
Both Positive Reinforcement and Conditioned Aversion 

from Amphetamine and from Apomorphine in Rats 

Abstract. Rats learned to press a lever for intravenous injections of amphetamine or 
apomorphine. They also learned to avoid the taste of saccharin which was associated with 
experimenter-administered amphetamine or with self-administered apomorphine. Thus 
these, and presumably other, self-administered drugs serve as compound pharmacolog- 
ical stimuli, having both positively reinforcing and aversive properties. 

A major focus of current studies on drug 
abuse assesses the stimulus properties of 
drugs. It has been established over the last 
several years that drugs of abuse such as 
opiates, psychomotor stimulants, and ethyl 
alcohol can have either positively rein- 
forcing or aversive stimulus properties, de- 
pending on the test used. It is known, on 
the one hand, that intravenous injections of 
these agents can provide powerful rein- 
forcement. Animals will learn to press a le- 
ver for such injections (1), and previously 
neutral auditory or visual stimuli will ac- 
quire secondary (learned) reinforcing 
properties if they are associated with such 
injections (2). On the other hand, animals 
will learn to avoid taste stimuli which have 
been associated with similar doses of the 
same agents (3). This presents a conceptual 
paradox. How can a neutral stimulus be- 
come aversive because of an association 
with another stimulus that is itself positive- 
ly reinforcing? How can a drug injection 
serve as a positive unconditioned stimulus 
for establishing secondary reinforcement 
in some cases and serve as a negative un- 
conditioned stimulus for establishing 
learned aversion in others? The possibility 
that the same abused drug might serve as 
both a positive reinforcer and an aversive 
stimulus poses a problem for theories of 
drug abuse that are couched simply in 
terms of the laws of positive reinforce- 
ment. 

One approach to resolving this apparent 
paradox involves analyzing method- 
.ological differences between the paradigms 
in which the reinforcing and aversive prop- 
erties of drugs have been demonstrated. 
For example, in the conditioned taste aver- 
sion paradigm animals are usually drug- 
naive, while in the reinforcement paradigm 
they are drug-experienced. The drug-expe- 
rienced animals may be tolerant to, and in 
some cases dependent on, the drug in ques- 
tion. Thus what is nominally the same dose 
of the same agent in the two paradigms 
may not in fact be equivalent; aversive 
doses for naive animals may have much 
less impact on experienced animals, and 
this could conceivably explain their aver- 
sive effects in the aversion paradigm (3). 

We now report that procedural differ- 
ences between paradigms cannot fully ac- 
count for the fact that drug injections are 
aversive in one test and reinforcing in an- 
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othd. While the aversive effects of drugs 
are stronger in naive animals, we have 
found that the reinforcing and aversive ef- 
fects of amphetamine and apomorphine 
can be demonstrated in the same animals 
at the same stage of drug experience. In 
fact, we hav. found animals to demon- 
strate both the reinforcing and aversive 
properties of apomorphine with a single 
test exposure to the drug; these animals le- 
ver-pressed for. the very injections that 
caused learned aversion to associated 
tastes. 

In our first experiment we asked wheth- 
er a conditioned taste aversion to saccharin 
could be established by associating saccha- 
rin with amphetamine in amphetamine-ex- 
perienced animals. The classic demonstra- 
tion of amphetamine reinforcement in- 
volves allowing animals to lever-press for 
intravenous amphetamine injections (1); 
we selected animals that had shown such 
amphetamine self-administration in eight 
to 14 prior self-administration sessions (4). 
Thus the animals were all experienced with 
and perhaps tolerant to intravenous am- 
phetamine, and had already demonstrated 
the reinforcing property of intravenous 
amphetamine. For the conditioned taste 
aversion paradigm, animals were given a 
10-minute baseline saccharin drinking test 
after 16 hours of water deprivation; the 
saccharin drinking was immediately fol- 
lowed by a 1.0 mg/kg injection of d-am- 
phetamine sulfate (5). The animals were 
again deprived of water for post- 
conditioning saccharin drinking tests on 
the next day (6). 

