
Pharmacology Biochemtstry & Behavior, Vol. 5, pp. 691 --695. Copyright © 1976 by ANKHO International Inc. 
All rights of reproduction in any form reserved. Printed in the U.S.A. 

Enkephalin and a Potent Analog 
Facilitate Maze Performance after 

Intraperitoneal Administration in Rats 

ABBA J. KASTIN 1 , ELIZABETH L. SCOLLAN,  MAURICE G. KING z 
ANDREW V. SCHALLY AND DAVID H. COY 

Endocrinology Section of  the Medical Service and Endocrine and Polypeptide Laboratories 
Veterans Administration Hospital and Department o f  Medicine, Tulane University School o f  Medicine 

New Orleans, Louisiana, 70146 

(Received 17 November  1976) 

KASTIN, A. J., E. L. SCOLLAN, M. G. KING, A. V. SCHALLY AND D. H. COY. Enkephalin and a potent analog facilitate 
maze performance after intraperitoneal administration in rats. PHARMAC. BIOCHEM. BEHAV. 5(6) 691 695, 1976. - 
Met-enkephalin and its analog [D-Ala 2 ]-Met-enkephalin-NH 2 were administered intraperitoneally (IP) at a dose of 80 
#g/kg body weight to hungry rats which were tested over 3 clays for their ability to run a complex, 12 choice Warden maze 
for a reward of food. Animals receiving either peptide negotiated the maze significantly (p < 0.01) faster (74.1 and 73.5 vs. 
128.8 sec) and made significantly (p < 0.01) fewer errors (5.5 and 5.4 vs. 9.1) than animals receiving the diluent vehicle. 
These findings did not seem to be explained by differences in appetite, thirst, olfaction, or general activity. Rats injected in 
a preliminary study with an analog, [D-Phe 4 ] - Met-enkephalin, which has essentially no opiate activity appeared to run the 
maze as fast as rats injected with [D-Ala 2 ] -Met-enkephalin-NH 2 and with just as few errors. Injection of morphine seemed to 
result in slower running times and more errors in the maze. These results demonstrate that enkephalin and some of its 
analogs can exert significant behavioral changes after IP administration and that these behavioral effects probably can be 
dissociated from the opiate effects. 

Enkephalin Maze Acquisition Appetitive Behavior Peptide Opiate Brain 

OUR CONCEPT [8,12] that  hypo tha lamic  pept ides  may 
have a dual effect ,  acting on the pi tui tary as well as direct ly 
on the brain,  led us to expect  that  the brain pept ide  
enkephal in  [5] might  have o ther  effects  in addi t ion  to its 
opiate activity. Early work  indicated that  the opiate 
act:ivity of  enkephal in  could be demons t r a t ed  only after  
direct inject ion in to  the brain. However,  we found  direct  
evidence suggesting that  enkephal in  crosses the b lood-bra in  
barrier [7 ] .  Moreover,  the great po t ency  of  enkephal in  in 
the DOPA-po ten t i a t ion  test after  in t raper i toneal  ( IP) in jec-  
tion [ 13] was cons is ten t  with the idea of  its passage in to  
the brain. Since morph ine  also has some activity in this 
neuropharmacologica l  test  [13] ,  it was not  comple te ly  
clear whe the r  the DOPA-poten t ia t ing  activity of  enkephal in  
given IP involved opiate receptors .  

Accordingly,  hungry rats were tes ted in the appet i t ive 
task of running to  a reward of  food in a complex  12 choice 
maze. If the rats ran the maze ei ther  significantly faster or 
slower af ter  IP enkephal in  than after di luent ,  then  this 
would be the first demons t r a t i on  of  a behavioral  ac t ion of  
enkephal in  in a learning si tuat ion after sys temic  adminis- 
t rat ion.  If the rats ran the maze faster af ter  enkephal in ,  as 
we have found  for ~-melanocyte-s t imula t ing  h o r m o n e  

(~-MSH) [14 ] ,  then  this also would  be the first demon-  
s trat ion of  an act ion of  enkephal in  opposi te  in direct ion to 
that  which would be expec ted  with opiates.  

