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Abstract

The effects of ganglioside on paclitaxel induced neuropathy were studied in 15 female Wista
rats. The animals were equally divided into 3 groups based on the type of administrated drug. The first
(C-group) received an intraperitoneal weekly injection of 1 ml of NSS for five weeks. The second (P-
group) received 9 mg/kg of a paclitaxel intraperitoneal weekly injection for five weeks. The third (PG-
group) received both ganglioside and paclitaxel. Sensory evaluation and electrophysiologic studies of
the tail nerve were performed before the administration of the first dose and at the end of the experi-
ment. Morphological evaluation of the sciatic nerve was also studied. The results revealed the mean
reaction time of the tail flick test, latency, amplitude and nerve conduction velocity of the P-group in
the first and seventh week were of significant difference. However, there was no significant difference
detected in those of the C-group and the PG-group. There was significant difference in all parameters
between the PG and P-groups but not between the PG and C-groups. Cross sections of the sciatic nerve
in the P-group showed mild endoneurium edema and some degenerated axons. Small myelinated nerve
fibers in the PG-group were prominent. The results of this study indicated that ganglioside treatment
could produce some beneficial effects in an animal model! of paclitaxel induced neuropathy.
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Paclitaxel (Taxol), a natural extract from the
bark of Taxus brevifolia, is a promising antineoplastic
agent(1,2), 1t is also known to be neurotoxic in
humans(3). Neurophysiological and morphological
evaluations of taxol-induced neuropathy have been
studied in several experiments(4-12). The possibility
of reducing the toxic effects of paclitaxel on the peri-
pheral nerves would, therefore, be of great clinical
interest. Nerve growth factor and adrenocorticotropic
hormone analogue have shown their potentiality to
reduce the toxic neuropathy(12.13), Recently, it has
been found that oral administration of glutamine 24 h
after the completion of paclitaxel can reduce the seve-
rity of peripheral neuropathy(14). Gangliosides belong
to a family of sialic acid-containing glycosphingo-
lipids that modulate cell-cell and cell-matrix inter-
actions. Several experiments revealed the preventive
effects of ganglioside treatment in diabetic neuropathy
(15-19), Ganglioside treatment can alter the abnorma-
lity of axonal transport of cytoskeletal proteins such as
actin and tubulin in diabetic rats(19). Paclitaxel binds
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to microtubules, specifically the B-subunit of tubulin
(20) at the N-terminal domain(21). This reduces the
critical concentration of tubulin which is required
for polymerization, shifting the dynamic equilibrium
toward microtubule assembly and increasing the rate
and yield of polymerization(zz). Paclitaxel-induced
microtubules are shorter and considerably more flexible
(23) than those produced normally. Nerve cells con-
tain large quantities of microtubules which take part in
the outgrowth of neuronal processes and axonal tran-
sport and they are, therefore, susceptible to the toxic
effects of paclitaxel. In this regard, the authors deve-
loped an animal modeled investigation to find out
whether ganglioside can prevent taxol induced neuro-
pathy in vivo.

MATERIAL AND METHOD
Animal and drug administration

Fifteen young adult female Wistar rats,
weighing 200-250 g each were used in the present
study. They were equally divided into 3 groups. The
C-group was the control group, each of which received

Nc -group gr -group 0 PG-group

10

( millsec )

Reaction Time

Week 1 Week 2 Week 3

Fig. 1.

Week 4 Week §

Week 6

Week 7

Weeks

Histogram of the mean reaction time for the tail flick test in each group.

« Statistical significance at p < 0.08.



Vol. 86 No.5 EFFECTS OF GANGLIOSIDE ON PACILTAXEL (TAXOL) INDUCED NEUROPATHY IN RATS 4S1

1 ml of normal saline intraperitoneally once a week
for five weeks; the P-group, each of which received 9
mg/kg of paclitaxel intraperitoneally once a week for
five weeks; the PG-group, each of which received 50
mg/kg of ganglioside intramuscularly daily for three
days before the first dose of paclitaxel, then six times
per week throughout the experiment. The animals in
this group received placlitaxel at the same dose and
were scheduled as in the P-group. From a previous
study this dose of paclitaxel induced neuropathy from
week 3 onwards(13). The total period of the experi-
ment was seven weeks.

Sensory evaluation

The rats in each group were assessed for their
thermal pain threshold once a week prior to the
administration of the drug or normal saline by the
Harward Tail flick analgesia meter. The assessment
was also done one week before and after the experi-
ment. The tail of the rat was placed on the photocell,
then the lamp that eliminated infrared which would

cause heat was switched on. The time span from the
elimination of the infrared until the rat flicked its tail
from the photocell was measured as the reaction time
which was timed five times in each turn. The mean
reaction time was then calculated.

