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Figure 5-Dissolution profiles of norethindrone solvent deposited on 
lactose (particle size less than 150 pm). Key: 0,2"0 norethindrone; X, 
l(J"; norethindrone; and A ,  20:; norethindrone. 

ences when the experiments were carried out in the present beaker ap- 
paratus. This result points to the need for caution in interpreting ex- 
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Figure 6-Di.ssolution profiles of digoxin solvent deposited on lactose 
(particle size less than 150 pn). Key: 0,196 digoxin; X, 59; digorin; and 
A,  25 70 digoxin. 

perimental data, because factors such as hydrodynamics and granule size 
may determine the distinguishability of different formulations. 
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Abstract Administration of leucine-enkephalin or morphine to mice 
rendered dependent on morphine by pellet implantation inhibited the 
naloxone-precipitated abstinence syndrome. The withdrawal jumping 
response was inhibited by morphine or leucine-enkephalin; however, both 
failed to inhibit withdrawal defecation and rearing behavior. On a molar 
basis, leucine-enkephalin was half as potent as morphine in inhibiting 
the abstinence syndrome. New i n  uivo pharmacological evidence for 
narcotic agonist-like activity of leucine-enkephalin is provided. 

Keyphrases Leucine-enkephalin-narcotic agonist activity evaluated, 
mice 0 Narcotic activity-leucine-enkephalin evaluated, mice 

The discovery of specific opiate receptors in brain and 
other opiate-sensitive tissues suggested the possible exis- 
tence of endogenous ligands (1-3). Two pentapeptides, 
methionine-enkephalin and leucine-enkephalin, were 
identified (4) and postulated to be endogenous ligands for 
the opiate receptors in mammalian brain (5-8). Both 
peptides mimic the ability of morphine to inhibit electri- 
cally induced contractions of the guinea pig ileum and 
mouse vas deferens. These inhibitory effects are anta- 
gonized by the opiate antagonist, naloxone (4). En- 
kephalins also inhibit the stereospecific receptor binding 

of naloxone in brain homogenate (4). The bind- 
ing of enkephalins to the opiate receptor is inhibited by a 
high sodium-ion concentration and enhanced by a high 
manganese-ion concentration, a response characteristic 
for opiate agonists (9). 

Enkephalins also produce analgesia when administered 
into the lateral ventricles of rats (10,l l) .  It has been sug- 
gested that enkephalin and morphine receptor sites for 
analgesia may be similar or identical (12, 13). Recently, 
methionine-enkephalin was shown to suppress antago- 
nist-induced morphine abstinence in morphine-dependent 
mice (14). The present report presents new in uioo evi- 
dence for the similarity of action of morphine and leu- 
cine-enkephalin. 

EXPERIMENTAL 

Male Swiss-Webster mice', 2.530 g, were maintained on food and water 
ad libitum in a room maintained on 12-hr lightdark cycles a t  an ambient 
temperature of 23 f lo and a humidity of 65 f 2%. Mice were rendered 
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morphine dependent by the subcutaneous implantation (15) of a mor- 
phine pellet containing 75 mg of morphine base. Three days after im- 
plantation, either saline or various doses of leucine-enkephalin2 in saline 
were injected intracerebrally (16) in volumes such that each mouse re- 
ceived 0.5 pllg. Intracerebral injections of India ink were made in 10 mice, 
and the brain sections revealed that the injection sites were the ventri- 
cles. 

To precipit.ate withdrawal, naloxone hydrochloride was injected sub- 
cutaneously immediately after the administration of saline or leucine- 
enkephalin. Three signs of morphine withdrawal-uiz., stereotyped 
jumping behavior, withdrawal defecation, and rearing behavior, were 
monitored. Stereotyped jumping was used as a quanta1 response for es- 
timating the median effective dose of naloxone (EDm). After naloxone 
administration, the mice were placed on a circular platform and the 
percentage of mice jumping off the platform, the number of fecal boli, 
and the number of rearings in 15 min were noted for each dose of nalox- 
one. 

Eight mice were used for each of the three doses of naloxone to calculate 
the naloxone EDm, the potency ratio, their 95% confidence limits, and 
the statistical significance ( p  values) (17). Similar experiments were 
conducted with various doses of morphine sulfate substituting for leu- 
cine-enkephalin. 

