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Abstract

Background and Objective: Diabetic neuropathy (DN) is a prevalent complication of diabetes, characterized by neuropathic pain and
motor dysfunction. The role of oxidative stress and inflammation in DN pathophysiology is well-documented. This study aims to evaluate
the therapeutic potential of Aesculus hippocastanum(AH) in mitigating DN symptoms, focusing onits antioxidant and anti-inflammatory
properties. Materials and Methods: The study utilized 40 adult male Wistar rats, divided into four groups: Control, diabetic and two
AH-treated groups (receiving 10 mg kg=" and 20 mg kg~" AH, respectively). Diabetes was induced using streptozotocin (STZ) injections.
Evaluations included lipid peroxidation (via malondialdehyde levels), matrix metalloproteinases (MMP-9 and MMP-10) levels,
electrophysiological records (assessing compound muscle action potential), histopathological examination of the sciatic nerve and motor
function tests (using an inclined plane). Results: The AH-treated groups exhibited a significant reduction in MDA levels, indicating
decreased lipid peroxidation. Plasma MMP-9 and MMP-10 levels were also lower in these groups, suggesting reduced inflammation.
Electrophysiological records showed increased CMAP amplitudes and decreased distal latency in AH-treated rats, indicative of improved
nerve conduction. Histopathological examination revealed reduced perineural thickness in the sciatic nerve of AH-treated rats, suggesting
less fibrosis. In motor function tests, AH-treated rats demonstrated enhanced performance, implying improved muscle strength and motor
capacity. Conclusion: The findings indicate that AH treatment effectively reduces oxidative stress and inflammation in a rat model of
diabetic neuropathy, leading to improved neuropathic symptoms. These results suggest that AH could be a promising therapeutic agent
for managing DN, warranting further investigation for its potential clinical application.
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INTRODUCTION

Diabetes is a disease of high prevalence globally,
significantly increasing mortality and morbidity. According
to the International Diabetes Federation, there are
currently 425 million people worldwide living with
diabetes, a number expected to rise to 578 million by 20232,
Neuropathy is one of the most common and distressing
complications of diabetes, contributing substantially to
healthcare costs“.

Literature indicates that the prevalence of neuropathy
ranges from 1-4%, with 40-55% of neuropathic cases
attributed to diabetes®8, The rate of type 2 diabetes stands at
42.2%, which is higher than the 29.1% observed in type 1
diabetes patients*.

Approximately 75% of diabetic neuropathies (DN) are
characterized as distal symmetric polyneuropathy, a
condition that progresses slowly and insidiously. This
type of neuropathy often leads to neuropathic pain,
significantly diminishing patients’ quality of life and functional
capacity®.

The primary mechanisms causing DN are inflammation
and oxidative stress due to hyperglycemia. Regular monitoring
of blood pressure can help reduce these factors, thereby
decreasing the risk of diabetes-related neuropathy.

Aesculus hjppocastanum (AH) contains a compound
known as aescin, which includes alpha and beta triterpene
saponins, distinguished by their water solubility and melting
points. Additionally, AH comprises bioflavonoids (quercetin
and kaempferol), proanthocyanidin A2 and coumarins
(fraxin and aesculin). The antiedematous, anti-inflammatory,
venoprotective and venotonic effects of aescin are primarily
duetoitstriterpene saponin content''". Proanthocyanidin A2,
also found in AH, is believed to possess antioxidant
properties'.

The AH has demonstrated antioxidant capabilities,
inhibiting free radicals, lipid peroxidation and lysosomal
enzymes'?. Moreover, AH has shown beneficial effects on
complications associated with diabetes, such as nephropathy
and cardiac autonomic neuropathy, due to its anti-
inflammatory properties'®'. This study aims to investigate the
impact of AH on diabetic neuropathy.

