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LEE, H. K., C. Y. CHAI, M. J. WAYNER, P. M. CHUNG AND J. T. CHENG. Mechanisms of amitriptyl&e induced 
hypothermia in the rat. PHARMAC. BIOCHEM. BEHAV. 7(2) 159 165, 1977. Effects of amitriptyline on rectal 
temperature of male rats were studied at the ambient temperature of 25°C. Drugs were administered intraperitoneally. 
Amitryptyline elicited a dose related hypothermia. The hypothermia was attenuated by phenoxybenzamine 10 mg/kg, 
haloperidol 2 mg/kg, diphenhydramine 5 mg/kg, atropine 20 mg/kg, and cyproheptadine 5 mg/kg. Propranolol, at a dose of 
5 mg/kg, had no effect on the hypothermia. Theophylline 50 mg/kg and dibutyryl cyclic AMP 20 mg/kg inhibited the 
hypothermia produced by amitriptyline. Pretreatment with parachloroamphetamine (PCA), 2 or 5 mg/kg daily for 3 days, 
strongly antagonized the hypothermia. In addition, pretreatment with parachlorophenylalanine (PCPA), 100 mg/kg daily 
for three days, reduced the brain 5-hydroxytryptamine (5-HT) concentration to 20% of the control level and completely 
blocked the hypothermia response. When brain 5-HT concentration recovered to 50% of the control level in PCPA treated 
rats following the administration of 10 mg/kg 5-hydroxytryptophan (5-HTP) the hypothermia induced by amitriptyline was 
restored. However, the administration of 5-HT, 5 mg/kg, to PCPA treated rats did not increase brain 5-HT concentration or 
restore the amitriptyline induced hypothermia (AIH). Results suggest that amitriptyline interacts with several transmitter 
substances to produce hypothermia. Since the ability of amitriptyline to produce hypothermia was correlated with brain 
5-HT content, 5-HT might play an important role in the mediation of AIH. 

Amitriptyline Hypothermia Neurotransmitter blocking agents Theophylline 
Dibutyryl cyclic AMP Parachloroamphetamine Parachlorophenylalanine 
5-Hydroxytryptamine 5-Hydroxytryptophan Brain 5-HT content Temperature regulation 

A M I T R I P T Y L I N E  is a widely used drug in the t r e a t m e n t  of  
depress ion  [ 2 ] .  A l t h o u g h  the  m e c h a n i s m s  of  its ant i -  
depressan t  ac t ion  has  no t  been  e luc ida ted ,  i t  b locks  the 
r eup t ake  of  n o r e p i n e p h r i n e  (NE)  and 5 - h y d r o x y t r y p t a m i n e  
(5-HT) by nerve t e rmina l s  [ 2 , 1 2 ] .  E n h a n c e d  and p ro longed  
adrenergic  and  se ro ton inerg ic  act ivi ty  due to b locked  
r eup take  migh t  a c c o u n t  for  the an t i dep re s san t  act ivi ty  [ 2 ] .  
In add i t ion ,  a m i t r y p t y l i n e  and o t h e r  tr icyclic anti-  
depressants  are k n o w n  to p o t e n t i a t e  a p o m o r p h i n e  induced  
gnawing  behav ior  in mice [ 3 , 9 ] .  This ef fec t  is due n o t  only  
to adrenergic  and  se ro ton inerg ic  m e c h a n i s m s  [3] bu t  also 
the  e n h a n c e m e n t  of dopamine rg ic  and  the  inh ib i t i on  of  
chol inergic  sys tems in the  cent ra l  ne rvous  sys tem [9 ] .  
Appa ren t l y ,  the  i n t e r ac t i ons  be t w een  ami t r ip ty l ine  and 
n e u r o t r a n s m i t t e r s  are complex .  Resul ts  of p re l iminary  
e x p e r i m e n t s  indica te  t ha t  ami t r ip ty l ine  p roduces  h y p o -  
t he rmia  in the rat.  Therefore ,  the p resen t  s tudy  was 
designed to evaluate  the possible  i m p o r t a n c e  of several 
t r a n s m i t t e r  subs tances  in ami t r ip ty l ine  i nduced  h y p o -  

t he rmia  (AIH).  Resul ts  indica te  t ha t  a l t hough  ace ty lcho l ine  
(ACh) ,  NE, d o p a m i n e ,  and  h i s t amine  migh t  play a role in 
AIH, 5-HT seems to be the mos t  i m p o r t a n t .  At least 50% of  
the  n o r m a l  brain 5-HT mus t  be p resen t  for ami t r ip ty l ine  to 
exer t  i ts  h y p o t h e r m i c  effect .  