RESULTS AND DISCUSSION 

Leucine-enkephalin inhibited the naloxone-precipitated abstinence 
syndrome in morphine-dependent mice. Stereotyped jumping behavior 
was significantly ( p  < 0.05) inhibited by all doses used. An inverse rela- 
tionship previously was observed between the degree of dependence and 
naloxone EDm (1LL21). As shown in Table I, leucine-enkephalin increased 
the naloxone ED50 by more than twofold at three different doses (1.75, 
3.5, and 7.0 pmoles/kg). With increasing doses of leucine-enkephalin, an 
apparent increase in the naloxone EDSO was noted. However, no signifi- 
cant differences could be seen between the three doses. Earlier investi- 
gators (10) also failed to obtain dose-effect data with leucine-enkephalin 
in determining its analgesic activity. 

Leucine-enkephalin was inactive in inhibiting other abstinence signs 
like withdrawal defecation or rearing behavior. This effect on withdrawal 
defecation can perhaps be explained by the fact that  the drug IS active 
for only 5-10 min when administered intracerebrally, as is evident by its 
analgesic activity (10). Presumably, it is inactivated rapidly by the pro- 
teolytic enzymes in the brain. Also, the solubility of enkephalin may be 
such that it cannot enter the bloodstream from the brain in sufficient 
concentrations to affect the intestinal movements. 

Administration of morphine also inhibited the withdrawal jumping 
response. A dose of 0.875 pmole of morphine sulfate/kg increased the 
naloxone EDSO; however, this value was not statistically significant from 
that for the saline controls. The higher dose of morphine sulfate (1.75 
pmoles/kg) significantly inhibited the jumping response, as evidenced 
by a 4.5-fold increase in naloxone ED% over the saline control. Both doses 
of morphine sulfate did not produce a significant effect on withdrawal 
defecation or rearing during the 15-min observation. Comparison of 
the EDSO of naloxone a t  the same dose (1.75 Wmoleslkg) of leucine-en- 
kephalin and morphine showed that morphine sulfate was twice as 
effective on a molar basis as leucine-enkephalin in inhibiting the mor- 
phine abstinence syndrome. 

Leucine-enkephalin can inhibit a specific sign of naloxone-precipitated 
withdrawal in morphine-dependent mice. The withdrawal jumping is a 
highly characteristic response and is widely used (18-21) for determining 
the degree of' dependence and the intensity of the narcotic abstinence 
syndrome. In these studies, leucine-enkephalin was half as active as 
morphine on a molar basis (at 1.75 pmoles/kg) in inhibiting the jump- 

Table I-ComDarison of the Effects of Leucine-Enkeohalin and 
Morphine Suljate,  Administered Intracerebrally,  on the 
Naloxone ED50 in Morphine-Dependent Mice" 

Dose, Naloxone EDSO, 
Treatment umoleslke uelke Potencv Ratiob 

Sal ine - 166 109-255) - - _.... . ~ . .  ~ ~ . .  ~ . . ,  

Morphine 0.875 200 (117-341) 1.20 (0.62-2.34) 
su!fate 1.75 729 (476-1117) 4.39 (2.47-7.81)' 

Leucine- 1.75 366 (239-561) 2.20 (1.20-3.96)c 
enkephalin 3.50 387 (242-620) 2.33 (1.23-4.31)" 

7.00 409 (261-643) 2.46 (1.37-4.43)c 
a The figures in parentheses represent the 95% confidence limits. Potency ratios 

were calculated according to Ref. 17 for comparison of ED50 values in drug-treated 
groups with the saline control. p < 0.05 uersus saline controls. 

ing response. For analgesic activity, morphine was more potent than 
enkephalin by an order of magnitude (10) or equipotent (11) in the rat. 
At the doses tested, both leucine-enkephalin and morphine were inactive 
in producing an inhibitory effect on withdrawal defecation and rearing 
behavior. 

There is strong evidence suggesting morphine and enkephalins behave 
similarly in uitro; however, in uiuo evidence for similarity is less abundant. 
The present investigation provides new in uiuo pharmacological evidence 
of the narcotic agonistic property of leucine-enkephalin. 
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