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Objective: Exploring novel therapeutic approaches for diabetic neuropathy (DN) is crucial,
and Ficus carica seed oil (FCSO) emerges as a promising candidate due to its rich composition
of fatty acids, phenolics, antioxidants, and anti-inflammatory compounds. This study aimed
to investigate the effects of FCSO treatment on the progression of DN.

Materials and Methods: Adult male Wistar rats were randomly assigned to control, untreated
diabetic, and FCSO-treated diabetic groups. Diabetes was induced by a single intraperitoneal
injection of streptozotocin (STZ) at a dose of 50 mg/kg, confirmed by hyperglycemia (>250 mg/
dL).The treatment group received FCSO orally at a dose of 4 mL/kg/day for 5 weeks. Blood glucose
was monitored at the initiation and conclusion of the treatment, while insulin and glycated
hemoglobin (HbA1c) were assessed at the study’s endpoint. The hot plate test was conducted at
the 3 and 5" weeks of treatment. Sciatic nerve electrophysiology was performed, followed by
biochemical analyses for markers of inflammation and oxidative stress.

Results: Diabetes resulted in elevated blood glucose and HbA1c levels, along with
decreased insulin levels, indicative of diabetic conditions. Increased oxidative stress and
inflammation were observed, alongside reductions in nociceptive response and nerve
conduction velocity, indicating DN progression. However, FCSO treatment mitigated these
effects, restoring markers to levels comparable to those of normal controls.

Conclusion: Early intervention with FCSO appears to counteract the mechanisms leading

to DN, exerting neuroprotective and preventive effects. These findings underscore the
therapeutic potential of FCSO and highlights its role as a promising treatment against DN.

Keywords: Diabetic neuropathy, Ficus carica seed oil, nerve conduction, neuroinflammation
nociception, oxidative stress.

INTRODUCTION

Diabetic neuropathy (DN) is a common complication of diabetes mellitus, characterized by
long-term nerve damage and deterioration of nerve functions.” Mechanisms of inflammation
in the etiology of DN are actively studied experimentally.>* Hyperglycemia, dyslipidemia, and
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insulin resistance trigger oxidative stress and inflammatory
responses, leading to pathological changes such as DNA
damage, endoplasmic reticulum stress, and mitochondrial
dysfunction, ultimately causing DN.

There is no effective remedy for completely reversing the
pathogenetic mechanisms responsible. However, good
control of blood sugar is currently the only approved way
to reduce the risk. Despite a better understanding of the
disease, current research also focuses on developing new
interventions with preventive or protective potential.
Potential treatments are expected to alter the natural course
of the disease by slowing its progression; controlling pain;
providing rapid and adequate management of complications;
and/or preserving function.** For this purpose, plant extracts
or pharmaceutical agents are extensively investigated in
experimental studies.®

In this context, our attention was directed to Ficus plant
varieties, based on previous research exploring their
traditional uses, photochemistry, and pharmacological
activities.” Reports indicate that the leaves, fruits, bud
extracts, and other parts of Ficus carica (a tree native
to Southwest Asia and the eastern Mediterranean)
possess antioxidant, antimicrobial, anticonvulsant, anti-
inflammatory, analgesic, hepatoprotective, dermoprotective,
and nephroprotective properties® Additionally, Ficus
carica inherently exhibits antidiabetic activity.”® During a
preliminary review, we observed that oil extracted from the
seeds of Ficus carica by cold pressing or other methods was
the least studied component in the literature for its potential
in disease treatment.’®"" Besides various nutrients and
bioactive compounds, Ficus carica seed oil (FCSO) contains
significant amounts of fatty acids, phenolics, antioxidants,
and anti-inflammatory compounds.’ These ingredients are
considered effective against diabetes; however, no study has
yet tested the impact of FCSO treatment on DN."3*Therefore,
such an investigation is essential and would be novel,
providing important insights for future clinical applications
and implications.

This study addresses this need by experimentally examining
the progression of DN, specifically the peripheral form,
when treated with FCSO. We used a chemically induced
diabetic rat model and documented the pathobiological
changes observed during the disease course in control,
FCSO-treated, and untreated groups. The degree of
peripheral DN was characterized by in vivo nociceptive
and electrophysiological tests from the sciatic nerve, with
additional blood-based biochemical analyses conducted.
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KEY MESSAGES

« Ficus carica seed oil (FCSO) reduces the detrimental
effects of diabetes-related neuropathy by:

+ Regulating blood glucose and inflammation,

+  Preserving nerve conduction and nociceptive pain
perception,
+ Managing oxidative stress.

