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Abstract

Introduction: Cisplatin is one of the most widely prescribed antineoplastic
agents. It has shown to be effective against various malignant neoplasms.
However, its clinical use is limited due to its various side effects including
peripheral neuropathy. Cerebrolysin; a neuroprotective agent, was effectively
used against diabetic neuropathy and other neurodegenerative diseases.
Meanwhile, Gingko biloba showed to be effective against various central
nervous system disorders such as dementia, Alzheimer’s disease and cerebral
insufficiency.
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Aim: To study the protective effects of Gingko biloba versus cerebrolysin
against cisplatin-induced sciatic neuropathy in adult male albino rat.

Materials and Methods: Animals were randomized into 6 groups, 10 rats
in each group, Group 1 (control), Group 2 (received daily I.P. injection of2.5 ml/
kg of cerebrolysin for 4 weeks), Group 3 (received100 mg/kg of Gingko biloba
orally daily for 4 weeks using oral gavage), Group 4 (received I.P. injection of
2 mgl/kg cisplatin twice a week for 4 weeks), Group 5 (combined treatment of
cerebrolysin and cisplatin for 4 weeks) and Group 6 (combined treatment of
Gingko biloba and Cisplatin for 4 weeks).

Results: Cisplatin caused marked disorganization and/or shrinkage of
myelinated nerve fibers with severe compression of the axoplasm. Cerebrolysin
exerted more protective effect against Cisplatin induced neuropathy than that
of Gingko biloba.

Conclusion: Cerebrolysin and Gingko biloba exerted a neuroprotective
effect against cisplatin-induced peripheral neuropathy, but cerebrolysin showed
more improvement.
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cisplatin suffer from severe peripheral neuropathy [6,7]. The clinical
features of this neuropathy are mainly sensory including paraesthesia,
allodynia or burning pain [8,9]. Cisplatin neurotoxicity was explained
by several mechanisms such as its ability to accumulate in the Dorsal
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Root Ganglia (DRG) leading to degeneration of their large sensory
neurons, disruption of microtubule dynamics, apoptosis and vascular
neurotoxicity which is triggered mainly by oxidative stress caused by
increased Reactive Oxygen Species (ROS) [10-13].

Introduction R , et
Thus, it is crucial to find neuroprotective agents against cisplatin-

induced peripheral neuropathy, not interfering with its antineoplastic
activity. A number of neuroprotective agents have shown promising

Cisplatin (Cis-diamminedichloroplatinum II) is the first member
of the platinum coordination complex class of the anticancer drugs

[1]. It has shown to be effective against a broad range of various solid
tumors including cancers of the breast, brain, head and neck, stomach,
lung, bladder, testis and ovary [2]. However; its clinical use is limited
due to its severe side effects including nephrotoxicity, hepatotoxicity,
ototoxicity, myelosupression, gastrointestinal and retinal toxicity in
addition to peripheral neuropathy [3-5].

Cisplatin-induced peripheral neuropathy represents a major
clinical problem. It is estimated that 10-40% of patients treated with

results such as chelating, antioxidants & neurotrophic factors [12,14-
16]. Cerebrolysin, a neuropeptide derivative FPF 1070, is a synthetic
preparation that mimics the action of endogenous neurotrophic
factors. Such factors are used as a part of therapeutic strategy that
can repair and protect the brain from pathological damage of acute
and chronic neurological disorders including dementia, Alzheimer’s
disease, stroke and traumatic brain injury. It also showed beneficial
effects against peripheral diabetic neuropathy in type 2 diabetes
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mellitus [17-19]. Meanwhile; Gingko biloba extract EGb761, a potent
natural compound extracted from Gingko biloba leaves, improved
mental and cognitive functions in various central nervous system
disorders such as dementia and cerebral insufficiency. It also showed
a protective effect in ischemia/ reperfusion brain injuries and spinal
cord injury in animal models [20-23].

Thus; the present study was designed to investigate the possible
neuroprotective effect of ginko biloba versus cerebrolysin against
cisplatin-induced sciatic neuropathy.

Materials and Methods

Chemicals

Cerebrolysin used in this study was produced by Ebewe
Pharmaceuticals in the form of ampoules containing Iml or 5ml
cerebrolysin. Gingko biloba was produced by Ema Pharm Company
in the form of capsules, each containing 260 mg. The capsule was
dissolved in 52 ml distilled water. Accordingly, the dose of a rat (150
g) is 15 mg dissolved in 3 ml distilled water. Cisplatin (Cisplatyl 50)
was produced by Laboratoire Roger Bellon, France.

