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ABSTRACT 

Background: Ginseng enhances the body's defense against harmful influences 

and helps restore homeostasis. Its active components are beneficial in alleviation 

of neurodegenerative diseases. Aim: To investigate the potential ameliorative 

impact of ginseng on sciatic nerve neuropathy caused by deltamethrin.  

Methods: A total of 40 adult male rats were randomly divided into four equal 

groups (10 rats each): Group I served as the control group, Group II functioned 

as ginseng group, Group III received deltamethrin treatment, and Group IV 

received a combination of deltamethrin and ginseng. The experiment was 

conducted over a period of four weeks. At the end of the study, samples from 

the right sciatic nerve were collected and examined using light and electron 

microscopy, along with morphometric analysis.  

Results: Light microscopy and morphometric studies of the deltamethrin-treated 

group showed a statistically significant decrease in diameter and thickness of 

myelin fibers, number of myelin fibers, and a non-significant reduction in axon 

diameter. The co-administration of ginseng with deltamethrin showed a 

statistically significant increase in myelinated fiber diameter, myelin sheath 

thickness, number of myelinated fibers, and axon diameter compared to the 

deltamethrin group.  

The ultrastructural examination of the deltamethrin group showed extensive 

axonal degeneration and atrophy. Disrupted and separated myelin sheaths with 

dilated Schmidt-Lanterman clefts were seen. Axonal ―Onion bulb" appears in 

some of the nerve fibers with edema of the unmyelinated nerve fiber. Edematous 

Schwann cell with vacuolation, and endoneurium edema. Swelling, disrupted 

cisterna, and vacuolation of axonal mitochondria were noticed. The co-

administration of ginseng with deltamethrin has been considered a promising 

therapeutic approach in sciatic nerve repair and regeneration.  

Conclusion: Ginseng is useful for regenerating the sciatic nerve after 

deltamethrin's damaging effects. 

Keywords: Deltamethrin, Ginseng, Sciatic Nerve, Neuropathy, Ultrastructure, 

Morphometry, Rats. 

 

INTRODUCTION 

 ince the 1980s, pyrethroids, which S
derived from pyrethrin and used to control 

pests in residential, veterinary, and 

agricultural settings, have been considered 

one of the most widely used synthetic 

pesticides. Several different kinds of 

pyrethroids were present in the environment, 

such as in the air, surface water, soil, and 

agricultural products [1]. According to 

research that was carried out in eight distinct 

countries [2], every person had been exposed 

to pyrethroids in some way during their daily 

lives in every region of the world. The action 

of pyrethroids on insect nervous systems had 

via disruption of voltage-gated sodium 

channels (VGSCs), it had been known that 
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various changes in VGSCs' amino acid 

sequence contribute to the 1000-fold 

difference in susceptibility to pyrethroids 

between both insects and mammals [3].  The 

effects of pyrethroids on mammals have been 

found to be neurotoxic according to research 

[4].  Deltamethrin (DM) is a type II 

pyrethroid with an α -cyano-3-phenoxybenzyl 

structure, which is widely distributed all over 

the world.  Oxidative stress caused by DM 

leads to damage to several mammalian 

organs, including the nervous system [5].  

The mechanisms of deltamethrin-induced 

neurotoxicity have not been fully understood; 

however, these findings raise considerations 

about exposure to deltamethrin that might be 

a possible risk factor for the emergence of 

neurodegenerative diseases.  

 For thousands of years, China, Korea, and 

Japan have practiced ginseng, which belongs 

to the  Panax genus, Araliaceae family, as a 

traditional herbal remedy.  Ginseng is a well-

known, widely used health supplement, 

medicine, having a wide range of 

advantageous pharmacological effects.  

Ginseng plant components have been 

demonstrated to have effects on both animals, 

people that had adaptogenic, restorative, 

vasodilatory, immunomodulatory, anti-

inflammatory, antioxidant, anti-aging, anti-

cancer, antifatigue, antidiabetic, antistress, 

and anti-depressive [6].   

 The major problem of nervous system 

damage results from ischemia, inflammatory 

reactions, and excessive release of excitatory 

neurotransmitters that follow the damage [7].  

