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ABSTRACT
Introduction: Peripheral neuropathy is a major side effect of chemotherapy. Nerve growth factor induces peripheral nerve 
regeneration. Retinoids play a significant role in neural growth.
Aim of the work: This study aimed to investigate the curative effect of either recombinant human nerve growth factor (rh-
NGF) or all trans-retinoic acid (ATRA) alone or together on taxol induced peripheral neuropathy.
Materials and methods: Fifty two male albino rats were divided into five groups. Group 1was control group. Group 2 was 
i.p. injected with taxol (2mg/kg) on days 1, 3, 5, and 7. Group 3 received taxol as in group II then at the 10th day it was i.p. 
injected with NGF (10ug/kg daily for 20 days). Group 4 received taxol as in group II then at the 10th day it was i.p. injected 
with ATRA (25mgkg daily for 20 days). Group 5 received taxol as in group II then it was i.p. injected with rh-NGF and ATRA 
at the 10th day with the same previous dose. Neurophysiological assessment was done for sensory and motor nerve conduction 
velocity and amplitude as well as thermal pain threshold. Sections of sciatic nerve were prepared for immunohistochemichal 
and electron microscopic studies.
Results: Taxol injected animals exhibited signs of peripheral neuropathy at the 10th day after the first dose of taxol. There 
was a significant decrease in sensory and motor conduction as well as prolongation in thermal pain threshold. Myelinopathy 
(splitting, ovoid fragments and invagination) and axonapathy (compressed irregular axoplasm, myelin figures and destructed 
mitochondria) were seen in the histological examination. Glial fibrillary acidic protein immunoreactive positive cells were 
significantly increased. rh-NGF and ATRA could ameliorate the electrophysiological and the histological changes. Their 
combined use had the best result.
Conclusion: This study concluded that the use of rh-NGF and ATRA combination could improve taxol induced peripheral 
neuropathy in male albino rats.
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INTRODUCTION                                                                   

Malignancy rate and use of cancer chemotherapy 
drugs is increasing. In 2012 about 14.1 million new cases 
of cancer occurred globally[1]. Peripheral neuropathy 
is a major side effect of chemotherapy; chemotherapy 
induced peripheral neuropathy (CIPN). In 50 % of patients 
neuropathy is reported as irreversible[2]. Taxol is the most 
common commercial preparation for paclitaxel. It is 
effective in treatment of many types of malignancies yet, 
its neurotoxicity persist for long time after cessation of 
treatment[3]. The need for treatment of CIPN increased as 
the five year survival rates of many patients with cancer 
increased. 

   Paclitaxel (taxol) is a plant alkaloid ester derived from 
the bark of the western yew tree, Taxusbrevifolia. It is a 
mitotic inhibitor which exerts its action by formation of 
abnormal bundles of microtubules within the cytoplasm, 
leading to the disruption of normal cell function and 

proliferation. In patients, this  results in the desired effect 
on the tumor, but this is accompanied by toxicity to normal 
tissue[4]. Paclitaxel impair microtubule assembly as well 
as neuronal structure and function. In vitro studies have 
demonstrated that large abnormal microtubule arrays 
were formed in spinal cord-sensory ganglion following its 
exposure to paclitaxel, causing abnormal neurite outgrowth 
and neuronal death[5]. 

Nerve growth factor (NGF) is a protein which is 
important for the growth, maintenance, and survival of 
certain target neurons . It was described as a member 
of the family  "nerve growth factors" or neurotrophins 
which also  include Brain-Derived Neurotrophic Factor 
and Neurotrophin-3[6]. Therefore, it has therapeutic effect 
on topical treatment of corneal neurotropic ulcers and 
muscle healing after strain injury[7]. NGF is important for 
the survival and continuation of sympathetic and sensory 
neurons. Other studies showed that it can cause axonal 
growth , axonal branching and elongation[8]. 
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Retinoids play a significant role in a variety of 
biological functions, particularly in epithelial and neural 
differentiation. They stimulate neurite outgrowth and 
promote functional regeneration in experimental peripheral 
nerve injury. Other studies demonstrated that all-trans 
retinoic acid (ATRA) administration reversed neuropathy-
associated morphologic changes in animals[9]. 

This study aimed to investigate and compare between 
the curative effect of ATRA, rhNGF, and their combination 
on peripheral neuropathy induced by taxol injection based 
on neurophysiological and histological studies.

2. MATERIALS AND METHODS                                          

2.1. Chemicals

1. 1- Paclitaxel (Taxol) (Sigma Aldrich, St. Louis, 
MO) was diluted just before using in saline solution 
0.9% Nacl at a concentration of 1mg/ml.

2. 2- Recombinant human nerve growth factor 
(rh-NGF) (Sigma Aldrich, St. Louis, MO) was 
preserved at -30 °C and then diluted just before 
using with saline 0.9% at a concentration of 10ug/
ml.

3. 3- All-trans retinoic acid (ATRA) (Sigma Aldrich, 
St. Louis, MO) was preserved and dissolved just 
before using in corn oil at a concentration of 20 
mg ̸ ml.

2.2. Animals and experimental design 

Fifty two adult male albino Wister rats, 3 months old, 
(180- 200 gm) body weight, were obtained from animal 
facility, Sohag University. All animals were housed, 
divided and put into metal box cages in room at 22°C with 
good ventilation and normal light\ dark cycle. They had 
open access to standard laboratory diet and tap water. The 
animals were adapted to diet and housing conditions for 
one week before starting of the experiment. The study was 
approved by Sohag Research Ethical Committee. They 
were randomized into 5 groups; 

Group 1 (G1): they were subdivided into 4 subgroups 

Group 1a (control group): 3 rats received daily 
intraperitoneal (i.p.) injection of physiological saline 1ml/
kg on days 1, 3, 5, and 7 then left up to the 10th day without 
treatment.

Group 1b (control group): 3 rats received daily i.p. 
injection of physiological saline 1ml/kg on days 1, 3, 5, 
and 7 then left up to the 30th  day without treatment.

Rh NGF treated group G1c: 3 rats received daily i.p. 
injection of (10ug/kg) rhNGF for 20 days. 

ATRA treated group G1d: 3 rats received daily i.p. 
injection of (25mg/kg) retinoic A for 20 days. 

Taxol treated group 2 (G2): 10 rats were i.p. injected 
with taxol (2mg/kg) on days 1, 3, 5, and 7 (10). This group 
was subdivided into

Group 2a: 5 rats left up to 10th day without treatment.

Group 2b (recovery group): 5 rats left up to 30th day 
without treatment.

Taxol and rh NGF treated group 3 (G3):  10 rats were 
i.p. injected with taxol as in previous group II then at 10th 
of the study, they were daily i.p. injected with rh-NGF 
(10ug/kg) for 20 days[11].

