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KASTIN, A. J., E. I,. SCOLLAN, R. H. EHRENSING, A. V. SCHAI,LY AND D. H. COY. I;'n~ephalin and other 
peptides reduce pas,~ivene.s.s. PHARMAC. BIOCHEM. BEHAV. 9(4j 515-519, 1978.--Enkephalin and other brain pep- 
tides previously have been shown to be active in the dopa potentiation test which may De considered an animal model of 
mental depression. A recently described model of passive immobility during swimming, also sensitive to tricyclic antide- 
pressants, was therefore used to study a large number of naturally occurring peptides and some of their analogues. It was 
found that several enkephalins with no opiate activity after peripheral injection reduced the immobility and thus increased 
the activity of swimming rats. ¢~-MSH, but not its 4-10 core or a 4-9 analogue, also caused significantly more swimming 
than did the diluent control. As we have previously found in several animal and clinical studies, a smaller dose of MIF-I was 
more effective than larger doses. The results confirm our concept of the CNS actions of brain peptides and support the 
suggestion that some of them. like the enkephalins, might be useful after peripheral administration in mental depression or 
other CNS disorders. 

Enkephalin Endorphin MSH MIF-I Peptides Blood-brain barrier Depression 
Swimming Passiveness 

USING THE dopa potentiation test, we showed in 1971 that 
brain peptides isolated fiom the hypothalamus could exert 
effects upon the central nervous system (CNS) 112,16]. 
Methionine enkephalin, a peptide found in several parts of 
the brain including the hypothalamus [211. also has been 
shown to be very active in the dopa potentiation test [181. 
The activity of the tricyclic antidepressants in this test 17,151 
has led some investigators to consider it a model for mental 
depression. Therefore, when another animal model of de- 
pression was described recently [ 191, we decided to use it to 
study the effects of enkephalin and other peptides. Since we 
had already demonstrated the CNS effects ofenkephalin 113. 
18, 201 and other brain peptides 110] after peripheral injec- 
tions in several experimental situations, the intraperitoneal 
IIPI route of administration was chosen. 

METHOD 

Material.~ 

All peptides were synthesized by solid-phase methods 
and highly purified in our laboratory with the exception of 
~,-MSH, which was synthesized by classical methods, pen- 
tagastrin (Peptavlon, Ayerst), and the ACTH preparations 
(Organon). Each compound is identified in this paper by its 
full name except for the use of the following abbreviations: 
~-MSH (melanocyte-stimulating hormone); MIF-I (MSH- 

release inhibiting factor : Pro-Leu-Gly-NHO: TRH (thyro- 
tropin releasing hormone); I,H-RH (luteinizing hormone re- 
leasing hormone): BPP (bovine pancreatic polypeptide); VIP 
(vasoactive intestimd peptide): and DSIP (delta sleep- 
inducing peptide). A soluble melanin purified from the ink 
sac of the cuttle-fish ¢Sepia o.[ficinali.s) was purchased from 
ICN K and K Rare and Fine Chemical Co., Cleveland, OH. 
Amitriptyline hydrochloride was obtained in powder form 
from Merck. Sharpe, and Dohme, West Point, PA. Each 
material was dissolved in physiological saline which was 
slightly acidified to 0.01 M with acetic acid and kept cold 
until used within 30 hr. 

AnimaLs 

About a thousand male albino rats were obtained fl'om 
Simonsen Laboratories in Gilroy, CA. They were initially 
housed a minimum of 3 days in group cages with constant 
indirect illumination, white background noise, and unlimited 
access to food and water. The rats weighed 180-200 g at the 
time of the first of 3 injections which were made IP from 
coded solutions 24, 4. and I hr before testing. 

