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ABSTRACT
Introduction: Diabetes mellitus (DM) is a metabolic disorder with a well-known neurotoxic effect on peripheral nerves. 
Hesperidin is a natural flavanone that has an anti-oxidative, anti-inflammatory and neuroprotective properties.
Aim of the Study: To evaluate the role of hesperidin in ameliorating DM-induced sciatic nerve histological changes in adult 
male albino rats.
Material and Methods: Forty adult male albino rats were divided into three groups; group I as a control group, group II 
received hesperidin (100 mg/kg/day) orally for 4 weeks and group III was injected once intraperitoneally by streptozotocin 
(60 mg/kg) to induce DM. Then after 4 weeks, diabetic rats were divided into 2 subgroups: subgroup IIIa was left untreated 
and subgroup IIIb received hesperidin at dose similar to group II for another 4 weeks. Specimens from sciatic nerves were 
processed for histological, and immunohistochemical studies.
Results: The untreated diabetic group showed severe disorganization and loss of the regular architecture of the nerve fibers 
inside the sciatic nerve fascicles. A significant decrease in the expression of S100 protein in Schwann cells with a significant 
elevation in their apoptosis was recorded in comparison to control group. Electron microscopic examination revealed splitting 
of the myelin sheaths lamellae with some attenuated myelin sheaths. Schwann cells cytoplasm showed numerous vacuoles, 
dilated rER and swollen disrupted mitochondria. Administration of hesperidin evidently ameliorated all the pervious structural 
changes. 
Conclusion: Hesperidin ameliorated the histological structure alterations that occurred in the sciatic nerve due to DM.
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INTRODUCTION                                                                    

Diabetes mellitus (DM) is a common worldwide 
metabolic disorder[1]. There are two known types of 
diabetes, Type-I diabetes caused by decrease in insulin 
synthesis and type-II diabetes caused primarily by insulin 
resistance, followed by the apoptosis of pancreatic β cells[2].

Peripheral neuropathy is a serious complication 
encountered with DM and named diabetic neuropathy 
(DN). Diabetic neuropathy is defined as symmetrical 
sensorimotor polyneuropathy that occurs due to metabolic 
and microvessel alterations, resulting from chronic 
hyperglycemia and causing different disabilities[3,4].

All peripheral nerves including pain fibers are affected 
by DN[5].The resulting neuropathic pain is considered a 
severe condition of chronic pain[6]. It was revealed that DN 
occurs due to the apoptosis of peripheral nerve cells with 
an imbalance between the process of nerve damage and 
repair[7,8]. This imbalance results mainly from oxidative 
stress causing DNA damage, followed by activation of the 
apoptotic process[9]. 

Hesperidin a natural flavanone glycoside extracted from 
citrus species, particularly in their peel and membranous 
parts including lemons and sweet oranges. Hesperidin 
was found to possess several beneficial effects including 
anti-oxidative, anti-inflammatory and anti-diabetic 
properties[10,11].

Hesperidin has recently gained great interest owing 
to maintaining various neuroprotective properties. Its 
role in modulation of neuroinflammation and oxidative 
stress at cortical, striatal and hippocampal levels was 
previously studied[12]. Many researchers supported the 
neuroprotective effect of hesperidin in experimental model 
of Parkinson’s disease[13], and Alzheimer’s disease[14]. 
Moreover, hesperidin was found to possess a vital role 
in controlling and alleviating neuropathic pain caused by 
various neurotoxins[15,16]. 

Streptozotocin (STZ), as a diabetogenic DNA 
alkylating or methylating agent, is usually used to make 
an experimental model for DM in rats[17]. Streptozotocin 
induces DM by causing irreversible damage to β-cell of 
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pancreas[18]. Thus, the current work aimed to investigate 
the possible role of hesperidin in ameliorating DM-induced 
sciatic nerve histological changes in adult male albino rats.

MATERIAL AND METHODS                                                 

Chemicals
Streptozotocin (STZ) was purchased from Cornell lab-

chemistry company, Cairo, Egypt. 

