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HIS study was conducted on 20 rabbits were divided into control and treated groups (8 and 16
weeks) for each groups. Animals were anesthetized then left sciatic nerves were compressed for

30 seconds with artery forceps. Zinc oxide nanoparticles have been used in treated groups 56 days of
daily monitoring. Improved gait and absent knuckling were observed at days 20 and 28 post-
operatively. Muscle was strong contraction and modest atrophy during day 56 PO, while the treated
group's animals displayed notable sensory responses (p <0.05). In the treated group the highest ratio of
relative gastrocnemius muscle weight measurement (RGMWM) were (0.74) and (0.71) at weeks 16th
and 8th, respectively, and (0.54) in the control group on day 112 PO. On day 56 PO, there was a no
significant decrease in RGMW values in the control group at 16 and 8 ws (30 and 25)% respectively
and 25% in the treated group. The conductive velocity at 8 weeks PO showed non-significant
differences between all groups, the latency value of the treated group was 3 ms and 4 ms in the left
and right limb, respectively, and amplitude values in the left and right limbs in each treated and
control groups were (3.5 and 6.9) Mv and (2.83 and 5.2 ) Mv respectively. In the treated group
histopathological examinations showed advantage in quality and quantity of nerve fibrous formatting
in a period of 16 weeks PO. We witnessed that ZnO-NP were a vital and essential for enhancing nerve

regeneration.
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Introduction

According to studies, traditional Chinese
medicine (TCM) may influence peripheral nerve
regeneration by encouraging the growth of Schwann
cells and elevating the production of a number of
neurotrophic factors [1] be decreased nerve fibre
regeneration [2,3].

Nanotechnology has revolutionized various
fields, ranging from public health to synthetic
materials. The main product of nanotechnology, that
is, nanoparticles (NPs), can be defined as materials
having at least one unit distance in the nanometer
range (1-500 nanometers) [4]. In order to produce
these NPs, the biological pathway has received more
awareness due to many important features such as
environmental safety, a friendly deal with less toxic

byproducts, the need for a gentle reaction state, and
the use of limited and normal agents. Thus, the
nanoparticle agents produced through the biological
approach are relatively constant and safer, with a
much greater variety in size and shape. The most
widely utilized biological assay for creating NPs is to
employ pure plant extracts to  prepare
environmentally friendly NPs, reducing harmful
chemicals [5]. Plant-augment synthesis of NPs
results in synthesizing NPs of specific shapes and
sizes. Researchers are also designated to employ an
aqueous medium containing an emulsifier solution
for potentially suspending and stabilizing materials at
nanoscale size [6,7]. ZnO NPs have also been noted
to augment the generation of reactive oxygen species
(ROS), especially hydrogen peroxides. ZnO's many
important applications involve clear stimulation,
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anti-fungal photochemicals, and anti-bacterials. Also,
the UV-filtering capabilities of ZnO NPs impart them
into the spot of exploring interdisciplinary.

The current study focuses on ZnO NPs
phytosynthesis use. Distinct biological examinations
were performed involving antimicrobial, antioxidant,
and antiproliferative experiments. Using natural
extracts has the advantage of synthesizing ZnO
nanoparticles by coating nanoparticles with
pharmacologically different biomolecules on the
surface of metallic oxide, permitting the coupling of
the nanoparticles with the bacterial membrane
receptors [8]. Molecules such as flavones, amides,
aldehydes, polysaccharides, and synthesized green
nanoparticles have better biomedical efficacy than
synthesized chemicals.

This study's goal had been to evaluate the effect
of zinc oxide on nerve regeneration in a compressed
sciatic nerve experimental model utilizing a variety
of evaluations, which includes functional tests like
the walking test and electrophysiological checks, the
degree of muscle atrophy, and histomorphometric
measurements of the nerves.

