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The ACTH4_ 9 analog ORG 2766 'normalizes' the changes in 
motor activities of rats elicited by housing and test conditions 
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Motor activities of rats were decreased by short-term (7 days) social isolation as well as by intense light test conditions. The 
ACTH4_ 9 analog ORG 2766, s.c. administered 50 rain before testing, dose-dependently decreased the high motor activities of group- 
housed rats tested under low light conditions and increased the low motor activities of short-term isolated rats tested under intense 
light conditions (EDs0:0.01-0.03/~g/kg). Structure-activity studies suggest that the essential structure for these effects may be located 
in the C-terminal tripeptide Phe-D-Lys-Phe. Treatment with ACTH4_10 (100/~g/kg) tended to enhance some of the effects of the envi- 
ronmental conditions. Pretreatment of rats with the opioid antagonist naltrexone (450/~g/kg, s.c.) completely blocked the 'normaliz- 
ing' effects of ORG 2766, implicating endogenous opioids in this action of ORG 2766. Since social behaviors of rats are similarly af- 
fected by ORG 2766 as motor activities, it is suggested that this peptide affects the integration of sensoric stimuli rather than the specif- 
ic motor output systems of these behaviors. 

INTRODUCTION 

Neuropeptides derived from adrenocorticotropic 
hormone (ACTH) are thought to be involved in the 
regulation of emotional processes. Several human 

studies have shown that ACTH4_10 and the ACTH4_ 9 
analog ORG 2766 affect behaviors in which emotio- 
nal components are involved 1,9,24. The behavioral in- 

fluence of these peptides in animals has been 
described as a facilitated motivation and enhanced 
concentration and attention s . Also in humans these 
peptides may have an influence on motivation and at- 
tention, especially in subjects with slight distur- 
bances in these functions 24. In addition, O R G  2766 

appears to elevate mood and to increase sociability in 
some geriatric and mentally retarded patients 22,24. 

In rats, these peptides delay extinction of active 
avoidance behavior, O R G  2766 being approximately 
1000 times more potent than ACTH4_10 (refs. 4, 6). 
Retention of passive avoidance behavior is facili- 

tated by ACTH4_10 (refs. 6-8).  Low doses of ORG 
2766 mimic this effect of ACTH4_I0 , but high doses of 
ORG 2766 induce the opposite effect, i.e. attenuate 
the retention of passive avoidance behavior 6-8. 
Structure-activity studies revealed that the facilitat- 

ing effect of ORG 2766 is located in the NH2-termi- 
nal tetrapeptide, while the attenuating effect of high 
doses of ORG 2766 is present in its COOH-terminal 
tripeptide Phe-D-Lys-Phe. File 13 and Niesink and 
Van Ree 2°,21 have reported effects of ACTH4_10 and 

ORG 2766 on social behaviors of rats. The intensity 
of social behavior can be influenced by changes in 
housing conditions before testing and in environ- 
mental conditions during testing. Thus, the duration 
and frequency of social interactions are increased by 
short-term (7 days) isolation and decreased by expos- 
ing rats to an unfamiliar test-cage under a high level 
of illumination. Both the increase and decrease of so- 
cial interactions can be attenuated by treatment with 

ORG 2766. Similar treatment with ACTH4_10 is not 
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effective or has an opposite effect as compared to 
ORG 2766. The effects of ORG 2766 may be me- 
diated by an opioid receptor system since pretreat- 
ment with naltrexone completely antagonized the in- 
fluence of the peptide. 

The aim of the present study was to assess whether 
the mentioned effects of ACTH4_10 and ORG 2766 

are specific for social behavior or can be generalized 
to other behaviors that are susceptible to changes in 
housing conditions before and in environmental con- 
ditions during testing. Therefore we investigated the 
influence of ACTH4_10, ORG 2766 and related pep- 
tides on changes in motor activity induced by identi- 
cal housing and environmental conditions as used by 
Niesink and Van Ree 2°'21 in their studies on social be- 

havior of rats. 

MATERIALS AND METHODS 

Male Wistar rats bred from our own live stock 
weighing between 180 and 220 g at the time of testing 
were used. The rats were housed in wire cages in 
groups of approximately 20 animals. Two weeks 
prior to experimentation the rats were housed in a 
dimly lighted animal room (20-40 Lux, lights on 
07.00 h, off 19.00 h), in plastic home cages measuring 
40 x 26 x 20 cm (1 x w x h) in groups of 5 animals per 

cage. Part of the animals were single-housed in cages 
measuring 22 x 13 x 20 cm (1 × w x h) 7 days before 

testing. The animal room was temperature con- 
trolled (25 °C) and standard food and tap water were 
available ad libitum. Animals were used only once. 

