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Abstract. Numerous experiments with peptides related to ACTH/ 
MSH, and involving tests such as avoidance, approach, discrimination 
and rewarded behavior indielate that these peptides possess neuroactive 
effects on learning, motivation, attention, and concentration. In addition, 
ACTHIMSH neuropeptides affect social behavior, interact with opiate 
binding sites, and p w e s s  antiepileptic properties. Other CNS effects 
which can be demonstrated after intracranial administration only are 
grooming behavior, stretching, yawning and sexual behavior. The effects 
reside mainly in the N-terminal part of ACTH (ACTH-(4-10); ACTH- 
(7-16) and are dissociated from the peripheral corticotrophic effect. Se- 
veral substitutions in the sequence ACTH-(4-9) led to a highly selec- 
tive, potent and orally active neuropeptide with a marked loss of endo- 
crine effects. Thus H-Met(02)-Glu-His-Phe-D-Lys-Phe-OH (Org 2766) 
appeared to be 1,000 times more active on avoidance behavior than, 
ACTH-(4-10) but to contain 1,000 times less melanotrophic activity. I t  
also had a markedly reduced steroidogenic, fat mobilizing and ophte- 
like activity. ACTH/MSH peptides also possess neurotrophic activities 
as derived from studies on regeneration of damaged nerve cells. Animal 
studies show beneficial effects of semichronic treatment of the ACTH- 
(4-9) analogue Org 2766 0x1 nerve crush regeneration in animals. The 
activity for this effect resides in the sequence ACTH-(6-10). The neuro- 
trophic influence is evident both at  the sensory and the motor function 
level. The protective effect of Org 2766 is also found in other neuropa- 
thies as a result of diabetes mellit9.s and chemotherapy. It has been po- 



stulated that ACTH peptides mimic a signal as  part of a regeneration 
program of the neurons similar to that found in developing nerves. Also 
recovery from lesions in the nucleus parafascicularis, nucleus accumbens 
and fimbria fornix can be facilitated by treatment with ACTH neuro- 
peptides. In addition, long-term treatment of rats with Org 2766 reduces 
morphological correlates of brain aging such as  neuronal loss and In- 
creased glial reactivity, neurochemical correlates such as corticosterone 
receptor loss and functional correlates such as emotionality, cognitive 
function and sociability. 

Numerous experiments with peptides related to ACTHIMSH, and 
involving tests such as avoidance, appro~ach, discrimination and rewar- 
ded behavior indicate that these peptides affect learning, motivation, 
attention, concentration and memory pmcesses. In addition, ACTHIMSH 
neuropeptides affect social behavior, interact with opiate binding sites, 
and possess anti-epileptic properties. Other CNS effects which are only 
demonstrated after intracranial administration are grooming behavior, 
stretching, yawning and sexual behavior. Besides these neuroactive 
effects, ACTH/MSH neuropeptides possess neurotrophic influences (59). 

Initially a great number of experiments was performed to determine 
the active locus in the ACTH molecule for the effect on avoidance be- 
havior. These structure activity studies were performed for the greater 
part on extinction of pole jumping avoidance behavior in intact rats. In 
this test ACTH-(1-24), ACTH-(1-lo), ACTH-(4-10) and ACTH-(4-7) weTe 
equally active. Removal of the amino acid residues 4 or 7 markedly re- 
duced the behavioral effect (23). Peptides as ACTH-(7-lo), Ac-ACTH- 
(11-13)NH2 and ACTH-(11-24) had some residual activity. The residual 
potency of ACTH-(7-10) could be increased to the same level as ACTH- 
(4-10) extending the C-terminal sequence to ACTH-(7-16)NH2. Thus, 
other sequences such as (11-13) contain elements for behavioral activity 
which are present in a latent form. Substitution of phenylalanine by 
a D-enantiomer in ACTH-(1-lo), ACTH-(4-10) or ACTH-(4-7) had an 
effect opposite to that of the L-enantiomer peptides. These D-Phe7 ana- 
logs facilitate extinction of shuttle box and pole-jumping avoidance be- 
havior (23). Several substitutions in the sequence ACTH-(4-9) led to 
a highly selective and potent neuropeptide with a marked loss of en- 
docrine effects. Thus, H-Met(02)-Glu-His-Phe-D-Lys-Phe-OH (Org 2766) 
appeared to be 1,000 times more active than ACTH-(4-10) but to contain 
1,000 times less melanotrophic activity. It also had a markedly reduced 
steroidogenic, fatmo~bilizing and opiate-like activity. Because of its in- 
creased resistance to enzymatic degradation Org 2766 also appeared to 
be orally active (24). The substitutions cause not only potentiation and 



prolongation of the action but also the incorporation of other intrinsic 
activities. Org 2766 elicits apposite effects in that "low" amounts faci- 
litate while "high" doses attenuate passive avoidance behavior and elec- 
trical brain self-stimulation. The effects of "high" doses can be blocked 
by the opiate antagonist naltrexme and appear to reside in the C-termi- 
nal tripeptide Phe-D-Lys-Phe (PDLP) (16, 17). 

