
Table 3. Effect of high amino acid feedings 
on brain serotonin concentration, after the 
five groups of rats had been on their partic- 
ular diets for 14 days. 

Brain serotonin Control Dlet 
(mgg/g) (%) 

B alone 485 100 
B + Phe 430 (P<.05) 89 
B + Leu 420 (P<.05) 87 
B + Try 685 (P <.05) 141 
B + Phe + Try 550 (P < .05) 133 
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"auxiliary phenomenon." However, as 

they pointed out, monoamine oxidase in- 
hibitors also increase the brain levels 
of other centrally active amines, such 
as dopamine and norepinephrine. L- 

Tryptophan, on the other hand, in- 
creases the brain content of serotonin 
without simultaneously increasing the 
levels of catecholamines. 

Perry (15) has also expressed doubt 
as to the importance of serotonin in 
cerebral development after observing 
that 7 days of subcutaneous phenylala- 
nine administration, begun shortly after 
birth, lowered cerebral serotonin dur- 

ing this 7-day period of rapid develop- 
ment but left no residual deficits in 
"visual discrimination" when the rats 
were tested 5 to 7 weeks later. The 
absence of a behavioral alteration may 
be related to the duration of treatment 
or to the test instrument used, since 
Schalock and Klopfer (16), using dif- 
ferent testing procedures, report perma- 
nent performance deficits when L-phen- 
ylalanine (3 g/kg) was administered 

daily by gavage (from birth to 60 days 
of age). Those investigators (16) and 
Hess et al. (17) suggest that certain 
behavioral assays may be more sensi- 
tive to impairments of the central nerv- 
ous system in experimental phenylke- 
tonuria than other assays. 

The work of Woolley and van der 
Hoeven (18, 19), which proposes a ma. 
jor role for serotonin in cerebral de- 
velopment, has received considerable at- 
tention. The major shortcoming in their 
studies relates to the absence of specific 
information on blood or tissue levels 
of phenylalanine or phenylketones, 
which prevents comparison of their bio- 
chemical conditions with those of other 
"phenylketonuric" preparations. These 
authors describe an irreversible "men- 
tal defect" in infant mice associated 
with poor T-maze performance and 
poor shock avoidance, which could be 
prevented by the administration of sero- 
tonin congeners (18). They could find 
no such "defect" in weanling mice fed 
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diets containing 3 percent DL-phenyl- 
alanine and 31/2 percent L-tyrosine. No 
blood phenylalanine values are given in 
either study and there is small likelihood 
that the concentrations of dietary pheny- 
lalanine used could have produced more 
than a transient rise in circulating L- 

phenylalanine levels. 
In summary, diets high in phenylala- 

nine or leucine are associated with poor 
water-maze performance and lowered 
brain serotonin, whereas diets high 
in tryptophan produce superior maze 
performance and supranormal levels of 
cerebral serotonin. Furthermore, the 
serotonin depletion and maze perform- 
ance deficit associated with phenylke- 
tonuric rats can be more than compen- 
sated by adding 5 percent tryptophan to 
the phenylketogenic diet. This is com- 
patible with a role for disturbed indole 
metabolism in the behavioral defect ob- 
served in phenylketonuric rats. 
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A noxious stimulus, such as an in- 
tense electric shock, influences the be- 
havior of animals differently, depending 
upon how the noxious stimulus is sched- 
uled and the nature of the behavior 

preceding it. Responding can be en- 
gendered and maintained under condi- 
tions in which responses terminate or 
postpone electric shocks ("escape" or 
avoidance); ongoing responding can be 

suppressed under conditions in which 
responses are followed by electric shocks 
(punishment). We here describe the 
maintenance of responding, initially 
elicited by electric shock in a situation 
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in which the only programmed conse- 
quence of responding was the sched- 
uled delivery of electric shocks. 

