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FRANKLIN, K. B. J. AND A. ROBERTSON. 5HT blockade and the stimulant effects of  d- and I-amphetamine: No 
interaction in self-stimulation of  prefrontal cortex, hypothalamus, or dorsal tegmentum. Unexpected lethality in hip- 
pocampal sites. PHARMAC. BIOCHEM. BEHAV. 13(3) 365-370, 1980.--We investigated the role of serotonin in the 
differential stimulatory effects of D- and L-amphetamine (1.0 mg/kg) on locomotor activity and on self-stimulation (SS) in 
rats. The serotonin antagonist methysergide (12.5 mg/kg) had no effects alone on activity or on SS. Methysergide enhanced 
the strong locomotor stimulatory effects of D-amphetamine and the weaker effects of L-amphetamine. D-amphetamine 
facilitated SS more strongly than L- in hypothalamic, dorsal tegmental, hippocampal and medial prefrontal cortical sites, 
but the effect of D-amphetamine was much weaker in prefrontal cortex than in other sites. Methysergide did not alter the 
effects of D- or L-amphetamine in any site except the hippocampus. Here, methysergide plus L-amphetamine suppressed 
SS; methysergide plus D-amphetamine suppressed SS in some rats and greatly increased it in others. When SS was 
facilitated by D-amphetamine plus methysergide, the combination was lethal. The possibility that lethality was due to 
adrenal crisis is discussed. 
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THERE is now a large literature supporting the view that 
self-stimulation (SS) and its facilitation by amphetamine de- 
pends on the release of  dopamine (DA) and/or noradrenaline 
(NA) in the brain [8]. It is also widely known that 
D-amphetamine is more potent than L-amphetamine at 
facilitating SS at some sites, but is equipotent or only slightly 
more potent at other brain sites [11,22]. The reason for this 
difference is not, however, known. It was originally 
suggested that the isomers are equipotent when electrodes 
are in a dopaminergic region and that D-amphetamine is 
more potent than L-amphetamine when electrodes are in a 
noradrenergic region [22]. This was based on the observation 
that D- is more potent than L- at releasing NA but that the 
two isomers are equipotent at releasing DA [35]. This finding 
came into question with later experiments showing that 
D-amphetamine is more potent than L-amphetamine in re- 
leasing DA but equipotent in releasing NA [7,10]. At present, 
therefore, it is unclear just what role the catecholamines play 
in producing the D-L potency differences. But amphetamine 
also releases serotonin (5HT), with the D-isomer reportedly 
twice as potent as the L-isomer in this release [13]. It has 
recently been suggested that alteration of  5HT transmis- 
sion might mediate some of  the locomotor activity and ster- 
eotyped behaviors caused by high doses of  amphetamine [ 16, 

32, 41]. However, the role of 5HT in the effects of the am- 
phetamine isomers on SS has not been directly investigated, 
although there is some evidence that 5HT may play a role in 
SS of  some brain sites. 5HT has been hypothesized to inhibit 
SS of the LH-MFB [23, 25, 37] and ventral midbrain [24]. In 
contrast, 5HT may be excitatory in SS of forebrain sites such 
as the hippocampus [37], caudate-putamen [23] or subforni- 
cal organ [27]. Evidence concerning the role of 5HT in SS of 
the raphe nuclei is contradictory, some investigators suggest- 
ing an excitatory [18,36] and some an inhibitory role [31]. 

It has been reported that blocking 5HT transmission does 
increase the facilitatory effects of DL-amphetamine on SS of 
the LH [30]. It is not clear, however, whether 5HT might be 
involved in the effects of both D- and L-amphetamine and, if 
so, whether this might be site-specific. The present study 
was designed to clarify the role of 5HT in SS of midbrain, 
diencephalic and forebrain sites and to investigate the con- 
tribution of 5HT to the differences in the effects of  D- and 
L-amphetamine on SS. To this end, we examined the effects 
of the 5HT antagonist, methysergide, on SS and its modula- 
tion by D- and L-amphetamine at sites in the midbrain teg- 
mentum, lateral hypothalamus, hippocampus and prefrontal 
cortex. Additionally, we examined the effects of methyser- 
gide on the locomotor stimulation produced by D- and 

Copyr igh t  © 1980 A N K H O  Internat ional  Inc.--0091-3057/80/090365-06501.10/0 



366 FRANKLIN AND ROBERTSON 

L-amphetamine to compare the efficacy of the methysergide 
treatment on locomotor activity with its efficacy on ICSS. 

