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Summary 

Low doses (10 ng) of the dopamine agonist apomorphine induced 
hypolocomotion when injected into the nucleus accumbens of rats. This 
behavioral response was antagonized by local treatment with either 
the opioid peptide 7-endorphin (yE) or the non-opioid peptide N a- 
acetyl-y-endorphin (AcyE) in a dose of 100 pg. High doses of apo- 
morphine (10 ug) or amphetamine (2 ug) injected into the nucleus 
accumbens resulted in hyperlocomotion. This response was blocked by 
pretreatment with yE but not with AcyE. This effect of yE could be 
prevented by local treatment with naloxone. Neither peptides inter- 
fered with the apomorphine-induced stereotyped sniffing when the 
substances were injected into the nucleus caudatus. It is concluded 
that yE and AcyE differentially interact with distinct dopaminergic 
systems in the nucleus accumbens of the rat brain via an opioid and 
a non-opioid mechanism, suggesting that the peptide fragments origi- 
nating from pro-opiomelanocortin may be specifically implicated in 
the control of dopaminergic activity in this brain area. 

The opioid peptide y-endorphin (yE) produces behavioral effects in rats 
which resemble those of neuroleptics in certain aspects (I-3). This neuroleptic- 
like action can also be elicited by fragments of yE i.c. des-Tyr1-y-endorphin 
(DTyE) and desenkephalin-y-endorphin (DEyE), that are devoid of opiate activity 
(1,4-6). Thus, the opiate and neuroleptic-like action of yE may be mediated by 
distinct brain mechanisms. Research in this respect is especially focussed 
on brain dopamine (6-9), since neuroleptic drugs are potent blockers of dopa- 
minergic activity (10), and opioid peptides have been implicated in the control 
of certain dopaminergic systems in the brain (11). Previously, we have reported 
that following subcutaneous administration DTyE and DEyE antagonized the hypo- 
locomotion induced by low doses of the dopamine agonist apomorphine, while 
these peptides did not interfere with the hyperlocomotion and stereotyped 
behavior elicited by high doses of apomorphine (6,12). Subsequently, it was 
found that low doses of apomorphine injected directly into the nucleus accumbens 
resulted in hypolocomotion (13). This behavioral resonse was antagonized by 
pretreatment with DTyE and DEyE (7). High doses of apomorphine injected into 
the nucleus accumbens produced hyperlocomotion. This response was not affected 
by pretreatment with DEyE (14). From these studies it was concluded that y- 
type endorphins interfere with certain, but not all, dopaminergic systems 
in the nucleus accumbens. 

Recently, N -acetyl-y-endorphzn (AcyE) has been isolated from pituitary 
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and brain tissue and shown to possess little, if any opiate activity (15). In 
the present series of experiments we have further explored the interaction 
of y-type endorphins, especially yE and AcyE, with the dopaminergic systems 
present in the nucleus accumbens. As testprocedure we used the behavioral 
effects elicited by injection of the dopamine agonist apomorphine and in some 
experiments amphetamine. The data show that yE and AcyE differentially interact 
with distinct dopaminergic systems in the nucleus accumbens via an opioid 
and a non-opioid mechanism. 

Materials and Methods 

Animals and sur~£~ 

Male Wistar rats of an inbred strain (TNO, Zeist, The Netherlands) weighing 
between 140-165 g were used. They were kept under standard conditions (room 
temperature 22 ± I=C, light on from 7.00 a.m. until 7.00 p.m.), were housed 
in groups of 5 and received food and water ad libitum. Rats were anesthetized 
with Nypnorm ~, secured in a stereotaxic instrument and stainless steel guide 
cannulae (0.6 mm outer dia, 0.3 ram inner dia) were implanted bilaterally, 
as described before (12,13). For implantation into the nucleus accumbens area 
the coordinates were 2.6 mm anterior to bregma, 2.7 mm lateral to the midline, 
6.1 mm below the dura at the point of penetration and the cannulae were inserted 
at an angle of 12 °. For implantation into the nucleus caudatus the coordinates 
were 2.0 mm anterior to bregma, 2.5 rmn lateral to the midline, and 6.0 mm 
below the skull, according to Pellegrino and Cushman (16) except that the 
level of the upper incisor bar was at the level of the interaural line. Operated 
animals were housed in single cages. Behavioral testing was performed at least 
one week after operation. 

