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ABSTRACT

Background and Objectives: Diabetic neuropathy (DN), which affects 60% of individuals with diabetes mellitus
(DM), is characterized by spontaneous pain, allodynia, and hyperalgesia that considerably diminish their quality of
life. Amla, Arjuna, Gudmar, Guduchi, and Ginger are herbs widely used in India for the treatment of diabetes and its
related problems. This study examined the impact of the concurrent administration of polyherbal formulations and
metformin on STZ-NA-induced diabetic neuropathy in rats.

Approaches: Streptozotocin (65 mg/kg, intraperitoneally) was injected to rats 15 minutes following nicotinamide
(110 mg/kg, intraperitoneally) to develop diabetic neuropathy. Diabetic rats were administered daily oral doses of
metformin; a polyherbal formulation (PHF) at 100, 200, and 400 mg/kg; and an allopolyherbal formulation (APHF)
at 200 mg/kg for 60 days. Blood glucose levels (BGL) were assessed on days 0, 30, and 60, whereas blood levels of
SOD, GSH, MDA, NO, and Ca were evaluated at the end of the trial. Motor coordination, grip strength, behavioral
metrics, passive avoidance test results, ocular sensitivity, and mechanical hyperalgesia were also evaluated. Tail-
flick latency assessments (both warm and cold) were performed at 4, 6, and 8 weeks of the research.

Results: Treatment with metformin, PHF, and APHF led to statistically significant reductions in blood glucose,
malondialdehyde, nitric oxide, and calcium levels, with statistically significant increases in superoxide dismutase,
glutathione, and body weight in treated diabetic rats. Post-treatment with the specified drugs, tail withdrawal
latencies and corneal sensitivity were markedly increased relative to diabetic control rats. Moreover, the
administration of PHF and metformin resulted in a statistically significant increase in activity (p < 0.01) compared to
the diabetic control rats.

Conclusion: This study revealed that metformin, a polyherbal formulation (PHF), and an allopolyherbal formulation
(APHF) significantly alleviated diabetic neuropathy in rats, as indicated by enhanced blood glucose levels,
biochemical markers, and behavioral metrics.
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INTRODUCTION:

Diabetic neuropathy, characterized by spontaneous pain,
allodynia, and hyperalgesia, is the predominant
consequence of diabetes mellitus (DM), affecting 60%
of patients and significantly affecting their quality of
life!. The complex pathogenesis of diabetic neuropathy
often renders existing treatments inadequate,
highlighting the need to investigate novel therapeutic
combinations.

Hyperglycemia triggers numerous physiological
changes and activates several pathways, including the
polyol pathway, depletion of myoinositol, increased
accumulation of sorbitol, disrupted Ca2+ homeostasis,
elevated levels of advanced glycation end-products,
enhanced reactive oxygen species, and altered protein
kinase C activity*>. These changes may result in
neuropathy. Multiple signaling pathways are implicated
in the development of diabetic neuropathy, including
increased activation of the polyol pathway, oxidative
stress, formation of advanced glycation end products
(AGEs), nerve hypoxia/ischemia, activation of protein
kinase C, and reduced levels of nerve growth factors®.
The polyol pathway plays a crucial role in the
development of diabetic neuropathy. This route consists
of two enzymes, aldose reductase (AR) and sorbitol
dehydrogenase. AR, predominantly expressed in
Schwann cells (SC), catalyzes the conversion of glucose
to sorbitol using NADPH as a cofactor, whereas sorbitol
dehydrogenase converts sorbitol to fructose using
NAD+’. Increased sorbitol levels harm nervous tissue,
and the lack of NADPH in the SC reduces glutathione
concentration and increases vulnerability to intracellular
oxidative stress®.

Hyperglycemia leads to excessive synthesis of nitric
oxide (NO), which interacts with superoxide to produce
peroxynitrite, causing significant DNA damage®.
Oxidative stress results in elevated levels of
malondialdehyde (MDA) and reactive oxygen species
(ROS), leading to oxidative damage in the pancreas,
liver, and kidneys’, these physiological alterations
underlie specific conditions such as diabetic peripheral
polyneuropathy (DPN), a prevalent long-term
complication affecting both somatic sensory and
autonomic neurons'?,

Despite current treatment options, there remains a
pressing demand for more effective therapeutics to

improve the management of diabetic neuropathy and its
associated oxidative stress. Contemporary therapeutic
approaches are constrained and mostly concentrate on
symptomatic relief rather than on targeting fundamental
pathophysiological processes.

Herbal remedies such as Amla, Arjuna, Gudmar,
Guduchi, and Ginger have garnered significant attention
because of their potential antidiabetic and antioxidant
properties. These herbs have traditionally been used in
various cultures, particularly in Ayurvedic medicine, to
alleviate diabetic symptoms and complications. Their
ability to modulate blood glucose levels, improve
insulin sensitivity, and reduce oxidative stress make
them promising candidates for adjunctive therapy in
diabetes management. Moreover, these herbs have
shown potential for addressing specific diabetic
complications, such as neuropathy, through their
multifaceted mechanisms of action.

Despite increasing interest in herbal remedies for
diabetic neuropathy, comprehensive research on
their combined effects with allopathic medications
remains insufficient. This knowledge gap presents an
opportunity for further scientific investigation. The
objective of this study was to evaluate the effect of
metformin, a polyherbal formulation, and its
combined treatment on diabetic neuropathy in a rat
model. We hypothesized that the concurrent
administration of metformin and a polyherbal
formulation will elicit a superior therapeutic effect
on diabetic neuropathy compared to either treatment
administered independently. The research question
is: Does the co-administration of metformin and a
polyherbal formulation produce a synergistic effect

in the treatment of diabetic neuropathy in rats?

MATERIALS AND METHODS
Drugs and chemicals
Streptozotocin  (STZ) was  procured from

Chemvenio, LIC, Gulbarga, India; Nicotinamide
(NA) from SDS Neutraceuticals, Karad, India; and
Metformin tablets from USV Pharma, Mumbai. The
glucometer was acquired from AccuCheck (Roche
Diagnostics). All other compounds used in this study
were of analytical grade.

Holistic extracts

All extracts were obtained by supercritical fluid
extraction (SFE) and provided as complementary
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samples by Nisarga Biotech Pvt. Ltd., Satara,
Maharashtra.