After spinal cord injury (SCI), ginseng extract 

improved functional recovery and reduced 

neuronal damage, according to previous 

research [8]. S100 proteins, formed by a 

family of S100 genes [9], had 2 calcium-

binding sites, amino acid sequences that were 

substantially conserved in vertebrates [9].  In 

studies on brain regeneration, S100 proteins 

indicate Schwann cell proliferation [10-12].  

However, the role of ginseng, S100 proteins 

in peripheral nerve healing after injury had 

little understood. 

 So the current work was designed to evaluate 

the potential role of ginseng in regeneration 

responses to deltamethrin-induced sciatic 

nerve injuries in adult male rats. 

 

METHODS 

Animals: 

 In the current study, forty adult male albino 

rats weighing 200±10 g were used.  They 

were acclimated for 7 days before the 

beginning of the experiment.  Five rats were 

housed per cage in stainless steel cages in a 

room that was adequately aired and kept at 

room temperature.  They received a normal 

laboratory pelleted meal and water as needed, 

while being kept on a 12-hour light/dark 

cycle. The study protocol was reviewed and 

approved by the Research Ethics Committee 

of the Faculty of Medicine, Suez Canal 

University, Egypt, (Approval No 5134#). The 

study followed the National Institutes of 

Health's guidelines for the handling, use of 

laboratory animals (NIH Publications No. 85-

23, revised 1996).  All possible measures 

have been taken to reduce animal suffering to 

the utmost extent possible. 

Drugs: 

 Deltamethrin (>99% pure) was obtained from 

KZ pesticide company (Egypt). 

 Ginseng: 120 ml Syrup.  Each 10 ml contains 

ginseng extract, 93.3 mg obtained from 

Pharco Pharmaceuticals Co.  (Alexandria, 

Egypt). 

Experimental design:  

The rats were divided randomly into 4 groups, 

each included 10 rats.   

(1) Group I (Control group): animals 

received 1 ml of olive oil daily by intragastric 

tube for 5 days. 

(2) Group II (Ginseng group): animals 

received ginseng 20 mg/kg body weight daily 

by intragastric tube for 5 days [13].  

(3) Group III (Deltamethrin group): 

animals had given deltamethrin in a daily 

dose of 30 mg/kg BW (1/5 LD50) dissolved in 

1 ml olive oil by oral gavage for 5 successive 

days [14]. 

(4) Group IV (Deltamethrin+Ginseng): The 

rat received ginseng 1 h before administration 

of deltamethrin, at the same dose as groups II, 

III. 

Histological evaluation:  

At the end of the experiment (24 hours after 

the last dosage of DM), the rats were 

anesthetized by intraperitoneal injection of 60 

mg/kg ketamine, 5 mg/kg xylazine. The right 
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sciatic nerve was exposed, dissected, then cut 

into 2 specimens for immunohistochemical 

and electron microscopic examinations.  

a- Nerve Specimen Preparation for 

Immunohistochemical Examination  

The right sciatic nerve specimens were 

immediately immersed in 10% neutral 

buffered formalin for 24–48 hours at room 

temperature to ensure proper fixation. 

Following fixation, the specimens were rinsed 

in running tap water, dehydrated in ascending 

grades of ethanol (70%, 80%, 90%, 95%, and 

absolute alcohol), cleared in xylene, and 

embedded in paraffin wax using a standard 

protocol. Paraffin-embedded nerve tissues 

were sectioned at 4 µm thickness using a 

microtome and mounted on positive charged 

glass slides. The Paraffin-embedded nerve 

sections were deparaffinized in xylene, 

rehydrated through descending grades of 

ethanol solutions then incubated in 3% 

hydrogen peroxide (H₂O₂) for 10 minutes to 

block endogenous peroxidase activity. 

