Kafrelsheikh Vet. Med. J. Vol. 17 No. 1 (2019) (63-77)

PATHOLOGICAL EVALUATION OF DORSAL ROOT

GANGLIA AND SPINAL CORD AND SCIATIC NERVE

FOLLOWING A CHRONIC CONSTRICTION INJURY
OF THE SCIATIC NERVE IN RATS

Al-Shimaa E Elsayed*, Walaa F Awadin', Marwa E Abass?, and Mohamed F
Hamed®

! Department of Pathology, Faculty of Veterinary Medicine, Mansoura University, Mansoura
35516, Egypt.

2 Department of Surgery, Anesthesiology and Radiology, Faculty of Veterinary Medicine,
Mansoura University, Mansoura 5516, Egypt.
“Correspondence to: Al-Shimaa E Elsayed; Tel. 01018912584, Email:
alshimaaelhefny@gamil.com

ABSTRACT

Objective: To study pathological changes on spinal cord and dorsal
root ganglia (DRG) and sciatic nerve itself after sciatic nerve injury
in rats

Design: Randomized experimental study

Procedure: Rats were randomly divided into two main groups.
Control group (25 rats) without any treatment and treated group
(n=50) with induced chronic constriction injury (CCI) of sciatic
nerve. The rates of the treated groups were euthanized at intervals, 25
rats after two weeks and the other 25 rats at 4 weeks after injury.
Histopathological examinations of sciatic nerve, spinal cord and DRG
for each group were done.

Results: The sensory neurons of the DRG displayed chromatolysis at
two weeks post-injury, while chromatolysis, satellitosis and
microgliosis were evident at four weeks post-injury. Wallerian
degeneration in the sciatic nerve, and inflammatory cells recruitment
with glial cells proliferation in spinal cord, was consistent at four
weeks of CCI.

Conclusion and clinical relevance: We concluded that DRG showed
deleterious pathological alterations in the sensory neurons following
sciatic nerve injury in rats.
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INTRODUCTION

Chronic constriction injury of the sciatic nerve (CCI) is a model of
peripheral nerve injury (PNI) that was established in 1988 [1]. It is
considered as a means to produce neuropathic pain in laboratory animal
models [2]. This model produces a pathological condition that is quite
similar to human peripheral nerve injury with its consequent behavioral
manifestations [3]. Thirty percent of PNI arose from lacerations by sharp
objects and long bone fractures [4]. The remaining penetrating injuries,
crush, ischemia, traction, electric shock and vibration play a role as well
[5].

The dorsal root ganglia (DRG) are found between the dorsal root
and the spinal nerve. It contains pseudo unipolar neurons that carry

sensory information from the peripheral receptors to the central nervous
system for a response [6].

After nerve injury or inflammation, the sensory neurons in the
DRG may become an important cause of increased nociceptive signaling
through increased neuronal excitability and generation of ectopic
discharges [7]. Many factors have to be taken into consideration when
trying to predict the outcome of peripheral nerve repair, including type,
location and extent of nerve injury; timing of surgery; type of repair;
proper alignment of fascicles; surgical technique and patient
comorbidities [8].

The present study has investigated to shed light on the pathological
changes and the secondary anterograde degeneration of the rat sciatic
nerve fiber, dorsal root ganglion and spinal cord after chronic
constriction injury.
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MATERIAL AND METHODS

2.1. Animals

This study was performed on Seventy-five healthy male albino rats
weighing 190-220 g and aged 2-3 months. Rats were kept in cages (4
rats/cage) on a sawdust bedding under controlled laboratory conditions
(12 h light/dark cycle, lights on from 8:00 am) with temperature 20°C,
air humidity 55-60% and free access to food and water. Five days before
the experiments, they were daily weighted, handled gently for 5 minutes,
and placed in the test room for 2 hours (from 09:00 AM to 11:00 AM),
where they were left to become accustomed to the surrounding
environment. All experiments performed between 09:00 AM and 11 :00
AM.

2.2. Experimental design

Seventy-five healthy male albino rats were randomly divided into
two main groups. First group (n=25) was a control negative group in
which the rats were kept for month without surgery. In the second treated
group (n=50), rats were subjected to CCI. The rates of the treated groups
were euthanized at 2 intervals, whereas 25 rats were euthanized at two
weeks post CCl, and, the other 25 rats were euthanized at four weeks
post CCI of the sciatic nerve.

2.3. Surgical procedures

A CCI of the sciatic nerve was performed according to [1], under
intraperitoneal injection of medetomidine hydrochloride 0.4 mg/kg
(Domitor 1%, Pfizer, Seixal, Portugal) and ketamine hydrochloride 60
mg/kg (Ketamax 5%, Troikaa, Gujarat, India;[9].
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Briefly, the left hind limb was aseptically prepared then a skin
incision was made 3-4 mm below and parallel to the femur. A blunt
dissection was made between the gluteus superficialis and the biceps
femoris muscles using blunt curved scissors then widening of the gap
between the two muscles by self-wound retractor to clear visualization of
the sciatic nerve. Using curved blunt-tipped forceps and micro-scissors,
approximately 10 mm of the sciatic nerve was gently freed (proximal to
the sciatic trifurcation) from the surrounding connective tissue.