Preparation of polyherbal formulation

A polyherbal suspension was prepared using a mortar
and pestle comprising supercritical CO2 extracts of five
plants: Gymnemasylvestre (25%), Terminalia arjuna
(25%), Emblica officinalis (20%), Zingiber officinale
(20%), and Tinospora cordifolia (10%). The formulation
incorporated Sodium carboxymethyl cellulose (1%) was
used as the suspending agent, propylparaben (0.20%) as
the preservative, glycerin (1 mL) as the wetting agent,
and peppermint oil (0.15%) as the flavoring agent.
Purified water was used as a vehicle to achieve the
desired volume. The mixture was triturated to form a
homogeneous suspension, and the quality of the final
product was evaluated according to the World Health
Organization (WHO) guidelines for quality control of
herbal materials'!.

Identification of phytochemical constituents of
natural products

The obtained extracts were subjected to preliminary
phytochemical studies to identify the groups of
chemicals (secondary metabolites). Plant extracts
and polyherbal formulations (PHF) were prepared at
a concentration of 100 mg/ml.
Phytochemical Analysis of
formulation

Polyherbal formulations and individual herbal CO2
extracts used in the formulation were subjected to
systematic qualitative analyses to identify various
phytoconstituents, including glycosides, phenolic
compounds, tannins, saponins, steroids, flavonoids,
alkaloids, carbohydrates, proteins, and lipids, in
accordance ~ with  standard  procedures'?'5,
Experimental animals

Albino Wistar rats (180-200 g + 20 g, of either sex)
were obtained from the National Institute of
Biosciences (Dhangawadi, Bhor, Pune, India) and
maintained under standard laboratory conditions
(temperature: 2242°C, relative humidity: 50+15%,
12-hour light-dark cycle)!®. They were provided with
ad libitum access to water and a rat pellet diet from
Hindustan Lever Ltd., Bangalore. The rats were
acclimatized for one week prior to the study!’. The
Institutional Animal Ethics Committee of GES's
Satara College of Pharmacy in Satara, India
sanctioned the experimental procedure (approval
number: SCOP/IAEC/2011-12/38). All

polyherbal

animal
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studies were performed in compliance with the
CPCSEA rules.

Determination of LDs) of PHF

PHF was administered as a single dose via gavage in
a stomach tube. Rats were fasted overnight before
administration of an initial dose of 300 mg/kg!®.
Before administering the dose, the body weight of
each animal was measured and the dose was
calculated accordingly. Three female rats were used
for each step and administered doses at 48-hour
intervals. Animals were observed individually after
dosing for the initial 30 min and periodically over
the first 24 h, with a particular focus during the first
4 h and daily assessments thereafter for a total
duration of 14 days'®. An acute oral toxicity study
was performed according to OECD Guideline 423%,
Induction of diabetic neuropathy in rat

Diabetic neuropathy was established in overnight-
fasted adult albino Wistar rats with a single
intraperitoneal injection of 65 mg/kg streptozotocin
(STZ) administered 15 minutes after an
intraperitoneal injection of 110 mg/kg nicotinamide
(NA). STZ was solubilized in citrate buffer (pH 4.5),
while NA was solubilized in normal saline.
Hyperglycemia was validated by increased blood
glucose levels 72 hours after injection. Animals with
fasting blood glucose levels over 250 mg/dl were
categorized as diabetic and subsequently utilized for
DCM investigations?'.

Experimental design

Experimental animals were randomly divided into
seven groups, each consisting of eight animals.
Group I: Normal rats given a vehicle (10 ml/kg)
containing 1% CMC solution

Group II: Diabetic rats given a vehicle (10 ml/kg)
containing 1% CMC solution

Group III: Metformin (200 mg/kg)-treated diabetic
rats

Group IV: PHF-A (polyherbal formulation, 100
mg/kg)-treated diabetic rats

Group V: PHF-B (polyherbal formulation, 200
mg/kg)-treated diabetic rats

Group VI: PHF-C (polyherbal formulation, 400
mg/kg)-treated diabetic rats

Group VII: APHF-treated diabetic rats (100 mg/kg
PHF plus 100 mg/kg metformin)

Statistical Analysis .
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The results are presented as meantstandard error of
the mean (meantSEM). The two experimental
groups were compared using Student's t-test (acute
toxicity). One-way analysis of variance (ANOVA)
and Dunnett's multiple comparison test (GraphPad
Instat version 3.00) were used to identify differences
between more than two groups. The probability
values were deemed statistically significant at
p<0.05.

RESULT

Induction of diabetic neuropathy in rats

Diabetic neuropathy was induced in adult albino
Wistar rats through a single intraperitoneal injection
of 65 mg/kg streptozotocin, administered 15 minutes
following the intraperitoneal administration of 110
mg/kg nicotinamide. The rats had been fasted
overnight prior to the procedure?!-2,

Table 4.15.1. Experimental design for neuro-
protective activity

rats

\% PHF-B Diab
etic
rats

\% PHF-C Diab
I etic
rats

\% APHF Diab
11 etic
rats

formula
tion

100
mg/kg/d
ay, p.o.

Polyher
bal
formula
tion

200
mg/kg/d
ay, p.o.

Polyher
bal
formula
tion

400
mg/kg/d
ay, p.o.

Metfor
min 100
mg/kg +
Polyher
bal
formula
tion

100
mg/kg/d
ay, p.o.

TREATMENT

Group Anim Treatme Stu
als nt, dose dy
and Peri
route od
I Normal Healt Vehicle,
control hy 1%
rats CMC
solution
10
ml/kg,
p.o.
11 Diabeti Diab Vehicle,
c etic 1% 60
control rats CMC day
solution S
10
ml/kg,
p.o.
1I Metfor Diab Metfor
1 min etic min
rats 200
mg/kg/d
ay, p.o.
I PHF-A Diab Polyher
\% etic bal

One week following the STZ-NA injection, all of the
previously specified treatments were started. For 60
days, each therapy was given to the corresponding
animal groups once every day.

Measurement of serum glucose: Blood samples
were collected from the experimental rats via the
retro-orbital plexus method using capillary glass
tubes. The collected blood samples were placed in
Eppendorf tubes with a capacity of 1.5 ml. Serum
glucose levels were quantified using the GOD-POD
reagent kit (Span Diagnostics Ltd., India). Blood
was removed from the retro-orbital vein through
puncture on days 0, 15, 30, 45, and 60 of the
treatment. The blood sample was centrifugation at
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2500 rpm for 20 min to facilitate serum separation.
Subsequently, the concentration of glucose in the
serum was quantified using the glucose oxidase
method. The measurement of serum glucose
concentration was conducted through a specific
procedure utilizing GOD-POD reagents, as detailed
in (Table 4.2.5.1.1).

Assessment of motor coordination in diabetes
rats: The rotarod apparatus was employed to
evaluate motor coordination, operating at a rotational
speed of 15 rpm and cutoff time of 180 s. Rats were
acclimatized for two days, and tests were performed
on the third day. The device comprised a horizontal
metal rod with a diameter of 3 cm, which was coated
with rubber and connected to a motor featuring a
speed control knob. The occurrence of ataxia,
defined as the tendency of rats to fall, has been
documented in normal control, diabetic control, and
drug-treated rats.