Procedure 

The method described by Porsolt e t a / .  as a model of 
depression 1191 was adapted for this study, On the first day, 
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T A B I . E  I 

IMMOBILITY TIME AFTER ADMINISTRATION OF ENKEPHAI.INS 

Peptidc Dose Number Difference from 
(mg/kg) of Rats Control tscc) 

Met-enkephalin 2.0 4 60.0" 
1.0 45 28.8* 
0.1 3 . 3 . 0  

l)-Ala%enkephalin-N H, 1.0 28 14.4 
0. l I 8 42.6~ 
0.01 10 14.4 

D-Ala% F.,,Phe '-enkephalin-N H, 1.0 12 - 10.2 
0. I 5 • 48.0 
O.Ol 9 • 28.8 

N% Ne-bis( D-Ala:'-enkephalin)- l.y,,-N H~ 1.0 6 4.8 
o. I 3 3.0 
0.01 4 • 22.2 

l)-Phe '-enkephalin 1.0 19 24.0* 

1 ,eu-enkephalin 1.0 42 17,4* 

~ p - 0 . 0 5  
:,'p 0.01 

the rat was placed in a white cylindrical tank 15 cm wide and 
45 cm high which was filled 15 cm deep with water  at 25°C. 
Fifteen min later the rat was removed  and put in a heated 
enclosure  at 32°C for 15 min. It was then injected for the first 
t ime and placed in tin individual cage. Twenty  and 23 hr later 
the animal received the second and third injections of  the test 
solution, a schedule used in the original descript ion 1191. One 
hr after the last injection, the rat was returned to the tank of  
water  for 5 min. During this period of  observat ion ,  wheneve r  
the rat s topped swimming act ively or  trying to escape,  the 
t imer was act ivated.  The cumulut ive amount  of  these passive 
or immobile periods for each rat was used for the statistical 
analyses.  

AII~,I~.v.'~(", 

"]'he amoun t  o f  i m m o b i l i t y  o f  the an ima ls  rece iv ing  the 
test compounds  was compared  w i th  that  o f  the i r  concur ren t  
con t ro ls  in jected w i th  the d i luent .  The results were  ana lyzed  
by Student 's  t- tests and analys is  o f  var iance  w i t h  Duncan 's  
o r  Dunne t t ' s  p rocedures  for  mu l t ip le  compar i sons  where  
appropr ia te .  

RESULTS 

The mean differences (see) in the t ime of  passive immo-  
b i l i t y  between rats injected with one of  the naturally occur-  
ring enkephalins or their analogues,  and rats injected with 
the diluent are shown in Table I. As in the o ther  tables, a 
negative number  indicates that the rats injected with the 
peptide showed less passive immobility and more swimming 
than the rats receiving only diluent whereas  a posit ive differ- 
ence indicates more immobili ty and less swimming than the 
controls .  

Both Met-enkephal in and [.et,-enkephalin caused more 
act ive swimming than the diluent at the standard dose for 
each injection of  I mg/kg initially used in these studies. 

D-Ala2-Met-enkephalin-NH._, was not significantly act ive at 
this dose although it was highly active at 0. I mg/kg, a dose at 
which Met-enkephal in and two other  analogues seemed to 
have no substantial effect (Fable 1). The larger/3-endorphin 
apparently was more effect ive at I mg/kg than at smaller  
doses Cl'able 2). 

At the test dose of  I mg/kg, injection of  ¢~-MSH resulted 
in significantly less immobility than seen after injection of  
the diluent (Table 3). This difference was not observed with 
M S H / A C T H  4-10, an analogue of  A C T H  4-9, or ACTH 
1-24, a preparation with full adrenal stimulating activity. 

A reduction in immobility was found after administration 
of  MIF-I at the dose of  0.1 mg/kg but not at doses of  1, 10, or 
30 mg/kg (Table 4). The smaller  dose of  0.01 mg/kg MIF-! 
was also ineffective. Injection of  TRH did not cause a staffs- 
tically significant change in swimming time after injection of  
I mg/kg or 0.1 mg/kg. 