Postlesion neuronal repair is often viewed as a rapid replay of those 
cellular processes that govern neuronal development, maturation and 
network formation. Thus humoral factors that influence neurcmal de- 
velopment may be of benefit to neuronal repair mechanisms in adult life. 
Recently, several authors have shown that ACTHIMSH-like peptides 
influence the growth and differentiation of central neurons in culture. 
Daval et al. (8) treated cerebral chicken neurons with ACTH-(1-24) and 
observed an enhancement of cell metabolism in general, and increased 
neurite formation. The effect appeared to be dose-dependent, with a ma- 
ximum at 10 nM ACTH-(1-24). Azrnitia and De Kloet (1) used cultures 
of dissociated rat hippocampal and raphe cells. They showed an enhan- 
cement of serotonergic maturation by various ACTH-like peptides 
(ACTH-(1-24), ACTH-(4-10) and Org 2766, provided that the raphe cells 
were cultured alone. In the presence of the natural hippocampal 
target cells of these raphe cells no effect of the peptides was observed, 
suggesting that they may exert their neurotrophic influence om raphe 
cells via similar mechanisms as hippocampal target cells through a so- 
luble protein that normally stimulates the outgrowth of raphe cells (1). 
Richter-Landsberg et al. (44) studied the effect of ACTH-(4-10) and 
ACTH-(1-24) on the growth and development of embryonic rat cerebral 
cells in culture. Long-term peptide treatment resulted in an increase in 
the density of the neuronal network, in neuronal aggregates and neurite 
bundles. At the same time a 30°/o increase in acetylcholinesterase (AChE) 
activity was observed. Van der Neut e t  al. (39) used slices of foetal rat 
spinal cord in culture to establish neurotrophic effects of a-MSH and 
ACTH-(4-10). After 5 and 7 days, outgrowth was quantified with two 
different techniques, namely a visual scoring under phase-contrast and 
an ELISA for neurofilament protein. Both peptides dose dependently 
stimulated the formation of neurites by 30-40°/o in the sub-nanomolar 
range. 

Earlier studies had already pointed to neurotrophic effects of mela- 
nocmtins on neural development in vivo. In a series of experiments 
Swaab and coworkers obtained evidence that a-MSH but not other 
ACTH related peptides or Org 2766 affects intrauterine foetal rat body 
and brain growth. Interestingly, the trophic effect of a-MSH was not 
detected when the peptide was given in the first weeks of postnatal life 



(see for review 54). Van der Helm-Hylkema and De Wied (26) reported 
a stirnulatory effect of ACTH and fragments (ACTH-(1-39), (1-24), 
-(I-18), -(I-16) on eye opening of both male and female rat pups. The 
shorter peptides a-MSH, ACTH-(1-lo), ACTH-(4-10) or Org 2766 were 
not effective. How ACTH affects eye-opening is not clear, although it 
is tempting to assume that it is brought about by a direct effect on the 
developing rat  clentral nervous system. In another series of experiments 
Strand and coworkers reported a beneficial effect of ACTH-(4-10) and 
Org 2766 on perinatal development of rat motor function and neuromus- 
cular junction. Their neurophysiological data suggested an improvement 
though a neurotrophic effect of the peptide, although the effect on end- 
plate maturation suggested a myotrophic action as well (see for deview 52). 

ACTH-like peptides exert a beneficial role in the repair and develop- 
ment of the nervous system (see for review 51). Therefore, these peptides 
can be considered as small growth factors with a completely specified 
primary structure. Evidence for neuroptrophic effects on the peripheral 
nervous system is well documented. ACTH/MSH peptides facilitate the 
recovery following a sciatic nerve crush in the rat (3, 31, 50). The most 
active peptides in this respect are a-MSH and Org 2766, the shortest 
active fragment appeared to be ACTH-(6-10) (2, 5, 9). These findings 
led to the suggestion that melanotrophic rather than corticotropic features 
of the ACTH/MSH peptides are involved. However, ACTH-(6-9) which 
is essential for melanotrophic activity by itself is not effective (Van der 
Zee, personal communicatioln). The neurotrophic influence of ACTHI 
MSH-like peptides was evident both at the sensory (19, 31) and the 
motor function level (32). The latter was apparent in improvement of 
the walking pattern following peptide treatment of rats bearing unilateral 
crush lesions in their sciatic nerve. Studies on the optimal route of 
administration revealed neurotrophic activity following subcutaneous 
injection and topical application of the peptide at the site of the lesion. 
Oral administration was shown to be ineffective (9, 11, 64). In addition, 
the treatment should commence immediately following the damage, 
in other words there is strong evidence for a critical effective treatment 
period (13, 55, 57). These functional data are corroborated by neurophy- 
siological and histological evidence. It was shown that peptide treatment 
of rats bearing a sciatic nerve crush lesion improves several parameters 
of muscle function such as muscle action potential motor unit activity 
etc. and nerve muscle efficacy (46). Furthermore, it was found that 
treatment resulted in the formation of small motor units, allowing 
a more finely-graded control of muscle contraction (47). Finally, it was 
demonstrated that short-term peptide treatment led to long-term benefi- 
cial effects on motor nerve conduction and H-related sensory-nerve 



conduction velocities in the regenerating sciatic nerve (32). Based on 
histological analysis of the crushed nerve at first it was proposed that 
the neurotrophic influlewe was based on enhanced outgrowth of newly 
formed sprouts (50). However, later work revealed unequivocally an 
increase in the number of sprouts branching from the proximal nerve 
stump (2, 4, 5, 55) which is more in line with the functional data at 
hand (19). Recently it  was observed that peptide treatment also enhan- 
ced collateral sprouting following partial denervation of the soleus 
muscle in the rat (34). This is an interesting observation as the process of 
collateral sprouting is presumably under different control than sprou- 
ting. Such activity may be of importance in CNS post-lesion plasticity. 