Experimental animals

Sixty adult male albino rats of the same age & weight (130- 150
g) were used in this study. The animals were acclimatized in suitable
cages for 1 week before the experiment, housed under standardized
conditions; with free access to standard pelletanimal dietand tap water.
Animals were anaesthetized before scarification. The experiment was
performed in the Histology department, Faculty of Medicine, Suez
Canal University. Approval of the research committee of the school
was taken for ethical consideration of dealing with animals.

Experimental design

The animals were randomized into 6 groups (n=10 rats) (i)
Control group (G1): received daily Intraperitoneal (I.P) injection of
1 ml 0.9 % saline for 4weeks; (ii) Cerebrolysin group (G2): received
daily LP. injection of 2.5 ml/ kg Body Weight (BW) of Cerebrolysin
for 4 weeks; (iii) Gingko biloba group (G3): received 100 mg/kg BW
Gingko biloba orally by oral gavage, daily for 4 weeks; (iv) Cisplatin
group (G4):received LP injection of 2 mg/kg BW Cisplatin, twice a
week for 4 weeks; (v) Cerebrolysin + Cisplatin group (G5): received
daily I.P. injection of 2.5 ml/ kg BW Cerebrolysin combined with
LP injection of 2 mg/kg BW Cisplatin twice a week, for 4 weeks;
(vi) Gingko biloba + Cisplatin group (G6): received 100 mg/kg BW
Gingko biloba orally combined with LP injection of 2 mg/kg BW
Cisplatin twice a week, for 4 weeks. At the end of the experiment;
all animals were anesthetized using I.P. injection of 90 mg/kg BW
ketamine and then sacrificed. The sciatic nerve was exposed through
an incision along the veins which run between the semi-tendinosus
and the biceps muscle. Then, it was excised and processed for light
and transmission electron microscopic examination.

Processing for Light Microscopic (LM) examination

The sciatic nerve was dissected and cut into small segments and
H&E stained paraffin sections, 5 um thick, were prepared. Qualitative
assessment was performed by the examination of 5 high power
fields (X400) in 10 serial sections from each animal of all the studied
groups, to assess the integrity of axons (preserved/lost) and the space
of myelin (Well-organized/Disorganized/obliterated).

Table 1: The frequency distribution of the different histopathological changes of
sciatic nerves in different groups.

Cisplatin C'Sa'a"”
Group Histopathological | Control | Cisplatin + Ginako
changes (G1) (G4) Cerebrolysin . 9
(G5) biloba
(G6)
Well organized myelin 100 0 g 55
space
Obliteration of myelin 0 100° 18 4500
spaces
Preserved axons 100 102 100° 63°
Loss of axons 0 902 o> 37°

Values are of percentages (%) (n = 10 rats/group).
2p < 0.0001compared to G1.
> p < 0.0001compared to G4.

Figure 1: A transverse section of sciatic nerve from the control group, showing
part of a nerve bundle surrounded by connective tissue Perineurium (P). It
contains large and small myelinated nerve fibers separated by connective
tissue Endoneurium (e). Each nerve fiber has a central axon (green arrows),
surrounded by space of myelin (arrow heads). Crescent- shaped nuclei of
Schwann cells (blue arrows), some nuclei of endoneurial cells (tailed arrows)
and blood vessels (curved arrow) are occasionally shown. (H&E x 400).

Figure 2: Myelinated nerve fibers (arrows) have compact regular myelin
sheaths that have darkly stained rounded or elliptical shapes. Unmyelinated
nerve fibers (wavy arrows) and Schwann cells (tailed arrows) are occasionally
shown. (Toluidine blue x 400).

Processing for Transmission Electron Microscopic (TEM)
examination

A very small piece (1-2 mm in length) of the sciatic nerve was
cut and processed as described by Bozzola & Russell [24]. Nerve
samples were fixed in a mixture of 2.5% glutaraldehyde and 2.5%
paraformaldehyde in 0.1 M Cacodylate buffer for 24 hours at 4
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CO, post fixed for 2 hours in 1% buffered OSO4 and dehydrated
by ascending grades of alcohol and cleared in propylene oxide.
Then, nerve samples were embedded in absolute resin, sectioned
transversely into Semithin (0.5 pm) sections which were stained with
toluidine blue and examined by light microscope. Ultrathin (40-
50nm) sections, cut with ultra microtome and stained with 4% uranyl
acetate and 2% lead citrate, were examined using Transmission
Electron microscope (in Transmission Electron Microscope Unit,
Ain Shams Specialized Hospital & Alazhar University) to detect
histopathological changes in the axon, myelin sheath, Schwann cells
and unmyelinated nerve fibers.