MATERIALS AND METHODS

Study area: The study was carried out at the Experimental
Animals Application and Research Center of Demiroglu Bilim
Universitesi, located in Istanbul, Turkey. The research spanned
a period from September, 2022 to January, 2023.
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Animals: About 40 adult male Wistar rats, weighing
200-210 g, were obtained from the Demiroglu Science
University Experimental Animal Research Center for the study.
Animals were housed in cages and maintained under standard
conditions with 12 hrs light/dark cycles at room temperature
(22+2°C).They werefed by standard pellet dietand tap water
ad libitum throughout the study. The protocol employed in
the study has been approved by the Institutional Animal Care
and Ethical Committee of the University of Demiroglu Science
University (Ethical Number: 1623030906). All chemicals have
been obtained from Sigma-Aldrich Inc. unless otherwise
noted.

Experimental protocol: In the study, diabetes mellitus (DM)
was induced in 24 out of 40 Wistar rats. This was achieved
through an intraperitoneal injection of a single dose of
streptozotocin (STZ) from Sigma-Aldrich, Inc., Saint Louis,
Missouri, USA, at a concentration of 60 mg kg~ in 0.9% Nadl,
adjusted to a pH of 4.0 using 0.2 M sodium citrate. In contrast,
10 rats were designated as the control group, receiving no
chemical treatment and maintaining normal blood glucose
levels below 120 mg dL='. The DM induction was confirmed
after 24 hrs by measuring blood glucose levels, which were
above 250 mg dL™" in diabetic rats, using glucose oxidase
reagent strips from Boehringer Mannheim, Indianapolis.

Subsequently, the diabetic rats were segregated into
three groups for further treatment. The first group, comprising
10 rats, was termed the ‘diabetes and saline group’ and
received a 1 mL kg~ saline treatment. The second group, also
consisting of 10 rats, was labeled the ‘diabetes and Aesculus
hippocastanum (AH) extract-treated group’ and was
administered AH at a dose of 10 mg/kg/day through oral
gavage using Venotrex (50 mg, Abdi lbrahim). The third
group, identical in number, received a higher dose of AH at
20 mg/kg/day via oral gavage for a duration of 4 weeks. The
study concluded with Electromyography (EMG) and inclined
plane testing. Afterward, the animals were humanely
euthanized, with blood samples collected via cardiac puncture
for biochemical analysis. Additionally, the sciatic nerve was
extracted for histopathological examination.

This experimental procedure is adapted and modified
from the protocol described in the previously published
article'.

Three Electromyography (EMG) recordings were made
from the right sciatic nerve of each subject. For stimulation, a
high intensity of 10 V was used, with a brief duration of
0.05 ms and a frequency of 1 Hz, covering a range from 0.5 to
5000 Hz. The EMG signals were sampled at a rate of
40 kHz/sec. This process was facilitated using a Biopac bipolar



Int. J. Pharmacol, 19 (7): 862-871, 2023

Fig. 2: Inclined plane test system

subcutaneous needle stimulation electrode, a product of
BIOPAC Systems, Inc., based in Santa Barbara, California, USA.
The point of stimulation was the Achilles tendon™ (Fig. 1).
Compound muscle action potentials (CMAPs) and changes in
motor Nerve Conduction Velocity (NCV) were recorded by
unipolar needle electrodes located in the 2-3 interosseous
muscle. Data were evaluated using Biopac Student Lab Pro
version 3.6.7 software (BIOPAC Systems, Inc.), with distal
latency, duration and amplitude of CMAP as the parameters.
During the EMG recordings, rectal temperatures of the rats
were monitored by a rectal probe (HP Viridia 24-C; Hewlett-
Packard Company, Palo Alto, California, USA) and the
temperature of each rat was kept atapproximately 36-37°Cby
heating pad.

