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Abstract. The effects of d-amphetamine (0.25--8), scopolamine (0.25--8), chlor- 
diazepoxide(2.5--40), and diphenylhydantoin (25--75), given i.p. or s.c. on 
a mg/kg basis, were studied on self-stimulation behavior in the male albino rat. 
The dose-effect relationships, the role of baseline rates of responding and their 
effects on brain acetylcholine (ACh) were determined in rats trained to self-stimulate 
for electrical reward in the lateral posterior hypothalamus. The effects of d-am- 
phetamine were both dose and baseline-rate dependent. Low-moderate doses 
(0.5--2.0 mg/kg inclusive) facilitated self-stimulation and larger doses (2.0 to 
8.0 mg/kg) depressed responding. Baseline rates before d-amphetamine administra- 
tion were extremely important in the effect observed. Low rates of responding 
were facilitated and high rates were depressed by this agent. The effects of sco- 
polamine in a wide range of dosage were less consistent. A small dose (0.5 mg/kg) 
facilitated only transiently self-stimulation and larger doses (1--8 mg/kg) tended 
to depress this behavior. Baseline rate effects were less important but high-rate 
respondcrs were usually depressed by scopolamine. 

The effects of chlordiazepoxide were dose-dependent. A dose of (5 mg/kg) 
caused facilitation but larger doses (10--40 mg/kg) produced depression of self- 
stimulation irrespective of baseline rates. However, high-rate stimulators showed 
the most dramatic increases with 5 mg/kg of chlordiazepoxide. In contrast, di- 
phenylhydantoin (25--75 mg/kg) usually depressed self-stimulation. Low rate 
self-stimulators showed the most marked depressant effects. 

Brain ACh was progressively reduced by handling of naive animals, injection 
of saline, and 1/2 h of self-stimulation and escape behavior. Animals not allowed 
to self-stimulate but given d-amphetamine (2.0 mg/kg), scopolamine (2.0 mg/kg) 
showed a significant decrease in brain ACh. Self-stimulation, in addition to medica- 
tion with the various drugs, showed a trend for further reduction in brain ACh 
but the differences were not statistically significant. 
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Introduction 

Many different psychotropic drugs affect self-stimulation including 
various sedatives, antidepressants and psychomotor stimulants. These 
agents cause quantitative and qualitative changes in rates depending 
upon the specific brain sites of electrode placements (Stark et al., 1969). 
One of the first agents described to dramatically increase self-stimulation 
was amphetamine (Stein, 1964, 1968). Antianxiety drugs of the benzo- 
diazepine class in low doses also increase self-stimulation (Olds, 1966). 
Antieonvulsants like diphenylhydantoin have been reported to increase, 
under certain conditions, the number of responses emitted for brain 
reward (Reid et al., 1964). The fact that similar effects are obtained with 
widely differing drug classes provides an opportunity to investigate 
whether changes in total brain aeetylcholine (ACh) occur during very 
high rates of responding regardless of the pharmacological means em- 
ployed to produce such high rates. I t  is well known that there is a 
relationship between brain ACh and self-stimulation for brain reward. 
Like other operant behaviors self-stimulation is depressed by cholinergie 
agonists (Vaillant, 1964, 1967; Stark and Boyd, 1963; Jung and Boyd, 
1966; Domino and Olds, 1968; Olds and Domino, 1969a,b), and in the 
case of physostigmine-induced depression, has been correlated with high 
levels of brain ACh (Domino and Olds, 1968). Muscarinic eholinergic 
antagonists such as scopolamine are reported to facilitate responding for 
brain reward (Pradhan, personal communication, 1970). These reciprocal 
actions of ACh in the brain suggest the possibility of a modulating 
function in regions where self-stimulation behavior can be produced. 

The present study was carried out in two parts. First, the dose- 
response relationships for d-amphetamine, scopolamine, chlordiazepoxide, 
and diphenylhydantoin were investigated to provide a comparative basis 
for their action on self-stimulation behavior and to select from the 
various doses tested the one most likely to produce high rates of respond- 
ing. Next a dose for each drug was given to animals for measuring the 
total content of brain ACh with and without accompanying self-stimula- 
tion behavior. The results indicate that self-stimulation behavior reduces 
total brain ACh irrespective of the drug treatment used. 