Assessment of behavioral parameters in diabetes
rats

A. Open-field test: The open-field test was used to
assess the effect of diabetic neuropathy on the
explorative behavior of diabetic rats and the
potential protective effects of PHF and APHF. After
eight weeks of diabetes induction, each subject was
positioned in the middle of a designated space. Their
exploratory behavior was monitored for 5 min,
including measurements of horizontal movement in
both the central and peripheral zones, time spent in
each area, and number of grooming and rearing
instances.

B. Passive avoidance test: The passive avoidance
test was conducted utilizing a shuttle-box
contraption. The equipment comprised a two-
compartment dark/light shuttle box including a
guillotine door that separates the compartments. The
dim chamber included stainless steel shock-grid
flooring. Each rat was then placed in a room.
Following a 60-second habituation period, the
guillotine door was opened, and the latency for the
animals to enter the dark chamber was documented.
Upon entry into the dim room, the guillotine door
was secured, and an electric foot shock (0.6 mA)
was administered to the floor grids for a duration of
2 seconds. Five seconds later, the rat was extracted
from the dark chamber and returned to its cage.
Following a 24-hour period, the retention latency

was assessed using the same methodology as the
acquisition experiment; however, no foot shock was
administered, and the latency was recorded for a
maximum duration of 300 seconds. Reduced
latencies indicated inferior retention.

C. Corneal sensation test Corneal sensation was
measured using a Cochet-Bonnet filament
esthesiometer (Luneau Ophthalmogie, France).
The Aeshesiometer operates on the principle of axial
pressure transmission utilizing a nylon monofilament
with a fixed diameter, but can vary in length.
Adjustment of the monofilament length was
executed using the forefinger. The increase in the
transmitted pressure correlates with the decrease in
the length. The experiment commenced when the
nylon filament was stretched to a maximum length
of 6 cm. The end of the nylon filament makes
contact with the cornea. Filament length was
documented in instances where the rat exhibited a
blink, indicating a positive response. In instances
where the rat failed to blink, the nylon filament was
systematically shortened by 0.5 cm, and the
procedure was repeated until a positive response was
documented. The procedure was repeated three times
for each eye. The measurements are presented in
centimetres.

Assessment of pain sensitivity in diabetes rats

A. Thermal hyperalgesia: Thermal hyperalgesia
was assessed using hot (45 °C) and cold (10 °C) tail
immersion tests. Tail-flick latency served as the
endpoint of the tail immersion test. Flicking of the
tail and signs of struggle were regarded as
affirmative responses. A cut-off time of 15 second
was established for both tests. Three consecutive
readings were obtained at 30-minute intervals.

B. Mechanical hyperalgesia:  Mechanical
hyperalgesia was assessed by measuring the hind
paw withdrawal response to a probe with a set of
calibrated filaments (von Frey filaments, Chicago,
IL, USA). The rats were individually housed in
plexiglass boxes situated on a stainless steel mesh
floor and allowed to acclimatize for a minimum of
20 min. A 0.5-mm diameter polypropylene rigid tip
was used to exert force on the plantar surface of the
hind paw. The van Frey filament responsible for
eliciting a withdrawal response has been
documented. The test was conducted four to five
times at five-minute intervals for each animal, and
the mean value was computed.
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Biochemical estimations of aldose reductase
activity in sciatic nerve protein extracts

The aldose reductase activity was measured
spectrophotometrically by monitoring the decrease
in NADPH during glyceraldehyde reduction. The
reaction commenced with the addition of 100 mM
NADPH to 100 pg of sciatic nerve protein extract in
100 mM sodium phosphate buffer, which included 1
mM D-glyceraldehyde and 400 mM lithium sulfate.
The absorbance of NADPH at 340 nm was recorded
at 37°C prior to and at 5, 10, and 15 minutes
following the addition of NADPH. The results were
quantified as nanomoles of NADP+ produced per
minute per milligram of protein.

Biochemical estimation of SOD, GSH, MDA, NO
and Ca

Sciatic nerve homogenate preparation: All rats were
sacrificed at the end of the study, i.e. 8th week and
the sciatic nerves were immediately isolated. Tissue
homogenates were prepared with 0.1 M tris—HCl
buffer (pH 7.4), and the homogenate supernatant was
used to estimate the superoxide dismutase (SOD),
reduced glutathione (GSH), lipid peroxidation
(MDA content), nitric oxide (NO content), and total
calcium (Ca) content.

A. Determination of SOD content: Neural
pathological alterations occur owing to ROS
overproduction. The superoxide dismutase (SOD)
assay was performed as previously described by
Misera and Fridovich (1972). SOD activity was
expressed as U/mg protein.

B. Determination of GSH contents: Glutathione
(GSH) assay was performed according to the method
described by Moron et al. (1979). The amount of
reduced glutathione was expressed as pg/mg of
protein.

C. Determination of MDA content:
Malondialdehyde (MDA) levels in neural tissue
were determined using the method described by
Slater and Sawyer (1971). The values are expressed
as nanomoles per milligram of protein.

D. Determination of nitrite level: The NO level
was estimated as nitrite using the acidic Griess
reaction after the reduction of nitrate to nitrite by
vanadium trichloride, as described by Miranda et al.

(2001). The Griess reaction is based on a
colorimetric interaction between nitrite,
sulfonamide, and N-(1-naphthyl) ethylenediamine,
resulting in the formation of a pink azo product with
maximum absorbance at 543 nm. Sodium nitrate
concentrations were determined using a standard
curve, and the results were expressed in pg/ml.

E. Determination of total calcium: Total
calcium levels were estimated in the sciatic nerve as
described by Severinghaus and Ferrebee, 1950.
Briefly, the sciatic nerve homogenate was combined
with 1ml of trichloroacetic acid (4%) under ice-cold
conditions and subsequently centrifuged at 2000 rpm
for 10 min. The resulting clear supernatant was used
to determine the total calcium content using flame
photometry.

