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KISER,  R . S . ,  D . C .  G E R M A N  A N D  R . M .  LEBOVITZ.  Serotonergic reduction of  dorsal central gray area 
stimulation-produced aversion. PHARMAC. BIOCHEM. BEHAV. 9(1) 27-31, 1978.--Stimulating electrodes were im- 
planted into the dorsal central gray area (DCG) of rats. The animals were trained to bar press to decrement the aversive 
DCG stimulation current. Rats treated with 5-hydroxytryptophan (5-HTP), 75 mg/kg or 150 mg/kg, showed a dose- 
dependent reduction in decremental bar pressing. In a second study, animals received either chiorimipramine, 15 mg/kg, 
protriptyline, 15 mg/kg, or 5-HTP, 150 mg/kg. Chlorimipramine, a strong blocker of serotonin reuptake, and 5-HTP 
produced significant reductions in decremental bar pressing. Protriptyline, a weak serotonin reuptake blocker, produced no 
significant effect. These results suggest that serotonin reduces aversive neural mechanisms associated with the dorsal 
central gray area. 
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A NUMBER of studies have suggested that the central gray 
area is involved in central pathways for pain integration and 
relay. The dorsolateral part of the central gray area receives 
collaterals from paleospinothalamic pain pathways [36]; and 
electrical stimulation of the dorsal central gray area (DCG) 
produces aversive behavior which has been described as 
either "fearlike" [26,40] or "painlike" [53]. 

We have observed that DCG stimulation-produced aver- 
sion in rats is apparently affected by manipulations of brain 
serotonin (5-HT) function. The serotonin-depleting drug, 
para-chlorophenylalanine (PCPA), increases decremental 
bar pressing to escape DCG stimulation [29,30], and these 
findings suggest that 5-HT decreases the aversion associated 
with DCG stimulation. 

Such findings are consistent with other studies which 
have also found a role for 5-HT in reducing pain responsiv- 
ity. Lowered pain thresholds have been reported in rats fol- 
lowing forebrain 5-HT depletion produced either by lesions 
which destroy ascending 5-HT axons or by administration of 
PCPA [22, 32, 55, 64, 65], and these lowered pain thresholds 
have been reversed by the administration of  the serotonin 
precursor 5-hydroxytryptophan (5-HTP) [23,55]. Serotonin 
has been implicated in the antinociceptive actions of  opiates. 
Morphine analgesia has been enhanced by increasing brain 
5-HT levels by either systemically administered 5-HTP 
[13,46] or intraventricularly administered 5-HT [6,50]. Mor- 
phine analgesia has been reduced by 5-HT depletion induced 
by a variety of drugs [14, 18, 49, 54, 56, 59] and by lesions of 
5-HT nuclei and axons [17, 42, 43, 47, 48, 62]. Potent 
analgesia results from intracerebral morphine injections into 
the area around the serotonergic dorsal raphe nucleus (DRN) 
[63], and the antinociceptive effects of morphine microin- 

jected into this area are blocked by the 5-HT antagonists, 
methysergide and cinanserin [61]. 

To further test the hypothesis that 5-HT reduces the av- 
ersion of DCG stimulation, in the present study we have 
administered drugs which enhance 5-HT function. The drugs 
used were 5-HTP, and the two tricyclic antidepressant 
drugs, chlorimipramine and protriptyline. 5-HTP facilitates 
5-HT function by increasing total brain 5-HT levels [19], and 
chlorimipramine is a potent blocker of  5-HT reuptake [7, 8, 
35, 51]. Protriptyline only weakly blocks 5-HT reuptake [8, 
16, 51]. 

METHOD 

Male albino rats weighing approximately 250 g at the time 
of surgery were used in these studies. The details of  the 
electrode implantation surgery have been described 
elsewhere [29]. The animals were stereotaxically implanted 
with a bipolar electrode whose tip was aimed at the DCG 
(Coordinates: A P = - 0 . 2 5  mm, L = + 0 . 7  ram, V = - 0 . 1  mm) 
[52]. The electrode was insulated except for the two 0.2 mm 
dia. cross-sections at the tip. After surgery and throughout 
the course of the experiments, all animals were individually 
housed with unlimited access to,food and water. 

