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Abstract. A major side effect of cisplatin treatment is 
peripheral neuropathy. In the past few years we have pro- 
vided evidence that the ACTH4-9 analogue ORG 2766 
provides protection against this neuropathy in rats and 
man. In this study we investigated the development of a 
cisplatin-induced neuropathy and the protective and thera- 
peutic actions of ORG 2766 in mature rats. We also studied 
the effects of the peptide and of growth impairment caused 
by food restriction on nerve conduction velocities in 
healthy young adult rats (not subjected to any other treat- 
ment). In the neuropathy experiment, cisplatin induced a 
significant decrease in sensory nerve conduction velocity 
(SNCV), which could be prevented by concomitant admin- 
istration of ORG 2766. The SNCV of the neuropathic 
animals recovered to control values within 10 weeks of 
discontinuation of cisplatin treatment. ORG 2766 did not 
enhance the rate of recovery. In the young adult rats neither 
ORG 2766 administration nor restricted weight gain signif- 
icantly influenced either the motor or the sensory nerve 
conduction velocity. These results validate the animal 
model of cisplatin-induced neuropathy. 

Introduction 

Cisplatin has greatly improved the therapeutic efficacy of 
combination regimens for the treatment of various malig- 
nancies, such as ovarian and testicular cancer. Its use, 
however, is restricted by its serious side effects. The most 
pronounced acute side effects are nausea and vomiting; late 
side effects include nephrotoxicity, ototoxicity and neu- 
rotoxicity. Since nephrotoxicity can be avoided by forced 
diuresis, neurotoxicity and ototoxicity are the dose-limit- 
ing side effects of cisplatin [10]. The neuropathy is of a 
purely sensory nature, with a preference for the thickest 
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myelinated fibres. The first symptoms are those of a pe- 
ripheral neuropathy, with paraesthesias and tingling sensa- 
tions, followed by progressively worsening sensory ataxia. 
Pain and temperature sensitivity are relatively spared [5, 
15, 20]. Even if treatment with cisplatin is discontinued as 
soon as the first neuropathic signs and symptoms become 
apparent, this neuropathy may continue to develop for 
several months and spontaneous regression is both slow 
and incomplete [10, 11]. 

In the past decade, several drugs have been shown to 
enhance post-damage recovery of the peripheral nervous 
system. One of these drugs is the neuropeptide ORG 2766, 
an analogue of ACTH4-9 [1]. In 1987 De Koning [4] 
described an animal model of cisplatin-induced neuropa- 
thy. With this model it was shown that ORG 2766 can 
prevent cisplatin-induced neuropathy without interfering 
with cisplatin' s anti-tumour efficacy [4, 6, 9]. These obser- 
vations have been confirmed in humans [7]. 

The animal model of cisplatin-induced neuropathy is 
based on young adult rats. The nerves of these rats may 
have a better natural potency to recover than the nerves of 
mature rats. Moreover, in young rats parameters such as 
body weight, and motor and sensory nerve conduction 
velocities increase substantially during the course of ex- 
periments. It may be that the beneficial effect of peptide 
treatment found in previous experiments with young rats 
originated from maturation per se. Moreover, cisplatin- 
treated animals initially display a lower weight gain than 
age-matched controls and eventually lose weight. Does the 
poor nutritional status itself influence the maturation of the 
peripheral nervous system? 

Follow-up of several patients co-treated with ORG 
2766 in the clinical study mentioned above showed that 
some did develop neuropathic signs and symptoms after 
discontinuation of both cisplatin and peptide treatment 
[11], albeit fewer than patients previously co-treated with 
placebo. Although the number of patients in this explora- 
tory study was too small to draw firm conclusions, it would 
be interesting to see whether such a retarded neuropathy 
develops in rats previously co-treated with cisplatin and 
ORG 2766. 
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We  performed two experiments to answer the above 
questions. In  the first, cisplatin neuropathy was induced in 
mature rats. Dur ing  the first part of this study, a decrease in 
the sensory nerve conduct ion  velocity was observed in the 
cisplatin-treated animals,  and this decrease was prevented 
by co-treatment  with ORG 2766. During the second part of 
this study, recovery from this neuropathy was studied in 
the neuropathic group. 

