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ABSTRACT

Eleven- to 12-wk-old rats were treated twice a week with cisplatin/
saline or with cisplatin plus ORG-2766 during 12.5 wk. Cisplatin and
ORG-2766 were administered at a final concentration of 0.04 mg/ml
(i.p.) and 10 Mg/ml(s.o.), respectively. Control animals were treated with
saline. In this period the cisplatin-treated animals developed a peripheral
neuropathy resulting in impairment of sensory functions. Estimates of
the motor (MNCV) and sensory (SNCV) nerve conduction velocity were
made after 0, 7.5, 10, and 12.5 wk. It appeared that the MNCV of the
control, cisplatin-, and cisplatin plus ORG â€¢¿�2766-treated rats increased
from 50 to 59 m/s. In contrast, the SNCV of the cisplatin-treated rats
decreased significantly (P < 0.001) from 63 to 56 m/s, whereas that of
the control animals increased from 62 to 84 m/s. Rats which received
cisplatin plus ORG-2766 showed an increase in SNCV up to control
levels.

After 12.5 wk the animals were perfused with a mixture of 1%
paraformaldehyde and 1.25% glutaraldehyde in 0.05 M phosphate buffer.
At the level of L5 and 16, 5 mm of spinal cord tissue and three dorsal
root ganglia were removed and processed for electron microscopy. With
the point-counting method the volume fraction (v/v) of somata and myelin
in spinal ganglia was estimated. No significant change in the volume
fraction of the somata of the control (0.42), cisplatin (0.33)-, and cisplatin
plus ORG 2766 (0.39)-treated rats was found. The same held true for
the volume fraction of myelin of the control (0.53), cisplatin (0.59)-, and
cisplatin plus ORG â€¢¿�2766 (0.58)-treated rats. In addition, the number of
lysosomes per 100 Â¿/iirwas estimated in spinal ganglion neurons and in
spinal cord motor neurons of a total of 120 randomly chosen neurons. It
was found that the number of lysosomes in the spinal ganglion neurons
of the control animals was lower (10 per 100 niir'l than in cisplatin-
treated (30 per 100 MIT')and in cisplatin plus ORG 2766-treated rats

(28 per 100 timi1)(P < 0.05). No difference was observed in the number
of lysosomes between cisplatin- and cisplatin plus ORG â€¢¿�2766-treated
rats. The number of lysosomes in spinal cord tissue of cisplatin-treated
rats (2.4 per 100 Mm2)did not differ from controls (0.1 per 100 MI"') and
from cisplatin plus ORG 2766-treated rats (0.8 per 100 Mm2).Further

more, the pale staining and fibrillar components in the nucleoli of
cisplatin-treated rats were aggregated to a few large regions, and the
lysosomes appeared to be very irregular in shape and contained one or
more lipid-like inclusions surrounded by a thick, electron-dense rim. The
nucleoli of cisplatin plus ORG â€¢¿�2766-treated rats displayed both charac
teristics from the control and from the cisplatin-treated rats. In contrast,
the lipid-like lysosomal inclusions of cisplatin plus ORG â€¢¿�2766-treated
rats were rare, and the electron-dense rim around these inclusions was
always thin and inconspicuous or absent.

It is concluded that cisplatin affects the peripheral nervous system
both functionally and structurally. ORG â€¢¿�2766 prevents the decrease in
SNCV and seems to influence the morphology of lysosomes in dorsal
root ganglion neurons. However, ORG â€¢¿�2766 does not affect the number
of lysosomes. It might be that the changes in lysosomes seen in ORG â€¢¿�
2766-treated rats represent a less advanced toxic state. Possibly, cisplatin
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interferes with RNA synthesis, because the nucleoli are affected.
Furthermore, it is evident that functional as well as morphological

changes occur in neurons located outside the blood-brain barrier (spinal
ganglion), whereas changes are absent in neurons inside the blood-brain
barrier (spinal cord).