Hesperidin was purchased in powder form from Sigma 
Chemical Co. (St Louis, MO, USA, CAS# 520-26-3). 

Animals
Forty adult male albino rats, weighting 200 grams 

each, were used in this research. The rats were kept in 
plastic cages under standard housing conditions with free 
approach to water and food. They were allowed 2 weeks 
for adaptation before the beginning of the experiment. The 
study was permitted by the Ethical Committee of Medical 
Research, Faculty of Medicine, Tanta University (Approval 
Code: 35490).

The experimental design
The rats were divided into three main groups as the 

following:

Group I (Control group): included10 rats and was 
further subdivided into two equal subgroups:

• Subgroup Ia:  The animals were left without any 
treatment.

• Subgroup Ib: Each animal  received a single 
intraperitoneal injection of 1ml of 0.1M 
citrate buffer (PH = 4.5) (diluting vehicle of 
streptozotocin). 

Group II (Hesperidin-treated group): included 10 
rats that were left without any treatment for 4 weeks then 
received hesperidin dissolved into 1ml distilled water at 
a dose of 100 mg/kg/ day by oral gavage for another 4 
weeks[19].

Group III (Streptozotocin-induced diabetic group): 
included 20 rats. After fasting overnight, each animal 
received 60 mg/kg of STZ dissolved into 0.1M citrate 
buffer (PH = 4.5) as single intraperitoneal injection[20,21]. 
Three days from STZ injection, blood samples were 
collected from the rat tail vein, used to measure blood 
glucose levels by one touch glucometer. Rats with blood 
glucose levels more than 250 mg/dl[22] for 2 successive 
days were considered to be diabetic. All experimental rats 
received STZ injection became diabetic. After 4 weeks 
from DM induction, the diabetic rats were subdivided into 
two equal subgroups;

• Subgroup IIIa (Induced diabetic group): included 
10 rats and left without further treatment after 
induction of diabetes.

• Subgroup IIIb (Induced diabetic+Hesperidin 
group): included 10 rats that received hesperidin 

at the same dose and route as group II for 4 weeks 
following induction of diabetes.

Sample collection and tissue preparation
At the end of the experiment, after 8 weeks, blood 

samples were collected for blood glucose and plasma 
insulin levels calculation. Then all animals were euthanized 
with pentobarbital (40mg/kg)[23]. Both sciatic nerves were 
extracted for light and electron microscopic examination.

Biochemical assay
The blood glucose levels were evaluated using one 

touch glucometer and expressed as mg/dl. Quantification 
of plasma insulin levels was performed according to the 
producer`s instructions using a MyBioSource rat insulin 
ELISA kits and expressed as mU/ml.

Light microscopic study
Both sciatic nerves of each rat were dissected, cut into 

transverse sections and processed for:

Histological staining
Pieces of sciatic nerve were kept in 10% of formalin 

then, dehydrated and embedded in paraffin, cut and stained 
with hematoxylin and eosin (H&E) stain[24].

Immunohistochemical staining

Sciatic nerve sections (4μm thick) were handled for 
immunohistochemical staining as method described 
previously[25]. The sections were deparaffinized and 
rehydrated then incubated with primary antibodies, S100 
(protein of Schwann cells) (Dako North America, Inc., 
CA, USA) and  cleaved caspase-3 (an apoptosis marker) 
(ab4051 Abcam, Inc., Cambridge, UK). Biotinylated 
secondary antibodies were added. Positive reaction was 
visualized using 3,3-diaminobenzoicacid (DAB) and 
counterstained by hematoxylin[26]. The negative control 
sections were processed without increment of the primary 
antibodies. The positive control for S100 was melanoma 
and for cleaved caspase-3 was lung tissue .