Methods 

Ninety-six male adult Holtzman albino rats were used. They were 
individually housed and on an ad lib. feeding schedule. Body weight 
ranged from 250--300 g at the time of electrode implantation to a 
maximum of 500 g at the end of the drug tests. Surgery was performed 
using pentobarbital sodium anesthesia. The method of implantation and 
subsequent initial training for self-stimulation behavior have been de- 
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scribed previously in detail (Olds and Olds, 1963). Bipolar stimulating 
electrodes were placed in the lateral posterior hypothalamus.  

Drug tests were conducted on rats  which had been prescleeted on 
the basis of preliminary training as low, moderate,  and high rate self- 
stimulators. Low rates were considered to be 100--350 responses/8 rain, 
moderate rates 350--750/8 min and high rates 750--1100/8rain. In  
order to separate facilitation of gross behavior from facilitation of self, 
stimulation, drug sessions were also carried out in the same test  chamber 
on animals without  any  electrodes, on animals with electrodes in other 
regions of the brain, and on animals which were classified as non-self- 
stimulators (below 100/8 rain). The electric reward was a shock 0.25 see 
in duration 60 I tz  waves delivered to the hypothalamus via the in- 
dwelling electrodes. The current settings ranged from 40 to 60 ~A selected 
to produce optimal rates of responding. Depression of the lever during 
the 0.25 sec duration of the sine waves did not  produce another train. 
The schedule of reinforcement was FR1, i .e. ,  each lever press after 
a reward produced another  electric shock reward. 

d-Amphetamine sulfate was given to groups of rats  in doses of 0.25, 
0.5, 1, 2, 4 and 8 mg/kg;  scopolamine hydrobromide in doses of 0.25, 
0.5, 1, 2, 4, 6 and 8 mg/kg;  chlordiazepoxide hydrochloride in doses of 
2.5, 5, 10, 20 and 40 mg/kg;  and diphenylhydantoin sodium in doses of 
25, 50 and 75 mg/kg. The drugs were dissolved in 0.9~ saline and 
administered s.c. or i.p. Drug dosage is given as salt. The volume of the 
solution injected never  exceeded 0.5 ml. 

During testing each drug was administered after a 30--45 rain period 
of self-stimulation and the effects of t rea tment  were computed for an 
80-rain period. For  the brain assay studies the drugs were similarly 
administered after  an initial period of self-stimulation and the animals 
returned to the test  chambers for a 30-rain period before decapitation. 
The test  animals were allowed to self-stimulate during tha t  period. 
Control animals were placed in individual test  chambers but  no self- 
stimulation was made available to them. 

All drug sessions were carried out on six to eight rats  simultaneously. 
Drug sessions on the same animals were separated by  a t  least six days. 
There was no indication tha t  administrat ion of one dose of the drug 
altered the response to a subsequent administrat ion of the same com- 
pound of another. The ACh bioassay assay procedure was the same as 
tha t  described by  Domino and Olds (1968). Animals were sacrificed by  
decapitation and ~he brain quickly removed and homogenized in acid- 
alcohol using the method of Stone (1955) for total  ACh. 

Analysis o/Data. Rates  of responding for each ra t  were computed 
for blocks of 8 rain before and after injection. Means scores for three 
blocks immediately preceding t rea tment  consti tuted "baseline" rates 

1" 
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against which were compared rates per 8-rain periods throughout the 
entire 80-rain test session. The only animals included in these tests were 
self-stimulators with stable rates of responding during an extensive 
preliminary training period. Therefore, the three blocks of 8 min which 
constituted "baseline" rates were representative of the usual rate of 
self-stimulation of tha t  animal. Drug effect was expressed as the per- 
centage change in response output  from the mean "baseline" rates. 
Both the student " t"  for group comparison (Snedecor, 1956) and analysis 
of variance (Edwards, 1950) were used to evaluate the data. 

Histology. Animals which were not sacrified for brain ACh assays 
were used to determine electrode placement at  the conclusion of the 
experiments. Formalin fixed sections through the dienccphalon were cut 
at  50 ~ and stained with the cresyl violet method for determination of 
the regions stimulated. The electrodes were lodged in the median fore- 
brain bundle in the vicinity of the posterior hypothalamus. 