METHOD 

Drugs 

D- and L-amphetamine (1.0 mg/ml) were dissolved in 
isotonic saline. Methysergide bimaleate was dissolved in 10 
N HC1, buffered with NaOH and diluted with distilled water 
to a concentration of 12.5 mg/ml. The pH was between 6.0 
and 6.5. 

Locomotor Tests 

Twenty-five male albino rats, weighing from 198 g to 282 
g, were tested for locomotor activity in a Plexiglas box 
(32x32x32 cm) with a tilt floor which was activated by the 
rat crossing the center line of the floor. Interruptions of a 
photocell beam directed across the middle of the test 
chamber at right angles to the axis of tilt provided a measure 
of movement in another horizontal plane. The two scores 
were combined to arrive at a total activity count. 

Rats were given two 20 to 30 min sessions of adaptation to 
the apparatus and handling before testing began. For the 
drug tests, rats were randomly divided into 6 groups (n=6). 
Each rat received 2 injections. A first injection of methyser- 
gide or its acid vehicle followed 2 rain later by saline, 
D-amphetamine or L-amphetamine. Each rat was placed in 
the activity cage immediately after the second injection and 
activity was recorded for the following 60 min. 

Self-Stimulation Tests 

Animals and surgery. Thirty-two male albino rats, weigh- 
ing from 250 g to 290 g at the time of surgery, were used. 
Electrodes (Plastic Products, 0.005 in. in diameter at the tips) 
were implanted under Nembutal anaesthesia (60 mg/kg) into 
one of the following sites in the brain: medial prefrontal cor- 
tex (PFC; n=7); the lateral hypothalamus (LH; n=7); the 
dorsal tegmentum (DT; n=9); and the hippocampus (HPC; 
n=9). 

Apparatus and pre-training. Following a one-week re- 
covery period from the surgery, rats were trained to bar- 
press for electrical stimulation in a test chamber (30x 30x 30 
cm) with a lever at one end, 6 cm above the floor. During 
training, each depression of the lever delivered a 0.2 sec train 
of monophasic rectangular pulses, each 0.2 msec in duration, 
delivered at 100 Hz. Stimulation current was monitored on 
an oscilloscope. 

When rats had learned to bar-press for stimulation, the 
current was adjusted to twice that of the threshold for re- 
sponding, and remained at that level for the duration of the 
experiment. Except for those with HPC electrodes, rats 
were trained to respond on a random interval 10 sec schedule 
of reinforcement in daily 90 min sessions. Because rats with 
HPC electrodes had very low response rates which declined 
over a session they were trained in 60 min sessions on VI 5 
sec. The number of bar-presses was automatically recorded 
every 5 min on a Med Associates Printer. Drug tests were 
begun after a minimum of 5 sessions on this regimen, when 
responding had stabilized. 

Testing procedure. Rats were tested during 90 min ses- 
sions, once every three days. Responding in the first 25 min 
of the session was used to calculate baseline responding, the 
drug or vehicle was injected IP between the 25th and 30th 
min of the session. Responding was then recorded for the 
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FIG. 1. Locomotor activity in counts per hour after saline, 
L-amphetamine or D-amphetamine in combination with methyser- 
gide (shaded bars) or its acid vehicle (open bars). 

following 60 min. The exception to this was that rats with 
HPC electrodes were tested for 60 min rather than 90 min 
sessions. In these rats, drugs were administered before each 
test session began. These animals received control sessions 
without drug on days between drug tests, in order to calcu- 
late baseline response rates. 