Antigen retrieval was then performed by 

boiling the sections in 0.01 mol/L sodium 

citrate buffer (pH 6.0) for 10 minutes. After 

cooling, the sections were incubated with 

normal goat serum for 15 minutes at room 

temperature to block non-specific binding, 

followed by washing with phosphate-buffered 

saline containing 0.1% Tween-20 (PBST, pH 

7.4). The sections were then incubated 

overnight at 4°C with anti-S100 primary 

antibody (mouse monoclonal IgG2a, clone 

4C4.9, GeneTex, USA). After washing, 

biotinylated goat anti-mouse IgG secondary 

antibody was applied for 20 minutes at 37°C. 

Subsequently, the sections were treated with 

streptavidin–horseradish peroxidase complex 

for another 20 minutes at 37°C. Color 

development was performed using 3,3'-

diaminobenzidine (DAB) as the chromogen 

(Jiancheng Bioengineering Institute, Nanjing, 

China), and brown staining was interpreted as 

a positive immunoreaction. 

b- Nerve specimen preparation for 

Electron Microscopic examination: 

The other nerve specimens were fixed in 

2.5% phosphate-buffered glutaraldehyde (pH 

7.4) for 2 hours at 4°C before being postfixed 

in newly prepared 1% phosphate buffer 

osmium tetroxide at 4°C for 1 hour.  

Following that, the nerve specimens were 

washed twice with phosphate buffer for 30 

minutes, dehydrated in ascending grades of 

ethanol.  To generate cross-sections, nerve 

samples had orientated longitudinally in a flat 

mold, embedded in epoxy resin.  Semi-thin 

sections were stained with toluidine blue; 

examined, photographed by an Olympus BX-

50 light microscope with digital camera, and 

other ultra-thin sections had contrasted with 

both uranyl acetate and lead citrate [16]. The 

ultra-thin sections had examined and 

photographed by using a transmission 

electron microscope (JOEL-1010, Japan) in 

the Transmission Electron Microscope unit, at 

the center of Biotechnology, Mycology, Al-

Azhar University, Cairo.  

Histomorphometry measurements: 

Histomorphometric Analysis was performed 

on toluidine blue-stained semithin sections 

obtained from the sciatic nerve embedded in 

epoxy resin. From each rat, three 

representative cross-sections of the nerve 

were selected. These sections were chosen to 

ensure consistency and avoid overlapping in 

counting fields. Thus, for each group (10 

rats), a total of 30 sections per group were 

analyzed (3 sections × 10 rats). Morphometric 

parameters including axon diameter, 

myelinated fiber diameter, myelin sheath 

thickness, g-ratio, and number of myelinated 

fibers were measured in a fascicle by using a 

light microscope under 1000× magnification, 

with digital image analysis software (ImageJ). 

The g-ratio was calculated as the ratio of axon 

diameter to the total fiber diameter, which 

reflects the degree of myelination. 

The Fiji-image J software program was used 

to measure the diameter of both axon (d), and 

nerve fiber (D).  

 Calculation of the myelin thickness had 

carried out by using the following equation 

(m = [D-d]/2), calculation of the g-ratio was 

carried out by using the following equation 

(d/D-ratio) [17, 18]. The g-ratio is defined as 

the ratio of the axon diameter to the total 

diameter of the myelinated nerve fiber (axon 

+ myelin sheath) and is used to assess the 

degree of myelination. The number of 

myelinated fibers/mm² was estimated using 

the independent counting method within a 
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defined square area of 1 mm², as described by 

Gundersen et al. (1988) [19]. 

Statistical analysis:  

SPSS. V 24 was used to conduct a statistical 

analysis on the study groups' 

histomorphometry data, which were displayed 

as means & SD. ANOVA test with 

Bonferroni Post Hoc Test was used to 

compare the study groups: P< 0.05 is 

considered significant. 

RESULTS 

1. General observation:   

Throughout the experiment, no mortality or 

noticeable changes in appearance or behavior 

were observed in any of the rats across all 

groups. The control and ginseng groups 

showed consistent histological and 

morphometric features with no significant 

variations. 

2. Light microscopic results:  

Toluidine blue-stained semithin sections of 

the right sciatic nerve from the control and 

ginseng groups showed normal nerve 

architecture. The nerve fibers appeared 

densely packed with minimal endoneurial 

spaces. Myelinated fibers had compact, 

regular sheaths with minimal enfolding. 