Material and Methods

Ethical approve

The ethical committee of Al-Qasim Green
University's/College of Veterinary
Medicine's/Department of Surgery and Obstetrics,
approved the protocol of this study, which adhered to
the tenets of the declaration of Helsinki and HIPAA.
As it was a retrospective study, informed consent
was viewed by ethical committee of Al-Qasim Green
University's/College of Veterinary Medicine's.

Design of experimental animals

Twenty adult, healthy male rabbits weighing
between 1.5 and 2.5 kg were used in this study. The
animals were kept in separate cages and given access
to unlimited amounts of food and water. Prior to the
procedure, the animals were acclimated for 10 days
in their separate cages. Ceftriaxone (20 mg/kg) was
injected intramuscularly once daily for five days. On
the first day and day 14 of acclimatization,
anthelmintic injections of 0.2 mg/kg Ivermectin
(Ivomec, Holland) and 0.4 mlkg SC were
administered..

Rabbits were randomly divided into two equal
groups (n=10). The sciatic nerve of the left side in

all animals was induced by compressing with artery
forceps for 30 seconds. Only the sciatic nerve was
hurt in the first group (control), whereas in the
second group, the compressed sciatic nerve was
treated with zinc oxide nanoparticles. The animals
were then euthanized, and the compressed nerves of
each subgroup were re-examined at weeks 8 and 16
post operations (PO), respectively.

Surgical Protocol

To produce anesthesia, a mixture of 35mg/kg
ketamine hydrochloride (Kepro®, Holland) and
25mg/kg xylazine hydrochloride (Xyla®, Holland)
has been administered intramuscularly [9].

Hair on the skin of the animal was trimmed from
the lateral and caudal part of the left hindlimb, from
the level of the iliac wing dorsally to the level of the
sacrum caudally, and ventrally to the level of the
stifle  joint. Heparin (Hexatane 20, Jordan),
isopropyl alcohol (70%) (Manufactured by Jaya
Pelita Pharma. SDN). BHD and iodine tincture
(Lebanon) were used for skin disinfection.

The limb was kept out of the surgical area and
from the stifle joint to the distal extremity by
covering it with a latex glove and attaching it to the
limb with adhesive tape. A sterile skin towel had
been employed for wrapping the glove
(Sempermed”, Austria), and towel clips were used to
secure it to the limb. The animal was facing right in
lateral recumbency The fenestrated drape's aperture,
which was placed at the location of the planned
surgery, was draped over the left hind limb.

The stifles had been used as markers and the
greater trochanter of the femur had been palpated. On
the posterior-lateral thigh, the greater trochanter was
situated at the level of the distal femur, and skin was
incised there utilizing scalpel blade 21.

Employing scalpel blade 15, the subcutaneous
tissue and fascia lata were then excised along the
same line. The biceps femur muscle has been divided
cranially, and the semitendinosus muscle was
separated posteriorly by blunt dissection using Mayo
scissors in order to expose the sciatic nerve and cut it
free from the surrounding tissues [10,19]. The nerve
had been gently compressed through putting a
wooden tongue depressor under it while employing
artery forceps (Figure 1).

Egypt. J. Vet. Sci. Vol. 55, No. 4 (2024)



STUDY THE EFFECT OF ZINC OXIDE NANOPARTICLES ON REGENERATION ... 1121

Fig. 1. The compressed section of the sciatic nerve

Preparation of nanoparticles
Green synthesis of ZnO nanoparticles

To synthesize nanoparticles of ZnO, the green
method was applied. For this purpose, mg zinc
acetate was utilized as a precursor. The extract
solutions were subsequently filtered, and the eluted
extract solution was isolated for use in the
subsequent production of zinc oxide (ZnO). The
direct synthesis of ZnO or the concentration of solid
extracts might both be done using the eluent solution.
Following that, reactions between zinc precursors
and plant extracts were conducted at various pH and
temperature levels.