INTRODUCTION

Cisplatin has been proven to be an effective antitumor agent
since the late 1970s (1-3). Especially in combination with other
chemotherapeutic agents such as cyclophosphamide, Adriamy-
cin, and hexamethylmelamine, it has greatly improved the
survival rate of patients with ovarian, testicular, and bladder
carcinoma (4). However, a serious disadvantage of this drug is
the induction of various severe side effects. Since the problem
of nephrotoxicity has largely been overcome (5-8), to date
neurotoxicity is being considered as the major dose-limiting
factor. Cisplatin-induced neurotoxicity is characterized by
numbness and tingling sensations, whereas tendon reflexes are
diminished or absent. Furthermore, deafness, loss of vibratory
sensation, propiosepsis, and spinal ataxia may develop. Motor
systems do not seem to be affected (9-12). Since the neuropathy
becomes more severe with increasing cumulative doses of cis
platin, in a considerable number of patients cisplatin adminis
tration has to be stopped. Nevertheless, in 30 to 50% of the
patients the neuropathy is irreversible even after cessation of
treatment (10).

Currently, attempts are being made to understand the action
of cisplatin at the cellular level. Cisplatin appears to act on
DNA, causing inter- and intrastrand cross-links (13-15), a
phenomenon which appears to be reflected by clumping of
nuclear chromatin (16). It has been proposed that cisplatin
interferes with nucleolar RNA as it disrupts the nucleolus (16,
17). Furthermore, it activates the lysosomal system by increas
ing the number of lysosomes (16). Also, clear inhibitory effects
of cisplatin on SNCV have been found (18). It has been
suggested that a decrease in the number of thick myelinated
fibers would be responsible for the disturbed sensory functions
(10, 19).

A good insight into the cellular action mechanism of cisplatin
is strongly hampered by the fact that the available data are
derived from very diverse studies, carried out with different cell
types, techniques, and methodological designs. Thus, with re
spect to neurotoxicity, up to now no detailed, multidisciplinary
quantitative study on the various cellular aspects of cisplatin-
induced cytotoxicity has been performed. In the present study,
the neurotoxic effects of cisplatin treatment of rats have been
investigated using quantitative light and electron microscopy
as well as electrophysiology. Both sensory (spinal ganglia) and
motor (spinal cord) elements of the sciatic nerve at L5 and L6
have been studied.

Rats are very suitable models for cisplatin-induced neurotox-

3The abbreviations used arc: SNCV, sensory nerve conduction velocity;
MNCV, motor nerve conduction velocity.
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icity as they reveal neuropathies upon cisplatin treatment sim
ilar to those of humans (18, 20). The detailed ultrastructural
description of spinal ganglion neurons in the rat by Lieberman
(21) was used as a basis for the ultrastructural studies.

In addition to the effects of cisplatin, the presumed preventive
action of ORG-2766 to cisplatin-induced neurotoxicity has
been evaluated. ORG-2766 is a structural analogue of adreno-
corticotropic hormone (4-9), but it is devoid of melanotrope
and corticotrope activities. It has recently been shown that
ORG-2766 prevents cisplatin-induced neurotoxicity in men
(22). The mechanism underlying this effect is not known, but
ORG-2766 does not seem to hamper the antitumor activity of
cisplatin (18, 20). In this study we have investigated to what
degree ORG â€¢¿�2766 is capable of preventing the induction of
neurotoxic effects by cisplatin.

MATERIALS AND METHODS

Eleven- to 12-wk-old female Wistar rats with a weight of approxi
mately 200 g were used. During the experiments (lasting 12.5 wk), the
animals were housed in macrolon cages, four per cage, in which water
and commercial rat chow were available ad libitum. A diurnal photo-
period from 8:00 a.m. until 8:00 p.m. was maintained. Twice a week
each rat received cisplatin (Bristol Myers, Weesp, The Netherlands) in
saline solution or saline solution alone (controls) administered i.p. The
treatment schedule was based on results obtained in previous studies
(18,20).

Three groups of 12 rats were examined. The first group consisted of
control rats. The second group received cisplatin, starting with 0.2 mg
per rat and ending with the cumulative dose of S mg. The third group
received both cisplatin and ORG-2766 (Organon bv, Oss, The Neth
erlands) (4 times a wk, 10 Â¿ig/rat,s.c.). Rats belonging to the second
and third group gained less weight than the controls. There was no
difference in weight among the experimental groups (cf. RÃ©f.20).