Histopathological examination of the sciaticnerve: Sections
of the sciatic nerve, which were fixed in formalin and cut into
4-micrometer slices, underwent staining using Hematoxylin
and Eosin (H&E). Perineural thickness of the sciatic nerve was
measured with an Olympus C-5050 digital camera mounted
on an Olympus BX51 microscope.
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Inclined plane test: Motor performance in rats was assessed
using a modified version of the sliding apparatus, as
previously described by Rivlin and Tator and further modified
by Yilmaz et a/'>. This evaluation was conducted one month
following the induction of STZ. The apparatus consisted of a
stainless steel plane measuring 50 cm by 30 cm, as shown in
Fig. 2. We determined the maximum angle at which a rat’s
limb began to slip while attempting to maintain its body
position. This test was replicated three times for each
orientation of the rat’s head, with the results being averaged.
A one-minute break was allowed between each trial™>.

Evaluation of lipid peroxidation: Lipid peroxidation was
determined in  plasma samples by  measuring
malondialdehyde (MDA) levels as thiobarbituric acid reactive
substance (TBARS). Briefly, trichloroacetic acid and TBARS
reagent were added to the plasma samples, then mixed and
incubated at 100°C for 60 min. After cooling on ice, the
samples were centrifuged at 3000 rpm for 20 min and the
absorbance of the supernatant was read at 535 nm. The MDA
levels were expressed as nM and tetraethoxypropane was
used for calibration.

Measurement of plasma MMP-9 and MMP-10

Statistical analysis: Data analyses were performed using SPSS
version 15.0 for Windows. The groups of parametric variables
were compared by Student’s t-test and Analysis of Variance
(ANOVA). The groups of nonparametric variables were
compared by the Whitney U test. Results were given as
Mean=Standard error of mean (SEM). A value of p<0.05 was
accepted as statistically significant. The p<0.001 was accepted
as statistically highly significant.

RESULTS

Evaluation of lipid peroxidation: In the evaluation of lipid
peroxidation, the levels of malondialdehyde (MDA) were
measured. The control group exhibited MDA levels of
53.6£2.5 nM, while the group with diabetes receiving saline
showed significantly higher levels at 195.3£10.1 nM. In
comparison, diabetic rats treated with 10 mg kg~ of Aesculus
hippocastanum (AH) had MDA levels of 94.2+7.8 nM and
those treated with 20 mg kg=" AH had levels of 90.6+4.5 nM.
These findings indicate that MDA levels in diabetic rats were
significantly reduced upon AH treatment compared to those
not receiving AH (Table 1).

Furthermore, Matrix Metalloproteinase-9 (MMP-9) levels
were assessed. In the control group, MMP-9 levels were found
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to be 31.5£1.7 pg mL~". Diabetic rats receiving saline had
higher levels at 44.9+1.4 pg mL~". Notably, diabetic rats
treated with 10 mg kg=' AH showed a decrease in MMP-9
levels to 36.2£0.6 pg mL~" and those treated with 20 mg kg™
AH had levels of 34.41+0.2 pg mL~". These results demonstrate
that both MMP-9 and MMP-10 levels were elevated in
diabetic rats compared to the control group, but significantly
decreased in those receiving AH treatment (Table 1).

Evaluation of electrophysiological records: The evaluation
of electrophysiological records focused on the compound
muscle action potential (CMAP) and distal latency
measurements. In the control group, CMAP was recorded at
14.21+0.9 mV (Fig. 3a). For the diabetic group receiving saline,
the CMAP was significantly lower, at 7.4+0.7 mV (Fig. 3b).
Diabetic rats treated with 10 mg kg™' of Aesculus
hippocastanum (AH) showed an improved CMAP of
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Fig. 3(a-d): (@) EMG of control group, (b) EMG of diabetic rats with saline treatment, (c) EMG of diabetic rats treated with
10 mg kg~" AH and (d) EMG of diabetic rats treated with 20 mg kg~' AH

Table 1: Comparative analysis of different treatment groups in a diabetic rat model