To obtain more insight in whether the enhanced return of functim 
is caused by an action of the peptide on the speed of outgrowth or on 
the actual number of newly formed sprouts, a crush model of the tail 
nerves of the rat was developed. By recording the time needed f o r  
return of sensury function on various points of the tail, each located 
more distally with respect to the crush site, it was established that 
Org 2766 treatment enhanced the return of sensory function with about 
2-3 days, but the subsequent rate of recovery was approximately the 
same in both peptide and saline treated groups (20). Interestingly, me- 
lanocortins also promote collateral sprouting: experiments in which the 
rat soleus muscle was partly denervated by cutting tho lumbar L5 root, 
showed collateral sprouting from the remaining motor units innervated 
by L4 and L6 roots. In saline treated rats these motor units could in- 
crease their muscle fibers five-fold, whereas in peptide treated animals 
the increase was about 7.5-fold (34). 

Several observations suggest that melanocortins mimic or  amplify 
a natural occurring peptide signal early in the repair process. Transected 
peripheral nerves excrete neurotrophic proteins which facilitate nerve 
fibre regeneration (42). These are probably taken up by the axolns and 
transported to the cell bodies (48). Currently, two working hypotheses 
are being considered. One hypothesis suggests that the distal degene~a- 
ting nerve segment produces an MSH-like peptide that faciliates sprou- 
ting from the proximal stump (10, 13). The source of the peptide could 
be the neurofilament protein NF 150 (13, 58). Although the distal de- 
generating nerve seems to produce MSH-like activity as determined by 
biu-assay (13), the factor has not yet been characterized (56). Another 
observatian by L u m  et al. (38) in a mutated mouse strain questions 
the need of degenerative products. They found in mice, in which leuco- 
cyte invasion is slow and sparse and the myelin removal extremely 
slow, that the absence of Wallerian degeneration does not hinder the 
regeneration in peripheral nerve. The alternative or additional possibility 



is that the cell body of damaged peripheral nerves reexpress proopio- 
melanocortin (POMC) (25, 27). Evidence is accumulating that embryonic 
motor neurons express POMC (7). In the mature peripheral nervous 
system this does not occur, except in genetically dystrophic mice in 
which POMC expression is related to the growth and maturation re- 
pertoire of damaged neurons. Indeed, preliminary results indicate that 
POMC expression, measured by in situ hybridization with an Exon 
3 probe, is significantly increased after a sciatic crush lesion, both in 
dorsal root ganglia and spinal cord (Plantinga, Lopes da Silva, Schrama, 
personal communication). Although further experimental support is needed 
to clarify the mechanism <of action of neurotrophic peptides, the reali- 
zation that the formation of a naturally occurring signal might be an 
intrinsic property of the damaged nerve, offers a scala of important 
clinical applications. Based on the hypothesis that exogenous administe- 
red peptides might mimic or amplify an endogenous signal that triggers 
the regenerative response, it was postulated that not cmly mechanical 
damage but also other neural damage, like neurotoxic-induced or dia- 
betic-induced peripheral neuropathy could benefit from peptide treat- 
ment. Examples of cumulative toxins which induce peripheral neuopathy 
are acrylamide and the antitumor drug cisplatin. Acrylamide causes 
a mainly peripheral neuropathy in man and animal. The toxin results 
in a Wallerian degeneration of distal regions of nerve axom and many 
of the biochemical changes that occur resemble those observed following 
axotamy (6). The eventual recovery is the result of regene~ation of the 
surviving proximal parts of the nerve (53). Rats treated with acrylamide 
(50 mglkg, every 48 h) for two weeks develop severe abnormalities in the 
walking pattern and the landing foot spread. Also the sensory nerve 
conduction velocity (SNCV) is diminished. Concomitant treatment with 
Org 2766 does not affect the onset of the neurapathy. However while 
saline treated animals still display a decreased SNCV 88 days after the 
beginning of the treatment with acrylamide, oomplete normalization 
occurs in peptide-treated animals (12). The anti-tumor drug cisplatin, 
used in the chemotherapy of ovarian and testicular cancer patients, 
causes a purely sensory neuropathy at cumulative dose levels (41). Rats 
given cisplatin (1 mglkg) twice a week develop a sensory neuropathy 
after 7 weeiks of treatment as indicated by a marked decrease in SNCV 
(33). Cotreatment with Org 2766 protects cisplatin-induced sensory 
neuropathy and also improves the SNCV when the neuropathy is alrea- 
dy manifest, even during continuing cisplatin administration (19, 33). 
Morphological analysis of sural nerves of rats that were given cisplatin 
for 12 weeks revealed no change in the total number of fibers, but a de- 
crease in the number of thick myelinated nerve fibers and a reduced 



degree of myelination. Animals that received Org 2766 treatment showed 
a normal distribution of sensory nerve fibers (21). 