I ' A B I , E  2 

IMMOBILITY TIME .~I=IF~R AI)MININTRATION O1= EKI)()RPttlNS 

Peplide 1)o~¢ Number Difference from 
(mgkg) of Ral~ Control (~c)  

/~-endorphm 1.0 14 34.~ 
0.5 ~ 20.4 
0. I 8 17.4 
0.01 3 22.2 

I.¢t~'-/J-cndorphin 1.0 3 240 

.-cndorphin 1.0 7 31.8 

y-endorphin 1.0 6 ~.6 

p O.q)~ 
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T A B L E  3 

IMMOBII,ITY TIME AFTER ADMINISTRATION OF MSH AND ACTH 
COMPOUNDS 

Peptidc Dose Number Difference from 
(mg/kg~ of Rats Control (see) 

**-MSH 1.0 30 34.8* 
MSH/ACTH ~.,,, 1.0 20 - 9.0 
Met '(O)-D-Lys~-Phe"-ACTH,, 1.0 16 - 14.4 
ACTH~ _.~ 1.0 12 1.2 

*p-0.01 

T A B I . E  4 

IMMOBII.ITY TIME AFTER ADMINISTRATION OF MIF-I AND TRH 

T A B I , E  5 

IMMOBILITY TIME AFTER ADMINISTRATION OF GI RELATED 
HORMONES 

Substance Dose Number Difference from 
(mg;kg) of Rats Control (see) 

MIF-I 30.0 10 4.8, 
10.0 10 ~ 23.4 bombesin 

1.0 10 +20.4 BPP 
0.1 38 -24.0* VIP 
0.01 6 - 12.3 pentagastrin 

TRH 1.0 25 ~ 6.0 
0 .  I 6 - 8 . 4  

*p- 0.05 

Table  5 shows  tha t  b o m b e s i n  t ended  to cause  more  
swimming  than  the  cont ro l s .  T h r e e  gas t ro in tes t ina l  (GI) 
h o r m o n e s  were  wi thou t  s ignif icant  effect.  

Two  o t h e r  h y p o t h a l a m i c  h o r m o n e s - - - L H - R H  and 
s o m a t o s t a t i n ~ d i d  not exer t  any  s ta t is t ica l ly  s ignif icant  ef- 
fects  a l though there  was  a t e n d e n c y  toward  less immobi l i ty  
a f te r  in ject ion of  soma tos t a t i n  (Table  6). Similarly,  
neu ro t ens in ,  s u b s t a n c e  P, and  DSIP  did not  seem to change  
the swimming  t imes.  Melanin  and  m o r p h i n e  sulfate also were  
wi thou t  s ignif icant  effect  at 1 mg/kg. T h e s e  mater ia ls ,  like 
some  of  the o the r s ,  were  admin i s t e r ed  to only  a few an imals  
and  at only 1 dose ,  so tha t  many  of  the  resul t s  mus t  be 
cons ide red  pre l iminary .  O ur  conf idence  in the  data  involving 
a larger  sampl ing  is obv ious ly  grea ter .  Th i s  is most  ev iden t  
with  ami t r ip ty l ine  which  was used in eve ry  e x p e r i m e n t  at a 
dose  of  15 mg/kg (Tab le  6). 

Since an t icho l inerg ic  r e s p o n s e s  can  be seen at t he rapeu t i c  
doses  of  the  t r icycl ic  a n t i d e p r e s s a n t s  and  par t icular ly  ami- 
t r iptyl ine,  we tried severa l  doses  of  physos t igmine  concur -  
rent ly  in an a t t empt  to b lock  the effects  o f  ami t r ip ty l ine .  
Al though  some  reversa l  s eemed  to o c c u r  at high doses  (500 
p.g/kg), th is  dose  also caused  immobi l i ty  by itself. A smal ler  
dose  ( 15 ~zg/kgL which  had no effect  on the  swimming  t ime,  
did not seem to cons i s t en t ly  r eve r se  the  effects  of  amitr ip-  
tyl ine in these  pre l iminary  expe r i m en t s .  At rop ine ,  at doses  
of  10 and 50 gg/kg,  did not a p p e a r  to dup l ica te  the ac t ions  of  
ami t r ip ty l ine  in p ro longing  swimming  t ime. 