Test procedure 
Testing was performed in a sound-attenuated 

room. Background noise was produced by a fan. On 
the day of experimentation the rats were brought to a 
dark room adjacent to the test room at least 1 h be- 
fore testing. The rats were tested in a small open field 
either under low light conditions (red light, 0.4-1 
Lux) or under intense light conditions (white light, 
572 Lux). The animals received a subcutaneous in- 
jection with saline or peptide 50 rain before testing. 
Behavioral activity of the rats was assessed in an 
open field as described before 2s. The open field con- 
sisted of a round Plexiglas tube (diameter 19.5 cm, h 
30 cm) placed on a plastic board which was divided 
into 4 equal sections. During a 3-min observation 

period motor activity (number of sections explored), 
rearing (number of times the rat stood on its hind 
legs) and total sniffing time were determined. 

Drugs 
The following peptides were used: ACTH4_10 (Met- 

Glu-His-Phe-Arg-Trp-Gly), ACTH4_ 7 (Met-Glu-His- 

Phe), [Met/O2/]ACTH4_ 7 (Met/O2/-Glu-His-Phe), 
ACTHT_10 (Phe-Arg-Trp-Gly), [D-Phe7]ACTH4_:0 
(Met-Glu-His-D-Phe-Arg-Trp-Gly), ORG 2766 (Met/ 
OJ-Glu-His-Phe-D-Lys-Phe), WB1438 (Met/Oz/-Ala- 
Ala-Phe-D-Lys-Phe-Gly-D-Lys-Pro-Val-Gly-Lys-Lys- 
NH2), PDLP (Phe-D-Lys-Phe) and ~-MSH (Tyr-Val- 
Met-Gly-His-Phe-Arg-Trp-Asp-Arg-Phe-Gly). The 
peptides were supplied by Organon International 
B.V., Oss, The Netherlands. Naltrexone was ob- 
tained from Endo Laboratories. All substances were 
dissolved in saline in plastic containers on the day of 
testing. Injections were given through plastic sy- 
ringes. 

Statistics 
Statistical analysis of the data was performed using 

parametric tests (ANOVA, Student/Newman-Keuls 
tests). 

RESULTS 

The effects of housing conditions before testing 
and level of illumination during testing on the motor, 
rearing and sniffing activities of the rats are shown in 
Fig. 1. Rats that were tested under intense light or 
that were single-housed for 7 days showed a signifi- 
cant reduction in motor and rearing activities as com- 
pared to rats that were tested under low light intensi- 
ty or were group-housed respectively. The effects of 
the housing condition before and level of illumination 
during testing on the motor and rearing activities of 
rats were additive. Since, in general, motor and rear- 
ing activities were similarly affected by the changes 
in housing and test conditions, only the data on motor 
activity are further presented. A significant effect of 
housing conditions before and the level of illumina- 
tion during testing on total sniffing time was never 
observed in any of the experiments. 

A subcutaneous injection of ORG 2766 50 min be- 
fore testing dose-dependently reduced the motor ac- 
tivity of group-housed rats tested under low light in- 
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Fig. 1. Effect of housing conditions before and light conditions during testing on motor, rearing and sniffing activities of rats. Group- 
housed or 7-days isolated rats were tested under intense or low light conditions. Data represent mean scores for motor and rearing ac- 
tivities and mean duration of sniffing behavior per group of rats (n = 8/group) during a 3-min observation period in a small open field. 
The vertical bars indicate S.E.M. Results of two-way ANOVA are as follows. Motor activity: F(housing) 25.57 (1.28) P < 0.001; 
F(light) 30.28 (1.28) P < 0.001; F(housing x light) 1.42 (1.28) n.s. Rearing activity: F(housing) 22.07 (1.28) P < 0.001; F(light) 7.94 
(1.28) P < 0.01; F(housing × light) 0.22 (1.28) n.s. Sniffing activity: F(housing) 1.01 (1.28) n.s.; F(light) 2.12 (1.28) n.s.; F(housing x 
light) 0.24 (1.28) n.s. • Different from group-housed animals tested under identical light conditions (P < 0.05; Student's t-test); * dif- 
ferent from identically housed animals tested under low light conditions (P < 0.05, Student's t-test). 

tens i ty  and inc reased  the m o t o r  act ivi ty  of  single- 

housed  rats  t e s t ed  u n d e r  high l ight in tens i ty  (Fig.  2). 