METHOD 

Apparatus 

A series of  galvanized metal  s t raightaways and branched  
cul-de-sacs ob ta ined  f rom Lafayet te  Ins t ruments  Co., 
Lafayet te ,  IN were assembled into a complex  maze 
composed  of  12 choice poin ts  leading toward  a single goal 
box (12.5 x 12.5 x 46 cm) or into a blind alley. Each unit ,  
about  10 x 12.5 x 36 cm in size, was arranged in a general 
U-shape with the fol lowing pat tern  of turns: right (R), left 
(L), L, R, L, L, R, L, L, R, L, R. The reward consis ted of  a 
wet mash prepared daily f rom ground food pellets (Purina 
Labora tory  Chow),  powdered  milk, and dext rose  in a 4:4:1 
ratio mixed with water .  The maze was located in an 
isolated, sound-a t t enua ted  room at the VA Hospital  
connec ted  to a separate room in which the rats were housed 
and injected.  Constant ,  indirect  i l luminat ion and back- 
ground white noise were present  in bo th  rooms.  
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Animals  

More than  a h u n d r e d  male,  a lb ino Sprague-Dawley rats 
purchased  f rom Blue Spruce Farms,  A l t a m o n t ,  NY were 
used in these exper imen t s .  The rats were ob ta ined  se- 
para te ly  in groups of  18 every week or two and  weighed 
1 5 0 - 2 0 0  g before  depr iva t ion  of  food.  U p o n  arrival, each 
rat was assigned a n u m b e r  f rom a compu te r i zed  table  of  
r a n d o m  number s .  The num ber s  were then  ar ranged in order  
and consecut ive ly  assigned to one  of  3 t r ea tmen t s .  

Trea tmen t  

For  the 4 main  expe r imen t s ,  A, B, C, and  D, t r e a t m e n t  
consis ted of  the  IP in jec t ion  of  Met s - enkepha l in  (80 ~g/kg 
body  weight) ,  [D-Ala ~ l -Met  s -enkephal in-NH~ (80 **g/kg), 
and di luent  vehicle as a con t ro l  (0.9% saline acidif ied wi th  
acet ic  acid to 0.01 M, pH 4.1). Separate  studies involved 
two d i f fe rent  concen t r a t i ons  of  Met s -enkepha l in  (80  ug/kg  
and 800  ug/kg),  [D-Phe 4 J-Met s -enkepha l in  (80  t~g/kg), or  
morph ine  sulfate (80,  800, and  8000 **g/kg), as well as 
di luent .  In addi t ion ,  several con t ro l  s tudies were pe r fo rmed .  
The pen tapep t ides  were syn thes ized  by  solid phase  m e t h o d s  
as described previously  [ 2 ,13 ] .  Solut ions  were coded so 
that  the  expe r imen te r ,  the  only  one handl ing  the  rats, did 
not  k n o w  the  c o n t e n t s  of the  so lu t ions  which  were made  
fresh each week and  kept  at 4°C at all t imes. 

Procedure 

The main  stages of t ra in ing  involved gentl ing,  de- 
pr ivat ion of  food,  f o r m a t i o n  o f  an associa t ion be tween  
food and the goal box ,  exp lo ra t ion  of  the  novel  maze,  and 
tes t ing of acquis i t ion.  Upon  arrival f rom the  vendor ,  
animals  were housed  individual ly  wi th  free access to food 
pellets and  water  for  7 days, be ing  weighed and handled  to 
achieve gent l ing on the last two  days of the  first week.  
Depr iva t ion  of food  began on  the  seventh  day when  the  rats 
were given only 6 g of  food  pellets.  This r a t i on  was found  
to result  in a drop of  b o d y  weight  of  the  rats  to a b o u t  90% 
of thei r  previous weight  by the fo l lowing day. Thereaf te r  
they were given 12 g of food pellets  daily to ma in t a in  the i r  
weight at a b o u t  this  level of mild depr iva t ion .  On the  first, 
second,  th i rd  and s ixth  clays of  the  second week af ter  
arrival, the  rats were placed in the  goal box  for  1 min  
dur ing which  t ime they could eat the  mash.  