Transmission electron microscopic study
Sciatic nerve specimens were sliced, fixed in phosphate 

buffered glutaraldehyde, post-fixed in 1% phosphate-
buffered osmium tetroxide, dehydrated and embedded in 
epoxy resin. Ultrathin sections (80 nm) stained with uranyl 
acetate and lead citrate to be examined by JEOL electron 
microscope at 80 KV at Electron Microscope Unit of 
Faculty of Medicine, Tanta University[27].
Morphometric analysis

The acquisition of microphotographs was done by 
a light microscope (DM500, Leica, Switzerland) with a 
digital camera (ICC50, Leica, Switzerland). The software 
“ImageJ” (version 1.48v National Institute of Health, 
USA) was used for image analysis. Randomly selected ten 
non-overlapping fields from each sciatic nerve specimen 
in each rat group were examined at a magnification of 400 
to quantify:
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1. Mean area percentage of S100 protein -positive 
Schwann cells.

2. Mean area percentage of caspase-3 immunopositive 
expression.

Statistical analysis
One-way analysis of variance (ANOVA) followed 

by Tukey’s test was used for data analysis (IBM SPSS 
Statistics for Windows, IBM Corp, USA). Differences 
were considered significant if the probability value                                          
p < 0.05.

RESULTS                                                                                        

Effect of hesperidin on blood glucose and plasma 
insulin levels

The administration hesperidin to diabetic rats 
(subgroup IIIb) for 4 weeks decreased significantly                                                                  
(P < 0.05) the rise of blood glucose levels and also increased 
the levels of plasma insulin compared with untreated 
diabetic rats (subgroup IIIa). Although hesperidin intake 
could not lower the blood glucose to normal values nor 
return plasma insulin to its normal levels and showed a 
significant difference (P < 0.05) in comparison to control 
group (Table 1, Histogram 1).

Light microscopic results
H&E results

Examination of sections from control subgroups 
(group I) and group II exhibited normal morphology of 
sciatic nerves. The sciatic nerve was formed of fascicles 
of nerve fibers; each fascicle was surrounded by thin layer 
of specialized connective tissue called perineurium. The 
myelinated nerve fibers formed of axons surrounded by 
unstained area of dissolved myelin, nuclei and neurilemmal 
sheath of Schwann cells. Unmyelinated nerve fibers were 
also seen (Figure 1).

In induced diabetic group (subgroup IIIa), loss of 
the normal architecture of a sciatic nerve fascicles was 
observed. Most of the nerve fibers were widely discrete 
from each other. Dilated blood vessels and inflammatory 
cellular infiltration were prominent (Figure 2). Many 
groups of severely disorganized nerve fibers were seen. In 
addition, some nerve fibers appeared with discontinuous 
neurilemmal sheath (Figure 3).

Induced diabetic+Hesperidin group (subgroup IIIb) 
showed improvement of the architecture of nerve fascicles 
with closely related and intact nerve fibers. However, 
focal areas of mildly disorganized nerve fibers inside the 
fascicles were still present (Figure 4).  

S100 immunohistochemical results
Control group showed positive immunoreaction for 

S100 protein in nearly all of Schwann cells (Figure 5). 
However, induced diabetic group showed  an apparent 
decrease in positive distribution of S100 protein in Schwann 
cells (Figure 6). Concerning induced diabetic+hesperidin 

group, an  apparent increase in the distribution of the 
immunoreaction of S100 protein in Schwann cells were 
noticed (Figure 7).

The mean area percentage of S100 protein positive 
immunoreaction in induced diabetic group (0.903±0.151) 
revealed a significant decrease (p<0.05) in comparison 
with the control group (3.516±0.2397), whereas induced 
diabetic+Hesperidin group (3.247±0.109) recorded a non-
significant difference (p>0.05) from the control group 
(Table 2, Histogram 2)

Caspase-3 protein immunohistochemical results
The control group revealed positive caspase-3 

immunohistochemical reactivity in the cytoplasm of few 
Schwann cells (Figure 8). However, induced diabetic 
group showed positive caspase-3 immunoreaction in the 
nuclei/cytoplasm of numerous Schwann cells (fFigure 9). 
Contrary, induced diabetic+Hesperidin group revealed 
positive caspase-3 immunoreaction in the nuclei/cytoplasm 
of some Schwann cells (Figure 10).

The mean area percentage of caspase-3 immunoreaction 
in induced diabetic group (1.758±0.0649) revealed a 
significant increase (p<0.05) compared to the control group 
(0.254±0.0747), whereas induced diabetic+Hesperidin 
group (0.379±0.1234) recorded a non-significant 
difference (p>0.05) in comparison with the control group                                 
(Table 2, Histogram 2).