Peripheral neurqathy also occurs in diabetes mellitus. It is charac- 
terized by greatly decreased peripheral motor nerve and sensory nerve 
conduction velocities. Also autonomic nervous system neusolpathy occurs 
in this disorder which affects particular the gastrointestinal, cardiova- 
scular and urogenital system (15). In streptozocin-induced diabetes melli- 
tus in rats a delayed sensory nerve conduction velocity (SNCV) is found 
approximately after 9 weeks. Treatment with Org 2766 restored SNCV 
to normal values, not significantly different from nondiabetic controls. 
In saline treated diabetic rats an implaired pressor response to phenyle- 
phrine and tyramine is found, indicative of an impaired autonomic ner- 
vous system function of the circulation. Org 2766 restored the tyramine 
responsiveness, whereas the impaired phenylephrine response was not 
affected. Org 2766 peptide treatment apparently protects from strepto- 
min-induced diabetic peripheral neuropathy. 

ACTHIMSH neuropeptides exert neurotrophic effects both in ani- 
mals and in humans. A multi-center, placebo controlled clinical 
trial in 55 ovarian cancer patients treated with cisplatin was set up to 
study the possible preventive action of Org 2766 in human subjects. In 
this study 2 doses of Org 2766 (0.25 mg/m2 and 1 mg/m2) were compared 
to placebo treatment at the start, and after 2, 4 and 6 cycles of cytotoxic 
treatment. The vibration sense was used as the main parameter, since 
earlier studies indicated that this parameter was affected in a subcli- 
nical phase of the neumpathy (14, 45). Vibration perception thresholds 
began to increase, implicating a gradual loss of function, in the placebo 
group after 2 treatment cycles and further deteriorated after 4 and 6 
cycles. In the high dose Org 2766 treatment group no change was seen 
after 2 and 4 cycles, whereas only a modest increase was seen after 
6 cycles. The differences were statistically highly significant. The low 
dose peptide group displayed a moderate loss of vibration sense. Symp- 
toms (paraesthesia, numbness) and sings (loss of tendon reflexes, vibration 
sense and fine touch perception) occurred in 50°/o of the patients in the 
placebo group after 4 courses, but were not seen in the high or low dose 
Org 2766 treatment groups. There existed still a substantial difference 
compared to the placebo group after 6 cycles. The response to cisplatin 
treatment was similar in all three groups. These results suggest that 
Org 2766 is capable of preventing or at least postponing cisplatin neuro- 
pathy in ovarian cancer patients (22). 

Several reports have been published which suggest that damage in 
the central nervous system may be reduced by treatment with melano- 
cortins. Flohr and Liineburg (18) observed that systemic treatment with 



ACTH-(4-10) improved the acquisition and maintenance of the compen- 
sated state which follows unilateral labyrinthectomy in Rana temporaria. 
Liineburg and Flohr (37) found similar effects with a-MSH, the syn- 
thetic ACTH analogs Org 2766 (4-9) and Org 5041 (4-16), ACTH-(4-7), 
ACTH-(1-10) and ACTH-(4-10). Likewise, Igarashi et  al. (28, 29) reported 
that ACTH-(4-10) modified the characteristics and time courses of ves- 
tibulo-spinal and vestibulo-oculomotor balance compensation following 
labyrinthectomy in the squirrel monkey. ACTH-(4-10) appeared to cm- 
tribute to the organic repair or remodelling of the neural network rela- 
ted to the motor output system (28). 

ACTHfMSH peptides might a h  affect the diminished neural plasti- 
city in the CNS during aging (18a). At the behavioral level aging is 
characterized by behavioral deficits of which cognitive dysfunction and 
reduced sociability are well documented expressions. Long-term treat- 
ment with Org 2766 reduces the morphological and functional correlates 
af brain aging such as neuronal loss, increased glial reactivity and a re- 
duced maze reversal learning (36). In a subsequent study Landfield (35) 
showed that Org 2766 inhibited age-related neuronal or synaptic loss 
and reduced multiple synaptic contacts which may be a compensatory 
response to synaptic loss. Long-term treatment of old rats with Org 2766 
reverses the loss of corticosterone type 1 receptor in senescent rats (43). 
Sprruijt et al. (49) showed that treatment of 19 months old rats f a r  
6 months delayed signs of aging significantly faster in learning a wa- 
te~maze and also showed more social behavior. This was still found two 
months after discontinuing the treatment and suggests the lasting nature 
of the effect of Org 2766. Brain damage might also benefit from treat- 
ment with ACTH/MSH neuropeptides. Org 2766 facilitates recovery from 
hyperemotionality in rats with lesions in the septa1 area (30). The same 
complound and u-MSH facilitate recovery of a reversal learning impair- 
ment following lesions in the nucleus parafascicularis of the thalamus 
(40). Such lesions impaired a T-maze reversal learning, disturbed motor 
function and increased the grasping r e s y s e .  &g 2766 treatment or 
treatment with a-MSH but not with y2-MSH induced recovery of the 
cognitive impairment but not of other behavioral disturbances of le- 
sioned rats. Treatments were effective when given either during the 
first or during the secomd week after the lesion but acute treatment 
was without effect. These studies did not search for morphololgical and 
biochemical co~relates of the recovery end were perfo~med in rats 
bearing electrolytic lesions in the brain. The results in rats with elec- 
trolytic lesions suggested that ACTHIMSH peptides might be also bene- 
ficial in animals in which central nervous function was eliminated by local 
injections of 6-OHDA. Chronic treatment either into the nucleus accum- 



