
Life Sciences, Vol. 31, pp. 2383-2386 Pergamon Press 
Printed in the U.S.A. 

BEHAVIORAL EFFECTS OF THE B-ENDORPHIN FRAGMENT 2-9 

Jan M. van Ree and David de Wied 

Rudolf Magnus Institute for Pharmacology 
University of Utrecht, Medical Faculty 

Vondellaan 6, 3521GD Utrecht, The Netherlands 

(Received in final form June 14, 1982) 

Summary 

The non-opiate B-endorphin (BE) fragment des-Tyr-a-endorphin (BE 2-16) 
delays extinction of pole jumping avoidance behavior and potentiates 
apomorphine-induced stereotyped sniffing. Structure-activity relation- 
ship studies revealed that the active moiety mediating these psycho- 
stimulant effects resides in the sequence BE 2-9. The interaction be- 
tween BE 2-9 and apomorphine was also present following intrastriatal 
injection of both substances. These data provide evidence for a select- 
ive interference of the fragment BE 2-9 with brain mechanisms, which 
can be distinghuised from the opiate-and neuroleptic-like activity of 
B-endorphin fragments. This further demonstrates the importance of ~- 
endorphin and its fragments for modulation of behavioral processes. 

To disclose intrinsic CNS activities in the opioid peptide B-endorphin (BE) two 
strategies have been followed i.c. structure-activity relationship studies using 
behavioral procedures (I-5) and the biogeneration of peptides by incubating BE 
with brain synaptic membranes in vitro (6). The first approach has revealed that 
y-type endorphins induce behavioral activities, which resemble in some aspects 
those of neuroleptic drugs (2). Subsequent structure-activity studies using 
three measures for neuroleptic-like activity i.c. facilitation of extinction of 
pole jumping avoidance behavior, induction of the grasping response and inhibi- 
tion of the hypolocomotion induced by low doses of apomorphine, showed that DEyE 
(BE 6-17) is the shortest sequence with full neuroleptic-like action (3,7). ~- 
Endorphin (BE 1-16) exerts behavioral effects in several testprocedures which 
are opposite to those observed following y-type endorphin treatment (1,4). These 
procedures include extinction of pole jumping avoidance behavior, retention of 
passive avoidance behavior, and electrical selfstimulation elicited from the 
ventral tegmental-medial substantia nigra area. Since amphetamine induces simi- 
lar effects as ~-endorphin, it was postulated that a-endorphin or a related pep- 
tide may represent a psychostimulant type of neuropeptide (8). Further studies 
have revealed that ~-endorphin potentiates stereotyped sniffing elicited by apo- 
morphine (9), while y-type endorphins do not interfere with this response (7). 
To determine the active moiety mediating the psychostimulant action of ~-endor- 
phin, structure-activity studies with ~-endorphin fragments were performed using 
extinction of pole jumping avoidance behavior and the apomorphine-induced stereo- 
typed sniffing response as testprocedures. 

Extinction of pole jumping avoidance behavior 
Rats were trained on 3 co'nsecutive days to acquire a pole jumping avoidance res- 
ponse. Each day the rats were subjected to a session of 10 minutes, in which 10 
trials were run. On the 4th day 3 extinction sessions were performed, which were 
separated by 2 h intervals. Details of the test have been presented elsewhere 
(I). The rats were treated subcutaneously, immediately after the Ist extinction 
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session. As reported previously (I) ~-endorphin (BE 1-16) delayed extinction 
when doses of 0.03 - 0.3 ~g/rat were administered. DT~E (BE 2-16) was as active 
as ~-endorphin (5). The C-terminal part of ~-endorphin (DE,E, BE 6-16) was vir- 
tually inactive, but BE 2-9 induced a similar effect as ~-endorphin, although 
the potency of this peptide was somewhat less (Table I). Fragments of BE 2-9 
i.c. ~E 2-5 and BE 5-9 hardly influenced extinction of pole jumping avoidance 
behavior at least at the dose levels used. Thus, it can be concluded that the 
information for the ~-endorphin-induced delay of extinction is located in the 
sequence BE 2-9. 

