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BHARGAVA, H. N. Effects of methionine-enkephalin and morphine on spontaneous locomotor activity: Antagonism by 
naloxone. PHARMAC. BIOCHEM. BEHAV. 9(2) 167-171, 1978.--Methionine-enkephalin (MEK), a postulated endogen- 
ous ligand for the opiate receptors, when administered intracerebroventricularly (ICV) in a dose of 1.75 #,moles/ 
kg) of morphine sulfate had no effect on motor activity. Higher doses (7.0 #,moles/kg) of both MEK and morphine 
produced profound depression in motor activity; the decrease was significant from 6 to 30 min after their administration. 
Subcutaneous administration of naloxone (1 mg/kg) did not alter the motor activity. However, administration of naloxone 
(1 mg/kg) 2 min prior to MEK (7.0 #,moles/kg) administration completely blocked the effect of the latter for 15 min while 
antagonizing the effect of 7.0 #,moles/kg of morphine for 10 rain. At 30 min after 7.0 #,moles/kg of either MEK or morphine 
administration, the motor activity in these groups was identical with that of the naloxone treated group. Methionine- 
enkephalin in doses of 0.2 and 0.4 #,mole/kg had no effect on motor activity for 1 hr observation period. A significant 
increase in motor activity was recorded 45 and 60 min after 0.2 #,mole/kg of morphine sulfate, whereas 0.4 #,mole/kg dose of 
morphine showed significant increase in motor activity only at 60 min after its administration. Furthermore, 0.2 #`mole/kg 
of morphine produced a greater increase in motor activity compared with 0.4 #`mole/kg dose at 45 and 60 min after 
administration. It is concluded that morphine and MEK produce differential effects on mouse spontaneous motor activity 
with respect to time and dose and that naloxone can inhibit the effects of MEK more effectively than that of morphine on 
motor activity. 

Methionine-enkephalin Morphine Naloxone Motor activity Time course Antagonism 

ENKEPHALINS isolated from the brain have been iden- 
tified as a mixture of two pentapeptides, Tyr-Gly-Gly-Phe- 
Met (methionine-enkephalin, MEK) and Try-Gly-Gly-Phe- 
Leu (leucine-enkephalin, LEK) [15,23] and have been pro- 
posed to be endogenous ligands for the opiate receptors in 
the brain [14, 18, 19]. These enkephalins exhibit phar- 
macological profiles analogous to morphine in vitro [15,23]. 
Similarities in pharmacological effects have also been 
demonstrated in vivo. For example, analgesic activity of 
enkephalins has been observed in mice [7] and rats [2]. Thus, 
it is possible that the receptors for enkephalins and morphine 
may be similar or identical. 

The action of opiate narcotics on locomotor activity in 
rodents has been of considerable interest. It is well known 
that morphine and other opioids produce opposite effect on 
locomotor activity in mice and rats. In mice, morphine in- 
duces an increase in running activity [8] whereas in rats, the 
locomotor activity is decreased [17]. However, findings con- 
trary to above have been reported. Thus, Pert and Sivit [20] 
found that morphine-injected into the nucleus accumbens 
increased spontaneous motor activity in rats. Morphine (1, 3, 
and 10 ~g) and MEK (100, 200 and 400 /xg) increased 

locomotor activity in mice in a dose related manner during 
the first hour after administration [10,21]. Furthermore, it 
was shown that fl-endorphin and etorphine, the potent nar- 
cotic agonists failed to increase motor activity in mice [26] 
indicating some differences between the enkephalins and 
other opiates. 

In many studies motor activity has been recorded at var- 
ious times after morphine administration. Similarly, the ac- 
tivity has been recorded for times ranging from 5 min to 60 
min [9, 25, 26]. These variables can affect the outcome of 
behavioral and biochemical investigations. 