Statistical Analysis

The frequency distribution of each change was calculated, Data
were analyzed using the Statistical Package of Social Sciences (SPSS)
program version 17, (Chicago, IL, USA). Comparisons among groups
were carried out using one-way ANOVA. Histopathological scoring,
statistical analysis was performed using nonparametric tests. All p
values reported are two-tailed and p < 0.05 was considered significant.

Results

Clinical observations

No mortality was recorded among animals of different groups.
However, Five to six days after cisplatin treatment, marked weight
loss was observed in animals of Cisplatin group compared to other
groups.

Microscopic examination
(i) Control group (G1)

In the H&E stained sections, all animals showed normal
appearance of sciatic nerve. Each nerve bundle was surrounded
by connective tissue perineurium. It contained large and small
myelinated nerve fibers separated by connective tissue endoneurium.
Each nerve fiber has a central axon, surrounded by space of dissolved
myelin. Crescent- shaped nuclei of Schwann cells, some nuclei of
endoneurial cells and blood vessel were also seen (Table 1) (Figure 1).

Toluidine blue semithin sections also showed part of nerve bundle
in which the myelinated nerve fibers have compact regular myelin
sheaths that have darkly stained rounded or elliptical shapes. The
unmyelinated nerve fibers and Schwann cells were also occasionally
seen (Figure 2).

Transmission Electron Microscope (TEM): Myelinated nerve
fibers of different sizes were surrounded by compact regular myelin
sheaths with narrow Schmidt-Lanterman clefts. Schwann cells
enclosed euchromatic nuclei. Clusters of unmyelinated nerve fibers,
containing several rounded or ovoid axons, embedded in Schwann
cells processes were also seen. The myelinated nerve fibers showed
homogenous axoplasm with intact mitochondria and regular cristae

(Figures 3,4 and 5).
(ii) Cerebrolysin group (G2)

H&E stained sections, Toluidine blue semithin sections and
ultrathin sections of all animals were nearly similar to control group
showing normal structure of sciatic nerve (Figures 6,7 and 8).

(iii) Gingko biloba group (G3)

H&E stained sections, Toluidine blue semithin sections and

Figure 3: An electron micrograph of sciatic nerve section from the control
group, showing myelinated nerve fibers of different sizes with compact regular
myelin sheaths (arrow heads) surrounding their Axoplasm (A). Schwann cells,
surrounding myelinated nerve fiber, with its Euchromatic Nuclei (N) are also
shown. Groups of Unmyelinated Nerve Fibers (U) embedded in Schwann
cells processes, are also shown. (TEM x 5000).

THH Moy = 188008

Figure 4: Myelinated nerve fibers contain homogenous Axoplasm (A), with
narrow Schmidt-Lanterman Clefts (C). E= Endoneurium between the nerve
fibers. (TEM x 15000).

TEM bag - FEo00%

Figure 5: An electron micrograph of sciatic nerve section from the control
group, showing myelinated nerve fiber with its axoplasm containing intact
Mitochondria (M) with regular cristae. (TEM x 25000).

ultrathin sections also showed normal structure of the sciatic nerve
(Figures 9,10 and 11).
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Figure 6: A transverse section of sciatic nerve from G2, showing normal
structure of sciatic nerve. (H&E x 400).

Figure 9: A transverse section of sciatic nerve from G3, more or less similar
to G1 & G2. (H&E x 400).

Figure 7: A semithin section of the sciatic nerve from G2, nearly similar to
control group showing myelinated (arrows) and unmyelinated (wavy arrows)
nerve fibers. (Toluidine blue x 400).

oo

Figure 8: An electron micrograph of sciatic nerve section from G2showing
myelinated nerve fibers (arrow heads), their Axoplasm (A), Unmyelinated
nerve fibers (U) and Euchromatic Nuclei of the Schwann cells (N). (TEM x
5000).

