. Treatment with AMT
(10 mg/kg) also significantly reduced blood glucose
levels at 60, 90, and 120 min (p<0.05-0.01),
confirming its standard antihyperglycemic effect.
Notably, the combination of MMV (50 mg/kg) with
AMT (5 mg/kg) produced a more pronounced
reduction in blood glucose levels across multiple
time points (p<0.05-0.001), suggesting a synergistic
improvement in glycemic control (Figure-2A).
Following drug treatment, diabetic control rats
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continued to exhibit significantly elevated glucose
levels at all time points (p<0.05), indicating
persistent glucose intolerance. MMV (100 mg/kg)
demonstrated significant improvement, particularly
during the early phases of glucose challenge
(p<0.001), whereas AMT (10 mg/kg) showed a
broader reduction across most time points (p<0.001;
p<0.05 at 120 min) (Figure-2B). Overall, the
enhanced effect observed with combination therapy
highlights the contributory role of MMV in
improving glucose homeostasis. Importantly, the
combination therapy produced the most pronounced
effect, significantly reducing blood glucose levels at
all time intervals (p<0.001), with values
approaching those of the normal control group,
indicating improved glycemic control. These
findings are consistent with the known
pharmacological profile of Mehamudgara Vati, a
classical Ayurvedic herbo-mineral formulation
containing Lauha bhasma along with bioactive
constituents such as Guggulu, Triphala, Shunthi, and
Pippali (Tanna et al, 2011). The formulation exhibits
antihyperglycemic, hypolipidemic, antioxidant, and
immunomodulatory properties (Murudkar et al,
2022), which may collectively enhance glucose
regulation and insulin sensitivity. The improved
outcomes observed with combination therapy
further highlight its potential as an adjunct
treatment. Moreover, its multifaceted actions,
including metabolic regulation and neuroprotection,
may contribute to the management of early diabetic
complications and support its therapeutic relevance
in diabetic neuropathy.

In the behavioral tests, diabetic control rats showed
a marked reduction in tail-flick latency compared
with normal control animals, indicating significant
thermal  hyperalgesia  (p<0.05)  (Table-1).
Administration of MMV (100 mg/kg) produced a
notable improvement in nociceptive responses, as
reflected by an increase in tail-flick latency
(p<0.05), indicating attenuation of thermal
hyperalgesia. Treatment with AMT (10 mg/kg)
showed a more pronounced increase (p<0.001),
while the combination of MMV (50 mg/kg) with
AMT (5 mg/kg) resulted in a highly significant
enhancement (p<0.001), suggesting a synergistic
analgesic effect. In cold allodynia assessment,
diabetic control rats exhibited a significant reduction
in paw withdrawal latency (p<0.05), indicating
increased cold sensitivity,. MMV treatment
significantly improved withdrawal time (p<0.01),
whereas AMT produced a stronger effect (p<0.001).
The combination therapy demonstrated the most
marked improvement (p<0.001), indicating
enhanced  protection  against  cold-induced
nociception. Diabetic rats also showed a significant
decline in grip strength, reflecting neuromuscular
impairment (p<0.05). Administration of MMV
significantly improved grip strength (p<0.01), while
AMT produced a more robust effect (p<0.001).
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Notably, the combination treatment resulted in a
highly significant restoration of grip strength
(p<0.001), indicating superior recovery of
neuromuscular function. Similarly, in the walking
function test, diabetic animals exhibited prolonged
travelling time (p<0.05), indicative of impaired
motor performance. MMV treatment significantly
reduced travelling time (p<0.05), while AMT
showed a greater improvement (p<0.001). The
combination group displayed the most pronounced
reduction (p<0.001), reflecting enhanced locomotor
recovery. Mechanical hyperalgesia was also
significantly elevated in diabetic rats (p<0.05).
MMV treatment led to a significant reduction in
response time (p<0.05), whereas AMT produced a
more substantial decrease (p<0.001). Overall, the
combination therapy consistently demonstrated
superior efficacy across all behavioral parameters,
highlighting a synergistic interaction in alleviating
neuropathic pain and restoring motor function. The
combination therapy produced the most significant
reduction (p<0.001), indicating enhanced protective
efficacy. The behavioral findings confirm the
development of diabetic neuropathy, as indicated by
thermal hyperalgesia, cold allodynia, mechanical
hypersensitivity, reduced grip strength, and
impaired motor coordination in diabetic control rats.
These changes reflect dysfunction of small-diameter
nociceptive fibers, primarily driven by chronic
hyperglycemia-induced oxidative stress,
neuroinflammation, and neuronal damage (Tian et
al, 2024; Tsagareli et al, 2010). Administration of
MMV produced significant improvements across all
behavioral parameters, demonstrating its strong
antinociceptive and neuroprotective potential, likely
mediated through antioxidant and anti-inflammatory
mechanisms. AMT also showed beneficial effects;
however, the combination therapy resulted in the
most pronounced recovery, indicating a synergistic
interaction with enhanced therapeutic efficacy.