Electron microscopic results

The control group showed myelinated axons 
containing axoplasm and surrounded by compact regular 
myelin sheaths.  The axoplasm contained mitochondria, 
microtubules and microfilaments. Moreover, the cytoplasm 
of Schwann cells wrapped around the myelinated axons 
forming the multilayers of myelin sheaths (Figures 11,12). 

In induced diabetic group, many axons with extensive 
splitting of their myelin sheaths lamellae were observed. 
In addition, other myelinated axons showed multiple focal 
splitting in their sheaths in the form of whorls. While, some 
attenuated myelin sheaths with deep invagination and 
decreased densities of their axoplasmic contents were also 
noticed (Figures 13,14,15). Additionally, the cytoplasm of 
many Schwann cells contained numerous vacuoles, dilated 
rER and swollen mitochondria with disrupted cristae                                                                                                       
(Figures 15,16). Some nerve fibers appeared as one fiber 
engulfing another (Figure 17). Other sections showed 
myelinated axons with rounded myelin fragments in their 
axoplasms and had irregular outlines (Figure 18).

Regarding induced diabetic+Hesperidin group, the 
myelinated nerve fibers appeared more or less normal with 
intact and regular myelin sheaths. Despite few areas of 
minimal focal splitting in the myelin sheaths lamellae and 
few vacuoles in the cytoplasm of some Schwann cells were 
still observed (Figures 19,20).
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Fig. 1: photomicrograph of a transverse section of sciatic nerve of control 
group (group I) showing part of nerve fascicle surrounded by perineurium 
(bifid arrow). Myelinated nerve fibers are formed of axon (arrows) 
surrounded by unstained area of dissolved myelin (arrowheads), nuclei 
(curved arrows) and neurilemmal sheath (blue arrows) of Schwann cells. 
Notice: group of unmylinated nerve fibers (wavy arrow).      (H&E X400, 
scale bar =10μm).

Fig. 2: A photomicrograph of a transverse section of sciatic nerve of 
induced diabetic group (subgroup IIIa) showing loss of the normal 
architecture of a sciatic nerve fascicle. Nerve fibers are widely separated 
from each other (asterisks). Notice dilated blood vessels (arrowheads) and 
inflammatory cellular infiltrate (arrows).    (H&E X400, scale bar =10μm)

Fig. 3: A photomicrograph of a transverse section of sciatic nerve of 
induced diabetic group showing severely disorganized of nerve fibers 
(circles). Notice: some nerve fibers have discontinuous neurilemmal 
sheath (arrows). (H&E X400, scale bar =10μm)

Fig. 4: A photomicrograph of a transverse section of sciatic nerve of 
induced diabetic+Hesperidin group (subgroup IIIb) showing nearly 
normal architecture of sciatic nerve fascicle with closely related nerve 
fibers surrounded by perineurium (P). Nerve fibers appear with axons 
(arrows) surrounded by unstained myelin (arrow heads) and nuclei of 
Schwann cells (curved arrows). Notice focal area of mildly disorganized 
nerve fibers (circle)   (H&E X400, scale bar =10μm)

Fig. 5: A photomicrograph of a transverse section of sciatic nerve from 
the control group showing the immunopositive distribution of S100 
protein in Schwann cells (arrows). (S100 X400, scale bar =10μm)

Fig. 6: A photomicrograph of a transverse section of sciatic nerve 
from induced diabetic group showing the apparent decrease in the 
immunopositive distribution of S100 protein in Schwann cells (arrows).  
(S100 X400, scale bar =10μm)
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Fig. 7: A photomicrograph of a transverse section of sciatic nerve from 
induced diabetic+Hesperidin group showing apparent increase in the 
immunopositive distribution of S100 protein in Schwann cells (arrows). 
(S100 X400, scale bar =10μm)

Fig. 8: A photomicrograph of a transverse section of sciatic nerve from 
the control group showing positive caspase-3 immunoreaction in the 
cytoplasm of few Schwann cells (arrows).  (Caspase-3 X400, scale bar 
=10μm)