Diabetes and saline Diabetes and 10 mg kg™ Diabetes and 20 mg kg™
Control group treatment AH treatment AH treatment
Perineural thickness (um) 41%0.2 17.2+4.6* 8.3+1.9* 77E1.1%
Plasma MMP-9 (pg mL~") 31.5+17 449+1.4* 36.2+0.6* 344+0.2¢
Plasma MMP-10 (pg mL™") 483£2.08 67.5+1.3*% 56.1+2.2¢ 53.7+0.8*
Plasma MDA (nM) 53.6+25 195.3£10.1** 94.2+7.8% 90.6+4.5%

Data are expressed as mean=SEM, *p<0.01 (different from control), **p<0.001, “p<0.05 and *p<0.01 (different from diabetes+saline)
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Fig. 4(a-d): Histological sections of sciatic nerve, H&E staining (X 40 magnification), (a) Control group, (b) DM and saline treated
group was shown increased perineural thickness, (c) DM and 10 mg kg~" AH group was shown decreased perineural

thickness and (d) DM and 20 mg kg~! AH group was shown decreased perineural thickness
p: Perineurium and perineural thickness and a: Axon

Table 2: Impact of AH treatment on CMAP amplitude and distal latency in diabetic rats

Diabetes and saline Diabetes and 10 mg kg™ Diabetes and 20 mg kg™’
Control group treatment AH treatment AH treatment
CMAP amplitude (mV) 14.2+0.9 74£0.7* 11.5+0.4* 13.5+£0.6"
Distal latency (ms) 1.33£0.08 1.91£0.3*% 1.58+0.1* 1.51£0.2*

Data are expressed as mean = SEM, *p<0.05 (different from control), #p<0.05 and #p<0.01 (different from diabetes+saline)

11.5£0.4 mV (Fig. 3c), while those receiving 20 mg kg~' AH compared to those not receiving AH treatment (Fig. 3,
exhibited further improvement, with a CMAP of 13.5+0.6 mV Table 2).
(Fig. 3d, Table 2).

Regarding distal latency, the control group showed a  Histological evaluation of the sciatic nerve: The histological
latency of 1.33£0.08 ms (Fig. 3a). This was prolonged in the ~ examination focused on measuring the perineural thickness
diabetic group receiving saline, with alatency of 1.9120.3ms  of the sciatic nerve. In the control group, the perineural
(Fig. 3b). In the diabetic groups treated with AH, there wasa  thickness was found to be 4.1£0.2 um (Fig. 4a). In contrast,
notable reduction in distal latency: 1.58%£0.1 ms for the  diabeticratsreceivingsaline exhibited a significantly increased
10 mg kg~' AH group (Fig. 3c) and 1.51+0.2 ms for the perineural thickness of 17.2+4.6 um (Fig. 4b). Diabetic rats
20 mg kg~! AH group (Fig. 3d, Table 2). treated with 10 mg kg™ of Aesculus hijppocastanum (AH)

A comparison between the control group and the  showed a reduced perineural thickness of 83%+1.9 um
diabetic group not receiving AH revealed significant  (Fig. 4c), while those treated with 20 mg kg™ AH
differences in sensory nerve conduction studies. Specifically, =~ demonstrated a further reduction to 7.7%x1.1 um (Fig. 4d,
the diabetic rats not treated with AH had a considerably ~ Table 1).
lower CMAP amplitude and prolonged distal latency in the The histological sections revealed that the perineural
sciatic nerve. In contrast, diabetic rats treated with AH thickness in the sciatic nerves of diabetic rats receiving
demonstrated a significant increase in CMAP amplitudes.  saline was markedly increased compared to the control
Notably, the increase in amplitude was more significantinthe ~ group. Notably, the decrease in perineural thickness was
group receiving 20 mg kg=' AH compared to the group more significant in rats receiving 20 mg kg~' AH
receiving 10 mg kg~ AH. Additionally, AH treatment was  compared to those receiving 10 mg kg=' AH (Fig. 4,
associated with shorter distal latencies in diabetic rats  Table 1).
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Table 3:Inclined plane performance and plasma glucose levels in diabetic rats under different treatments