One week after surgery, the animals were screened for 
aversive stimulation effects. The animals were placed into a 
behavioral box enclosed in a sound-proof isolation chamber 
(BRS Foringer). The stimulation current consisted of trains 
of capacity-coupled negative square wave pulses (5 trains/ 
sec, train duration=100 msec, stimulation pulse dura- 
tion=0.5 msec, stimulation frequency=60 Hz). Animals 
were shaped to escape brain stimulation by bar pressing. 
Those animals which demonstrated stable escape bar press- 
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ing at stimulation currents below 500/xA (peak pulse) were 
next trained in a decremental  bar-pressing paradigm. In this 
paradigm the animals were presented with 120-sec stimula- 
tion periods alternating with 60-sec rest periods in which no 
stimulation occurred. At the beginning of each stimulation 
period, the stimulation current was initiated at a level which 
was pre-selected by the experimenter.  During the stimula- 
tion periods each bar press decremented the stimulation cur- 
rent by 5% of  its initial level. The 5% decrementation oc- 
curred up to a total of  nine bar presses. The tenth bar press 
terminated the stimulation and started a rest period. Should 
ten bar presses not occur in a stimulation period, the follow- 
ing rest period was automatically started at the end of 120 sec 
of stimulation. A stimulation current level was chosen for 
each animal such that its average baseline performance was 
to reduce the stimulation current level by approximately 
20-35 percent  (i.e., 4-7 bar presses). In each experiment the 
baseline level of decremental  bar pressing consisted of the 
average number of  decremental  bar  presses in ten consecu- 
tive stimulation periods. Each animal then received an 
intraperitoneal injection of  the drug in question and was im- 
mediately returned to the behavioral box and run at the same 
stimulation parameters  for 40 stimulation periods (2 hr) and 
again for ten stimulation periods at 24 hr postinjection. 

In the first study, each animal received an injection of 
either 5-HTP (75 mg/kg), 5-HTP (150 mg/kg), or normal 
saline, chosen in random order. The 5-HTP (L-5- 
Hydroxytryptophan methyl ester HCI- Calbiochem) was dis- 
solved in 0.6 ml of normal saline and administered 
intraperitoneally. In following weeks, each animal eventu- 
ally received all of the above drug injections in experiments 
separated by at least one week. Separate animals were used 
in the second study. In this experiment,  the animals received 
intraperitoneal injections of either chlorimipramine (Anaf- 
ranil; Ciba-Geigy) (15 mg/kg), protriptyline (Vivactyl; 
Merck, Sharp & Dohme) (15 mg/kg), 5-HTP (150 mg/kg), or 
normal saline. As in the first study, the order  of  drug injec- 
tions was random, and all animals received all drugs in ex- 
periments at least one week apart. After the completion of 
the studies, the animals were sacrificed with an overdose of 
sodium pentobarbital  and perfused transcardially with neu- 
tral buffered Formalin. The locations of the stimulating elec- 
trode tips were determined from 50 micron thick frozen brain 
sections stained with cresyl violet. 

RESULTS 

Histological examination showed that the stimulating 
electrode tips were located in the caudal portion of  the dorsal 
central gray area and the immediately adjacent tegmentum. 
A typical stimulation site is shown in Fig. 1. Stimulation at 
these sites produced general agitation with frantic rearing 
and running, as if the animal were searching the behavioral 
box for exits. Occasionally urination, defecation and/or 
piloerection were seen. During initial animal screening, these 
behaviors appeared to be produced in direct proport ion to 
the stimulation current intensity. As the animals reduced the 
current by bar pressing, their frantic, escape-seeking behav- 
ior progressively diminished to a point at which they could 
sit undisturbed in the behavioral box. 