Fig. 9: A photomicrograph of transverse section of sciatic nerve from 
induced diabetic group showing positive caspase-3 immunoreaction in 
the nuclei/cytoplasm of numerous Schwann cells (arrows). (Caspase-3 
X400, scale bar =10μm)

Fig. 10:  A photomicrograph of transverse section of sciatic nerve 
from induced diabetic+Hesperidin group showing positive caspase-3 
immunoreaction in the nuclei/cytoplasm of some Schwann cells (arrows).  
(Caspase-3 X400, scale bar =10μm)

Fig. 11: A photomicrograph of an ultrathin section of sciatic nerve of 
control group showing compact regular myelin sheaths (M) of myelinated 
nerve fibers. The myelinated axons are surrounded by parts of Schwann 
cells cytoplasm (arrow heads). The axoplasm contained mitochondria 
(arrows), microtubules and microfilaments (mm) (X 2000).
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Fig. 12: A photomicrograph of an ultrathin section of sciatic nerve of 
control group showing an axoplasm (X) ensheathed with compact myelin 
sheath (M) with uniform thickness. Schwann cell (arrowheads) with large 
nuclei (N) is wrapping around the myelinated axon. Notice: The axoplasm 
(X) contains mitochondria (arrows), microtubules and microfilaments 
(mm) (X 3000).

Fig. 13: A photomicrograph of an ultrathin section of sciatic nerve of 
induced diabetic group (subgroup IIIb) showing multiple axons with 
extensive splitting of the myelin sheaths lamellae (arrows). Other 
myelinated axons are showing multiple focal splitting in the form of 
whorls (W). (X 2000).

Fig. 14: A photomicrograph of an ultrathin section of sciatic nerve of 
induced diabetic group showing multiple focal splitting in the myelin 
sheaths lamellae in the form of whorls (W). An attenuated myelin sheath 
has deep invagination (infolding) (arrow head) with decrease in the 
density of the axoplasm contents. Notice: the unmyelinated nerve fibers 
(um) present inbetween the myelinated ones. (X 3000).

Fig. 15: A photomicrograph of an ultrathin section of sciatic nerve of 
induced diabetic group showing extensive splitting of the myelin sheath 
lamellae (arrows). Cytoplasm of Schwann cell contains cytoplasmic 
vacuolation (V) (X 3000). Note the myelin whorls (W). (X 3000)
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Fig. 16: A photomicrograph of an ultrathin section of sciatic nerve of 
induced diabetic group showing the cytoplasm of Schwann cell contains 
peripheral cytoplasmic vacuolation (V), dilated rER (rER) and swollen 
disrupted mitochondria (arrows). (X 3000). 

Fig. 17: A photomicrograph of an ultrathin section of sciatic nerve of 
induced diabetic group showing extensive splitting of myelin sheath 
appearing as one fiber engulfing another one  (X 3000)

Fig. 18: A photomicrograph of an ultrathin section of sciatic nerve of 
induced diabetic group showing myelinated axon with rounded myelin 
fragment (arrowhead) in the axoplasm. Notice irregular outline of the 
axoplasm (arrows). (X 3000)

Fig. 19: A photomicrograph of an ultrathin section of sciatic nerve 
of induced diabetic+Hesperidin group showing more or less normal 
myelinated nerve fibers with few areas of minimal focal splitting of the 
myelin sheaths lamellae (arrows). Notice: the unmyelinated nerve fibers 
(um) present inbetween the myelinated ones. (X 3000).
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Fig. 20: A photomicrograph of an ultrathin section of sciatic nerve of induced diabetic+Hesperidin group showing myelinated nerve fiber with nearly intact 
and regular myelin (M) sheath. The axoplasm (X) contains intact mitochondria (arrow) and numerous microtubules and microfilaments (mm). The cytoplasm 
of Schwann cell is seen around the myelin sheath and contains few cytoplasmic vacuolation (V). (X 3000).