Diabetes and saline Diabetes and 10 mg kg™ Diabetes and 20 mg kg™’
Control group treatment AH treatment AH treatment
Maximum angle of inclined plane test (degree) 87.2+4.2 57.1+6.5*% 74.3+5.3¢% 78.8+4.6*
Plasma glucose (mg dL™") 942+7.8 4425+18.8*% 389.2+14.5 378.3+9.4*

Data are expressed as mean £ SEM, *p<0.001 (different from control) and #p<0.05 (different from diabetes+saline)

Inclined plane test: The inclined plane test was conducted to reactive oxygen products. Due to oxidative damage, the
assess motor function, measuring the maximum angle at glycosylation products on the myelin sheath and nerve cell

which the rats could maintain their position without slipping. ~ biomolecules increase and there has been occurred
In the control group, the maximum angle achieved was  neuropathy findings'e.
87.2%4.2°. For the group with diabetes receiving saline, the In addition, in hyperglycemia, they carry the lipid

angle was significantly lower at 57.116.5°. Rats with diabetes ~ molecules which became prone to oxidation due to
treated with 10 mg kg™ of Aesculus hippocastanum (AH) glycosylation of plasma lipoproteins. The increase in plasma
managed a higher angle of 74.3£5.3° and those treated with oxidized LDL levels of diabetic patients confirms this
20 mg kg™ AH showed further improvement, achieving an outcome situation. Lipid peroxides have been shown to
angle of 78.81+4.6° (Table 3). increase endothelial damage and stimulate the development
The results indicate that the angle at which the diabetic ~ of vasculitis. The vasculitis accompanying DN negatively
rats receiving saline began to slide was markedly lower  affects nerve blood flow, which triggers neuropathy. In the
compared to the control group, suggesting reduced motor  study which has been conducted by Sasaki et a/' in diabetic
capability. rats, it has been shown that sciatic nerve blood flow
decreased. The decrease in the blood flow in peripheral nerves
Plasma glucose level: The study measured plasma glucose  can lead to neuronal ischemia and therefore oxidative stress,
levels across different groups. In the control group, the  which can stimulate the development of sensory
glucose level was found to be 94.2+7.8 mg dL™". By contrast, neuropathy.
diabetic rats receiving saline showed significantly elevated It has been reported that the lipid peroxidation end
glucose levels at 442.5+£18.8 mg dL™". Diabetic rats treated product malondialdehyde (MDA), which one of the most
with 10 mg kg™ of Aesculus hippocastanum (AH) exhibiteda  significant markers of oxidant, stress, increases in rats''. In the
glucose level 0of 389.2+14.5 mg dL~', while those treated with animal studies from the literature, the decrease in MAD, is an
20 mg kg™' AH had a reduced level of 378.3+9.4 mg dL™' indicator of oxidative stress and an increase in the amounts of
(Table 3). reduced glutathione, superoxide dismutase and catalase,
Thefindingsindicate thatblood glucose levelsindiabetic ~ which are known to have antioxidant activities that were
rats receiving saline were substantially higher than those in  observed in rats receiving AH'"18,
the control group. Although there was no significant In a different study, it has been reported that aescin has
difference between the glucose levels of diabetic rats treated  significantly increased apoptosis, which has a significant role
with 10 mg kg~' AH and those receiving saline, the group in the clearance of damaged cells'. Considering the role of
receiving 20 mg kg~' AH displayed a significantly lower  oxidative stress and apoptosis in inflammation, the

glucose level compared to the diabetic rats receiving saline. antioxidant and apoptotic effects of aescin bring value'.
The current research study also supports the above
DISCUSSION information; We have observed that MDS levels in diabetic rats