(iv) Cisplatin group (G4)

H&E stained sections revealed that 100% of animals were affected.
The affection was in the form of disorganization and/ or shrinkage of
the bundle of the myelinated nerve fibers that have obliterated myelin
spaces in nearly all of them. Loss of axons was also demonstrated in
90% of the animals. Focal loss of endoneurium was also seen (Table
1) (Figure 12).

In Toluidine blue semithin sections, some of the disorganized

Figure 10: A semithin section of the sciatic nerve from G3, nearly similar to
G1 & G2. (Toluidine blue x 400).

THM Moy - SOs0E

Figure 11: An electron micrograph of the sciatic nerve section from
G3, showing normal sciatic nerve composed of myelinated nerve fibers
(arrow heads) with their Axoplasm (A). Unmyelinated nerve fibers (U) and
Euchromatic Nuclei of the Schwann cell (N) are also shown. (TEM x 5000).

myelinated nerve fibers showed markedly thickened myelin, while
others showed infoldings and outfoldings of myelin giving a star-
shaped appearance. Myelin fragments in the axoplasm of some nerve
fibers were also seen (Figure 13).

Transmission Electron Microscopic (TEM) confirmed the
marked damage caused by cisplatin. The myelinated nerve fibers were
disorganized. Some of them showed extensive splitting of their myelin
sheaths while others showed marked thickening with no apparent
axoplasm. Also, multiple vacuoles were seen within myelin sheaths
that disrupted the axoplasm. Extensive infolding and outfolding
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Figure 12: A transverse section of the sciatic nerve from G4, showing a
shrinked bundle surrounded by thin Perineurium (P). It contains disorganized
nerve fibers that show obliteration of myelin spaces (arrow heads) and loss
of axons (arrows) with Focal loss of Endoneurium (e) is also shown. (H&E
x 400).

TEM Mag - Sa00x

Figure 15: An electron micrograph of sciatic nerve section from G4 showing
multiple infoldings and outfoldings of some myelinated nerve fibers with
compression of their Axoplasm (A). The central myelinated nerve fiber (arrow
head) is extensively folded with no apparent axoplasm. (TEM x 5000).

Figure 13: A semithin section of sciatic nerve from G4 showing markedly
thickened myelin (arrow heads), infoldings and outfoldings of myelin giving
a star-shaped appearance (tailed arrows) and some nerve fibers containing
myelin fragments (wavy arrows).(Toluidine blue x 400).

Figure 14: An electron micrograph of sciatic nerve section from G4 showing
disorganized myelinated nerve fibers. Some of them show extensive splitting
(arrows) while others have multiple vacuoles of their myelin sheaths (arrow
heads). Vacuolation (V) of axoplasm is occasionally shown. Unmyelinated
nerve fibers (U) and Euchromatic Nuclei (N) of Schwann cells appear normal.
(TEM x 5000).

caused severe compression of the axoplasm that occasionally
contained myelin fragments. Additionally, vacuolation of axoplasm,
focalloss of endoneurium and vacuolated mitochondria were also
observed. Meanwhile; unmyelinated nerve fibers and euchromatic
nuclei of Schwann cells appeared normal (Figures 14,15,16,17 and

18).

Figure 16: An electron micrograph of sciatic nerve section from G4 showing
myelinated nerve fibers with markedly thickened myelin sheaths with no
apparent axoplasm (arrows). Infolding (wavy arrow) of the myelin sheath and
myelin fragments (arrow heads) in the axoplasm are also shown. (TEM x
5000).

Figure 17: An electron micrograph of the sciatic nerve section from G4
showing disorganized myelinated nerve fibers with extensive myelin splitting
into an inner thin part (tailed arrow) that surrounds the axoplasm (A) and
outer thick part that also shows focal loss of myelin (arrow heads). The space
between the two parts contains fragmented myelin (wavy arrow). Focal loss

of the Endoneurium (E) is also shown. (TEM x 15000).

(v) Cisplatin + Cerebrolysin Group (G5)

H & E stained sections showed evidence of marked protection to
the damaged sciatic nerves. Myelin spaces were well organized in 82%
of animals, while the 18% only were still having disorganized nerve
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Figure 18: An electron micrograph of the sciatic nerve section from
G4 showing myelinated nerve fibers with axoplasm that contains many
vacuolated mitochondria (arrow heads). (TEM x 25000).