In  the second experiment,  one group of young adult rats 
was treated with ORG 2766, one group was treated with 
placebo, and one group was subjected to food restriction to 
l imit  their weight gain to 25% of that of  controls. Neither 
ORG 2766 injections nor  food restriction inf luenced motor  
and sensory nerve conduct ion velocities. 

Materials and methods 

Animals and animal care. Wistar rats of an inbred strain (originally 
obtained from TNO, Zeist, The Netherlands) were used in both experi- 
ments. Aminals were housed on sawdust in macrolon cages (two to four 
animals/cage, depending on body weight) and maintained on a 12 hours 
light/12 hours darkness cycle (lights on at 7.30 a. m.) with free access to 
food and water, unless stated otherwise in one of the following sections. 

dose, 20 mg/kg). One of these groups (n = 15) was co-treated with ORG 
2766; the other group (n = 30) and the age-matched controls were co- 
treated with saline. SNCV was measured immediately before the start of 
the experiment at week 0 and after completion of cisplatin treatment at 
week 10. After treatment with cisptatin and saline stopped, the 30 ani- 
mals previously treated with cisplatin and saline were randomly divided 
into two subgroups, one treated with ORG 2766 and the other treated 
with saline for another 10 weeks. All animals previously treated with 
ORG 2766 now received saline. The SNCV was measured every 2 weeks 
for the next 10 weeks (weeks 12, 14, 16, 18 and 20). The experimenter 
who evaluated the neuropathy was unaware of the treatment the animals 
had received. 

In the second experiment, 30 young adult rats (age 2.5 months, 
weight ca. 200 g) were divided into three groups of 10 animals each. Two 
of these groups had unlimited access to food and water and the other 
group was given food once a day in an amount that would restrict 
animals' weight gain to about 25% of that of the other groups. We started 
with about 60% of the normal requirement, i.e. about 8 g per animal. This 
amount was eventually adjusted on the basis of actual weight gain. Body 
weight was measured every day at 11 a.m. Wood for gnawing was 
provided. Rats with approximately the same body weight were housed in 
groups of three or four. Animals from one of the freely feeding groups 
were injected with ORG 2766 every 48 h, and the other group and the 
food-restricted animals received saline injections at the same intervals. 
The MNCV and the SNCV were measured weekly for 8 weeks. As in the 
first experiment, the experimenter who evaluated the neuropathy was 
unaware of the treatment the animals had received. 

Evaluation of the neuropathy. The development of a cisplatin-induced 
neuropathy was evaluated by electrophysiological measurement of the 
H-related sensory nerve conduction velocity (SNCV). Treatment with 
cisplatin decreases this parameter. 

Electrophysiology. Measurements were performed with the animals 
under general anaesthesia (Hypnorm, Janssen Pharmaceutica BV, Til- 
burg, The Netherlands, containing 10 mg/ml fluanisone and 0.315 mg/ml 
fentanyl citrate, dose 0.4 ml/kg body weight, administered subcu- 
taneously). 

The method is described in detail elsewhere [4]. In short: The sciatic 
and tibial nerves were stimulated at the sciatic notch and the ankle, 
respectively, by means of monopolar needle electrodes. The anode was 
placed 5 mm proximal to the cathode. Upon stimulation of these periph- 
eral nerves, two responses can be elicited from the small muscles of the 
sole of the foot by means of surface electrodes: the short latency M-re- 
sponse, due to stimu!ation of c~-motor fibres, and the long latency H-re- 
sponse, due to stimulation of the afferent IA-fibres which monosynapti- 
cally excite c~-motor neurons in the spinal cord. The H-reflex-related 
SNCV can be calculated from the latencies of the H-response at both 
stimulation points and the distance between ~Le two stimulation points 
(as measured between sciatic notch and ankle in the gently stretched 
paw). The same applies for the M-responses and the motor nerve conduc- 
tion velocity (MNCV). 