bens or subcutaneously with Org 2766 shortened recovery of bilateral 
6-OHDA lesion of the nucleus accumbens from 28 days to 7 days (62). 
The treatment does not affect lesion induced changes in accumbal DA, 
DOPAC and HVA. Scatchart plot of 3H-hal~peridol again showed two 
binding sites and behavioral supersensitivity of apomorphine. Thus Org 
2766 accelerates functional recovery by affecting processes involved in 
spontaneous recovery. Functional recovery of impaired m'otor activity 
caused by bilateral 6-OHDA lesions of the nucleus accumbens could 
also be accelerated by other ACTHIMSH neuropeptides (60). A structure 
activity study showed that ACTH-(4-lo), a-MSH, ACTH-(7-10) were as 
effective as Org 2766. Hawever, ACTH-(4-7) which is the active core 
for cognitive behavior (59) is inactive as is the C-terminal part of 
Org 2766 Phe-D-Lys-Phe (PDLP). It could be that the rneurotrophic 
site is present in the 7-10 portion of the ACTH-m801ecule but this does 
not agree with the failure of PDLP to cause a similar beneficial effect. 
Finally Wolterink et al. (63) were able to show that a-MSH or Org 2766 
antiserum in the nucleus accumbens of a 6-OHDA lesimed rat delayed 
functional recovery. This suggests that endogenous ACTHIMSH factors 
mediate recovery processes in the brain or are needed to maintain an 
optimal function of nervous system cells. The delay in recovery is acco'm- 
painied by the absence of apomorphine hypersensitivity as seen in 6- 
OHDA-lesianed rats a t  3 weeks after the lesion and of the two-type 
affinity model for 3H-haloperidol binding sites. I t  thus looks a s  if the 
antisera blocked postsynaptic supersensitivity. Greven and De Wied (23) 
have shown that Org 2766 is orally active and found that one needs 
orally 1,000 times more than subcutaneous administratioln as measured 
on extinction of pole-jumping avoidance behavior. 1.c.v. injection elicited 
a similar effect again in a dose 1,000 times less than needed subcuta- 
neously. The doses used by Wolterink and Van Ree (61) were 80.6 pg/kg 
for oral and 28.5 mglkg for subcutaneously and only 0.76 nglkg for in- 
traaccumbal administration. In this study they also showed that treat- 
ment during the first 6 days after the lesion is necessary to facilitate 
functional recovery. Treatment during days 1-3 or 4-6 or a single injection 
at day 6 was inneffective. 

The above mentimed experimelnts show that ACTHIMSH-like neuro- 
peptides possess neurotrophic activities. Beneficial effects of these neu- 
ropeptides have been found on regeneration of damaged central and 
peripheral nerve tissue as well as on aging following semichronic and 
chrmic treatment. These peptides may also be clinically effective and 
may have important potential in preventing peripheral neuroipathies, 
in facilitating recovery of brain lesions and in delaying symptoms of 
aging. 



REFERENCES 

1. AZMITIA, E. C. and de KLOET, E. R. 1987. Neuropeptide stimulation of se- 
rotonergic neuronal maturation in tissue culture: modulation by hippo- 
campal cells. Prog. Brain Res. 72: 311-318. 

2. BIJLSMA, W. A., van ASSELT, E., VELDMAN, H., JENNEKENS, F. G. I., 
SCHOTMAN, P. and GISPEN, W. H. 1983. Ultrastructural study of the 
effect of ACTH-10 on nerve regeneration: outgrowing axons become 
larger in number and smaller in diameter. Acta Neuropathol. 62: 24-30. 

3. BIJLSMA, W. A., JENNEKENS, F. G. I., SCHOTMAN, P. and GISPEN, W. H. 
1981. Effects of corticotrophin (ACTH) on recovery of sensorimotor func- 
tion in the rat: structure-activity study. Eur. J. Pharmacol. 76: 73-79. 

4. BIJLSMA, W. A,, JENNEKENS, F. G. I., SCHOTMAN, P. a d  GISPEN, W. H. 
1984. Neurotrophic factors and regeneration in the peripheral nervous 
system. Psychoneuroendocrinology 9: 199-215. 

5. BIJLSMA, W. A., SCHOTMAN, P., JENNEKENS. F. G. I., GISPEN, W. H. 
and de WIED, D. 1983. The enhanced recovery of sensorimotor function 
in rats is related to the melanotropic moiety of ACTHIMSH neuropep 
tides. Eur. J. Pharmacol. 92: 231-236. 

6. BISBY, M. A. and REDSHAW, J. D. 1987. Acrylamide neuropathy: changes in 
the composition of proteins of fast axonal transport resemble those ob- 
served in regenerating axons. J. Neurochem. 48: 924-928. 

7. CARR, A. and HAYNES, L. W. 1988. Transient appearance of proopiomelano- 
cortin (POMC) messenger RNA and N-terminal peptides in rat  embryo 
spinal cord. Neurosci. Res. Commun. 3: 31-39. 

8. UAVAL, J. L., LOUIS, J. C., GERARD, M. J. and VINCENDON, G. 1983. 
Influence of adrenocorticotropic hormone on the growth of isolated neu- 
rons in culture. Neurosci. Lett. 36: 299-304. 