The  EDs0 of  the p e p t i d e  was a p p r o x i m a t e l y  0.03 

/~g/kg and 0.015/~g/kg respec t ive ly .  The  m o t o r  activi-  

ty of  g r o u p - h o u s e d  ra ts  t e s t ed  u n d e r  in tense  l ight and  

that  of  s ing le -housed  ra ts  t e s t ed  u n d e r  low light in- 

tens i ty  was not  a f fec ted  by  t r e a t m e n t  wi th  O R G  

2766. T h e r e f o r e ,  in the  fo l lowing e x p e r i m e n t s  on ly  

the  effect  of  p e p t i d e s  on m o t o r  act ivi ty  of  g roup -  

housed  rats  t e s t ed  u n d e r  low l ight  in tens i ty  and  sin- 

g le -housed  rats  t e s t ed  u n d e r  high l ight  in tens i ty  was 

assessed.  ACTH4_10 d id  no t  in f luence  the  m o t o r  ac- 

t ivity of  s ing le -housed  ra ts  t e s t ed  u n d e r  in tense  l ight ,  

but  the  h ighes t  dose  (100/~g/kg) of  the  p e p t i d e  t e s ted  

s ignif icant ly  inc reased  the  a l r e ady  high level  of  mo-  

tor  act ivi ty  of  the  g r o u p - h o u s e d  ra ts  t e s t ed  u n d e r  low 

light in tens i ty  (Fig.  3). 

In o r d e r  to  e luc ida te  the  essent ia l  s t ruc tu re  for  the  
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Fig. 2. Influence of ORG 2766 treatment on changes in motor activity induced by housing and test conditions. Rats were group housed 
or 7-days isolated and tested under low or intense light in a small open field. Groups of animals (n = 8/group) were s.c. injected with 
saline or graded doses (0.01-10 ~g/kg) of ORG 2766 50 min before testing. Mean scores for motor activity per group of rats are de- 
picted. Vertical bars indicate S.E.M. Results of 3-way ANOVA are as follows. F(housing) 8.89 (1.140) P < 0.003; F(light) 57.52 
(1.140) P < 0.001; F(treatment) 1.05 (4.140) n.s. F(housing x light) 5.65 (1.140) P < 0.001; F(housing x treatment) 5.58 (4.140) P < 
0.001; F(light × treatment) 5.65 (4.140) P < 0.02; F(housing x light x treatment) 0.55 (4.140) n.s. • Different from saline-treated 
animals, tested and housed under identical conditions (P < 0.05, Newman-Keuls). 
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Fig. 3. Influence of treatment with mf]~I-I4_10 (A), WB1438 
(B) or PDLP (C) on changes in motor activity induced by hous- 
ing and test conditions. Group-housed rats were tested under 
low light conditions and 7-days isolated rats were tested under 
intense light conditions. Saline or graded doses (0.1 ng-100 
/~g/kg) of the peptides were injected s.c. 50 min before testing. 
Data represent mean scores for motor activity per group of rats 
(n = 5-10/group). Vertical bars represent S.E,M. Results of 2- 
way ANOVA are as follows. ACTH4_10: F(housing/light) 
178.64 (1.70) P < 0.001; F(treatment) 3.54 (4.70) P < 0.01; 
F(housing/light × treatment) 3.48 (4.70) P < 0.01. WB1438: 
F(housing/light) 68.58 (1.53) P < 0.001; F(treatment) 1.10 
(5.53) n.s.; F(housing/light × treatment) 4.07 (5.53) P < 0.003. 
PDLP: F(housing/light) 178.99 (1.65) P < 0.001; F(treatment) 
1.38 (4.65) n.s.; F(housing/light x treatment) 19.91 (4.65) P < 
0.003. * Different from saline-treated animals tested and 
housed under identical conditions (P < 0.05, Newman-Keuls). 

descr ibed effect of O R G  2766 a number  of pept ides  

related to O R G  2766 and ACTH4_10 were  tested.  