The nine parts of 100 mg of pure extract were
added to 10 mg of 0.45Molar (M) zinc acetate
dihydrates and 10 mL of 0.45 M NaOH, respectively.
The three complex mixtures were then stirred
constantly for 2 hours at 900 rpm using a magnetic
stirrer until a yellow precipitate was formed. Then,
Tocopheryl Polyethylene Glycol Succinate (TPGS)
surfactant at a concentration of 0.05 was added to the
mixture to provide coating and stability to the
product and reduce the particle size, and it was
steered for 60 min. Next, the solution was transferred
to probing sonication at altitude 80 at cycle 1:1. The
suspension was centrifuged at 12000 rpm for 30 min.
The pellet was resuspended in water. The ZnO
nanoparticle suspension was filtered into precipitates
in a glass cylinder with Whatman filter paper,
washed with distilled water and then with ethanol to
remove the impurities, and oven-dried at 50°C for
2 hours. The yellow powder obtained was ground
manually using a mortar and pestle [11].

The optimal concentration of 5 mg per ml was
prepared by dissolving 50 mg of zinc nanoparticles
in 0.5 ml of Dimethyl Sulfoxide (DMSO) and then
adding de-ionized water to reach 10 ml. In addition,
only 0.5 of the solution was used to flush the area of
the damaged nerve.

Clinical Signs Evaluation

From the beginning of the study through day 112
PO, clinical motor and sensory sciatic nerve reflexes
were assessed every day.

Motor Function Evaluation

All animals were inspected every day from the
start of the study until day 112 PO, when the study
came to a conclusion, using the grading criteria. We
noted when the animals started to walk and their
capacity to do so. The different gaits were
categorized as normal, crouching, or heel-crawling.
Grades for knuckling included normal, mild,
moderate, and severe. The strength of a muscle
contraction was classified as mild, moderate, or
powerful. Grades of muscular atrophies were normal,
mild, moderate, and severe [12].

Sensory Function Evaluation

Beginning at the end of the third week and
continuing until study completion on day 84 PO,
nerve sensory functioning were monitored on a
weekly basis. The presence or absence of the toe
spreading reflex, lateral aspect leg sensation, toe
pinch, and toe prick were used to grade sensory
functions and clinical symptoms. Foot withdrawal
and vocalization tests were assessed using the lateral
aspect leg feeling, toe pinch, and toe prick tests;
successful outcomes indicating recovery were noted.

Electrophysiological analysis (EMG)

We carried out electrophysiological examinations
8 weeks after the nerve injury. The sciatic nerve had
been removed from the body and separated from it
by about 3 cm. It was then placed in an AD
instrument chamber that was filled with buffer
solution, and stimulation electrodes as well as
negative and positive clamping (recording)
electrodes were attached to it. We calculated the
conductive velocity by dividing the distance between
recording electrodes (by mm) by the time difference
between capacity proximal and capacity distal
stimulations at a frequency of two pulses per second.
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The amplitude in microvolts (V) is measured from
the electric baseline to the peak of the negative phase
of the motor response, and the latency time in
milliseconds (ms) is measured from the shock artifact
to the initial negative peak deflection of the response
from the video display apparatus's electric baseline.

Relative gastrocnemius muscle

measurement (RGMWM)

weight

The skin-overlying gastrocnemius muscle was
dissected away through a longitudinal incision on the
posterior aspect of the operated limb. After making
an incision, the gastrocnemius muscles were
immediately weighed. In order to control for
differences in weight between different rabbits, the
contralateral muscle was also removed.

The proportion of muscle mass loss was then
determined for each muscle using a separate 0.0001g
weight (denervated muscle weight vs. contralateral
muscle weight). The muscle weight has been
expressed as a ratio of the operated limb (left) to the
unoperated right limb (negative control) in order to
calculate the relative gastrocnemius muscle weight
(RGMW). The percentage of the test side's muscle
weight to the muscle weight used as a negative
control and one of the factors for the recovery of
motor function is known as the RGMW.

Histopathological Examinations

Nerve biopsies were taken on 8 and 16 weeks PO.
Biopsies were fixed in 10% buffered formalin, then
routinely processed with alcohol and embedded in

paraffin [13]. After blocking, the block was trimmed
at 5-6 micrometer, stained by hematoxylin and eosin,
and finally examined under a light microscope.