Taxol and ATRA treated group 4 (G4): 10 rats were 
injected taxol as in previous group II, then at the 10th 
day of the study, they were daily i.p. injected with ATRA 
(25mg/kg) for 20 days[12]. 

Taxol and combined rh NGF and ATRA treated group 5 
(G5): 10 rats were injected with taxol as in previous group 
II then at the 10th day of the study, they were daily i.p. 
injected with rh-NGF (10ug/kg) and ATRA (25mg/kg) for 
20 days.

2.3. Neurophysiological examination: 

Neurophysiological studies were done on days 1st, 
10th, 20th, and 30th from the start of the study. 
2.3.a. Nerve conduction studies

The rats were narcotized by ketamine 100 mg/kg, the 
sciatic nerve sensory and motor conduction studies were 
assessed using Neuropack 2 apparatus (NIHON KOHDEN 
MEM-7102K).
2.3.a1. Caudal nerve sensory conduction study

Sensory nerve conduction study of the caudal nerve 
was performed orthodromically by using two pairs of 
subcutaneous needle electrodes as the stimulating and 
recording electrodes. The reference recording electrode 
was placed at the base of the tail. The active recording 
electrode was placed 1cm distal to the reference electrode. 
The cathode stimulating electrode was placed 3–4 cm distal 
to the active recording electrode the anode stimulating 
electrode, 1cm distal to the cathode stimulating electrode. 
Negative peak latency and peak- to peak amplitude of the 
sensory nerve action potential (SNAP) were measured[13]. 
The distance between the stimulation and recording 
electrodes was measured in the straight tail position. The 
sensory nerve conduction velocity (SNCV)= distance 
between stimulation and recording electrode ̸ peak latency.

2.3.a 2. Sciatic nerve motor conduction study

Sciatic nerve motor conduction was assessed by 
examining the amplitude and latency of the evoked 
compound muscle action potentials (CMAPs) recorded 
from the feet. and paired needle stimulating electrodes 
inserted at the sciatic notch (hip; proximal) or the 
ankle (distal), the sciatic nerve was stimulated with 
supramaximal rectangular pulses of 0.05-ms duration and 
the resulting CMAP was recorded from needle electrodes 
placed subcutaneously over the dorsal foot muscles. The 
compound motor conduction velocity (MNCV)= distance 
between the 2 stimulation sites ̸ difference between 
proximal and distal latencies[14].
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2.3.b. Hot Plate Test

It was done for detection of thermal pain threshold on 
the rat tail. Rats were brought into the testing room and a 
period of acclimatization was provided. The surface of the 
hot plate was heated to a maximum temperature of 55ºC.
Then the rat was placed in the testing apparatus and the 
timer is started. The latency to show a nociceptive response 
in form of tail withdrawal or hind paw jump was measured 
with the timer. The rat was immediately removed when this 
response is observed. 20 second cut-off time is considered 
with this protocol[15].

2.4. Histological examination

The animals were anesthetized using 100 mg/kg of 
ketamin and dissected 24 hours after the last day of the 
experiment in each group. The proximal segments of 
sciatic nerve of the hind-limbs were taken and used for: 

2.4.a. Immunohistochemical staining for glial fibrillary 
acidic protein (GFAP) using rabbit polyclonal anti-GFAP 
Ab-4 (was purchased from Thermo scientific Laboratories, 
Neomarks, Fremont, USA) for detection of Schwann cells. 
The specimens were fixed in 10% formalin for 24 hours then 
processed to obtain paraffin blocks by routine protocols. 
Sections of 4µm were prepared for immunostaining by the 
labeled streptavidin–biotin peroxidase complex technique 
(16). Negative control was used by omitting the primary 
antibody while cerebral cortex was used as positive control. 
The diluted concentration was 1:100 and the positive 
reaction was brown cytoplasmic coloration. 

2.4.b. Transmission electron microscope

Small pieces of the sciatic nerve were fixed in 2.5% 
gluteraldhyde for 24 hours. The specimens were prepared 
to obtain semithin sections (0.5-1µm) by using Reichert 
super nova ultra microtome. The sections were stained 
with toluidine blue, examined by light microscope and 
photographed. Ultrathin sections (500-800 Ă) from selected 
areas of the trimmed block were made and collected on 
copper grids. They were stained by uranyl acetate for 10 
min and lead citrate for 5 minutes then examined by Jeol 
TEM 1010 electron microscope in the EM unit of Sohag 
faculty of medicine[16].

2.4.c. Morphometric study

The myelin sheath diameter and the axon diameter 
in transverse semithin sections of the sciatic nerve were 
measured in 10 different high power fields (X1000) from 
each slide in all groups. Then we estimated the g-ratio 
by dividing the diameter of the axon by the diameter of 
the myelin sheath of the nerve fiber[17]. The number of 
histopathological changes in sciatic nerves  in semithin 
sections  was counted in every 100 myelinated axons in 
high power fields (X1000) from each slide in all groups. 
The number of anti GFAP positive immunostained cells 
was counted in 10 different high power fields (X400) 
from each slide in all groups. All measurements of the 
previous parameters in the interested fields were done 

using microscopic photography unit, leica ICC Wetzlar 
(Germany) (Histology Department, Faculty of Medicine, 
Sohag University), and analysis of images was done by 
using Image J software (version 1.46r).

2.5. Statistical analysis

The collected data were statistically analyzed using 
Statistical Package Social Science (SPSS) (version 16.00; 
SPSS Inc., Chicago, Illinois, USA).  Comparison between 
groups after the treatment was examined by using paired 
sample student t-test. Data were expressed as mean ± 
standard error (SEM). P<0.05 was considered statistically 
significant.

3. RESULTS                                                                              

3.A. General observations

There was no mortality in all groups during the 
experiment. However salivation, slight agitation and 
abnormal gait were noticed in 70% of rats in G2a and G2b.

3.B. Neurophysiological results

No significant differences in the sensory and motor 
nerve conduction velocities or amplitudes as well as 
thermal pain threshold between G1a, G1b, G1c and G1d 
were observed. There were insignificant differences in the 
1st day after administration of taxol in all groups.

3. B. 1 Sensory nerve conduction studies:

There was a significant decrease in the caudal nerve 
SCV and SNAP amplitudes in all treated groups 2, 3, 4 and 
5 in comparison with control group (p<0.05) at the 10 th 
day. However there was a significant (p<0.05) increase in 
groups 3, 4 and 5 at the 20 th and 30 th days in comparison 
with G2b. There was insignificant change between G3 
and G4 at the 20th days while at the 30 th day while G3 
showed a significant increase as compared to G4.  G3 
and G4 showed a significant decrease in comparison with 
G5 and control at the 30 th day. There was insignificant 
change in both velocity and amplitude in G5 in comparison 
with control G1 at the 30 th day (Tables 1 and 2) and                                                                
(Histograms 1 and 2).

