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Abstract. N-ethyl amphetamine HCI (NEA) and fenfluramine 
HC1 (meta-trifluoromethyl N-ethyl amphetamine) were evalu- 
ated as reinforcers in rhesus monkeys that had been previously 
trained to press a lever using food presentations and cocaine 
HC1 injections as reinforcers. Each daily session consisted of 
episodic opportunities to obtain reinforcers under a fixed- 
ratio schedule of 30. A drug period was interpolated be- 
tween two periods in which lever-press responding was main- 
tained by food presentations. Compared to saline, none of 
the drugs altered the rate of responding in the food periods 
which preceded the drug sessions, indicating the absence of 
residual response-disrupting drug actions from previous ses- 

sions. However, NEA and fenfluramine self-injection resulted 
in dose-related decreases in response rates during the food 
periods which immediately followed the drug sessions. Cocaine 
HCI (30 gg/kg/injection) maintained high response rates at 
over one response/second during the drug periods, as did the 
same dose of NEA. Doses of 10 and 100 gg/kg/injection of 
NEA as well as all doses of fenfluramine HC1 (10 through 
300 gg/kg/injection) maintained rates that were not different 
from those associated with saline injections. These results 
substantiate and extend earlier findings with fenfluramine and 
indicate that its failure to act as a reinforcer is attributable 
to its meta-trifluoromethyl group. 
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Fenfluramine (meta-trif luoromethyl N-ethyl amphet-  
amine) is a pharmacological  agent which, like amphet-  
amine, is efficacious in the treatment of  human obesity 
and can induce weight loss in animals (Le Douarec 
and Neveu, 1970; Woodward,  1970). However, in 
contrast to amphetamine,  fenfluramine is not a stimu- 
lant of  most  measures of  spontaneous locomotor  
activity in animals (Ziance et al., 1972; T essel et al., 
1975 b) and is less potent and efficacious than amphet-  
amine as a sympathomimetic  agent (Bizzi et al., 1970; 
Babulova et al., 1972; Tessel et al., 1975a). In ad- 
dition, fenfluramine has been found to be devoid of 
the capacity to reinforce drug-taking behavior in 
rhesus monkeys (Woods and Tessel, 1974) while 
amphetamine reinforces self-injection responding (e.g., 
Balster and Schuster, 1973). 

Fenfluramine differs f rom amphetamine with re- 
spect to the presence of an ethyl group on the nitrogen 
and a CF3 group at the meta position of  the phenyl 
ring of the fenfluramine molecule. Thus the differences 
in pharmacological  action between fenfluramine and 
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amphetamine could be due to either or both  structural 
variations. However,  Tessel et al. (1975a, b) have de- 
monstrated that N-ethyl amphetamine is potent and 
efficacious both as a sympathomimetic  and as a 
stimulant of  locomotor  activity. Consequently, fen- 
fluramine's relative lack of action in these preparations. 
is attributable to the CF 3 group. The purpose of the 
present study was to determine whether the C F  3 group 
was responsible as well for fenfluramine's ineffec- 
tiveness as a reinforcer (Woods and Tessel, 1974) by 
comparing the reinforcing efficacies of  N E A  and 
fenfluramine as reinforcers of  self-injection responding 
in rhesus monkeys. An experimental situation was 
used in which behavioral actions other than the rein- 
forcing effect of  these drugs could be assessed sequen- 
tially in the same subject during a session. 

Methods 

Three experimentally naive rhesus monkeys (Macaca mulatta), 
weighing 4 - 6  kg, were used in the experiment. Monkeys 
were deprived of food until they reached 80 ~o of their ad 
libitum body weight and were maintained at 80 ~ throughout 
the study. The animals were then removed daily from their 
individual home cages, placed in restraint chairs, and put 
into a sound-attenuating cubicle containing a response lever 
(model 121-07, Lehigh Valley Electronics, Fogelsville, Pa.) 
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and various colored stimulus lights (model C7-CC, General 
Electric). 