Effects of Metformin, PHF and APHF on BGL
and Body weight in STZ-NA-induced diabetic
rats.
After 60 days of daily administration of metformin,
PHF-A, PHF-B, PHF-C, and APHF, a significant
decrease in blood glucose levels (P<0.01) was
observed in diabetic rats compared to untreated
diabetic rats. A significant reduction in BGL
(P<0.01) was observed when comparing days 0 and
60 within the treated groups. APHF (200 mg/kg)
exhibited a significantly greater (P<0.01) anti-
hyperglycemic effect than metformin-, PHF-A-,
PHF-B-, and PHF-C-treated rats (Table 1). The
initial body weights were approximately uniform
across all groups. At the end of the experimental
period, body weight was significantly reduced
compared to that of the healthy control rats.
Following treatment with Metformin, PHF, and
APHF, diabetic rats showed a significant increase in
body weight (Table 1).
Table 1.Effects of metformin, PHF, and APHF on
BGL in STZ-NA-induced diabetic fasted rats.
BGL (mg/dl) at different Bod

Treatm time interval after y
ent treatment weig
Initi 30t 60" ht
al day day (gm)
Healthy 71.1 79.8 76.8 301.
control 6 3 3 10
+4.4 +3.2 +3.9 +4.1
7 4v 7° 5
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Diabeti 229. 256. 314. 166.
c 50 66 33 66
Control +6.3 4.3 +7.4 +6.1
4 3 6 8
Metfor 231. 181. 144. 214.
min 16 00 50 33
200mg/ +4.9 +3.8 +5.8 +5.9
kg 6 3b 1° 6P
PHF-A 215. 195. 161. 202.
100mg/ 60 33 50 66
kg +3.3 +6.6 +8.8 +4.2
2 30 1° 0P
PHF-B 226. 179. 147. 219.
200mg/ 83 16 33 83
kg +4.4 +5.3 +5.0 +6.2
6 gb 4b 5P
PHF-C 206. 161. 139. 321.
400mg/ 50 5 83 33
kg +3.4 +4.6 +7.6 +6.6
0 4b 3b 3b
APHF- 221. 156. 131. 241.
200mg/ 00 00 66 50
kg +5.2 +5.6 +6.3 +4.6
8 5b 3b 4b

Values are expressed as the mean+SEM (n=6) in
each group. Where, ¢ = P <0.05, b = P <0.01,
a=P<0.001, when compared to diabetes control
groups (One-way ANOVA followed by Dunnett’s
multiple comparison test), BGL: Blood Glucose
Level, PHF: Polyherbal formulation, APHF:
Allopolyherbal formulation (PHF100 mgkg +
metformin 100 mg/kg).

Effects of Metformin, PHF and APHF on motor
coordination in rats with STZ-NA-induced
diabetic neuropathy

The Rotarod test indicated notable deficits in motor
coordination in diabetic rats relative to healthy
controls. In healthy control rats, the muscle grip
strength was within normal limits, whereas it was
diminished in diabetic control rats. Diabetic rats
administered PHF at a lower dose of 100 mg/kg did
not exhibit significant improvements in muscle grip
strength; however, doses of 200 mg/kg and 400
mg/kg resulted in significant effects. The
combination of PHF (100 mg/kg) and metformin
(100 mg/kg) significantly improved muscle grip
strength compared with diabetic rats (P < 0.01).
Nonetheless, the grip strength of all the treated
animals was significantly higher than that of the

diabetic control group. The retention time of diabetic
rats decreased by 61.2% compared to that of healthy
control rats. In contrast, treatment with PHF (100,
200, and 400 mg/kg) and APHF (400 mg/kg)
increased the retention time to 83.6% of the control
values (Table 2).

Table 2. Effect of Metformin, PHF and APHF on
muscle grip strength (s) in STZ-NA-induced
diabetic neuropathy in rats.

Group Animal fall of time (s)
Healthy control 180.66+11.55°
Diabetic control 92.66+6.48
Metformin 200mg/kg 127.66+7.05¢

PHF-A 100mg/kg 119.3346.93

PHF-B 200mg/kg 132.33+£7.31¢

PHF-C 400mg/kg 145.00+6.35°
APHF-200mg/kg 159.00+6.65+°

Values are presented as mean + SEM (n = 6) for
each group. Statistical significance was observed
with ¢=P<0.05, b=P<0.01, and a=P<0.001 when
compared to diabetes control groups, as determined
by One-way ANOVA followed by Dunnette’s
multiple comparison test. PHF refers to the
Polyherbal formulation, while APHF denotes the
Allopolyherbal formulation (PHF 100 mgkg +
Metformin 100 mg/kg).

Effects of Metformin, PHF and APHF on
behavioral parameters

Significant  differences in velocity, rearing,
grooming, and duration of immobility were observed
in the open field test between the treated and diabetic
control groups. Moreover, treatment with PHF at a
dose of 400 mg/kg and APHF in diabetic rats
demonstrated more pronounced effects than in
diabetic control rats (Table 3).

Table 3. Effects of Metformin, PHF and APHF on
behavioral parameters in STZ-NA-induced
diabetic neuropathy in rats.

Gro Velo Rear Gro Immo
up city ing omi bile
(cm/ ) ng durati
s) N) on (s)
Heal 10.33 14.66 8.66 143.66
thy +0.8 +0.9 +0.5 +11.40
cont gb 1° 7° b
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rol

Diab 4.33 5.33 3.66 296.00
etic +0.3 +0.2 +0.5 +10.58
cont 3 1 7

rol

Metf 6.66 9.33 6.33 199.00
ormi +0.3 +0.2 +0.1 +19.73
n 3:: lb 5:: b

200

mg/

kg

PHF 5.33 8.66 5.33 213.66
-A +0.3 +0.4 +0.5 +14.83
100 3 2¢ 2 ¢

mg/

kg

PHF 6.66 9.33 6.33 186.66
-B 0.3 0.9 0.5 £8.38°
200 3¢ 1° 2¢

mg/

kg

PHF 7.66 11.33 6.66 175.33
-C +1.1 +0.2 +0.5 +11.83
400 6P 1° 7° b

mg/

kg

APH 8.33 12.33 7.66 162.00
F- +0.6 +0.3 +0.5 +12.74
200 6P gb 7° b

mg/

kg

and 400 mg/kg, resulted in a notable enhancement in
the avoidance response, as indicated by the transfer
latency, when compared to the diabetic control rats.
Additionally, the combination of metformin (100
mg/kg) with PHF (100 mg/kg) exhibited synergistic
effects in the avoidance response tests (Table 4).
Table 4. Effects of Metformin, PHF and APHF on
passive avoidance test in STZ-NA-induced
diabetic neuropathy in rats.

Values are presented as mean + SEM (n = 6) for
each group. Statistical significance was observed
with ¢=P<0.05, b=P<0.01, and a=P<0.001 in
comparison to diabetes control groups, as
determined by One-way ANOVA followed by
Dunnette’s multiple comparison test. PHF refers to
the Polyherbal formulation, while APHF denotes the
Allopolyherbal formulation (PHF 100mgkg +
Metformin 100mg/kg).

Effects of Metformin, PHF and APHF on passive
avoidance test in diabetic rats.