In the first study, 5-HTP reduced decremental  bar press- 
ing in a dose-dependent  manner (Fig. 2). A two-factor 
analysis of  variance was conducted on the 5-HTP data, and 
significant F values were found for the drug treatment effect 
(p =0.002) and the trials effect (p<0.001). A st/bsequent Stu- 

FIG. 1. Histological section showing a stimulating ele~:trode tip (ar- 
row) lying in the dorsal central gray area. Cresyl violet stain. 

Legend---DCG: dorsal central gray, DRN: dorsal raphe nucleus. 

dent Newman-Keuls  analysis revealed that 5-HTP at both 75 
and 150 mg/kg produced a significant reduction in bar press- 
ing compared to normal saline (p<0.01 in each case), and the 
reduction at 150 mg/kg was significantly greater than that 
produced by 75 mg/kg (/9 <0.05). One hr after receiving either 
dose of 5-HTP, the level of motor agitation produced at 
stimulation onset was greatly attenuated. There were no 
signs of sedation or motor impairment after either dose of 
5-HTP, and the animals remained alert and normally active 
throughout the course of the experiment.  

The results of  the second study are shown in Fig. 3. A 
two-factor analysis of  variance was conducted on the data of 
this study. Significant F values were found for the effects of 
both drug treatment (p=0.008) and trials (p =0.002). A sub- 
sequent Student Newman-Keuls  analysis showed that the 
reduction in bar pressing after chlorimipramine and 5-HTP 
each differed significantly from normal saline (p<0.01) and 
from protriptyline (p<0.01), but the effects of chlorimip- 
ramine and 5-HTP did not differ significantly from each 
other (p>0.05). There was no significant difference between 
the effects ofprotr iptyl ine and normal saline (p>0.05). By 60 
min after receiving either chlorimipramine or 5-HTP, the 
animals '  general motor agitation during stimulation periods 
was substantially less than at baseline. At all times the ani- 
mals receiving the experimental drugs appeared alert, with 



REDUCTION OF DORSAL CENTRAL GRAY AREA AVERSION 29 

DCG RATS 

110 F 

i o o ~  T T 

eo l -  ~ ' ,  ~- i ;... 
\ \  _ 

7o \ \ |  ,,.., / 

NUMBER OF 60 • . . . .  . / " 1 .  . . . . . . .  I~ 
BAR PRESSES 5o .................. . .................. - | 
AS PERCENT I i ................. 'i OF BASELINE 40 -L. 

50 

20 e ~ e  Normal Saline 
B - - - - - I  SHTP, 75mg/kg 

10 & ........... ,A 5 HTP,15Omg/kg 

% 3'o 9'0 " 

MINUrTES HOURS 
TIME AFTER INJECTION 

FIG. 2. Effects of  5-hydroxytryptophan on decremental bar-pressing 
performance (N=8). Each point represents the mean ( _+ SEM) 
for 10 stimulation periods in all rats. Number of bar presses is ex- 

pressed as a percentage of baseline. 
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FIG. 3. Effects of tricyclic antidepressant drugs and 
5-hydroxytryptophan on decremental bar pressing performance 
(N=IS). The data are shown in the same manner as described for 

Fig. 2. 

normal motor function, and in this respect were indistin- 
guishable from saline-injected controls. 

DISCUSSION 

Several laboratories have reported that DCG stimulation 
is aversive [1, l l ,  12, 26, 39, 40, 45, 53, 58]. The aversive 
nature of DCG stimulation may derive from the fact that this 
area receives collaterals from paleospinothalamic pain path- 
ways [36] which are concerned with protopathic, or affective 
pain sensation [4,9]. The central gray area in turn has affer- 
ent and efferent connections with numerous limbic, 
hypothalamic, and thalamic sites [5, 21, 38]. This nodal posi- 
tion of  the central gray area between paleospinothalamic 
pain pathways and forebrain limbic, hypothalamic, and 
thalamic structures has led to the idea that the central gray 
area has a role in the integration of  protopathic pain stimuli 
with "painful" affects such as distress, suffering, and fear 
[24,37]. 