3. B. 2 Motor nerve conduction studies of the sciatic nerve 

There was a significant decrease in sciatic nerve MCV 
and CMAP amplitude in groups 2,3,4 and 5 in comparison 
with group 1 (p<0.05) at 10th day. However there was 
gradual significant (p<0.05) increase in G3, 4 and 5 at 
the 20th and 30th days in comparison with G2b. There 
was insignificant change between G3 and G4 while both 
showed significant decrease in comparison with G5 at the 
30th day. There was insignificant change in both velocity 
and amplitude in G5 in comparison with control G1 at the 
30th day (Tables 3 and 4) and (Histograms 3 and 4). 

3. B. 3 Hot plate test

There was a significant prolongation in the thermal 
pain threshold (hypoalgesia) as detected by the hot plate 
test in groups 2, 3, 4 and 5 as compared to the control group 
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(p<0.05) at 10th and 20th day of the experiment. There was 
a significant (p<0.05) reduction in the thermal threshold in 
both G3, 4 and 5 at the 20th  and 30th days as compared to 
G2b while exhibited insignificant change as compared to 
the control group at the 30th day. G3 showed a significant 
decrease as compared to G4 at the 20th day. In spite of 
reduced threshold in G2b at the 30th day it still showed 
significant hypoalgesia (Table 5) and (Histogram 5).

3. C. Histological and statistical results

3. C. 1. The histological examination

The histological examination of G1a, G1b, G1c and 
G1d revealed the same structure of rat's sciatic nerve in 
semithin and immunostained sections. The examined 
semithin sections of the nerve fibers in group 1 showed 
scanty endoneurial connective tissue in between the densely 
packed fibers. The myelinated fibers showed regular 
myelin around the axon. The clusters of unmyelinated 
ones appeared as rounded or oval axons that enclosed by 
Schwann cell processes (Figure 1). The ultrastructure of 
control group nerve fibers myelin sheath appeared compact 
and uniform with node of Schmidt. Schwann cell wrapped 
around a single axon forming multilayer of myelin sheath 
(Figure 2a).  Its cytoplasm contained euchromatic nucleus, 
rough endoplasmic reticulum (RER), mitochondria 
and primary lysosomes. The axoplasm of myelinated 
nerve fibers contained neurofilaments, microtubules and 
mitochondria. The unmyelinated nerve fibers were circular 
or ovoid in shape and grouped in cluster (Figure 2b). 
Examination of GFAP immunostaining sections revealed 
few positive Schwann cells of unmyelinated nerve axons 
and negative Schwann cells of myelinated ones (Figure 3).

The taxol treated G2a semithin sections exhibited 
variable histological changes in the myelin sheath as 
ballooning degeneration with complete splitting. There 
were numerous small diameter myelinated fibers while 
some large fibers had thin myelin sheath. The unmyelinated 
fibers were not affected (Figure 4). The ultrathin sections 
exhibited degenerative changes in axons and myelin 
sheath. There were membrane blebbing in the axolemma 
of degenerated fibers. Schwann cells cytoplasm had 
dilated RER and vacuoles (Figure 5a).The axoplasm of 
some myelinated fibers contained destructed mitochondria 
with complete loss of cristae in some. Myelin ovoid 
bubbles and complete splitting of myelin sheath with 
irregular compressed axon were frequently seen. The 
endoneurium contained bundles of collagen fibers (Figure 
5b). Examination of GFAP immunostaining sections 
observed some positive Schwann cells of unmyelinated 
and myelinated nerve axons (Figure 6).

The semithin sections of the sciatic nerves of taxol 
recovery G2b showed numerous degenerated fibers, 
deformed myelin sheath in many fibers with noticeable 
invagination, evagination, fragmentation and separation of 
myelin sheath. There were numerous small axons (Figure 
7).  The ultrastructure of myelin sheath showed irregularity 
with complete splitting in some fibers. Fragmented ovoid 

myelin and ballooned destructed mitochondria appeared in 
the axoplasm of others. Irregular compressed axons were 
frequently seen. Schwann cells had euchromatic nuclei, 
dilated RER and vacuolated cytoplasm. The unmyelinated 
axons were of variable size and had intact mitochondria 
in their axoplasm (Figure 8). Examination of GFAP 
immunostaining sections showed many positive Schwann 
cells of myelinated nerve axons (Figure  9).

Taxol and rh-NGF treated G3 semithin sections 
revealed that some nerve fibers were more or less 
similar to the control group. However some fibers 
exhibited deformity in the form of separation and areas 
of invagination and evagination of myelin sheath and 
irregular small axons (Figure 10). The ultrathin sections 
of examined fibers revealed ballooning degeneration of 
myelin sheath and some deformed axons. Schwann cell 
had euchromatic nucleus with prominent nucleolus and 
vacuoles in the cytoplasm (Figure 11). Examination of 
GFAP immunostaining sections observed some positive 
Schwann cells of myelinated nerve axons (Figure 12).

Taxol and ATRA treated G4 semithin sections showed 
some nerve fibers were more or less similar to control while 
some had separation in myelin sheath and small irregular 
axons. There were numerous small diameter axons (Figure 
13). The ultrastructure of myelin sheath of some fibers was 
dense with absence of node of Schmidt; also there were 
separation and splitting in the myelin sheath of some fibers. 
Unmyelinated axons were clustered in group (Figure 14). 
Examination of GFAP immunostaining sections observed 
few positive Schwann cells of myelinated nerve axons 
(Figure 15).

The examination of the combined rh-NGF and RA 
treated G5 semithin sections demonstrated that most of 
the nerve fibers were similar to control. Few fibers showed 
separation of myelin sheath, most nerve fibers were large 
in diameter (Figure 16). The ultrathin sections exhibited 
marked improvement in the previously mentioned 
degenerative changes. The nerve fibers were more or 
less similar to the control group. Fibers showed Schwann 
cell cytoplasm around the myelin sheath (Figure 17).  
Examination of GFAP immunostaining sections observed 
few positive Schwann cells of myelinated nerve axons 
(Figure 18). 

3.C.2. Morphometrical and statistical results

In this study the diameter of the axon and myelin 
sheath of the myelinated nerve fibers of sciatic nerve 
were measured. In G2a and G2b the mean axon diameter 
and g-ratio were statistically significantly decreased as 
compared to G1. There was a significant increase In G3, 
G4 and G5 as compared to G2a and 2b. However there 
was a significant decrease in axon diameter and g-ratio 
in G3 and G4 in comparison with G5 and control group. 
G5 was statistically insignificant as compared to G1. As 
regard myelin sheath diameter there was a significant 
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increase in G2a and b and G4 in comparison with control 
while G3 and G5 showed no significant difference. G4 
exhibited a significant improvement in all these measures 
in comparison to G3 (Table 6) and (Histogram 6). 