DISCUSSION 

The  resul ts  suppor~ the  concep t  that  pep t ides  found  in the  
brain can exer t  ef fects  there .  Unl ike  the s tud ies  with which 

Peptide Dose Number Difference from 
(mg/kg) of Rats Control (see) 

1.0 8 - 32.4 
1.0 7 I 1.4 
1.0 7 • 12.0 
1.0 4 - 30.6 

"FABLE 6 

IMMOBILITY TIME AFIER ADMINISTRATION ()l t: OTHER BRAIN 
SUBSTANCES 

Substance Dose Number Difference from 
(mg/kg) of Rats Control Isec) 

~,omatostatin 1.0 8 - 36.0 
melanin 1.0 13 • 24.6 
neurotensin 1.0 14 5.4 
I)SIP 1.0 14 3.6 
D-Ala :-I)SIP 1.0 9 ~-28.2 
I,H-RH 1.0 9 ~ 21.0 
substance P 1.0 8 ~ 29.4 
amitript yline 15.0 227 - 42.6* 
morphine 1.0 5 - 3.6 

~'p. O.(~H 

we in t roduced this concept  112,16], hypophysec tomized  
animals were not used. Neve~he less ,  it is un l ike ly  that the 
resul t s  can be fully exp la ined  by a seconda ry  act ion of  the  
pep t ides  upon the pi tu i tary  gland s ince there  was no corre la-  
t ion be tween  known  ho rmona l  effects  and  act ivi ty  in the 
swimming  test .  This  is i l lustrated by Met -enkepha l in  which  
was ac t ive  in the swimming  s tudy (Table  1) yet is not known  
to cause  any subs tan t ia l  re lease  of  pi tui tary h o r m o n e s ,  and 
by TRH and L H - R H  which  were  inac t ive  in this  test  ITables  
4 and 6) but  are k n o w n  to re lease  several  pi tui tary h o r m o n e s .  

The  s ignif icant  d i f fe rences  be tween  rats  in jected with 
pept ides  and  rats  in jected with di luent  as a cont ro l  were 
o b s e r v e d  more  than an hou r  af ter  the last IP inject ion.  Be- 
cause  of  the  rapid degrada t ion  of  many  of  the  pept ides  and 
the i r  shor t  ha l f  lives, the d e m o n s t r a t i o n  of  any CNS act ivi ty  
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after peripheral administration will continue to surprise some 
investigators [10]. Moreover, Met-enkephalin and some of 
the other brain opiates were active after IP injection at doses 
devoid of analgesic activity and the effect demonstrated in- 
creased rather than decreased activity (Table 1). This prob- 
ably represents another example of the dissociation of the 
opiate and behavioral effects of enkephalin, as first de- 
scribed elsewhere [9,13]. 

The observation of CNS effects after peripheral adminis- 
tration of enkephalin and other peptides does not necessarily 
imply the passage of large amounts of unchanged material 
across the blood-barrier. All that may be required ix the 
movement of a small amount of material into the brain: this 
need not penetrate directly from the blood into brain tissue 
but may enter the CSF first. Recent determination of the 
brain uptake index of enkephalin by an unmodified method 
(with I,. Wade), as opposed to the modified method we used 
previously [11], supports the statement that only a small 
amount of enkephalin penetrates brain tissue directly after 
peripheral injection. Initial penetration into the CSF would 
not be detected by this method, although entry into the CSF 
has been included in our broader use of the term blood-brain 
barrier. Moreover, it ix possible that the active agent might 
be a degradation product of the injected peptide or a differ- 
ent substance altogether and primary peripheral actions have 
not been completely ruled out. A possible advantage of 
peripheral injections, in addition to their convenience and 
eventual clinical practicability, is their potential for demon- 
strating effects that might differ fi-om those observed after 
central injections, such as an increased permeability of the 
blood-brain barrier to other substances. 

