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Abstract  

Microinjection of N-methyl-D-aspartic acid (NMDA, 300 ng/3/xl) into the left lateral ventricle causes a substantial increase in 
locomotor activity which can be significantly reduced by a chronic pretreatment with the ACTH(4-9) analogue ORG 2766 (1 / ,g/0.5 ml 
saline, subcutaneous (s.c.) every day for 7 days, last injection 24 h before the NMDA-injection). A single dose of ORG 2766 (1 ng/1/xl) 
injected into the left central amygdaloid nucleus 30 min before the NMDA-injection was equally effective in reducing the increase in 
locomotion. Furthermore it counteracted the predominance of contralateral turning induced by the NMDA-injection. The data give 
support for the idea that ORG 2766 excerts its effects on behavior and neural recovery by modulating NMDA receptor activity in the 
brain. 
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Fragments and analogs of  the adrenocorticotrophic hor- 
mone (ACTH) can influence behavior of  rats and humans 
[3,5] and enhance functional recovery after damage to the 
central and peripheral nervous system [14,18]. Chronic 
administration of  the A C T H ( 4 - 9 )  analog ORG 2766 af- 
fects the behavior of brain lesioned and aged rats. The 
peptides efficacy has been supposed to depend on an 
acceleration of  spontaneous recovery through a neu- 
rotrophic influence involving some paradigms on func- 
tional recovery after peripheral or central nerve damage 
[7,18], while in studies on the acute effect of ORG 2766 on 
behavior [5], in various clinical studies [3] and in some 
brain damage studies [14,23,24] the peptides efficacy was 
interpreted as an enhancement of  (non-selective) attention. 
Recently a relation between these neurotrophic and atten- 
tional effects was suggested [17], when a hypothesis was 
put forward that both peptide effects were caused by a 
modulation of NMDA-receptor  activity. 

Acute subcutaneous administration of ORG 2766 coun- 
teracted the impairment in Morris maze performance caused 
by i.c.v, administration of the NMDA-receptor  antagonist 
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AP5 (D,L-2-amino-5-phosphopentanoic acid), and sup- 
pressed the explosive running behavior in an open field 
induced by i.c.v, administration of  NMDA. Although there 
is one study which indicates that A CT H (4 -10 )  binds to the 
N M D A  receptor [20], ORG 2766 itself does not affect 
behavior in the open field and the Morris maze; this 
suggests that the peptide itself cannot activate this recep- 
tor, but rather has an indirect effect. 

In studies on isolation-induced disturbances in social 
behavior, it appeared that the amygdala  may be the site of 
action of the peptide: administration of  ORG 2766 into the 
amygdala  was seen to have an effect comparable to subcu- 
taneous administration [9,22]. The aim of  the present study 
was threefold: 
1. In the previous study it was assumed that chronic 

treatment with ORG 2766 had a similar effect to acute 
treatment, and subsequently ORG 2766 was adminis- 
tered acutely. To verify this assumption we investigated 
whether chronic pre-treatment could also suppress the 
NMDA-induced locomotor behavior. 

2. The possibil i ty that the amygdala is involved in the 
peptide effects was assessed by examining the effect off 
ORG 2766 administration into the central nucleus of the 
amygdala on the NMDA-induced increase in locomotor 
activity. 
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3. In previous experiments it was noticed that animals 
injected with NMDA mostly circled contralateral in the 
open field. To elucidate this effect of  NMDA, the 
direction of  movement was measured. 
Male Wistar rats (approx. 250 g) were housed individu- 