Table 1: Biochemical parameters of the studied groups

Control group
(Group I)

Hesperidin- treated 
group (Group II)

Induced diabetic- group
(Subgroup IIIa)

Induced diabetic+ Hesperidin 
group (Subgroup IIIb)

Blood glucose level (mg/dl) 87.882  ±  2.587 91.082±3.678 271.994±4.615* 129.11±1.741*

Plasma insulin level (mU/ml) 17.415±0.725 16.91±1.055 7.542±0.801* 14.562±0.616*

Data are expressed as mean ± standard deviation. *P < 0.05 is significant value versus control group.

Table 2: Morphometric analysis of the studied groups

Control group
(Group I)

Hesperidin- treated 
group (Group II)

Induced diabetic- group
(Subgroup IIIa)

Induced diabetic+ Hesperidin 
group (Subgroup IIIb)

Mean area percentage of S100 
positive immunoreaction 
positive cells

3.516±0.2397 3.558±0.194 0.903±0.151* 3.247±0.109 

Mean area percentage of 
caspase-3 immunoreaction 
positive cells

0.254±0.0747 0.232±0.0561 1.758±0.0649* 0.379±0.1234 

Data are expressed as mean ± standard deviation                                               *P < 0.05 is significant value versus control group
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DISCUSSION                                                                           

In our work, the administration of hesperidin in the 
diabetic rats for a period of 4 weeks decreased significantly 
the elevation in the blood glucose levels and also increased 
the levels of plasma insulin compared with untreated 
diabetic rats. This finding could be related to the ability 
of hesperidin to exert an anti-diabetic effect through  
improving the function of  pancreatic β-cells, inhibiting 
oxidative stress, as well as inflammatory cytokine-
mediated pancreatic β-cell death[28].

In this research, H&E-stained sections of diabetic 
group showed abnormal architecture of sciatic nerve 
fascicles with severely disorganized nerve fibers. Most of 
the nerve fibers were widely discrete from each other with 
the presence of dilated blood vessels and inflammatory 

cellular infiltration. Moreover, some sections revealed areas 
of focal loss of  neurilemmal sheath in some  axons. These 
results come in agreement with many researchers[5,29,30].

Streptozotocin injection leads to glucose toxicity 
followed by induction of oxidative stress[3]. Moreover, the 
state of hyperglycemia after STZ injection leads to increase 
of advanced glycosylation end-products (AGE) in nervous 
tissue and results in generation of free radical and its 
subsequent damage[19]. The degeneration of the nerve fibers 
could be related also to the accumulated inflammatory 
cytokines as IL-1β and TNF-α[30]. Additionally, STZ 
induces the release of  high levels of Nitric oxide (NO) being 
involved in neuronal damage via reacting with superoxide 
anions causing protein nitration, lipid peroxidation, DNA 
damage and neuronal apoptosis[31,32]. 

Histogram 1:  Effect of hesperidin on A) blood glucose levels, B) plasma insulin levels in STZ-induced diabetic rats, results are expressed as mean ± SD 
(n=10). Values are considered statistically significant at P < 0.05.  a (P< 0.05 ) as compared to control group.  b (P< 0.05 ) as compared to hesperidin-treated 
group. c (P< 0.05 ) as compared  to induced  diabetic group. d (P< 0.05 ) as compared to induced diabetic + Hesperidin group.

Histogram 2: Showing A) mean area percentage of S100 protein positive immunohistochemical staining , B) mean area percentage of caspase-3 positive 
immunohistochemical staining in different studied groups, results are expressed as mean ± SD (n=10) Values are considered statistically significant at P < 0.05.  
a (P< 0.05 ) as compared to control group.  b (P< 0.05 ) as compared to hesperidin-treated group. c (P< 0.05 ) as compared to induced diabetic group. d (P< 
0.05 )as compared to induced diabetic + Hesperidin group.
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Schwann cells are the glial cells which provide support 
for axonal maturation and regeneration in the peripheral 
nervous system[33,34]. S100 protein is considered a 
specific indicator of mature Schwann cells; its expression 
indicates proliferation of Schwann cells and myelin sheath 
formation[35,36]. Many studies cleared that proliferating 
Schwann cells boost continuous regeneration and 
functional recovery of the sciatic nerve[37].