Table 1. Laboratory analysis of Ficus carica seed oil (FCSO)

Analysis Result

55.50+9.99 mg/kg
87.20+7.85 mg/kg
3515.60+351.56 mg/kg

Alpha Tocopherol
Delta tocopherol

Gamma tocopherol

Myristic acid (C 14:0) 0.02%
Pentadecanoic acid (C 15:0) 0.02%
Palmitic acid (C 16:0) 7.24%
Palmitoleic acid (C 16:1) 0.07%
Heptadecanoic acid (17:0) 0.06%
cis-10-Heptadecanoic acid (17:1) 0.03%
Stearic acid (C 18:0) 2.93%
Oleic acid (C 18:1) 17.42%
Linoleic acid (C 18:2) 28.81%
Gondoic acid (C 20:1) 0.25%
Linolenic acid (C 18:3) 43.00%
cis-11,14-Eicosadienoic acid (C 20:2) 0.03%
Behenic acid (C 22:0) 0.07%
cis-11,14-17- Eicosatrienoic acid (C 20:3n3) 0.01%
Tricosanoic acid (C 23:0) 0.01%
Lignoceric acid (C 24:0) 0.03%

Iron 2.249+0.593 mg/kg
Calcium 94.580+36.413 mg/kg
Magnesium 9.178+2.241 mg/kg
Potassium 1.170+0.395 mg/kg
Zinc 0.302+0.066 mg/kg
MATERIALS AND METHODS

Ficus Carica Seed Oil

Ficus Carica seed oil was purchased from a local company
(Egesia, Nazilli, Aydin, Turkiye info@egesia.com.tr). The oil was
extracted from the seeds of figs grown regionally in Aydin
province. The laboratory analysis shown in Table 1 presents
the chemical composition of the oil used in this study.
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Animals

The study was performed with 27 adult male Wistar-albino
rats, following approval from Aydin Adnan Menderes
University (approval date: 26. 08. 2021, approval number:
2021/64583101-116). Rats were bred and housed in a local
facility according to standard procedures.

Diabetes Model

Our laboratory used a diabetic rat model induced chemically
by streptozotocin (STZ)." Briefly, in this model, diabetes was
induced in rats by a single intraperitoneal (i.p.) administration
of STZatadose of 50 mg/kg (Cayman, Michigan, USA), dissolved
in 0.05 M citrate buffer (pH 4.5). To prevent hypoglycemic
shock, a 5% dextrose solution was provided in water bottles
for the first 6 hours. Two days after STZ administration, blood
glucose levels were measured with a glucometer (IME-DC
Glucometer, Santek, Germany) using blood from the rat’s tail
vein. Rats with blood glucose levels greater than 250 mg/dL
were considered diabetic.

Experimental Groups

In this randomized controlled experimental study, rats were
randomly divided into three groups and followed for 5 weeks.

Group 1: Sham group (non-diabetic, NC): Rats were not
subjected to any treatment but received a daily administration
of physiological saline phosphate buffer (pH 7.4, 4 mL/kg/day)
via oral gavage (n=7).

Group 2: Diabetic control group (DC): After being confirmed
diabetic (blood glucose level =250 mg/dL at 48 hours post-
STZ administration), rats received saline phosphate buffer (pH
7.4, 4 mL/kg/day) by oral gavage (n=10).

Group 3: Diabetes + Ficus carica seed oil (FCSO) group
(D+FCSO): Following diabetes confirmation, rats received 4
mL/kg/day of FCSO daily by oral gavage for 5 weeks (n=10).

The FCSO dose of 4 mL/kg/day was selected based on previous
studies.”'® Groups 2 and 3 initially included more rats to
account for potential losses due to complications of diabetes.

Measurements

Before and after inducing diabetes, rat weights were recorded
weekly, and blood glucose levels were measured from the tail
vein using a test strip. Additionally, nociceptive pain responses
of the rats were assessed at the 3 and 5% weeks of treatment.
At the end of the experiment (5 weeks), before the rats were
sacrificed, electrophysiological measurements were recorded,
and 3 mL of blood was collected from the heart for analysis. Blood
samples were analyzed to determine levels of proinflammatory
cytokines, including IL-1p (interleukin-1 beta), IL-6 (interleukin-6),
and TNF-a (tumor necrosis factor alpha), as well as oxidative
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stress parameters, including superoxide dismutase-1 (SOD1),
malondialdehyde (MDA), and catalase (CAT), alongside insulin
and glycated hemoglobin (HbA1c) levels.