All peptides were initially tested in small groups of rats at 
the single dose of 1 mg/kg body weight. Other doses and 
different times of observation after the injections might have 
given different results in additional animals. At this dose, 
significant differences from controls were observed in rats 
injected with the following enkephalins: Met-enkephalin, 
D-Ala~-Met-enkephalin-N H_,, l,eu-enkephalin, and I)- 
Phc'-cnkephalin (Table 1 I. D-Phe'-cnkcphalin has negligible 
opiate activity in the vas deferens and opiate receptor assays 
12], but appeared active in another behavioral test [131. 
However, N ¢~, N ~ bis (D-Ala~-enkephalin)-I.ys-NH_, and 
D-AI~f-'-F-, Phe'-enkephalin-NHe, two enkephalin derivatives 
extremely potenl in the tail-flick test of analgesia [3], were 
inactive in the swimming test (Table I), as was morphine at 
the 1 mg/kg dose (Table 6j. We consider these results to be 
further evidence tk~r the behavioral effects of enkephalins 
under conditions in which the opiate actions may be irrele- 
v~lnt. 

Several doses of some of the compounds found to be 
more active were examined. In some cases le.g. D- 
Ala:-enkephalin-NH_, and MIF-II, a smaller amount seemed 
to be more effective than the initial dose of 1.0 mg/kg ITables 
1 and 4). This does not appear to be explained simply by an 
excessive potency of some materials exceeding an effective 
ceiling since the potent opiates D-Ala~-F-, Phe~-enkephalin - 
NH:. N~N~-bis (D-Ala-'-enkephalin)-l,ys-NH._., and [3- 
endorphin were not as active at smaller doses (Fables I 
and 2). In this regard, ,t3-endorphin might not be expected to 
penetrate the blood-brain barrier as readily as D- 
Ala-'-cnkcphalin-NH_,, but the pentafluorinated enkcphalin 
amdogue should enter the brain more easily. 

We have previously observed this biphasic or "'inverted 
U-shaped'" pattern of response to brain pcptides in several 
animal and clinicul studies, as reviewed elsewhere 15,10]. 

Two of these studies involved trials of MIF-I in what might 
be considered animal models of mental depression, namely 
the dopa-potentiation test 1161 and reserpine reversal text 
117], and 2 additional studies involved patients with mental 
depression [5,61. As in the dopa potentiation test, MIF-I was 
found to be active in the swimming test with a dose 10.1 
mg/kg) at which TRH was inactive (Table 4), although TRH 
has also been tried in mental depression 1121. This is consis- 
tent with our impression that MIF-I shows promise as an 
antidepressant 15, 6, 121. 

The test system used in the present investigation mea- 
sured the swimming time of a rat in a situation from which 
there was no escape. After initial swimming activity, it be- 
came relatively immobile, barely treading water enough to 
keep its nose and mouth in the air. This situation uf 
"'passiveness", "'resignation". "helplessness",  or "'de- 
spair" was shown to be reversed by tricyclic antidepres- 
sants, but not several tranquilizers, and theretbre was de- 
scribed as a new animal model for mental depression 1191. 
The contribution of the rat being housed individually tbr the 
24 hr before testing was not ascertained: it ix possible that 
some of the peptides protect against the effecls of this "su- 
cial deprivation". 

Amitriptyline was used as the standard in every trial of 
these studies at the dose of 15 mg/kg (Table 6). The similarity 
in activity between this tricyclic antidepressant and several 
of the pcptides tested provides additional support for the 
possibility of clinical trials of enkcphalin and some other 
peptides in patients with mental depression or other CNS 
disorders. Perhaps analogues less active in opiate tests but 
more active in tests such as these should be considered for 
the Irials. Regardless, our results suggesl that l)- 
Ala~'-Met-enkephalin-NH~ might act as an antidepressant and 
we arc proceeding to test this hypothesis with Drs. 1). 
Gonzalez-Barcena and A. Macias. The most preliminary re- 
sults from this study are in the predicted direction, but be- 
cause of the nature of depression and the high placebo re- 
sponse in this condition, nothing can be determined with any 
certainty until a large, double-blind clinical trial ix per- 
formed. 

