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Summary 

The potency of various fragments of y-endorphin (B-LPH61_77) was 
compared on their abi l i ty  to faci l i tate extinction of pole-jumping 
avoidance behavior and their effects in two "grip tests" used as 
measures of neuroleptic-like act ivi ty. I t  appeared that 8-LPH66-77 
is the shortest sequence which shows potencies in the three tests 
comparable to that of DTyE (8-LPH62,77 I. The act iv i ty of B-LPH67_77 
was less. I t  is proposed that B-LPH66-77 rather than DTyE represents 
an endogenous neuroleptic-like neuropeptide which may play a key 
role in psychopathology. 

In a previous publication (I) we reported that the 8-endorphin fragment 
y-endorphin facil i tated extinction of active avoidance behavior and attenuated 
passive avoidance behavior. The influence of y-endorphin on extinction of pole- 
jumping avoidance behavior was subsequently confirmed by others (2). The 
effects were not dependent on opiate receptor activation since the removal of 
the N-terminal amino acid residue tyrosine which eliminates opiate-like 
act iv i ty,  enhanced the influence of y-endorphin on active and passive avoidance 
behavior. Further studies indicated that the pharmacological profile of des-1- 
tyrosine-y-endorphin (DTyE) in various aspects resembled that of the neuro- 
leptic drug haloperidol although i t  could not be regarded as a classical neuro- 
leptic compound. Support for antipsychotic act iv i ty of DTyE was obtained in 
clinical studies in a relatively small number of patients (3). In view of these 
findings we postulated that DTyE or a closely related neuropeptide might be an 
endogenous neuroleptic with a profile more specific than that of currently 
used neuroleptic drugs. The present study was undertaken to determine the 
act iv i ty of a number of fragments related to DTyE on extinction of pole-jumping 
avoidance behavior and in two "grip tests". The results indicate that the 
sequence B-LPH66-77 is the shortest sequence which exhibits neuroleptic-like 
potencies comparable to that of DTyE. 

Materials and Methods 

Male Wistar rats of an inbred strain (TNO, Zeist, The Netherlands) were 
used. They were kept under standard conditions (room temperature 22+ 10 C, 
l ight on from 5 a.m. t i l l  7 p.m.) housed in groups of 5 with ad libiTum access 
to food and water. 

Behavioral tests 

Pole-jumping avoidance behavior 
Rats weighing between 130 and 160 g were trained to jump onto a pole with- 
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TABLE 1 

Effect of Subcutaneous Treatment with Various B-LPH Fragments Related to ~es- 
Tyr11y-Endorphin (~LPH62-77} on the Rate of Extinction of Pole-Jumping Avbid- 
ance Behavior of Rats. 

Number of avoidances in the 3 extinction sessions 

hours after 0 2 4 
treatment: 

B-LPH62_77 
0.03 ~ 8.8 ± 0.3 ~) 6.5 ~ 0.5 xx 4,0 2 1.9x 

0.1 ~ 8 .8~0.4  2.8~ 1.0 xx 1,2~0.5 xx 

saline 9.7 + 0.4 9 .7~0.4  8 .7±0.6  

(4) 
(5) 
(3) 

~-LPH65_77 
0 . I  ~g 9.5 + 0.6 6.3 + 0.9 x 4.5 + 1.0 x (4) 

0.3 ~g 9.5 + 0.4 4.5 + 0.4 xx 2.3 + 0.9 x (4) 

s a l i n e  9.8 + 0.3 9.0 + 0.4 7.8 + 0.5 (4) 

B-LPH66_77 
0.03 ~g 8.8 + 0.5 7.2 + 1.1 5.8 + 1.2 (5) 

0 . I  ~g 8.5 + 0.4 1.7 + 0.5 xx 1.7 + 0.4 xx (6) 

s a l i n e  8,6 + 0.4 8.0 + 0.5 7.0 + 0.8 (5) 
w 

B-LPH67,77 
0.03 ug 9.3 + 0.4 8.3 + 0.8 6.2 + 0.9 (6) 

0.1 ~g 9.2 + 0.4 5.0 + 1.5 2.8 + 1.4 x (6) 

saline 9.6 + 0.4 7.6 + 1.5 7.4 + 1.4 (5) 

B-LPH68_77 
1 ~g 8.8 + 0.5 6.4 + 1.5 4.0 + 1.5 (5) 

3 ~g 9.3 + 0.3 7.5 + 1.0 5.5 + 2.4 (5) 

s a l i n e  8 .8  + 0.5 8.0 + 0.7 7.3 + 1.0 (4) 

B-LPH69_77 
1 pg 8.8 + 0.4 6.2 + 1.5 6.2 + 1.5 (5) 

3 ~g 9.4 + 0.4 7.4 ~ 1.6 6.0 + 1.5 (5) 

s a l i n e  9.2 + 0.5 8 ,8  + 0.7 8.0 + 0.9 (5) 