Each rat  was in jected IP once  a day 15 min  before  be ing  
placed in the s tar t  box on the first 4 days of  the  th i rd  week. 
Exp lora t ion  of the  maze for 2 trials t ook  place on Day 14 
and tes t ing  was pe r fo rmed  for  2 trials on  each of the  nex t  3 
days designated as Days 1 3 of  acquis i t ion.  The t ime  
elapsed be tween  the rat  leaving the  s tar t  box  and  reaching  
the food  with the  door  of  the  goal box closed was 
considered runn ing  t ime.  An en t ry  in to  a cul-de-sac was 
designated as an error.  During the day  of  exp lo ra t ion  as 
well as the 3 days of acquis i t ion,  the  rat  was allowed to eat 
the mash for  1 min  u p o n  reaching the goal box  and was 
then t ransfer red  immed ia t e ly  to the s tar t  box  for the  
second trial. After  eat ing for 1 rain in the goal box  at the  
end of  the  second trial, the  rat was re tu rned  to the  home  
cage where he was given his daily ra t ion  of 12 g food 
pellets. If a rat  did no t  en te r  the goal box  by 900  sec, he  
was removed  f rom the  maze and placed in the goal box ;  the 
remainder  of the  test  t hen  proceeded  as usual. A rat wi th  
two 900 sec scores on the day of exp lo ra t ion  or a 900 sec 
score on any of  the 3 days of acquis i t ion  was e l iminated  

from the  expe r imen t .  The ca lcula t ions  for  runn ing  t ime and 
n u m b e r  of errors were based on the mean  of  2 trials for 
each day. 

Stat is t ics  

Differences  a m o n g  groups were d e t e r m i n e d  f rom the raw 
data by  analysis of  variance wi th  repea ted  measures  on the  
fac tor  of  days, fo l lowed for the i n t e r ac t i on  te rms by F tests  
for simple effects  and  Scheff6 tests, and for  the  main  effect  
of t r e a t m e n t  by Duncan ' s  new mul t ip le  range test.  The 
occasional  exclusion of  a rat  f rom the  s tudy  because of  
illness or fai lure to reach the cri teria jus t  descr ibed was 
decided before  the code was b roken .  Because the  inter-  
ac t ion be tween  t r e a t m e n t  and repl ica t ion  was no t  sig- 
n i f icant ,  data f rom the 4 repl ica t ions  (Expe r imen t s  A, B, C, 
and D - Tables 1 and  2) were pooled  so tha t  the  groups 
consis ted of 18 rats receiving Met -enkepha l in ,  17 rats 
receiving [D-Ala2] -Met -enkepha l in -NH2,  and 19 rats re- 
ceiving di luent .  

RESULTS 

Analysis  of  var iance of r unn ing  t imes revealed a signi- 
f icant  main  effect  of  t r e a t m e n t ,  F (2 ,51)  = 4.02,  p < 0 . 0 2 5 ,  
and days, F ( 2 , 1 0 2 )  = 22.29,  p < 0 . 0 1 .  The in te rac t ion  of 
t r e a t m e n t  × clays also was significant ,  F (4 ,102 )  = 3.44,  
p < 0 . 0 2 5 .  Analysis  of  this in t e rac t ion  showed tha t  the 
runn ing  t imes af ter  e i ther  Met -enkepha l in  (98.2 sec) or 
[D-Ala = ] -Met-enkephal in-NH2 (110.1 sec) were signifi- 
cant ly ,  ( p < 0 . 0 1 )  faster  than  af ter  the  d i luent  (216.2  sec) on  
Day 1, a lmos t  s ignif icant ly,  F(2,51)  = 3.01,  p = 0 .058,  
faster on Day 2 (64.9 and 60.4 vs. 98.0 sec), bu t  no t  
s ignif icant ly  faster  on Day 3 (59.1 and 50.2 vs. 72.4 sec). 
Fur the r  analysis of the  main  ef fec t  of  t r e a t m e n t  revealed 

T A B L E  1 

MEAN RUNNING TIME (SEC) OF RATS IN A COMPLEX APPETI- 
TIVE MAZE DURING 3 DAYS OF ACQUISITION AFTER IP INJEC- 

TION OF ENKEPHALIN OR ITS ANALOG 

[D-AIa 2] 
Met-enkephalin Met-enkephalin-NH~ Diluent 

Experiment A: 
Day 1 118.8 96.7 229.3 
Day 2 86.6 69.3 137.0 
Day 3 77.0 50.6 87.4 