Furthermore, in the behavioral evaluations, diabetic
control rats exhibited a significant (p<0.05) decline
in locomotor activity along with reduced (p<0.05)
falling latency in the rotarod test compared with
normal control animals, indicating impaired
spontaneous motor function and neuromuscular
coordination (Table-1). Treatment of MMV (100
mg/kg) resulted in a significant improvement in
locomotor activity and rotarod performance
(p<0.001), indicating its strong potential to restore
motor function and neuromuscular coordination.
These beneficial effects may be attributed to its
antioxidant and anti-inflammatory properties, which
help mitigate oxidative damage, preserve neuronal
integrity, and improve neuromuscular signaling.
Treatment with AMT (10 mg/kg) also significantly
enhanced locomotor counts and increased latency to
fall  (p<0.001), reflecting its established
neuroprotective efficacy. Notably, the combination
of MMV (50 mg/kg) with low-dose AMT (5 mg/kg)
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produced the most pronounced restoration in both
parameters (p<0.001), with values approaching
those of normal control animals, suggesting a clear
synergistic interaction. Beyond sensory deficits,
diabetic neuropathy is frequently associated with
impaired motor performance and reduced
coordination (Muramatsu, 2020). In the present
study, diabetic animals showed marked reductions
in locomotor activity and rotarod performance,
indicative of peripheral nerve damage and muscle
weakness (Hossain et al, 2022). These deficits are
largely driven by chronic hyperglycemia-induced
oxidative stress, inflammation, and metabolic
imbalance. The significant improvement observed
with MMV highlights its role in preserving
neuromuscular function, while the enhanced
efficacy seen with combination therapy suggests
complementary mechanisms, including improved
metabolic regulation, suppression of inflammatory
pathways, and protection of neuromuscular tissues.
Furthermore, diabetic control rats demonstrated a
pronounced elevation in blood glucose levels
accompanied by a significant (p<0.05) decline in
serum insulin concentrations compared with normal
control animals, confirming the establishment of
hyperglycemia and impaired insulin secretion
(Table-2). These alterations are characteristic of
insulin resistance and B-cell dysfunction associated
with type 2 diabetes (Harper et al, 2005).
Administration of MMV (100 mg/kg) produced a
significant reduction in blood glucose levels along
with a marked improvement in insulin secretion
(p<0.001), indicating its potent antihyperglycemic
activity. These effects may be attributed to its ability
to enhance insulin sensitivity, support pancreatic f3-
cell function, and regulate overall glucose
metabolism. Treatment with AMT (10 mg/kg) also
significantly lowered blood glucose levels and
increased insulin  concentrations  (p<0.001),
confirming its established efficacy in glycemic
control. Notably, the combination of MMV (50
mg/kg) with low-dose AMT (5 mg/kg) yielded the
most pronounced effects, with a highly significant
reduction in blood glucose and a substantial
elevation in insulin levels (p<0.001). This enhanced
outcome suggests a synergistic interaction,
potentially mediated through complementary
mechanisms such as improved insulin signaling,
attenuation of oxidative stress, and better metabolic
regulation.