Four ligatures were placed around and proximal to the trifurcation
of the sciatic nerve with 1-mm spacing using chromic gut 4.0 (absorbable
suture, Sharpoint®, USA). Constriction of the nerve was immediately
stopped if a brief twitch was observed to prevent arresting of the
epineural blood flow over tightening the ligatures and to avoid axotomy
and autotomy (self-mutilation) both unwanted side-effects which
preclude successful pain hypersensitivity testing [10].

The muscles overlying the nerve were sutured with two rows of a
simple continuous pattern chromic using gut ligature (3-0) (absorbable
suture, Sharpoint®, USA). The wound was irrigated with normal saline
then the skin incision was sutured with simple interrupted pattern using
surgical suture silk 3.0 (non-absorbable, braided suture, Ghatwary
medical, Egypt). Betadine dressing was used postoperatively

Immediately following surgery, the rats were placed on a warmed
pad, filter-topped recovery cage. A systemic anti-inflammatory and
antibiotic drugs were intramuscularly injected once daily for 5 days
(meloxicam 6 mg/kg; Anticox [], Smg/ml, Adwai, 10th of Ramadan city,
Egypt and cefotaxime 60 mgkg; Taximodel 1 gm, Pharco, Egypt).

Besides, a local topical antibiotic spray neomycin, bacitracin (Bivatracin,
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Acadima international, Egypt) was applied once daily until healing of the
wound. The skin stitches were removed after ten days.

2.4. Macroscopic and Microscopic finding
All macroscopic findings were recorded for month post CCI.

After perfusion, specimens from sciatic nerve, spinal cord and
dorsal root ganglia were obtained from each group and submitted to
Pathology Department, Faculty of Veterinary Medicine, Mansoura
University in 10% neutral buffered formalin. (Formalin fixed tissues
specimens were dehydrated in ascending grades of alcohol
concentrations, cleared in xylene, and embedded in molten paraffin. Five
pum thick paraffin sections were cut with a microtome and again cleared
in grades of xylene, dehydrated in graded alcohol concentrations then
stained with hematoxylin and eosin (H&E) [11].

RESULTS

3.1. Macroscopic findings

The animal arches its back upwards with rough hair coat and
porphyrin staining (read tears around nose and eye of rats). As well as,
abnormal gait and posture in the affected limb which appear as dragging
of the limb or standing on knee joint limb not toe and hind paw shrinkage

(Fig 1).
3.2. Microscopic findings

Dorsal root ganglia in the control group have clusters of cell bodies
that varied in size to large, intermediate and small neurons (Fig. 2A).
After 2 weeks of chronic sciatic nerve constriction, DRG showed
alterations in normal histological architecture represented in edema and
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disorganization of neurons. Neurons had central chromatolysis with
nucleus pushed peripherally especially in the small sized ones (Fig. 2B).
After 4 weeks of sciatic nerve injury, DRG showed contracted neurons
with marked central chromatolysis particularly in small and medium
sized neurons. Proliferation of microglia (microgliosis) and satellite cells
(satellitosis) were also seen within the DRG (Fig. 2C&D).

In the control group, sciatic nerve exhibited normal nerve fibers
with normal Schwan cells and normal epineurium (Fig. 3A). After 2
weeks of injury, sciatic nerve showed edema in perineurium, necrotic
Schwan cells and degenerated nerve fibers (Fig. 3 B). After 4 weeks of
injury, sciatic nerve showed Wallerian degeneration and axonal
spheroids (Fig. 3C). Secondary demyelination with presence of foamy
macrophages engulfed myelin was also observed (Fig. 3D) Peripheral
granulomatous neuritis represented by aggregation of macrophages and
epithelioid cells was additionally recorded

Spinal cord of the control group was consisted of peripheral white
matter and inner gray matter with normal central canal, neurons,
astrocytes and microglia (Fig. 4A). while after 2 weeks of sciatic nerve
injury showed abscessation in white matter. Aggregation of neutrophils
within the white matter and at the junction between white and gray
matter was also seen. Marked astrocytosis and astrogliosis in gray matter
was observed as well (Fig. 4B). After 4 weeks of sciatic nerve injury,
spinal cord neurons showed central chromatolysis with peripherally
dispersed Nissl granules and slightly eccentric nucleus. Activated
microglia cells was also seen (Fig. 4C).
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DISCUSSION

The present study investigated the pathological alterations in DRG,
sciatic nerve and spinal cord following chronic constriction injury of the
sciatic nerve in rat model. Microscopic examination showed that the
most affected neurons after sciatic nerve injury were the small sized
ones. These findings may indicate that the small dark populations of
neurons are comprised mostly of primary sensory ones. The latter convey
nociceptive signals, so these neurons might play a key role in
neuropathic hypersensitivity [12, 13]