9. DEKKER, A. J. A. M., PRINCEN, M. M., de NIJS, H., de LEEDE, L. G. J. 
and BROEKKAMP, C. L. E. 1987. Recovery from sciatic nerve damage 
by the ACTH (4-9) analog Org 2766: different routes of administration. 
Peptides 8: 1057-1059. 

10. EDWARDS, P. M. and GISPEN, W. H. 1985. Melanocortin peptides and neural 
plasticity. In J. Traber and W. H. Gispen (ed.), Senile dementia of Alzhei- 
mer type. Springer-Verlag, Berlin, p. 231-240. 

11. EDWARDS, P. M., KUITERS, R. R. F., BOER, G. J. and GISPEN, W. H. 1986. 
Recovery from peripheral nerve transection is accelerated by local appli- 
cation of alfa-MSH by means of microporous accurel polypropylene tubes. 
J. Neurol. Sci. 74: 171-176. 

12. EDWARDS, P. M., SPOREL, E., GERRITSEN van der HOOP, R. and GISPEN, 
W. H. 1988. Recovery from acrylamide neuropathy is improved by treat- 
ment with a n  ACTH analog. Org 2706. Int. Joint meeting of Br. Toxic01 
Soc. and Soc. Ital. Vos, Venice (Abstr.). 

13. EDWARDS, P. M., van der ZEE, C. E. E. M., VERHAAGEN, J., SCHOTMAN, P., 
JENNEKENS, F. G. I. and GISPEN, W. H. 1984. Evidence that the neuro- 
trophic actions of alpha-MSH may derive from its ability to mimick the 
actions of a peptide formed in degenerating nerve stumps. J. Neurol. Sci. 
64: 333-340. 

14. ELDERSON, A., GERRITSEN van der HOOP, R., HAANSTRA, W., NEIJT, J. P., 
GISPEN, W. H. and JENNEKENS, F. G. I. 1989. Vibration perception and 



thermoperception a s  quantitative measurements in the monitoring of cis- 
platin induced neuropathy. J. Neurol. Sci. 93: 167-174. 

15. EWING, D. J. and CLARKE, B. F. 1987. Diabetic autonomic neuropathy: a cli- 
nical viewpoint. In P. J. Dyck, P. K. Thomas, A. K. Asbury, A. I. Wine- 
grad and D. Porte (ed.), Diabetic neuropathy. Saunders, Philadelphia, 
p. 66-68. 

16. FEKETE, M., BOHUS, B., van WOLFSWINKEL, L., van REE, J. M. and de  
WIED, D. 1982. Comparative effects of the ACTH-(4-9) analogues (Org 
2766), ACTH-(4-10) and Ed-Phe71 ACTH-(4-10) on  medial septa1 self-stimu- 
lation behavior in rats. Neuropharmacology 21: 909-916. 

17. FEKETE, M. and de WIED, D. 1982. Naltrexone-insensitive facilitation and 
naltrexone-sensitive inhibition of passive avoidance behavior of the  ACTH- 
(4-9) analog (Org 2766) are  located in two different parts of the molecule. 
Eur. J. Pharmacol. 81: 441-448. 

18. FLOHR, H. and LUNEBURG, U. 1982. Effects of ACTH-(4-10) on vestibular 
compensation. Brain Res. 248: 169-173. 

18a. GAGE, F. H. BJURKLUND, A., STENEN, U. and DUNNETT, S. B. 1983. In- 
tracerebral grafting in the aging brain. In W. H. Gispen and J. Traber 
(ed.), Aging of the brain. Elsevier Science Publishers, Amsterdam, p. 125- 
137. 

19. GERRITSEN van der HOOP, R., BRAKKEE, J. H., KAPELLE, A., SAMSON, 
M., de  KONING, P. and GISPEN, W. H. 1988. A new approach for the  
evaluation of recovery after peripheral nerve damage. J. Neurosci. Meth. 
26: 111-116. 

20. GERRITSEN van der HOOP, R., de KONING, P., BOVEN, E., NEIJT, J. P., 
JENNEKENS, F. G. I. and GISPEN, W. H. 1988. Efficacy of the neuro- 
peptide Org 2766 in the prevention and treatment of cisplatin-induced 
neurotoxicity in  rats. Eur. J. Cancer Clin. Oncol. 24: 637-642. 

21. GERRITSEN van der HOOP, R., NEIJT, J. P., JENNEKENS, F. G. I. and 
GISPEN, W. H. 1988. Both in normal and high-dose cisplatin treatment 
Org 2766 protects from neurotoxicity in rats: electrophysiological and hi- 
stological results. ENA Satellite symposium on  peripheal  nerve develop 
ment and regeneration, San Remo, Italy (Abstr.) p. 39. 

22. GERRITSEN van der HOOP, R., VECHT, Ch., ELDERSON, A., van den BURG, 
M. E. L., HAANSTRA, W., BOKKEL HUININK, W., HEIMANS, J., VER- 
MORKEN, J., JENNEKENS, F. G. I., GISPEN, W. H. and NEIJT, J. P. 
1989. Org 2766, a n  ACTH4-9 analog, prevents cisplatin induced neuropathy 
in ovarian cancer patients. ASCO, San Fran~cisco (Abstr.) p. 583. 

23. GREVEN, H. M. and de WIED, D. 1973. The influence of peptides derived 
from corticotropin (ACTH) on performance. Structure activity studies. 
Progr. Brain Res. 39: 429-442. 