All drugs were administered in a volume of 1.0 ml/kg. 
First, in three consecutive drug sessions, rats received D- 
amphetamine 1 mg/kg, L-amphetamine 1 mg/kg and saline in 
counterbalanced orders. One week later, in three more con- 
secutive drug sessions, most rats received methysergide 12.5 
mg/kg 2 to 3 min before D-amphetamine, L-amphetamine 
and saline, again in counterbalanced order. Five rats with 
PFC and 4 rats with DT electrodes received this series of 
drugs 2 rather than 1 week later. In the interim week, these 
rats received 3 doses of 10 mg/kg naloxone combined with 
D- or L-amphetamine or saline. None of these treatments or 
the methysergide amphetamine treatment altered interses- 
sion baseline rats. Naloxone effects will be reported 
elsewhere. 

Data analysis. For rats with PFC, DT or LH electrode 
ICSS, response rates for the 60 min under a drug condition 
were expressed as a percentage of the baseline rates in the 25 
min preceding drug administration. The results for the PFC, 
DT and LH groups were subjected to repeated measures 
design ANOVA followed by Newman-Keuls tests for the 
comparisons of interest. For rats with HPC electrodes, there 
was excessive heterogeneity of variance, and the effects of 
the methysergide plus D-amphetamine condition were 
bimodal. These results were therefore analysed by non- 
parametric methods. Locomotor activity scores were also 
analysed non-parametrically. 

Histology. Upon completion of the behavioral tests, rats 
were killed with an overdose of Nembutal and perfused with 
Formal-saline. Brain sections of 60-80 p~ thickness were cut 
using a freezing microtome. Selected sections were then 
mounted in distilled water and were used as negatives for 
photographic prints. Additionally, some sections from rats 
with HPC placements were stained with Luxol fast blue and 
neutral red for light microscopy. 



5HT IN D- AND L-AMPHETAMINE EFFECTS ON SELF-STIMULATION 367 

A PFC B LH C HPC D D T  
....... F -.~'7% - , . " ~ ,  I A 0 .2  

',:_._ ~,'~, ¢ -, ', ," 

A 5.O , 3.8 A O.O 

A 4 . 8  3 . ;  A 0 2  

4 6 3  5 6  

FIG. 2. Self-stimulation sites on planes of the atlas of Pellegrino and Cushman for subjects self-stimulating in A. prefrontal 
cortex; B. hypothalamus; C. hippocampus, and D. dorsal tegmentum. Numbers labelling sites in panel C are the subject 
numbers referred to in Fig. 4 and the text. 

R E S U L T S  

Locomotor Activity 

As can be seen in Fig. 1, D-amphetamine greatly in- 
creased locomotor activity from a mean of 85.3 counts per 
hour after saline injection to 316.3 (Mann Whitney U=0, 
p=0.001) while activity after methysergide was not signifi- 
cantly different from the saline control (U= 13.5, NS). How- 
ever, when methysergide was combined with D-amphetamine 
activity increased to 482 counts per hour, significantly above 
the activity produced by amphetamine alone (U=4, 
p=0.013). L-amphetamine insignificantly increased activity 
over saline control levels to 161 counts per hour (U= 10, NS). 
Methysergide combined with L-amphetamine increased ac- 
tivity to 165.5 ( -+ 25.5) counts per hour which was signifi- 
cantly greater than the level under saline (U=6, p =0.32) or 
methysergide alone (U=7, p =0.047) but not significantly dif- 
ferent from L-amphetamine alone (U= 16, NS). 

Self-Stimulation 

In rats self-stimulating in the LH, DT and PFC (see Fig. 
2A, B and D respectively for electrode sites) methysergide 
was without effect on ICSS or on its facilitation by ampheta- 
mine. Figure 3 shows the results for these groups. In the 
hypothalamic SS group there was a significant effect of am- 
phetamine, F(2,12) =29; p <0.001, no effect of methysergide, 
F(1,6)=0.22, NS, and no interaction, F(2,12)=1.19, NS. 
Further analysis of the amphetamine effect confirmed that 
both D- and L-amphetamine significantly increased respond- 
ing (,o<0.05) and D-amphetamine produced a larger increase 
than L-amphetamine (p<0.01). Dorsal tegmentum SS was 
similarly affected. Amphetamine increased responding 

F(2,16)=23.75; p<0.001, D- being more effective than 
L-amphetamine (p<0.01), while methysergide did not alter 
these effects, F(1,8)=0.39; F(2,16)=1.04. 