The mean number of the histopathological changes 
in sciatic nerves in group 2 (a and b) was significantly 
increased as compared to control group. As regard G4 and 
G5 there was significant decrease as compared to G2 (a 
and b) while there was insignificant change as compared 
to control group. However G3 still showed a significant 
increase in some histological changes as compared to 
control group, G4 and G5. (Table 7) and (Histogram 7)

 GFAP immunostainnig sections of all treated groups 
showed insignificant change in the number of positive 
Schwann cells of unmyelinted fibers as compared to 
control. On the other hand in both taxol treated G2                          
(a and b) showed a significant increase in the number of 
immunopositive Schwann cells of myelinated fibers as 
compared to control group. However both G3 and G4 
exhibited a significant decrease and increase as compared 
to G2 and G5 respectively. G5 showed insignificant change 
as compared to control (Table 7) and (Histogram 8).

Fig. 1: A photomicrograph of a semithin section of sciatic nerve (G1) 
showing group of nerve fibers separated by endoneurial connective 
tissue (*). Myelinated nerve fibers (arrow) have regular myelin sheath 
with minimal infoldings. Note: unmyelinated nerve fibers (arrow head).        
Scale bar 1µm      (Toluidine blue X1000)

Fig. 2: An electron micrograph of sciatic nerve section of control 
group (G1) (2a) showing myelinated (M) and unmyelinated nerve 
fibers (u). Schwann cell (S) wraps around a single myelinated axon 
forming multilayer of myelin sheath. (2b) showing a magnified part of 
myelinated nerve axon. Schwann cell wraps around single axon forming 
multilayer of myelin sheath.  It contains euchromatic nucleus (N), rough 
endoplasmic reticulum (R), mitochondria (m) and primary lysosomes 
(L). The axoplasm contains mitochondria (m) and dense dots represent 
microtubules and neurofilaments (nf).  Scale bar 1µm TEM (Uranyl 
acetate and lead citrate) (2a X5000, 2bX8000) 

Fig. 3: A photomicrograph of a section of sciatic nerve (G1) (3a) showing 
negative reaction for anti GFAP immunostainning in Schwann cells of 
myelinated nerve axons and (3b) showing few positive Schwann cells 
of the unmyelinated nerve axons are seen (arrowhead). Scale bar 2µm                 
GFAP antibody X400
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Fig. 4: A photomicrograph of a semithin section of sciatic nerve (G2a) 
showing degenerated myelinated fibers with formation of ovoid bubbles 
(arrow). Axonal separation is seen in some fibers (arrow head). There 
are numerous small diameter myelinated fibers (curved arrow) and 
scant endonurial tissue. Some large fibers have thin myelin sheath (*).               
Scale bar 1µm      (Toluidine blue X1000)

Fig. 5: An electron micrograph of sciatic nerve section of G2a (5a) 
showing ballooning degeneration (D) and complete splitting in myelin 
sheath with axon separation (*) and membrane blebbing (white arrow). 
Schwann cell cytoplasm has dilated RER (R) and vacuoles (V). (5b) 
showing irregular compressed axoplasm contains destructed mitochondria 
with loss of cristae (m) with appearance of myelin figure (arrowhead). 
Myelin ovoid bubbles (arrow) and focal area of splitting (F) are seen. 
Note: bundles of collagen fibers in the endoneurium (C).          Scale bar 
1µm      TEM (Uranyl acetate and lead citrate) (5a X5000, 5b X8000)    

Fig. 6: A photomicrograph of a section of sciatic nerve (G2a) showing 
some positive anti GFAP immunostainning Schwann cells of non 
myelinated (arrow) and myelinated (arrowhead) nerve axons respectively.  
Scale bar 2µm                                                       GFAP antibody X400

Fig. 7: A photomicrograph of a semithin section of sciatic nerve (G2b) 
showing numerous degenerated fibers and dispersed endonurium 
in between. Most fibers show deformed myelin sheath with area 
of invagination and evagination (arrow head). Others show ovoid 
fragmented myelin bubbles (curved arrow). Splitting of the myelin sheath 
(arrow) is frequently seen.   Note: numerous small axons (tailed arrow).                
Scale bar 1µm (Toluidine blue X1000)

Fig. 8: An electron micrograph of sciatic nerve section of G2b showing 
fragmented ovoid myelin in the axoplasm (arrow head) and ballooned 
destructed mitochondria (m). Some fibers have marked splitting of the 
myelin sheath in some areas (D) and small compressed axons. The 
clusters of intact unmyelinated axons of variable size (U). Note: Schwann 
cell with euchromatic nucleus (N), RER (arrow) and vacuoles in the 
cytoplasm (V). Scale bar 1µm  TEM (Uranyl acetate and lead citrate 
X5000)

Fig. 9: A photomicrograph of a section of sciatic nerve (G2b) showing 
many positive anti GFAP immunostainning Schwann cells (arrowhead) of 
myelinated nerve axons.      Scale bar 2µm                                                                   GFAP 
antibody (X400)
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Fig. 10: A photomicrograph of a semithin section of sciatic nerve (G3) 
showing most of nerve fibers are similar to control group apart from 
some fibers have swollen separated myelin sheath (arrow). Others 
show irregular axons (tailed arrow). Few fibers have deformed myelin 
sheath with invagination and evagination (arrow head).  Scale bar 1µm 
(Toluidine blue X1000)

Fig. 11: An electron micrograph of sciatic nerve section of G3 showing 
some myelinated axons have myelin sheath more or less similar to control 
(arrow) while others show ballooning degeneration (D). Deformed 
separated axon (arrowhead) is also seen. Schwann cell has euchromatic 
nucleus with prominent nucleolus (N), dilated RER (R) and vacuoles (V). 
Scale bar 1µm     TEM (Uranyl acetate and lead citrate X5000)

Fig. 12: A photomicrograph of a section of sciatic nerve (G3) showing 
some positive anti GFAP immunostainning Schwann cells (arrowhead) of 
myelinated nerve axons.  Scale bar 2µm                    GFAP antibody (X400)

Fig. 13: A photomicrograph of a semithin section of sciatic nerve (G4) 
showing some nerve fibers are more or less similar to control group. 
Some fibers show separation of myelin sheath (arrow). Others show small 
irregular axon (arrow head). Note: numerous small diameter axons (tailed 
arrow).   Scale bar 1µm (Toluidine blue X1000)