ally under a reversed day-night  cycle (lights off at 8.00, 
lights on at 20.00) in a humidity- and temperature- (21 + 
2°C) controlled room. Behavioral tests were performed 
during the dark period under low red light conditions. 
Three hours prior to the onset of  the experiments animals 
were brought to the experimental room, which was similar 
to the rooms used for housing. Food and water were 
provided at libitum. Surgery: under anesthesia (Hypnorm 
0.1 m l / 1 0 0  g, subcutanous - s.c.) cannulas were placed 
intra-cerebro-ventricularly (i.c.v.) into the left lateral ven- 
tricle and animals were allowed 1 week to recover before 
administration of  the peptide began. In Expt. 2, animals 
also received a cannula in the left central amygdaloid 
nucleus (after [9] coordinates in position to Bregma: ante- 
rior 3.5 mm, lateral, - 4 . 0  mm, depth, 8.0 mm). NMDA 
(N-methyl-D-aspartate, Sigma) was dissolved in a Tris- 
buffer pH 7.2, and administered into the ventricle in a dose 
of 300 n g / 3  /xl), control animals received 3 /zl of  Tris- 
buffer. In Expt. l, half the animals received a subcuta- 
neous injection of  ORG 2766 (1 /zg /0 .5  ml saline every 
day for 7 days prior to NMDA injection), the other animals 
received 0.5 ml saline on the same schedule. 

The last injection was given on the day before the 
NMDA-injection and testing in an open field. Group sizes 
were: saline-Tris n = 11, ORG 2766-Tris n = 9, saline- 
NMDA n = 14, ORG 2766-NMDA n = 16. In Expt. 2, 
half the animals received one injection of  ORG 2766 (1 
n g / l  /zl) in the amygdala 30 min before the NMDA-injec- 
tion and open field testing. Group sizes were saline-Tris 
n = 12, ORG 2766-Tris n = 5, saline-NMDA n = 20, ORG 
2766-NMDA n = 16. The field consisted of a circular 
arena (140 cm diameter; 50 cm high), placed in a sound- 
proof box in the room where the animals were kept, made 
of  dark polyester material with a metal object of  15 × 15 
X 15 cm in the center, illuminated by dim white light. A 
video computer system (ETHOVISION, Noldus Informa- 
tion Technology, Wageningen, the Netherlands) was used 
to measure the distance walked and the direction of  each 
movement (angle) during a period of  10 min. The angle 
consists of  the sum of all angles between two vectors 
drawn between three positions of the rat, each one second 
apart. Ipsilateral angles received a positive value, con- 
tralateral angles a negative one. Normal rats turn ipsilateral 
as much as contralateral, subsequently their total angle 
approximates zero. A significant positive or negative angle 
indicates predominance of  ipsilateral-turning or contralat- 
eral-turning, respectively. 

When NMDA was injected into the ventricle it resulted 
in a significant increase in locomotion (the increase 
amounted to approximately 80 m) (assessed by a two-way 
Analysis of  Variance (ANOVA), NMDA effect FI,46 = 
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Fig. l. Mean travelled distance (in m) +_S.E.M. for each group in the 
open field. Tris = injected i.c.v, with 3 /xl Tris immediately before 
testing. NMDA = injected i.c.v, with 300 ng NMDA immediately before 
testing. ORG = injected s.c. with ORG 2766 for 7 days prior to testing. 
sal = injected s.c. with saline for 7 days prior to testing. 

7.542, P < 0.01). However, this increase in locomotion 
was not present when animals that received an NMDA 
injection into the ventricle were pretreated with ORG 2766 
for 7 days (2-way ANOVA interaction effect NMDA-ORG 
FI,46 = 7.147, P < 0.01) (see Fig. 1). ORG 2766 injections 
alone (given to Tris-injected animals) did not significantly 
affect the travelled distance. In Expt. 2 the intraventricular 
injection of  NMDA increased the locomotor activity in the 
open field. Since the data were not normally distributed (as 
calculated by the Bartlett test) the P-value was calculated 
by the non-parametric Mann-Whi tney  U test; MWU 
saline-Tris vs. saline-NMDA = 53.0 P < 0.05). NMDA- 
treated animals had a significant negative (contralateral) 
total angle, which was assessed with a one-way ANOVA, 
group differences F3.49 = 8.658, P < 0.001 (since group 2 
was too small to allow a two-way ANOVA) followed by a 
Tukey HSD test to test differences between groups, 
saline-Tris vs. saline-NMDA P < 0.001. A single injection 
of  ORG 2766 into the amygdala reduced the distance 
travelled (saline-NMDA vs. ORG-NMDA MWU = 56.0, 
P < 0.013) and the predominance of  contralateral turning 
(saline-NMDA vs. ORG-NMDA Tukey P < 0.01). Injec- 
tions of  ORG 2766 given to animals that received Tris 
induced no significant differences in either distance trav- 
elled or the angle of  movement. The travelled distance is 
depicted in Fig. 2. In Fig. 3 the total angle of movement is 
depicted. 0 indicates no preferred direction of movement. 