Diabetic rats at the 8th week demonstrated a notable
decrease in avoidance response, as indicated by
transfer latency, when compared to healthy control
rats. The administration of metformin at a dosage of
200 mg/kg, along with PHF at doses of 100, 200,

Treatm Transfer latency (s)

ent Acquisit Retention Differe
ion trial trial nce

Health 49.00+4. 247.00+1 198

y 35° 4.22°

control

Diabeti 20.33£3. 79.33£10. 44

c 75 39

control

Metfor 35.33+4. 161.3347. 126

min 91 53°

200mg/

kg

PHF-A 28.66+6. 126.00+6. 97.34

100mg/ 38 65°¢

kg

PHF-B 37.00+£3. 172.00+1 135

200mg/ 21°¢ 0.44°

kg

PHF-C 40.33+4. 191.3347. 151

400mg/ 33¢ 53°

kg

APHEF- 45.33+4. 219.00+1 173

200mg/ 91° 0.11°

kg

Values are presented as meantSEM (n=6) for each
group. In this analysis, ¢ represents a significance
level of P<0.05, b indicates P<0.01, and a denotes
P<0.001, in comparison to the diabetes control
groups. This was determined using a One-way
ANOVA followed by Dunnette’s multiple
comparison test. The terms PHF and APHF refer to
the Polyherbal formulation and the Allopolyherbal
formulation, respectively, with APHF consisting of
PHF at 100mg/kg combined with Metformin at
100mg/kg.
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Effects of Metformin, PHF and APHF on Corneal
sensitivity in  STZ-NAD-induced diabetic
neuropathy in rats.

Diabetic rats at eight weeks demonstrated a
statistically significant decrease in corneal sensitivity
relative to healthy control rats. The administration of
metformin (200 mg/kg) and PHF at doses of 100,
200, and 400 mg/kg led to a statistically significant
enhancement in corneal sensitivity compared to
diabetic control rats. Additionally, the combination
of metformin (100 mg/kg) and PHF (100 mg/kg)
demonstrated synergistic effects in the corneal
sensitivity assessments (Table 5).

Table 5.Effects of Metformin, PHF and APHF on
corneal sensitivity in STZ-NAD induced diabetic
neuropathy in rats

Tail flick latency warm (s)

Treatment Corneal sensitivity (cm)
Healthy control 6.03+0.20°

Diabetic control 4.46+0.14

Metformin 5.1840.60°

200mg/kg

PHF-A 100mg/kg 5.16+0.35¢

PHF-B 200mg/kg 5.27+0.14°

PHF-C 400mg/kg 5.394+0.95°
APHF-200mg/kg 5.51+0.10°

Group 4th 6th 8th
weeks weeks weeks

Healthy 13.33+0. 13.5+0. 13.25+0.

control 88b 64° 47°

Diabeti 4.334+0.3 4.0+£0.5 3.75+0.4

c 3 7° 7

control

Metfor 5.66+0.5 6.75+0. 6.75+0.7

min 7 47 5P

200mg/

kg

PHF-A 5.33£0.6 6.0+0.4 6.25+0.6

100mg/ 6 0 2¢

kg

PHF-B 5.66=0.6 6.5+0.6 6.75+0.4

200mg/ 6 4¢ 7°¢

kg

PHF-C 6.33+£0.3 7.3320. 7.75+0.4

400mg/ 3 33¢ 7°¢

kg

APHF- 7.66=0.6 8.66+0. 9.25+0.4

200mg/ 6° 88b 7%

kg

Values are presented as mean + SEM (n = 6) for
each group. Statistical significance was observed
with ¢=P<0.05, b=P<0.01, and a=P<0.001 when
compared to diabetes control groups, as determined
by One-way ANOVA followed by Dunnette’s
multiple comparison test. PHF refers to the
Polyherbal formulation, while APHF denotes the
Allopolyherbal formulation (PHF 100 mgkg +
Metformin 100 mg/kg).

Effects of Metformin, PHF and APHF treatment
on diabetic pain threshold in tail immersion
(warm water) tests.

After four weeks, diabetic rats showed a marked
reduction in pain threshold in response to noxious
stimuli compared to healthy control rats. Treatment
with PHF (100, 200, and 400 mg/kg) and APHF
(200 mg/kg) for four to eight weeks significantly
increased tail withdrawal latencies (p < 0.01)
compared to diabetic control rats (Table 6).

Table 6. Effects ofMetformin, PHF and APHF on
tail flick latency (warm) in STZ-NA-induced
diabetic neuropathy in rats.

Values are presented as mean+tSEM (n=6) for each
group. In this analysis, ¢ represents P<0.05, b
indicates P<0.01, and a signifies P<0.001, in
comparison to the diabetes control groups. The
statistical evaluation was conducted using One-way
ANOVA followed by Dunnette’s multiple
comparison test. PHF refers to the Polyherbal
formulation, while APHF denotes the
Allopolyherbal formulation, which consists of PHF
at 100mg/kg combined with Metformin at
100mg/kg.

Effect of Metformin, PHF and APHF treatment
on diabetic pain threshold in tail immersion (cold
water) tests

After a four-week period, diabetic rats showed a
marked reduction in pain threshold in response to
non-noxious stimuli when compared to healthy
control rats. Treatment with PHF (100, 200, and 400
mg/kg) and APHF (200 mg/kg) resulted in a
significant increase in tail withdrawal latencies when
compared to diabetic control rats. The elevated doses
and their combination resulted in a notably greater
(p<0.01) increase in tail-flick latency (Table 7).
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Table 7. Effects of Metformin, PHF and APHF on
Tail flick latency (cold) in STZ-NA induced
diabetic neuropathy in rats.

Tail flick latency cold (s)

Group 4™ weeks 6 gt
weeks weeks

Healthy 13.25+0. 13.0+0. 13.5+0.

control 62° 40° 64"

Diabetic 4.25+0.4 4.0+0.4 4.0+0.4

control 0 0 0

Metfor 5.66+0.4 7.0+0.4 7.25+0.

min 0 0¢ 47°¢

200mg/

kg

PHF-A 5.5+0.28 6.5+0.6 6.5+0.5

100mg/ 4¢ 0°

kg

PHF-B 5.66+0.4 6.75+0. 7.0+0.4

200mg/ 0 25¢ 0°

kg

PHF-C 6.25+0.2 7.20+0. 7.75£0.

400mg/ 5¢ 58° 47°

kg

APHEF- 8.0+£0.40 9.0+0.9 9.5+0.6

200mg/ ¢ 1° 4b

kg

resulted in a significant increase in the pain
threshold (p<0.01).  Treatment with PHF (100
mg/kg) alone did not significantly affect paw
withdrawal pressure, except at intermediate and high
doses (200 mg/kg and 400 mg/kg, respectively),
which resulted in a significant reduction in
hyperalgesia (Table 8).