More recently in our laboratory, it was shown that MEK 
and LEK behave like opiates in inhibiting the naloxone- 
induced morphine abstinence syndrome in morphine- 
dependent mice [3,4]. In the present communication, the ef- 
fects of different doses of MEK and morphine sulfate ad- 
ministered intracerebroventricularly (ICV) on the motor ac- 
tivity of mice are reported. The effect of drugs on time 
course of changes on the motor activity has been examined. 
Finally, the effect of pretreatment with opiate antagonist, 
naloxone, on the effects of morphine and MEK induced 
changes on the motor activity has been determined. 
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METHOD 

Male Swiss Webster  mice, weighing 20-25 g (Scientific 
Small Animals,  Arlington Heights, IL.) were used in all ex- 
periments.  Food and water were allowed ad lib and the ani- 
mals were housed under the following conditions: tempera- 
ture (23 __- I°C), humidity (65 - 2%) and light (L. 0600-1800 
hr). 

Locomotor  activity was measured by means of  3 sets of  
circular activity cages. Each cage was 35 cm in dia. and 20 
cm in height, and was equipped with 6 light sources and 6 
photocells placed just  above the floor levels. The lights were 
placed orthogonally to each other so that the light beams 
crossed in the center of  the cages. The measure of  activity 
was the number of times the light beam was broken within a 
specified period of  time. The activity was recorded automat- 
ically on a counter.  Methionine-enkephalin (Calbiochem, 
San Diego, CA.; Lot  700291) and morphine sulfate were dis- 
solved in saline and were injected ICV [13] in a volume such 
that each mouse received 0.5/xl/g body weight. Brain sec- 
tions taken after the injection of  India ink revealed that the 
injection sites were the third ventricles. The injection 
method has been shown to be reproducible as evidenced by 
behavioral and biochemical changes reported by us [5,11] 
and by others [24]. Immediately after the injection of the 
drug or the vehicle, the animals were put in the activity 
cages. The activity of  animals was recorded at each dose 
(1.75 and 7.0 /zmoles/kg) at various time intervals for a 
period of 30 min. The experiments were repeated four times 
using three animals per  determination. For  assessing the ef- 
fect of  naloxone on methionine-enkephalin or morphine in- 
duced changes in locomotor  activity,  naloxone (1 mg/kg) was 
injected subcutaneously 2 min prior  to narcotic agonist and 
the motor  activity recorded as described above. The dose of  
naloxone was selected because it was high enough to precipi- 
tate abstinence in morphine dependent mice [3,4]. In study- 
ing the effect of  naloxone on motor  activity changes induced 
by morphine and enkephalin, only the higher dose (7.0 
/zmoles/kg) of the narcotic agonists was used since they pro- 
duced profound and longer lasting effects. The effects of  
relatively low doses (0.2 and 0.4 /zmole/kg) of  MEK and 
morphine on motor  activity were also determined. Motor  
activity was measured at the same time of  the day to 
minimize the diurnal variations. The results obtained from 
drug treated animals in each group are expressed as means _+ 
S.E.M. 

Statistics 

The data analysed by two way analysis of  variance upon 
the untransformed scores using a split-plot design for re- 
peated measures [16]. For  significant F ratios, Scheffe's [22] 
S method was used to make all possible comparisons among 
means. 

RESULTS 

Depending upon the dose employed and time at which 
observations were made, intracerebroventricular adminis- 
tration of  morphine and MEK produced depression and 
stimulation in mouse locomotor activity. The effects of  1.75 
/zmoles/kg of morphine and MEK on the cumulative motor 
activity for a 30 min period are presented in Table 1. 
Analysis  of  variance data and Scheffe's test revealed that 
MEK significantly (,o<0.05) affected the motor activity only 
at 30 rain after its administration compared with the saline 
controls, at which time the activity was depressed; however 
at other time intervals no change in activity was noticed. 
Morphine, however,  at the same dose (1.75/~moles/kg) failed 
to show any effect at any of  the time intervals. A dose of  7.0 
/~moles/kg of  morphine and MEK produced profound drop in 
the locomotor activity. As shown in Table 2, the motor ac- 
tivity of  MEK and morphine treated mice were depressed 
significantly (p<0.05) compared with saline at all time inter- 
vals beginning with 6 min after their administration. The ac- 
tivities in both MEK and morphine treated mice were ap- 
proximately 15 percent of  controls, whereas,  at 30 min after 
their administration they were 49 and 41 percent,  respec- 
tively. Although the recovery in the morphine treated mice 
appeared to be slower than in MEK treated mice, the two 
groups did not differ significantly at any time. 