Normally, when initial saccharin ex- 

Table 1. Post-amphetamine saccharin intake as 
percentage of baseline intake for animals in six 
conditions of treatment (drug versus placebo in- 
jection), amphetamine history, and route of in- 
jection. Abbreviations: I.V., intravenous; I.P., 
intraperitoneal; N, number (sample size). 

Amphetamine history 
Treatment i Experienced Naive 

group 
I.V. I.P. I.V. 

Experimental* 115% 30% 4% 
(N = 5) (N= 4) (N = 4) 

Controlt 225% 491% 338% 
(N= 4) (N = 2) (N= 2) 

*Amphetamine injection. tPlacebo injection. 

posure is not followed by injection of drugs 
or other aversive agents, rats double or 
triple their saccharin intake on their sec- 
ond saccharin exposure. Our control ani- 
mals were given saline injections rather 
than amphetamine injections after .their 
saccharin exposure, and these animals 
showed the normal doubling of saccharin 
intake (Table 1). In contrast, animals that 
received intravenous amphetamine in- 
jections after their initial saccharin ex- 
posure showed only a trivial increase in 
saccharin intake in their saccharin tests. 
thus the association of amphetamine with 
saccharin caused a moderate suppression 
of saccharin intake, even in animals with 
considerable amphetamine experience. 
Stronger aversions were seen in another 
group of animals that were given their sac- 
charin-paired amphetamine by the unfa- 
miliar intraperitoneal route of injection, 
and a total saccharin aversion was seen in 
a group of amphetamine-naive animals 
that learned to lever-press for ampheta- 
mine in sessions after the conditioned aver- 
sion testing (Table 1). 

These data suggest that much of the 
aversive effect of drug injections in the 
usual conditioned aversion study can be at- 
tributed to the iact that the drug and route 
of administration are novel to the animals 
(7). However, our data clearly indicate that 
some degree of taste aversion is still caused 
by saccharin-amphetamine pairings even 
when animals are quite used to ampheta- 
mine injections. Thus factors like drug 
novelty and drug tolerance which usually 
differ between the two paradigms are not 
sufficient to explain the difference in ap- 
parent valence of the same drugs tested in 
the two paradigms; both reinforcing and 
aversive properties of amphetamine can be 
demonstrated in amphetamine-experi- 
enced animals. 

Our amphetamine data do not, however, 
establish that a particular drug injection 
can be both reinforcing and aversive. It is 
clear that the injections we gave were mild- 
ly aversive, but the fact that the animals 
had previously lever-pressed for similar in- 
jections (5) does not necessarily mean that 
the experimenter-administered injections 
in our experiments were reinforcing. There 
are arguments in psychological theory, and 
data from intracranial self-stimulation ex- 
perimerits, which suggest that events which 
are reinforcing when the animal expects 
them may not be reinforcing when unex- 
pectedly presented by the experimenter (8). 
Thus we next examined saccharin intake 
before and after animal-administered drug 
injections. 

This experiment was difficult to design 
because of two conflicting constraints. 
First, it was necessary to give the condi- 
tioned taste aversion tests early in the ani- 

1273 



mals' history of drug self-administration, 
since prior drug experience greatly reduces 
the aversive drug effect. Ideally, one would 
hope to give the conditioned aversion tests 
on the first day in which the reinforcing ef- 
fects of the drug were demonstrated. The 
second constraint was that the initial sac- 
charin exposure had to be given before the 
drug injections, in the usual relation of 
conditioned to unconditioned stimulus. 
Since it was not possible to predict accu- 

rately the first day on which an animal 
would learn to self-administer ampheta- 
mine, it was not possible to anticipate the 

appropriate time for the initial saccharin 

exposure. Because of this problem we de- 
cided to first train animals to lever-press 
for one psychomotor stimulant, and then 
to use another for our reinforcement and 
taste aversion experiment. 