The pept ides  PDLP and WB1438 mimicked  the ef- 

fect of O R G  2766 in both group- and single-housed 

rats tested under  low and intense light condit ions re- 

spectively (Fig. 3). PDLP  was about  100-200 times 

less potent  than O R G  2766 (EDs0:4  and 3/~g/kg for 

the two test condit ions),  while the pept ide  WB1438 

was approximate ly  10-30 times more  potent  than 

O R G  2766 (EDs0:0.002 and 0.0006/~g/kg for the two 

test conditions).  The pept ides  ACTH4_7 and [Met/ 

O2/]ACTH4_ 7 adminis tered  in a dose of  100/~g/kg 

did not affect the motor  activity of rats under  the two 

exper imental  condit ions,  while ACTHT_m, [D- 

Phe7]ACTH4_I0 and y-MSH injected in a dose of 100 

/~g/kg tended to mimic the effect of ACTH4_I0 on the 

motor  activity of rats (data  not shown). These pep- 

tides increased,  but  not significantly, the motor  activ- 

ity of the group-housed animals tested under  low 

light condit ions and did not affect the motor  activity 

of the isolated animals tested under  intense light. 

Next,  the influence of the opiate  antagonist  nal- 

t rexone on the effect of O R G  2766 was explored.  A 

subcutaneous injection with nal t rexone (450 ~g/kg) 

100 min before  testing did not affect the motor  activi- 

ty of group- and single-housed rats tested under  low 

and intense light respectively (Fig. 4). However ,  an 

identical injection of nal t rexone complete ly  reversed 

the effect of O R G  2766 on motor  activity of rats. 

GROUP HOUSED/LOW LIGHT 

' T 
. . . . . . .  
. . . . . . .  
. . . . . .  
< . . . . .  
. . . . -  

, . . . . . .  

7-DAYS ISOLATED/INTENSE LIGHT 

12 ~ _~- ...... 

8 ~ ~ ~ :::::::: 
, , . . . . ,  

~ ~ :.:.:.: 

= o : . : . : . :  

~ ~ ~ :::::::: 
~oa  . - . . / . ,  
. . . .  ~.:<.: 

~ ~ :::::::: 
i o o o  : . : . : . :  

-100' S N S N S N S N 

-50' PLACEBO C~ 2766 F~CF.BO 0t~ 2766 

Fig. 4. Influence of housing and test conditions on motor activi- 
ty of rats; interaction between naltrexone and ORG 2766 treat- 
ment. Group-housed rats were tested under low light condi- 
tions and 7-days isolated rats were tested under intense light 
conditions. Saline (S) or naltrexone (N, 450/zg/kg) was injected 
s.c. 100 min before testing (pretreatment), saline (placebo) or 
ORG 2766 (1 #g/kg) was injected s.c. 50 rain before testing 
(treatment). Data are expressed as mean scores for motor ac- 
tivity _+ S.E,M. (vertical bars) per group of rats (n = 8/group). 
Results of 3-way ANOVA: F(housingqight) 154.51 (1.56) P < 
0.001; F(pretreatment) 1.16 (1.56) n.s.; F(treatment) 0.91 
(1.56) n.s.; F(housing/light x pretreatment) 27.67 (1.56) P < 
0.001; F(housing/light x treatment) 13.73 (1.56) P < 0.001; 
F(pretreatment × treatment) 0.23 (1.56) n.s.; F(housing/light 
× pretreatment x treatment) 26.41 (1.56) P < 0.001. * Differ- 
ent from saline pretreatment (P < 0.05, Newman-Keuls); 
• different from placebo treatment (P < 0.05, Newman- 
Keuls). 



DISCUSSION 

Motor activity of rats was decreased by a 7-day iso- 
lation period before or by intense light during testing 
in a small open field. The effect of 7 days isolation be- 
fore testing was additive to the effect of intense light 
during testing. These environmental factors are also 
capable of modulating social behavior of rats in dyad- 

ic encounters 2°'21. However, whereas the high level 
of illumination decreases both social and motor activ- 
ity, the isolation procedure increases and decreases 
social and motor activity respectively. The effects of 
ORG 2766 and ACTH4_I0 on motor activity resem- 
ble to a certain extent those on social behavior, i.e. 
ORG 2766 attenuates the effect of environmental 
changes on both behaviors and may thus have a 'nor- 
malizing' effect, while ACTH4_10 tends to potentiate 
some influences of the environmental changes on 
these behaviors. 