Initially, each lever press (response) in the presence of 
an illuminated red light resulted in the delivery of a 300-rag 
banana-flavored food pellet (P. J. Noyes Co., Lancaster, 
N.H.) from a dispenser (model A, Ralph Gerbrands, Inc:, 
Arlington, Mass.) located outside of the cubicle. Over several 
sessions, 1he response requirement was increased until 30 re- 
sponses were required for reinforcement delivery. Another 
period, indicated by a green light, followed reinforcement or 
the failure to complete the response requirement within i min. 
During this green-light period, each response delayed the 
onset of the next red-light period for a specified number of 
seconds and over the course of several sessions, the length 
of the green-light period was increased to 30 sec. Each response 
during this period delayed the onset of the next red-light 
period by 30 sec as determined from that response. 

When response rates had stabilized on this schedule, each 
monkey was implanted with a siliconized rubber catheter 
(Silatube; inner diameter = 0.031 in., outer diameter 
= 0.094 in., Rodhelm Reiss Company, Belle Mead, N.J.) in 
either the right or left femoral vein or the right or left internal 
jugular vein. The distal end of the catheter was passed under 
the skin and exited from a stab wound in the midscapular area. 
A leather vest was fitted to each monkey to protect the 
catheter. Details of the animals' maintenance and surgical 
procedures have been reported previously (Deneau et al., 
1969). 

After food-reinforced response rates had returned to 
presurgical values, the animals were exposed to another 
schedule of reinforcement. Using the same procedure described 
above, the monkeys were allowed a maximum of 40 food 
reinforcements (Food Period I; FP I). After the termination 
of the last green-light period of FP 1, a white-light period 
(Drug Period; DP) was initiated during which 30 responses 
were required for drug injection. A 15-sec, catheter-born 
injection of cocaine HC1 (30 pg/kg) was delivered in 0.50 ml 
of 0.9 ~ saline solution by a motor-driven syringe (model 
249-2, Sage Instruments, Inc., White Plains, N.Y.). The white 
light was turned off and a blue light was illuminated during 
each injection. As in FP I, a 30-sec green-light period followed 
each reinforcement during the drug period. However, in 
contrast to FP I, responses during these green-light periods 
and during the injections had no programmed consequences. 
The drug period was terminated after 1 hr or after the delivery 
of 40 injections, whichever occurred first. A second food 
period (FP II; identical in procedure to FP I) immediately 
followed the drug period. 

After stable, high rates of responding were obtained from 
session to session using cocaine as the drug reinforcer, saline 
was substituted for cocaine and remained available for at 
least eight sessions. The animals were then offered cocaine 
again until response rates returned to presubstitution values 
(i.e. restabilization). Subsequently, doses of d,l-N-ethyl am- 
phetamine HC1 (NEA) were offered in an unsystematic 
sequence. Following the completion of the doses of NEA, 
several doses of d,l-fenfluramine HCI were examined. Ex- 
posure to the various doses of the compounds was for at least 
eight consecutive sessions. Animals were restabilized on 
cocaine between the 2 drugs, after exposure to saline, and after 
exposure to drug doses which did not maintain responding 
at rates which were significantly higher than those associated 
with saline (i.e., were not reinforcing). Doses are expressed 
as the salts; 0.9 ~ saline was used as the vehicle. 

In view of the previous data indicating fenfluramine's 
lack of reinforcing efficacy (e.g., Woods and Tessel, 1974), 
it was important that saline-associated response rates be 

sufficiently low to allow demonstration of any small rein- 
forcing action that might manifest itself with fenfluramine. 
Consequently, the animals were exposed to saline prior to 
starting the fenfluramine dose-response curve. One monkey 
was removed from the study at this point due to high saline- 
associated response rates. Thus observations on fenfluramine 
are based upon the remaining 2 monkeys. 

Responses and reinforcements were recorded on digital 
counters and on a cumulative recorder. Timing and counting 
operations were automatically controlled and recorded. 
Response rates were computed by dividing the number of 
lever responses emitted during the red- and white-light 
periods by the times elapsed in those periods. The response 
rate measure thus excluded responses during the green-light 
periods and during injections. All averages and measures of 
variability are based upon the last three sessions of each series 
at a dose and they are combined across subjects. Differences 
between means were evaluated through the use of Student's t 
for correlated means (Adkins, 1964). 