Schwann cell cytoplasm was seen 

surrounding the axons, and unmyelinated 

fibers appeared as ovoid clusters between the 

myelinated fibers (Fig. 1A, 1B). In the 

deltamethrin-treated group, marked 

abnormalities were observed. These included 

nerve fiber dissociation, endoneurial edema, 

axonal degeneration, and irregular myelin 

sheaths. Myelin outfolding into Schwann cell 

cytoplasm and infolding into the axoplasm 

were noted. The myelin boundaries were 

indistinct, and compaction was deranged (Fig. 

1C). The deltamethrin + ginseng-treated 

group showed clear improvement. Most 

myelinated fibers appeared with compact and 

regular sheaths. However, a few irregular 

fibers were still observed (Fig. 1D). 

3. Electron microscopic results:  

In the control and ginseng groups, 

ultrastructural examination revealed 

myelinated nerve fibers of varying sizes 

surrounded by compact, regular myelin 

sheaths of uniform thickness. Schwann cells 

displayed large euchromatic nuclei and thin 

cytoplasm. Clusters of unmyelinated nerve 

fibers were embedded within Schwann cell 

processes. The Schmidt-Lanterman clefts 

appeared narrow. The axoplasm was 

homogeneous, containing normal 

mitochondria, microtubules, and 

microfilaments. Schwann cells, collagen 

fibers, and endoneurial components appeared 

intact and normal (Fig. 2A–D). The 

deltamethrin-treated group showed marked 

pathological changes. These included 

extensive axonal degeneration and atrophy of 

the myelinated fibers. Many fibers exhibited 

disrupted and separated myelin sheaths with 

dilated Schmidt-Lanterman clefts. ―Onion 

bulb‖ formations—concentric layers of 

Schwann cell processes with collagen—were 

observed around some axons. Edema was 

evident in the unmyelinated nerve fibers. 

Mitochondria showed swelling, disrupted 

cristae, and vacuolation. Endoneurial edema 

and vacuolated Schwann cells were also noted 

(Fig. 3A–D). The deltamethrin + ginseng-

treated group demonstrated notable 

improvement. Myelinated nerve fibers 

appeared in various sizes with compact, 

regular myelin sheaths and narrow Schmidt-

Lanterman clefts. Schwann cells with 

euchromatic nuclei were seen surrounding 

these fibers. Unmyelinated nerve fibers and 

collagen fibers were also observed in the 

endoneurium. The axoplasm contained 

normal-appearing mitochondria (Fig. 4A, B). 

4. Immunohistochemical results: 

Immunohistochemical staining for S100 

protein was performed to evaluate Schwann 

cell distribution and activity in sciatic nerve 

tissue. The control group showed moderate, 

uniform S100 expression in Schwann cells 

lining the myelinated nerve fibers. Similarly, 

the ginseng group showed a comparable 

pattern of moderate S100 positivity, 

indicating normal Schwann cell activity (Fig. 

5A, 5B). The deltamethrin-treated group 

exhibited markedly reduced S100 expression, 

reflecting a decrease in Schwann cell number 

and/or function due to neurotoxic damage 

(Fig. 5C). 

In contrast, the deltamethrin + ginseng-treated 

group showed the highest S100 expression, 

with intense immunoreactivity in numerous 

Schwann cells, suggesting a regenerative or 
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protective effect of ginseng on nerve tissue 

(Fig. 5D). 

5. Histomorphometry  results: 

 Stereological analysis of sciatic nerve fibers 

morphometric parameters in a fascicle, 

including number of myelinated nerve fibers, 

diameters of myelinated nerve fibers and their 

corresponding axons were measured. 

Additionally, myelin sheath thickness, and g 

ratio were calculated (Table 1). Myelinated 

fiber diameter was significantly reduced by 

administration of deltamethrin in the 

Deltamethrin-treated group in comparison to 

the control group and the Ginseng-treated 

group. The co-administration of ginseng with 

deltamethrin in the Deltamethrin+Ginseng 

treated group showed a statistically critical 

increase in myelinated fiber diameter, 

compared to Deltamethrin treated group, also, 

the myelin fiber diameter in 

Deltamethrin+Ginseng-treated group had 

approximated to that in the control group 

(Table 1).  