For this second experiment we initially 
trained naive animals to lever-press for 

amphetamine. Then for our experiment 
proper we used apomorphine in place of 

amphetamine reinforcement (9). Apomor- 
phine is self-administered by the rat pre- 
sumably because it activates the same cen- 
tral mechanism as does amphetamine (10), 
and rats trained to lever-press for am- 

phetamine rapidly learn to lever-press for 

apomorphine (11). Since we expected most 
rats to show stable apomorphine self-ad- 
ministration on the first day of apomor- 
phine testing, we preceded this first apo- 
morphine session with baseline saccharin 
intake tests, and gave final saccharin tests 
on the following day (12). Apomorphine 
self-administration sessions were contin- 
ued for some animals in order to verify 
that lever-pressing was truly sustained by 
apomorphine reinforcement, rather than 

by the habit established under ampheta- 
mine reinforcement. 

Not all the animals learned to self-ad- 
minister apomorphine in the 1 day of test- 

ing. Reliable and stable apomorphine self- 
administration patterns which could be 
taken as clear evidence that apomorphine 
was reinforcing were seen in only four ani- 
mals (Fig. 1, a-d), although several 
other animals showed patterns which 
were reasonably stable. After the second 
saccharin test was completed three animals 
were tested in conditions that provide a 
more stringent test of the reinforcing ef- 
fects of apomorphine. These animals did 
not continue to respond when saline was 
substituted for apomorphine; rather, they 
showed a burst of responding and then 

stopped responding, as is typical of ex- 
tinction under conditions of nonreward (4, 
10). These animals also showed com- 

pensating increases in rate of responding 
when the dose per injection of apomor- 
phine was reduced. This is typical for stim- 
ulant self-administration (5), and indicates 
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Fig. 1. Apomorphine self-administration rec- 
ords. Upward pen deflections indicate self- 
administered apomorphine injections (0.5 mg/ 
kg); downward deflections indicate injections 
that were given by the experimenter. Total num- 
ber of apomorphine injections (inj) and sub- 
sequent saccharin intake (int) are given in the 
two right-hand columns; saccharin intake is ex- 
pressed as a percentage of pre-apomorphine sac- 
charin baseline levels. The pattern seen in ani- 
mals a, b, c, and d is typical of stable stimulant 
self-administration in that the injections were 
well paced; apomorphine is argued to have been 
reinforcing for these animals in this test. The 
pattern seen in animals j and k, for example, is 
not convincing evidence of apomorphine rein- 
forcement. 

that apomorphine was not simply activat- 

ing the habitual level-pressing response by 
some nonspecific arousal action; if lever- 

pressing were caused by a simple arousal 
effect, the rate of response should have var- 
ied directly, not inversely, with the dose of 

apomorphine per injection (10). Thus the 

lever-pressing patterns seen in some of our 
animals indicated reinforcing effects of 

apomorphine in our tests. The lever-press- 
ing patterns for all animals are shown in 

Fig. 1, ranked in order of self-administra- 
tion reliability. 

Eleven animals were tested, and only 
one showed the doubling or tripling of sac- 
charin intake which was seen in control an- 
imals; the other animals showed varying 
degrees of saccharin aversion. The degree 
of saccharin aversion was strongest in the 
animals that self-administered the most 

apomorphine (rho = .54, P < .05, Fig. I). 
Only minor evidence of aversion was seen 
in the two animals (j and k) that took only 
one and three injections above the experi- 
menter-administered injections (9); with 
one exception (i), strong aversions were 
seen in the nine animals that took four or 
more earned injections. This is an impor- 
tant point, since it indicates that only a 

portion of the taste aversions seen can be 
accounted for by the unexpected apomor- 
phine injections given at the beginning of 
the sessions. The apomorphine injections 
taken by the animals showing the strongest 
self-administration caused the most signif- 
icant taste aversions. 