Neurophysiological evaluation

Neurophysiological evaluation was also done
in the same way, the nerve conduction velocity in the
tail nerve of each animal was measured by the Electro-
myograph Mem 3202 (Neuropack). The tail nerve was
stimulated SO times with supramaximal stimuli with
ring electrodes at a distance of 5 cm and 10 cm from
the fixed distal recording ring electrodes and averaged
traces were used to calculate the conduction velocity
directly on the oscilloscope screen.

Morphological examinations

After all measurements were performed, the
rat was anesthetized by injection of 50 mg/kg sodium
pentobarbital intraperitoneally. The sciatic nerve was
then dissected and removed. It was fixed in 2 per cent
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glutaraldehyde for 2 h, rinsed in cacodylate buffer,
postfixed in OsO4 and embedded in epoxy resin.
Semethin sections (1 wm) stained with methylene blue
were used for light microscope morphological exami-
nation.

Statistical evaluation

The nonparametric test (Kruskal Wallis One
way Analysis of Variance by Rank) was employed to
compare the data obtained from the three groups.

RESULTS
Sensory evaluation

The mean reaction time of the tail flick test
of each group is shown in the histogram in Fig. I.
The mean reaction time of the C-group in the first and
seventh week were 2.29 + 0.11 and 2.45 £ 0.11 msec.
In the PG-group they were 2.39 + 0.10 and 2.42 + 0.09
msec, in the P-group, they were 2.59 £0.14 and 7.42 =
0.63 msec. The reaction time was prolonged and it had
statistically significant difference at p < 0.05 from the
third week.
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Neurophysiological evaluation

The mean latency, amplitude and nerve con-
duction velocity are shown in histograms, Fig. 2, 3
and 4, respectively. The mean latency in the control
group was about 2.08 msec, but it was prolonged in
the P-group (3.42 + 0.15 msec in the seventh week).
In the PG-group, the mean latency in the first and
seventh weeks were 2.16 + 0.10 and 2.2 + 0.06 msec
without any difference of statistical significance. The
amplitude in the P-group was decreased, beginning
from one week after the second dose of paclitaxel. 95
per cent confidence limits revealed a significant diffe-
rence between the control and the P-group. The nerve
conduction velocity was also significantly decreased
in the P-group, but no change in the PG-group was
detected.

Morphological evaluation

Transverse sections in paclitaxel treated rats
showed only a slight decrease of myelinated nerve
fibers and some degenerated axons were observed.
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Mild endoneurium edema was seen in some cases.
Small myelinated nerve fibers in the PG-group were
prominent.

DISCUSSION

The study demonstrates that paclitaxel
administration intraperitoneally in repeated doses
induces peripheral neuropathy. Gangliosides have
potentiality prevents toxic neuropathy, which may due
to the dose-limiting toxicity of life-saving drugs. The
authors reported that rats with taxol (P-group) had
reduced thermal pain sensation, demonstrated by a

significantly prolonged reaction time in tail flicking

compared with the control group. Rats which were
treated with ganglioside as well as taxol did not have
any significant difference from the control. The authors
were able to demonstrate some prolongation of latency
and reduction of amplitude with paclitaxel adminis-
tration. Ganglioside administration prevented reduc-
tion of the compound sensory amplitude and prolonga-
tion of the latency.

However, it is not clear how ganglioside pre-
vents taxol neuropathy. Since gangliosides can alter
the abnormality of axonal transport of cytoskeletal
proteins such as actin and tubulin(19), it is possible
that gangliosides promote axonal transport which was
interrupted by abnormal microtubules produced by
paclitaxel. The preservation of the nerve conduction
velocity in the PG-group may be due to the action of
ganglioside on myelination of Schwann’s cell(24),
Although the clear neurobiological role of ganglio-
sides has not been defined, recent studies have pro-
posed the gangliosides serve as complementary ligands
for myelin-associated glycoprotein (MAG)(25,26),
MAG, a minor constituent of both peripheral and
central myelinating glia, is localized predominantly
to the periaxonal glial plasmalemma(27). Because of
its periaxonal location, it is postulated that MAG
may mediate axon-glial interactions(28). Based on the
results of several experiments(29-31), it has been
proposed that MAG plays an important role in main-
taining the integrity of myelin and axon which is one
of the glial signals that regulates axonal caliber and
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in part, myelination. Mice lacking complex ganglio-
sides, develop Wallerian degeneration and myelina-
tion defects(32).

Morphological examination in the sciatic
nerve of the P-group and PG-group showed only slight
changes. A slightly decreased number of large myeli-
nated fibers was observed, and some degenerated
axons were seen. The results were not different from
previous studies(33). In the PG-group, small myeli-
nated nerve fibers were prominent.
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SUMMARY

Administration of taxol to rats resulted in
profound sensory neuropathy characterized by pro-
longed reaction time of the tail flick test, diminished
amplitude of compound action potential, prolonged
latency period and reduced nerve conduction velocity
in the tail nerve. Coadministration of gangliosides
prevented all of these signs of neurotoxicity. These
findings suggest that the administration of ganglio-
sides may prevent certain taxol induced neuropathy.

(Received for publication on December 1, 2002)
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