Results 

E[[ects o[ d-Amphetamine. Groups of 6 to 8 rats were tested at levels 
chosen to produce optimal rates of self-stimulation of 100--1200/8 rain. 
I t  was noted that  0.25mg/kg d-amphetamine caused insignificant 
changes in the mean rate of self-stimulation. On the other hand, doses 
of 4 and 8 mg/kg caused a significant reduction in self-stimulation 
behavior at  16 and 24 rain after injection which was the time of peak 
effect. In  spite of marked variability, these effects were highly stat- 
istically significant (P < 0.02). I t  was obvious that  the effects of d-am- 
phetamine were not only dose-related but  also dependent upon the 
baseline rate of self-stimulation. The effects of 2 mg/kg, i.p. of d-am- 
phetamine in rats matched for rates of self-stimulation arc illustrated 
in Fig. 1. d-Amphetamine in a dose of 2 mg/kg caused large increases 
in the rate of self-stimulation in those animals with low baseline rates. 
In  contrast, d-amphetamine produced a slight increase and a subsequent 
decrease in rate in moderate self-stimulators. In the high self- 
stimulators d-amphetamine caused only a decrease in rate. A fourth 
group of animals with electrodes in the vicinity of the medial forebrain 
bundle, with rates of 0--100/8 min, which did not meet the criteria for 
self-stimulation, were also given d-amphetamine. These rats were pre- 
viously tested at increasingly higher levels of electrical stimulation to 
assure that  they did not normally self-stimulate. The administration of 
d-amphetamine in a dose of 2 mg/kg caused a striking increase in the 
number of responses observed 32 mln after injection and subsequently. 
Facili tatory effects were still present at  the end of 80 rain when the test  
session was completed. These results were highly significant in a group 
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Fig. 1. Effects of d-amphetamine in rats matched for self-stimulation rates. Time 
in rain after the injection of 2 mg/kg i.p. d-amphetamine is given on the x axis 
and the mean i standard error of responding per 8 rain is given on the y axis. 
Various rats are grouped on the basis of their rates of self-stimulation. Four groups 
are included: those animals that self-stimulated below rates of 100/8 rain, those 
that self-stimulated between 100--350/8 rain, those that self-stimulated 350--750/ 
8 rain, and those that serf-stimulated 750--1200/8 rain. Note that d-amphetamine 
caused a marked increase in the animals that self-stimulated at low rates but 
caused a depression of responding in those animals that stimulated at high rates 

of  10 animals (DF 2, F 6.40; P ~ 0.05 a t  32 min). Finally,  the effects 
of  2 mg/kg  of  d-amphetamine  were tested on a group of  naive rats  with 
no brain electrodes. I na smuch  as it is known t h a t  d-amphetamine  causes 
gross behavioral  act ivat ion,  i t  seemed possible t h a t  s imply by  increased 
ac t iv i ty  subjects might  accidental ly increase the rate  of  bar  pressing. 
These animals showed a preinjection ra te  of  approximate ly  5/8 rain. 
After  2 mg/kg  of  d-amphetamine  there  was a gradual  increase in the 
number  of  responses unti l  i t  reached 50/8 rain period 40 rain after  in- 
jection (see Fig. 2). 

I n  summary ,  d -amphetamine  clearly produced the mos t  significant 
effects in rats  with low rates  of  self-stimulation. Fur thermore ,  d-am- 
phe tamine  caused behavioral  ac t iva t ion  in naive animals a l though their 
rates  of  responding never approached  those of  animals given d-ampheta-  
mine bu t  whose pre-injection rate  did no t  meet  criteria of  self-stimu- 
lation. 
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l~ig.2. Effects of various centrally active drugs on bar pressing behavior in naive 
rats. Data are plotted as in Fig. 1. Various groups of rats were given the drugs 
indicated i.p., except scopolamine was given s.c. Note that d-amphetamine and 
scopolamine produced an increase in bar pressing but never to the levels achieved 