Experiment B: 
Day I 88.0 221.2 260.5 
Day 2 78.0 69.3 122.8 
Day 3 121.2 55.1 145.0 

Experiment C: 
Day 1 1115.6 124.5 262.1 
Day 2 73.1 84.7 101.9 
Day 3 45.3 69.5 49.9 

Experiment D: 
Day 1 83.8 58.4 145.3 
Day 2 36.9 36.2 46.2 
Day 3 27.7 37.7 26.5 

Pooled (A, B, C, D): 
Day I 98.2 110.1 216.2 
Day 2 64.9 60.3 98.0 
Day 3 59.1 50.2 72.4 
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T A B L E  2 

MEAN N U M B E R  OF ERRORS OF RATS IN A C O M P L E X  APPETI- 
TIVE MAZE DURING 3 DAYS OF ACQUISITION AFTER IP INJEC- 

TION OF E N K E P H A L I N  OR ITS A N A L O G  

[D-Ala 2] 
Met-enkephalin Met-enkephalin-NH~ Diluent 

Experiment A: 
Day 1 6.1 6.2 14.8 
Day 2 5.2 6.3 9.7 
Day 3 5.6 4.0 7.2 

Experiment B: 
Day 1 6.3 11.5 15.6 
Day 2 7.3 6.3 10.1 
Day 3 11.5 4.7 9.1 

E~periment C: 
Day 1 5.4 6.5 16.2 
Day 2 4.3 5.0 6.4 
Day 3 3.4 3.8 4.1 

Experiment D: 
Day 1 7.2 5.6 11.0 
]Day 2 3.8 3.6 4.7 
]Day 3 3.2 3.9 3.7 

Pooled (A, B, C, D): 
Day 1 6.3 7.0 14.1 
Day 2 4.8 5.1 7.5 
Day 3 5.2 4.1 5.8 

tha t  the  m e a n  runn i ng  t ime  over 3 days for the  g roup  
receiving Met -enkepha l in  (222 .2  sec) as well as t ha t  for the  
group receiving [D-Ala 2 ] -Met-enkephal in-NH2 [220 .6  sec) 
was s ignif icant ly  ( p < 0 . 0 1 )  d i f fe ren t  f rom t h a t  for  d i luen t  
(386.6  sec) bu t  no t  f rom each o the r .  The  ra te  of  acquis i t ion  
as d e t e r m i n e d  by F tests  for  s imple  effects  over  days 
dif fered a m o n g  the  groups  (p<0 .05 ) .  Rats  receiving the  
enkepha l ins  ini t ial ly acqui red  the  task fas ter  ( p < 0 . 0 5 ,  
Sc!heff6 tes t  wi th  specific error  variances for  days)  t h a n  rats 
receiving d i luent  (Table  1 and  Fig. 1). A possible loss in 
po tency  of  the  pep t ides  kep t  in so lu t ion  for  4 days was no t  
found  in a p re l iminary  e x p e r i m e n t  b u t  the  d e v e l o p m e n t  of  
to le rance  or the  presence of an  a s y m p t o t i c  m i n i m u m  for 
runn ing  t ime  was no t  ruled out .  

A similar  analysis  of var iance  was pe r fo rmed  on  the  
n u m b e r  of  er rors  made  by the  ra ts  while  r u n n i n g  the  maze.  
There  was a ma in  ef fec t  of  t r e a t m e n t ,  F ( 2 ,51 )  --- 5.83,  p < 
0.01,  and  days, F ( 2 , 1 0 2 )  = 16.32,  p < 0,01,  as well a s t h e  
i n t e r ac t i on  be tween  t h e m ,  F ( 4 , 1 0 2 )  = 4.33,  p < 0.05.  Each  
of the  groups  receiving Met -enkepha l in  and  [D-AIa 2 ]-Met-  
enkepha l in -NH ~ made  s igni f icant ly  fewer errors  t h a n  the  
group receiving d i luen t  on  the  first  day (6.3 and  7.0 vs. 14.1 
p < 0 . 0 1 )  as well as on the  second  day of  acquis i t ion  (4.8  
and 5.1 vs. 7.5, p < 0.05) .  As wi th  the  runn ing  t imes,  the  
d i f ferences  on Day 3 were no t  s ta t is t ical ly  s ignif icant  
(Table 2 and Fig. 2). Analysis  of  the  main  effect  of  
t r e a t m e n t  for  3 days showed  tha t  s igni f icant ly  (p < 0 .01)  
fewer er rors  were made  by  rats  receiving e i ther  Met- 
enkepha l in  (16 .4)  or [ D-AIa2 ] _Met_enkephalin_NH 2 (16 .2)  
as c o m p a r e d  wi th  ra ts  receiving d i luen t  (27.4) .  