Fig. 14: An electron micrograph of sciatic nerve section of G4 showing 
some myelinated axons have dense myelin with absence of Node of 
Schmidt (*). Schwann cell cytoplasm contains euchromatic nucleus and 
dilated RER (R). Areas of axon separation (S) and splitting within the 
myelin sheath (D) are seen. Note: clusters of unmyelinated axons (U). 
Scale bar 1µm  TEM (Uranyl acetate and lead citrate X5000)

Fig. 15: A photomicrograph of a section of sciatic nerve (G4) showing 
few positive anti GFAP immunostainning Schwann cells (arrowhead) of 
myelinated nerve axons.      Scale bar 2µm   GFAP antibody (X400)
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Fig. 16: A photomicrograph of a semithin section of sciatic nerve (G5) 
showing most of nerve fibers (*) are more or less similar to control group. 
Few fibers show separation of myelin sheath (arrow). Scale bar 1µm 
(Toluidine blue X1000)

Fig. 17: An electron micrograph of sciatic nerve section of G5 showing 
most of axons are more or less similar to control group. Axoplasm contains 
intact mitochondria (m) and numerous microtubules and neuroilaments 
(X). Schwann cell cytoplasm is seen around the myelin sheath (*). Note: 
node of Schmidt within myelin sheath (arrow head).  Scale bar 1µm      
TEM  (Uranyl acetate and lead citrate X5000)

Fig. 18: A photomicrograph of a section of sciatic nerve (G5) showing 
few positive anti GFAP immunostainning Schwann cells (arrowhead) of 
myelinated nerve axons.  Scale bar 2µm      GFAP antibody (X400)

Histogram 1: The mean measurements of sensory nerve conduction 
velocity (SNCV) of the caudal nerve at the 1st, 10th, 20th and 30th days in 
all groups

Histogram 2: The mean measurements of sensory nerve action potential 
amplitude (SNAP) of the caudal nerve at the 1st, 10th, 20th and 30th days 
in all groups

Histogram 3: The mean measurements of compound motor conduction 
velocity (CMCV) of the sciatic nerve at the 1st, 10th, 20th, 30th days in all 
groups

Histogram 4: Mean measurements of compound motor conduction 
action potential amplitude (SNAP) of the sciatic nerve at the 1st, 10th, 20th, 
30th days in all groups
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Histogram 5: The mean measurements of thermal pain threshold of the 
rat tail at the 1st, 10th, 20th, 30th days in all groups

Histogram 6: The mean measurements of axon and myelin sheath 
diameters and g-ratio in all groups

Histogram 7: the mean number of different histopathological changes of sciatic nerves in all groups.

Histogram 8: The means number of GFAP positive Schwann cells in all groups
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Table 1: Mean ±SD of the sensory conduction velocity of the caudal nerve (SCV) at 1st, 10th, 20th, and 30th days after st dose of taxol injection 
in all groups

Caudal nerve SCV(m\s) G1
G2

G 3 G4 G5
G2a G2b

1st day 61.3±1.3 60.9±1.8 60.7±2.3 60.4±2.7 60.7±2.4

10th day 60.4±3.2 44.7±3.7* 45.2±4.2* 44.8±3.2* 45.2±4.1*

20th day 59.9±2.9 ---- 46.5±4.5* 51.1±5.8* 50.1±6.4* 50.7±5.2*

30th day 61.6±2.1 ---- 47.9±5.1* 58.1±3.3*#=+ 57.4 ± 4.2*#= 60.1±3.7#

* significant at P <0.05 (compared to group 1), # significant at P <0.05 (compared to group 2a and b), = significant at P <0.05 (compared to group 5), + 
significant at P <0.05 (compared to group 4)  SD standard deviation

Table 2: Mean ±SD of the sensory nerve action potential amplitude of the caudal nerve (SNAP amplitude in microvolt) at 1st, 10th, 20th, and 
30th days after 1st dose of taxol injection

Caudal nerve SNAP 
amplitude(µ) G1

G2
G 3 G4 G5

G2a G2b

1st day 43.3±3.4 45.62±4.2 43.6±3.9 44.4±4.5 44.22±4.1

10th day 44.8±4.1 25.2±6.1* 26.1±6.8* 23.9±5.5* 24.5±6.2*

20th day 44.4±3.8 ---- 29.6±4.6* 33.1±5.2#* 33.73±4.8#* 34.12±5.2#*

30th day 44.4±3.9 ---- 34.7±6.2* 42.2±4.4*#=+ 41.3±4.7*#= 45.3±5.8#

* Significant at P <0.05 ( compared to group 1), # significant at P <0.05 (compared to group 2a and b), = significant at P <0.05 (compared to group 5), + 
significant at P <0.05 (compared to group 4) SD standard deviation

Table 3: Mean ±SD of the motor conduction velocity of the sciatic nerve (MCV) at 1st, 10th, 20th, and 30th days after 1st dose of taxol injection

Sciatic MCV (m\s) G1
G2

G 3 G4 G5
G2a G2b

1st day 53.9±1.7 52.8±4.1 53.1±2.5 53.1±2.2 52.9±2.5

10th day 52.4±1.6 43.2±2.7* 45.8±4.8* 44.7±3.7* 44.8±3.8*

20th day 54.4±1.8 ---- 46.1±4.3* 49.2±4.3*# 49.2±4.3*# 49.6±3.1*#

30th day 53.9±2.3 ---- 47.3±4.4* 51.1 ± 2.7*#= 51.1±2.3*#= 53.7±2.1#

* Significant at P <0.05 ( compared to group 1), # significant at P <0.05 (compared to group 2a and b), = significant at P <0.05 (compared to group 5), + 
significant at P <0.05 (compared to group 4) SD standard deviation

Table 4: Mean ±SD of the compound muscle action potential amplitude of the sciatic nerve (CMAP in microvolt) at 1st, 10th, 20th, and 30th 

days after 1st dose of taxol injection

Sciatic nerve CMAP 
amplitude (mv) G1

G2
G 3 G4 G5

G2a G2b

1st day 4.6±0.7 4.7±0.6 4.5±0.8 4.2±0.7 4.3±0.5

10th day 4.5±0.8 3.1±0.6 * 3.3±0.5* 3.2±0.7* 3.1±0.3*

20th day 4.7±0.4 ---- 3.7±0.8* 4.2±0.7#* 4.1±0.6#* 4.2±0.4#*

30th day 4.8±0.4 ---- 3.9±0.7* 4.4±0.5#*= 4.3±0.8#*= 4.7±0.3#

* Significant at P <0.05 ( compared to group 1), # significant at P <0.05 (compared to group 2a and b), = significant at P <0.05 (compared to group 5), + 
significant at P <0.05 (compared to group 4) SD standard deviation

Table 5: Mean ±SD of the thermal pain threshold results at 1st, 10th, 20th, 30th day after 1st dose of taxol injection in all groups under the study