 As regards the axon diameter, the 

administration of deltamethrin in 

Deltamethrin-treated group resulted in a 

critical decrease in axon diameter compared 

to, control group, Ginseng-treated group, 

Deltamethrin+Ginseng-treated group. The co-

administration of ginseng with deltamethrin 

in the Deltamethrin+Ginseng-treated group 

showed a statistically significant increase in 

axon diameter, compared to the deltamethrin-

treated group.  Also, the axon diameter in the 

Deltamethrin+Ginseng-treated group was 

approximated to that in the control group 

(Table 1). 

 As regards the myelin thickness, the 

administration of deltamethrin in the 

Deltamethrin-treated group resulted in a 

critical decrease in myelin thickness 

compared to both the control group Ginseng-

treated group.  The co-administration of 

ginseng with deltamethrin in 

Deltamethrin+Ginseng-treated group resulted 

in a statistically critical increase in myelin 

thickness, compared to Deltamethrin-treated 

group, also, the values of myelin thickness in 

Deltamethrin+Ginseng-treated group had 

approximated to that in the control group 

(Table 1).  

 As regards the g ratio, all the study groups 

showed similar results, which indicate that the 

decrease in the myelinated fiber diameter, 

axon diameter, and myelin thickness were 

homogenous in the Deltamethrin group, and 

the increase in these parameters in the 

Deltamethrin+Ginseng treated group also 

were homogenous (Table 1). 

 As regards the number of Myelinated fibers, 

the administration of deltamethrin in 

Deltamethrin group resulted in a critical 

decrease in the number of myelinated fibers 

compared to both control group, and Ginseng 

treated group.  The co-administration of 

ginseng with deltamethrin group resulted in a 

statistically critical increase in number myelin 

fiber, by a percentage of 38.8% compared to 

Deltamethrin-treated group, meanwhile still 

there was a critical decrease in the number of 

myelinated fibers in Deltamethrin+Ginseng-

treated group when compared to both, control, 

Ginseng- treated groups (Table 1). 

As for the g-ratio, the Deltamethrin-treated 

group exhibited a noticeable reduction 

compared to the Control and Ginseng-treated 

groups, indicating thinner myelin relative to 

axon size. In contrast, the Deltamethrin + 

Ginseng group showed a marked 

improvement, with g-ratio values approaching 

those of the Control group. These results 

suggest that ginseng co-treatment helped 

restore the balance between axon and myelin 

thickness, contributing to functional nerve 

recovery (Table 1). 
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Table 1: Effect of Deltamethrin and Ginseng on Histomorphometric parameters of the Sciatic 

Nerve 

 Control Deltamethrin Ginseng Deltamethrin 

+ 

Ginseng 

F p-value 

Diameter of 

myelinated 

nerve fibers 

(µm) 

10.58 ± 2.11 9.42 ± 2.81
a,b,c

 
10.56 ± 

2.43 
10.36 ± 2.46 53.232 0.000 

Axon Diameter 

(µm) 
7.03 ± 1.72 6.23± 2.42

a,b,c
 7.05 ± 1.75 6.97 ± 1.82 37.109 0.000 

Myelin 

Thickness (µm) 
1.77 ± 0.68 1.59 ± 0.37

a,b,c
 1.76 ± 0.65 1.7 ± 0.59 29.216 0.000 

g ratio (axon 

diameter / fiber 

diameter) 

0.665 ± 

0.099 
0.661 ± 0.089 

0.667 ± 

0.087 
0.673 ± 0.071 0.202 0.895 

No. of 

Myelinated 

nerve fibers (at 

magnification 

1000 x) 

109.88 ± 

20.52 

67.25 ± 

17.86
a,b,c

 

109.5 ± 

19.96 

98.38 ± 

19.57
a,b

 
368.146 0.000 

The data are expressed as Mean±SD. Significance of differences among groups was evaluated by one-way ANOVA 

followed by Bonferroni Post Hoc Test. The level of significance refers to the value of p<0.05. 

a. significant vs. Control group   b. significant vs. Ginseng group   c. significant vs. Deltamethrin+Ginsing group  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Photomicrographs of a toluidine blue-stained semithin transverse section in rat sciatic 

nerve of: (A) Control and (B) Ginseng treated groups showing myelinated nerve fibers of various 

size with compact regular myelin sheaths having darkly stained rounded or elliptical shapes. (C) 

Deltamethrin-treated group showing various abnormalities of myelinated nerve fibers (arrow), 

including irregular fiber shapes, myelin infoldings, outfoldings, alteration in myelin compaction. 