Nociceptive Test

The hot plate (HP) test was performed to assess sensory nerve
function and observe changes in nociceptive pain perception at
the third week following the onset of diabetes and at the end of
5 weeks. A hot-plate device (May AHP0603 Analgesic Hot Plate,
Commat Ltd., Ankara, Turkiye) with a circular metal surface
preheated to 55+0.3°C was used. After the rats were placed
on the device, reaction times, such as licking their hind legs,
jumping, and urinating, were evaluated as responses to thermal
stimulation in the experiment. To prevent potential harm from
heat, 15 seconds was set as the cut-off time, based on literature.'®
Latency values were recorded for all experimental groups.

Electrophysiological Measurements

Diabetic neuropathy is a condition that develops due
to nerve damage in diabetic patients. During diagnosis,
electromyography (EMG) is commonly used to evaluate the
severity of nerve damage and detect DN. Nerve conduction
velocity (NCV) measures how quickly nerves communicate. At
the end of the fifth week, electrophysiological measurements
were performed on the left sciatic nerve just before the
rats were sacrificed under intraperitoneal anesthesia with a
combination of ketamine (50 mg/kg) (Alfamine 10%, Alfasan,
Netherlands) and xylazine (10 mg/kg) (Alfazyne 2%, Alfasan,
Netherlands). Stimulation and nerve conduction measurements
were conducted with the 2-channel Nicolet Viking Quest®
(VIASYS, Natus Medical Inc., USA) EMG system. The areas where
electrodes were placed were shaved, and the skin was cleaned
with 10% alcohol to ensure proper electrode-skin contact. The
animal was placed on a thermal pad (thermophore) to maintain
body temperature and to prevent any ambient temperature
effects on nerve conduction. Stimulation was applied to the
sciatic nerve from the skin surface, targeting the dorsolateral
region of the hind limb at the level of the trochanter major for
proximal stimulation and the backside of the knee for distal
stimulation. Compound muscle action potentials (CMAPs)
were recorded from the plantar muscles of the hind paw.
Bipolar surface electrodes were used for stimulation, and disc
electrodes were used to record CMAPs. The ground electrode
was placed on the tail. The EMG device frequency range was set
to 10Hz-10kHz, with a stimulation duration of 0.5/1 ms, sweep
speed of 1 ms, gain of 10 mV, and supramaximal stimulation
intensity. To ensure repeatability, five stimulations were
given, producing and recording five muscle action potentials.
The system’s software was used to analyze and evaluate the
recorded CMAPs, determining distal and proximal latencies.!”
Motor nerve conduction velocity was calculated using the distal
and proximal latencies with the following formula:
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Figure 1. Blood glucose (BG) levels measured 2 days after
streptozotocin (STZ) administration (BG first) and at the end
of the experiment (BG final) in the experimental groups.

NC: Healthy control; DC: Diabetic control; D+FCSO: Diabetes+Ficus carica
seed oil administered. Statistical significance compared to the NC group is
indicated with *, and statistical significance compared to the DC group is
indicated with # (p<0.05). Data are presented as the meanztstandard error
of the mean.

Distance between proximal and distal
stimulations (mm)
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Biochemical Analysis

Inflammation is a defense mechanism that the body responds
to and initiates to heal damaged tissue. Diabetes triggers
inflammation as caused by high blood glucose levels and
increased oxidative stress. When the oxidative balance in
cells is disrupted, cells are exposed to free radicals, and the
inflammatory process damages nerve tissues, leading to
nerve fiber degeneration.'®'®-2' Blood drawn at the fifth week
was analyzed for levels of proinflammatory cytokines and
oxidative stress parameters. The serum levels of IL-1(3 (Catalog
No: ER1094), IL-6 (Catalog No: ER0042), TNF-a (Catalog No:
ER1393), SOD1 (Catalog No: ER0332), MDA (Catalog No:
ER1878), and CAT (Catalog No: ER0264) activity were examined
using Fine Test ELISA (Enzyme-Linked Immunosorbent Assay)
kits (Wuhan Fine Biotech Co., Wuhan, China) in accordance
with the prescribed protocol. In addition, serum levels of
insulin (Catalog No: ER1113) and HbA1c (Catalog No: ER1030)
were also determined using test kits from the same source.