Apomorphine-induced stereotyped sniffing 
Rats were subcutaneously treated with placebo or apomorphine (250 ~g/kg) and 
after 20 min placed in a circular testbox. The behavior of rats was observed for 
5 min. Locomotor activity was counted and the duration (sec) of (stereotyped) 
sniffing was measured. Details of the testconditions have been presented else- 
where (7,9). Under these conditions, apomorphine slightly but not significantly 
increased the rate of locomotion, and in addition induced stereotyped sniffing 
which lasted approximately one third to a half of the test time. Pretreatment 
with DT~E (BE 2-16, 50 ~g s.c.) I h before administration of apomorphine slight- 
ly increased the rate of locomotor activity but more markedly the duration of 
stereotyped sniffing. The peptide did however not affect the basal rate of loco- 
motion and duration of sniffing in control rats (9). Subsequently, structure- 
activity relationship studies were performed. First, the effect of BE 2-9 and 
DE~E (BE 6-16) was determined. It was found that BE 2-9 mimicked the potentiating 
aetion of DT~E on apomorphine-induced stereotyped sniffing (Table I), while the 
peptide DE~E was inactive. Second, the fragments of BE 2-9 i.c. BE 2-5 and BE 
5-9 were tested. Neither peptides influenced the apomorphine-induced behavioral 
changes. Thus, also with respect to the potentiation of apomorphine-induced 
stereotyped sniffing, the active core resides in the sequence BE 2-9. 

Site and mode of interaction between BE 2-9 and apomorphine 
It has been proposed that the apomorphine-induced stereotypy is mediated via a 
direct effect of apomorphine on dopaminergic systems in the nucleus caudatus 
(10,11). Therefore, we have investigated behavioral effects following intra- 
striatal injections of apomorphine and BE 2-9. Rats were equipped with a stain- 
less steel cannula at each site of the brain aimed at the nucleus caudatus (co- 
ordinates 2.0 mm anterior to bregma, 6.0 mm below the skull and 2.5 m~n lateral 
from the midline, according to (2). Details of the operation conditions have 
been reported previously (13). Intrastriatal treatment with apomorphine caused 
a dose dependent increase in stereotyped sniffing (duration of sniffing 
(sec ± SEM), placebo (2 ul saline) 16.6 ± 2.2 (n=12), apomorphine 10 ~g 43.4 ± 
4.7 (n=9, p < 0.01) and apomorphine 25 Hg 59.1 ± 12.5 (n=7, p < 0.01) ). Local 
injection of I ng BE 2-9 I h before intrastriatal injection with apomorphine 
potentiated the stereotyped sniffing (Table I). Basal rate of sniffing and loco- 
motion of control rats was not affected by BE 2-9 treatment. Intrastriatal 
treatment with apomorphine also did not influence the rate of locomotion (Table 
I), which is consistent with the assumption that apomorphine-induced stereotypy 
is limited to striatal structures, while apomorphine-induced changes in loco- 
motion behavior is mediated by dopaminergic systems in the nucleus accumbens 
(11,13). 
The potentiating effect of BE 2-9 on apomorphine-induced stereotyped sniffing 
appeared to depend on the dose of the peptide following subcutaneous as well as 
intrastriatal treatment. The lowest effective dose after subcutaneous treatment 
was 50 ~g and after intrastriatal injection I ng (9). Using graded doses of sub- 
cutaneously administered apomorphine, it was found that BE 2-9-induced potentia- 
tion of apomorphine sniffing follows the rules of a non-competative interaction 
between the peptide and apomorphine (9). This suggests that the mode of action 
of BE 2-9 is different from that of apomorphine itself and that BE 2-9 may 
directly or indirectly influence post- rather than presynaptic dopaminergic 
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TABLE I 

BEHAVIORAL EFFECTS OF 8-ENDORPHIN (BE) 2-9 

A. Extinction of pole jumping avoidance behavior 

Treatment (s.c.) 

saline 

BE 2-9 

I) number of rats, 

dose per rat 

0.5 ml 

0.03 ug 
0.1 ug 
0.3 ug 

I) 
n 

number of positive responses in 10 trials 

Ohr 2) 

9.0±0.33) 

9.0±0.4 
9.1±0.4 
9.8±0.3 

2hr 

4.5±1.3 

5.8±1.0 
8.0±0.5* 
9.0±0.3" 

4hr 

2.6±1.2 

3.6±1.8 
6.0±1.1" 
8.8±0.6" 

2) immediately after the first extinction session of 10 trials (0 hr), peptide 
or saline solution was administered, followed by a second or third ex- 
tinction session, respectively 2 and 4 hours after injection. 

3) mean ± SEM. 
* different from saline treated rats (p < 0.05, Student t-test). 