Figure 19: A transverse section of the sciatic nerve from G5 showing nearly
normal appearance of many nerve fibers that contains central axons (arrows)
surrounded by almost normal myelin spaces (arrow head) and crescent-
shaped nuclei of Schwann cells (wavy arrows). Some nerve fibers are still
showing obliteration of myelin spaces (tailed arrows). Blood vessel is also
shown (curved arrow). (H&E x 400).

Figure 20: A semithin section of the sciatic nerve from G5 showing
myelinated nerve fibers which almost have nearly normal appearance. Few
nerve fibers show minimally thickened myelin (arrows) and/ or have star-
shaped axoplasm (arrow heads). (Toluidine blue x 400).

fibers with obliterated myelin spaces. No axon loss was detected in
this group (Table 1) (Figure 19).

In Toluidine blue semithin sections, the appearance of myelinated
nerve fibers was more or less normal, apart from few nerve fibers
which showed minimally thickened myelin and/ or have star- shaped
axoplasm (Figure 20).

Transmission Electron Microscopic (TEM) results showed

Figure 21: An electron micrograph of sciatic nerve section from G5 showing
many normal myelinated nerve fibers with homogenous Axoplasm (A), and
others with shrunken axoplasm (arrow) and myelin fragments (arrow heads).
(TEM x 5000).

THM Hag = iRenes

Figure 22: An electron micrograph of sciatic nerve section from G5 showing
myelinated nerve fibers, containing homogenous axoplasm (A), with narrow
Schmidt-Lanterman Clefts (C). The Endoneurium (E) between the nerve
fibers is also shown. (TEM x 15000).

THM Mag - 3B008x

Figure 23: An electron micrograph of sciatic nerve section from G5 showing
myelinated nerve fiber with its axoplasm containing intact Mitochondria (M).
(TEM x 25000).

nearly normal appearance of the myelinated nerve fibers with narrow
Schmidt-Lanterman clefts and normal mitochondria. Unmyelinated
nerve fibers and euchromatic nuclei of Schwann cells also exhibited
normal appearance. Few nerve fibers were still showing mild myelin
splitting that disrupt the axoplasm, shrunken axoplasm and myelin
fragments (Figures 21,22 and 23).

(vi) Cisplatin + Gingko biloba (G6)
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Figure 24: A transverse section in the sciatic nerve from G6 showing some
nerve fibers with nearly normal appearance (arrow) and other fibers still show
obliteration of myelin spaces (arrow heads). (H&E x 400).

Figure 25: A semithin section of the sciatic nerve from G6 showing some
normal myelinated nerve fibers. It also shows many nerve fibers with star-like
appearance (arrow heads), minimally thickened (tailed arrow) or markedly
thickened myelin (arrows). Focal loss of Endoneurium (E) is also shown.
(Toluidine blue x 400).

Figure 26: An electron micrograph of section from G6 showing some normal
myelinated nerve fibers with homogenous Axoplasm (A). Unmyelinated
(U) nerve fibers and Euchromatic Nuclei (N) of Schwann cells also appear
normal. Some myelinated nerve fibers are thickened (curved arrows) and still
showing minimal myelin splitting (arrow heads) that disrupts the axoplasm
(arrow). Myelin fragments in the axoplasm (tailed arrows) and focal loss of
Endoneurium (E) are also shown. (TEM x 5000).

H & E stained sections showed evidence of limited protection
to the damaged sciatic nerve. Myelin spaces were well organized
in 55% of animals, while the rest of them (45%) were still having
disorganized nerve fibers with obliterated myelin spaces. Nerve fibers
with preserved axons were demonstrated in 63% of animals, while
loss of some axons was detected in the rest of them (37%) (Table 1)
(Figure 24).

In Toluidine blue semithin sections, some myelinated nerve fibers
were normal while others revealed thickened myelin and/ or star like

e

Figure 27: An electron micrograph from G6 showing a normal myelinated
nerve fiber (F1) side by side to a damaged fiber (F2) showing separation of
myelin (arrow heads). (TEM x 15000).

Figure 28: An electron micrograph from G6 showing myelinated nerve fibers
with Vacuolated (V) axoplasm that contains mitochondria with no apparent
cristea (arrow heads). Some vacuolated mitochondria (arrow) are also
shown. (TEM x 25000).

appearance. Focal loss of endoneurium was also still seen (Figure 25).