in self-stimulation 

EHeets o/ Scopolamine. Scopolamine  was given s.c. to  groups  of  
6 - - 8  an ima l s  wi th  se l f - s t imula t ion  ra t e s  of  100--1200/8 rain. Inc reases  
of  14 a n d  27~ in  t he  m e a n  group  r a t e  occurred  only  wi th  a dose of  
0.25 mg/kg ,  14 a n d  24 rain a f te r  in jec t ion ,  b u t  even  a t  th is  dose no t  a l l  
an ima l s  showed increased  responding.  W i t h  h igher  doses, a l t hough  the re  
were i nd iv idua l  cases of  inc reased  responding,  t he  m e a n  group  effect 
was a decrease  in  se l f - s t imula t ion  behav ior .  These effects occurred  
p r o m p t l y  a n d  were m a x i m a l  16 mil l  a f te r  in jec t ion .  W i t h  doses above  
2 rag, the re  was less i nd iv idua l  v a r i a b i l i t y  and  a decrease in  mean  r a t e  
of  responding .  The  m e a n  decrease  was genera l ly  less t h a n  500/0 as was 
t he  case wi th  d - a m p h e t a m i n e .  Se ldom was se l f - s t imula t ion  behav io r  
abol i shed .  A dose of  2 mg /kg  was chosen for  fu r the r  t es t s  because  
fac i l i t a t ion  h a d  been obse rved  in  some ra ts .  The  effects of  2 mg/kg  of  
scopolamine  were t hen  t e s t ed  on low, m o d e r a t e  a n d  h igh- ra te  s t imu la to r s  
as  p rev ious ly  defined.  I n  con t r a s t  to  the  d r a m a t i c  effects of  d-am- 
p h e t a m i n e  in  causing increased  se l f - s t imula t ion  of  low ra t e  s t imula tors ,  
scopolamine  in a dose of  2 mg /kg  h a d  no s ignif icant  effect (see Fig .  3). 
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Fig.& Effects of scopolamine in rats matched for self-stimulation rates. Sco- 
polamine was given in a dose of 2 mg/kg s.c. l~ote that scopolamine in this dose 
caused a slight increase in self-stimulation rates of those animals with baseline 
rates below 100/8 rain. The drug had no significant effect on animals with low to 
moderate rates of responding but caused a definite decrease in high rate self- 

stimulators which lasted throughout the 80 rain session 

Scopolamine (2 mg/kg) also had  no significant effect in moderate  ra te  
self-stimulators. I n  contrast ,  in high baseline self-stimulators, this dose 
of  scopolamine caused a 5 0 %  decrease in the  rate  of self-stimulation 
within 8 rain after  injection. Subsequently,  the  rate  of  self-stimulation 
rose to  about  80 ~ of  control  levels bu t  remained depressed f rom pre- 
injection rates  th roughou t  the entire test  session. I n  a four th  group of  
animals with electrodes in the  vicini ty of  the median forebrain bundle 
with rates  of  0 - -  100/8 rain, bu t  which did no t  meet  the usual criteria for 
self-stimulation, 2 mg/kg  of  scopolamine caused a slight facili tation 
which reached a peak  16 min after  injection, bu t  this effect was no t  
stat ist ically significant. I n  a group of naive animals 2 mg/kg  of  sco- 
polamine caused an  increase in gross ac t iv i ty  which again reached peak 
16 min after  injection. The rate  of  responding increased and  was main- 
rained above control  levels over the 80-min test  session (Fig. 2). However ,  
these rates never reached the levels of  responding of  self-stimulators. 

I n  summary ,  only ve ry  small doses of  0.25 mg/kg of  scopolamine 
produced an increase in the rate  of  self-stimulation. This increase was 
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l~ig. 4. Effects of chlordiazepoxide in rats matched for self-stimulation rates. Chlor- 
diazepoxide was given in a dose of 5 mg/kg, i.p. Note that chlordiazepoxide caused 
the greatest increase in self-stimulation in animals with high baseline rates. In 
contrast, those animals with brain electrodes which self-stimulated below 100/8 rain 

had a decrease in this behavior 

very small in contrast to the effects of d-amphetamine. Doses of sco- 
polamine in the order of 2 mg/kg had no consistent effects on sell  
stimulators of low and moderate rates but caused a definite decrease in 
the performance of high rate selLstimulators. These effects lasted 
throughout the 80-rain test session. Although scopolamine caused an 
increase in gross behavioral movements and a random increase in bar 
pressing in naive animals, this rate never approached that  of the sel l  
stimulators. In  contrast to the delayed action of amphetamine, the effect 
of scopolamine was rapid but transient. 