Table 8. Effects of Metformin, PHF and APHF on
paw withdrawal pressure in STZ-NA induced
diabetic neuropathy in rats.

Group Paw withdrawal
pressure (g)

Healthy control 83.66+6.11°

Diabetic control 37.33+£1.45

Metformin 55.66+3.5¢

200mg/kg

PHF-A 100mg/kg 47.00+£2.5

PHF-B 200mg/kg 53.66+4.45°¢

PHF-C 400mg/kg 57.00+4.04 ¢

APHF-200mg/kg 68.00+5.85°

Values are presented as mean+tSEM (n=6) for each
group. In this analysis, ¢ represents a significance
level of P<0.05, b indicates P<0.01, and a denotes
P<0.001, in comparison to the diabetes control
groups. The statistical evaluation was conducted
using One-way ANOVA followed by Dunnette’s
multiple comparison test. The terms PHF and APHF
refer to the Polyherbal formulation and the
Allopolyherbal formulation, respectively, with
APHF consisting of PHF at a dosage of 100mg/kg
combined with Metformin at 100mg/kg.

Assessment of Mechanical hyperalgesia:

Diabetic rats demonstrated heightened sensitivity to
nonpainful mechanical stimuli in the hind paw
following STZ-NA injection. Rats in the diabetic
control group exhibited a notable decrease in paw
withdrawal pressure, as assessed using the von Frey
test (Wang et al, 2017). Administration of a
polyherbal formulation (PHF) at a dosage of 100
mg/kg, in conjunction with metformin at 100 mg/kg,

Values are presented as mean+tSEM (n=6) for each
group. In this analysis, ¢ represents a significance
level of P<0.05, b indicates P<0.01, and a denotes
P<0.001, in comparison to the diabetes control
groups. The statistical evaluation was conducted
using One-way ANOVA followed by Dunnette’s
multiple comparison test. The terms PHF and APHF
refer to the Polyherbal formulation and the
Allopolyherbal formulation, respectively, with
APHF consisting of PHF at 100mg/kg combined
with Metformin at 100mg/kg.

Aldose Reductase analysis: Studies have shown
that Hyperglycemia results in elevated aldose
reductase (AR) activity in animal models of diabetic
neuropathy. Enzyme activity was assessed in sciatic
nerve extracts from rats at eight weeks of diabetes
and quantified as nanomoles of NADP+ produced
per minute per milligram of protein. The enzyme
activity observed in the diabetic control rats was
markedly higher than that in the healthy control
rats. Treatment with metformin, PHF, and APHF in
diabetic rats resulted in a significant reduction in
aldose reductase enzyme activity when compared to
the diabetic control group (Table 9).

Table 9. Effect of Metformin, PHF and APHF on
aldose reductase in STZ-NA induced diabetic
neuropathy in rats.
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Group nmol of
n/mg
of protein

Healthy control 8.33+0.33"

Diabetic control 27.66+4.05
Metformin 200mg/kg 17.00+1.15°¢

PHF-A 100mg/kg 20.334£3.18

PHF-B 200mg/kg 16.33+£2.60¢

PHF-C 400mg/kg 15.00+£2.08 ¢

APHF 200mg/kg 13.33£1.20°

In each cohort, the mean+=SEM is used to express the
values. Where, ¢=P<0.05, b=P<0.01, and a=P<0.001
were compared to the diabetes control groups using
a one-way ANOVA followed by Dunnette'smultiple
comparison test. PHF is a polyherbal formulation,
and APHF is an allopolyherbal formulation
(PHF100mg/kg + Metformin 100mg/kg).

Effect of Metformin, PHF and APHF on STZ-
NA-induced alterations in SOD, GSH, MDA, NO,
and Ca levels.

A. Superoxide dismutase: Neural SOD in the
sciatic nerve of diabetic control rats was
substantially reduced (P < 0.05) compared to healthy
controls 8 weeks after intraperitoneal injection of
STZ-NA. Compared to diabetic control rats, neural
SOD levels were markedly and dose-dependently
elevated by PHF treatment (100, 200, and 400
mg/kg) (P < 0.05). The effects of APHF treatment
(200 mg/kg) were more pronounced than those of
diabetic controls (Table 5.5.3.9).

B. Reduced glutathione: Eight weeks post-STZ-NA
injection, diabetic control rats demonstrated a
marked reduction in reduced glutathione levels (P <
0.05) in the sciatic nerve relative to healthy controls.
GSH levels in rats administered PHF (100, 200, and
400 mg/kg) were considerably elevated in a dose-
dependent manner (P < 0.05) compared to those in
diabetic control rats. The decreased level of GHS in
metformin (200 mg/kg)-treated rats = was
considerably higher (P < 0.05) than that in diabetic
control rats. The combination of PHF (100 mg/kg)
and metformin (100 mg/kg) significantly elevated (P
< 0.05) GSH levels compared to those treated with
either PHF (100 mg/kg) or metformin (100 mg/kg)
alone (Table 5.5.3.9).

C. Lipid peroxidation: FEight weeks after
intraperitoneal STZ-NA injection, diabetic control
rats demonstrated significantly elevated lipid
peroxidation levels (P < 0.05) compared with
healthy controls. Lipid peroxidation in treated rats
(100, 200, and 400 mg/kg) was significantly and
dose-dependently reduced (P < 0.05) compared to
that in diabetic controls. The administration of
metformin (100 mg/kg) resulted in a slight reduction
in MDA levels compared with the diabetic control
group. Combining metformin (100 mg/kg) with
PHF (100 mg/kg) resulted in a significant reduction
in lipid peroxidation compared to either treatment
alone (Table 5.5.3.9).

D. Nitric oxide: A single intraperitoneal STZ-NA
injection significantly increased (P < 0.05) sciatic
nerve neural nitrite levels in diabetic rats (317.2 +
8.45 g/ml) compared to healthy controls (97.86 +
8.49 g/ml). PHF treatment at doses of 100, 200, and
400 mg/kg resulted in a significant and dose-
dependent reduction in neural nitrite levels (245.9 +
5.50 and 200.1 + 13.88 g/ml) when compared to
diabetic controls. The combination of metformin
(100 mg/kg) and PHF (100 mg/kg) resulted in a
significant reduction of neural nitrite levels
(129.5+5.26 g/ml) when compared to either
metformin (100 mg/kg) or PHF (100 mg/kg)
administered individually (154.8+8.37 g/ml) (Table
5.5.3.9).