A n o t h e r  s t udy  was pe r fo rmed  in the  same way to  
exa.mine the  effects  of  a larger dose of  Met -enkepha l in .  Rats  
in jec ted  IP wi th  80 ug /kg  and 800  ug /kg  Met -enkepha l in  
appeared  to acquire  the  task qu icker  t han  rats  in jec ted  wi th  
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FIG. 1. Daily pooled mean number of sec to run a 12 choice Warden 
maze a f t e r  i n j e c t i o n  of  Met-enkephalin, [D-Ala ~]-Met- 

enkephalin-NH 2 , or diluent. 

2 0 -  

1 5 -  

I 0 -  

5 

q 

o . . . .  o diluent 
A . . . .  LX Met-enkephalin 

[D-Ala2]-  Met-enkephalin-NH z 

O, 

' \  

I I I 
I 2 5 

Days 
FIG. 2. Daily pooled mean number of errors made in running a 12 
choice Warden maze after injection of Met-enkephalin, [D-Ala2] - 

Met-enkephalin-NH2, or diluent. 

d i luent .  The animals  receiving the  800  ug/kg  dose of  
Met -enkepha l in  ran slightly bu t  no t  s ignif icant ly  faster  
(60.6 sec) t han  the  rats  receiving the  usual dose (80 ug/kg)  
of  the  same mater ia l  (71,5 sec), 

[D-Phe 4 ] -Met -enkepha l in ,  an analog wi th  essent ial ly  no  
opia te  ac t iv i ty  in the  sys tems  s tudied  [ 2 ] ,  was tes ted  wi th  
[D-AIa 2 ] -Met -enkepha l in -NH 2 and d i luen t  in  the  same 
paradigm used fo r '  the  e x p e r i m e n t s  a lready descr ibed.  
A l though  analysis of  variance wi th  repea ted  measures  on 
days failed to reveal a s ta t is t ical ly  s ignif icant  ef fec t  on the  
overall  da ta  f rom the  small  n u m b e r  (5 /g roup)  of rats 
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involved, on  the first day of acquis i t ion  the 2 analogs 
seemed equal ly effect ive in causing faster  runn ing  speeds 
(105.1 and  106.4 vs. 126.5 sec) and fewer errors (6.0 and 
6.7 vs. 9.1)  t han  d i luen t ;  ne i the r  analog caused greater  
speed or reduced  errors  on the  nex t  2 days. There  was no 
subs tant ia l  d i f ference in the a m o u n t  of mash eaten by the 
h u n g r y  rats in jected with [D-Phe ~ ] -Met -enkepha l in ,  
[D-Ata = ] -Met-enkephal in-NH~ or d i luent  (2.3 and  2.6 vs. 
2.5 g) dur ing the  2 rain in the  goal box  on Day 1 or in the 
overall c o n s u m p t i o n  of  food  for  the  ent i re  3 days. 

In order  to test  for  an effect  of the enkepha l ins  on 
olfact ion,  the  hungry  rats f rom the  expe r imen t  just  
discussed were placed overn ight  in individual  con ta iners  in 
which 3 pellets (3 g each)  of a romat ic  food  (Tekland 
H y p o p h y s e c t o m i z e d  Rat  Test Diet)  were partial ly buried 
but  visible in 1 2 cm of  processed fine chips of essential ly 
odorless wood.  The next  day 15 min af ter  in jec t ion  the  rats 
were placed in the  s tar t  box ,  the  f loor of which  was covered 
with the  same material .  F i f teen  sec later,  the  guil lot ine door  
separat ing the  start  box  f rom the goal box  was lifted. 
Accus tomed  to the novel ty  of  the wood chips f rom the  
previous 24 hr,  the rats spent  l i t t le  t ime in exp lora t ion .  The 
t ime taken  for  the  hungry  rat  to  find the single pellet  of 
food h idden  jus t  b e n e a t h  the surface of  the  processed wood 
chips l ining the  f loor  of the goal box was recorded  for  1 
trial. Considerable  sniff ing was evident .  There  was no 
stat ist ically s ignif icant  d i f ference in latencies a m o n g  the 
groups;  the  t imes for the rats in jected with [D-Ala ~ ]-Met- 
enkephal in-NH~ and di luent  were a lmost  ident ical  (40.6.  vs. 
40.4 sec) and slightly longer for the [D-Phe" ]-analog.  