Typically, presenting a reinforcer 
after infrequently occurring responses 
will increase the rate of responding (1). 
When a known reinforcer follows spec- 
ified responses that occur frequently, 
responding may be modulated more 
than changed in absolute level (2). Fre- 

quently occurring responses can also be 
modulated and maintained by the re- 
curring presentation of reinforcers, such 
as food or electric shocks, without ref- 
erence to behavior (adventitious rein- 
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Modulation of Elicited Behavior by a Fixed-Interval 

Schedule of Electric Shock Presentation 

Abstract. Responding elicited in the squirrel monkey by electric shocks pre- 
sented every 60 seconds was gradually altered in temporal patterning, especially 
when the shock was also produced by responses under a 30-second fixed-interval 
schedule. The initially elicited pattern of maximal responding just after each 
shock was altered by the recurrent shock and by the added fixed-interval 
schedule to a pattern of maximal responding just before each shock. Most shocks 
were produced by responses and the response pattern was maintained for several 
months, but little responding occurred when shocks were omitted. 
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forcement) (3). The effects of adven- 
titious reinforcement depend critically 
upon the nature of the ongoing be- 
havior. In the present experiments, re- 
sponding was first elicited by electric 
shocks, then adventitiously modulated 
by the recurrent presentation of electric 
shock, and later maintained by a fixed- 
interval schedule of presentation of 
electric shock. 

A 
SHOCKS EVERY 60 SEC 

C / 
B 

FI 30 SEC 
or 

SHOCKS EVERY 60 SEC 

0 

B 
/ / 

i // 

c MINUTES 

Fig. 1 (Monkey S-41). Response patterns 
under different experimental conditions. 
Ordinate, cumulative number of responses; 
abscissa, time. A: Session nine, electric 
shocks scheduled to occur every 60 sec- 
onds. B: Sessions 31 and 79, shocks sched- 
uled to occur every 60 seconds or follow- 
ing the first response 30 seconds after last 
shock (FI 30 seconds). C: Session 83, no 
shocks scheduled (extinction). D: Session 
93, FI 30 seconds alone. The diagonal 
strokes on the cumulative records indi- 
cate the delivery of electric shocks; the 
diagonal strokes on the event record indi- 
cate the delivery of shocks (without a re- 
sponse) after 60 seconds. In A responding 
occurs predominantly after shocks, pro- 
ducing patterns of deceleration. After the 
introduction of the fixed-interval contin- 
gency (B and D) sustained responding 
usually occurred before the shock. When 
shocks were omitted (C), few responses 
occurred. 
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Brief electric shocks can elicit stereo- 

typed patterns of behavior (4). When 
electric shock is delivered to a rat or 
squirrel monkey, the animal will attack 
other members of the same species or 
certain other nearby objects. This elicit- 
ed behavior can be so prepotent in an 
untrained monkey that it prevents the 
occurrence of other responses that ter- 
minate the electric shock, such -as press- 
ing a response key. In previous experi- 
ments with the squirrel monkey in a re- 
straining chair, we noticed during ini- 
tial training that electric shocks de- 
livered to the monkey's tail caused the 
monkey to persistently pull and bite 
a leash attached to his collar (5). When 
the leash was fastened to a lever mount- 
ed at the top of the front panel of the 
chair, biting and pulling on the leash 
resulted in repeated closures of a pre- 
cision switch attached to the lever. 
We studied this elicited response. 

Three adult male squirrel monkeys 
(Saimiri sciureus) were studied individ- 
ually while restrained in a primate 
chair (6). Electric shock was delivered 
through two metal plates that rested 
lightly on a shaved portion of the mon- 
key's tail; a noncorrosive electrode paste 
(EKG Sol) insured a low resistance 
electrical contact between the plates and 
the tail. The electric shock source was 
110 volts a-c at 60 cycle/sec; the 
current delivered to the plates through 
a series resistor was 7 ma for 
250 msec. The monkey's leash was at- 
tached to a lever-operated switch lo- 
cated about 20 cm above its head; each 
closure of the switch was recorded as a 
response. A 6-watt red bulb was mount- 
ed behind a transparent Plexiglas wall 
in front of the monkey and was illumi- 
nated during each experimental session. 
The chair unit was enclosed in a venti- 
lated soundproof chamber illuminated 
by a 25-watt overhead light. 