Administration of  naloxone (1 mg/kg) did not affect the 
motor  activity in mice for 15 min; however,  a statistically 
significant (p<0.05) decrease was noted at 30 min observa- 
tion period. As shown in Table 3, pretreatment with 
naloxone antagonized the effects of 7.0/xmoles/kg doses of  
morphine and MEK on motor activity. The effect of MEK 
was antagonized completely for 15 min, whereas, morphine 
effect was abolished for 10 min. The naloxone-morphine 
treated mice had significantly lower motor activity at 15 min 
after its administration compared with naloxone-saline or the 
saline-saline group. At 30 min after the administration there 
was no difference between the naloxone-saline vs. 

TABLE 1 
EFFECT OF ENKEPHALIN AND MORPHINE ON SPONTANEOUS LOCOMOTOR ACTIVITY 

Treatment 

2 4 6 

Cumulative motor activity 
Counts ± SEM (N=4) 

Time after injection (min) 
8 10 15 30 

Saline 12.0 _ 1.1 40.7 _+ 8.3 58.3 ± 5.5 91.8 _ 2.9 136.5 ± 4.4 256.9 ± 22.6 733.6 ± 106.7 
MEK 1.2 ± 0.4 3.8 _ 1.2 44.6 ± 9.2 84.3 ± 9.4 122.4 ± 7.9 192.0 ± 10.7 510.0 ± 40.1" 
(1.75/zmol/kg) 

Morphine Sulfate 1.9 ± 0.5 3.0 _ 0.8 16.0 ± 3.1 44.9 ± 2.5 83.3 ± 4.3 246.9 ± 16.0 791.7 _+ 101.4 
(1.75/xmol/kg) 

MEK=methionine-enkephalin; *p<0.05 vs. saline control 
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T A B L E  2 

EFFECT OF METHIONINE-ENKEPHALIN AND MORPHINE ON SPONTANEOUS LOCOMOTOR ACTIVITY 

169 

Treatment Cumulative motor activity (Counts + SEM; N=4) 
Time after injection (min) 

2 4 6 8 10 15 30 

Saline 51.8 _+ 4.1 117.0 ± 12.5 168.8 ± 16.5 228.4 ± 22.0 287.2 ± 32.0 451.9 ± 34.0 920.0 ± 97.3 
MEK (7/~mol/kg) 5.4 ± 1.3 12.3 ± 4.3 26.7 ± 10.3" 50.7 ± 17.9" 91.8 ± 16.5" 201.7 _+ 20.0* 452.0 ± 24.3* 
Morphine Sulfate 3.7 ± 0.6 12.1 ± 2.4 26.0 ± 5.7* 42.8 ± 13.9" 59.0 ± 19.5" 92.2 ± 25.0* 383.2 ± 34.1" 
(7/tmol/kg) 

*p<0.05 vs. saline control; MEK=methionine-enkephalin 

T A B L E  3 

EFFECT OF NALOXONE PRETREATMENT ON SPONTANEOUS MOTOR ACTIVITY CHANGES INDUCED BY METHIONINE- 
ENKEPHALIN AND MORPHINE 

Treatment Cumulative motor activity (Counts ± SEM; N=4) 
Time after injection (min) 

2 4 6 8 10 15 30 

Sal-Sal 8.9 _+ 1.3 41.0 ± 6.6 64.9 ± 6.1 88.8 ± 12.4 119.9 ± 20.2 183.6 ± 25.9 442.4 _+ 54.0 
Nal-Sai 16.2 ± 1.9 44.3 ± 10.0 66.7 ± 11.8 105.0 ± 8.5 132.1 --- 9.2 166.9 ± 15.2 242.4 ± 25.6t 