The experimental procedure, i.e. placing a rat in a 
novel environment under high or low level of illumi- 
nation will certainly result in an activation of the pi- 
tuitary-adrenal axis. Indeed, exposure of rats to a 
novel environment has been shown to stimulate the 
secretion of corticosterone (CS) from the adrenal 
cortex 12. The effects of housing and test conditions 
on motor activity, however, are already present with- 
in 3 min of testing, whereas no significant release of 
CS in response to a stressful stimulus occurs within 
this period 2. Also, the observation that CS increases 
social interactions 11, while the experimental proce- 
dure used in the present study, i.e. testing rats under 
intense light in an unfamiliar environment, decreases 
time spent in social interactions, does not favour a 
role of CS in this respect. Moreover, ORG 2766 and 
ACTH4_10 which, as shown in the present study, 
modulate the changes in motor activity induced by 
the alterations in the environment before or during 
testing, have negligible effects on the adrenal cor- 
tex 3'18. Thus, it is likely that ACTH4_10 and ORG 
2766 produce these effects by a direct action on the 
brain. 

The results from the structure activity relationship 
study suggest that the active part of ORG 2766 in in- 
ducing the present effects is located in the COOH- 
terminal sequence Phe-D-Lys-Phe (PDLP). Peptides 
containing this structure, i.e. ORG 2766, WB1438 
and PDLP, exerted the 'normalizing' effect on the 
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environmentally induced changes in motor activity. 
That relatively high doses of PDLP were needed 
could be due to a poor penetration of this substance 
into the brain or to rapid degradation. The increasing 
effect of ACTH4_10 on motor activity in group- 
housed rats under intense light conditions may also 
reside in the COOH-terminal part of the molecule. 
Peptides containing this or a closely related struc- 
ture, e.g. ACTH7_10, [D-PheT]ACTH4_10 and 7- 

MSH, mimicked the effect of ACTH4_10, while the 
NH2-terminal parts of ACTH4_10 and ORG 2766, i.e. 
ACTH4_ 7 and [Met/O2/]ACTH4_7, did not affect the 
environmentally induced changes in motor activity. 
Substitution of the L-phenylalanine at the 7th amino 
acid position of ACTH4_10 by its D-isomer did not al- 
ter the effect of the peptide on motor activity. These 
two peptides have opposite effects on active avoid- 
ance behavior 4'6'14'3°, while there is no difference in 
their action on passive avoidance behavior 6'7 and on 
habituation to and exploration of novel environ- 
ment 10. 

Pretreatment of rats with the opiate antagonist 
naltrexone completely blocked the 'normalizing' ef- 
fect of ORG 2766 on environmentally induced 
changes in motor activity. Naltrexone also antago- 
nizes the 'normalizing' effect of ORG 2766 on social 
behavior of rats 2°. These observations suggest an in- 
volvement of opioid systems in the effect of ORG 
2766 and probably of PDLP. This is consistent with 
the finding of Fekete and De Wied 8, showing that the 
naltrexone-sensitive effect of ORG 2766 resides in 
the tripeptide PDLP. Interestingly, ACTH4_10 and its 
COOH-terminal fragments seem to enhance the en- 
vironmentally induced changes in motor activity. In 
this respect these peptides have an effect opposite to 
ORG 2766 and may thus act as opiate antagonists. 
Indeed, other studies have shown that under certain 
conditions peptides derived from ACTH have opiate 
antagonist-like properties. The enhancing effect of 
opioid antagonists on stress-induced sedation is mim- 
icked by ACTH4_10 and ACTH7_10 (refs. 15, 29). 
These two peptides are able to displace 125I-labelled 
morphine from morphine antiserum and to mimic the 
morphine-induced inhibition of contraction of mouse 
vas deference 23. Moreover, it has been shown that 
ACTH4_10 and the structurally related 7-MSH have 
affinity for brain opiate binding sites 16,25-27 and that 

they counteract the morphine- or fl-endorphin-in- 
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duced analgesia in rats 16"26"27. These observations led 

us to hypothesize that under  certain conditions 

ACTH4_10 and ACTH7_10 may act as functional an- 

tagonists of endogenous opioid systems, while O R G  

2766 and its COOH-terminal  fragment, PDLP,  may 

serve as opioid agonists or may elicit release of en- 

dogenous opioid peptides. 

ORG 2766 'normalizes '  the environmental ly in- 

duced changes in motor activity as well as social ac- 

tivity. Thus, this peptide may affect the integration of 

sensory stimuli rather than the specific motor output 

systems of these behaviors. Accordingly, preliminary 

studies suggest that the amygdala, which has been 

implicated in several processes which relate environ- 

mental stimuli to behavioral,  visceral and endocrine 

responses 17'19, may be the target structure for this ac- 

tion of O R G  2766. The 'normalizing'  effect of O R G  

2766 on 'disturbances '  in behavior induced by 

changes in the envi ronment  may be relevant for pos- 

sible therapeutic applications of this peptide. 
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