ICSS of the PFC was much less affected by amphetamine 
than the other sites. The maximum increase was only to 115% 
of baseline compared to 210% for DT rats and 250% for LH 
and 170% for HPC rats, X2(3) = 10.31, p <0.02, Kruskal-Wailis. 
Nevertheless there was a significant effect of amphetamine, 
F(2,12)=17.7; p<0.001, although only D-amphetamine in- 
creased response rates (p<0.01). Methysergide again had no 
effect and did not interact with methysergide, F(1,6)= 1.61; 
F(2,12)=0.71, NS. 

Rats self-stimulating in the hippocampus (Fig. 2C for 
electrode sites) behaved differently from the other groups. 
They lever pressed at a lower rate than the other rats and 
could not be induced to respond faster by increasing the 
stimulating current. In spite of the very low rate hippocam- 
pal self-stimulation was very reliable. As can be seen in Fig. 
3 their response to amphetamine resembled that of the PFC 
group in that D-amphetamine significantly increased re- 
sponding (Wilcoxon T=2, p<0.01) but L-amphetamine did 
not (T=13, NS). Methysergide itself did not significantly 
alter response rates but when methysergide was combined 
with L-amphetamine responding was significantly de- 
pressed, relative to the rate under saline (T=0, p<0.01) or 
L-amphetamine alone (T=5, p<0.05). 

The combination of methysergide with D-amphetamine 
produced more dramatic results. Figure 3 suggests that 
methysergide simply exaggerated the facilitation produced 
by D-amphetamine but the individual results depicted in Fig. 
4 show that in 4/9 rats methysergide abolished or reversed 
the facilitory effect of amphetamine while in another 4 rats 
large increases in responding occurred. Furthermore, at the 
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FIG. 3. Changes in VI self-stimulation rate after saline, 
L-amphetamine or D-amphetamine in combination with methyser- 
gide (shaded bars) or its acid vehicle (open bars). 

time that responding increased (30-45 min into the session), 
the 4 rats became extremely hyperactive,  running around the 
test chamber and jumping continually against the lid of the 
chamber. When the rats were removed from the test box, 
they appeared to be hyperthermic (rectal temperature in 2 
rats was about 40°C). Hyperactivi ty continued for about 15 
min, followed by lethargy and collapse. Two of these rats (56 
and 61) later died. Rat 56 died 1-1/2 hours after drug adminis- 
tration. Its heart was found to be stopped when breathing 
ceased. Rat 61 was cooled for 3 hr in an attempt to lower its 
body temperature,  appeared to be revived, but died over- 
night. Rats 58 and 59 were treated with chlorpromazine 
(0.5-1 mg IP) 10-20 min after the onset of  hyperactivity and 
both rats survived. During the test or post-test period the 
rats '  frantic activity was not accompanied by seizures al- 
though 3/4 rats normally did have a grand mal seizure during 
each self-stimulation period. 

There was no correlation between the nature of the re- 
sponse to D-amphetamine plus methysergide and the 
baseline response rate, the response to D- or L-amphetamine 
alone, or the response to methysergide alone. There was a 
significant association between the nature of the response to 
D-amphetamine plus methysergide and the position of the 
electrode within the hippocampus. Four  of  6 rats with elec- 
trodes in the CA fields showed the hyperactivity while none 
of the 3 rats with electrodes in the dentate gyrus did so 
(X~=5.2; p<0.05).  
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FIG. 4. Change in hippocampal self-stimulation rates of individual 
rats treated with methysergide plus D-amphetamine (shaded bars) 
and with D-amphetamine alone (dotted line). Starred bars indicate 
rats which showed hyperactivity and collapse. 

D I S C U S S I O N  

Methysergide, like other treatments which reduce brain 
5HT activity [4, 16, 17] potentiated the locomotor stimulant 
effect of  amphetamine. In agreement with Lucki and Harvey 
[16] the powerful stimulant effect of 1.0 mg/kg D-amphet- 
amine was greatly increased while the insignificant effect of 
1.0 mg/kg L-amphetamine became significant after methy- 
sergide. 