Thermal pain threshold G1
G2

G 3 G4 G5
G2a G2b

1st day 5.3±0.9 5.7±0.9 5.6±0.9 5.8±0.6 5.4±0.8

10th day 5.7±0.7 10.7±3.2* 10.6±3.4* 10.1±2.7* 10.4±2.9*

20th day 5.3±0.9 ---- 10.1±2.8* 8.9±2.5*#+ 9.2±2.1*#= 8.8±2.4*#

30th day 5.4±0.6 ---- 9.1±2.5* 5.5±1.1# 5.7±1.2# 5.4±0.8#

* Significant at P <0.05 ( compared to group 1), # significant at P <0.05 (compared to group 2a and b), = significant at P <0.05 (compared to group 5), + 
significant at P <0.05 (compared to group 4) SD standard deviation
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DISCUSSION                                                                           

This work had studied the therapeutic effect of rh-
NGF and ATRA on the neurotoxic effect of taxol on some 
electrophysiological functions of the caudal and sciatic 
nerves of the male albino rats and the histolopathological 
changes of the sciatic nerve. We found that i.p. injection of 
taxol in a dose of 2 mg/kg on days 1, 3, 5, 7 in cumulative 
dose 8mg could induced peripheral neuropathy 10 days 
after the first dose.

Taxol treated rats showed decreased sensory 
conduction velocities and amplitude of the caudal nerves 
about 26% and 45% respectively as well as decreased 
motor conduction velocities and amplitude of the sciatic 
nerve about 18% and 32% respectively. This might reflect 
the excess axonal loss and demyelinating lesions in the 
sensory neurons than the motor ones. In accordance with 
these findings it was reported that taxol tends to be highly 
concentrated in dorsal root ganglion neurons that lack blood 
nerve barrier which allowing its easy entrance to sensory 
rather than motor neurons[18]. This was in agreement with 
the previous study of Kawa (2014) who reported that 
rats exposed to paclitaxel injection showed decrease in 
motor and sensory NCV[20]. In contrast to our findings, 
previous in vitro studies found no changes on NCV after 
single large dose of taxol[19]. This discrepancy might be 
due to the low sensitivity of electrophysiological methods 
in early detection of neuropathy as the same researchers 
reported a decrease in NCV after prolonged treatment 
with taxol for 5 weeks. There was significant prolongation 
in thermal pain threshold compared to control rats (10.7 
sec ± 3.2 versus 5.7 sec ± 0.7) in the present study. In 
agreement with our finding, Bardos et al. (2003) observed 
thermal hypoalgesia without morphological or electro-
physiological changes[21].  However Polomano et al. (2001) 
described thermal hyperalgesia, mechanical allodynia and 

cold allodynia without any dose-response relationship[10]. 
However thermal hyperalgesia was commonly observed 
in rodent models of CIPN and thermal allodynia was also 
reported[22,9]. The inconsistent changes in pain threshold 
among different research groups might be due to the fact 
that current rodent models were not standardized for animal 
strain, age, sex, or drug dosing schedule[20]. The change 
in pain threshold might be interpreted by intraepidermal 
nerve fiber degeneration in taxol induced peripheral 
neuropathy[23]. 

The synchronizing decrease in both sensory conduction 
velocity and amplitude could reflect simultaneous affection 
of neurons and Schwann cells after taxol treatment. The 
histopathological changes in sciatic nerve as thin myelin of 
large fibers, decrease size of axon diameter and significant 
decrease in the number of well formed myelin sheath were 
in accordance with the decrease in sensory conduction 
velocity. The atrophied separated axons might be 
secondary to reduction in the expression and transport of 
cytoskletal proteins especially myelin basic protein. This 
was in agreement with previous studies of paclitaxel and 
vincristine induced neuropathy which reported that these 
proteins maintain the structure of microfilaments of the 
axons which are important for its caliber[24]. On the other 
point of view, this decrease could be secondary to axon 
compression caused by myelin sheath edematous splitting or 
ballooning degeneration. There was subsequently decrease 
in g-ratio due to decrease the axon diameter with abnormal 
thickening of myelin sheath secondary to its splitting. This 
was explained the dysfunction in nerve impulse conduction 
in this study. The observed myelin bubbles suggested 
recurrent demyelination and remyelination of the axons. 
This could represent a continuous trial of Schwann cells 
that exhibited signs of cell activation as prominent nucleoli, 
dilated RER, vacuolated cytoplasm to produce myelin and 

Table 6: Mean ±SD of axon and myelin sheath diameter and g- ratio in different groups

Parameter G1 G2a G2b G3 G4 G5

axon diameter (µm) 8.5±2.4 6.2±2.3* 5.8±1.9* 6.7±2.5#*= 7.4±3.1#*=+ 8.7±3.5#

Myelin sheath diameter (µm) 13.99±3.9 15.84±1.8* 16.17±2.8* 14.29±3.2*# 13.26±1.4#+ 13.11±3.5#

G-ratio 0.60±0.4 0.41±0.2* 0.34±0.1* 0.51±0.3#*= 0.53±0.25#*=+ 0.62±0.6#

* significant at P <0.05 (compared to group 1), # significant at P <0.05 (compared to group 2a and b), = significant at P <0.05 (compared to group 5), + 
significant at P <0.05 (compared to group 4)  SD standard deviation

Table 7: Mean ±SD of the number of different histopathological changes and GFAP positive Schwann cells of sciatic nerves in different 
groups

Parameter G1 G2a G2b G3 G4 G5

Well formed myelin sheath 95.3±1.1 30.2±3.9* 20.8±2.5* 65.2±1.4#= 80.8±3.2#+ 85.9±2.6#

Splitting in the myelin 1.6±2.3 55.3±2.4* 50.2±2.9* 37.4±1.5*#= 3.6±1.9#+ 1.3±2.8#

Invaginations and evaginations of myelin sheath 0.2±1.7 60.4±3.6* 70.4±2.6* 45.7±1.6*#= 1.4±2.3#+ 0.3±1.2#

Myelin fragments in axon 0.1±1.3   10±3.6* 63.4±2.3* 0.3±1.4# 0.22±2.1# 0.11±1.5#

GFAP positive unmyelinating Schwann cells 9.3±1.7 8.99±2.5 9.1±1.4 9.4±2.1 9.1±1.5 8.89±1.9

GFAP positive myelinating Schwann cells 0.2±1.6 82.12±2.3* 130.43±1.7* 53.92±1.5*# 6.3±1.4*# 0.3±2.1