Statistical Analysis

The collected data included body weights, blood glucose levels,
latency values from nociceptive tests, motor nerve conduction
velocity values from electrophysiological tests, proinflammatory
cytokines (IL-1B, IL-6, and TNF-a), oxidative stress parameters
(MDA, SOD, CAT), as well as serum levels of insulin and HbA1c
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Figure 2. Variations in serum levels of insulin and glycated
hemoglobin (HbA1C) in the experimental groups.

NC: Healthy control; DC: Diabetic control; D+FCSO: Diabetes+Ficus carica
seed oil administered. Statistical significance compared to the NC group is
indicated with *, and statistical significance compared to the DC group is
indicated with # (p<0.05). Data are presented as the meanztstandard error
of the mean.

from all rats in the healthy control, diabetic control, and diabetic
plus FCSO-treated groups. The measurements were organized
in columns corresponding to each group. Statistical analysis
was conducted using GraphPad Prism 9 (GraphPad Software,
Boston, USA). The statistical normality of data within each group
was assessed using the Kolmogorov-Smirnov test. Values with a
normal distribution were analyzed using One-Way Analysis of
Variance (ANOVA) with Tukey’s test as a post-hoc test, while data
with non-normal distribution were analyzed using the Kruskal-
Wallis test. A p value of less than 0.05 was considered statistically
significant. Significance levels were indicated with an asterisk
(*) when comparing the control group with the diabetic and
treatment groups, and with a pound sign (#) when comparing
the diabetic group with the treatment group.

RESULTS

The experimental procedures were successfully completed
without any loss over the 5-week period. The administration
of STZ induced diabetes in groups 2 and 3, as evidenced by
a significant increase in blood glucose levels compared to
group 1 at the beginning (Fig. 1). By the end of the study,
blood glucose levels remained elevated in diabetic rats,
though they were comparatively lower in those administered
FCSO, approaching the levels of the control group. Similarly,
measurements of serum insulin and blood plasma HbA1c
at 5 weeks revealed consistent trends (Fig. 2). The findings
suggested that FCSO may influence the regulation of glucose
and energy mechanisms in diabetes.
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Table 2. Weekly changes in body weights (g) in experimental groups

J Clin Pract Res 2024;46(6):584-592

Time (week) NC (n=7) DC (n=10) D+FCSO (n=10) p

1 261.04+26.10° 258.31+£21.63 249.84+17.24° 0.498
2 283.65+27.41° 231.60+27.62¢ 246.81+£17.54* <0.001
3 303.88+28.11¢ 220.11+22.97° 258.06+24.07° <0.001
4 318.57+28.31¢ 210.17+£17.64¢ 273.70+30.82° <0.001
5 331.41+£25.47¢ 200.77+12.94¢ 293.67+37.61°¢ <0.001
p <0.001 <0.001 <0.001

Time Effect: p<0.001; Group Effect: p<0.001; Group x Time Interaction Effect: p<0.001. NC: Healthy control; DC: Diabetic control; D+FCSO: Diabetes+Ficus carica seed
oil administered. Data are represented as arithmetic meanztstandard deviation. Similar letters within the same rows and columns indicate statistical similarity, while

different letters indicate statistical differences.

Table 3. Intergroup comparison of nerve conduction velocities (NCV) from electromyography (EMG) measurements

NC (n=7)

DC (n=10)

D+FCSO (n=10) P

NCV (m/s) 68.00 (67.30-68.10)°

34.70 (33.30-35.90)°

53.50 (50.00-54.30)¢ <0.001

NC: Healthy control; DC: Diabetic control; D+FCSO: Diabetes+Ficus carica seed oil administered. Data are represented as median and interpercentile ranges. Similar letters
in the same row indicate statistical similarity, while different letters indicate statistical differences.

Over the 5-week period, control rats exhibited weight gain,
while diabetic rats experienced steady weight loss, as shown
in Table 2. In contrast, rats administered FCSO showed weight
gain, although not as much as those in the control group. These
results indicated that FCSO may prevent weight loss in diabetes.