These data, then, demonstrate for the 
first time that the same drug injections can 
be both positively reinforcing and aversive. 
The demonstration of both properties in 

the same animals, in the same test session, 
rules out arguments that differences in 
paradigms can account for the fact that in 
one paradigm a drug seems aversive while 
in the other paradigm the same drug seems 
reinforcing. Thus it must be concluded that 
injections of abused drugs do not represent 
simple positive pharmacological stimuli; 
rather, drug injections must be viewed as 

compound stimuli with both positive and 

negative elements. With this view in mind 
it is not difficult to understand why some 
stimuli associated with a given drug in- 
jection acquire positive valence while oth- 
ers acquire negative valence, since it is well 
established that the elements of a com- 

pound stimulus can be differentially condi- 
tioned (13). 
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activator. 

Interest in the anticomplementary activ- 
ity of snake venom spans virtually the en- 
tire history of the study of complement it- 
self. A medical officer in the American 
Army, Captain C. B. Ewing, observed in 
1894 that venom from some poisonous 
snakes destroyed the bactericidal activity 
of serum (1). Around the turn of the cen- 
tury, Flexner and Noguchi (2) demon- 
strated that these venoms acted by destroy- 
ing complement activity in vitro. Ritz, in 
1912 (3), showed that snake venom did not 
destroy either the first or second com- 
ponents of complement, the only com- 
ponents known at that time, and he there- 
fore defined a third component. Some 50 
years later, when it had become evident 
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that this "third component" was complex 
and, in fact, consisted of several different 
proteins, Klein and Wellensieck (4) dem- 
onstrated that the attack by venom was di- 
rected against what we now call C3. Nel- 
son (5) and Mtlller-Eberhard and his col- 
leagues (6) characterized and isolated from 
snake venom the protein (cobra venom 
factor or CoF) which induced C3 cleavage 
and showed that this attack on C3 was not 
direct but required at least one normal hu- 
man serum protein. Factor B of the prop- 
erdin system (7-9) was shown to be re- 
quired for the CoF-mediated attack on C3 
(9, 10). There was, initially, controversy 
about whether a complex was formed be- 
tween factor B and CoF. Gdtze and 
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Miiller-Eberhard obtained evidence that 
the purified proteins formed an equimolar 
complex (9), but neither we (11) nor Hun- 
sicker et al. (10) could show such a com- 
plex. There is now evidence that a complex 
of CoF and factor B does form in the pres- 
ence of factor D (12). In whole serum only 
a small fraction of the factor B is involved 
(11). There is thus no CoF-binding protein 
distinct from factor B as previously postu- 
lated by us and by Hunsicker and co-work- 
ers. The identification of a positive feed- 
back loop within the properdin or alterna- 
tive pathway of complement activation, 
triggered by C3b (13) prompted Lachmann 
and Nicol (14) to draw an analogy between 
the action of purified CoF and human C3b. 
We now report studies which strongly sug- 
gest that CoF is, in fact, an altered form of 
cobra C3. 

A potent antiserum to isolated CoF 
from the venom of Naja naja, the Asiatic 
hooded cobra, reacted, on Ouchterlony 
analysis, with normal human serum and 
highly purified C3 but not with C3- 
deficient serum (15) (Fig. 1). To rule out 
the possibility that human serum and C3 in 
particular had somehow contaminated the 
CoF preparation used as antigen, normal 
human serum was placed in one trough of 
an immunoelectrophoresis slide (Fig. 1), 
and antiserum to CoF was placed in the 
opposite trough and allowed to diffuse 
against purified CoF subjected to elec- 
trophoresis from the center well. The faint 
line produced by the human serum react- 
ing with the antiserum to CoF was not con- 
tinuous, but fused with the very strong arc 
due to reaction of CoF and its antiserum, 
indicating that the reaction with human C3 
was induced by antibody to CoF and not 
by a contaminating antibody. Further evi- 
dence that this reaction did not result from 
antibody to a contaminating human anti- 
gen is that, after the antiserum to CoF was 
absorbed with lyophilized whole cobra ven- 
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The central well contained rabbit antiserum to CoF. Peripheral wells a, c, 