For electrophysiology, measurements of the SNCV and MNCV were
made for the left sciatic nerve, namely, at the beginning of the experi
ment (injection) and 7.5 wk, 10 wk, and 12.5 wk after injection (4 rats
per group per time), using the method described in detail by de Koning
et al. ( 18) and Gerritsen van der Hoop et al. (20). The data were entered
into a one-way analysis of variance with repeated measurements fol
lowed by the Student i test.

For light and electron microscopy, 2 rats per group were perfused
under deep anesthesia with pentobarbital (Narcovet) with a mixture of
1% paraformaldehyde and 1.25% glutaraldehyde in 0.05 M phosphate
buffer, via the left heart ventricle, at a pressure of 150 mm of Hg. From
each animal, 3 dorsal root ganglia and 5 mm of spinal cord tissue were
dissected, at the level of the lumbar segments L5 and L6. Then tissues
were washed in 0.05 M phosphate buffer for 2 days, postfixed in 2%
osmium tetroxide in the buffer for 2 h, dehydrated through a graded
series of acetone, and embedded in Araldite. Semithin serial (approxi
mately 4 Â¿imthick) and ultrathin (approximately 80 nm) cross-sections
were cut through the spinal ganglia and spinal cord.

Ultrathin sections were contrasted with maini acetate and lead
citrate and examined in a Zeiss EM10A electron microscope. The
semithin sections were either studied by phase-contrast microscopy or
stained with toluidine blue and examined by bright field microscopy.
In spinal ganglia, outlines of profiles of neuronal somata and of myelin
fibers were drawn with a drawing tube attached to a light microscope
(final magnification, x400). The profiles were expressed as volume
fractions (v/v) of a spinal ganglion, using the point-counting (grid
lattice of 100 points) method of Weibel (23). The number of lysosomal
profiles per rat in two consecutive sections was counted in a phase-
contrast microscope (magnification, x 860; 10 neurons per section).
The surface area of the neuronal profiles was measured with a MOP
Videoplan (Kontron, Germany), and the number of lysosomes per
surface area was calculated (23). Data were analyzed with a one-way
analysis of variance (a = 5%) (24), followed by the multiple range test
of Duncan (25). The analyses were preceded by tests for the homoge

neity of variance (Bartlett's test; cf. RÃ©f.24) and for the joint assessment

of normality (26). A random selection procedure was maintained
throughout the experiments.

RESULTS

Electrophysiology of the Sciatic Nerve

As to the SNCV, a steady and rather pronounced increase
(+36%; Table 1) is seen in control rats after 12.5 wk (P <
0.001), whereas, on the other hand, cisplatin-treated rats show
steadily decreasing SNCVs. This inhibitory effect of cisplatin
on the SNCV is already obvious after 7.5 wk of treatment (P<
0.001), and at the end of the experimental period the SNCV of
cisplatin-treated rats is 28 m/s (33%) slower than that of the
controls.

Controls and the cisplatin-treated rats show strikingly similar
MNCVs, which steadily, though not strongly, increase during
the experiment. After 12.5 wk of treatment their MNCVs have
increased by nearly 20% (Table 1; P< 0.001 for both groups).

The SNCV of rats treated with cisplatin plus ORG â€¢¿�2766 is
much higher than in rats treated with cisplatin alone (+46%
after 12.5 wk; P < 0.001), and it shows, in fact, the same
pronounced increase during the experiment as the controls.
Rats treated with cisplatin plus ORG â€¢¿�2766 do not differ from
controls and from cisplatin-treated rats with respect to their
MNCV (Table 1).

Histology

Spinal Ganglia. Neurons in the spinal ganglia are mainly
localized at the periphery of the fusiform swellings. Small dark
and large pale neurons can be distinguished (Fig. 1). The first
type of neuron is characterized by a relatively dark cytoplasm
due to the presence of many organelles (e.g., rough endoplasmic
reticulum, free ribosomes, mitochondria, and Golgi apparatus;
Fig. 2). The second type has a pale cytoplasm which contains
considerably less free ribosomes (Fig. 3). The results presented
below apply to both types. The neuronal somata are separated
by bundles of myelinated axons (Figs. 1 and 6) which are most
common in the proximal parts of the fusiform swellings.