EHects o/Ghlordiazepoxide. Chlordiazepoxide was given i.p. to groups 
of 6--8  rats selLstimulaging between 100--1200/8 rain. In  general, the 
effects of ehlordiazepoxide were facflitatory at low doses and progres- 
sively depressing with targer doses. With doses of 2.5 and 5 mg/kg of 
ehlordiazepoxide the mean rate of selLstimulation increased to as much 
as 800/0 over preinjection rates 24 rain after administration. Compared 
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with saline injected controls these effects were highly statistically signi- 
ficant using a group comparison "t" test (P ~ 0.02). After doses of 10 
and 20 mg/kg of chlordiazepoxide some animals still showed facilitation. 
However, doses of 40 mg/kg of chlordiazepoxide depressed the rate of 
serf-stimulation with a peak 24 rain after injection (P ~ 0.02). Again, 
it was noted that  there was marked individual variation. The effects 
of chlordiazepoxide in a dose of 5 mg/kg were studied in animals with 
low, moderate and high rates of serf-stimulation as previously defined. 
As illustrated in Fig.4, chlordiazepoxide increased the rate of self- 
stimulation behavior irrespective of baseline rates although there were 
quantitative differences. In  animals with low rates of 100--350/8min of 
self-stimulation chlordiazepoxide produced a slight increase followed by 
alternating facilitation and reduction of responding to approximately 
control rates. There were 2 periods when rates were approximately the 
same as before treatment,  the first at 32 and the second at  56 rain after 
injection. Chlordiazcpoxide increased the self-stimulation rate of animals 
with moderate rates. :Peak effects were observed 24 rain after injection 
and lasted approximately 48 rain with subsequent decrease to control 
levels. The most dramatic increases were seen in high rate responders. 
As illustrated in Fig.4, this effect was greatest 24 rain after injection 
but  was still apparent at the end of the 80-rain test  session. Chlordiazep- 
oxide injected in non-self-stimulators or in naive animals, depressed 
responding; the low initial rate was further decreased (see Fig.2). 

I t  would thus appear tha t  the effects of chlordiazepoxide on serf- 
stimulation were dose dependent with faciliatory effects at  tow doses and 
progressive depression at  higher doses. The degree of facilitation of self- 
stimulation varied with the preinjection rates. Animals with low, mo- 
derate, and high rates showed progressive increase in serf-stimulation 
fo l lo~ng a dose of 5 mg/kg of chlordiazepoxide. The high rate animals 
showed especially dramatic facilitation. 

E[/ect o[ Diphenylhydantoin. The effects of diphenylhydantoin given 
i.p. on serf-stimulation behavior were determined in groups of 6--8 self- 
stimulators with rates of 100--1200/8 rain. Each dose of diphenyl- 
hydantoin caused large decreases in the rate of serf-stimulation for brain 
reward. The depressant effects were observed shortly after injection and 
for the highest dose lasted throughout the test  session. There were only 
2 animals injected with a dose of 75 mg/kg whose rates of self-stimulation 
were increased by more than 10~ With doses of 25--50 mg/kg, re- 
covery was nearly complete at the end of the 80-min test session, whereas 
in the case of 75 mg/kg the peak depressant effect occurred toward the 
end of the 80-rain session. The effects of diphenylhydantoin were not 
related to baseline rates. Nevertheless, a dose of 25 mg/kg was given 
to animals with low, moderate, and high rates of serf-stimulation. As is 
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Fig.5. Effects of diphenylhydantoin in rats matched for self-stimulation rates. 
Diphenylhydantoin was given in a dose of 25 mg/kg, i.p. Note that diphenyl- 

hydantoin decreased rates of self-stimulation, irrespective of baseline rates 

evident in Fig. 5, animals in each of these categories showed depression 
in rates of responding. Diphenylhydantoin produced almost complete 
blockade of responding in the low rate  animals, but  64 rain after  in- 
jection the rates returned toward controllevels. When diphenylhydantoin 
was given to naive animals there was no significant effect on gross be- 
havior and no change in the spontaneous rate  of bar-pressing (see Fig. 2). 

I n  summary,  in doses of 25, 50 and 75 mg/kg of diphenylhydantoin,  
depression of self-stimulation behavior was usually observed. This oc- 
curred irrespective of the baseline rates of self-stimulation. Animals with 
low rates of self-stimulation showed an almost complete cessation of self- 
stimulation, whereas high-responders were bar-pressing a t  significantly 
decreased rates. 