* significant at P <0.05 (compared to group 1), # significant at P <0.05 (compared to group 2a and b), = significant at P <0.05 (compared to group 5), + 
significant at P <0.05 (compared to group 4)  SD standard deviation
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improve the demyelinated axons[18] . Moreover the axons 
exhibited several changes as compression, membrane 
blebbing, destructed mitochondria and myelin figures. The 
myelin ovoid fragments in the axoplasm could reflect the 
Wallerian like degeneration in the axons[25]. These changes 
might be secondary to apoptotic changes in the neurons[26]. 
It was reported that taxol could induce apoptotic cell death 
by stabilizing the microtubules in the cells leading to mitosis 
arrest[27]. The microtubule stability affects axonal transport 
of growth factors necessary for axonal integrity[28]. Another 
mechanisms by which taxol could induce apoptotic effect 
is by stimulation of cytochrome C release which activates 
caspase signaling pathway or by binding to mitochondrial 
anti-apoptotic Bcl2 leading to its inactivation[29]. On 
the other hand, Kirchmair et al. (2005) found that CIPN 
induced because of damaged blood vessels of the nerves 
due to excess production of reactive oxygen species (ROS)
[30]. In contrast to these findings some researchers found 
that this dose of taxol caused only endoneurial edema 
without any signs of axonal degeneration[10].

Glial fibrillary acidic protein (GFAP) is a highly 
intermediate filament conserved protein expressed in 
differentiated glial cells as non myelinating Schwann 
cells[31]. The myelinating Schwann cells acquire this 
protein in case of axonal neuropathy leading to its 
dedifferentiation and proliferation for axonal regrowth[32]. 
In this study the significant increase in the expression of 
GFAP-immunoreaction in myelinating Schwann cells in 
taxol group might be due to Wallerian like degeneration 
and separation of these cells from the axons secondary 
to myelin splitting. This led to increase the number of 
Schwann cells needed for axonal repair. Similarly, the 
previous studies reported that losing contact between 
Schwann cell and its axon led to loss of myelinating 
function and induce a cytoskeletal cellular change causing 
cytoplasmic accumulation of GFAP that lost during its 
development[33]. In accordance to this other studies found 
an increase in GFAP in the sciatic nerve after experimental 
nerve crush and triggered Schwann cells proliferation[34].

In the present study the persistence of reduced SSNCV, 
CMNCV and the histopathological changes in recovery 
group might be due to slow rate of regeneration of the 
affected axons. It was proved that the regenerative process 
depends on the axoplasmic components flow that happens 
in a rate of 0.5–10 mm/day[35]. These results were in 
agreement with Sahenk et al. (1994)[36]. However thermal 
pain threshold was improved but still showed upregulation 
as compared to control. This could be as a result to the 
absence of any morphological changes in the unmyelinated 
nerve fibers after taxol administration that facilitated 
the recovery of thermal hypoalgesia. These results was 
in accordance with the ability of  taxol to induce lipid 
peroxidation so it attacked polyunsaturated fatty acids 
and concentrated in myelinated fibers away from the 
unmyelinated ones[37]. 

Administration of rh-NGF in a dose of (10ug/kg) in 
G3 revealed moderate improvement in SSNCV, CMNCV 

and amplitudes at 30th day as compared to group treated 
with taxol alone. Moreover it caused significant increase 
in sensory conduction as compared to ATRA treated group. 
Similarly other works revealed that local or systemic 
administration of NGF produced long lasting allodynia, 
thermal and mechanical hyperalgesia[38]. These results 
were in accordance with Kehong et al. (2014) who found 
that rats treated with low and high doses of NGF faster 
sensory nerve conduction velocity in a cisplatin model of 
CIPN[11]. However it was reported that NGF ameliorated 
sensory neuropathy while not prevent motor one in diabetic 
rats[39,40].

In this work the thermal pain threshold showed 
insignificant change after 30th day in comparison with 
control group. This might be due to recovery from taxol as 
well as upregulation of neurotransmitters and sensitization 
of ion channels and receptors present on the afferent 
nerve fibers that are involved in nociception[41]. Previous 
studies found that NGF could increase the sensitivity of 
nociceptors indirectly by activating mast cells. Then, mast 
cells release pain mediators, including prostaglandins, 
bradykinin, histamine and NGF itself, which stimulates 
nociceptor terminals and improve the pain response[6].  

The good effect of NGF on the electrophysiological 
measurements was associated with mild improvement in 
histopathological changes. The significant decrease in the 
number of deformed axons as compared with taxol group 
could be due to its regulatory effect on the synthesis and 
stability of some cytoskeletal elements in neurons and its 
ability to reverse the toxic effect of taxol on microtubule 
assembly[42]. Moreover it also has antioxidant effect that 
overacts the ROS production by the upregulation of 
glutathione, catalase and glutathione peroxidase in sensory 
neurons[43]. There were some changes still observed as 
splitting of the myelin sheath and significant decrease in 
the mean axon diameter and g-ratio and significant increase 
in GFAP expression. This could be due to insufficient 
duration and /or dose of NGF to reverse these changes. 
In accordance to these findings it was reported that NGF 
could induce axonal extension and branching and protect 
against some of the toxic neuronal sensitivity changes 
without reversing the morphological changes[40].

The administration of ATRA in a dose of 20mg\kg (G4) 
showed moderate improvement in SSNCV, CMNCV at 
30th day as compared to rats treated with taxol alone. These 
results were consistent with Arrieta et al. (2005) who 
found that ATRA reversed thermal pain threshold changes 
and increased nerve growth factor content in sciatic nerve 
and in serum in diabetic neuropathy[9]. The improvement in 
physiological parameters was associated with a significant 
decrease in the degenerative axonal changes as compared 
to taxol group. Morphometrical and statistical analysis 
showed a significant increase in the mean axon diameter 
and g-ratio of the sciatic nerve as compared to the taxol 
alone-treated group and G3 but still downregulated as 
compared to the control. The immunoexpresion of GFAP 
was reduced in comparison with taxol and G3 but not reach 
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the control level as some nerve fibers exhibited deformed 
myelin. This might be secondary to neuroprotective effect of 
ATRA through stimulation and expression of their nuclear 
receptors[44]. The expression of these receptors plays an 
important role in regeneration of both sciatic nerve and 
Schwann cells. it was found that the regenerative ability 
of these receptors might be due to its stimulatory effect on 
Schwann cell migration that facilitates the remyelination 
of affected axons[45]. This migration is important for axonal 
elongation and regeneration by interacting with nerve 
fibers or basal lamina[46].  Furthermore it was found that 
retinoic A could stimulate axonal outgrowth and promotes 
functional regeneration of sensory axons in spinal cord[47].