In our study, the expression of S100 protein in Schwann 
cells showed significant decrement in untreated diabetic 
group compared to the control group. The decrease of the 
distribution of S100 protein in Schwann cells could be 
related to hyperglycemia maintaining oxidative stress state 
particularly in Schwann cells[38].

Furthermore, induced diabetic group showed a 
significant increment in the mean area percentage of 
caspase-3 positive immunoreaction in Schwann cells in 
comparison to the control group. This was in accordance 
with the results of a previous work[5]. It is known that 
Schwann cells apoptosis with subsequent damage of myelin 
sheath is considered the main mechanism of diabetic 
induced peripheral neuropathy[39]. The hyperglycemic state 
induces apoptosis in different cells, through reactive oxygen 
species (ROS) production with subsequent increase in the 
activity of nuclear factor-kappa B (NF-KB). Additionally, 
elevated blood glucose levels causes depolarization of 
mitochondrial membrane with loss of uncoupling proteins 
(UCP), increasing ROS, with subsequent release of 
cytochrome c and activation of caspases[40,41].

Electron microscopic finding of this work confirmed the 
light microscopic results. Induced diabetic group revealed 
multiple axons with extensive splitting of the myelin 
sheaths lamellae, while other myelinated axons showed 
multiple focal splitting in the form of whorls. Similar 
changes were previously described[42]. These changes could 
be related to axonal degeneration, primary demyelination 
after dysfunction of Schwann cells and secondary 
segmental demyelination results from impairment of the 
control of myelination of axons with leanness of bands 
of Schwann cells[43]. Moreover, some fibers appeared as 
one fiber engulfing another. These results coincided with 
the results of some researchers[44,45]. The latter attributed 
these changes to different possible neurotoxic mechanisms 
including toxic metabolites, apoptosis, interference with 
DNA and metabolic function.

Furthermore, the diabetic group showed myelinated 
axons with round myelin fragment in the axoplasm and 
some fibers with attenuated myelin sheaths with deep 
invagination and decrease densities of their axoplasmic 
contents. Similar changes were previously described  by 
some authors who attributed these changes to the course of 
cell activation in response to toxic injury of nerve tissue[46]. 
In addition, these findings were attributed to the disturbance 
of neuronal antioxidant balance, as a consequence of 
chronic hyperglycemia, generation of ROS, which lead to 
destruction of cellular components, especially proteins and 
lipids[47].

Additionally, the cytoplasm of many Schwann cells of 
the untreated diabetic rats contained numerous vacuolation, 
dilated rER and swollen disrupted mitochondria. These 
changes are a consequence of inflammation involved the 
endoplasmic reticulum together with metabolic alterations 
in Schwann cells. Therefore, activation of a demyelinating 
phenotype of Schwann cells and macrophages mediate the 
myelin sheath splitting and the myelin figures formation 
via their role in myelin clearance[48].

Administration of hesperidin after diabetic induction 
for 4 weeks, evidently improved the screened biological 
parameters and the architecture of sciatic nerve fascicles. 
Furthermore, hesperidin helped normal Schwann cells 
proliferation and myelin sheath formation as well as 
decreased significantly the Schwann cells apoptosis. 
These findings were similar to many previous studies[7,49]. 
These results could be related to the protective role of 
hesperidin in reduction of NO and TNF-α and IL-1β levels 
in sciatic nerve[40]. Furthermore, the anti-apoptotic effect of 
hesperidin is owing to its ability to modulate the expression 
of NF-KB and pro-inflammatory cytokines as well as 
apoptotic markers Bax, Bcl2 and caspase-3 in nervous 
tissue[50,51]. Also,  it was reported that hesperidin induced 
direct neuroprotection through its antioxidant properties[52] 
and by decreasing the  levels of HbA1c[19].