Two monkeys (S-55 and S-41) had 
previously been deprived of food. Each 
had been trained to press a response 
key with its hand; this response had 
been maintained by the termination of 
electric shock and, under other condi- 
tions, by the presentation of food. In 
the present experiments, the monkeys 
were allowed to feed freely and the re- 
sponse key was removed from the front 
panel of the chair. Initially they were 
studied under a schedule in which the 
7-ma electric shock was presented 
every 60 seconds. After ten sessions 
for one monkey and 20 sessions for 
the other, the schedule was changed so 
that the first closure of the switch 30 
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Fig. 2 (Monkey S-58). Response patterns 
under the schedule in which shocks occur 
every 60 seconds or following the first 
response 30 seconds after the last shock 
(FI 30 seconds). A: Session 5; B: Session 
26. Cumulative response records recorded 
as in Fig. 1. Responses and shocks during 
the terminal part of the session are shown 
as recorded on a faster speed paper tape. 
The heavy horizontal line on the cumula- 
tive record indicates the intervals corre- 
sponding to those shown on the paper 
tape. The deceleration in responding fol- 
lowing shock in session 5 has changed to 
an acceleration in responding before 
shock in session 26. 

seconds after a shock produced the next 
shock. If no switch closure occurred 
between 30 seconds and 60 seconds, the 
shock was delivered as before, 60 sec- 
onds after the previous shock. At this 
time, experiments began on an un- 
trained monkey (S-58). From the start, 
shocks were delivered following a clos- 
ure of the switch 30 seconds after a 
previous shock or at 60-second inter- 
vals if no switch closure occurred. 

Initially, each shock elicited a burst 
of switch closures, which were the re- 
sult of pulling and biting of the leash, 
but the relations of the switch closures 
to the latter behaviors were not studied 
explicitly. When the shock was sched- 
uled to occur following a switch closure 
after 30 seconds (FI 30 seconds), the 
closure of the switch could be identified 
as a response, defined by its relation 
to the shock. This response initially oc- 
curred predominantly after a shock, but 
subsequently occurred predominantly 
before shocks. 

Figure 1 shows representative per- 
formances of monkey S-41 under the 
various procedures. Record A shows the 
terminal performance under the initial 
procedure in which electric shock was 
delivered every 60 seconds. Usually the 
shock initiated a high rate of responding 
that abruptly decreased; further re- 
sponding often occurred just before the 
next shock was delivered. The relative 
increase in responding during the latter 
part of many cycles developed with con- 
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tinued exposure to the recurrent shock. 
During initial sessions under the added 
FI 30-second schedule the high rates 
of responding which started immediate- 
ly after each shock had decreased only 
slightly in 30 seconds. In the session 
shown at the left of Fig. 1B, every. 
shock was produced by a response. 
With further exposure to the FI 30- 
second schedule (right of Fig. 1B), 
high rates of responding still occurred 
following most electric shocks, and 
sometimes responding decreased just be- 
fore shock was delivered. Nevertheless, 
in most intervals after the initial re- 
sponding there was a brief period with- 
out responses followed by a high rate 
of responding preceding the shock. 
When shocks were omitted (Fig. 1C), 
the rate of responding was low. Figure 
1D shows that the performance of S-41 
was maintained under the FI 30-sec- 
ond schedule alone; that is, electric 
shock was presented only when response 
produced it. 

For monkey S-55, which had a lower 
rate of responding than S-41, the de- 
velopment of responding during the lat- 
ter part of each cycle was more pro- 
nounced. Under the initial procedure 
when shocks were delivered every 60 
seconds, the shock usually initiated a 
high rate of responding that ceased 
abruptly after a few seconds; a few 
more responses often occurred just be- 
fore the next shock. As the session 
proceeded, the number of responses fol- 
lowing shock tended to decrease while 
the number occurring just before shock 
tended to increase. After exposure to 
the added FI 30-second schedule, re- 
sponding declined soon after an electric 
shock was delivered and then increased 
until the first response after 30 seconds 
produced the next shock. In most ses- 
sions, only the first electric shock of the 
session was delivered without a re- 
sponse. Again when shocks were omit- 
ted, little responding occurred. Under 
the FI 30-second schedule alone some 
responding was maintained, but the 
rates of responding were relatively low. 