In biochemical evaluations, diabetic control rats
displayed marked dyslipidemia in comparison to
normal control animals, as evidenced by increased
(p<0.05) levels of total cholesterol, triglycerides,
LDL, and VLDL, along with a reduction in HDL
levels, indicating a clear metabolic imbalance
associated with diabetes (Table-2). Such lipid
abnormalities are known to aggravate oxidative
stress and inflammatory responses, contributing to
neuronal damage and progression of diabetic
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neuropathy (Al-Ani et al, 2011; Vincent et al, 2009).
Treatment of MMV (100 mg/kg) resulted in a
significant correction of lipid abnormalities, as
evidenced by reductions in total cholesterol,
triglycerides, LDL, and VLDL levels along with an
increase in HDL (p<0.05-0.001), indicating its role
in regulating lipid metabolism and reducing
lipotoxicity. These effects may be attributed to its
antioxidant potential and its ability to modulate key
enzymes involved in lipid homeostasis, thereby
preserving neuronal membrane integrity and
preventing lipid peroxidation (Dakal et al, 2025).
AMT (10 mg/kg) also significantly improved lipid
parameters by lowering atherogenic lipids and
enhancing HDL levels (p<0.01-0.001), confirming
its standard therapeutic efficacy. Notably, the
combination of MMV (50 mg/kg) with low-dose
AMT (5 mg/kg) produced the most pronounced
effect, significantly normalizing all lipid parameters
(p<0.001) and restoring them closer to normal
levels. This enhanced outcome suggests a
synergistic  interaction,  providing  superior
protection against metabolic disturbances and
neuronal complications associated with diabetic
neuropathy.

Induction of diabetes resulted in a pronounced
oxidative stress state, as evidenced by a significant
(p<0.05) increase in MDA levels along with a
marked reduction in endogenous antioxidants such
as reduced GSH, catalase, and SOD compared with
normal control animals (Table-3). These alterations
reflect  enhanced lipid peroxidation and
compromised antioxidant defense, which are critical
contributors to neuronal damage in diabetic
neuropathy (Figueroa-Romero et al, 2008; Andrea et
al, 2004). Administration of MMV (100 mg/kg)
significantly improved oxidative stress parameters,
as evidenced by a reduction in MDA levels along
with enhanced GSH, catalase, and SOD activities
(p<0.05-0.001), indicating its potent antioxidant
potential. These effects may be attributed to the
presence of bioactive constituents with free radical
scavenging and metal-chelating properties, thereby
protecting neuronal integrity. Treatment with AMT
(10 mg/kg) also significantly decreased MDA levels
and restored antioxidant enzyme activities
(p<0.001), confirming its established efficacy in
attenuating  oxidative  stress. Notably, the
combination of MMV (50 mg/kg) with low-dose
AMT (5 mg/kg) produced the most pronounced
antioxidant effect, significantly normalizing all
measured parameters (p<0.001) and restoring them
toward near-normal levels.

Neuroinflammation plays a pivotal role in the
initiation and progression of diabetic neuropathy
(Sandireddy et al, 2014; Fang et al, 2022). Elevated
levels of pro-inflammatory cytokines such as TNF-
a, IL-6, and IL-1B contribute to nociceptor
sensitization, neuronal apoptosis, and impaired
nerve regeneration (Zhang & AN, 2007; Skaper et