Resu l t s  

When  cocaine (30 gg/kg/injection) was available dur- 
ing the drug period,  the average response rate dur ing 
the first food  period was 4.42 + 0.28 responses/sec; 
during the drug period, it was 2.17 _+ 0.43 responses/ 
sec (Fig. 1). The response rate during the second food 
period was 3.11 + 0.23 responses/sec. The F o o d  
Period I I  rates were significantly depressed as com- 
pared to those in F o o d  Period I ( P <  0.01), pre- 
sumably as a result o f  an average drug intake o f  
1.2 mg/kg  of  cocaine during the drug period (Fig. 2). 

When  saline was substi tuted for cocaine during 
DP,  the response rate during F o o d  Period I was not  
significantly altered, and the saline-associated rates 
for  the 2 food  periods were not  different. The rate 
o f  responding dur ing the drug period, however,  
d ropped  to a very low level (0.16 _+ 0.04 responses/  
sec). 

Substi tut ion o f  various doses of  N E A  during the 
subsequent  drug periods had little effect on the rate 
o f  food-reinforced responding in F o o d  Period I as 
compared  to the F P I  rates when saline was available 
dur ing the D P  (Fig. 1). Response  rate during the drug 
period was an inverted V-shaped function o f  N E A  
dose:  the maximal  rate o f  1.52 _+ 0.37 responses/sec, 
which was significantly higher than saline control  
rate (P < 0.01), occurred at a dose o f  30 gg/kg/in- 

j e c t i o n ;  the rates associated with the lower and higher 
doses (10 and 100 gg/kg/injection, respectively) did 
not  differ f rom saline. The maximal  rate for  N E A  did 
no t  differ f rom that  which occurred when cocaine 
was the reinforcer. N E A  intake was a mono ton i c  
increasing funct ion o f  dose (Fig.2). F o o d  Period II  
rate fol lowing various doses o f  N E A  self-injection 
was a decreasing funct ion o f  dose (Fig. 1). The largest 
dose resulted in a statistically significant decrease in 
the F o o d  Period II  rate o f  responding compared  to 
saline (P  < 0.01). 



R. E. Tessel and J. H. Woods: N-Ethyl Amphetamine and Fenfluramine Self-Administration 241 

o 

3.0 

o 2.0 

.b #.o 

LU 
I-- 
nr" 

LLI 
U') 
Z 
0 
EL 
03 
ILl 
Q:: 

5of  F 1 ~.o g 2 - ; - i ~  
3.0 

. .L I I I I 
C0C $ A L  I 0  30  I 0 0  3 0 0  

DP 

_1.., ~ - - [ ~  --'= ~ -- 
COG SAL I 0  5 0  I 0 0  300 

5.0 

4.0 

3.0 

2.0 

1.0 

, -L  -.L. 
COC SAL 

FP II 

,'o ~g' ,~o 360 

DOSE (,,g/kg/injeetion) 
Fig. 1. Response rate as a function of dose for cocaine HC1 
(30 pg/kg/injection; star), saline (circle), N-ethyl amphetamine 
HCI (NEA; open squares) and fenfluramine HC1 (solid 
squares). The top panel corresponds to Food Period I, the 
middle panel to the Drug Period, and the bottom panel to 
Food Period II. Data points represent the means of the last 
three of at least eight sessions of exposure at each dose (or 
saline) and are comprised of rates of responding in the 
presence of the red light (FPI and FPII) and in the 
presence of the white light in the drug period. Vertical bars 
signify _+ S.E.M. (N = 6, fenfluramine points; N-- 9, saline 

and NEA points) 
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Fig. 2. Drug intake (mg/kg/session; ordinate) as a function 
of dose (abscissa) for cocaine HC1 (star), N-ethyl amphet- 
amine HCI (open squares) and fenfluramine HC1 (solid 
sqaures). Points represent the means of the last three of at 
least eight sessions of exposure at each dose. Vertical lines 
represent _+ 1 S.E.M. Numbers of observations are the same 

as in legend of Fig. 1 

The results with fenfluramine were similar to those 
just described for NEA except in the drug period. 
Doses of 10 through 300 gg/kg/injection of fenflur- 
amine had little effect on responding in the first food 
period (Fig. 1). However, as with NEA, fenfluramine 
caused a significant decrease in Food Period II re- 
sponse rates that was associated with an increase in 
drug intake (Fig. 2). 

