
nevi it has been possible to demonstrate 
melanin formation from labeled tyro- 
sine, but inactive junctional nevi and 
dermal nevi seem to have a lower 
amount of tyrosinase (3). It seems quite 
possible that, with the sensitive fluores- 
cence method we used, DOPA could 
be detected even in cells where the tyro- 
sinase has not been demonstrated. 

B. FALCK, S. JACOBSSON 

H. OLIVECRONA, H. RORSMAN 

University of Lund, Lund, Sweden 

References 

1. B. Falck and H. Rorsman, Experientia 19, 
205 (1963). 

2. B. Falck, Acta. Physiol. Scand. 56, suppl. 197 
(1962). 

3. T. B. Fitzpatrick and G. Szabo, J. Invest. 
Derinatol. 32, 197 (1959). 

2. B. Falck, Acta Physiol. Scand. 56, suppl. 197 
1965-I1, No. 7 (1965). 

5. B. Falck, N. A. Hillarp, G. Thieme, A. Torp, 
J. Histochem. Cytochem. 10, 348 (1962); H. 
Corrodi and N. A. Hillarp, Helv. Chim. Acta 
46, 2425 (1963). 

6. H. Corrodi and N. A. Hillarp, Hell. Chim. 
Acta 47, 911 (1964). 

7. H. Takahashi and T. B. Fitzpatrick, J. Invest. 
Dernatol. 42, 161 (1964). 

7 June 1965 

Spontaneous Opiate Addiction 

in Rhesus Monkeys 

Abstract. Spontaneous drug-seeking 
behavior was established in 3 out of 4 
rhesus monkeys that were given unre- 
stricted access to morphine and placebo 
solutions. The monkeys were kept in 
their home cages throughout the ex- 
periment and were not subjected to 
conditions of stress; prior addiction was 
not established by the usual injection 
procedures. The animals became phys- 
ically dependent on the drug and 
showed abstinence symptoms when in- 
jected intramuscularly with nalorphine 
(N-allyl normorphine hydrochloride). 
This method may be useful for study- 
ing individual differences in suscepti- 
bility to drug abuse. 

Studies of drug addiction in human 
populations are complicated by legal 
sanctions and social restrictions which 
tend to make addict societies closed 
and inaccessible to scientific scrutiny. 
Most investigators of drug addiction in 
animals have relied predominantly on 
methods of prior addiction induced by 
the regular injection of opiates per- 
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the regular injection of opiates per- 
cutaneously (1). In those experiments 
where oral administration has been 
used and the animals have been al- 
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cages, the addiction was induced first 
by providing drugged solutions alone; 
only after a period of "forced choice" 
were the animals given a choice be- 
tween drugged and nondrugged solu- 
tions (2). Although the spontaneous 
choice of morphine has been observed 
in experiments where both water and 
morphine solutions were provided, the 
results of such experiments are not gen- 
erally available in the literature (3). Oth- 
er investigators have used a harness and 
intravenous canulation for drug admin- 
istration, the animals first being ad- 
dicted by injection and then allowed 
to maintain themselves on the drug by 
pressing a bar which delivers a dose of 
morphine intravenously (4). Such ap- 
paratus obviously abolishes spontaneous 
choice as an element of drug-seeking 
behavior. 

We have studied the development of 
spontaneous drug addiction or drug- 
seeking behavior in four rhesus mon- 
keys (Macaca mulatta). The animals 
were kept in their individual home 
cages without being subjected to con- 
ditions of stress and were given un- 
restricted access to a placebo (water) 
and a 0.1-percent solution of morphine 
sulfate. Food was provided according 
to a normal schedule. To test for 
taste preference, two additional mon- 
keys were given access to the placebo 
and a 0.03-percent solution of quinine. 
The animals were adolescent males, ap- 
proximately 18 months in age, weigh- 
ing from 3.5 to 4.5 kg. The cages 
were equipped with Plexiglas doors with 
two nipples fastened into the door and 
protruding into the cage. The nipples 
were connected by plastic tubes to two 
1000-ml calibrated burettes. Grason- 
Stadler electronic drinkometers and an 
Esterline Angus event-recorder were 
used to record the volume of each 
fluid taken by the monkeys as well 
as the number and temporal spacing 
of their drinking responses. Drug-seek- 
ing behavior was defined in terms of 
the relative number of times the mon- 
keys drank from each nipple, as well 
as the volumes of each solution in- 
gested. 

Initially, a 1-percent solution of mor- 
phine was provided by one drinkometer 
and water by the other. Since very 
little morphine solution was consumed, 
we decreased the concentration to 0.1 
percent and found that the solution 
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the first week, one animal stopped 
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drinking the morphine solution. The 
other three animals manifested a varie- 
ty of abstinence symptoms when in- 
jected with nalorphine. Their different 
patterns of drug-seeking behavior are 
shown in Fig. 1. The amount of drug 
taken by animal 1 increased for 120 
days; the intake reached a maximum 
of 520 mg of drug every 24 hours, 
10 days after nalorphine precipitated 
abstinence. Animal 2 increased its in- 
take of morphine and water over an 
80-day period; after nalorphine was ad- 
ministered, the intake of both water 
and morphine declined. At the same 
time that animal 3 showed a preference 
for the drug, it reduced its total fluid 
intake and showed a loss of weight 
and physical deterioration. When these 
changes in physical status occurred we 
discontinued the tests. Nalorphine was 
given at the end of 80 days to es- 
tablish that physical dependence had 
taken place. 