Statistical Analysis

The data has been analyzed and means and
standard deviations (MSD) were calculated. SPSS
stands for Statistical Package for the Social Sciences.
To statistically compare the groups, 16.0 software,
non-parametric tests, Kruskal-Wallis, and Mann-
Whitney tests were employed. P values 0.05 were
regarded as significant.

Results

Clinical Assessment of Motor and Sensory Nerve
Functions

All animals in the two groups showed signs of
dysfunction characterized by flaccid paralysis of the
operated hind limb movement from day 1 to day 4
PO. The animals were reluctant to flex their limbs
from the hock joint and below and remained
crouched on the floor of the cage.

Treated group (8 weeks)

The gait and knuckling improved to normal on
days 20 and 29 PO, respectively. Muscle force
contraction was strong, and muscle mass atrophy
became moderate, Table 1. The toe spread, lateral
aspect leg feeling, toe pinch, and toe prick all
appeared on days 35, 39, 46, and 48 after the
operation on the operated left hind limb, respectively
Table 2.

TABLE 1. Motor clinical observations for all groups on day 112 PO

Clinical signs Control Treated Treated
Group Group 8ws Group 16ws
Onset 1.3£0.3¢ 2.740.28 414024
Walk
Crouch 1£0.0* 0.3+0.25" 0.3+0.2B¢
Crawl 2+0.0" 0.9£0.45" 0.5+£0.3B°
Normal 3£0.0% 3+0.0% 3+0.04
Knuckling
Severe 1£2.6" 0.5+0.26B 0.2+0.3¢
Moderate 2+0.1* 1.3£0.45B 0.4+0.5%
Mild 3+0.04 1.3£0.75B 0.5 +0.7%
Normal 0.0+0.0¢ 1.7£0.77B 3+0.0%
Muscle Contraction Force (MCF)

Strong 3+0.0¢ 30.0° 3£0.04

a,b,c Values with comparable superscripts in the same row of (MSD, n=5) are not significant at (p< 0.05)
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TABLE 2. Clinical sensory observations for all groups on day 112 PO

Sensory Signs Control Treated 8ws Treated 16ws
Toe spread 0+0® 1+0* 1+04
Lateral leg sensation 0+0® 120 1204
Toe pinch 0+0® 1+0% 1£0%
Toe prick 0+0° 1+0% 1£0%

Treated group (8 ws)

On day 38 PO, we saw the animals regaining
their capacity to walk normally. Knuckling was
modest throughout the research and remained so till
the end. The muscular contraction force increased
significantly on day 24 PO Tablel. By the end of the
research, skin sensation had gradually moved from
the foot to the fetlock joint. The lateral leg sensation,
toe pinch, and toe prick sensations were all still
missing Table 2.

Control Group (8 weeks)

A significant finding was that all animals had
normal gaits on day 28 PO. The knuckling
disappeared on day 27 PO, and the muscle force
contraction became strong on day 47 PO Table 1.
The toe-spread sensation was observed on day 43
PO. Lateral aspect leg response appeared on day 50
PO, and toe pinch and toe prick were present on day
53 PO (Table 2). The gait and knuckling improved to
normal on days 40 and 58 PO, respectively. Muscle
force contraction was strong, and muscle mass
atrophy became moderate Table 1. The toe spread,
lateral aspect leg feeling, toe pinch, and toe prick all
appeared on days 70, 78, 93, and 95 after the
operation on the operated left hind limb, respectively
Table 2.

Treated group (16 weeks)

On day 77 PO, the animals' ability to walk
normally was restored. Mild knuckling persisted until
the study's conclusion. On day 48 PO (Table 1), the
muscular contraction force increased significantly.
By the end of the research, skin sensation had
gradually moved from the foot to the fetlock joint.

The lateral leg sensation, toe pinch, and toe prick
sensations were all still absent Table2.