Except  that D-amphetamine was always more potent than 
L-amphetamine, the results for self-stimulation did not paral- 
lel those for locomotor activity. The effectiveness of am- 
phetamine varied from site to site. Methysergide did not alter 
SS or its facilitation by amphetamine except in the hip- 
pocampus where it made L-amphetamine depress SS and 
D-amphetamine depress SS in some animals and markedly 
facilitate it in others. These results are inconsistent with a 
recent report  [30] that 5HT antagonists potentiate am- 
phetamine effects on Ss and with a number of reports 
suggesting that 5HT depletion facilitates SS [23, 24, 31]. The 
discrepancy cannot be due to ineffectiveness of our drug 
treatment. Doses of  methysergide similar to those used here 
have been shown to block central 5HT receptors [28] and to 
be effective in reducing the suppressant effects of punish- 
ment [34]. Moreover,  in our first experiment the same 
methysergide treatment was very effective in potentiating 
the locomotor stimulation of D-amphetamine. 

On the other hand, the effects on SS of  interfering with 
5HT do seem to be variable. PCPA induced depletion has 
been reported to facilitate, and depress,  hypothalamic SS 
[23, 24, 33]. There have been reports both that PCPA 
enhances and depresses SS of  the dorsal or median raphe 
[18, 31, 36] and, recently, that median raphe SS was both 
depressed by methysergide and later reinstated by PCPA 
after SS had spontaneously ceased [14]. The present study 
differed from previous reports in that SS was maintained on 
a variable interval schedule. Other studies have used con- 
tinuous reinforcement (CRF) which is not always a reliable 
indicator of  incentive [12,26]. One factor which influences 
response rate on CRF is that brain stimulation reward often 
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has a punishing component and rats will learn to self- 
stimulate and escape from stimulation of  the same site [3,26]. 
The aversion seems to build up more slowly than the reward 
produced by brain stimulation [3,26] and accumulates over 
successive trains of  brain stimulation [29]. Thus, in SS on 
CRF it is often observed that rats emit a rapid series of  lever 
presses and then withdraw from the lever - -presumably  be- 
cause the series of brain stimulations has raised the aversion 
component to an unacceptable level. The presence of an 
aversive component to brain stimulation rewards, the mag- 
nitude of  which varies from site to site [1, 2, 19], suggests an 
explanation for the variability of results with 5HT blockade. 
Panksepp, Gandelmann and Trowill [20] have shown that the 
anti-anxiety drug chlordiazepoxide increased self-stimu- 
lation at sites where escape behavior was also obtained but 
decreased self-stimulation at sites where consistent escape 
behavior was not obtained. It is well established that 5HT 
blockade has the same effect as anti-anxiety drugs in reducing 
the suppressive effect of  punishment [9, 34, 39]. Thus, PCPA 
and 5HT receptor  antagonists might be expected to increase 
self-stimulation when that stimulation has an aversive com- 
ponent [39]. In the present experiments the spacing of the 
stimulation of a VI schedule and the short pulse trains (0.2 
sec) would eliminate the accumulation of the aversive com- 
ponent and thus blocking 5HT would not be expected to alter 
SS. 

In hippocampal SS D-amphetamine was facilitatory. Al- 
though the undrugged response rate was extremely low 
(mean 153 responses/hour) ,  D-amphetamine increased it 
by about  100% (295 r e sponses /hour ) - - a  propor t iona te  in- 
c rease  in line with increases  at o ther  subcort ical  sites. 
L-amphetamine did not, however, alter SS of the HPC, but 
when combined with methysergide, depressed SS. When 
D-amphetamine was combined with methysergide, in some 
rats SS was depressed or unchanged, but in others the 
facilitatory effect of  D-amphetamine was exaggerated. These 
rats later became seriously ill. Because methysergide plus 
amphetamine was lethal in rats which increased SS, it is 
difficult to interpret the significance of these observations for 
SS. Since the drug combination is lethal only in SS of  the 
HPC, the lethality is clearly not due to the drugs themselves. 