After  the  last of the 4 main expe r imen t s  (D), its 17 rats 
were al lowed free access to food for a week while the daily 
inject ions con t inued .  Pellets of  food were g round  in to  a 
fine powder  and access to the  p o w d e r  was res t r ic ted  to a 
small open ing  in the con ta ine r  of food.  This greatly reduced 
the a m o u n t  of food d ropped  th rough  the  mesh floors of  the 
cages and thus faci l i ta ted accurate  measurement s .  During 
the last 4 days, food  and water  in takes  were measured.  No 
significant  d i f ferences  were found  in the  ingest ion of  food 
(23.8 vs. 23.4 vs. 24.4 g), in take  of water  (31.6 vs. 32.8 vs. 
31.4 ml), or the body  weights  (194 vs. 193 vs. 199 g) of the  
rats in jected with Met-enkephal in ,  [ D-Ala ~ I -Met-enkephal in-  
N}t~, or d i luent  respectively.  

A pre l iminary  assessment  of the effect  of  [D-AIa ~ ]-Met-  
enkephal in-NH~ on general act ivi ty was made for 4 days in 
ano the r  small group of rats. Body weights,  ingest ion of  
food,  and in take  of water  were again similar as was fecal 
excre t ion  in a familiar  as well as novel env i ronmen t .  No 
cons i s ten t  changes in act ivi ty suff ic ient  to  explain the  faster  
runn ing  speed in the maze were found  for animals  in the i r  
home  cages, activity wheels,  or on the p la t fo rm of  an 
e lec t ronic  act ivi ty m o n i t o r  (Stoel t ing  Co.). 

The effects  of  the  admin i s t r a t i on  of  m o r p h i n e  sulfate to 
rats were tes ted in a separate  s tudy  in which  a to ta l  of  16 
rats were injected IP with di luent ,  80 ~g/kg morph ine ,  800 
**g/kg morph ine ,  or 8 mg/kg morph ine .  The rats receiving 
di luent  ran the maze faster (71.9 sec) than  did the rats 
receiving 80 #g/kg  morph ine  t133 .6  sec), 800 ~g/kg 
morph ine  (231.0  sec), or 8 mg/kg m o r p h i n e  (158.7  sec). 
Rats receiving d i luent  also made  fewer errors  (5.7) than did 
the rats receiving 80 **g/kg morph ine  (7.8),  800 ~g/kg 
morph ine  (11.4) ,  or 8 mg/kg  m o r p h i n e  (7.0).  These overall 
means  ref lected relatively cons t an t  d i f ferences  dur ing the  3 
days of acquis i t ion.  A m a x i m u m  of 500 sec was al lowed 
each rat in the maze;  1 rat  in each of the m o r p h i n e  groups 

had not  reached the goal box by tha t  t ime but  was inc luded  
in the  results. The variabi l i ty  and small n u m b e r  of animals  
made i n t e rp r e t a t i on  diff icult ,  par t icular ly  of  the greatest  
effect  at the  800  #g/kg dose. Regardless, it is clear tha t  rats 
in jected IP wi th  m o r p h i n e  did no t  run  the  maze faster than  
controls ,  in con t ras t  to the f indings af ter  in jec t ion  of 
enkephal in .  

DISCUSSION 

The results  demons t r a t e  a highly s ignif icant  behavioral  
effect  of  enkepha l in  af ter  admin i s t r a t i on  by  the IP route.  
This is cons i s ten t  with  the  act ivi ty of enkepha l in  in the 
DOPA-po ten t i a t i on  test  af ter  IP in jec t ion  [ 13] .  It may also 
be cons idered  partial suppor t  for  our  f indings suggesting 
tha t  enkepha l in  crosses the b lood-bra in  barr ier  [ 7 ] ,  in 
cont ras t  to the p r e sumpt ion  of  o thers  tha t  enkepha l in  and 
even [D-Ala2] -Met-enkephal in-NH2 do no t  pene t ra te  the 
brain [1 ,10 ] .  