Control Group (16 weeks)

The fact that all animals walked normally on day
56 PO was a noteworthy discovery. On day 57 PO,
the knuckling stopped, and on day 47 PO, the muscle
power contraction became strong Tablel. The toe
spread sensation was observed on day 85 PO. Lateral
aspect leg response appeared on day 99 PO, and toe
pinch and toe prick were present on day 105 PO
Table 2.

Clinical Sensory Observations

Sensory clinical signs, including toe spread,
lateral leg sensation, toe pinch, and toe prick, did not
show sensory reflexes. Animals in the control group
showed significant sensory reflexes (p < 0.05)

compared to the control group on day 56 PO Table 3.

Relative gastrocnemius muscle

measurement (RGMWM)

The highest RGMWM ratio and less muscle
atrophy were observed in the treated group (0.74)
and (0.71) at weeks 16™ and 8™, respectively. On the
other hand, the smallest RGMWM ratio (0.54) was
observed in the control group on day 112 PO Table
3. A comparison of the relative gastrocnemius
muscle weight means showed that the gastrocnemius
muscle started to atrophy after sciatic nerve injury.
However, on day 112 PO, the RGMW values in the
control group were significantly lower (p <0.05) than
in the control groups after 16 weeks (30%) and 8
weeks (25%) Table 3.

weight

TABLE 3. Analysis of the relative gastrocnemius muscle weight measurements at the control, 16-week,
and 8-week treatment levels using statistical methods.

Time Control Treated Treated
16 ws % 8 ws % 16 ws%
112 days 543+1.7¢ 71.4+0.68 74.8+0.8"

LSN: left sciatic nerve; RSN: right sciatic nerve .The similar superscript letters denote non-significant differences at p<0.05.
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Electrophysiological analysis

The electrophysiological studies were carried out
by isolation nerve procedures. Electromyography
was done after 8 weeks.

Conductive velocity at 8 weeks PO:

The conductive velocity at 8 weeks PO showed
non-significant differences between the treated 16
(53.44+3.56Aa) and the control group
(47.4842.77Aa) at P:<0.05 but showed substantial
variations in the same group between the left sciatic
nerve (OP) and the right sciatic nerve. This study
showed that the values of latency in the left limb
were 3 meters (ms) and 4 ms in the right limb in the
treated group. While in the control group, the values
of latency were 3.3 ms in left limb and 5.2 ms in the
right limb at 8 weeks PO. The values of amplitude
were 3.5 Millivolt (Mv) in the left limb and 6.9 Mv
in the right limb in the treated group, while in the
control group they were 2.83 Mv in the left limb and
5.2Mv in the right limb.

Motor Clinical Observations

According to the study's findings, animals in the
treated group began moving their limbs and walked
more quickly than those in the control group. The
animals' gait returned to normal in all groups,
although they did so more quickly in the treatment
groups (40 days) and (56 days) than in the control
group (77 days). Knuckling disappeared in the
treated groups after 57 and 58 days, with a
significant difference (p 0.05), but it persisted in the
control group until the end of the trial. All groups
had substantial muscle contraction forces, although
in the treatment (43.6 days) and (47 days) groups,
contraction began earlier than in the control group
(48 days). According to the study's findings, animals
in the treated group began moving their limbs and
walked more quickly than those in the control group.
This study showed that regression of knuckling
severity did not last in the treated group on day 57
but persisted in the control group until the end of the
study on day 112 PO.

Sensory Clinical Observations

The current investigation shown that in each
group of treatment, sensory clinical indications are
suggestive of the progression of sensation. The
absence of sensation and the presence of knuckling,
especially when it is severe and the animal walks on
the dorsum of the foot, help in the development of
the atrophic ulcer. Furthermore, continuous cleaning

of the foot by licking, in the absence of sensation,
makes it worse and were more worse in the control
group. The toe-spreading reflex was the key clinical
indicator that aided in the assessment and restoration
of sensory function. Early on, it wasn't present in
either of the groups, but as time went on, it appeared
in both treatment groups on day 112 PO. Foot drop
was noticeable right away after the nerve was
transacted, and it frequently disappeared or lessened
before the muscles were reinnervated. Observations
of the gait alone are not sufficient to determine the
precise commencement of the response since the
symptoms of sciatic nerve injury are distinct. An
reliable evaluation of the beginning and development
of recovery is achieved by restricting observations to
the muscle area directly innervated by the sciatic
(peroneal) nerve