Transmission Electron Microscopic (TEM) examination
confirmed the limited protection of sciatic nerve as it showed normal
appearance of some myelinated fibers, while many other fibers
showed myelin splitting, vacuolation and Myelin fragments in the
axoplasm. Focal loss of endoneurium was also noticed (Figures 26,27

and 28).
Discussion

Cisplatin is one of the most remarkable successes in ‘the war
on cancer’. It is one of the platinum-containing compounds and
considered one of the most effective and potent anticancer drugs
used in the treatment of a wide variety of both pediatric and adult
malignancies. However, the therapeutic use of cisplatin is limited
by its serious dose-limiting side effects including cisplatin-induced
peripheral neuropathy [3,25,26]. This neuropathy is mainly sensory
and can be extremely painful causing debilitating symptoms that
significantly affect the patient’s quality of life. This may require
modifications in chemotherapy treatment regimen either by dose
reduction or discontinuation of cisplatin treatment, which reduces
its efficacy [27-29]. This necessitates the search for protective agents
that could prevent or at least ameliorate cisplatin-induced peripheral
neuropathy, without interfering with its antineoplastic activity. This
study was designed to investigate the toxic effects of cisplatin on
sciatic nerve (as a peripheral nerve) and the possible neuroprotective
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effects of cerebrolysin versus Gingko biloba against cisplatin-induced
peripheral neuropathy, using light and transmission electron
microscopes.

In the present work, cisplatin treated animals received a dose
of2 mg/kg BW IP, twice a week for 4 weeks to induce peripheral
neuropathy. This model is well documented and has been widely used
in pre-clinical studies on cisplatin- induced neuropathy [30]. The
sciatic nerve, as the thickest and largest nerve in the body, has a great
sensitivity to neurotoxic effects of cancer chemotherapy probably due
to its high metabolic requirements [31,32].

During early days of treatment; signs of general toxicity appeared
and manifested in body weight reduction in rats of this group
compared to control group. This was in agreement with results of
Ozturk et al. [33]; who investigated the neurotoxic effect of cisplatin
in mice.

Examination of H&E stained sections in cisplatin group showed
marked disorganization and/or shrinkage of myelinated nerve
fibers with obliterated myelin spaces in nearly all fibers and loss of
axons in many fibers. Toluidine blue semithin sections furthermore
showed marked thickening and infoldings and outfoldings of myelin
giving the fibers a star-shaped appearance. Myelin fragments in
the axoplasm of some nerve fibers were also observed. This was
confirmed ultra structurally, as TEM examination showed marked
thickening, extensive splitting and infoldings and outfoldings of the
myelin sheaths. Severe compression of the axoplasm that occasionally
contained myelin fragments was also observed. Vacuolated
mitochondria and multiple vacuoles that disrupted the axoplasm
were also noticed. Kamisli et al. [34,35] investigated the protective
effect of hesperidin (a citrus flavonoid) and fish oil, respectively,
against cisplatin-induced oxidative stress in sciatic nerve. They found
axonal degeneration, which was attributed to the imbalance between
the oxidant and antioxidant status induced by cisplatin. Kamel, [36]
using transmission electron microscope, demonstrated extensive
splitting and thickening of myelin, axoplasmic vacuolations and
myelin fragmentation in the myelinated nerve fibers of sciatic nerve.
This researcher investigated the protective effect of alpha-lipoic acid
against the neurotoxic effect of cypermethrin (insecticide) on sciatic
nerve of albino rats. He reported that myelin splitting could be related
to accumulation of edema fluid. This can also explain the cause of
obliterated spaces of myelin which appeared in H&E sections.
The author added that the myelin fragment denoted Wallerian
degeneration. It was reported that the peripheral nerve degeneration
is generally accepted as an underlying cause for the development of
chemotherapy-induced peripheral neuropathy [37].

In our study, vacuolated mitochondria were demonstrated in
cisplatin group. Ali, [38], who performed a biochemical and ultra
structural study to investigate the protective effect of ginger extract
against cisplatin-induced hepatotoxicity in adult male albino rats,
found swollen or fused mitochondria in the hepatocytes of rats.
This discrepancy may be due to different dose (3.3 mg/ kg BW) and
duration (3 consecutive days) of cisplatin administration. It was
reported that direct mitochondrial damage by cisplatin occurred due
to formation of adducts between cisplatin and mitochondrial DNA.
This could inhibit mitochondrial DNA replication and mitochondrial
RNA transcription [39].