B-LPH70.77 
I ~g 8.8 + 0.5 7.5 + I .O 

3 ~g 9.5 + 0.4 5.3 + 2.0 

s a l i n e  9.7 + 0.4 8.7 + 0.4 

m) Mean + Standard Er ro r  ( ) Number o f  ra ts  

5.5 + 1.7 (4) 

6.0 + 2.2 (4) 

8.O + O.6 (3) 

x p < 0.05 xx p < 0.01 
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in 5 sec fol lowing presentation of the conditioned stimulus (CS) which was a 
l i g h t  on top of the cage (4). Rats which did not jump within 5 sec received 
scrambled footshocks (0.2 mA) as the unconditioned stimulus (UCS) unt i l  the 
response was made. 10 Tr ia ls  a day were given in one session with an average 
~n te r t r i a l  in terva l  of 60 sec. In tervals  between t r i a l s  were 40, 60 and 80 sec 
which were presented in a random fashion. Rats were trained for  4 days. Extinc- 
t ion was studied the day fol lowing acquis i t ion.  During the post-acquis i t ion 
sessions f a i l u re  to respond within 5 sec to the CS was not followed by the UCS. 
Al l  rats were given a 10 t r i a l  ex t inc t ion  session. Those animals which made 8 
or more avoidances were used for  fur ther  experimentation. These rats received 
peptide or placebo (sal ine)  immediately a f te r  completion of the f i r s t  ext inc-  
t ion session. Two subsequent ext inc t ion sessions were run 2 and 4 h l a te r .  

Grip tests 
Rats weighing between 170 and 190 g were used. F i r s t ,  the f ront  paws of 

the rats were gently placed onto a pencil that was hor izonta l ly  positioned 
approximately 30 cm above the f l oo r  of the cage. The grasping response of the 
animals was assessed using a scale of 0 to 2 (0 = no grasping response: the rat  
refused to grasp the penci l ;  2 = f u l l  grasping response: the ra t  held t i g h t l y  
onto the pencil for  a few seconds without releasing i t  even when the pencil 
was moved up and down in the a i r ;  sometimes the animal t r i ed  to l i f t  up i t s  
body). The second test  was performed using a hor izonta l l y  positioned rod with 
a diameter of 9.0 mm and placed approximately 23 cm above the f l oo r  of the 
cage. The rats were gently placed with the i r  f ront  paws onto the rod and the 
time ( in tenth of seconds) was measured that the animals hang suspended above 
the f loo r .  This tes t  was performed twice in succession; the resul ts of the 
second t e s t - t r i a l  were used only. 

Animals were f i r s t  tested in the two grip tests and immediately thereaf ter  
they were injected subcutaneously with 50 ug of the respective peptide dis-  
solved in sal ine or placebo. Testing was performed again at 30 and 120 min 
a f te r  in jec t ion .  Between test ing the animals were housed in groups of 5 animals 
per cage in a sound-attenuated room. 

Peptides 

B-LPH62-77 (DTyE); B-LPH65-77; B-LPH66-77; B-LPH67-77; B-LPH68-77; 
B-LPH69-77; B-LPH70-77. Peptides were prepared by the c lassical  approach of 
fragment condensation and analysed among others by high performance l i qu id  
chromatography (Greven et a l . ,  in preparation). The pur i ty  of the peptides 
appeared to be 95-99%. 

S ta t i s t i ca l  analysis 

The data obtained in the pole-jump avoidance test  were analysed by compar- 
ing the responses during the 2nd or 3rd ext inct ion session of peptide treated 
animals with those of placebo treated rats using the Student t - t e s t .  Simi lar 
test ing was performed on the data of the gr ip tes t  using the rod. The X2-test 
for  a 2 x 3 contingency table was used for  calculat ing s t a t i s t i c a l  dif ferences 
between placebo and peptide treated animals in the gr ip test using the penci l .  

Results 

Effects of the various B-endorphin fragments on ext inct ion of pole-jumping 
avoidance behavior as compared to DTyE are summarized in Table I .  Although 
B-LPH65-77 seemed to be somewhat less potent than DTyE, B-LPH66-77 appeared to 
be as potent. Administration of 0 . I  ~g of 8-LPH66_77 had the same ef fec t  on 
ext inc t ion as 0 . I  ~g of DTyE while 0.3 ug of B-LPH65-77 was needed to achieve 
maximal ex t inc t ion  i . e .  less than a mean of 3 pos i t ive  responses in the 3rd 
ext inct ion session. The peptide B-LPH67-77 was somewhat less act ive since the 
dose of 0 . I  ~g induced a s ign i f i can t  e f fec t  in the 3rd ext inct ion session only 
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The act iv i ty markedly declined when N-terminal amino acids were successively 
removed from B-LPH67_77. At the 2nd and 3rd extinction session no significant 
difference was found between peptide and saline treatment with respect to 
B-LPH68-77, B-LPH69-77 and B-LPH70-77. 