For determining locomotor activity and sniffing a small open field was 
used (for details see 6,7,12,13). The bottom of this circular perspex testcage 
(diameter 19.5 cm, height 28.5 cm) was divided into 4 equal sections. In this 
small open field locomotor activity (number of sections explored) and the 
duration (sec) of (stereotyped) sniffing were measured for 3 or 5 min. Rats 
with cannulae into the nucleus accumbal area were injected twice. They were 
treated with peptide (100 pg or 10 ng) or placebo and after 40 min with apo- 
morphine (10 ng or 10 ug), amphetamine (2 ug) or placebo. In some experiments 
a third injection with placebo or naloxone (2 ug) was given 10 min before 
apomorphlne. Twenty min after apomorphine treatment the rats were tested in 
the small open field for 3 min. The rats used in the experiments with a high 
dose of apomorphine were habituated to the testcage, by placing them twice 
in the small open field on the days before testing. Rats with cannulae into 
the nucleus caudatus were injected with peptide (10 ng) or placebo and after 
I h were treated with apomorphine (10 ug), or placebo. After 20 min the rats 
were placed in the small open field and the behavior of the animals was observed 
for 5 min. In general, the rats were tested twice, with an interval of at 
least one week. 

The peptides used were y-endorphin (yE, H-Tyr-Gly-Gly-Phe-Met-Thr-Ser- 
Glu-Lys-Ser-Gln-Thr-Pro-Leu-Val-Thr-Leu-OH) and N~-acetyl-y-endorphin (AcyE). 
The peptides were donated by Dr. H.M. Greven, Organon International B.V., 
0ss, The Netherlands. Apomorphine (Apomorphine HCI) and amphetamine (Dexamphe- 
tamine sulphate) were obtained from OPG, Utrecht, The Netherlands. The peptides 
and drugs were stored dry and dissolved in saline immediately prior to use 
in a volume of I ul. Placebo treated rats received a similar volume of saline. 
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Intracerebral injections were performed using a Hamilton syringe by inserting a 
needle into the stainless steel guide cannula. 

After experimentation the injection sites were determined 
histologically. The rats ~ere sacrificed and the brains fixed in 4% formaline. 
Serial sections were cut with a thickness of 100 um on a cryostat. The sites 
of injections were inspected microscopically using the atlas of Pellegrino 
and Cushman (16). 

The data of experiments were first analyzed using one way ANOVA testing 
and when the outcome revealed a statistically significant effect (p < 0.05) 
subsequently analyzed with Student's t-tests. 

Results 

The sites of injections aimed at the nucleus accumbens appeared to be 
bilaterally in the middle and anterior part of the nucleus accumbens as reported 
before (13). Those in the nucleus caudatus were present in the middle of the 
nucleus caudatus (12). Data from rats with cannulae outside the nucleus aceum- 
bens and the nucleus caudatus respectively were discarded from further analysis. 

Low doses of the dopamine agonist apomorphlne (10 ng) injected into the 
nucleus accumbens resulted in hypolocomotion of the rats (fig. I), whereas 
relatively high doses of this drug (10 ~g) elicited hyperlocomotion (fig. 2). 
Neither low nor high doses of apomorphine changed the duration of sniffing 
of the rats (Table I). Pretreatment with 100 pg of yE and AcyE antagonized 
the hypolocomotion, induced by low doses of apomorphine (fig. I). However, 
when 10 ng of these peptides was injected differential effects were observed, 
in that AcyE inhibited the apomorphine-induced hypolocomotion, whereas yE 
was not effective in this respect (fig. I). This dose of AcyE and yE induced 
a slight decrease of locomotion per se (fig. I). In subsequent experiments 
the effects of pretreatment with the peptides on the hyperlocomotion induced 
by relatively high doses of apomorphine (10 ug) or amphetamine (2 ~g) were 
determined. It was found that yE (10 ng) antagonized the hyperlocomotion induced 
by both drugs, whereas AcTE did not significantly interfere with this behavioral 
response (fig. 2). A lower dose of 7E (100 pg) partly inhibited the amphetamine 
(2 ug) induced hyperlocomotion (locomotion scores: placebo, placebo: 16,3 ± 
0.5; placebo, amphetamine: 23,3 ± 0.7; yE, amphetamine: 19,7 ± 0.8, p < 0.01 
as compared to placebo, amphetamine; n=6/group). The peptides did not interfere 
with the duration of sniffing in placebo nor in drug treated rats (Table I). 