24. GREVEN, H. M. and de WIED, D. 1977. Influence of peptides structurally 
related to ACTH and MSH on active avoidance behaviour in  rats. A struc- 
ture relationship study. Front. Horm. Res. 4: 140-152. 

25. HAYNES, L. W. and SMITH, M. E. 1986. The regulation by 0-endorphin and 
related peptides of collagen-tailed acetylcholinesterase forms in the ske- 
letal muscles of vertebrates. In G. Stefano (ed.), ORC handbook of compa- 
rative aspects of opioid and related neuropeptide mechanisms. Vol. 11, 
Ch. 31. San Francisco, p. 65-79. 

26. VAN der HELM-HYLKEMA, H. and de WIED, D. 1976. Effect of neonatally 



injected ACTH and ACTH analogs on eye-opening of the rat. Life Sci. 18: 
1099-1104. 

27. HUGHES, S. and SMITH, M. E. 1987. p-endorphin and a-melanotropin immu- 
noreactivity in motor nerves of normal and dystrophic mice. Neurosci. 
Lett. 92: 1-7. 

28. IGARASHI, M., ISHII, M., ISHIKAWA, K. and HIMI, T. 1988. Comparative 
effect of some neurotrophic agents on balance compensation after laby- 
rinthectomy in the squirrel monkey. In H. Flohr (ed.), Postlesion neural 
plasticity. Springer-Verlag, Berlin, p. 627-634. 

29. IGARASHI, M., ISHIKAWA, K., ISHII, M. and SCHMIDT, K. A. 1985. Effect 
of ACTH4-10 on equilibrium compensation after unilateral labyrinthectomy 
in the squirrel monkey. Eur. J. Pharmacol. 119: 239-242. 

30. ISAACSON, R. L. and POPLAWSKY, A. 1983. An ACTH-(4-9) analog (Org 
2766) speeds recovery from septa1 hyperemotionality in the rat. Behav. 
Neural Biol. 39: 52-59. 

31. De KONING, P., BRAKKEE, J. H. and GISPEN, W. H. 1986. Methods for 
producing a reproducible crush in the sciatic and tibia1 nerve of the ra t  
and rapid precise testing of return of sensory function. Beneficial effects 
of melanocortins. J. Neurol. Sci. 74: 237-247. 

32. De KONING, P. and GISPEN, W. H. 1987. Org 2766 improves functional and 
eleotrophysiological aspects of regenerating sciatic nerve i n  the rat. Pep- 
tides 8: 415-422. 

33. De KONING, P., NEIJT, J. P., JENNEKENS, F. G. I. and GISPEN, W. H. 
1987. Org 2766 protects from cisplatin-induced neurotoxicity in rats. Exp. 
Neur. 97: 746-750. 

34. De KONING, P., VERHAAGEN, J., SLOOT, W., JENNEKENS, F. G. I. and 
GISPEN, W. H. 1989. Org 2766 stimulates collateral sprouting in the soleus 
muscle of the ra t  following partial denervation. Muscle and Nerve 12: 
353-359. 

35. LANDFIELD, P. W. 1987. Modulation of brain aging correlates by long-term 
alterations of adrenal steroids and neurally-active peptides. Progr. Brain 
Res. 72: 279-300. 

36. LANDFIELD, P. W., ASKIN, R. W. and PITTLER, T. A. 1981. Brain-aging 
correlates: retardation by hormonal-pharmacological treatments. Science 
214: 581. 

37. LONEBURG, U. and FLOHR, H. 1988. Effects of melanocortins on vestibular 
compensation. Progr. Brain Res. 76: 421-429. 

38. LUNN, E. R., PERRY, V. H., BROWN, M. C., ROSEN, H. and GORDON, S. 
1989. Absence of Wallerian degeneration does not hinder regeneration in 
peripheral nerve. Eur. J. Neurosci. 1: 27-33. 

39. VAN der NEUT, R., BAR, P. R., SODAAR, P. and GISPEN, W. H. 1988. Trop- 
hic influences of alpha-MSH and ACTH4-10 on neuronal outgrowth in 
vitro. Peptides 9: 1015-1020. 

40. NYAKAS, C., VELDHUIS, H. D. and de WIED, D. 1985. Beneficial effect of 
chronic treatment with Org 2766 and a-MSH on impaired reversal learning 
of rats with bilateral lesions of the parafascicular area. Brain Res. Bull. 
15: 257-265. 

41. OZOLS, P. F., OSTCHEGA, Y., MYERS, C. E. and YOUNG, R. L. 1985. High 
doses cisplatin in hypertonic saline in refractory ovarian cancer. J. Clin. 
Oncol. 3: 1246-1250. 



POLITIS, M. J. and SPENCER, P. S. 1983. An  in vivo assay of neurotropic 
activity. Brain Res. 278: 229-231. 

REUL, J. M. H. M., TONNAER, J. A. D. M. and de KLOET, E. R. 1988. Neuro- 
trophic ACTH-(4-9) analog promotes plasticity of corticosteroid receptor 
subtype in brain of senescent rats. Neurobiol. Aging 9: 253-260. 

RICHTER-LANSBERG, C., BRUNS, I. and FLOHR, H. 1987. ACTH neuro- 
peptides influence development and differentiation of embryonic r a t  cere- 
bral cells in culture. Neurosci. Res. Commun. 1: 153-162. 