have been significantly higher than in the control group. The
The DN is such a heterogeneous disease whose MDA level in diabetic rats which were given AH, was
mechanism is not fully known, it has a complex  significantly lower than in diabetic rats which were not given
pathophysiology and affects both autonomic and somatic ~ AH.
components of the nervous system?. Moreover, due to oxidative stress, it is known that several
The most significant mechanism emphasized in the molecular processes such as activation of the polyol pathway,
pathophysiology of DN; Chronic hyperglycemia which causes activation of protein kinase C and advanced glycation end
an increase in free radical formation in the body and product formation are associated with functional disorders in
endogenous antioxidants are insufficient to balance toxic  the nerves and pathological changes in the neurons. Distal
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symmetrical depletion has been observed in the peripheral
end terminals of nociceptors and intraepidermal nerve fibers.
More proximally, some changes have occurred in peripheral
nerves, such as demyelination of myelinated nerve fibers,
axonal degeneration, necrosis, schwannopathy and
microangiopathy'2

Nerve conduction abnormalities are present in 29-70%
of the patients with type-1 diabetes and 45-60% of the
patients with type-2 diabetes at the of diagnosis and
electromyographic improvement has been reported after the
treatment for hyperglycemia?®?'.

The DN is an axonal disease and manifests itself with
reduced amplitude in nerve conduction studies. Slowing of
nerve conduction velocity and prolongation of distal latency
can be considered indicators of demyelination?.

In this research study, when the control group and the
diabetic rat group that did not receive AD, were compared in
terms of sensory nerve conduction studies, the CMAP
amplitude of the sciatic nerve was significantly lower and the
distal latency was obtained to be prolonged in the diabetic rat
group that did not receive AD. When the diabetic rat group
that did not receive AH was compared with the groups that
received AH, a significant increase was obtained in the CMAP
amplitudes of the groups that received AH. The amplitude
increase rate in the group receiving 20 mg kg=' AH was
significantly higher than in the group receiving 10 mg kg~". It
has been observed that the distal latency was shorter in
diabetic rats receiving AH compared to the group not
receiving AH.

It has been observed that AH has provided significant
improvement in the conduction abnormalities such as the
decrease in CMAP amplitude and an increase in distal latency
caused by diabetic neuropathy of DN. The increase in CAMP
amplitude suggested that the number of stimulated muscle
units and the number of stimulation axons have increased.
Current findings may be explained by increased axonal
regeneration and remyelination in neurons.

It has also been reported that escin has positive effects
on neuropathic pain through the mechanism of reducing
the concentration of inflammatory cytokines in neuropathic
pain due to sciatic nerve damage, suppressing the signal
pathway of toll-like receptor 4 and nuclear factor KB and
reducing the levels of glial fibrillary acidic protein and nerve
growth factor®,

The inclined plane test, used to measure the muscle
strength and motor capacity of rats, is widely used. This test is
the inclination of the plane on which the rat stands is
gradually increased and the angle of inclination at which the
rat slide is objectively evaluated in rats with neuropathy?.
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Although the majority of neural deficits have been
observed in diabetes which are sensory deficits and significant
motor dysfunction that has been also reported as 1-6%%.
Atrophy of the extensor digitorum brevis (EDB) muscle is the
earliest motor out finding. Involvement of motor fiber axons
may cause changes in foot posture and morphology, foot
ulcers and may resultinamputation??’. In our research study,
the angle of inclination in which diabetic rats slid was much
lower than the control group. A significant effect was
observed in the motor functions of diabetic rats. The angle of
inclination at which rats receiving AH shifted was found to be
significantly higher than diabetic rats. These data reveal that
there was a significantimprovement in the motor functions of
rats receiving AH.