(D) Deltamethrin+Ginseng treated group showing myelinated nerve fibers of various size having 

compact regular myelin sheaths. Some irregularly myelinated nerve fibers had also been seen 

(Toluidine blue x 1000). 
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Figure 2: Transmission electron micrographs of the sciatic nerve of: (A) Control, and (C) Ginseng 

groups showing myelinated nerve fibers of different sizes with regular, compact myelin sheaths (M) 

surrounding their axoplasm (Ax). Schwann cells (Sch), with their euchromatic nuclei. Groups of 

unmyelinated nerve fibers (arrow) embedded in Schwann cell processes have also been seen (TEM 

x8000). (B) Control, and (D) Ginseng groups showing myelinated nerve fibers (M) with narrow 

Schmidt-Lanterman clefts (SC) in the myelin sheaths (M), along with homogenous axoplasm (Ax), 

with normal mitochondria (Mi). Schwann cells surrounding myelinated nerve fiber (sch), collagen 

fibers (co) in endoneurium have also been seen (TEM x 25000). Scale Bar = 2 microns (A & C), 

500 nm (B & D). 
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Figure 3: Transmission electron micrographs of the sciatic nerve in Deltamethrin treated group, 

showing (A) shrinkage of axoplasm (Ax), extensive degenerations of myelin sheath (arrowhead), 

separation of its fiber (S) (TEM x 20000). (B) disrupted, Separation of myelin sheath with dilated 

Schmidt-Lanterman Clefts (SC), vacuolated mitochondria (arrow) (TEM x 20000) (C) shrinkage of 

central axon (Ax). ―Onion bulb" appeared as circular layers of Schwann cell processes, collagen 

around the axon in some nerve fibers (TEM x 20000). (D) shrinkages of axoplasm (Ax), disrupted, 

separation of myelin sheath, swelling of axonal mitochondria with disrupted cisterna (Mi), 

edematous Schwann cell (Sch) with vacuolation (arrowhead), edema of unmyelinated nerve fiber 

(arrow), endoneurium edema (En) (TEM x 8000).  
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Figure 4: Transmission electron micrographs of the sciatic nerve in Deltamethrin+Ginseng-treated 

group, showing (A) myelinated nerve fibers of different sizes with regular, compact myelin sheaths 

(M) surrounding their axoplasm (Ax). Schwann cell (Sch), with its euchromatic nuclei. 

Unmyelinated nerve fibers (arrow) had also seen, collagen fibers (Co) (TEM x 8000). (B) 

myelinated nerve fibers (M) with narrow Schmidt-Lanterman Clefts (SC) contain homogenous 

Axoplasm (Ax), containing normal mitochondria (Mi). Schwann cells surrounding a myelinated 

nerve fiber (sch). Collagen fibers (co) in endoneurium have also been seen. (TEM x 20000). 
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Figure 5: Photomicrographs of Immunohistochemically S-100-stained sections of sciatic nerves, 

arrows indicate Schwann cells that are positively stained for S100 protein, (A) control group shows 

mild expression of S-100. (B) Ginseng-treated group shows mild expression of S-100. (C) 

Deltamethrin-treated group displays weak expression of S-100. (D) Deltamethrin+Ginseng treated 

group shows moderate expression of S-100. (Scale bar: 50 μm). 

DISCUSSION 

In the present experimental study, the 

histopathological examination of the 

deltamethrin group revealed morphological 

changes of the degenerating sciatic nerve. 