The volume fraction of the somata of the control animals is
slightly larger (0.42) than that of the cisplatin-treated rats
(0.33). The opposite is observed for the volume fraction of
bundles of myelin, i.e., control (0.53) versus cisplatin (0.59).
Neither of these differences, however, is statistically significant.

The nucleoli of the control animals consist of three different
parts: (a) electron-dense, granular parts (pars granulosa); (h)
parts where electron-dense filaments predominate (pars fi-

Table I MNCV and SNCV in rats after 0, 7.5. 10 and 12.5 wk
For MNCV, there were no significant differences for control versus cisplatin

versus cisplatin plus ORG.2766. For SNCV, cisplatin versus control and cisplatin
versus cisplatin plus ORG.2766 are significant (P < 0.001). Control versus
cisplatin plus ORG.2766 is not significant.

MNCV07.51012.5SNCV07.51012.5Control50.1
Â±1.7Â°52.4

Â±1.455.7
Â±1.859.1
Â±1.462.2

Â±2.374.3
Â±2.680.1
Â±2.284.8
Â±2.0Cisplatin51.1

Â±1.553.0
Â±1.957.2
Â±1.258.7
Â±1.763.4

Â±2.162.9
Â±2.758.3
Â±2.556.1
Â±3.0Cisplatin

plus
ORG.276650.4

Â±1.654.1
Â±1.758.3
Â±1.359.5
Â±1.264.0

Â±1.372.4
Â±3.279.5
Â±2.582.1
Â±2.4â€¢

Mean Â±SE.
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Fig. 3. Cross-section of a large pale spinal ganglion neuron, showing rough
Fig. 1. Light micrograph of a cross-section through the middle of the spinal endoplasmic reticulum (RER). few free ribosomes (A), many mitochondria (M),

ganglion, showing small dark (*) and large pale (Â»Â»)neuronal profiles. MA, and Go|8' zones <G>-x 850Â°-

myelinated axons, x 800.
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Fig. 2. Cross-section of a small dark neuron in the spinal ganglion, showing

rough endoplasmic reticulum (RER), numerous free ribosomes (/?)â€¢numerous
mitochondria (M), and Golgi zones (G), x 8500.

brosa), and (c) pale-staining parts. Each part consists of various
small patches. In nucleoli of cisplatin-treated rats a re
arrangement of these components occurs; the patches of the
pars fibrosa as well as the "pale patches" aggregate to a few

large regions (Figs. 4 and 5).
In the light microscope lysosomes are visible as small black

dots (Figs. 1 and 6). They are rather scarce in the controls, but
after treatment with cisplatin their number per 100 ^m2 of

cytoplasm is increased 3 times (Table 2). Cisplatin also changes
lysosomal morphology. In the controls lysosomes generally
have a moderately electron-dense, homogeneous granular ap
pearance with a peripheral, lamellated structure (Fig. 7), but
such lysosomes are rare in cisplatin-treated neurons; instead
these cells show lysosomes which are very Â¡regularin shape and
contain one or more lipid-like inclusions that are surrounded
by a thick, electron-dense rim (Fig. 8).

No effect of cisplatin on any other morphological aspect of

Fig. 4. Nucleolus of a control rat showing electron-dense granular parts (PG),
electron-dense fibrillar parts (PI7), and pale staining components (*). x 32,000.

spinal ganglion neurons (e.g., on the structure of the nuclear
chromatin, the rough endoplasmic reticulum, Golgi apparatus,
or the secretory granules) was noted.

Spinal ganglion neurons in rats treated with cisplatin plus
ORG-2766 do not obviously (or statistically) differ from those
in rats treated with cisplatin alone for the quantitative param
eters studied (e.g., Table 2). However, the nucleoli display
characteristics of either the control (Fig. 4) or the cisplatin-
treated (Fig. 5) animals. Furthermore, the morphology of the
lysosomes differs from that of the cisplatin-treated rats. Lipid-
like inclusions are scarce, and the electron-dense rim around
these inclusions is always thin and inconspicuous or even absent
(Fig. 9).

Thus, with respect to morphology, the neurons share char
acteristics with the controls and with the cisplatin-treated neu
rons.