Locomotor hyperactivity induced by unilateral injection 
of  NMDA into the ventricle was reduced by chronic 
administration of the ACTH(4-9 )  analog ORG 2766 for 7 
days prior to the NMDA injection. Thus the effect of  
chronic treatment was similar to the effect of acute treat- 
ment shown in an earlier study [17]. This yields further 
evidence for the hypothesis that a modulation of NMDA- 
receptor activity underlies both the acute effects of  ORG 
2766 on behavior in rats and humans, and the chronic 
effects on functional recovery after nerve damage. 
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Fig. 2. Mean travelled distance (in m) _+S.E.M. tbr each group in the 
open field. Tris = injected i.c.v, with 3 /xl Tris immediately before 
testing. NMDA = injected i.c.v, with 300 ng NMDA immediately before 
testing. ORG = injected locally in the amygdala with ORG2766 30 min 
prior to testing, sal = injected locally in the amygdala with saline 30 min 
prior to testing. 

When the peptide was injected locally into the central 
nucleus of the amygdala, it also reduced the NMDA-in- 
duced locomotor hyperactivity. Furthermore it was seen 
that i.c.v, administration of NMDA-induced left-turning in 
the open field; this effect was likewise counteracted by 
administration of ORG 2766. 

It appears that the central nucleus of the amygdala is a 
site of action for the peptide in the present paradigm. This 
is in accordance with studies on isolation-induced distur- 
bances in social behavior and locomotory behavior, where 
intra-amygdala administration of ORG 2766 was equally 
effective as subcutaneous treatment [9,22]. The central 
nucleus of the amygdala (CEA) is involved in learning and 
memory [11,16]. The role of the CEA during the acquisi- 
tion of conditioning tasks is supposed to be an enhance- 
ment of the processing of the conditioned stimulus; which 
is an attentional system [6]. Holland and Gallagher have 
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Fig. 3. Mean angle of movement (in degrees) _+ S.E.M. for each group in 
the open field. Tris = injected i.c.v, with 3 /xl Tris immediately before 
testing. NMDA = injected i.c.v, with 300 ng NMDA immediately before 
testing. ORG = injected locally in the amygdala with ORG2766 (1 n g \ l  
/xl) 30 min prior to testing, sal = injected locally in the amygdala with 
saline 30 rain prior to testing. 

found that the CEA is involved in increasing attention to 
significant events, but not in tuning out redundant cues 
[10]. Thus, the idea that the central amygdala is the site of 
action of ORG 2766 seems in agreement with an effect of 
the peptide on non-selective attention, which has been 
suggested after some lesion studies in rats and after studies 
on human subjects [3]. 

In the present study ORG 2766 had an effect on exces- 
sive locomotor activity after NMDA-receptor activation. In 
order to understand the nature of the peptide effect it is 
necessary to understand how the excessive locomotion is 
generated. Regulation of locomotion is supposed to rely on 
glutamatergic neurons in the accumbens; injections of 
NMDA into the nucleus accumbens induce excessive loco- 
motor activity [2,8] as well as intraventricular injections, 
while intra-accumbal administration of AP5 causes ipsilat- 
eral turning [19], which is reminiscent of the effect of 
NMDA in the present study. 

Biochemical and neuroanatomical studies reveal that 
both the amygdala and the hippocampus have a strong 
excitatory input into the nucleus accumbens [12,13] and 
that these projections are glutamatergic [21]. The gluta- 
matergic neurons projecting to the nucleus accumbens are 
presumably those involved in the regulation of locomotion 
with the accumbens acting as a link between limbic and 
motor structures in that it translates signals from the limbic 
structures into behavioral responses [15]. 