ROELOFS, R. I., HRUSHESKY, W., ROGIN, J .  and ROSENBERG, L. 1984. 
Peripheral sensory neuropathy and cisplatin chemotherapy. Neurology 34: 
934-938. 

SAINT-COME, C., ACKER, G. R. and STRAND, F. L. 1982. Peptide influences 
on the development and regeneration of motor performance. Peptides 3: 
439-449. 

SAINT-COME, C. and STRAND, F. L. 1985. ACTHIMSH 4-10 improves motor 
unit reorganization during peripheral nerve regeneration in the rat. Pep- 
tides 6, 1: 77-83. 

SINGER, P. A., MEHLER, S. and FERNANDEZ, H. L. 1988. Effect of extracts 
of injured nerve on initiating the regenerative response in the hypoglossal 
nucleus in the rat. Neurosci. Lett. 84: 155-160. 

SPRUIJT, B. M., van LINDER, S. and GISPEN, W. H. 1988. Improvement of 
learning and social behavior by a n  ACTH(4-9) analog i n  aging rats. Int. 
Symp. on Alzheimer's disease. June 12-15, Kuopio, Finland. 

STRAND, F. L. and KUNG, T. T. 1980. ACTH accelerates recovery of neuro- 
muscular function following crushing of peripheral nerve. Peptides 1: 
135-138. 

STRAND, F. L. and SMITH, C. M. 1980. LPH, ACTH, and motor systems. 
Pharmacol. Ther. 11: 509-533. 

STRAND, F. L. and SMITH, C. M. 1986. LPH, ACTH, MSH and motor systems. 
In D. de  Wied, W. H. Gispen, Tj. B. van Wimersma Greidanus (ed.), Neuro- 
peptides and behavior. Vol. 1. Pergamon Press, Oxford, p. 245-272. 

SUZUKI, K. and PFAFF, L. D. 1979. Acrylamide neuropathy in  rats. Acta 
Neuropathol. 24: 197-213. 

SWAAB, D. F. and MARTIN, J. T. 1981. Functions of a-melanotropin and 
other opiomelanocortin peptides in  labour, intrauterine growth and brain 
development: peptides of the pars intermedia. CIBA Found. Symp. 81: 
196-217. 

VERHAAGEN, J., EDWARDS, P. M., JENNEKENS, F. G. I. and GISPEN, W.H. 
1987. Pharmacological aspects of the influence of melanocortins on the 
formation of regenerative peripheral nerve sprouts. Peptides 8: 581-584. 

VERHAAGEN, J., EDWARDS, P. M., JENNEKENS, F. G. I. and GISPEN, W. H. 
1988. Damaged ra t  peripheral nerves do not contain detectable amounts 
of u-MSH. J. Neurosci. Res. 19: 14-18. 

VERHAAGEN, J., EDWARDS, P. M., JENNEKENS, F. G. I., SCHOTMAN, P. 
and GISPEN, W. H. 1987. Early effect of a n  ACTH-(4-9) along (Org 2766) 
on regenerative sproutin demonstrated by the use of neurofilament bin- 
ding antibodies isolated from a swum raised by a-MSH immunization. 
Brain Res. 404: 142-150. 

VERHAAGEN, J., EDWARDS, P. M., SCHOTMAN, P., JENNEKENS, F. G. I. 
and GISPEN, W. H. 1986. Characterization of epitopes shared by a-me- 



lanocyte stimulating hormone (a-MSH) and the 150 kDa neurofilament 
protein (NF150): relationship to neurotrophic sequences. J. Neurosci. Res. 
16: 589-600. 

59. De WIED, D. and JOLLES, J. 1982. Neurapeptides derived from-pro-upiocortin: 
behavioral, physiological, and neurochemical effects. Physiol. Rev. 62: 
976-1059. 

60. WOLTERINK, G. and van REE, J. M. 1988. Spontaneous and ORG 2766-induced 
recovery of 6-OHDA lesions in the nucleus accumbens of rats may be 
the result of the development of denervation supersensitivity. Proc. 29th 
Dutch Federatiun Meeting, Utrecht (Abstr.) p. 475. 

61. WOLTERINK, G. and van REE, J. M. 1990. Functional recovery after destruc- 
tion of dopamine systems in the nucleus accumbens of rats. 111. Further 
analysis of the facilitating effect of the ACTH-(4-9) analog Org 2766. Brain 
Res. 507: 109-114. 

62. WOLTERINK, G., van ZANTEN, E. M., KAMSTEEG, H., RADHAKISHUN, 
F. S. and van REE, J. M. 1990. Functional recovery after destruction of 
dopamine systems in the nucleus accumbens of rats. 11. Facilitation by 
the ACTH-(4-9) analog Org 2766. Brain Res. 507: 101-108. 

63. WOLTERINK, G., van ZANTEN, E. and van REE, J. M. 1990. Functional re- 
covery after destruction of dopamine systems in the nucleus accumbens 
of rats. IV. Delay by intra-accumbal treatment with Org 2766- or  a a-MSH- 
antiserum. Brain Res. 507: 115-120. 

64. Van der ZEE, C. E. E. M., BRAKKEE, J. H. and GISPEN, W. H. 1988. a-MSH 
and Org 2766 in peripheral nerve regeneration: different routes of delivery. 
Eur. J. Pharmacol. 147: 351-357. 