Histopathological Examination
Treated Group

Histopathological examination of the damaged
sciatic nerve in the control and treated groups
revealed basophilic nuclei of dividing Schwann cells
with a thick layer of myelin, excellent orientation,
myelination of nerve fibers, and little fibrous tissue at
the epineurium (Figure 2).

At 16 weeks PO, there was a recognizable node
of Ranvier, a large diameter of dense axon
population with a thick myelin sheath, proliferation
of Schwann cells, and robust angiogenesis (Figure3).

Histopathological findings in this study showed
highly vascularized injured sciatic nerves due to
blood supply efficacies brought about by the
presence of neurotrophic factors capable of
angiogenesis through affected endothelial cells.

Control Group

The injured sciatic nerve in the control group had
Wallerian degenerative nerve fibers with few
Schwann cell nuclei, fibrous connective tissue, and
inflammatory cells, including macrophages and
lymphocytes, eight weeks after the lesion (Figure 2),
while at 16 weeks post-injury, regenerative nerve
fibers were found to be disoriented. The nerve fiber
displayed circular, clogged blood channels, vacuolar
degeneration, inflammatory cell infiltration, and a
lack of differentiated labeling, few Schwan cells, and
inflammatory cell infiltration. Collagen fiber growth
in nerve fascicles and Schwann cell degeneration
(Figure 3).
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proliferation arranged along nerve fiber(red row), a moderate nerve fiber myelination (red star),mild nerve
fiber demyelination (black star), axonal vacuolated (black dot row) and infiltration of mononuclear cells(black
row) with epineurium (black head row), B: treated group showing mild Schwann cells proliferation forming
nendoneurial tube (black row),eosinophilic thick bundles packed contentious nerve fibers (black star) with
consertraction of neuilemma —nodes Ranvier (black dot row)(40x H & E)

Discussion
Motor Clinical Observations

The animals' gait returned to normal in all groups,
although they did so more quickly in the treatment
groups (40 days) and (56 days) than in the control
group (77 days). Knuckling disappeared in the
treated groups after 57 and 58 days, with a
significant difference (p<0.05), but it persisted in the
control group until the end of the study. All groups
had substantial muscle contraction forces, although
in the treatment (43 days) and (47 days) groups,
contraction began earlier than in the control group
(48 days).

Clinically, degeneration acts as impaired
supplementation, leading to the electrophysiological

recovery of sensory conduction and evoked
potentials [14].

This study showed that regression of knuckling
severity did not last in the treated group on day 57
but persisted in the control group until the end of the
study on day 112 PO. This interesting result on
walking improvement in all animals in the treated
group could be due to the role played by zinc oxide
nanoparticles, which had an impact on blood supply
and reduced functional recovery and innervation of
the injured sciatic nerve. Comparing animals in the
control group to those in the treated groups, the
current study found that the damaged sciatic nerve in
the Treated group quickly recovered its functional
state. Zinc oxide nanoparticles are thought to damage
peripheral nerve injury in two different ways. In
order to reduce fill endoneurial sheaths and prevent
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the formation of longitudinal columns, also known as
bands of Bungner, zinc oxide nanoparticles were
thought to act on Schwann cell proliferation through
inhibiting neuronal cell production and directional
axonal growth [15]. Because zinc oxide nanoparticles
promote the differentiation and proliferation of
Schwann cells, the levels of nerve growth factor
(NGF), neurotrophic factors, cytokines, and other
substances had been raised. The latter is crucial in
reducing Schwann cell migration and adherence to
axonal projections and encouraging neuronal death in
diminished response to damage [16].