In the next series of experiments the opiate antagonist naloxone was 
injected 10 min before apomorphine (10 ~g) or amphetamine (2 ug) administration 
(Table II). As found before, both apomorphine and amphetamine induced hyper- 
locomotion that could be antagonized by pretreatment with 10 ng of y E. Naloxone 
injection did not affect the response elicited by apomorphine and amphetamine. 
However, naloxone completely or partly antagonized the yE effect on the hyper- 
locomotion response (Table II). 

Injection of apomorphine into the nucleus caudatus resulted in an increase 
in the duration of sniffing (Table III). The sniffing observed following apo- 
morphine was of a stereotyped nature. The locomotor behavior of the rats was 
not changed by this treatment. Neither yE nor AcyE interfered with the stereo- 
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FIG. I 

Effect of y-endorphin (yE) and NS-acetyl-y-endorphin (AcyE) on the 
apomorphine-lnduced hypolocomotion following injection into the nucleus 
accumbens. Locomotor activity was assessed in a small, circular open 
field for 3 min, 20 min after placebo (plac, I ul saline) or apomorphine 
treatment. Pretreatment with peptides or placebo was performed 60 min 
before testing. The mean score ± S.E.M. (vertical bars) of the various 
treated groups are presented. The number of animals per group are de- 
picted in the columns. Data ANOVA testing: F = 30,0 (7,73), p < 0.01. 
* different from placebo, placebo treated rats (* p < 0.005; ** p < 0.001). 
+ different from placebo, apomorphine treated rats (p < 0.001). 

typed sniffing response following apomorphine injection into the nucleus cauda- 
tus. The peptides did also not change the baseline sniffing behavior (Table 
l[). 

Discussion 

The present data show that at least two dopaminergic systems are present 
in the nucleus accumbens, one activated by low doses of apomorphine, resulting 
in hypolocomotion and the other activated by high doses of apomorphine and 
probably indirectly by amphetamine, resulting in hyperlocomotion. These two 
systems can also be distinguished with the neuroleptic drugs haloperidoL and 
sulpiride. Thus, 10 - 30 pg of these neuroleptics injected into the nucleus 
accumbens antagonized the apomorphine-induced hypolocomotion (7), while similar 
doses of haloperidol, in contrast to sulpiride, attenuated the hyperlocomotion 
induced by apomorphine or amphetamine (unpublished data). It has been postulated 
that the effects of low doses of apomorphine are mediated by presynaptically 
located dopaminerglc receptor systems, which activation results in a decreased 
dopamine output and consequently in hypolocomotion (for ref. see 6,7,13). 
Activation of postsynaptically located dopaminergic receptors either directly 
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Effect of y-endorphin (¥E) and Na-acetyl-y-endorphin (AcyE) on the 
hyperlocomotion elicited by apomorphine or amphetamine following injections 
into the nucleus accumbens. Locomotor activity was assessed in a small, 
circular open field for 3 min, 20 min after placebo (plac, I ~i saline), 
apomorphine or amphetamine treatment. Pretreatment with peptides (10 ng) 
or placebo was performed 60 min before testing. The mean score ± S.E.M. 
(vertical bars) of the various treated groups are presented. The ntnnber 
of animals per group are depicted in the columns. Data ANOVA testing: 
apomorphine experiment F = 21,4 (3,32), p < 0.01; amphetamine experiment 
F = 17,5 (3,25), p < 0.01. 
* different from placebo, placebo treated rats (p < 0.001). 
+ different from placebo, apomorphine or placebo, amphetamine treated 

rats (p < 0.001). 