Drugs. Cisplatin (Bristol Myers BV, Weesp, The Netherlands) was dis- 
solved in saline to a final Concentration of 0.05 mg/ml and administered 
intraperitoneally two times a week in a dose of 1 mg/kg body weight 
(20 ml/kg between 9.00 and 11.00 a.m.). Saline served as placebo. 

In order to minimize kidney damage caused by cisplatin administra- 
tion, all animals were given furosemide 12.5 mg/kg s.c. 20 rain before 
the cisplatin injection. In combination with the large volume of saline in 
which cisplatin is administered this treatment minimizes nephrotoxic 
damage without influencing neurotoxicity. 

ORG 2766 (a gift of Organon BV, Oss, The Netherlands) was dis- 
solved in saline. A dose of 75 gg/kg in 0.5 m] saline was administered 
every 48 h subcutaneously. Saline served as placebo. 

Experiments. In the first experiment, 60 full-grown rats (age 7 months, 
weight ca. 460 g) were divided into three groups. One group (n = 15) 
served as age-matched controls. The other two groups were treated for 10 
consecutive weeks with cisplatin as outlined above (cumulative cisplatin 

Data analysis. In both experiments the conduction velocities (SNCV in 
the first experiment and both MNCV and SNCV in the second experi- 
ment) were analysed with an analysis of variance for repeated measure- 
ments (ANOVAR), followed by supplementary t-tests at the end of the 
treatment periods. Data from animals that died during the experiment 
were excluded from statistical analysis. 

Results 

Experiment  1 

During the 20 weeks of this experiment  8 of 60 animals 
died. Two died during the first period of anaesthesia at 
week 0, 3 died during the period of cisplatin treatment, 
2 died during anaesthesia at week 10 and 1 died during the 
electrophysiological measurement  in week 18. Significant 
differences in body weight developed between the cispla- 
tin-treated and age-matched control groups ( ANOVAR 
week 0 to 20, all three groups: F3,48 -- 13.72, P <0.001). 
Body weight in the animals that received cisplatin 
decreased by about 10% during the first 10 weeks 
(Fig. 1 A). There were no statistically significant differ- 
ences between the cisplatin-treated groups, neither during 
the first 10 weeks nor during the second 10 weeks of treat- 
ment  ( A N O V A R  week 0 to 20, cisplatin-treated groups: 
F2,36 = 0.55, P <0.58). The body weight of age-matched 
controls increased by about 15% over the experimental  
period. 

The SNCV was initially 63 m/s. The SNCV remained in 
the range of 6 0 - 6 3  rrds in the age-matched controls during 
the experimental  period, whereas the SNCV decreased sig- 
nificantly in the cisplatin/saline-treated animals (to 54 m/s) 
during cisplatin treatment. The conduct ion velocity at the 
end of the experiment  was significantly different f rom the 
value at the start of  the experiment  (paired t-test week 0 vs 
week 10: t = 6.23, d f=  22, P <0.001) and was significantly 
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Fig. 1 A, B. Experiment 1: neurotoxicity experiment. Animals were 
treated with cisplatin 1 mg/kg two times a week for the first 10 weeks. 
Values are given as means _+ SEM. Groups are coded as follows: A 
age-matched controls (n = 13); ID cisplatin + saline (first period) 
(n = 24); �9 cisplatin + ORG 2766 (first period), saline (last period) 
(n = 15); �9 neuropathy + ORG 2766 (second period) (n = 12); �9 neu- 
ropathy + saline (second period) (n = 12). A Body weight; B sensory 
nerve conduction velocity (t-test after induction of neuropathy: cispla- 
tin/saline treated group vs age-matched controls.* P <0.001) 

different from that of the age-matched controls at this time 
point (ANOVA, all groups at week 10:F3,47 = 12.49, 
P <0.001; t-test cisplatin/saline vs age-matched controls at 
week 10: t = 3.59, df= 34, P <0.001). Peptide treatment 
completely inhibited the fall in conduction velocity ob- 
served in the placebo-treated animals, as evidenced by 
similar SNCVs in the age-matched control and cispla- 
tin/peptide-treated groups (Fig. 1B). During the sub- 
sequent weeks no significant changes were observed in the 
SNCV of the animals formerly treated with cisplatin/pep- 
tide as compared to age-matched controls (ANOVAR 
week 10 to 20, cisplatin/peptide and age-matched controls: 
F1,26 = 0.32, ns). 