Combined therapeutic administration of NGF and 
ATRA (G5) showed insignificant change in SSNCV, 
CMNCV and thermal pain threshold as compared to 
control group. Moreover the mean axon diameter, g-ratio 
and the expression of GFAP were more or less similar 
to the control group. This might be due to the improved 
axonal histopathological changes and the quiescent state of 
Schwann cells as there was no need for their proliferation. 
This enhancement of the neurotherapeutic effect of this 
combination might be attributed to their synergistic action 
on taxol toxicity. ATRA is capable of regulating the 
expression of not only NGF but also other neurotrphopins, 
such as ciliary neurotrophic factor, neurotrophin-3, and 
brain-derived neurotrophic factor, which could participate 
in nerve regeneration[48]. It might also overlap the disability 
of NGF to improve the retraction or degeneration of sensory 
neurons by its effect on Schwann cells as previously 
mentioned[40]. Moreover ATRA could regulate actin 
polymerization in microtubules that disturbed by taxol by 
transcription of the neurotrophin receptor genes[49]. On the 
other hand, NGF induces the production of retinaldehyde 
dehydrogenase type 2, which synthesizes retinoic acid and 
stimulates its intracellular pathways[50]. 

This combination will be able to achieve the challenge 
in taxol chemotherapy as it could improve the induced 
neuropathy and increase the efficacy of its cytotoxicity. It 
was proved that beside their neuroprotective effect both 
ATRA and NGF was proved to have antitumor effect. 
Previous studies used ATRA either in the treatment of cancer 
as neuroblastoma and acute leukemia or as an adjuvant 
with other antiproliferative drugs[51]. It was also used as 
nanoparticles with paclitaxel for treatment of breast cancer 
in vivo and in vitro studies[52] This was due to  its specific 
effects on cell proliferation, differentiation, and apoptosis, 
as well as its low toxicity. On the other hand NGF could 
induce differentiation rather than proliferation in cancer 
cell line (pheochromocytoma, glioma, neuroblastoma and 
pancreatic beta cells ocular glioma[53].

CONCLUSION AND RECOMMENDATIONS                             

It was concluded that that taxol could induce peripheral 
neuropathy at 10th day after its 1st dose that persisted up 
to 30th day. It caused structural changes in myelinating 
Schwann cells as acquired cytoplasmic GFAP that was 

lost during its differentiation. This study found that the 
therapeutic use of NGF gave better results in improving 
the electrophysiological changes but not the histological 
ones as compared to ATRA. Their combined use was more 
effective to improve both changes than their use alone. 
We recommended the combined use of NGF and ATRA 
as a therapeutic approach for taxol induced peripheral 
neuropathy. Further studies must be done to prove their 
synergistic therapeutic effect in other regimens of taxol 
and to ensure that there is no interaction with its anti tumor 
efficacy.
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الملخص العربى

دراسة مقارنة بين تأثير عامل نمو الأعصاب و حمض الريتينوك ضد استخدامهم 
المشترك علي اعتلال الأعصاب الطرفية الناجم عن التاكسول في ذكر الجرذ البالغ

اماني عبد الرحمن١، نسرين جمال الدين عبد الحليم٢،
 حسان محمد النادي٣،اسماء رأفت لطفي١ ، هدي مصطفي مغازي١

١قسم الفسيولوجي، ٢قسم الهستولوجي، ٣قسم العصبية - كلية الطب - جامعة سوهاج

المقدمة: يعد اعتلال الأعصاب الطرفية واحدا من أكثر الآثار الجانبية المزعجة لأدوية العلاج الكيميائي. ويعمل عامل 

الوظائف  الريتينوك دورا هاما في مختلف  يلعب حمض  بعد الإصابات.  استعادة نمو الأعصاب  نمو الأعصاب علي 

وحمض  البشري  الأعصاب  نمو  لعامل  التأثيرالعلاجي  لمقارنة  الدراسة  هذه  الأعصاب.تهدف  نمو  خاصة  الحيوية 

الريتينوك أحدهما أو كلاهما معا علي اعتلال الأعصاب الطرفية الناجم عن العلاج الكيميائي بالتاكسول.

 المواد والأساليب :  ٥٢ من الجرذان البيضاء الذكور البالغة قسمت إلي خمس مجموعات: المجموعة الأولى كانت 

 ٥، ٧  ،٣  ،١ الأيام  في  ملغ/كغ)   ٢) التاكسول  من  حقن   أربع  إعطاؤها   تم  الثانية:  المجموعة   , مجموعة ضابطة 

والمجموعة الثالثة : تم إعطاؤها التاكسول كما في السابق ثم من اليوم العاشر من التجربة تم الحقن البريتوني لعامل 

نمو الأعصاب (١٠ميكروجرام/كغ) يوميا ولمدة اسبوعين. المجموعة الرابعة : تم إعطاؤها التاكسول كما في السابق 

ثم من اليوم العاشر من التجربة تم الحقن البريتوني حمض الريتينوك (٢٠ملغ/كغ) يوميا ولمدةاسبوعين  - المجموعه 

الخامسة: تم إعطاؤها التاكسول كما في السابق ثم من اليوم العاشر من التجربة الحقن البريتوني عامل نمو الأعصاب 

(١٠ميكروجرام /كغ) وحمض الريتينوك (٢٠ملغ/كغ) معا يوميا ولمدة اسبوعين.  تم التقييم الفسيولوجي العصبي بقياس 

سرعة وسعة التوصيل الحسي والحركي و اختبار درجة احساس الألم الحراري. جهزت قطاعات من العصب الوركي 

للدراسات الهستوكيميائية المناعية والميكروسكوب الالكتروني.

النتائج: تسبب التاكسول بظهور علامات اعتلال الأعصاب الطرفية في اليوم العاشر من أول جرعه له. وقد تبين بطء 

في سرعة التوصيل الحسي والحركي وزياده في الوقت اللازم للاحساس بالالم وكان ذلك ذو دلاله احصائية. اظهر 

الفحص النسيجي للعصب الوركي اعتلال مياليني (انفصال وشظايا بيضاوية واقلابات للداخل) واعتلال قي المحور 

العصبي (انضغاط وعدم انتظام للمحور العصبي و أشكال من الميلين و تكسر للميتوكوندريا). كما وجد زيادة في عدد 

نمو الاعصاب  بعامل  العلاج  ادي  الدبقية ذو دلاله احصائية.  للألياف  الحمضي  للبروتين  الايجابية  الايميونية  الخلايا 

التغيرات  النتائج في  الريتينوك الي تحسن اعتلال الأعصاب الحسي والحركي. تأثيرهم المشترك له أفضل  اوحمض 

الفسيولوجية العصبية والنسيجية المرضية.

الاستنتاج: هذه الدراسة استنتجت ان الاستخدام المشترك لعامل نمو الاعصاب وحمض الريتينوك قد حسن التوصيل 

الحسي والحركي والتركيب النسيجي للعصب في اعتلال الأعصاب الطرفية التاجم عن التاكسول.