The significant activity of natural ~-MSH, but not its 4-10 
amino acid core or the newer 4-9 analogue, in the swimming 
test ITable 3) coincides with other instances of divergent 
activity of these related peptides, e.g. [41. Moreover, in the 
determination of structure-activity relationships of MSH- 
related compounds [8], our results emphasize the danger of 
generalizing from only a single animal test. Although other 
explanations are possible, this may be part of the reason why 
~-MSH or MSH,'ACTH 4-10 was inactive in some rats [11 or 
normal human subjects [141 tested in a conditioned 
avoidance response. Dissociations such as lhis support the 
cxperimcnlal approach adopted by our group about ten years 
ago of using a number of animal systems in an attempt to 
interpret the meaning of the CNS effects of naturally occur- 
ring peptides. At the [east, this approach has resulted in a 
profile or "'fingerprint" pattern of responses which in the 
case of MSH, for example, restdled in the concept of its 
actions on altention [10,12]. 

As a logical extension of our teleological reasoning that if 
a peptide is present in the brain it should be able to exert an 
effect there, we tested in rats I'br the first time the CNS 
effects of several gastrointestinal peptides which are being 
tk~und in the brain (Table 5L Although no statistically signifi- 
canl cffecls were observed in the swimming test, there 
seemed It) be a lendency for bombcsin to reduce the time of 



P E P T I D E S  R E V E R S E  P A S S I V E N E S S  519 

immobil i ty.  Regardless  of  these  prel iminary observa t ions ,  
we expect  that CNS act ions  of  the G1 h o r m o n e s  and perhaps  
the related skin pept ides  will be found which do not involve 
the GI tract.  It is reasonable  to expec t  that these  may even-  
tually be tried in CNS disorders .  

ACKNOWLEDGEMENTS 

The authors appreciate the help of Dr. Chester Meyers and Ms. 
Karen Elkind during the experiments and Mrs. Julie Lore, Dr. Jaak 
Panksepp, Dr. Curt A. Sandman, and Dr. Richard D. Olson during 
revision of the manuscript. The study was supported by the Medical 
Research Service of the VA, NIDA-DA01806, the Wacker Founda- 
lion of Dallas, N.A.R.C., and Mrs. l,ouise l)unagan Kramer. 

REFERENCES 

I. Beckwith, B. E., C. A. Sandman, D. Hothersall and A. J. Kas- 
tin. Influence of neonatal injections of t~-MSH on learning, 
memory and attention in rats. PhyMol. Behac.  18: 63-71, 1977. 

2. Coy, D. H., A. J. Kastin, A. V. Schally, O. Morin, N. G. Caron, 
F. Labile, J. M. Walker, R. Fertel, G. G. Berntson and C. A. 
Sandman. Synthesis and opioid activities of stereoisomers and 
other D-amino acid analogs of methionine-enkephalin. 
Biochem. Biophy.~. Rc.~. Cmnmun. 73: 632-638, 1976. 

3. Coy, D. H., A. J. Kastin, J. M. Walker, R. F. McGivern and C. 
A. Sandman. Increased analgesic activities of a fluoilnated and 
a dimeric analogue of D-Ala-'-methionine-enkephalinamide. 
Biochem. Biophys. Re,s. ( 'ommtlll .  83"- 977-983, 1978. 

4. Dunn, A. J.. P. M. luvone and H. D. Rees. Neurochemical 
responses of mice to ACTH and lysine vasopressin. Pharma¢'. 
Hiochenl. Behav.  Suppl. I, 5: 139--145, 1976. 

5. Ehrensing, R. H. and A. J. Kastin. Melanocyte-stimulating 
hormone-release inhibiting hormone as an anti-depressant: a 
pilot study. Arch. (h'n.  I'.~vuhiat. 30: 63-65, 1974. 

6. Ehrensing, R. H. and A. J. Kastin. Dose-related biphasic effect 
of prolyl-leucyl-glycinamide IMIF-I) in depression. Am. J. 
P.sychiat. 135: 562-566, 1978. 

7. Everett, G. M. The dopa response potentiation test and its use 
in screening for antidepressant drugs. Ercerpta Med. Int. ('on.~,. 
Ser. ,Vo. 122: 164--167, 1966. 