Diabetes led to delayed neuronal responses to thermal stimuli,
as demonstrated in Figure 3. Significant increases in latency
periods were observed in diabetic rats following heat exposure,
likely due to DN affecting sensory neurons. FCSO treatment
significantly shortened the response time and enhanced
nociceptive pain perception, providing evidence of its potential
to prevent and protect against sensory neuron damage.

Compound muscle action potential measurements recorded
at the end of the 5-week period revealed a significant slowing
of NCV in the sciatic nerves of diabetic rats. However, these
effects were effectively reversed by FCSO administration
(Table 3). This reflected the level of neuronal damage caused
by DN and highlighted the potential of FCSO to preserve
motor function in neuropathy.

Diabetes triggered inflammation, as evidenced by significant
increases in proinflammatory cytokine levels in diabetic
rats (IL-1B, IL-6, and TNF-a), as shown in Figure 4. However,
these levels were close to those of healthy rats in the group
administered FCSO, indicating that FCSO supplementation
effectively controlled inflammation. Consistent with these
findings, results regarding oxidative stress, presented in
Figure 5, showed significant deviations in the levels of MDA
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Figure 3. Comparative measurement of hot plate latency
(s) at the 3 week (hot plate, HP first) and the 5 week (HP
final) in the experimental groups.

NC: Healthy control; DC: Diabetic control; D+FCSO: Diabetes+Ficus carica
seed oil administered. Statistical significance compared to the NC group
is indicated with *, and statistical significance compared to the DC group
is indicated with # (p<0.05). First and final measurements have been
compared within their respective NC and DC values. Data are presented as
the mean + standard error of the mean.

and SOD, as well as CAT activity in diabetes. However, FCSO
administration maintained these parameters close to those
of the control group, suggesting an effective suppression of
oxidative stress.
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Figure 4. Changes in inflammatory cytokines: tumor necrosis factor-alpha (TNF-a, pg/mL), IL-6 (pg/mL) and interleukin-1

beta (IL-1B, pg/mL).

NC: Healthy control; DC: Diabetic control; D+FCSO: Diabetes+Ficus carica seed oil administered. Statistical significance compared to the NC group is indicated
with *, and statistical significance compared to the DC group is indicated with # (p<0.05). Data are presented as the meanzstandard error of the mean.
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Figure 5. Changes in oxidative stress parameters: levels of malondialdehyde (MDA, ng/mL), superoxide dismutase (SOD, ng/

mL), and catalase (CAT) activity (mIU/mL).

NC: Healthy control; DC: Diabetic control; D+FCSO: Diabetes+Ficus carica seed oil administered. Statistical significance compared to the NC group is marked
with *, and statistical significance compared to the DC group is indicated with # (p<0.05). Data are presented as the mean =+ standard error of the mean.

DISCUSSION

Our data, gathered through electrophysiological, nociceptive,
and biochemical examinations, demonstrated that the
progression of peripheral DN in diabetes induced by STZ
in rats can be mitigated by oral FCSO administration when
applied at the onset of the disease at an appropriate dose and
timing. FCSO treatment decreased blood glucose and HbA1c
levels, which were elevated with diabetes, increased insulin
levels and improved nociceptive pain perception and sciatic
nerve conduction, which were impaired by diabetes. FCSO
administration in diabetic rats also maintained oxidative stress

parameters and inflammation biomarkers closer to those of
healthy controls. Based on these findings, FCSO administration
appears to exert both neuroprotective and preventive effects
against DN by slowing disease progression and alleviating
damage to the nervous system, thus potentially reducing
associated complications. In a limited number of studies on other
disease conditions, such as experimental ischemia-reperfusion
and acute kidney injuries, FCSO was also reported to improve
serum parameters and reduce functional and morphological
tissue damage. These effects were attributed to the enhanced
antioxidant and anti-inflammatory capacities of FCSO."!"22-24
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The FCSO wused in this study naturally contained
physiochemical compounds and minerals listed in Table 1.
The main ingredients were tocopherols (vitamin E group:
alpha, delta, gamma) and fatty acids (linolenic acid as
omega-3, linoleic acid as omega-6, and oleic acid as omega-9).
This composition was also confirmed by other studies.'*'
Research has shown that oils with similar contents to FCSO
(omega-3 fatty acids, linoleic acid, oleic acid, etc.) can reduce
HbA1c and blood glucose levels in diabetic models, thereby
reducing diabetes-associated complications, demonstrating
neuroprotective effects, and enhancing antioxidant enzyme
activity. In previous experimental studies, these compounds
were extracted from medicinal plants and tested separately
and individually. As discussed below, treatment responses of
each isolated form have been evaluated, and their potential
benefits in diabetes-related complications have been
characterized. Our data suggest that the components in FCSO,
especially those present in large amounts, likely contributed
to the favorable outcomes observed against DN.