These degenerative changes include 

endoneurial edema, nerve fiber dissociation, 

also, degeneration, irregularity, infoldings, 

and outflowing of the nerve fibers when 

compared to the control group. Also, there 

were derangements in myelin compaction, 

and an unclear boundary in myelin sheaths 

compared to the control. The ultrastructural 

examination showed extensive axonal 

degeneration and atrophy. Some nerve fibers 

were disrupted, separated myelin sheaths with 

dilated Schmidt-Lanterman clefts. ―Onion 

bulb" appeared as circular layers of Schwann 

cell processes, collagen around the axon in 

some nerve fibers, with edema of the 

unmyelinated nerve fiber. Swelling, disrupted 

cisterna, vacuolation of mitochondria. 

Edematous Schwann cell with vacuolation, 

endoneurium edema. Confirmation of the 

above-mentioned deteriorating changes 

appearing in the sciatic nerve of this group 

were achieved by the results of the 

morphometric measurements, which showed 

a statistically critical decrease in both myelin 

fiber diameter, thickness, number of myelin 

fibers, meanwhile there had a noncritical 

decrease in axon diameter compared to both 

control and ginseng groups.  

Another study found that rats exposed to a 

high dose of deltamethrin caused minor nerve 

damage in the form of axonal injury and 

changes in the myelin sheath. The thin myelin 

sheath's degeneration, vacuolization of the 
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cytoplasm, and altered Schwann cells were 

caused by proliferation, enlargement of the 

rough and smooth endoplasmic reticulum, and 

alterations to the Schwann cells [20].  

Axonal injury and myelin sheath alterations 

observed in our study are supported by 

findings from previous research by Calore et 

al. (2000) [20], which similarly reported signs 

of Wallerian degeneration, including swollen 

and disrupted myelinated nerve fibers, 

axoplasm containing myelin fragments, and 

increased numbers of degenerated myelinated 

fibers. That study also documented a 

significant increase in the cross-sectional 

diameter of the sciatic nerve, accompanied by 

hyalinization, vacuolations, and patchy 

fragmentation of the myelin sheath findings 

that align closely with our observations. Some 

myelin sheaths appeared split or partially lost, 

which the authors attributed to edema-

induced separation of myelin layers [21].  

Additionally, our results are consistent with 

those of Kamel et al. (2011) [21], who 

reported axoplasmic vacuolization, 

fragmentation, shrinkage, and intra-axonal 

gaps, likely related to fluid accumulation and 

tissue edema. Swollen mitochondria with 

disrupted cristae were also observed in both 

studies, indicating mitochondrial damage. 

Moreover, membrane-bound, electron-dense 

bodies and multiple variably sized 

cytoplasmic vacuoles were noted within 

swollen Schwann cells, possibly reflecting 

dilatation of membrane-bound organelles, as 

previously suggested [21]. 

These structural abnormalities may be 

explained, at least in part, by the known 

effects of deltamethrin in promoting oxidative 

stress. It has been shown to activating 

p66Shc, a key regulator of reactive oxygen 

species (ROS) generation, in both tissue 

models and cell lines. Further studies 

confirmed that p66Shc mediates deltamethrin-

induced oxidative damage in vitro, suggesting 

a possible mechanism for the neurotoxic 

effects observed in vivo [22]. 

 There have been numerous proposed 

explanations for the neurotoxic effects of 

pyrethroid insecticides. Type I pyrethroids 

bind nerve membranes’ sodium channels, 

leading to rhythmic neuronal discharge, 

persistent negative after potential.  The 

presynaptic nerve terminals had the most 

sensitive sites. Type II pyrethroids cause an 

incidence-dependent, constant depolarization 

and conduction block in the axons of sensory 

and motor nerve fibers [23]. Longstanding 

exposure to pyrethroids could negatively 

affect the CNS with deterioration of 

neurocognitive performance [24]. 