Some examples showing the temporal distribution 
of lever-press responding are seen in Figs. 3 and 4 for 
the saline and drug conditions. In Food Period I of 
each individual record, responding was characterized 
by high, sustained rates during those portions in which 
food was available (i.e., red-light periods), followed 
by periods of little or no responding during portions 
in which each response delayed the onset of the next 
red-light period for 30 sec (i.e., green-light periods). 
The response pattern is typical of this schedule of 
reinforcement (Woods and Tessel, 1974) and it is 
representative of the other monkeys in the present 
experiment. 

During initial portions of the drug period when 
cocaine was used as the reinforcer (Fig. 3, top record), 
responding occurred at high rates during the drug 
period, during drug injections, and during green-light 
periods. Thus, frequent injections occurred. During 
later portions of the drug period, responding during 
injections and during the green-light periods ceased 
almost completely. High-rate green-light-period re- 
sponding during the drug period did not occur in 
either of the other 2 monkeys, although they re- 
sponded occasionally during injections. 

NEA (Fig. 3; middle and lower records) at t~e 
dose of 30 ~tg/kg produced a pattern of drug-reinforced 
responding very similar to that of cocaine in this 
monkey. The other monkeys responded at lower 
rates. At the higher doses of 100 gg/kg, responding 
to produce injections occurred rapidly at the beginning 
of the drug period and more slowly as it progressed. 
Similar amounts and patterns of responding are seen 
with saline and the 30 gg/kg dose of fenfluramine 
(Fig. 4; upper and middle records). The larger dose of 
fenfluramine (Fig. 4; lower record) produced a similar 
pattern of negatively-accelerated injections, although 
the number of injections was reduced. 

As noted above, the rate of food-reinforced re- 
sponding in Food Period II was inversely related to 
the dose self-delivered in the drug period for both 
NEA and fenfluramine. Clear instances of strong 
rate-decreasing effects of NEA (Fig. 3; bottom) and 
fenfluramine (Fig. 4; bottom) are given, and it should 
be noted that fenfluramine appeared to exert its 
greatest rate-decreasing effects 15-30  min into Food 
Period II (not seen in the other monkey). 
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Fig. 3. Cumulative records of performance from a single monkey ( @ 481) in individual sessions involving cocaine HC1 (30 gg/kg/ 
injection) and doses of N-ethyl amphetamine HC1 (NEA). Each lever-press response moved the top (response) pen in each 
record upwards one step while the paper advanced from left to right at a constant speed. The response pen reset automatically 
after approximately 510 responses. When the bottom (event) pen was up, thirty lever-press responses in the presence of a red light 
resulted in delivery of a 300-mg food pellet. When the event pen was deflected downward, thirty lever presses in the presence 
of a white light resulted in the delivery of a 15-sec i.v. injection. A green-light period followed food presentation, as well as 
failure to complete the food-associated response requirement within 1 min, and injection. Downward strokes of the response 
pen denote changes in light condition. The response pen was also deflected by, and remained deflected during, injection. 
Periods during which no responding occurred have been removed from the bottom record; the location and duration of the 

omission have been noted on the record 

Further, it should be noted that cocaine (Fig. 3; 
top record) induced a short-lasting pause at the be- 
ginning of  the second food period, and subsequently 
food-reinforced rates of responding appeared at their 
normal rate. Similarly rapid transitions from drug- 
induced pausing to rapid, sustained responding have 
been observed following non-response-contingent in- 
travenous cocaine injections in both the rhesus monkey 
(Woods and Tessel, 1974) and the rat (Pickens and 
Thompson, 1968). 

Fast transition to typical high rates of  food-rein- 
forced responding also followed low doses of NEA 
(not illustrated), low doses of fenfluramine (Fig.4; 
middle record), and saline (Fig. 4; top record). 

Discussion 

During the drug ,period, NEA (30 ~tg/kg/injection) 
maintained responding at a rate significantly higher 

than that associated with saline, while fenfluramine 
from 10 through 300 btg/kg/injection did not. These 
findings show that fenfluramine lacks a positive rein- 
forcing capacity in this situation. These observations 
on fenfluramine confirm and extend previous findings 
in the rhesus monkey (Woods and Tessel, 1974; 
Estrada and Carranza, personal communication) and 
in the rat (Baxter et al., 1973; G6testam and Anders- 
son, 1975). The failure of  fenfluramine to act as a 
reinforcer of drug-taking behavior in the present 
study is not due to the presence of an ethyl group on 
fenfluramine's nitrogen but is attributable to the drug's 
meta-CF3 group. These data, together with those of 
previous studies (Tessel et al., 1975a, b), indicate the 
importance of the rneta substitution in modulating 
the effects of NEA and, by analogy; amphetamine. 