The cause of  death in these animals was not established. 
One possibility is acute adrenocortical insufficiency. Be- 
cause HPC response rates were low animals collected fewer 
rewards than the VI schedule permitted (max. rewards 
720/hr) so that increases in response rates resulted in more 
brain stimulation. Hippocampal stimulation is known to in- 
hibit ACTH release under stressful conditions [6,15]. In the 

present experiment,  the stressor effect of amphetamine 
would be potentiated by methysergide increasing its locomo- 
tor stimulant effect and by exaggerating its cardiovascular 
effects via blockade of 5HT inhibitory projections to sympa- 
thetic preganglionic neurons [5]. Therefore, these drugs to- 
gether might well be lethal in an animal whose ACTH pro- 
duction is depressed by repeated hippocampal stimulation. 
The symptoms of adrenal crisis are similar to those 
observed--s t ress  is followed by severe fever, then lethargy, 
deepening into somnolence. Death results from blood pres- 
sure falling and pulse failing as hypovolemic vascular shock 
ensues [40]. This and other possible causes of death are cur- 
rently being investigated. 

It is clear that hippocampal stimulation in the presence of  
these drugs causes profound physiological disturbance. It is 
not surprising therefore that most animals avoid SS during 
the period of  peak actiorv--indeed, all rats reduced SS when 
methysergide was combined with the weaker stimulant 
L-amphetamine. Rather, it is puzzling that some rats did 
increase SS and precipitated a physiological crisis. The only 
factor which was correlated with increased HPC SS was 
electrode location within the HPC but this in itself does not 
suggest an explanation. It is possible that methysergide pre- 
vented the aversive effects of  HPC stimulation from sup- 
pressing responding but it is difficult to see why methyser- 
gide should have this effect at some HPC sites and not 
others. 

To conclude, our results suggest that 5HT plays no direct 
role in SS of cortical, diencephalic and midbrain SS sites, 
and that the differential facilitatory effects of  amphetamine 
isomers on SS cannot be explained by their effects on 5HT 
transmission. The results also demonstrate that the neural 
substrate of  hippocampal SS is not functionally homogene- 
ous and that 5HT may be involved in the effects of  am- 
phetamine on some hippocampal SS sites. Finally, the unex- 
pected lethality of SS in D-amphetamine-methysergide 
treated animals indicates that more attention should be given 
to the autonomic effect of self-stimulation and its modulation 
by drugs. 

ACKNOWLEDGMENTS 

This research was supported by NSERC grant No. A6303 to K. 
Franklin and NSERC grant No. A66 to P. M. Miiner. We thank 
Smith, Kline and French, Canada Ltd. for providing D- and 
L-amphetamine and Sandoz (Canada) Ltd. for their gift of 
methysergide. 

R E F E R E N C E S  

1. Atrens, D. M., D. M. Cobbin and G. Paxinos. Reward-aversion 
analysis of rat mesencephalon. Neurosci. Lett. 6: 197-201, 1977. 

2. Atrens, D. M. and F. Von Vietinghoff-Riesch. The motivational 
properties of electrical stimulation of the medial and paraven- 
tricular hypothalamic nuclei. Physiol. Behav. 9: 229--235, 1972. 

3. Bower, G. H. and N. E. Miller. Rewarding and punishing ef- 
fects from stimulating the same place in the rat's brain. J. comp. 
physiol. Psychol. 51: 669-678, 1958. 

4. Breese, G. R., B. R. Cooper and R. A. Mueller. Evidence for 
involvement of 5-hydroxytryptamine in the actions of am- 
phetamine. Br. J. Pharmac. 154: 307-314, 1974. 

5. Cabot, J. B., J. M. Wild and D. M. Cohen. Raphe inhibition of 
sympathetic preganglionic neurons. Science 203: 184--186, 1979. 

6. Endroczi, E., K. Lissak, B. Bohus and S. Kovacs. The inhibi- 
tory influence of archicortical structures on pituitary-adrenal 
function. Acta physiol, hung. 16: 17-22, 1959. 

7. Ferris, R. M., F. L. M. Tang and R. A. Maxwell. A comparison 
of the capacities of isomers of amphetamine, deoxy-pipradol 
and methylphenidate to inhibit the uptake of tritiated catechol- 
amines into rat cerebral cortex slices, synaptosomal prepara- 
tions of rat cerebral cortex, hypothalamus and striatum and ad- 
renergic nerves of rabbit aorta. J. Pharmac. exp. Ther. 181: 
407-416, 1972. 