In the present work, the unmyelinated nerve fibers were
unaffected in cisplatin group. This can be explained by the findings
of Carozzi et al. [40] and Hwang et al. [41] who reported that the
neurotoxic effect of cisplatin in human and animals occurred via
induction of lipid peroxidation. Accordingly, cisplatin might tend
to concentrate in myelin sheaths affecting its lipid nature away from
the unmyelinated ones. Additionally, normal appearance of Schwann
cells in rats of cisplatin- treated group might be due to limited
oxidative effect of cisplatin on these cells. This is supported by the
suggestion of Zheng et al. [42] who reported that the mitochondria
of the Schwann cell are relatively spared from adducts to platinum-
containing chemotherapeutic agents.

In the present study, concomitant administration of cerebrolysin
with cisplatin resulted in less degenerative changes of sciatic nerve.
H&E stained sections showed well organized myelin spaces of sciatic
nerve in many animals. Few animals were still having disorganized
nerve fibers with obliterated myelin spaces. No axon loss was detected
in this group. There was a statistically significant decrease regarding
obliteration of myelin spaces, loss of axons and vacuolar degeneration
compared to cisplatin group. Also, Toluidine blue semithin sections
showed almost normal appearance of myelinated nerve fibers apart
from few nerve fibers which showed minimally thickened myelin and/
or have star- shaped axoplasm. Ultrastructurally, the neuroprotective
effect of cerebrolysin was confirmed. There was nearly normal
appearance of the myelinated nerve fibers with narrow Schmidt-
Lanterman clefts and normal mitochondria. On the other hand,
few nerve fibers were still showing mild myelin splitting, shrunken
axoplasm, myelin fragments and few degenerated mitochondria.
Up to our knowledge, there are no previous histological studies
demonstrated the neuroprotective effect of cerebrolysin against
cisplatin- induced peripheral neuropathy. However, Shchudlo et
al. [43] investigated the effect of cerebrolysin on the dynamics and
long-term results of peripheral nerve regeneration after transaction
and microsurgical suturing. They found that cerebrolysin has a
stimulating effect on the regenerative growth and differentiation
of nerve fiber axial cylinders, vascularization of the distal segment
of regenerating nerve and the trophic condition of myelin-forming
Schwann cells. They noticed that its effect persisted for up to 10.5
months after the end of paraneural injection course. Additionally,
Zangiabadi et al. [44] concluded that cerebrolysin has a significant
efficacy in improvement of nerve conduction velocity of peripheral
nerves in experimentally-induced diabetes. Moreover, cerebrolysin
had neuroprotective effects on the survival of retinal ganglion cells
and visual function after optic nerve crush in rat model [45].

In our study, the nearly normal appearance of axoplasmic
mitochondria indicated that cerebrolysin could restore and/or
enhance normal mitochondrial function, which is considered the
primary target of cisplatin oxidative cytotoxicity. Accordingly,
cerebrolysin reversed almost all pathological changes induced by
cisplatin in sciatic nerve of our study.

Also in the present work, concomitant administration of Gingko
biloba with cisplatin resulted in less degenerative changes of sciatic
nerves compared to cisplatin group, however the protection was
less than that of cisplatin + cerebrolysin group. This was evident
by examination of H&E and Toluidine blue semithin sections
which showed loss of axons in some nerve fibers and focal loss of
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endoneurium. These results were confirmed ultrastructurally by
TEM that furthermore showed partial improvement of myelinated
nerve fibers. Our results were in accordance with Ozturk et al. [33]
who found that Gingko biloba provided partial protection against
cisplatin- induced neurotoxicity in mice. They attributed this
neuroprotection to its antioxidant and anti-inflammatory activities.

Also in this group, TEM showed persistent degeneration of
all axoplasmic mitochondria, which can be explained by partial
uncoupling of mitochondria from oxidative phosphorylation by
Gingko biloba. This was suggested by Bernatoniene et al. [46] who
assessed the influence of Gingko biloba in rats exposed to 70%
ethanol and evaluated the functions of isolated heart mitochondria
under normal and ischemic conditions.

Conclusion

Cisplatin induced histopathological changes in myelinated nerve
fibers of the sciatic nerve. Cerebrolysin had more neuroprotective
effect than Gingko biloba against cisplatin-induced peripheral
neuropathy.
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