NaI-MEK 15.1 ± 4.3 24.4 ± 4.1 45.5 ± 4.0 80.1 ± 10.7 115.4 ± 11.1 169.8 ± 11.8 281.8 --- 29.2t" 
NaI-M.S. 12.6 ± 3.4 25.1 ± 3.7 39.3 ± 3.5 50.4 ± 4.6 61.7 ± 2.7 90.7 ± 8.6* 200.3 ± 28.3t 

Sal=saline; Nal=naloxone; MEK=methionine-enkephalin; M.S.=morphine sulfate 
*p<0.05 vs. Sal-Sal, Nal-Sal and NaI-M.S. groups; f0.05 vs. SaI-Sal group 

T A B L E  4 

EFFECT OF METHIONINE-ENKEPHALIN ON SPONTANEOUS MOTOR ACTIVITY 

Treatment Cumulative motor activity 
Counts ± SEM (N=4) 

Time after injection (min) 
15 30 45 60 

Saline 491.7 ± 87.0 718.1 ± 112.0 735.9 ± 115.0 745.3 _+ 119.0 

Enkephalin 
0.2/zmol/kg 672.3 ± 119.0 910.8 ± 146.5 936.6 _+ 140.5 982.7 --- 144.5 
0.4/xmol/kg 704.5 ± 94.0 900.2 ± 106.0 1054.7 ± 139.0 1071.6 ± 145.0 

n a l o x o n e - M E K  and na loxone- sa l ine  vs.  n a l o x o n e - m o r p h i n e  
groups .  H o w e v e r ,  a t  th is  t ime  the  na loxone - sa l ine  g roup  
s h o w e d  lower  ac t iv i ty  c o m p a r e d  wi th  sal ine t r ea t ed  g roups .  
F u r t h e r m o r e ,  the  m o t o r  ac t iv i ty  at  30 min in n a l o x o n e - M E K  
t r ea t ed  g roup  was  s ignif icant ly  g rea te r  t han  in na loxone -  
m o r p h i n e  group.  

As  s h o w n  in Tab le  4, M E K  in doses  o f  0.2 and  0.4 
/xmole/kg, h a d  no  ef fec t  a t  any  t ime  pe r iod  t e s t ed  dur ing  1 
h r  o b s e r v a t i o n  per iod .  In con t r a s t ,  m o r p h i n e  (0 .2 /~mole /kg)  
inc reased  the  m o t o r  ac t iv i ty  in mice  s ignif icant ly  at  45 and  60 
min  fol lowing its adm i n i s t r a t i on  re la t ive  to the  con t ro l s .  
T h e r e  were  no  d i f fe rences ,  h o w e v e r ,  a t  15 and  30 min  
per iods  in the  ac t iv i t ies  o f  m o r p h i n e  and  sal ine con t ro l s .  In- 
te res t ingly ,  the  h igher  dose  0 . 4 / x m o l e / k g  of  m o r p h i n e  sig- 
ni f icant ly  s t imula ted  the  m o t o r  ac t iv i ty  w h i c h  could  be  ob-  
s e r v e d  on ly  at  60 min  af te r  its admin i s t r a t i on  and  th is  dose  

p r o d u c e d  s ignif icant ly  (p<0 .05 )  less of  an  inc rease  in the  
m o t o r  ac t iv i ty  c o m p a r e d  wi th  the  lower  dose  (0 .2 /zmole /kg)  
or  morph ine .  

DISCUSSION 

The  p r e sen t  s tud ies  indica te  tha t  i n t r ace reb ra l  adminis -  
t r a t ion  of  M E K  and m o r p h i n e  sulfate  p r o d u c e  b o t h  s t imula-  
tory  and  inh ib i to ry  effect  on  l o c o m o t o r  ac t iv i ty  in mice  de- 
pend ing  u p o n  the  dose  e m p l o y e d  and  the  t ime at wh ich  the  
o b s e r v a t i o n s  are r e c o r d e d  fo l lowing the  drug  admin is t ra t ion .  
In the  p re sen t  s tudies  the  m o t o r  ac t iv i t ies  were  r eco rded  at 
shor t  t ime  in te rva ls  to  more  c lear ly  o b s e r v e  the  changes  pro- 
duced  by  drugs ,  par t icu la r ly  the  pep t ide  M E K  which  has  
b e e n  s h o w n  to h a v e  a shor t  du ra t ion  o f  act ion.  