8. Fibiger, H. C. Drugs and reinforcement mechanisms: A critical 
review of the catecholamine theory. Ann. Rev. pharmac. Tox. 
18: 37-56, 1978. 



370 F R A N K L I N  A N D  R O B E R T S O N  

9. Geller, I. and K. Blum. The effects o f  5HTP on para- 
chlorphenyl-alanine (p-CPA) attenuation of "conflict" behav- 
ior. Eur. J. Pharmac. 9: 31%324, 1970. 

10. Heikkila, R. E., H. Orlanski, C. Mytilineou and G. Cohen. Am- 
phetamine: evaluation of d- and 1- isomers as releasing agents 
and uptake inhibitors for 3H-dopamine and 3H-norepinephrine 
in slices of rat reastriatum and cerebral cortex. J. Pharmac. exp. 
Ther. 194: 47-56, 1975. 

11. Herberg, L. J., D. N. Stephens and K. B. J. Franklin. Catechol- 
amines and self-stimulation: Evidence suggesting a reinforcing 
role for noradrenaline and a motivating role for dopamine. 
Pharmac. Biochem. Behav. 4: 575-582, 1976. 

12. Hodos, W. and E. Valenstein. An evaluation of response rate as 
a measure of rewarding intracranial stimulation. J. comp. 
physiol. Psychol. 55: 80--84, 1962. 

13. Holmes, J. C. and C. O. Rutledge. Effects of the d- and 
l-isomers of amphetamine on uptake, release and catabolism of 
norepinephrine, dopamine and 5-hydroxytryptamine in several 
regions of rat brain. Biochem. Pharmac. 25: 447-451, 1976. 

14. Katz, R. J. and G. Baldrighi. Serotonergic mediation of reward 
within the medial raphe nucleus: some persistent problems in 
interpretation. Int. J. Neurosci. 9: 145-148, 1979. 

15. Kawaka, M., K. Seto, E. Turosawa, K. Yoshida, T. Mayamato, 
M. Sekiguchi and Y. Hattari. Influence of electrical stimulation 
on lesion in limbic structure upon biosynthesis of adrenocor- 
ticoid in the rabbit. Neuroendocrinology 3: 337-348, 1968. 

16. Lucki, I. and J. A. Harvey. Increased sensitivity to d- and 
1-amphetamine action after midbrain lesions as measured by lo- 
comotor activity. Neuropharmacology 18: 243-249, 1979. 

17. Mabry, P. D. and B. A. Campbell. Serotonergic inhibition of 
catecholamine induced behavioral arousal. Brain Res. 49: 381- 
391, 1973. 

18. Miliaressis, E. Serotonergic basis of reward in median raphe of 
the rat. Pharrnac. Biochem. Behav. 7: 177-180, 1977. 

19. Olds, M. E. and J. Olds. Approach-avoidance analysis of rat 
diencephalon. J. comp. Neurol. 120: 259-283, 1963. 

20. Panksepp, J., R. Gandelman and J. Trowill. Modulation of hy- 
pothalamic self-stimulation and escape behavior by chlor- 
diazepoxide. Physiol. Behav. 5: 965-969, 1970. 

21. Pellegrino, L. J. and A. J. Cushman. A Stereotaxic Atlas of  the 
Rat Brain. New York: Appleton-Century-Crofts, 1967. 

22. Phillips, A. G. and H. C. Fibiger. Dopaminergic and norad- 
renergic substrates of positive reinforcement. Differential ef- 
fects of d- and l-amphetamine. Science 179: 575-576, 1973. 

23. Phillips, A. G., D. A. Carter and H. C. Fibiger. Differential 
effects of para-chlorophenylalanine on self-stimulation in 
caudate-putamen and lateral hypothalamus. Psychopharmacol- 
ogy 49: 23-27, 1976. 