Early research demonstrated that vitamin E plays a central
role in extracellular free radical defense and in preventing
the development of vascular complications in diabetes.?
Vitamin E supplementation has been shown to mitigate
hyper-inflammatory responses in diabetic animals.?*¥ Its
antioxidant properties, combined with anti-inflammatory
actions, counteracted nerve damage by protecting against
lipid peroxidation and reducing HbA1c levels, thereby
exerting a positive effect on the prevention and progression
of neurodegenerative diseases, including DN.#2°

More recently, clinical research has provided additional
support: a phase Il double-bind, randomized controlled clinical
trial showed that vitamin E supplementation improved nerve
conduction velocity in diabetic patients.*® In another clinical
study, the intake of vitamin E, omega-3, and omega-6 was
found to improve glycemia, HbA1c, and insulin resistance,
resulting in lower fasting blood glucose levels in patients.>’ A
close correlation is well-known between the severity, degree,
and duration of hyperglycemia and the development of DN.323
Our data in Figure 1 and Figure 2 align with these reports,
suggesting that vitamin E present in FCSO may have contributed
to effective short-term glycemic control in diabetic rats.

Monosaturated and polyunsaturated fatty acids were also
abundant in our FCSO extract. Experimental studies have
indicated these fatty acids as promising pharmacological
therapeutic agents due to their effects in central and peripheral
neurotrauma models.3*3¢ Polyunsaturated lipids are implicated
in all stages of neurogenesis, including neuronal growth,
differentiation, maturation, and neurite outgrowth.?*® Their
administration has been shown to accelerate nerve regeneration,
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inhibit neuropathic pain, improve sensory-motor function, and
reduce neuroinflammation. A ketogenic diet, which is high in fat
and low in carbohydrates, was reported to prevent neuropathy
and inhibit neuroinflammation in rats.** The mechanism of
action associated with fatty acid administration in nerve damage
and neurodegenerative diseases has been reported to involve
the modulation of peroxisome proliferator-activated nuclear
receptors (PPARs). Specifically, PPAR-a was reported to decrease
neuroinflammation and oxidative stress, thereby supporting
neurotransmission processes,* while PPAR-y signaling was
found to be upregulated by a ketogenic diet, alleviating the
severity of neuropathic nociception.®* Consequently, reducing
or controlling inflammation offers a potential strategy for
preventing the progression of DN or alleviating its symptoms. Our
data presented in Figure 5 and Table 3 align with these reports,
as fatty acids in FCSO likely contributed to the neuroprotective
and preventive effects observed in diabetic rats.

Thedata presented collectivelyindicate that the mechanisms by
which FCSO potentially influences the course of DN are related
to oxidative stress and inflammatory responses. Although we
minimized factors that could have influenced the outcomes,
our study had limitations. First, it consisted of preliminary
experiments conducted with a limited number of subjects and
was restricted to a duration of only five weeks. We used a fixed
dose of FCSO based on previous studies investigating different
pathological conditions. However, this dose was consistent
with the biochemical composition of FCSO shown in Table 1,
where each isolated component has been used individually
as a supplement in clinical alternative medicine. How varying
doses might affect the course of neuropathy needs further
exploration. Future investigations should also be planned and
conducted at molecular and histological levels.

CONCLUSION

The findings of this study highlight the remarkable potential
of FCSO as a therapeutic intervention for DN. By effectively
mitigating the harmful effects of diabetes on nerve function
and inflammation, FCSO demonstrates its ability to address key
mechanisms underlying the progression of DN. This emphasizes
the importance of exploring natural compounds like FCSO for
their neuroprotective and preventive properties in managing
or slowing diabetic complications. Further research into the
specific mechanisms of action and clinical efficacy of FCSO
holds promise for developing novel therapeutic strategies to
combat DN during the post-induction period corresponding
to the chronic phase of diabetes, ultimately improving the
quality of life for individuals living with diabetes. Additionally,
investigating the long-term effects of FCSO treatment or
evaluating its efficacy in different models of DN or diabetes-
induced damage in other tissues or organs could prove valuable.
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