The central chromatolysis particularly in small and medium sized
neurons was the most consistent lesion after sciatic nerve injury. The
lesion severity increased with increasing time of exposure. Central
chromatolysis is a histopathologic change seen in the cell body of a
neuron. This process occurs after an injury to the neuron and is sustained
and/or irreparable. Central chromatolysis is characterized by tumefaction
of cell body and Nissl bodies are dissolved from the cell center and
peripherally displaced along with the nucleus [14]. It is an axonal
reaction where changes appear to reflect reversible changes in cell
metabolism that include ischemia; these changes are interpreted as a state
of heightened metabolic activity that favors axonal regeneration [15, 16].
Chromatolysis and inflammation are characteristic of neuronal cells with
compromised microcirculation that can disrupt communication in many
portions of the central nervous system [17]. Chromatolysis also causes
degeneration of myelin sheaths and neuronal death in both the peripheral
nerves and the central nervous system. These and associated conduction
block markedly aggravate damage and neurological dysfunction in SCI

[18]. In this study, the prominent histopathological alterations were
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proliferation of microglia (microgliosis) and satellite cells (satellitosis).
These findings are consistent with the data of the previous approaches
[19]. Satellite cells respond to damage of sensory neurons in DRG, so
these cells may play a role in the pathological changes in the ganglia
[19]. Chronic sciatic nerve compression was characterized by secondary
demyelination as mentioned by [20]. The spinal cord inflammatory cells
recruitment and glial cells proliferation and activation were hall markers
in the most of neuropathic pain models [21-23]

CONCLUSION

DRG and spinal cord neurons showed deleterious pathological
alterations in the sensory neurons that increased with increasing time of
exposure following sciatic nerve injury.
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Figure legends:

Fig.(1): Red tears (porphria), rough erected hair and arched back with
prescience of edema and flexion of fingers.

Fig. (2): Microscopic pictures of H&E stained DRG displays (A) normal
neurons (arrow) with normal satellite cells (arrow head), (B) central
chromatolysis with nucleus pushed to peripherally (arrow) and
enlarged satellite cells with mild macrophagic recruitment
(arrowhead), (C&D) small sized neuron with central chromatolysis
(arrow) and macrophagic infiltration (arrowhead; 400x)

Fig. (3): Microscopic pictures of H&E stained sciatic nerve showing (A)
normal nerve fibers with normal Schwan cell (arrow) and normal
epineurium. (100x), (B) edema in perineurium, necrotic Schwan cells
and degenerated nerve fibers (arrow) 2 weeks of injury, (100x), (C)
Wallerian degeneration and axonal spheroids (arrow) 4 weeks of
injury (400x), (D) secondary demyelination with presence of foamy
macrophages (arrow) (400x), (E) granulomatous peripheral neuritis
represented by aggregation of macrophages and epithelioid cells
(arrow; 400x).

Fig. (4): Microscopic pictures of H&E stained spinal cord displays (A) normal
neurons (arrow), astrocytes (arrow head) and normal microglia (red
arrow), (B) neutrophilic infiltrate (arrow head) and degeneration of
nerve fibers at white matter, (C) central chromatolysis with dispersed
Nissl granules at the neuron peripherally and slightly eccentric
nucleus (arrow) and activated microglia cells (arrow head; 400x).
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Fig.(1): Red tears (porphria), rough erected hair and arched back with
prescience of edema and flexion of fingers in rats after CCI.

Fig. (2): Microscopic pictures of H&E stained DRG displays (A) normal
neurons (arrow) with normal satellite cells (arrow head), (B) central
chromatolysis with nucleus pushed to peripherally (arrow) and
enlarged satellite cells with mild macrophagic recruitment
(arrowhead), (C&D) small sized neuron with central chromatolysis
(arrow) and macrophagic infiltration (arrowhead; 400x)
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Fig. (3): Microscopic pictures of H&E stained sciatic nerve showing (A)
normal nerve fibers with normal Schwan cell (arrow) and normal
epineurum. (100x), (B) edema in perineurum, necrotic Schwan cells
and degenerated nerve fibers (arrow) 2 weeks from injury, (100x), (C)
Wallerian degeneration and axonal spheroids (arrow) 4 weeks from
injury (400x), (D) secondary demyelination with presence of foamy
macrophages (arrow) (400x), (E) granulomatous peripheral neuritis
represented by aggregation of macrophages and epithelioid cells
(arrow; 400x).
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Fig. (4): Microscopic pictures of H&E stained spinal cord displays (A) normal
neurons (arrow), astrocytes (arrow head) and normal microglia (red
arrow), (B) neutrophilic infiltrate (arrow head) and degeneration of
nerve fibers at white matter, (C) central chromatolysis with dispersed
Nissl granules at the neuron peripherally and slightly eccentric
nucleus (arrow) and activated microglia cells (arrow head; 400x).
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