The results of the present studies support the hypothesis 
that 5-HT mechanisms reduce the aversion associated with 
DCG stimulation in rats. 5-Hydroxytryptophan, at doses of 
75 mg/kg and 150 mg/kg, is reported to increase brain 5-HT 
concentration by 125 and 200%, respectively [19]. The time 
course of  these 5-HT elevations corresponds closely to the 
time course of the reduction in decremental bar pressing 
which was seen in this study. The doses of  chlorimipramine 
and protriptyline used in the second study produce respec- 
tive 5-HT reuptake inhibitions of approximately 60% and 
15% [8]. These relative 5-HT reuptake inhibitions corre- 
spond well with the relative decreases in decremental bar 
pressing produced by the two drugs. 

The mechanism by which 5-HT could inhibit DCG 
stimulation-produced aversion is unknown. One possibility is 
that the serotonergic dorsal raphe nucleus is involved. The 
DRN lies in the ventrocaudal portion of  the central gray area 
[15], and several studies have found that stimulation in the 

region of  the DRN produces profound analgesia to noxious 
peripheral stimuli [2, 3, 31, 33, 34, 41]. Serotonin appears to 
be important for the production of this analgesia, since 
PCPA [2,3] and LSD [25] block analgesia produced by stimu- 
lation in this region, and the PCPA-blocked analgesia is re- 
stored by 5-HTP [2]. Although no direct connections be- 
tween the DCG and the DRN have been described, several 
limbic and thalamic structures receive overlapping proj- 
ections from both the DCG [5,21] and the DRN [10, 20, 57]. 
These sites of overlapping projections could represent im- 
portant loci for the regulation of aversive neural mechanisms 
by 5-HT. 

Although our data are consistent with the hypothesis that 
5-HT reduces aversion associated with DCG stimulation, it 
should be noted that 5-HT has been implicated in a number 
of behaviors other than those associated with aversion [60]. 
Because of this possible broad role for 5-HT, it is not certain 
that an enhancement of serotonin function by the drugs in 
our study directly and specifically reduced aversive neural 
mechanisms. Our results are consistent, however, with the 
broad range of other studies described earlier [2, 3, 6, 13, 14, 
17, 18, 22, 23, 25, 29-31, 33, 34, 41, 43, 46-50, 54-56, 59, 
61-65] which have utilized a variety of experimental 
paradigms and supported the hypothesis that 5-HT reduces 
aversion. 

Tricyclic antidepressant drugs of the type used in this 
study are widely used in clinical psychiatry for the treatment 
of depressive neuroses. Those tricyclic antidepressants such 
as chlorimipramine, which have tertiary amines in their side 
chains, are more potent in blocking 5-HT reuptake than are 
tricyclic drugs such as protriptyline, which have secondary 
amine side chains [8,16]. The tertiary amine tricyclic an- 
tidepressant drugs are also more effective than are the sec- 
ondary amine drugs in treating depressions which include 
prominent symptoms of anxiety, tension, distress, and suf- 
fering [28,44]. These dysphoric mental symptoms are similar 
to the affective symptoms of  protopathic pain states [27], and 
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the  neurob io log ica l  bas is  o f  these  painful  men ta l  s ensa t i ons  
poss ib ly  i nvo lves  the  D C G  and  its p roposed  role  in the  inte-  
g ra t ion  o f  p r o t o p a t h i c  pain st imuli  wi th  a f fec t ive  p r o c e s s e s  
of  the  l imbic  sys tem.  The  reduc t ion  o f  these  s y m p t o m s  by 
te r t i a ry  a m i n e  t r icycl ic  a n t i d e p r e s s a n t  d rugs  could  invo lve  
an  e n h a n c e d  se ro tone rg ic  inhib i t ion  of  ave r s ive  neura l  
m e c h a n i s m s  a s soc ia t ed  wi th  the  DCG.  
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