Effects of the various peptides in the two "grip tests" are summarized 
in table 2. As compared to DT~E the effects of B-LPH65-77 and B-LPH66-77 were 
of the same magnitude in the "pencil-grip test". The responses of B-LPH65-77 
were less significant in the "rod-grip test". The sequence B-LPH67-77 was not 
active in the "pencil-grip test" in the fixed dose used, and showed only a 
significant response in the "rod-grip test" at the 30 min interval but not 
after 120 min. Shorter fragments were not active in this respect. I t  is of 
interest to note the similari ty in potency of the various fragments in the 
avoidance test and the "grip tests" 

TABLE 2 

Ef fec t  of  Various ~-LPH Fragments Related to (Des -Ty r l~ -Endorph in  
(B-LPH62_77) in  Two "Grip Tests" 

tes t  using penc i l  I )  t es t  using rod 2) 

min a f t e r  
i n j e c t i o n  before 30' 120' before 30' 120' 

saline 3) 0.04 0.08 0.04 0.4 + 0.1 0.4 + 0.1 0.6 + 0.1 

B-LPH62_77 0.08 0.67 ~ 0.92 ~ 0.6 + 0.1 1.6 + 0.4 ~ 2.0 + 0.1 ~ l l  

B-LPH65_77 0.00 0.46 0.83 ~ 0.3 + 0 . I  1,2 + 0.3 ~ 1.7 + 0.4 ~ 

B-LPH66.77 0.00 0.38 0.67 2 0.4 + 0 . i  1.1 + 0 . I  ~ 2.2 + 0.4 ~ 

B-LPH67_77 0.04 0.24 0.50 0.4 + 0.1 0.9 + 0 . i  ~ 1.2 + 0.2 

B-LPH68_77 0.00 0.16 0.54 0.6 + 0.1 0.8 + 0.2 1.0 + 0.3 

B-LPH69_77 0.08 0.08 0.16 0.4 + 0.1 0.8 + 0.2 1.0 + 0.3 

B-LPH70_77 0.00 0.08 0,08 0.5 +_ 0 . i  0.6 + 0 . I  0.6 + 0 . I  

i p < 0.05 ~ p < 0.01 ~ p < 0.001 
1 data are expressed as proportion of maximal performance = 1.00. 
2 Mean (+ SEM) of the time (seconds) that the animals hung suspended above 

the floor. 
3 Groups of 6 animals were subcutaneously injected with placebo (0.5 ml) or 

50 ~g of the respective peptides. 

Discussion 

The present results indicate that B-LPH66_77 is the shortest y-endorphin 
fragment with act iv i t ies quantitatively comparable to DT~E with respect to 
fac i l i ta t ion of extinction of pole-jumping avoidance behavior and act iv i ty in 
two "grip tests". There was a striking similarity in structure act iv i ty 
relationship of the various ~-endorphin compounds on fac i l i ta t ion of extinc- 
tion of pole-jumping avoidance behavior and in the "grip tests". This suggests 
that the two systems measure aspects of a common underlying mechanism 
characteristic for neuroleptic act iv i ty (1). Although the sequence B-LPH67-77 
s t i l l  exhibited significant act iv i ty in the avoidance test and one of the "grip 
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~ests", i t  is clear that the complete spectrum of neurolept ic- l ike ac t i v i t y  of 
DTYE is l imited to the sequence B-LPH66_77. Accordingly, not only the N- 
terminal amino acid residue tyrosine can be removed but the whole enkephalin 
sequence (6-LPH61-65) which in i t s e l f  carries information for  inh ib i t ion  of 
ext inct ion of pole-jumping avoidance behavior (5). Although DTyE did not dis- 
place neuroleptics from the i r  binding sites in various brain areas of the rat 
as measured in v i t ro  (6,7) i t  was recently found that DTyE administered sub- 
cutaneously decreased in vivo 3H-spiperone binding par t i cu la r ly  in the corpus 
striatum and nucleus accumbens areas of rat  Brain (8). In view of this the 
authors suggested that DTyE may act ei ther by releasing dopamine, by al ter ing 
the conformation of neuroleptic binding sites or that DTyE may exert i ts  
neurolept ic- l ike effects through an active metabolite. They tenta t ive ly  
ascribed 6-LPH66.77 as the principal metabolite of DTyE when incubated with 
rat brain homogenate. Moreover, we have preliminary data indicat ing that 6- 
LPH66-77 interferes with apomorphine-induced changes in locomotor ac t i v i t y .  The 
fact that in the behavioral studies presented here B-LPH66-77 is as active as 
DTyE on extinction of pole~jumping avoidance behavior and in the "grip tests" 
suggests that this sequence represents an endogenous neuroleptic-like neuro- 
peptide. I f  this were demonstrated by in vi tro interaction with neuroleptic 
binding sites, a reduced ava i l ab i l i t y~ -T -~66 -77  rather than that of DTyE 
may be an aetiological factor in psychopathology. 
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