It is important to notice from the current research
that, in comparison to the control groups, the muscle
contraction force of the treated group of animals
quickly increased. The progression of the sciatic
nerve's motor function is shown by the force of
muscle contraction and the atrophy of muscle mass,
which are related to muscular denervation and
muscle disuse. Early muscle hypertrophy and force
contraction are reduced by sciatic nerve neurotmesis
[17].

Sensory Clinical Observations

The current study showed that clinical signs of
sensation were suggestive of sensory progression in
each treatment group. The absence of sensation and
the presence of knuckling, especially when it is
severe and the animal walks on the dorsum of the
foot, help in the development of the atrophic ulcer.
Foot drop was noticeable right away after the nerve
was transacted, and it frequently disappeared or
lessened before the muscles were reinnervated.
Observations of the gait alone are not sufficient to
determine the precise commencement of the response
since the symptoms of sciatic nerve injury are
distinct. An reliable evaluation of the beginning and
development of recovery is achieved by restricting
observations to the muscle area directly innervated
by the sciatic nerve. Favorable markers of the onset
of motor function include movements that can be
evoked by reflexes (18), who documented the
healing and reflex movements in rabbits following
sciatic nerve injuries, including the spreading of
three toes on the hind limbs. In the midst of this
action, the animals spread their toes reflexively in an
attempt to enlarge the surface area of their feet for a
safer landing [19,20].

Relative gastrocnemius muscle

measurement (RGMWM)

weight

A comparison of the relative gastrocnemius
muscle weight means showed that the gastrocnemius
muscle started to atrophy after sciatic nerve injury.
However, on day 112 PO, the RGMW values in the
control group were significantly lower (p <0.05) than
in the control groups after 16 weeks (30%) and 8
weeks (25%). Airaksinen [21] found that muscle
weight regains after the reinnervation of motor target

organ and cutaneous afferents. The muscle gradually
regains mass depending on the degree of
reinnervation [21], which is related to the maximum
force of contraction.

Gastrocnemius  muscle is the immediate
peripheral target organ of the sciatic nerve.
Following nerve transection and treatment,
measuring the relative weight of this muscle
overtime gave an indicator of the sciatic nerve's
capacity for regeneration. As soon as a nerve was
damaged, atrophy set in, reducing the weight of the
muscular target organ. When comparing groups, the
treated group, followed by the control 8 week group,
had the lowest relative muscle weight ratio.
Confirmed regain of muscle weight when
reinnervation of the motor target organ and
cutaneous afferents were reestablished was reported
by. The muscle gradually regains mass depending on
the degree of reinnervation [21] which is related to
the maximum force of contraction.

Electrophysiological analysis:

The conductive velocity at 8 weeks PO showed
non-significant differences between the treated 16
and the control group showed substantial variations
in the same group between the left sciatic nerve (OP)
and the right sciatic nerve

The factor influencing peripheral nerve
regeneration was the degree of nerve tension at the
repair site. After careful alignment of both nerve
stumps, single epineural sutures were applied along
the circumference of the nerve. Failure to do so
would lead to swelling of the nerve end brought
about by postoperative edema. Additionally, the
coaptation of the nerve ends must not be fixed under
tension. Following sciatic nerve transection and
repair, endoneurial pressure changes markedly,
mainly due to impaired neuronal blood and
axoplasmic flow [22]. Increased tension at the site of
coaptation of the sciatic nerve is usually associated
with nerve elongation and decreased blood flow.
This is confirmed by Dumitrescu-lonesc, who found
that the nerve blood flow and conduction velocity
might decrease when the nerve tension increases.
The limitation of peripheral nerve elongation is 8-
10% and the point at which blood flow decreases by
50%. Elongation of 15% leads to stagnation of
endoneurial lymphatic flow, followed by increased
endoneurial fluid pressure, decreased oxygenation,
and cessation of axonal transport, resulting in axonal
degeneration [23,24].