Spinal Cord Neurons. In the controls, the light and electron
microscopical structure of the motor neurons in the spinal cord
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" â€¢¿� ' â€¢¿� â€¢¿�- . ; .

Fig. 5. Nucleolus of a cisplatin-treatcd rat showing aggregation of the fibrillar
(PF) and of the pale staining (*) components; pars granulosa (PG). x 18,500.

Fig. 6. Light micrograph of neuronal profiles in the spinal ganglion of a
cisplatin-treated rat showing many lysosomes (arrows). Myelinated axons (MA).
x 1300.

Table 2 Number of lysosomes in the spinal ganglion and spinal cord neurons of
control, cisplatin and cisplatin plus ORG.2766-treated animals

No. of lysosomes/ 100^mjControl

Cisplatin
Cisplatin plus ORG. 2766Spinal

ganglion
neurons10

Â±lÂ°(a)4

30 Â±5 (b)
28 Â±6 (b)Spinal

cord
neurons0.1

Â±0.2(c)
2.4 Â±0.8 (c)
0.8 Â±0.4 (c)

â€¢¿�Mean Â±SE.
* Letters in parentheses, group with which a significant (P < 0.05) difference

exists. Means sharing a common letter do not differ significantly.

Fig. 7. Lysosomes of a control rat are round to oval shaped. They have a
moderately electron-dense, homogeneous granular appearance with a peripheral,
lamellated structure (arrow), x 33.000.

Fig. 8. Lysosomes of a cisplatin-treated rat are very irregular in shape and
contain one or more lipid-like inclusions surrounded by a thick, electron-dense
rim (arrow), x 33.000.

does not obviously differ from that of the spinal ganglion cells,
except for the number of lysosomes, which is extremely low
(0.1 per 100 Â¿inrof cytoplasm). After treatment with cisplatin
the number of lysosomes tends to increase, but this phenome
non is not statistically significant (Table 2), and the number is
about 7 times lower than in cisplatin-treated ganglion cells.
Furthermore, none of the cisplatin-induced effects observed in
ganglion cells (structural changes of nucleoli and lysosomes)
was noted in the motor neurons. Just as treatment with cisplatin
alone, treatment with cisplatin plus ORG-2766 does not ob
viously affect any morphological aspect of the spinal cord
neurons.

DISCUSSION

SNCV and MNCV during Development. Our data confirm
previous results (18) showing that both the SNCV and the
MNCV steadily increase during development of the young adult
rat. Obviously, this increase is physiologically relevant, because
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Fig. 9. Lysosomes of a cisplatin plus ORG â€¢¿�2766-treated rat. Lipid-like inclu
sions are scarce, and the electron-dense rim of these inclusions is always very thin
or even absent (arrow), x 33,000.

it compensates for the steady increase in the distance between
neurons and their effectors as a result of body growth.

Spinal Ganglion Neurons. Treatment with (cumulative) doses
of cisplatin has a clearly decreasing effect on the SNCV of the
rat sciatic nerve. A similar effect has been found in patients
after treatment with cisplatin (10, 11). Whether cisplatin acts
directly on the neuronal plasma membrane or influences con
ductance velocity in an indirect way, e.g., by influencing neu
ronal protein synthesis (see also below), is not known. It may
also be possible that the effects on SNCV are, at least partly,
induced from outside the spinal neurons. Recently, it has been
indicated that cisplatin would accumulate in the satellite cells
surrounding the spinal ganglion cells using polyclonal antibod
ies against cisplatin-DNA adducts (27). Furthermore, it has
been supposed that cisplatin acts upon Schwann cells, resulting
in demyelinization of sensory axons and, hence, in peripheral
neuropathy. Since we have not found an effect of cisplatin
treatment on the total volume of myelin sheaths in the spinal
ganglia, demyelinization will particularly occur in the distal
parts of the sensory neurons. As there were no signs of cell
death and no decrease in the volume fraction of the somata, it
does not seem likely that the disturbance in sensory functions
would be due to a decrease in the total number of myelinated
fibers.