In add i t ion  to our  d e m o n s t r a t i o n  of a behavioral  effect  
of enkepha l in  af ter  IP inject ion,  the results  indicate  tha t  
enkepha l in  exerts  effects  which may be separate  f rom its 
opiate  act ivi ty.  It generally has been observed tha t  opiates 
produce  drowsiness  and reduced m o t o r  activity.  This would 
lead to a s lower runn ing  rate in the  maze,  as we found  wi th  
morph ine ,  r a ther  than  the s ignif icant ly  faster  rate observed 
in the  rats in jected with enkephal in .  Since the  rats were 
hungry ,  it seemed possible tha t  the  main  act ion of  
enkepha l in  was to increase appet i te  even t h o u g h  morph ine  
exerts  the oppos i te  effect.  This was ruled out  by our  
f indings in several expe r imen t s  tha t  rats in jected with 
enkepha l in  or its po t en t  analog ate no  more  than  cont ro l  
rats. Similarly, the  possibi l i ty t ha t  enkepha l in  increases the 
abil i ty of  the  rat  to fol low ol fac tory  cues seemed to be 
e l iminated  by a direct  test  of  the  abil i ty of  a few rats to 
find buried a romat ic  food.  A general augmen ta t i on  of  
activity also was unl ikely  to explain  the faster  runn ing  
t imes of the rats in jected wi th  the enkepha l ins  since these 
rats made fewer errors in the maze and in pre l iminary  
studies were no more  active than  cont ro l s  in several 
measures of act ivi ty.  Fhis lack of change in act ivi ty and in 
fecal excre t ion  of rats receiving enkepha l in  also reduced the 
l ikel ihood tha t  a l tered arousal  could explain  why tile 
greatest  d i f ferences  among  groups occurred dur ing the first 
days of  acquisi t ion.  

[D-Ala ~ ] -Met -enkepha l in  is apparen t ly  more  po ten t  
than Met -enkephal in  in the  DOPA-po ten t i a t i on  test  af ter  IP 
in ject ion [13] and in the tail-flick test  of  analgesia af ter  
in t r ace rebroven t r i cu la r  in jec t ion  [ 15].  This analog also has 
been found  to have a greater  aff ini ty  for brain opia te  
receptors  and to be more  active than  Met-enkephal in  in inhib-  
i t ing electr ically evoked con t r ac t i ons  of the  mouse  vas de- 
ferens [21. The act ivi ty of [D-Ala ~ ] -Met-enkephal in-NH2 
in the analgesic tests  is similar to tha t  of [D-AIa: ]-Met- 
enkepha l in  [2 ,10 ] .  Rats in jected IP with 80 ug/kg  
[D-Ala ~]-Met-enkephal in-NH~ ran the maze faster  for a 
reward of food than  did the rats in jected IP with di luent .  