by high doses of apomorphine or probably indirectly by amphetamine via release 
of dopamine, would result in hyperlocomotion. Although this concept is evidenced 
by a number of experimental data, it is still possible that the differential 
sensitivity to apomorphine belongs to more distinct brain pathways. High doses 
of apomorphine injected into the nucleus accumbens resulted in hyperlocomotion 
without affecting sniffing behavior, while similar injections into the nucleus 
caudatus induced stereotyped sniffing without changing the locomotor activity 
of the animals. This agrees well with the purported role of the mesolimbic 
and nigro-striatal dopaminergic systems with projections to the nucleus accumbens 
and nucleus caudatus respectively in the apomorphine-induced hyperactivity 
and stereotypy respectively (17-20). 

It was found in the present experiments that yE affects both dopaminergic 
systems in the nucleus accumbens, in that the hypo- and hyperlocomotion elicited 
by low respectively high doses of apomorphine were antagonized, whereas the 
non-opiate-like peptide AcyE antagonized selectively the effects of low doses 
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TA~BLE I 

Sniffing Behavior of Rats Treated with Drugs and Pep±ides into the Nucleus 
Accumbens of Rats. Duration of Sniffing (Sec) Was Assessed in a Small, 

Circular Open Field for 3 Min 

tment 

placebo 

apomorphlne (10 ng) 

apomorphine (I0 vg) 

amphetamine (2 ~g) 

p l a c e b o  

21.6 ± 1.6 (38) 

17.7 + 1.2 (22) 

20.8 t 1.8 (10) 

28.5 ± 1.9 (11 

yE (I0 rig) 

30.4 ± 1.4 (5) 

19.1 + 3.0 (9) 

19.2 _+ 2.1 (9) 

24.6 ± 0.4 (5) 

!AcyE (I0 rig) 

21.6 ± 3.4 (5) 

24.4 ± 2.9 (5) 

14.7-+ 1.8 (7) 

30.2 ,+ 2.8 (5) 

ANOVA 
F value 

2,09 (2,43) 

1,71 (2,32) 

2,35 (2,23) 

1,37 (2,18) 

Rats were pretreated 60 min and treated 20 min before testing. ( ) 
number of animals. Amphetamine induced a slight increase in the duration 
of sniffing in placebo pretreated rats, but this effect was not signifi- 
cant, when compared with simultaneously tested rats treated with placebo. 

TABLE I I 

Influence of Naloxone on the Antagonizing Action of y-Endorphin (yE) on the 
Hyperlocomotion Elicited by Injection of Apomorphine or Amphetamine into the 

Nucleus Accumbens of Rats. Locomotor Activity Was Assessed in a Small, 
Circular Open Field for 3 Min 

Treatment 

-60' -30' -20' 

A. 

placebo placebo placebo 

placebo placebo apomorphine 10 ug 

placebo naloxone 2 ug apomorphine 10 ug 

yE 10 ng placebo apomorphine 10 ug 

yE I0 ng naloxone 2 ~g apomorphine I0 ~g 

S. 

placebo placebo placebo 

placebo placebo amphetamine 2 Hg 

placebo naloxone 2 ug amphetamine 2 ug 

yE 10 ng placebo amphetamine 2 ug 

yE 10 ng naloxone 2 ug amphetamine 2 ug 

Locomotor activity scores 

(mean +_ S.E.M.) 

15.5 - 0 . 7 - - - . 2  * *  (6) 
_ /  

24.2 _+ 0 8 ~ (6) 

23.2 ,+ 0.9~** (5) 
f -  

15.0 ,+ 1.1 " - ~  * *  (6) 

23.9 ,+ 1.2 / (7) 

17.2 -+ 0.5 "--.> ** (6) 

27.2 _+ 1.4 / (6) 

27.8 ,+ 1.5 > * *  : (5) 

16.7 ,+ 0.9 (6) 

22.8  ± 1.3 (6) 

* differences between the indicated treatment groups (* p < 0.005, ** 
p < 0.001, Student's t-test). ( ) number of animals. Data ANOVA testing: 
A: F = 22,2 (4,25), p < 0.01; B: F = 20,6 (4,24), p < 0.01. 
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TABLE III 

Effect of y-Endorphin (yE) and NS-Acetyl-y-Endorphin (AeyE) on the Behavioral 
Changes Induced by Injection of Apomorphine into the Nucleus Caudatus. 