Obviously, cisplatin acts not only upon the neuronal plasma
membrane but also at the level of the cytoplasm. This appears
first from the change in morphology of the nucleolus, which
suggests that a rearrangement of nucleolar constituents (pars
fibrosa and pale regions) takes place. Similar nucleolar changes
in cisplatin-treated rat spinal ganglia have been reported pre
viously (17). Since these regions are involved in the formation
of ribosomal proteins, it seems that cisplatin interferes with
nucleolar DNA, RNA, and/or proteins (28, 29). From biochem
ical studies it is well known that cisplatin acts in vitro on DNA,
RNA, and proteins. Recent morphological studies using snail
neurons have shown that cisplatin disrupts nucleolar RNA (16).

Cisplatin treatment also has a strong effect on the lysosomal
system as it induces an increase in the number of lysosomal
structures that, moreover, morphologically differ from those in
neurons of untreated rats. An increase in the number of lyso-
somes, which also has been found in the rat kidney after
administration of a heavy metal, namely, uranium (30), strongly

suggests that cisplatin affects cellular metabolism. Since no
obvious effects of cisplatin were found on any cytoplasmic
organelle, it is not very likely that the increased lysosomal
activity is related to autophagia of such organdÃes. The occur
rence of lipid-like inclusions in the lysosomes suggests that

cisplatin particularly affects lipid metabolism, resulting in stor
age of lipid-like substances in (post)lysosomes. A similar induc
tion of inclusion-containing lysosomes has recently been found
in neurons of the snail Lymnaea stagnalis,4 which had been

treated with cisplatin in vitro. Induction of lysosomes by cispla
tin has also been reported for the rat kidney (31) after only 4
days of cisplatin treatment. These lysosomes have a rather
homogeneous substructure and do not show the inclusions
found in the present study. This difference is possibly due to
the fact that the formation of the inclusions is a slow process
which is not yet conspicuous after a short period of systemic
cisplatin administration. Long-term morphological changes of
lysosomes are common in aging cells, not the least in neurons,
where lysosomes transform into lipofuscin-containing granules
(32-35).

Cisplatin Specifically Affects Sensory Neurons. The fact that
cisplatin decreases the SNCV but does not influence the MNCV
suggests that cisplatin specifically affects sensory neurons. This
suggestion is confirmed by the histological data indicating that
cisplatin does not affect motor neurons in the spinal cord but
clearly influences the activity of sensory neurons in spinal
ganglia. This specific action of cisplatin may well be explained
from the fact that, in contrast to the motor neurons, the spinal
ganglia are located outside the blood-brain barrier. In rats

treated for prolonged periods with cisplatin, cisplatin concen
trations are high in spinal ganglia and peripheral nerves,
whereas they are low in the brain and spinal cord (11).

Effect of ORG-2766. The strongly inhibiting effect of cispla
tin on the SNCV does not occur when cisplatin is given simul
taneously with Org-2766. This indicates that ORG-2766 is
able to prevent, either directly or indirectly, the action of
cisplatin on the axolemma. This result is in accordance with
previous studies in rats (18) and with a recent, placebo-con
trolled trial in which ORG-2766 prevented the development of
peripheral neuropathy in cisplatin-treated patients (22).

At the morphological level, Org-2766 apparently does not
prevent the induction by cisplatin of morphological changes of
the nucleolus and lysosomes. This suggests that, at least under
the present experimental conditions, ORG-2766 is unable to
protect spinal ganglion neurons against cisplatin entirely. How
ever, the data permit the conclusion that the effects of cisplatin
on the nucleolus and on the lysosomal system are not directly
responsible for the impairment of the SNCV. Possibly, other
neuronal processes that have not been investigated in the pres
ent study, e.g., the synthesis and release of neurotransmitter
substances, are still impaired by treatment with cisplatin plus
ORG 2766.

Though ORG-2766 does not prevent cisplatin from inducing
lysosomes, it seems to inhibit the induction of lipid-like inclu
sions in lysosomes as well as the development of the electron-
dense rim of these inclusions. The significance of the rim is
unknown. It might contain cisplatin which has been accumu
lated by the lysosomes (cf. Refs. 13 and 31).

At present it is impossible to answer the question of whether
ORG-2766 delays the onset of the toxicity rather than pre
venting it. However, previous studies have shown that, even

4 L. J. MÃ¼ller,unpublished results.
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after prolonged periods of treatment with cisplatin and ORG-
2766, the SNCV is not affected (20).
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