24. Poschel, B. P. H. and F. W. Ninteman. Intracranial reward and 
the forebrain's serotonergic mechanism: studies employing 
para-chlorophenylalanine and para-chloramphetamine. Physiol. 
Behav. 7: 39-46, 1971. 

25. Poschel, B. P. H., F. W. Ninteman, J. R. McLean and D. 
Potoczak. Intracranial reward after 5, 6-dihydroxytryptamine: 
further evidence for serotonin's inhibitory role. Life Sci. 15: 
1515-1522, 1974. 

26. Roberts, W. W. Both rewarding and punishing effects from 
stimulation of posterior hypothalamus of cat with same elec- 
trode at same intensity. J. comp. physiol. Psychol. 51: 400-407, 
1958. 

27. Robertson, A., J. Kucharczyk and G. J. Mogenson. Self- 
stimulation of the subfornical organ and lateral hypothaiamus: 
Differential effects of atropine and methysergide. Pharmac. 
Biochem. Behav. 7: 173-176, 1977. 

28. Segal, M. Physiological and pharmacological evidence for a 
serotonergic projection to the hippocampus. Brain Res. 94: 
115-131, 1975. 

29. Shizgal, P. and G. Matthews. Electrical stimulation of the rat 
diencephalon: differential effects of interrupted stimulation on 
ON- and OFF-responding. Brain Res. 129: 31%333, 1977. 

30. Silveira Filho, N. G. and F. G. Graeff. Effect of tryptamine 
antagonists on self-stimulation. Psychopharrnacology 52: 87-92, 
1977. 

31. Simon, H., M. LeMoal and B. Cardo. Intracranial self- 
stimulation from the dorsal raphe nucleus of the rat: Effects of 
the injection of para-chlorophenylalanine and of alpha- 
methylparatyrosine. Behav. Biol. 16: 353-364, 1976. 

32. Sloviter, R. S., E. G. Drust and J. D. Connor. Evidence that 
serotonin mediates some behavioral effects of amphetamine. J. 
Pharmac. exp. Ther. 2011: 348--352, 1978. 

33. Stark, P. and R. W. Fuller. Behavioral and biochemical effects 
of PCPA, 3-chlorotyrasine and 3-chlorotyramine. A proposed 
mechanism for inhibition of self-stimulation. Neuropharmacol- 
ogy 11: 261-272, 1972. 

34. Stein, L., C. D. Wise and B. D. Berger. Antianxiety action of 
benzo-diazepines: decrease in activity in serotonin neurones in 
the punishment system: In: The Benzodiazepines. edited by G. 
Garattini. New York: Raven Press, 1973. 

35. Taylor, K. M. and S. H. Snyder. Amphetamine: Differentiation 
by d- and l-isomers of behavior involving brain norepinephrine 
or dopamine. Science 168: 1487-1489, 1970. 

36. Van der Kooy, D., H. C. Fibiger and A. G. Phillips. An analysis 
of dorsal and median raphe self-stimulation: Effects of para- 
chlorphenylalanine. Pharmac. Biochem. Behav. 8: 441-445, 
1978. 

37. Van der Kooy, D., H. C. Fibiger and A. G. Phillips. Monoamine 
involvement: hippocampal self-stimulation. Brain Res. 136: 
11%130, 1977. 

38. Wade, A. (ed.). Martindale. The Extra Pharmacopoeia, 27th 
Edition. London: The Pharmaceutical Press, 1977. 

39. Wauquier, A. Enhancement of brain self-stimulation behavior 
by minor tranquilizers in the rat: Evidence and interpretations. 
In: Anxiolytics, edited by S. Fielding and H. Lal. New York: 
Futura Publ. Co., 1979. 

40. Wintrobe, M. M., G. W. Thorn, R. D. Adams, E. Braunwald, 
K. J. Isselbacher and R. G. Petersdorf (Eds.). Harrison's Prin- 
ciples of  Internal Medicine 7th Edition. New York: McGraw 
Hill, 1974, p. 520. 

41. Zabik, J. E., R. M. Levine and R. P. Maikel. Drug interactions 
with brain biogenic amines and the effects of amphetamine 
isomers on locomotor activity. Pharmac. Biochem. Behav. 8: 
42%435, 1978. 