The neuropathic animals gradually recovered and 
SNCV increased gradually to control values during the 
second experimental period. The SNCV of both the pep- 
tide- and the saline-treated groups increased at the same 
rate (ANOVAR week 10 to 20, neuropathy/saline and neu- 
ropathy/peptide: Fl,21 = 0.22, ns). 

Experiment 2 

After a weight loss of about 10% in the first few days, the 
animals on a restricted food intake gained weight at a rate 
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Fig. 2 A - C .  Experiment 2: development and food restriction experi- 
ment. Values are given as means + SEM. Groups are coded as follows: 
�9 age-matched controls (n = 9); �9 ORG 2766 administration (n = 9); 
A food restriction (n = 10). A Body weight; B motor nerve conduction 
velocity; C sensory nerve conduction velocity 

25% of that of the animals in the freely feeding groups. 
After 8 weeks the freely feeding animals weighed about 
360 g (160 g more than at week 0), whereas food-restricted 
animals weighed about 240 grams (40 g more than at 
week 0; Fig. 2A). 

In this experiment one animal in the peptide-treated 
group and one in the saline-treated group died after the 
electrophysiological measurements in week 3; all other an- 
imals survived until the end of the experiment. 

ANOVAR demonstrated a slight but significant differ- 
ence between the MNCVs of the three groups (F2,25 = 5.64, 
P <0.01). Inspection of the graphs (Fig. 2B) suggests that 
this could be due to a somewhat faster increase in conduc- 
tion velocity in the group with a restricted food intake. 
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Testing at the end of the treatment period, however, failed 
to detect a significant difference between this group and 
the saline-treated freely feeding group (t-test: t=  0.05, 
df = 17, ns). No differences were observed between the 
saline-treated and the ORG 2766-treated freely feeding 
groups. Neither peptide administration nor restricted food 
intake had an effect on the SNCV (ANOVAR: 
F2,25 = 2.86, P <0.089; Fig. 2C). 

Discussion 

Previously we demonstrated that in young adult rats the 
ACTH4- 9 analogue ORG 2766 can prevent the neurotox- 
icity of cisplatin without affecting the anti-tumour activity 
of this drug [6]. Histochemical and morphological studies 
suggest that this amelioration is not directly related to 
displacement of cisplatin from its DNA complexes in rat 
dorsal root ganglion neurons and satellite cells [14] or to a 
counteracting of cisplatin-induced changes at the ultra- 
structural level in these cells [12]. In fact it has been hy- 
pothesized that the peptide aids the regenerative repertoire 
of inflicted nerves irrespective of the nature of the threaten- 
ing condition (mechanical, intoxication, metabolic distur- 
bance etc.) [8]. 

In the first experiment we demonstrated that the neu- 
rotrophic peptide ORG 2766 prevented the development of 
cisplatin-induced neuropathy in mature rats but did not 
enhance recovery from a existing cisplatin neuropathy. 
These data support and extend previous observations. The 
efficacy of ORG 2766 in preventing ci splatin-induced neu- 
ropathy has been established in young rats [4, 6, 9] and 
humans [7]. It has been suggested that this animal model is 
not valid as a paradigm for the neuropathy observed in 
humans. Young adult rats probably have a greater re- 
generative capacity than mature rats [16], and the differ- 
ences in conduction velocities between neuropathic and 
control groups might be explained by a block in myelin 
maturation rather than by primary disease of the sensory 
neuron. The present results indicate that cisplatin treatment 
decreases the SNCV in mature (and myelinated) nerves 
and that ORG 2766 prevents this decrease in conduction 
velocity. Furthermore, no deterioration of the SNCV was 
observed after discontinuation of both cisplatin and peptide 
treatment during the second part of the experiment. This is 
in contrast to humans, in whom cisplatin-induced neuropa- 
thy continues to develop up to 4 months after the last cycle 
of cisplatin and then starts to regress. The most important 
reason for performing this experiment was to determine 
whether ORG 2766 enhances the rate of recovery from an 
existing cisplatin-induced neuropathy. We failed to collect 
evidence for accelerated recovery in the peptide-treated 
group. It could be that the regenerative machinery of rats is 
already maximally stimulated after 10 weeks of neurotoxic 
treatment. This could explain both the observation that the 
SNCV in previously cisplatirdpeptide-treated animals did 
not deteriorate and the observation that peptide treatment 
of an existing neuropathy did not increase the recovery ra te  
further. The failure of ORG 2766 to enhance recovery 
could otherwise be explained by the fact that melanocortins 
are known to stimulate the initial re, action of peripheral 