mg/100 ml. Wells b, d, and f were filled with serums from patients with re 
diminished C3 serum concentrations (4, 30, and < 0.25 mg/100 ml, re- A '1:: i i::i 
spectively). Reactions were observed only with the normal serum. (B) In - 
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immunoelectrophoresis performed in agarose gel, purified CoF was 
placed in the central well and subjected to electrophoresis. The upper trough was filled with rabbit antiserum to CoF and the lower trough with normal 
human serum. After diffusion was complete, the gel was washed, dried, and stained. Fig. 2 (right). Immunoelectrophoresis of human serum de- 
veloped with antiserum to human C3 (left-hand series) and cobra serum developed with antiserum to CoF (right-hand series). The samples placed in the 
antigen wells were as follows: (A) normal human serum (NHS); (B) NHS incubated with Escherichia coli 026: B6 endotoxin (1 mg/ml) for 30 minutes at 
37?C; (C) conditions as in (B) except incubation for 1 hour; (D) NHS incubated alone for 1 hour at 37?C; (E) cobra serum (CS); (F) CS incubated with 
endotoxin at 0.2 mg/ml for 30 minutes at 37?C; (G) conditions as in (F), except endotoxin concentration was 1 mg/ml; (H) CS incubated with endotoxin 
at 0.2 mg/ml for 1 hour at 37?C; (I) conditions as in (H) except endotoxin concentration was 1 mg/ml; (J) CS incubated alone for 1 hour at 37?C. 
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The central well contained rabbit antiserum to CoF. Peripheral wells a, c, 

mg/100 ml. Wells b, d, and f were filled with serums from patients with re 
diminished C3 serum concentrations (4, 30, and < 0.25 mg/100 ml, re- A '1:: i i::i 
spectively). Reactions were observed only with the normal serum. (B) In - 

: 
.i 

immunoelectrophoresis performed in agarose gel, purified CoF was 
placed in the central well and subjected to electrophoresis. The upper trough was filled with rabbit antiserum to CoF and the lower trough with normal 
human serum. After diffusion was complete, the gel was washed, dried, and stained. Fig. 2 (right). Immunoelectrophoresis of human serum de- 
veloped with antiserum to human C3 (left-hand series) and cobra serum developed with antiserum to CoF (right-hand series). The samples placed in the 
antigen wells were as follows: (A) normal human serum (NHS); (B) NHS incubated with Escherichia coli 026: B6 endotoxin (1 mg/ml) for 30 minutes at 
37?C; (C) conditions as in (B) except incubation for 1 hour; (D) NHS incubated alone for 1 hour at 37?C; (E) cobra serum (CS); (F) CS incubated with 
endotoxin at 0.2 mg/ml for 30 minutes at 37?C; (G) conditions as in (F), except endotoxin concentration was 1 mg/ml; (H) CS incubated with endotoxin 
at 0.2 mg/ml for 1 hour at 37?C; (I) conditions as in (H) except endotoxin concentration was 1 mg/ml; (J) CS incubated alone for 1 hour at 37?C. 
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Cobra Venom Factor: Evidence for Its Being Altered Cobra C3 

(the Third Component of Complement) 
Abstract. Evidence is presented that cobra venom factor, the anticomplementary pro- 

tein in Naja naja venom, is modified cobra C3 (the third component of complement). An- 
tiserum to the cobra venom factor cross reacts with human C3. A protein in cobra serum 
reacts strongly with antiserum to the venom factor and the former protein, like human 
C3, is converted by incubation of cobra serum with endotoxin, hydrazine, or simple stor- 
age at 370C. Incubation of cobra venom factor with cobra serum destroys the C3 cleaving 
activity of the venom factor in human serum, whereas human C3b inactivator is ineffec- 
tive. Thus, the cobra venom factor appears to be a form of C3 (perhaps C3b); its potent 
action in human serum probably derives from its lack of sensitivity to human C3b in- 
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