M e t h i o n i n e - e n k e p h a l i n  (0 .2-0.4  /xmole/kg) did not  pro- 
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TABLE 5 
EFFECT OF MORPHINE SULFATE ON SPONTANEOUS LOCOMOTOR ACTIVITY 

Treatment Cumulative motor activity 
Counts ± SEM (N=4) 

Time after injection (min) 
15 30 45 60 

Saline 245.0 ___ 16.5 571.0 _+ 39.3 887.2 ± 226.5 935.1 _+ 240.6* 

Morphine Sulfate 
0.2 ~mol/kg 426.9 ± 26.9 1110.8 _+ 260.0 1969.0 ± 72.6* 2553.0 ± 167.6" 
0.4/zmol/kg 169.5 ± 42.0 679.9 ± 212.9 1246.3 ± 175.0f 1673.5 - 244.0"f 

*p<0.05 vs. saline group; fp<0.05 vs. M.S. 0.2/xmol/kg 

duce any significant effect on motor activity, whereas,  mor- 
phine (0.2-0.4 tzmole/kg) stimulated the activity. The latter 
was not evident for 45 or 60 min after the administration. 
Doses of  MEK in the same range have been shown to stimu- 
late activity [26] when it was measured for one hour after the 
administration. Another  synthetic peptide,  Try-D-Ala-Gly- 
Phe-D-Leu in doses greater than 0.04/zg and morphine at 
greater than 0.3/xg significantly increased the motor activity 
[1]. The discrepancy between the present  data and others 
[10,17] may perhaps be explained on the basis of  strain 
differences used. The effect of genetic make-up on morphine 
induced changes in the motor activity is well documented 
[9]. However ,  in the present  studies only one strain of  mice 
was used and yet dose and time related changes in motor 
activity were observed following administration of the opiate 
agonists. Thus in contrast  to 0.2-0.4/zmole/kg doses or << 
(2.4-4.8/zg/20 g mouse) which did not affect motor activity 
doses of  1.75 and 7.0/xmole/kg (21-84/zg/mouse) of  MEK 
significantly depressed the motor activity. 

MEK (1.75 p~mole/kg) showed decreased activity only at 
30 min after injection, whereas, 7.0/zmoles/kg dose,  showed 
significant inhibition in activity at 6 min after administration 
and similar effect was clearly evident at each time period for 
up to 30 min. On the other hand, morphine at 1.75/xmoles/kg 
was without any effect but 7.0/xmole/kg dose produced pro- 
found depression similar to that produced by an equivalent 
dose of  MEK. These studies indicate that some differences 
between morphine and endogenous opiate may exist. Wei et 
al. [26] observed increased motor  activity in mice following 
morphine and enkephalins; however,  in their studies 
/3-endorphin and etorphine, the potent narcotic agonists had 
no effect on motor activity. 

It is also shown that administration of naloxone prior to 
morphine or MEK antagonized the effect of the latter on 
motor  activity. The antagonism was of  short duration and 
was much more effective against MEK than against mor- 
phine. Naloxone is perhaps a less potent  inhibitor of mor- 
phine binding than enkephalin binding to brain opiate recep- 
tors. Naloxone has been shown to be a potent  inhibitor of 
• ~H-enkephalin binding to receptors in rat brain [27]. 

Recent studies have shown that MEK and morphine pro- 
duce similar depressant  actions on brain stem neurons in the 
rat and cat [6,12]. Both morphine and enkephalins have been 
shown to inhibit some signs of morphine abstinence in 

morphine-dependent mice [3,4]. Since MEK and morphine 
(both at 1.75/~mole/kg) had no effect on motor activity at 15 
min after their administration, yet were active in inhibiting 
the morphine abstinence, it appears that a negative correla- 
tion exists between the two effects. A similar negative corre- 
lation has been shown between the motor activity and 
analgesia in mice [9]. 