A study by Sonawane [25] demonstrated that full-
range motion mobilization significantly impedes
functional recovery due to increasing endoneurial
collagenous connective tissue and decreased neural
angiogenesis at the nerve suture site, which blocks
the advancement of nerve neurite sprout regeneration
[24]. In the present study, after neurorrhaphy, the

Egypt. J. Vet. Sci. Vol. 55, No. 4 (2024)



STUDY THE EFFECT OF ZINC OXIDE NANOPARTICLES ON REGENERATION ... 1127

animals were placed in cages without immobilization
of the operated limb, contrary to [25].
Sonawane [25], who recommended the duration
of immobilization after reconstruction of the sciatic
nerve to be from 8 days to 6 weeks, while another
study [26] mentioned that the operated limb is
immobilized with a splint for 2-3 weeks.

Histopathological Examination

Histopathological examination of the damaged
sciatic nerve in the control and Treated groups
revealed basophilic nuclei of dividing Schwann cells
with a thick layer of myelin, excellent orientation,
myelination of nerve fibers, and little fibrous tissue at
the epineurium (Figure3).

Histopathological findings in this study showed
highly vascularized injured sciatic nerves due to
blood supply efficacies brought about by the
presence of neurotrophic factors capable of
angiogenesis through affected endothelial cells.
Previous studies mentioned that nerve growth factors
(NGF) is able to stimulate the migration and
proliferation of endothelial cells, remodeling of the
extracellular matrix, and functional maturation of
newly formed blood vessels [27]. The primary
supporting components that are crucial to the
regeneration of peripheral nerves are Schwann cells
[28]. Findings from the present study are consistent
with the results of previous studies, which examined
the essential roles played by Schwann cells in
guiding neural outgrowth after injury in injured
nerves, inhibition of Schwann cell proliferation, and
reduced axon growth [27]. Experimentally, when the
number of nerve cells and, consequently, the number
of nerve fibers in a region of the peripheral nervous
system are reduced, the number of Schwann cells
populating that region is correspondingly reduced.
Hence, a high concentration of Schwann cells might
indicate a high number of surviving neurons [28].

The reduced angiogenic and neurotrophic factors
in the above results from the histopathological
findings indicated that the degeneration impaired the
sensory and autonomic neurons in the dorsal root
ganglia and motor neurons in the ventral horn of
spinal cord regeneration which could be due to
decreased neurotrophic factors that protected the
neurons survival and regeneration in spite of the fact
that axon regeneration was still not connected with
target organs. This outcomes has been inconsistent
with that of Dolan et al. [29],who reported that
axonal injury, which disrupted the contact between
cell bodies and the peripheral organ led to the death
of up to 35% of the sensory neurons because of the
loss of neurotrophic factors from target organs[30].

The present study showed that
histopathologically, there was impairment in the
control group, as evidenced by a decrease in the
number of Schwann cells leading to reduced myelin

sheath. A decrease in the number of Schwann cells in
the stump due to impaired remyelination of
regenerated axons [30].

When a peripheral nerve is injured, an
inflammatory response occurs that results in
increased vascular permeability and intraneural
edema [27]. The polymorphoneuclear leucocytes that
invade the lesion site are able to produce harmful
oxygen metabolites such superoxide anion, hydrogen
peroxide, and hydroxyl radicals as a result of local
ischemia in the tissue. Neutrophils emit cytokines
and free radicals that can cause cell damage (31,32).
Through its antioxidant properties, it can indirectly
aid in the decrease of oxidative stress (33).
Experimental studies have shown that the induction
caused by compression of neural nerve in rabbits not
only increased the oxidative injury of the muscle
cells but also elevated the formation of edema in
these cells [34,35].

Conclusions

The conclusions drawn from this study are based on
clinical, electrophysiological examinations, as
follows:

1. Clinically, the clinical signs may disappear early
in the treated group compared with the control group,
with delayed nerve regeneration sometimes and
failure at other times.

2. Motor and sensory reflexes improved earlier in the
treated group compared to the control group.

3. Gastrocnemius muscle atrophy was low in the
treated group compared with the control group.
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