The data for the volumes of mor- 
phine consumed were evaluated statis- 
tically. Analysis of variance for dif- 
ferences among trends for each sub- 

ject was performed on the data for 
morphine intake over 80 days (5). A 
mean value for eight intervals of 10 
days each was computed, data for the 
total daily intake of morphine prior to 
the injection of nalorphine being used. 
Each 10-day interval was divided into 
two parts to estimate the variability 
within each interval. The interaction of 
subjects and intervals of 10 days was 
highly significant (p < 0.0001; f = 
13.7; df - 14/24). Variation due to 
differences in linear and cubic trends 
among subjects accounted for 25.2 per- 
cent and 27.4 percent of the total in- 
teraction, respectively. Subject differ- 
ences in quadratic trends explained the 
largest portion of interaction variance, 
46.3 percent. Deviations from these 
trend differences amounted to only 1 
percent of simple effects variation. 

The relation between physical and 
psychological factors in addiction are 
complex, and differences of opinion 
exist regarding the relative importance 
of each factor. It is contended on one 
hand that addiction or physical de- 
pendence begins with the first dose 
(6). Other investigators insist that habit- 
uation is distinguished from addiction 
by the presence of abstinence symp- 
toms, primarily autonomic in origin, 
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The test of addiction in common 
use with human subjects is the ab- 
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Fig. 1. Development of preferences for morphine solution as opposed to water (the ordinate shows the amount of morphine con- 
sumed; 1 mg is equivalent to 1 ml). Solid line, volume of morphine solution consumed; dotted line, mean volume of fluid con- 
sumed; broken line, mean volume of water consumed. Arrows indicate when morphine was administered. (a) Animal 1; (b) 
animal 2; (c) animal 3. 

stinence-withdrawal method. In rhe- 
sus monkeys, this test results in in- 
creasing the symptoms of withdrawal 
over a 36- to 48-hour period. A more 
rapid onset of abstinence can be made 
by injecting nalorphine, which antag- 
onizes the action of morphine, pre- 
cipitating abstinence symptoms. With- 
drawal illness may range from mild, 
nearly imperceptible changes such as 
yawning, rhinorrhea, lachrymation, hic- 
cup, shivering, perspiration on face, 
chattering, and quarreling, to more se- 
vere symptoms such as dyspnea, pal- 
lor, dehydration weight loss, circulatory 
collapse, and at times, death. These 
variations in symptoms are related to 
the total daily intake of the narcotic 
drug taken prior to withdrawal. All 
three "addicted" animals were injected 
intramuscularly with 10 mg of nalor- 
phine, and all displayed typical absti- 
nence symptoms, though there were 
marked differences in severity of symp- 
toms. Minutes after injection of nalor- 
phine, emesis, scratching, posturing, 
vocalization, rhinorrhea, yawning, and 
lying on the side with eyes closed were 
noted in animal 1. In animal 2, which 
consumed less morphine, the symptoms 
consisted of bizaare posturing for long 
periods of time, copious rhinorrhea, 
vocalization, lying on the side, and 
greatly decreased motor activity. For 
animal 3, the symptoms included pos- 
turing in the corner of the cage, un- 
responsiveness except when actively 
stimulated, and lying on the cage floor 
with eyes closed. 

As a control for drug preference 
based on taste, two additional animals 
were given a choice of quinine solu- 
tion and water. Quinine is relatively 
insoluble in water, but a concentra- 
tion of 0.03 percent will go into solu- 
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tion and become comparable in taste, 
to the experimenter, to 0.1 percent mor- 
phine sulfate and water. Quinine is 
used in the adulteration of opiates sold 
on the market illegally for human use. 
Its bitter taste is similar to that of 
heroin and morphine and its addition 
aids in disguising the dilution. Maxi- 
mum average quinine intake for a 5- 
day period was 20 ml. Intake of quinine 
fell over a period of 2 weeks. At this 
time the animals showed a preference 
for water and failed to respond to the 
quinine test solutions, drinking only 
from the nipples which provided wa- 
ter. However, the fact that the mon- 
keys did not respond preferentially to 
the quinine solutions is by itself not 
conclusive evidence that taste did not 
play a role in the preference for the 
morphine solutions. 

After determining the amount of mo- 
tor activity for each monkey in its 
home cage, 10-mg doses of nalorphine 
were given intramuscularly as a con- 
trol for the pharmacologic action of 
nalorphine. In contrast to the previous- 
ly observed behavior of all three 
drugged animals, no changes in motor 
activity were observed in these control 
tests. Activity remained at normal levels 
without motor or autonomic changes 
such as characterized drug-induced ab- 
stinence symptoms seen earlier. Symp- 
toms seen in the drugged animals were 
clearly not effects of nalorphine. 

Narcotic addiction is a complex med- 
ical, social, legal, and psychological 
problem of worldwide extent. At vari- 
ous times, opiates have been taken in 
every conceivable form. Opiates have 
been smoked, swallowed, and, more re- 
cently, self-injected. Among human 
populations exposed to opiates, not 
all individuals yield to social pressure 

and presumed conflicts to become ad- 
dicted to drugs. Of those individuals be- 
coming "addicts," wide individual dif- 
ferences in drug-seeking behavior can 
be found; they range from subjects who 
claim addiction but are intolerant to 
drugs, to subjects who develop an esca- 
lating need which, when unsatisfied, 
leads to severe abstinence symptoms 
(8). In most previous reports of studies 
with animals, prior addiction of the test 
animals effectively prevented investiga- 
tion of the question as to what factors 
may lead to drug addiction in human 
subjects. Our demonstration of spon- 
taneous drug addiction in monkeys can 
provide an experimental approach to 
study the role of individual differences 
in susceptibility to drug abuse. 
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