Both the amygdala and the hippocampus react to envi- 
ronmental challenges, and their afferents to the accumbens 
are partially overlapping. Cools et al. [4] have proposed 
that the ventral striatum (which contains the accumbens) 
acts as a switch between hippocampal and amygdaloid 
input. The accumbal "seesaw" is either tilted towards 
opening the gate to hippocampal input, while closing the 
amygdaloid gate, or tilted the other way with the amyg- 
daloid gate open and the hippocampal gate closed. 

An effect of the peptide on tilting the seesaw into the 
first state; favoring amygdaloid control of behavior over 
hippocampal control might explain the peptide effect in the 
present study. It may be that the excessive locomotion 
relies on hippocampal input into the accumbens, since 
NMDA injected directly into the hippocampus produces 
excessive locomotion as well as intraventricular injections 
(unpublished information). Thus, closing the hippocampal 
gate would presumably abolish the excessive locomotion. 

Moreover, this notion is in agreement with the peptide 
effect found in an earlier study on damage to the fimbria. 
In this study the peptide diminished the impairment in 
Morris maze performance resulting from a fimbria lesion 
[24], but the peptide was not supposed to enhance recovery 
of hippocampal function. Rather it was supposed to en- 
hance the attention of the animals to their environment, 
which improved the performance in the test. This may also 
be explained by the seesaw effect: the peptide could have 
favored the use of the amygdala (which we have argued 
may enhance attention) in solving the problem of the task, 
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wh i l e  c los ing  d o w n  the  gate  w h i c h  c o n t a i n e d  the  h ip-  

p o c a m p a l  input .  

O n e  p r o b l e m  in this  i n t e rp re t a t i on  needs  to be  dis-  

cussed:  the  p re sen t  s tudy ind ica tes  tha t  O R G  2766  has  an  

ef fec t  w h e n  in jec ted  in to  the  cen t ra l  nuc l eus  of  the  a m y g -  

dala,  and  it is a r g u e d  tha t  its e f fec t  o n  b e h a v i o r  m a y  be  

m e d i a t e d  by  the  s eesaw in the  a c c u m b e n s .  H o w e v e r ,  the  

a c c u m b e n s  r ece ives  its m a i n  inpu t  f r o m  the  baso la t e ra l  

nuc l eus  o f  the  amygda l a ,  the  p ro jec t ions  f r o m  the  cent ra l  

nuc l eus  are smal l  [1]. P e r h a p s  this  sma l l  p ro j ec t ion  is 

s ign i f i can t  in i n f l u e n c i n g  behav io r .  It is a lso poss ib l e  tha t  

the  cen t ra l  and  baso la t e ra l  nuc le i  w o r k  toge ther ;  s ince  the  

baso la te ra l  nuc l eus  p ro jec t s  to the  cent ra l  nuc l eus  and  

( t h o u g h  smal le r )  v ice  ve r sa  [1]. Th i s  needs  to be  fu r the r  

e luc ida ted .  

T h e  p re sen t  resul t s  ind ica te  tha t  O R G  2766  can  inf lu-  

ence  N M D A - i n d u c e d  exces s ive  l ocom ot i on ,  p r o b a b l y  v ia  

the  a m y g d a l a  as the  site o f  act ion.  In this  d i s cus s ion  the  

t en ta t ive  h y p o t h e s i s  is pu t  f o r w a r d  tha t  the  ef fec ts  o f  O R G  

2766  m a y  be  e x p l a i n e d  by  a f avo r ing  o f  the  o p e n i n g  o f  the  

a m y g d a l o i d  gate  in the  a c c u m b e n s .  Fu r t he r  s tudies  wil l  

need  to be  c o n d u c t e d  to e luc ida te  i f  th is  m e c h a n i s m  m a y  

be  the  bas i s  of  the  de sc r ibed  ef fec ts  of  the  pept ide .  
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