Our findings showed that the co-

administration of ginseng with deltamethrin 

in the Deltamethrin+Ginseng group showed a 

statistically noncritical increase in myelin 

fiber diameter, thickness, number of myelin 

fibers, and axon diameter compared to the 

Deltamethrin-treated group, meanwhile 

Deltamethrin+Ginseng group is still less than 

the control group.  The histopathological 

results revealed great improvement, a picture 

near to the control group.  The myelinated 

nerve fibers appeared in various sizes, having 

compact, regular myelin sheaths. A few 

irregularly myelinated nerve fibers were still 

present.  In normal myelinated nerve fibers, 

mitochondria had been seen.  These results 

agreed with another study by Liao et al. 

(2002) [25] about the protective effects of 

ginseng. Additionally, El-Derieny et al. [13] 

concluded that ginseng reduced the negative 

impact that acrylamide had on the structure of 

peripheral nerves. 

 Schwann cell population increased critically 

by ginseng administration in the damaged 

sciatic nerve.  Ginseng administration 

enhanced proliferation, Cdc2 protein signals 

in Schwann cell cultures [26].  Schwann cells 

were essential in the injured area; their 

proliferation, followed by axon myelination, 

were essential for regeneration.  Schwann 

cells that are proliferating not only guide 

axonal expansion toward the initial target, but 

they also remove deteriorating axonal debris 

from the distal end of the axons [27]. When it 

comes to axonal regeneration, ginsenoside 

Rb1 has been shown to be useful for the 

regeneration of peripheral axons; Rg1 has 

been found to be effective in facilitating the 

regeneration of peripheral nerves; and 

Schwann cells have been found to proliferate 

[28].   

Ginseng is known for its neuroprotective 

properties in various neurological conditions. 

It has been shown to exert beneficial effects 
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in neurodegenerative disorders such as 

Alzheimer's and Parkinson's disease, and in 

models of neural injury, including spinal cord 

damage and peripheral nerve trauma [28]. 

These findings support the current study’s 

results, where ginseng co-administration with 

deltamethrin improved structural integrity of 

sciatic nerve fibers and enhanced axonal 

regeneration. 

Multiple studies have been carried out to 

evaluate the possible protective role of 

ginseng in the injured spinal cord, peripheral 

neurons.  Ginseng improved cell migration 

activity had mediated by the F.G.F–2uPA–

M.M.P-9 migration pathway.  The 

corresponding pathway concerns had been 

interpreted by specific pathway inhibitors.  

These data imply the potential value of Rg1 to 

promote neuron regeneration, demonstrating 

neuroprotective effects, both lowering the 

degree of damage and promoting nerve fiber 

repair [29,30].  Schwann cells, which are glial 

cells found in the peripheral nervous system, 

have raised serious concerns regarding their 

potential use in the engineering of neural 

tissue. Schwann cells produce bio-activating 

chemicals that promote axonal outgrowth, and 

movement.  Schwann cells quickened nerve 

cell regeneration in the case of massive nerve 

gap lesions [31].  Ginseng has been found to 

improve the cultured Schwann cell 

proliferation, migration in the case of 

peripheral nerve injuries [32].  Ginseng also 

improved healing, restoration of sciatic nerve 

injury, renovated the conductivity of 

recovering fibers of limb motor function, and 

avoided skeletal muscle wasting [33,34].  

In the current study, we measured S100 

expression levels to investigate the molecular 

basis for ginseng-induced enhancement of 

sciatic nerve regeneration. 

Immunohistochemistry had revealed that the 

sciatic nerve tissue expressed S100. 

Proliferating Schwann cells induced 

prolonged regeneration, which was associated 

with functional repair of the injured sciatic 

nerves [10-12].  S100 protein expression in 

Schwann cells has been used as an indicator 

for the regeneration of sciatic nerve injury 

induced by deltamethrin after using ginseng. 

It had been stated that ginsenoside highly 

increases S100 expression in Schwann cells to 

enhance the regeneration of the rat injured 

sciatic nerve [10]. In the current study, co-

administration of ginseng with deltamethrin 

induced S100 immunoreactivity in Schwann 

cells; the Schwann cells induced 

improvement of the degenerative changes in 

myelin structure, as well as functional sciatic 

nerve recovery. 

From our findings, the previous reviews, it 

seems that Ginseng has a promising 

therapeutic factor in nerve repair and 

regeneration. 
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