8. Grevcn, H. M. and I). de Wied. The influence of peptides de- 
rived from corticotrophin (ACTHJ on performance. Structure 
activity studies. Pro,,,,. Brain Re.s. 39: 429--441, 1973. 

9. Kastin, A. J., D. H. Coy. R. D. Olson, J. Pankscpp, A. V. 
Schally and C. A. Sandman. Behavioral effects of the brain 
opiates enkephalin-endorphin. In: C¢,Hlrtd ~\rcrt'ott,s .~')'.~l~'m Ef 2 
./~'ct.s q l ' l lypothahtmic  Horntones and Other Peplide~. edited by 
R. Collu. New York: Raven Press, 1978 (in press). 

10. Kaslin, A. J.. D. H. Coy, A. V. Schally and 1.,. H. Miller. 
Peripheral administration of hypothalamic peptidcs results in 
CNS changes. Pharnmt' .  R~'s. ('O??;I~IIIH. 10: 293--312, 1978. 

II. Kastin. A. J., C. Nissen. A. V. Schally and D. H. Coy. Blood- 
brain barrier, half-time disappearance, and brain distribution for 
labeled enkephalin and a potent analog. B r ,  in Re~. Bull. I: 
583-589. 1976. 

12. Kastin, A. J., C. A. Sandman, A. V. Schally and R. H. Ehren- 
sing. Clinical effects of hypothalamic-pituitary peptides upon 
the central nervous system. In: Clinical Neuropharmacoh~gy.  
edited by H. L. Klawans. New York: Raven Press, 1978, pp. 
133-152. 

13. Kastin, A. J., E. L. Scolhm, M. G. King, A. V. Schally and I). 
H. Coy. Enkephalin and a potent analog facilitate maze per- 
formance after intraperitoneal administration in rats. Pharmac. 
Biochem. B e h ,  r. 5: 691-695, 1976. 

14. Miller, 1,. H., S. C. Fischer, G. A. Groves, M. E. Rudrauff and 
A. J. Kastin. MSH/ACTH~ ,. influences on the CAR in human 
subjects: a negative finding. Pharmac.  Biochem. Bchav. 7: 
417-419, 1977. 

15. Plotnikoff, N. P. and A. J. Kastin. Neuropharmacological re- 
view of hypothalamic releasing factors. In: .%'europeptide h~lht- 
em'e,~ on Brain and Behavim" ..$h'chaniwn.~. New York: Raven 
Press, 1977, pp. 81-107. 

16. Plotnikoff, N. P., A. J. Kastin, M. S. Anderson and A. V. 
Schally. DOPA potentiation by a hypothalamic factor, MSH 
release-inhibiting hormone (MIFJ. l.~lb .~hi. 10: 1279-1283, 1971. 

17. Plotnikoff, N. P., A. J. Kastin, M. S. Anderson and A. V. 
Schally. Deserpidine antagonism by u tripeplide, I.- 
prolyI-L-leucylglycinamide. ..Veuroemhwrimdo.~,,y I1: 67-71. 
1973. 

18. Plomikoff, N. P.. A. J. Kastin, 11. H. Coy, C. W. Christensen, 
A. V. Schally and M. A. Spirtes. Neuropharmacological actions 
of enkephulin after systemic administration. Lili" At i. 19: 1283- 
1288, 1976. 

19. Porsolt, R. D., M. Le Pichon and M. Jalfre. Depression: a new 
animal model sensitive to antidepressant treatmenls...x,alure 
266: 73O-732. 1977. 

20. Smith, D. A., R. D, Olson, A. J. Kastin, G. A. Olson, I). H. Co~, 
and G. F. Michell. Neuropeptides and the blood-brain barrier in 
goldfish. Ahstr. Soc. ,\:euro.~ci. ,1: 414, 1978. 

21. Yung, H.-Y.. J. S. Hong and E. Costu. Regional distribution of 
lea and met enkephalin in ral brain. :\curopharmacolo.~,, 3 16: 
303-307. 1977. 