On the ultrastructure level, hesperidin ameliorated 
the process of myelination. The myelinated nerve 
fibers appeared apparently normal. Despite few areas of 
minimal focal splitting in the myelin sheaths lamellae and 
vacuolation in the cytoplasm of some Schwann cells were 
still present. These findings were supported by the results 
of researchers previously reported the role of hesperidin 
in reduction of demyelination[53]. Another mechanism of 
hesperidin is to decrease the demyelination process by 
inhibition of autoimmune T cell proliferation, regulatory T 
cells activation and prevent reduction in microglial cells[54].  

CONCLUSION                                                                      

Hesperidin is beneficial in ameliorating the histological 
structural changes that occurred in sciatic nerve fibers after 
STZ induced diabetes mellitus. Hesperidin neuroprotective 
action on sciatic nerve structure is mediated through its 
antioxidant, anti-apoptotic and anti-inflammatory effects.
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الملخص العربى

دور الهسبريدين  في تحسين التغييرات النسيجية للعصب الوركى فى الجرذان المصابة  
بداء السكرى المستحدث بمادة الستربتوزوتوسين : دراسة بالمجهر الضوئي والإلكتروني 

رشا عبدالعزيز عبداللطيف1، شيماء محمود بدر2، رانيا حامد شلبي3، هبة السيد محمد شرف الدين2

الطب،                                   كلية  الطبية،   الفارماكولوجيا  3قسم  الخلية،  وبيولوجيا  الهستولوجيا  2قسم  والأجنة،  التشريح  1قسم 

جامعة طنطا، طنطا، مصر

 

المقدمة: داء السكري هو اضطراب أيضي له سمية معروفة على الأعصاب الطرفية. مادة الهسبريدين هى فلافانون 
طبيعى لها خصائص مضادة للأكسدة و للالتهابات وواقية للأعصاب.

الناتجة عن داء السكري  النسيجية للعصب الوركي  التغيرات  الهدف من الدراسة: تقييم دور الهسبريدين في تحسين 
المستحدث في ذكور الجرذان البيضاء البالغة.

المجموعة الأولى كمجموعة  إلى ثلاث مجموعات.  البالغة  الجرذان  أربعين من ذكور  تقسيم  تم  البحث:  مواد وطرق 
الثانية هيسبيريدين (100 مجم / كجم / يوميا) عن طريق الفم لمدة 4 أسابيع وتم إعطاء  ضابطة ،وتلقت المجموعة 
المجموعة الثالثة حقنة واحدة من الستربتوزوتوسين (60 مجم / كجم) داخل الصفاق للحث على إحداث داء السكرى. 
ثم بعد 4 أسابيع ، تم تقسيم الجرذان المصابة بداء السكري إلى مجموعتين فرعيتين: المجموعة الفرعية الأولى تركت 
دون علاج والمجموعة الفرعية الثانية تلقت الهسبريدين بجرعة مماثلة للمجموعة الثانية لمدة 4 أسابيع أخرى. ثم تمت 

معالجة عينات العصب الوركى للدراسات النسيجية والهستوكيميائية المناعية.
النتائج: أظهرت الجرذان المصابة بداء السكري وغير المعالجة بالهيسبيريدين عدم أنتظام حاد فى الحزم العصبية للعصب 
الوركى مع فقدان البنية المنتظمة للألياف العصبية. وانخفض بشكل ملحوظ ظهور بروتين S100 في خلايا شوان مع 
المجهري الإلكتروني  الفحص  بالمجموعة الضابطة. كشف  المبرمج بها مقارنة  الموت  تسجيل ارتفاع كبير في نسبة 
عن انفصال في طبقات المايلين مع وجود بعض أغشية المايلين الواهنة. كما لوحظ ظهور فجوات سيتوبلازمية واتساع 
الشبكة الاندوبلازمية الخشنة وتورم الميتوكوندريا  لخلايا شوان. وفى المقابل أتضح أن إعطاء الهسبريدين خفف من 

جميع المتغيرات النسيجية السابقة، كما ساعد على انقسام خلايا شوان بصورة طبيعية وقلل من الموت المبرمج لها.
الأستنتاج:  استطاع الهيسبيريدين تحسين التغييرات  النسيجية  للعصب الوركي الناتجة عن  مرض السكري. 