Matrix metalloproteinases (MMPs) are involved in the
inflammation and remodeling process in the tissue. They
regulate the degradation of extracellular matrix proteins,
cytokines and chemokines in both neurons and glial cells in
the nervous system. The MMPs are involved in the regulation
neuroinflammatory process in response to peripheral and
central injuries. It has been shown that after nerve root injury
in rats, MMPs cause an increase in the release of pro-
inflammatory cytokines and cause myelin basic protein
destruction and demyelination. The MMP-9 contributes to
neurological disorders by disrupting neurovascular barriers,
enabling migration of immune cells and demyelination?. The
MMP-9 has also been shown to play a role in the development
of neuropathic pain after peripheral nerve injury. One study
showed that MMP-9 plays a critical role in DN and contributes
to myelin abnormalities and central spinal sensitization-
induced DN. It has been observed that allodynia is also
suppressed by inhibition of MMP-9%,

In our research study, MMP-9 and -10 levels in diabetic
rats were higher than in the control group. The MMP-9and 10
have been obtained to be lower in diabetic rats who were
receiving AH treatment than in diabetic rats who were not
receiving AH. This outcome will contribute positively to
preventing the development of DN, as inflammation and
demyelination will decrease with the decrease in enzyme
levels.

The main responsible for DN are several reactions initiated
by hyperglycemia. Literature studies have shown the
hypoglycemic effect of aescin®. It has been reported that
aescin increases the insulin level in the blood and some
saponin-containing plants increase insulin secretion from the
pancreas and glucose utilization by tissues>'.

In our research study, the blood sugar level of diabetic
rats was found to be much higher than the control group.
Although there was no significant difference between the
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10 mg kg~' AH and the blood sugar levels of rats that were not
receiving AH, a significant decrease has been detected in the
blood sugar levels of the rats which were receiving 20 mg kg™
AH. However, in a study comparing the blood sugar levels of
diabetic rats that did not receive any treatment and diabetic
rats that did not receive any treatment and diabetic rats that
received 50 mg/kg/day aescin, contrary to our findings, the
blood sugar levels of the group receiving AH is higher than the
diabetic rats that did not receive any treatment'®.

In the histopathological examination of the nerves of
the rats with diabetic neuropathy, axon atrophy and
degeneration, myelin degeneration and looseness and
increased perineural thickness due to perineural fibrosis are
observed?2 Inthis study, in the histopathological examination
of the sciatic nerve, perineural thickness has been obtained to
significantly increased in diabetic rats which did not receive
the treatment compared to the control group. Perineural
thickness has been obtained to be decreased in rats receiving
AH treatment. The decrease in perineural thickness of rats
receiving 20 mg kg~' AH was significantly greaterthan the rats
which were receiving 10 mg kg=" AH. This can be explained by
the fact that AH reduces fibrosis by reducing inflammation
and theresulting increase in perineural thickness is less in rats
which were receiving AH.

CONCLUSION

This research establishes that Aesculus hippocastanum
(AH) significantly alleviates diabetic neuropathy symptomsin
rats. Treatment with AH improved nerve conduction,
evidenced by higher CMAP amplitudes and shorter distal
latencies. Histologically, AH reduced perineural thickness,
suggesting decreased nerve fibrosis. Biochemically, AH
treatment corresponded with lowered levels of oxidative
stress markers, particularly MDA, indicating its antioxidant
capacity. Additionally, reductionsin MMP-9 and MMP-10 levels
highlight AH’s anti-inflammatory effects. These findings
support the potential of AH as a promising therapeutic agent
for diabetic neuropathy, warranting further investigation in
clinical applications.

SIGNIFICANCE STATEMENT

The escalating global prevalence of diabetes highlights
the urgency of addressing its complications, notably diabetic
neuropathy (DN), which significantly impairs quality of life
due to neuropathic pain and motor dysfunction. This
study is pivotal in exploring the therapeutic potential of
Aesculus hippocastanum (AH) against DN, focusing on its
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antioxidantand anti-inflammatory properties. By methodically
investigating the effects of AH on oxidative stress markers and
inflammatory mediators in a controlled animal model, our
research sheds light on AH’s role in reducing MMP-9 and
MMP-10 levels, thereby alleviating DN symptoms. The findings
offer promising insights for clinical application, potentially
enhancing the management and treatment strategies for DN
and paving the way for future human clinical trials.
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