nerves to trauma, both on functional [3] and histological 
[18] parameters, but that treatment after a critical period 
(about 8 days after nerve crush) does not further enhance 
regeneration [3]. Moreover, the fact that ORG 2766 stimu- 
lates the initial sprouting response after a crush lesion [19] 
indicates yet again the beneficial effects of the peptide in 
an early phase of nerve damage. 

The results of the second experiment indicate that ORG 
2766 does not influence the age-related increment in nerve 
conduction velocity in young adult animals. ACTH-like 
peptides are known to influence prenatal and early post- 
natal development of the neuromuscular system [13], and 
although any influence of ORG 2766 on nerve conduction 
velocity was unlikely, it was not possible to exclude such 
an influence completely. A reduced rate of weight gain, 
induced by food restriction, did not by itself restrict the 
age-related increase in nerve conduction velocity. Others 
have shown that severe food restriction apparently result- 
ing in weight gain only 25% of that in age-matched con- 
trols leads to some differences in morphometric parameters 
without signs of degeneration or demyelination. However, 
also under these severe food restriction conditions no 
changes in the peripheral nerve conduction velocity were 
observed [2]. 

This observation provides additional support for the 
neuropathy models used in our laboratory (cisplatin as well 
as diabetic neuropathy and experimental allergic neuritis 
[1], as in these models weight gain is often impaired and 
weight loss is not exceptional. The weight gain in the 
food-restricted group was comparable to that of cisplatin- 
treated animals during the period in which they developed 
a neuropathy. The most important conclusions from this 
study are that ORG 2766 prevents cisplatin-induced neu- 
ropathy, not only in young adult but also in adult rats, and 
that it does not accelarate spontaneous recovery from an 
existing cisplatin-induced neuropathy in our model. In 
humans, recovery mechanisms in cisplatin-induced neu- 
ropathy are probably insufficient, as deterioration con- 
tinues for about 4 months followed by incomplete and 
protracted recovery. These differences between rats and 
humans may suggest that in humans it is advisable to 
continue ORG 2766 administration up to 4 months after 
the last cycle of cisplatin treatment [17], although this 
needs further investigation in clinical studies. 

References 

1. Bgr PRD, Schrama LH, Gispen WH (1990) Neurotrophic effects of 
the ACTH/MSH-tike peptides in the peripheral nervous system: In: 
de Wied D (ed) Neuropeptide concept. Elsevier, Amsterdam, p 175 

2. Cornblath DR, Brown MJ (1988) Influence of malnutrition on 
developing rat peripheral nerves. Exp Neuro199:403 

3. De Koning P, Gispen WH (1987) ORG 2766 improves functional 
and electrophysiological aspects of regenerating sciatic nerve in the 
rat. Peptides 8:415 

4. De Koning P, Neijt JP, Jennekens FGI, Gispen WH (1987) Evalua- 
tion of cis-diamminedichloroplatinum(II) (cisplatin) neurotoxicity in 
rats. Toxicol Appl Pharmaco189:81 

5. Elderson A, Gerritsen van der Hoop P, Haanstra W, Neijt JP, Gis- 
pen WH, Jennekens FGI (1989) Vibration perception and thermoper- 
ception as quantitative measurements in the monitoring of cisplatin- 
induced neurotoxicity. J Neurol Sci 93:167 