The mode of action of  morphine in producing their effect 
on locomotor activity has not been established with cer- 
tainty, although it is clear that the effect is at least partly 
mediated by cerebral monoamines. Carroll and Sharp [8] 
concluded that dopamine (DA), norepinephrine (NE) and 
5-hydroxytryptamine are all involved in the normal activa- 
tion response of  mice to morphine with dopaminergic mech- 
anisms being of  primary importance. Kuchinsky and Hor- 
nykiewicz [17] showed that in mice, morphine produces 
locomotor hyperactivity by releasing DA from the 
presynaptic terminals in the striatum, thus increasing the 
dopaminergic activity in this structure and NE may have an 
important auxiliary function. In the above study, mice were 
placed for 15 min into the cages and the running activity 
recorded from 5 to 10 rain at times which coincided with the 
peak of the drug effect. In the present studies since the drugs 
were injected directly in the brain, the activities were re- 
corded right after putting the animals in the cages. 

In summary, in the present investigation it is shown that 
differential dose and time related effects of  locomotor activ- 
ity are observed in mice following ICV injection of morphine 
and MEK. Whether these differential changes in motor ac- 
tivity are related to differential changes in the function of 
cerebral monoamines are currently under investigation. Fi- 
nally, it appears that a relationship between motor activity 
changes induced by opiate narcotics and inhibition of mor- 
phine abstinence in morphine-dependent mice does not 
exist. 

ACKNOWLEDGEMENTS 

The author is indebted to Dr. N. R. Farnsworth for his interest 
and encouragement, Dr. A. Purohit for her help with the statistical 
analyses, Dr. A. A. Rubin of Endo Laboratories, New York ~or the 
gift of naloxone and Mr. George Matwyshyn for his devoted techni- 
cal assistance. 



E N K E P H A L I N ,  M O R P H I N E  A N D  M O T O R  A C T I V I T Y  171 

R E F E R E N C E S  

1. Baxter, M. G., D. Goff, A. A. Miller and I. A. Saunders. Effect 
of a potent synthetic opioid pentapeptide in some antinocicep- 
tive and behavioral tests in mice and rats. Br. J. Pharmacol. 59: 
455P, 1977. 

2. Belluzzi, J. D., N. Grant, V. Garsky, D. Sarantakis, C. D. Wise 
and L. Stein. Analgesia induced in vivo by central administra- 
tion of enkephalins in rat. Nature 260: 625-626, 1976. 

3. Bhargava, H. N. Opiate-like action of methionine-enkephalin in 
inhibiting morphine abstinence syndrome. Eur. J. Pharmac. 41: 
81-84, 1977. 

4. Bhargava, H. N. New in vivo evidence for narcotic agonistic 
property of leucine-enkephalin. J. Pharm. Sci. 67: 136-137, 
1978. 

5. Bhargava, H. N., S. L. Chan and E. L. Way. Influence of 
hemicholinium-3 on morphine tolerance and physical depend- 
ence and on brain acetylcholine. Eur. J. Pharmac. 29: 253-261, 
1974. 

6. Bradley, P. B., I. Briggs, R. J. Gayton and L. A. Lambert. 
Effects of micro-iontophoretically applied methionine-enkeph- 
alin on single neurons in rat brain stem. Nature 261: 425-426, 
1976. 

7. Biischer, H. H., R. C. Hill, D. Romer, F. Cardinaux, A. Close, 
D. Hauser and J. Pless. Evidence for analgesic activity of 
enkephaiin in the mouse. Nature 261: 423-425, 1976. 

8. Carroll, B. J. and P. T. Sharp. Monoamine mediation of the 
morphine-induced activation of mice. Br. J. Pharmac. 46: 124- 
139, 1972. 

9. Castellano, C. and A. Oliverio. A genetic analysis of morphine- 
induced running and analgesia in the mouse. Psychophar- 
macologia 41: 197-200, 1975. 