The failure of fenfluramine to reinforce drug-taking 
behavior at any dose from 10 through 300 btg/kg/ 
injection could be attributed to the use of an in- 
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Fig. 4. Cumulative records of performance from a single monkey (r 481) in individual sessions involving saline and two doses 
of fenfturamine. Conventions of recording are given in the legend of Fig. 3 

effective dose range rather than a more general absence 
of reinforcing efficacy. However, the former possi- 
bility is unlikely for several reasons. When a much 
larger dose range was used in a previous study 
( 3 -  3000 tag/kg/injection; Woods and Tessel, 1974), 
the drug also failed to reinforce self-injection re- 
sponding. In addition, the use of 300 gg/kg/injection 
in the present study resulted in a marked reduction 
in the average response rate in the second food 
period. Consequently, and by analogy to the data 
of the present study concerning NEA, it is probable 
that large doses of fenfluramine would not have mani- 
fested rate-enhancing (i.e., reinforcing) actions during 
the drug period. Due to the concomitant production 
of rate-disrupting effects by such doses, the resulting 
response rate would have been little changed or even 
reduced. It is also unlikely that doses smaller than 
10 gg/kg/injection would have been reinforcing since 
such a finding would indicate that fenfturamine was 
a more potent agent than NEA. However, fenfturamine 
has typically been found in other preparations to be 
less potent than NEA (e.g., Tessel etal . ,  1975a, b). 
It appears that fenfluramine and NEA are approxi- 
mately equivalent in potency in suppressing the second 

food period when a correction for the drug intake is 
made (see highest unit doses; Fig. 2; bottom, Fig. 1). 

Many psychomotor stimulants have been demon- 
strated to reinforce self-injection responding (e.g., 
cocaine, amphetamine, phenmetrazine, pipradol and 
methylphenidate) in both rats and monkeys (e.g., 
Downs and Woods, 1974; Goldberg, 1973; Wilson 
etal . ,  1971; Yokel and Pickens, 1973). In such 
studies, as in the present one, intra-session rates of 
drug-reinforced responding are often uneven with 
responding being more rapid early in the session and 
depressed later in the session (i.e., negatively acceler- 
ated). Lowering or raising the dose from that which 
induces maximal rates results in both a more pro- 
nounced negative acceleration and a decrease in 
average rates of responding. These changes in re- 
sponse rate have been attributed to "satiation" (Gold- 
berg, 1973), "autotitration" (i.e. adjustment of re- 
sponse rate to maintain a constant blood level of drug; 
Yokel and Pickens, 1973, 1974), or "nonspecific be- 
havioral toxicity" (Balster and Schuster, 1973). In 
addition, as Wilson et al. (1.971) have indicated, such 
changes are also consistent with the dose-related 
production of aversive effects. 
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The data of  the present study have import  for these 
several hypotheses. Maximal  response rates main- 
tained by N E A  during the drug periods were produced 
by a dose of  30 gk/kg/injection. Increasing the dose 
to 100 gg/kg/injection resulted in a marked decrease 
in the average rate of  NEA-mainta ined responding 
due to a decrease in response rate towards the end 
of  the drug periods. This increased negative accelera- 
tion was associated with a decrease in the average 
rate of  responding during the periods of  food-rein- 
forced responding which immediately followed. Since 
both NEA-  a n d  food-reinforced responding were 
markedly decreased contiguously in time, these data 
suggest that the response-disrupting actions of  N E A  
are not specific to drug-taking but are attributable 
to some mechanism that affects food-maintained re- 
sponding as well. Clearly, a pattern of  negatively- 
accelerated drug-reinforced responding is by itself not 
sufficient to invoke a process that would be event 
specific. Similar rates and patterns of  responding in 
the drug period were observed with both high and low 
doses of  NEA,  saline and all doses of  fenfluramine, 
yet only high doses of  fenfluramine and N E A  produced 
rate-decreasing effects in the second food period. 
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