No reliable di f ferences  in mean  runn ing  t imes for 3 days 
(220.6  vs. 222.2 sec) or n u m b e r  of errors (16.2 vs. 16.4) 
be tween  the groups receiving [D-AIa 2 ] -Met -enkepha l in -  
NH: and Met-enkephal in  itself were found.  Yet it has been 
observed that  [D-Ala 2 ] -Met-enkephal in-NH~ is abou t  9005; 
more  p o t e n t  than Met-enkephal in  in the mouse  vas deferens 
bioassay for morphine- l ike  act ivi ty ]2 ] ,  has a 50% greater  
aff ini ty for  opiate  receptors  f rom the par t icula te  f ract ions  
of h o m o g e n a t e s  of rat  brain [2 ] ,  and exer ts  a cons iderably  
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greater  analgesic ac t ion  when  micro- in jec ted  in to  the  ra t  
bra in  [ 1 0 ] .  A l t h o u g h  it is t e m p t i n g  to cons t rue  these  
f inding as add i t iona l  ev idence  for a d issoc ia t ion  of  behav-  
ioral and  opia te  activi tes,  a 10-t imes greater  dose of 
enkepha l in  improved  r u n n i n g  t ime  in a single e x p e r i m e n t  
only  by  a b o u t  15%. However ,  the  [D-Phe 4 ] analog of  
enkepha l in ,  which  is prac t ica l ly  devoid of opia te  act ivi ty 
[2 ] ,  seemed in a p re l iminary  s tudy  to be jus t  as active as 
the  [D-Ala~-NH2] -ana log  in acquis i t ion  of  the  Warden 
maze by  rats. F u r t h e r m o r e ,  even a large dose of [D-Ala 2 ]-  
Met-enkephal in-NH~ failed to elicit  analgesia a f te r  sys temic  
in jec t ion  [ 1 0 ] .  In add i t ion ,  IP in jec t ion  of  m o r p h i n e  
appa ren t ly  caused the  ra ts  to  run  the  maze  s lower  and wi th  
more  errors  t han  rats  in jec ted  wi th  d i luen t ,  f indings  exact ly  
oppos i te  to those  observed  af te r  in j ec t ion  of the  na tu ra l  
opia te  Met -enkepha l in  or some of  i ts analogs. Taken 
toge ther ,  all these  resul ts  ind ica te  tha t  the  behaviora l  and 
opia te  effects  of  enkepha l in  can be dissociated.  A role of 
enkepha l in  in n e u r o t r a n s m i s s i o n  and  a reeva lua t ion  of  
opia te  ac t ions  could  be cons idered .  

The  ha l f - t ime d i sappearance  of  rad ioac t iv i ty  af ter  the  
in jec t ion  of  labeled Met -enkepha l in  appears  to  be  a b o u t  a 
m i n u t e  [ 7 ] .  The  ha l f  life of  [D-Ala 2 ] -Me t - enkepha l in  in rat  
p lasma in vi t ro has  been  pre l iminar i ly  r epo r t ed  to be at 
least 20 t imes longer  [ 4 ] .  The  rapid b r e a k d o w n  of  
Met -enkepha l in  in p lasma and bra in  has c o n t r i b u t e d  to the  
skept ic i sm tha t  any  ac t ion  of  Me t -enkepha l in  would  be 
f o u n d  af te r  sys temic  in jec t ion .  Jus t  as the  behaviora l  and  

EEG effects  of  a-MSH persis t  far longer  than  its ha l f - t ime 
d i sappearance  f rom plasma [6 ] ,  so it seems t ha t  the  
behaviora l  effects  of  Me t -enkepha l in  do no t  require  per- 
s is tence of  the  pep t ide  in b lood .  Decreased res is tance  to 
e n z y m a t i c  degrada t ion  in rat  b l o o d  con t r i bu t e s  to  the  
greater  p o t e n c y  of  at least  one  analog of  a -MSH bu t  may  
not  fully expla in  it [ 9 ] .  Similarly,  it is possible  t h a t  the  
act ivi ty of  [D-Ala 2 ] -Met -enkepha l in -NH 2 c a n n o t  be fully 
exp la ined  on ly  by  its c o n t i n u e d  presence  in the  c i rcu la t ion ,  
par t icular ly  in view of  the  ac t ions  of  Met- e n k e p h a l i n  more  
than  an h o u r  af ter  IP admin i s t r a t i on  in the  DOPA- 
p o t e n t i a t i o n  test  [13]  and more  t h a n  15 min  later  in the  
complex  maze used in these expe r imen t s .  

There  is some di rec t  evidence tha t  enkepha l in  [ 7 ] ,  like 
a-MSH [6] and  MSH-release inh ib i t ing  factor-I  (Pro-Leu- 
Gly-NH2 = MIF-I)  [ 3 ] ,  can cross the  b lood-bra in  barrier.  
These  3 c o m p o u n d s  rep resen t  pep t ides  main ly  f o u n d  in the  
ce r eb rum,  p i tu i t a ry ,  and h y p o t h a l a m u s .  The bra in  pept ide  
enkepha l in  resembles  the  h y p o t h a l a m i c  pept ides  and 
pe rhaps  p i tu i t a ry  pept ides  in t ha t  all these c o m p o u n d s  may  
be able to exer t  dual  effects.  
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