B. Apomorphine-induced stereotyped, sniffing 

I. Subcutaneous treatment 
. . . . . . . . . . . . . . . . . . . . . . . . .  

Treatment 

- 80 min 

saline 
BE 2-9 (50 ~g) 
saline 
BE 2-9 (50 ug) 

- 20 min 

saline 
saline 
apomorphine (250 ~g/kg) 
apomorphine (250 ~g/kg) 

n I ) 

6 
6 
16 
18 

locomotion 2) 

mean score ± SEM 

22±3 
19± 3 
22 ± 2 
25 ± 2 

(stereotyped) 
sniffin$ 

mean sec ± SEM 

28 ± 3 
24±2 
157 ± 8* 
213 ± 6it 

II. Intrastriatal treatment 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  

saline 
BE 2-9 (I ng) 
saline 
BE 2-9 (I ng) 

saline 8 
saline 8 
apomorphine (10 ~g) 9 
apomorphine (10 ug) 10 

29 _+ 3 ~ 28 +_ 2 

28 _+ 3 1 29 _+ 3 
28 +_ 3 48 ± 4* 
36 + 5 66 + 4* 

I) number of rats. 
2) rats were tested for 5 min in a small open field. 
* different from saline, saline treated rats (p< 0.001). 
t different from saline, apomorphine treated rats (t p < 0.01, ttp < 0.001). 

elements. However, the discussion about the mode of action of this peptide is 
hampered by the lack of information concerning the influence of BE 2-9 on brain 
dopamine. 

Discussion 

The present data indicate that the active moiety mediating non-opiate ~-endor- 
phin effects in two testsystems i.c. extinction of pole jumping avoidance be- 
havior and apomorphine-induced stereotyped sniffing, is located in the N- 
terminal part of DT~E i.c. BE 2-9. This contrasts the sequence mediating the 
neuroleptic-like effects of y-type endorphins, because that effect resides in 
the C-terminal part of y-endorphin i.c. DEyE (BE 6-17) (3,7). Thus, the opioid 
peptide y-endorphin contains intrinsic information for at least two non-opiate 
behavioral effects, which are present in different parts of the molecule. It 
could be that depending on the behavioral information required, y-endorphin is 
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converted to smaller fragments with differential and even opposite behavioral 
action. In fact, the biotransformation or biogeneration in vitro studies with 
y-endorphin as substrate indeed show that this peptide can be converted by brain 
synaptic membrane preparations to either DEyE (BE 6-17) or BE 1-13, the shortest 
identified peptides accumulating at pH 6.7 or 5.0 respectively (6). Whether BE 
1-13 is further processed to shorter peptides such as BE 2-9 is as yet unknown, 
but is not unlikely, taken into account the outcome of the structure-activity 
relationship studies. Although y-type endorphins and BE 2-9 oppositely affect 
extinction of pole jumping avoidance behavior and both interfere with apomor- 
phine-induced behavioral changes, their actions may be mediated by quite differ- 
ent mechanisms. In fact, y-type endorphins may interact with presynaptically 
located dopamine receptor systems in the nucleus accumbens (7,14), while BE 2-9 
does not interact with those systems, but may interfere with dopaminergic syst- 
ems in the striatum, presumably via an action on postsynaptic dopaminergic ele- 
ments. 
Considering the BE 2-9-induced potentiation of stereotyped sniffing elicited by 
intrastriatal injection of apomorphine, it is possible that this peptide might 
relieve disturbances, in which dopamine transmission in that area is reduced. 
It is well established that there is a cell loss in the substantia nigra and a 
decrease in dopamine levels in the striatum in Parkinson's disease. The degree 
of dopamine loss seems to be positively correlated with the degree of akinesia, 
one of the major motor deficits in this disorder (15). In addition, a decrease 
in dopamine levels has been reported in some but not all limbic forebrain re- 
gions including the nucleus accumbens in patients with Parkinson's disease (16). 
This disease is successfully treated with drugs which improve dopaminergic func- 
tions. It is conceivable therefore that treatment with BE 2-9 might have a bene- 
ficial influence on motor deficits in patients with Parkinson's disease. Since 
the action of BE 2-9 may be more selective than the currently used dopaminergie 
drugs, treatment with this peptide may eventually induce less side effects. More- 
over, BE 2-9 facilitates learning and memory processes. In fact, BE 2-9 delays 
extinction of pole jumping avoidance behavior, facilitates acquisition of shuttle 
box avoidance behavior in hypophysectomized rats, which are disturbed in ac- 
quiring the behavioral response, and facilitates passive avoidance behavior both 
following posttrial and preretention administration (unpublished data). Thus, 
BE 2-9 might improve the motor deficits as well as cognitive disturbances, 
commonly observed in patients suffering from Parkinson's disease (17). 
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