10. Cowan, A., J. C. Doxey and G. Metcalf. A comparison of 
pharmacological  effects produced by leucine-enkephal in ,  
methionine-enkephalin,  morphine and ketocyclazocine. In: 
Opiates and Endogenous Opioid Peptides, edited by H. Koster- 
litz. Elsvier/North Holland Biomedical Press, 1976. pp. 95-102. 

11. Friedler, G., H. N. Bhargava, R. M. Quock and E. L. Way. The 
effect of 6-hydroxydopamine on morphine tolerance and physi- 
cal dependence. J. Pharmac. exp. Ther. 183: 4%55, 1972. 

12. Gent, J. P. and J. H. Wolstencroft. Effects of methionine- 
enkephalin and leucine-enkephalin compared with those of 
morphine on brain stem neurones in cat. Nature 261: 426-427, 
1976. 

13. Haley, T. J. and W. G. McCormick. Pharmacological effects 
produced by intracerebral injection of drugs in the conscious 
mouse. Br. J. Pharmac. 12: 12-15, 1957. 

14. Hughes, J. Isolation of an endogenous compound from the brain 
with pharmacological properties similar to morphine. Brain Res. 
88: 295-308, 1975. 

15. Hughes, J., T. W. Smith, B. A. Morgan and L. Fothergill. 
Purification and properties of enkephalin, the possible endogen- 
ous ligand for the morphine receptor. Life Sci. 16: 1753-1764, 
1975. 

16. Kirk, R. E. In: Experimental Design: Procedures for the Behav- 
ior Sciences. Los Angeles: Brooks/Cole Publishing Company, 
1968, p. 245. 

17. Kuschinsky, K. and O. Hornykiewicz. Effects of morphine on 
striatal dopamine metabolism: possible mechanism of its oppo- 
site effect on locomotor activity in rats and mice. Eur. J. Phar- 
mac. 26: 41-50, 1974. 

18. Pasternak, G. W., R. Goodman and S. H. Snyder. An endogen- 
ous morphine-like factor in mammalian brain. Life Sci. 16: 
1765-1769, 1975. 

19. Pasternak, G. W., R. Simantov and S. H. Snyder. Char- 
acterization of an endogenous morphine-like factor (enkephalin) 
in mammalian brain. Mol. Pharmac. 12: 504-513, 1976. 

20. Pert, A. and C. Sivit. Neuroanatomical focus for morphine and 
enkephalin induced hypermotility. Nature 265: 645-647, 1977. 

21. Plotnikoff, N. P., A. J. Kastin, D. H. Coy, C. W. Christensen, 
A. V. Schally and M. A. Spirtes. Neuro-pharmacological ac- 
tions of enkephalin after systemic administration. Life Sci. 19: 
1283-1288, 1976. 

22. Scheffe, H. A method for judging all contrasts in the analysis of 
variance. Biometrika 40: 87-104, 1953. 

23. Simantov, R. and S. H. Snyder. Isolation and structure identifi- 
cation of a morphine-like peptide enkephalin in bovine brain. 
Life Sci. 18: 781-788, 1976. 

24. Tabakoff ,  B. and R. F. Ri tzmann.  The effects  of 
6-hydroxydopamine on tolerance to and dependence on ethanol. 
J. Pharmac. exp. Ther. 203: 31%331, 1977. 

25. Van der Wende, C., M. T. Spoerlein and N. C. Luc. Studies on 
the role of dopaminergic systems in morphine induced motor 
activity: Comparison with noradrenergic and cholinergic sys- 
tems. Res. communs chem. pathol. Pharmac. 11: 7%88, 1975. 

26. Wei, E. T., L. F. Tseng, H. H. Loh and C. H. Li. Comparison 
of the behavioral effects of fl-endorphin and enkephalin analogs. 
Life Sci. 21: 321-328, 1977. 

27. Wong, D. T. and J. S. Horng. Affinities of opiate agonists and 
antagonists for the enkephalin receptors of rat brain. Res. com- 
muns chem. pathol. Pharmac. 16: 74%752, 1977. 