The performance of monkey S-58, 
trained from the beginning with the 
added FI 30-second schedule, is shown 
in Fig. 2. During initial exposure (Fig. 
2A), responding was either sustained at 
a relatively high rate throughout each 
30-second interval or occurred at a 
high rate following shock delivery and 
then at a relatively low rate until a 
response produced the next shock. De- 
tails of representative response patterns 
at the end of a session are shown in 
14 JULY 1967 

the paper tape record in Fig. 2A. With 
further exposure to the FI 30-second 
schedule, monkey S-58 tended to stop 
responding soon after shock and then 
to respond frequently just before a re- 
sponse produced the next shock at 30 
seconds. This pattern of responding can 
be seen in detail in the paper tape 
record in Fig. 2B. Whereas responding 
always occurred after shocks in the 
earlier session, responding often did not 
occur after shock in the later session. 

The present experiments question the 
need for a response to precede an event 
in order to be reinforced by that event. 
In the reinforcement of an operant, 
the reinforcer changes the subsequent 
occurrence of responses of the class 
that preceded the reinforcer. But in this 
situation, initially at least, the shock 
preceded the response. Is it not possible 
that a response or a pattern of respond- 
ing elicited by an event, or occurring 
in close temporal proximity following 
the event, can also be strengthened as 
an operant? 

The typical behavior in the situation 
in which a subject terminates a recur- 
ring shock by a response such as run- 
ning or pressing a lever could be viewed 
in this way. For example, when a 
shock is scheduled to occur every 30 
seconds and to continue until termi- 
nated by a response, the response that 
occurred after the onset of the shock 
will subsequently tend to occur pre- 
ceding the shock. It is commonly ar- 
ranged that the response preceding the 
shock then postpones the next scheduled 
shock (avoidance), thereby introducing 
further consequences that obscure the 
basic relationship; when responses have 
followed recurrent shock they tend to 
occur before the shock. 

In this study, the first response oc- 
curring after 30 seconds was followed 
by an electric shock; responses during 
this 30-second interval had no pro- 
grammed consequences. This schedule 
of shock presentation is formally com- 
parable to fixed-interval schedules of 
food or water presentation (7). The 
fixed-interval patterns that developed in 
this study differed from fixed-interval 
patterns engendered in the squirrel 
monkey by the presentation of food or 
the termination of a schedule complex 
(5), especially in the rapid loss of re- 
sponding in the absence of shocks. 
Though the performances were de- 
veloped and maintained by the shock, 
two of the monkeys usually did not be- 
gin responding until a shock occurred. 
It has been reported that some elicited 

responses are not easily modified by 
consequent events (8), but in the pres- 
ent experiment the recorded response 
was changed in its temporal patterning 
by the fixed-interval schedule. Per- 
haps the change came about because 
the temporal patterning of responses is 
easier to change than their topographi- 
cal characteristics, or because the pull- 
ing and biting following the shock have 
characteristics intermediate between 
elicited and operant behavior. 

That electric shock can maintain re- 
sponding when the only programmed 
consequence of responding is the sched- 
uled presentation of electric shock is 
not incompatible with other known be- 
havioral effects of electric shock. When 
an event following some response in- 
creases or decreases the subsequent oc- 
currence of that response, it does not 
mean that the same event consequent 
on other behavior or presented under 
another schedule would necessarily 
modify the other behavior in the same 
way. Both the quantitative properties of 
the response preceding an event and the 
schedule under which the event is pre- 
sented determine the effects of that 
event in further modifying behavior. 
Under other conditions, the electric 
shock used in the present study could 
maintain responding that terminated the 
shock or postponed its occurrence. 

W. H. MORSE 
REGINA N. MEAD 

R. T. KELLEHER 
Department of Pharmacology, 
Harvard Medical School, 
Boston, Massachusetts 02115 
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