E//ects o/Drugs on Brain ACh in Sell-Stimulating 
and Non-Sell-Stimulating but Implanted Rats 

Levels o] ACh in Control Animals. The ACh values for endogenous 
content  of the brain in 22 rats  with chronic electrodes in posterior lateral 
hypothalamus for 1--6  months were 18.6 ~: 0.9 nMol/g. These animals 
were not given saline injections but  had been previously accustomed to 
the test  chamber. The ACh content of animals t reated exactly as the 
previous group but  receiving a saline injection 1/2 h before decapitation 
was slightly lower. Naive animals receiving a sahne injection, but  having 
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no previous experience in the test  chamber and not being used to hand- 
ling, had even lower mean levels of ACh than either of the 2 previous 
groups. Although the differences were not large, the trend suggests tha t  
handling and injection of saline were sufficiently stressful to produce a 
slight decrease in brain ACh. On the other hand, implantation of electro- 
des did not produce even slight depletion since naive animals given a 
saline injection had lower levels of ACh than animals with electrodes 
not  given any injection. 

The mean brain ACh content of 8 animals which self-stimulated for 
1/2 h, then received an injection of saline, and then again self-stimulated 
1/2 h before decapitation was markedly lower than that  of animals in any 
of  the previous experimental situations. The content of endogenous ACh 
was 14.5 4- 0.7 nMol/g, or 78~ of that  in animals with electrodes in the 
same brain regions but  not self-stimulating. This decrease was significant 
(P < 0.05, group comparison "t" test). 

Eight rats which were in all cases identical with the previous group, 
but  who responded to escape from shock punishment in the midbrain 
instead of self-stimulating for shock reward in the lateral hypothalamus 
had mean levels of ACh lower than those in self-stimulating rats and 
strikingly lower than those in rats implanted with electrodes and re- 
ceiving saline injections. This decrease (13.7 4- 0.8) was also significant 
(P < 0.05, group comparison "t" test). 

In  summary, the four experimental procedures varying progressively 
in degree of psychological stress--handling of naive rats, injections of 
saline, self-stimulation and escape behavior--produced progressively 
lower levels of brain ACh. 

E//ects o/ d-Amphetamine. Assays for brain ACh in implanted but  
non-self-stimulating animals 1/2 h after t reatment  with 2 mg/kg i.p. of 
d-amphetamine indicated a reduction of ACh levels compared to values 
obtained with non-self-stimulating implanted animals which received 
control injections of saline. In  the drug treated animals ( N =  8) the mean 
ACh content ~ S.E. was 14.9 4- 0.6 nlVfol/g whereas in the saline-treated 
animals the mean content was 17.1 4- 0.6 nlV[ol/g. The reduction in 
content was in the same range as tha t  produced by self-stimulation 
behavior. 

Eight animals which received d-amphetamine and self-stimulated 
had values of ACh which were only slightly lower (14.0 4- 0.3) than 
those which did not self-stimulate and were given d-amphetamine 
(14.9 4- 0.6), or animals which self-stimulated and received saline in- 
jections (14.5 4- 0.7). 

These data indicate a trend for d-amphetamine to reduce the endo- 
genous ACh content of the brain which is slightly greater when combined 
with episodes of self-stimulation. 



12 E.F. Domino and ~i. E. Olds: 

EHects o/Scopolamine. Treatment  with this cholinergic antagonist in 
a dose of 2 mg/kg produced the lowest levels of brain ACh in animals 
which self-stimulated and those which did not but  had implanted 
electrodes. I t  should be recalled this dose had an effect primarily on the 
high rate stimulators. Eight animals receiving an injection of sco- 
polamine 1/2 h before decapitation had a mean value of brain ACh of  
10.1 i 0.4nMol/g, a level of ACh considerably lower than that  of  
animals receiving saline injections (17.1 • 0.6) and animals which had 
implanted electrodes but  receiving no injections (18.6 • 0.0). The brain 
ACh content of scopolamine treated rats was also lower than that  of  
animals self-stimulating or escaping from brain shock. Scopolamine 
produced larger reductions in brain ACh content than any of the experi- 
mental procedures employed including escape from aversive brain shock, 
13.7 • 0.8. 

Self-stimulating animals treated with scopolamine had a mean ACh 
content of 9.5 ~= 0.4 nMol/g. This was considerably below tha t  of animals 
in the various control and drug-treated groups and slightly below tha t  
of non-self-stimulating animals t reated with scopolamine. Here also, as 
in the case of d-amphetamine treatment,  the effects of the drug were 
enhanced by  self-stimulation behavior. 