Page: 877



Mehamudgara Vati Attenuates Neuropathic Pain in High-Fat Diet and Streptozotocin-Induced
Diabetic Rats

al, 2018). In the present study, Treatment of MMV
resulted in a significant attenuation of inflammatory
markers, as evidenced by decreased levels of TNF-
a, IL-6, and IL-1B (p<0.01-0.001), indicating its
notable anti-inflammatory potential. This effect may
be attributed to its ability to modulate pro-
inflammatory signaling pathways and protect
against cytokine-mediated neuronal damage.
Treatment with AMT (10 mg/kg) also significantly
reduced the levels of these cytokines (p<0.001),
confirming its established anti-inflammatory
efficacy (Table-4). Importantly, the combination of
MMV (50 mg/kg) with low-dose AMT (5 mg/kg)
produced the most pronounced reduction in all
measured cytokines (p<0.001), with values
approaching those of normal control animals. This
enhanced effect suggests a synergistic interaction,
providing superior protection against inflammation-
associated neuronal injury and strengthening its
therapeutic relevance in diabetic neuropathy.

The findings of this study indicate that
Mehamudgara Vati (MMYV) provides multifaceted
protection against diabetic neuropathy by improving
glycemic control, correcting dyslipidemia, reducing
oxidative stress, suppressing inflammation, and
restoring sensory and motor functions. These effects
are attributed to its complex herbo-mineral
composition, including Lauha bhasma and bioactive
herbs such as Guggulu, Triphala (Haritaki,
Bibhitaki, Amalaki), Shunthi, Pippali, and others,
which  collectively exert antihyperglycemic,
hypolipidemic, antioxidant, anti-inflammatory, and
neuroprotective actions (Tanna et al., 2011). The
constituents help regulate glucose and lipid
metabolism, reduce oxidative damage, and prevent
inflammatory neuronal injury, improving overall
nerve function. Notably, combining MMV with
AMT enhanced efficacy over individual treatments,
suggesting a synergistic interaction. This synergy
likely involves complementary mechanisms,
including improved metabolic control, strengthened
antioxidant defenses, and modulation of nociceptive
and inflammatory pathways. Collectively, the
cumulative and synergistic actions of MMV,
especially with AMT, significantly attenuate
neuropathic  pain and functional deficits,
highlighting its potential as an effective therapeutic
strategy for diabetic neuropathy.

4.0 Conclusion:

The present investigation demonstrates that
Mehamudgara Vati (MMV) showed potent
antidiabetic and antineuropathic effects in high-fat
diet and streptozotocin-induced diabetic
neuropathy. It improved glycemic control, insulin
levels, and lipid profiles while alleviating thermal
hyperalgesia, cold allodynia, and mechanical
hyperalgesia, along with enhancing motor
coordination, grip strength, and locomotor activity.
MMV also reduced oxidative stress, restored
antioxidant defenses, and lowered pro-inflammatory

1JDDT Volume 16 Issue 6, 2026

cytokines, highlighting its antioxidant and anti-
inflammatory actions. The combination of MMV
with low-dose amitriptyline (AMT) showed
superior efficacy, indicating a synergistic interaction
and potential for dose reduction. These effects are
likely mediated through the multifaceted herbo-
mineral composition of MMV acting via
complementary  pathways.  Overall, MMV,
particularly with AMT, represents a promising
adjunct therapy for diabetic neuropathy, supporting
further mechanistic and clinical investigations.
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Figure-1: Effect of MMV on animal body weight
change. Values in the results are expressed as mean+
SD, (n=6); Data is analyzed by Two-way analysis of
variance (ANOVA) followed by Bonferroni’s
multiple comparison t-test; #p<0.05 significantly
different in comparison to NC. *p<0.05, **p<0.01,
***p<0.001, significantly different in comparison to
DC.
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Figure 2- A) Oral Glucose Tolerance Test (Before
STZ Injection) B) Oral Glucose Tolerance Test
(After the completion of drug treatment). Values in
the results are expressed as meant SD, (n=6); Data
is analyzed by Two-way analysis of variance
(ANOVA) followed by Bonferroni’s multiple
comparison t-test; #p<0.05 significantly different in
comparison to NC. *p<0.05, **p<0.01,
***p<0.001, significantly different in comparison to
DC.
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