E. Total calcium content: Following eight weeks of
STZ-NA  injection, diabetic  control rats
demonstrated a significantly elevated neural calcium
level (23.29 + 0.90 ppm/mg of protein, P < 0.05) in
comparison to healthy controls (5.47 = 0.46 ppm/mg
of protein). PHF treatment at doses of 100, 200, and
400 mg/kg resulted in a significant and dose-
dependent reduction in neural calcium levels
(16.42+0.93 and 13.86+0.84 ppm/mg of protein, P <
0.05) when compared to diabetic controls.
Metformin (100 mg/kg) significantly reduced neural
calcium levels (11.24+0.58 ppm/mg of protein, P <
0.05) in comparison to diabetic controls. The
combination of metformin (100 mg/kg) and PHF
(100 mg/kg) resulted in a further reduction of neural
calcium levels (8.12+0.63 ppm/mg of protein, P <
0.05) compared to each treatment administered
individually (Table 10).
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Table 10. Effects of Metformin, PHF and APHF
on STZ-NA-induced alterations in SOD, GSH,

DISCUSSION
Plant-derived = pharmaceuticals  have  gained
significant research attention as alternatives to

deiiyantional medi¢ines for thaCweatment of chronic
ifhnessag”. Botargjeahmitedicatignmatieg widely used
hsause of their perceived effgtpinetinass and long-
gpaothing history of patient care**>.

The concept of polyherbalism has been highlighted

MDA, NO, and Ca levels.

Treatment SOD GSH
(U/mg of (ng/mg
protein) protein)

Healthy control 27.33 1.5
£3.40° +£0.17°

Diabetic control 6.33 0.28
+0.75 +0.04

Metformin 200mg/kg 17.33 1.16
+2.33¢ +£0.14°

PHF-A 100mg/kg 14.66 1.06
+2.02°¢ +0.08°¢

PHF-B 200mg/kg 20.33 1.13
+2.60° +0.8°

PHF-C 400mg/kg 23.00 1.26
£3.21° +0.8°

APHF 200mg/kg 25.00 1.31
+4.61° +£0.32°

i%]ﬁgyurvedic litekQure, Saran@@%r Samhita, for its
ithidved therapditib4effectiveisi0 Phytochemicals
i4Q13dd from indi¥r1d41 plants24rd3often inadequate
f6F 4athieving thHel 2dsired effée?¥. However, the
combination of multiple herbs in precise ratios offers
deberal advantagtd2iboluding khbhced therapeutic
fBARY, mitigated. T6Ricity?® wrbdifckd amounts of
individual herbs required, and minimized unwanted
étfects?’28. 213.33 16.33

+0.76°¢ +£6.09° +1.45¢

Emblica officinalis, Gymnemasylvestre, Terminalia
aj8Ra, Tinospora 68ngéfolia, and Zingiber officinale
ar@ 4iphificant herbsgmployed-2n04hditional Indian
medicine for managing diabetes and various
aglgents. Qualitafiye phytochemigal analysis of the
plgm 7 extracts reyepled the ppeggmee of various
bioactive secondary metabolites. The polyherbal
ferpgulation contgipgdpearly allbggactive secondary
mgtagbolites, inglyding  flavopejgls, terpenoids,

phenolic compounds, saponins, alkaloids, tannins,

Values are presented as mean+tSEM (n=6) for each
group. In this analysis, the significance levels are
indicated as follows: ¢=P<0.05, b=P<0.01,
a=P<0.001, in comparison to the diabetes control
groups. The statistical method employed was One-
way ANOVA, followed by Dunnette’s multiple
comparison test. The abbreviations used are SOD for
Superoxide Dismutase, GSH for Reduced
Glutathione, and MDA for Lipid Peroxidation. NO
refers to Nitric Oxide, while Ca denotes Calcium.
PHF refers to a polyherbal formulation, while APHF
denotes an allopolyherbal formulation consisting of
PHF at a dosage of 100mg/kg combined with
Metformin at 100mg/kg.

balbuhydlatco, btmuidb, lipidb, Ui‘lb, 51ybuaides, and
proteins. The extensive presence of these bioactive
components in polyherbal formulations enhances
their protective effects against diabetes and its
associated effects. Although the individual safety of
these herbs has been established, the effects of their
concurrent use remain ambiguous. Consequently, it
is imperative to assess the safety and toxicity of
polyherbal formulations (PHF). Preclinical tests
were performed to evaluate various facets of PHF.

Diabetic neuropathy includes a range of illnesses
with intricate pathophysiologies that affect both the
somatic and autonomic nervous systems. It is the
most common chronic consequence of diabetes
mellitus and is characterized by spontaneous pain,
allodynia, and hyperalgesia®. This neuropathy arises
from extended uncontrolled hyperglycemia, which
destroys nerve cells and hinders healing
mechanisms®®. Elevated levels of reactive oxygen
species in peripheral nerves induce oxidative stress,
mitochondrial malfunction, neuronal injury, and
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death. Oxidative stress elevates substrates for
advanced glycation end products (AGEs),
glycoxidation, and lipoxidation precursors, thereby
increasing free radical generation, which may be
worsened by inadequate  antioxidant and
detoxification mechanisms®. Large-fiber diabetic
peripheral neuropathy (DPN) causes sensory
impairments that severely affect the affected
individuals. Studies have demonstrated that patients
with diabetic peripheral neuropathy (DPN) have an
increased risk of falls, attributable to compromised
postural control, modified gait, and reduced balance.
Compromised muscle spindles, essential for
proprioception, balance, gait, and postural responses,
lead to motor incoordination’. The degree of diabetic
neuropathy correlates with diminished muscle
strength in individuals with diabetes mellitus®.

Daily injections of PHF-A, PHF-B, PHF-C, and
APHF for 60 days significantly (P<0.01) reduced
blood glucose levels in diabetic rats compared to
untreated diabetic rats. Diabetic rats demonstrated
substantial gain in body weight following treatment
with PHF and APHF. The current investigation
noted substantial enhancements in motor behavior,
especially grip strength, in diabetic rats after the
administration of PHF or a combination of PHF and
metformin. The combination of PHF and metformin
treatment led to a notable enhancement in grip
strength relative to that in the diabetic control group,
whereas the diabetic control group exhibited a
considerable reduction in grip strength.