The :Behavior of the Rats Was Assessed in a Small, Circular Open 
Field for 5 Min 

Treatment 

-80' -20' 

placebo placebo 

yE (10 ng) placebo 

AcyE (10 ng) placebo 

placebo apomorphine (10 ug) 

yE (10 ng) apomorphine (10 ug) 

AcyE (10 ng) apomorphine (10 Ug) 

Locomotor Duration of 
activity (stereotyped) 
(scores ± sniffing 
S.E.M) (sec± S.E.M) 

29.4 + 2.8 17.5 ± 1.9 (12) 

24.3 ± 3.7 18.9 ± 3.2 (7) 

31.5 ± 2.6 19.7 ± 2.2 (6) 

24.9 _+ 3.4 46.3 ± 2.2 + (10) 

32.3 ± 4.7 44.5 ± 2.2 + (6) 

3 4 . 6  ± 4 .1  5 2 . 8  ± 3 . 8  + (8)  

( ) number of animals. 
Data ANOVA testing: locomotor activity F = 1,33 (5,43); sniffing F ffi 38,82 
(5,43). + p < 0.001 as compared to rats injected with placebo instead of 
apomorphine (Student's t-tests). 

of apomorphine. This suggests that the effects of yE on the apomorphine-induced 
hyperlocomotion are mediated by the inherent opiate activity of this peptide. 
Indeed, it was found that the antagonizing action of yE on the hyperlocomotion 
induced by apomorphine or amphetamine was at least partly reversed by local 
treatment with the opiate antagonist naloxone. The opiate system mediating 
the effects of yE may be specifically activated by yE since neither B-endorphin 
nor met-enkephalin mimicked the action of yE (unpublished data). Thus, ~E has 
a dual action on dopaminergic systems in the nucleus accumbens, one of which 
is mediated by a naloxone sensitive mechanism. This last mentioned action could 
be responsible for the ineffectiveness of the 10 ng dose of yE to affect the 
apomorphine-induced hypolocomotion. The effect of yE could not be generalized 
to all brain dopaminergic systems, since neither yE nor AcyE affected the ste- 
reotyped sniffing response induced by apomorphine when injected directly into 
the nucleus caudatus. 

The present studies show that yE and AcTE differentially interact with 
distinct dopaminergic systems in the nucleus accumbens of the rat brain via 
an opiold and a non-opioid mechanism, suggesting that the peptide fragments 
originating from pro-opiomelanocortin may be specifically implicated in the 
control of dopaminergic activity in this brain area. Of particular interest 
is the dopaminergic system, which can be activated by low doses of apomorphine 
as well as bromocriptine (I - 100 pg), and either directly or indirectly blocked 
by classical neuroleptic drugs (haloperidol, fluphenazine), atypical neuroleptic 
drugs (sulpiride, clozapine), and the y-type endorphin peptides (yE, AcyE, 
DTyE, DEyE) (7,14), which may be related to the established or purported anti- 
psychotic properties of these substances. Accordingly, certain dopaminergic 
systems in the nucleus accumbens have been implicated in the psychopathological 
syndrome schizophrenia (21). Since yE and AcyE are present in the brain (15), 
one may speculate about a distinct physiological role of these peptides in 
the hormonal regulation of the activity of the different dopaminergic systems 
in the nucleus accumbens. As a consequence, disturbances in this hormonal con- 
trol e.g. due to an altered ratio between the levels of yE, AcyE and fragments 
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of these peptides, may eventually change the transmission of dopaminergic 
systems in that nucleus, which may be of relevance for the "so-called" dopamine 
hypothesis of schizophrenia (22,23). This suggestion agrees well with the ori- 
ginal, more general, postulate that a relative deficiency of y-type endorphins 
is a pathogenetic factor in the psychopathological syndrome schizophrenia (1,24) 

Acknowledgements 

Peptides were kindly donated by Organon International B.V., 0ss, The 
Netherlands. The authors thank Tjitske P. van der Woude and Emilie M.M. 
Bloemarts for their skilful technical assistance. 