E//ects o/ Chlordiazepoxide. Eight non-self-stimulating animals with 
implanted electrodes which were given 5 mg/kg, i.p. chlordiazepoxide 
1/8 h before decapitation had mean levels of brain ACh comparable to  
animals with implanted electrodes receiving saline (chlordiazepoxide 
17.7 ~= 0.8 vs. saline 17.1 • 0.6 A nMol/g). 

The group of animals (N 8) which received the same dose of chlor- 
diazepoxide and was allowed to self-stimulate had values of ACh almost. 
identical to those of self-stimulating animals which received saline. These 
data provide evidence for the striking effects which can be produced 
on ACh content of the brain by self-stimulation behavior. While the ACh 
content in chlordiazepoxide-treated rats was not  diminished as much as 
in animals t reated with scopolamine, it  was in the range of tha t  in either 
animals t reated with d-amphetamine or self-stimulating animals re- 
ceiving saline injections. In other words, the ACh content was comparable 
to tha t  of self-stimulating animals. 

E]]ects o] Di29henylhydantoin. Animals with electrodes but not  self- 
stimulating prior to decapitation and treated with 25 mg/kg i.p. diphenyl- 
hydantoin had a mean value of brain ACh 15.9 q- 0.9 nMol/g. This was a 
level of ACh lower than with t reatment  with chlordiazepoxidc or saline 
but  slightly higher than tha t  of animals self-stimulating or escaping 
from brain shock. In  this case also, the brain content of ACh of animals 
treated with the drug and self-stimulating was lower than that  of animals. 
t reated with the drug alone. 
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In all cases of drug treatment,  the combination of self-stimulation 
with the drug caused an additional reduction in the brain levels of ACh. 
In  most c~ses the differences were very slight, but  a trend was observed. 

Discussion 

I t  is quite obvious that  d-amphetamine, scopolamine, chlordiazep- 
oxide and diphenylhydantoin affected self-stimulation behavior quite 
differently. Although d-amphetamine and scopolamine produced an in- 
crease in gross motor behavior, each had its own specific effects on self- 
stimulation. The dose-effect relationships of d-amphetamine indicate 
tha t  low to moderate doses of the drug tend to facilitate seff-stimulation 
behavior, whereas large doses tend to depress it. Our data, in part, 
support the observations of Stein (1964, 1968) tha t  d-amphetamine 
dramatically increases self-stimulation behavior, particularly in animals 
self-stimulating at low rates near their electrical threshold. 

The behavioral effects of a moderate dose of d-amphetamine are 
clearly related to previous baseline rates. This generalization concerning 
the behavioral effects of amphetamines has been proposed by Dews 
(1958) and Kelleher and 1Y[orse (1968). In  animals where there was no 
self-stimulation or very low levels of responding d-amphetamine appar- 
ently lowered the threshold of the stimulus to such a degree that  other- 
wise neutral stimuli became effectively rewarding. Rats with electrodes 
misplaced so that  no responding occurred even when the intensity sti- 
mulation was raised to twice that  originally applied, self-stimulated at 
rates far greater after d-amphetamine than naive rats given d-amphet- 
amine. This would indicate tha t  in addition to gross behavioral activation 
d-amphetamine has an important  effect on the excitability threshold of 
hypothalamic neurons in the vicinity of the reward system in the brain. 
I t  would seem that  d-amphetamine can transform a neutral or sub- 
threshold electrical stimulus into one sufficiently "rewarding" to promote 
sustained self-stimulation behavior. Stein (1964) has suggested that  
d-amphetamine causes a shift to the left of the stimulus intensity-rate 
of responding curve. We have not had an opportunity to test  this pheno- 
menon for all doses of d-amphetamine, especially those that  produce 
depression of high rates of responding. 

Another explanation for the observation that d-amphetamine facili- 
tates low rates of self-stimulation, but depresses high rates is related to 
the well known inverse "U" function of behavioral arousal and per- 
formance. When pre-drug arousal in an animal is low an elevation would 
be effective in increasing the number of responses, whereas one with 
high rates of self-stimulation might be adversely affected by the ad- 
ministration of d-amphetamine causing excessive arousal. 
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In contrast to the dramatic effects of d-amphetamine on self-stimula- 
tion behavior, the actions of scopolamine were quite small in spite of the 
fact tha t  this drug produces stimulation of gross motor activity of naive 
animals. Only low doses of scopolamine produced an immediately 
excitatory effect on serf-stimulation which decreased over time. Further- 
more, scopolamine had no significant effect on the threshold of serf- 
stimulation behavior. Animals with electrodes in which the stimulus had 
no significant motivational value were not facilitated by scopolamine 
as was the case with d-amphetamine. Scopolamine only slightly increased 
the number of responses. Large doses of scopolamine in general tended 
to reduce serf-stimulation. The effects of scopolamine were not  as de- 
pendent on preinjection baseline rates of behavior. However, animals 
tha t  serf-stimulated at  very high rates tended to be depressed by  the 
administration of scopolamine. 