Diabetic neuropathy is defined as pain manifesting
as hyperalgesia and allodynia. Thermal hyperalgesia
was evaluated using hot and cold immersion tests,
whereas mechanical allodynia was measured by
applying a von Frey monofilament to the plantar
area of the foot’!. In both assessments, the threshold
for tail and paw withdrawal was significantly
diminished after four weeks of STZ-NA dosing.
Treatment with PHF and metformin partially
ameliorated the altered thermal hyperalgesia and
mechanical allodynia; however, the effects of APHF
were superior to those of PHF and metformin alone’.
The threshold of peripheral neurons for noxious
stimuli is decreased as a consequence of
intraperitoneal administration of STZ-NA. The up-
regulation of reactive oxygen species is associated
with chronic diabetes. Vascular and neuronal
abnormalities induce edema, ischemia, and hypoxia,

which subsequently induce multifocal axonal
degeneration in the peripheral nerves. This results in
a reduced pain threshold, decreased motor nerve
conduction velocity, and decreased number of
peripheral neurons2.

Neural nociception is altered as a result of peripheral
receptor sensitization, ischemic tissue injury, ectopic
discharge from sprouting fibers, and alterations in
dorsal root ganglia cells’> observed a substantial
reduction in tail withdrawal latency, paw withdrawal
threshold, and paw withdrawal latency following
four weeks of diabetic induction.

The development of neuropathy in human patients is
primarily determined by the duration of diabetes and
chronic  hyperglycemia. Several mechanisms
contribute to the development of diabetic
neuropathy, such as increased polyol flux through
the aldose reductase pathway, changes in nerve
microvessel structure and function, hypoxia in the
nerves and ganglia, oxidative and endoplasmic
reticulum stress, non-enzymatic glycosylation, and
reduced neurotrophic support for neurons and
peripheral nerves. All these factors contribute to the
intricate pathogenesis of diabetic neuropathy’.
Diabetic control rats exhibited substantially higher
aldose reductase activity than the healthy controls.
The activity of aldose reductase was significantly
reduced in diabetic rodents treated with PHF and
APHF compared to that in untreated diabetic rats.
Corneal sensation was assessed using a Cochet-
Bonnet filament esthesiometer. The aeshesiometer
functions on the basis of pressure being transmitted
axially by a nylon monofilament of a known
diameter but variable length. The transmitted
pressure increased as the nylon monofilament length
decreased. Compared to diabetic control rats, corneal
sensitivity was substantially enhanced by the
administration of PHF and APHF*.,

In STZ-diabetic rodents, the accumulation of sorbitol
and fructose, which is a consequence of increased
aldose reductase and sorbitol dehydrogenase enzyme
activities in the polyol pathway, reduces nerve
conduction  velocity.  Neurophysiological and
pathological dysfunctions are the consequences of an
increase in sorbitol and fructose levels in the sciatic
nerves of diabetic rodents®*. The polyol pathway can
be inactivated by drugs from the aldose reductase
inhibitor class, which inhibit the conversion of
sorbitol to glucose. Consequently, nerve conduction
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velocity was enhanced. The elevated levels of aldose
reductase were substantially reduced by treatment
with PHF and APHF, resulting in the amelioration of
neuropathy.

The activity of superoxide dismutase and GSH in
diabetic control rats was substantially reduced in
comparison to that in normal rats after eight weeks
of intraperitoneal STZ-NA administration. The
generation of superoxide and hydroxyl free radicals
can lead to vascular endothelial injury, which, in
turn, affects nociception®. Superoxide dismutase
(SOD) is a critical mediator that catalyzes the
conversion of superoxide anions to hydrogen
peroxide (H202), thereby serving as an antioxidant.
NADPH is a critical component of the polyol
pathway, where it is involved in the formation of
sorbitol and fructose, in conjunction with aldose
reductase. Nevertheless, NADPH competes with
glutathione disulfide reductase, leading to a
reduction in the availability of glutathione (GSH), an
enzyme that is crucial for safeguarding the
sulfhydryl group of cysteine in proteins.
Consequently, the antioxidant potential of the cells is
reduced. SOD, in addition to GSH, is essential for
safeguarding cells from oxidation’”*8, Consequently,
the regeneration of neurons in patients with DN may
be enhanced by antioxidant treatment. The activity
of endogenous antioxidant enzymes SOD and GSH
was  considerably  enhanced by  chronic
administration of PHF and APHF for eight weeks, as
demonstrated in this study?®.

In rodents with STZ-induced diabetes,
malondialdehyde (MDA) levels are elevated, which
is a defining characteristic of oxidative stress. MDA
has been shown to cause the rearrangement of the
double bond in unsaturated fatty acids in the lipid
membrane, which leads to nerve injury and
destruction of cell membranes®®. Decreased levels of
endogenous antioxidant defense enzymes, including
glutathione peroxidase and superoxide dismutase, in
peripheral nerve tissues may induce an increase in
lipid peroxidation levels in diabetic control
animals*’. The MDA levels in rats treated with PHF
and APHF were substantially elevated, which was in
accordance with the increase in SOD and GSH
levels’.

Nitric oxide is a critical intracellular messenger;
however, its production through inducible nitric
oxide synthetase (iNOS) alters the blood supply to

nerves, leading to microvascular alterations in the
aftermath of nerve injury*’. NO produces
peroxynitrite in conjunction with the superoxide
anion, which results in neuronal degeneration and
nerve fiber dysfunction, thereby contributing to the
development of neuropathic pain in patients with
diabetes*?. The neuroprotective effects of PHF and
APHF in diabetic rodents may be attributed to their
capacity to quench free NO moieties.

Uncontrolled excitotoxicity results from an elevated
level of free radical generation, accompanied by an
increased efflux of calcium to the extracellular
matrix of the cell. A cascade of biochemical changes
is initiated by increased calcium efflux, which leads
to neuronal dysfunction by degranulating the axonal
cytoskeleton and increasing the release of free
radicals in addition to elevated calcium levels®.
Elevation of calcium levels in the sciatic nerve was
substantially attenuated by PHF and APHF, thereby
preventing neuronal damage.

Under hyperglycemic conditions, the production of
reactive oxygen species and cellular metabolism is
elevated, which may affect the potential of the
mitochondrial membrane. Under these conditions,
poly (ADP-ribose) polymerase (PARP) is essential
for the development of diabetic complications such
as endothelial dysfunction, cardiomyopathy,
retinopathy, nephropathy, and neuropathy’.
CONCLUSION

The results from biochemical and pathological
investigations demonstrated that PHF and APHF
treatments exhibit beneficial effects in the
management of diabetic neuropathy and its
associated complications. This study concludes that
PHF may function as an adjuvant in the management
of diabetic neuropathy and oxidative stress
associated with uncontrolled diabetes. Moreover,
concurrent administration of polyherbal formulations
and metformin enhanced therapeutic efficacy,
reduced dosage requirements, and mitigated adverse
effects.

FUTURE SCOPE

Future studies should aim to clarify the specific
molecular pathways responsible for the observed
therapeutic effects, and investigate the possible
clinical applications of these formulations in
humans.
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