References 

I. D. DE WIED, G.L. KOVACS, B. BOHUS, J.M. VAN REE and H.M. GREVEN, Eur. J. 
Pharmacol. 49 427-436 (1978). 

2. I. KIRALY, M--$ TAPFER, J. BORSY and L. GRKF, Peptides 2 9-12 (1981). 
3. M. LE MOAL, G.F. KOOB and F.E. BLOOM, Life Sci. 24 16~I-1636 (1979). 
4. D. DE WIED, J.M. VAN REE and H.M. GREVEN, Life S~-{. 26 1275-1279 (1980). 
5. J.M. VAN REE, B. BOHUS and D. DE WIED, In: Endogenous and Exogenous Opiate 

Agonists and Antagonists, Ed. E.L. Way, p. 459-462, Pergamon Press, New 
York (1980). 

6. J.M. VAN REE, H. INNEMEE, J.W. LOUWERENS, R.S. KAHN and D. DE WIED, Neuro- 
pharmacology 21 1095-1101 (1982).  

7. J.M. VAN REE, A.M. CAFF~ and G. WOLTERINK, Neuropharmacology 2__ ! 1111-1117 
(1982). 

8. D.H.G. VERSTEEG, E.R. DE KLOET and D. DE WIED, Brain Res. 179 85-93 (1979). 
9. D.N.G. VERSTEEG, G.L. KOVACS, B. BONUS, E.R. DE KLOET and D. DE WIED, Brain 

Res. 231 343-351 (1982). 
10. C.J.E. NIEMEGEERS and P.A.J. JANSSEN, Life Sci. 24 2201-2216 (1979). 
11. H. POLLARD, C. LLORENS-CORTES and J.C. SCHWARTZ, Nature 268 745-747 (1977). 
12. J.M. VAN REE, Neuropharmacology 21 1103-1109 (1982). 
13. J.M. VAN REE and G. WOLTERINK, Eur. J. Pharmacol. 72 107-111 (1981). 
14. I. KIRALY and J.M. VAN REE, In: Proceedings "Intent-afire Neurohumoral 

Mechanisms", Budapest, March 24-27 1982 (in press). 
15. V.M. WIEGANT, J. VERHOEF, J.P.H. BURBACH, A. VAN AMERONGEN, O. GAFFORI, A. 

SITSEN and D. DE WIED (submitted). 
16. L.J. PELLEGRINO and A.J. CUSHMAN, A Stereotaxic Atlas of the Rat Brain, 

Appleton-Century-Crofts, New York (1967). 
17. P.H. KELLY, P.W. SEVIOUR and S.D. IVERSEN, Brain Res. 94 507-522 (1975). 
18. P.H. KELLY and S.D. IVERSEN, Eur. J. Pharmacol. 40 45-56 (1976). 
19. A.J.J. PIJNENBURG, W.M.M. NONIG, J.A.M. VAN DER HEYDEN and J.M. VAN ROSSUM, 

Eur. J. Pharmacol. 35 45-58 (1976). 
20. B. COSTALL, R.J. NAYLOR, J.G. CANNON and Th. DEE, J. Pharm. Pharmacol. 29 

337-342 (1977). 
21. T.J. CROW, In: Neuroleptics and Schizophrenia, Ed. J.M. Simister, p. 29-40, 

Luton, Lundbeck (1979). 
22. S. MATTHYSSE, In: The Neurosciences, Eds. F.O. Schmitt and F.G. Worden, p. 

733-737, MIT Press, Cambridge (1974). 
23. H.I.Y. MELTZER and S.M. STAHL, Schizophrenia Bull. 2 19-75 (1976). 
24. D. DE WIED, In: Characteristics and Function of O~i~ids, Eds. J.M. van Ree 

and L. Terenius, p. 113-122, Elsevler/North-Holland Biomedical Press, 
Amsterdam (1978). 