The effects of chlordiazepoxide on serf-stimulation behavior were 
dose-related and biphasic. Low doses of chlordiazepoxide produced a very 
dramatic increase in self-stimulation. Paradoxically, the largest increases 
in self-stimulation behavior were obtained in animals with the highest 
rates of self-stimulation. Although chlordiazepoxide increased the rate 
of responding in low, moderate, and high rate responders, it  was most 
dramatic in the latter group. These effects of chlordiazepoxide are 
particularly interesting in tha t  the operant level of responding of naive 
animals was not enhanced. Furthermore, chlordiazepoxide had no signi- 
ficant effect on lowering the threshold for electrical reward. 

In  the doses used, diphenylhydantoin had no facilitatory effect on 
serf-stimulation behavior. Only in an occasional animal was the drug 
slightly facilitating. In  the vast  majori ty of animals, diphenylhydantoin 
progressively decreased self-stimulation behavior. In  this regard di- 
phenylhydantoin had somewhat greater effects in those animals tha t  
self-stimulated at  low and moderate rates as opposed to the high rate 
stimulators. I t  would appear tha t  the anti-convulsant actions of di- 
phenylhydantoin were not critical in facilitating serf-stimulation be- 
havior, but  merely depressed it. 

The effects of these drugs on brain acetylcholine in animals with and 
without serf-stimulation indicate the extreme importance of ongoing 
behavior in any assessment of brain neurochemistry. In  non-self- 
stimulating rats but  with implanted electrodes, the data obtained for 
brain acetylcholine agrees with the literature for normal animals (see 
Votava, 1967). 

Naive rats given saline, or animals which either serf-stimulated 
or escaped midbrain tegmental shock showed a tendency towards 
decreased total  brain ACh. d-Amphetamine, scopolamine, and diphenyl- 
hydantoin lowered brain ACh while chlordiazepoxide had no significant 
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effect. However ,  al l  se l f - s t imula t ion  animals ,  i r r espec t ive  of  the  drug  
given,  showed a t r e n d  for s l igh t ly  lower levels of  b ra in  ACh. 

This  inves t iga t ion  suppor t s  the  hypo thes i s  of  S te in  (1968) of  an  
adrenerg ic  "go"  mechan i sm in se l f - s t imula t ion  as ev idenced  b y  the  
ac t ions  of  d - amphe tamine .  However ,  th is  appl ies  on ly  to  low basel ine  
ra tes .  F u r t h e r  s tudies  of  v e r y  low doses of  d - a m p h e t a m i n e  on high r a t e  
responders  are  ind ica ted .  The  musear in ie  cholinergie sys t em seems to be 
invo lved  in  se l f - s t imula t ion  behav io r  in  two different  ways  as ev idenced  
b y  the  ac t ion  of  scopolamine.  Low doses of th is  drug  caused  a behav io ra l  
d i s inh ib i t ion  of  a poss ib le  "no-go"  ehol inergie  sys t em (Domino,  1969) 
which  h a d  smal l  fac i l i t a t ing  effects on the  r a t e  of  se l f -s t imula t ion .  
However ,  large doses t e n d e d  to  reduce  b u t  no t  abol i sh  th is  behavior .  
Thus,  the  chol inergic  sy s t em appea r s  to  have  a modu la t i ng  role. A n  
i n v o l v e m e n t  of  a chol inergie  sys t em wi th  se l f - s t imula t ion  is also in- 
d i ca t ed  f rom the  b ra in  ACh da ta .  However ,  escape respond ing  a t  s imi lar  
ra tes  p r o d u c e d  a decrease  in  b ra in  ACh to the  same degree as  self- 
s t imu la t i on  sugges t ing  stress  or a b ra in  "use"  phenomenon .  
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