166 

6. Gerritsen van der Hoop R, De Koning P, Boven E, Neijt JP, Jen- 
nekens FGI, Gispen WH (1988) Efficacy of the neuropeptide ORG 
2766 in the prevention and treatment in cisplatin-induced neurotoxic- 
ity in rats. Eur J Cancer Clin Onco124:637 

7. Gerritsen van der Hoop R, Vecht C J, Van der Burg MEL, Elder- 
son A, Boogerd W, Heimans JJ, Els D, Vries P, Van Houwelingen 
JC, Jennekens FGI, Gispen WH, Neijt JP (1990) Prevention of cis- 
platin neurotoxicity with an ACTH(4-9) analogue in patients with 
ovarian cancer. N Engl J Med 322:89 

8. Gispen WH (1990) Therapeutic potential for melanocortins in pe- 
ripheral nerve disease. Trends Pharmacol Sci 1 h 221 

9. Hamers FPT, Gerritsen van der Hoop R, Traber J, Neijt JP, Jen- 
nekens FGI, Gispen WH (1990) The calcium antagonist nimodipine 
in cisplatin-induced neuropathy in the rat. Eur J Pharmacol 183: 1710 

10. Hamers FPT, Gispen WH, Neijt JP (1991) Neurotoxic side-effects of 
cisplatin. Eur J Cancer 27:372 

11. Hovestadt A, Van der Burg MEL, Verbiest HBC, Van Putten WLJ, 
Vecht CJ (1992) The course of neuropathy after cessation of cisplatin 
treatment, combined with ORG 2766 or placebo. J Neuro1239:143 

12. Mfiller LJ, Gerritsen van der Hoop R, Moorer-van Delft CM, Gispen 
WH (1990) Morphological and electrophysiological study of the 
effects of cisplatin and ORG 2766 on rat spinal ganglion neurons. 
Cancer Res 50:2437 

13. Strand FL, Rose KJ, King JA, Segarra AC, Zuccarelli LA (1989) 
ACTH modulation of nerve development and regeneration. Prog 
Neurobio133: 45 

14. Terheggen MAB, Gerritsen van der Hoop R, Floot BGJ, Gispen WH 
(1989) Cellular distribution of cis-diaminedichloroplatinum(II)- 
DNA binding in dorsal root spinal ganglia: effect of the neuroprotect- 
ing peptide Org 2766. Toxicol Appl Pharmaco199:334 

15. Thompson SW, Davis LE, Kornfeld M, Hilgers RD, Standefer JC 
(1984) Cisplatin neuropathy. Cancer 54:1269 

16. Van der Zee CEEM, Schuurman T, Gerritsen van der Hoop R, 
Traber J, Gispen WH (1991) Beneficial effects of nimodipine on 
peripheral nerve function in aged rats. Neurobiol Aging 11: 451 

17. Vecht C], Hovestadt A, Verbiest HBC, Van Putten WLJ, Neijt JP, 
Van der Burg MEL (1991) ORG 2766 in the prevention of cisplatin 
neuropathy: In: Howell SB (ed) Platinum and other metal coordina- 
tion compounds in cancer chemotherapy, Plenum, New York, p 501 

18. Verhaagen J, Edwards PM, Jennekens FGI, Schotman P, Gispen WH 
(1986) Alfa-Melanocyte stimulating hormone (c~-MSH) stimulates 
the outgrowth of myelinated fibers after peripheral nerve crush. Exp 
Neuro192:451 

19. Verhaagen J, Edwards PM, Jennekens FGI, Schotman P, Gispen WH 
(1987) Early effects of an ACTH(4-9) analog (ORG 2766) on 
regenerative sprouting demonstrated by the use of neurofilament 
binding antibodies isolated from a serum raised by c~-MSH immuni- 
zation. Brain Res 404:142 

20. Walsh TJ, Clark AW, Parhad IM, Green WR (1982) Neurotoxic 
effects of cisplatin therapy. Arch Neuro139:719 