METHOD 

Animals 

Male Sprague-Dawley rats, 2 0 0 - 3 0 0  g in weight ,  were 
u s e d  At least one day pr ior  to the expe r imen t ,  the  animals  
were t rans fe r red  f rom the  b reed ing  quar te r s  to the  air 
cond i t i oned  l a b o r a t o r y  (25 +- I°C).  Rectal  t empe ra tu r e  was 
ob ta ined  by a YSI 423 probe  inser ted  5 cm in to  the r ec tum 
and displayed on a YSI 47 t e l e t h e r m o m e t e r .  In a to ta l  of  
146 u n t r e a t e d  rats the average t e m p e r a t u r e  was 38.5 + 
0.5°C (SD). Af te r  the  ini t ial  rectal  t empe ra tu r e  was 
ob t a ined  saline or drug p r e t r e a t m e n t s  were admin i s t e red  
in t raper i tonea l ly .  The con t ro l  rectal  t e m p e r a t u r e  was then  
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obtained twice with an interval of 15 min. The second 
reading was used as a reference value for each of the 
respective experiments. After the second control reading, 
amitriptyline was injected intraperitoneally and additional 
readings were obtained 15, 30, 60, 90, 120, 150, 180,240 
and 300 min later. There were six rats in each group. Drug 
solutions were administered at a volume of 0.1 ml/100 g 
body weight. 

Drug Treatment  

The hypothermic effect of amitriptyline HC1 (Hoffman- 
La Roche) was studied after doses of I0, 20, and 50 mg/kg 
were administered intraperitoneally. In the experiments in 
which the hypothermia was to be antagonized, amitrip- 
tyline was used in a dose of 20 mg/kg. 

Pretreatments 

All drugs were administered intraperitoneally: phenoxy- 
benzamine HC1 (Smith Kline and French) 10 mg/kg, 30 min 
before the amitriptyline administration; propranolol HC1 
(Sigma) 5 mg/kg, 30 min before; haloperidol (Janssen) 2 
mg/kg as a suspension (two drops of surfactant polysorbate 
in 10ml saline), 30 min before; diphenhydramine HC1 
(Sigma) 5 mg/kg, 30 min before; atropine sulfate (Sigma) 
20 mg/kg, 30 min before; cyproheptadine HC1 (Merck 
Sharp and Dohme) 5 mg/kg, 30 min before; theophylline 
(Sigma) 50 mg/kg, 30 min before; monosodium dibutyryl 
cyclic AMP (Sigma) 20 mg/kg, 30 min before. Both 
parachloroamphetamine (PCA, Sigma) 2 or 5 mg/kg and 

parachlorophenylalanine (PCPA, Sigma) 100 mg/kg were 
administered daily for three days and the last dose was 
injected 24 hr before the amitriptyline treatment. Two 
groups of PCPA pretreated rats were further treated with 
5-hydroxytryptophan (5-HTP, Sigma) or 5-HT oxalate 
(Sigma) before the amitriptyline injection. 5-HTP (5 mg/kg) 
was administered 12 and 24 hr after the last dose of PCPA 
and the amitriptyline administration then followed the last 
treatment of 5-HTP by 16hr. 5-HT was administered in a 
dose of 5 mg/kg 30 min before the amitriptyline injection. 
All doses of premedications selected did not affect rectal 
temperature significantly by themselves. 

Brain 5-HT Concentration 

The 5-HT concentration in the whole brain was de- 
termined according to a spectroflurophotometric method 
[1] in four groups of five rats. They were the normal 
control group, PCPA pretreated group, PCPA and 5-HTP 
pretreated group, and the PCPA and 5-HT pretreated group. 

RESU LTS 

Dose Dependent  Hypo  therm ia lndu ted by A m itrip(vlitle 

The hypothermic effects produced by 10 {. ), 20 
(L2 . . . .  D), and 50 ( - . )  mg/kg of amitriptyline are 
illustrated in Fig. 1. Data are presented in terms of the 
mean + SE rectal temperature for each group at the times 
indicated. Data were analyzed by means of a 3 × 11 
ANOVA having repeated measures on one factor [ 13]. Tile 
three doses of 10, 20 and 50 mg/kg of amitriptyline 

:. -~Amitriptyline IOmo/kg,i.p. 
o-°=-OAmitriptyline 20rng/kg, ip .  
o ~  Amitriptyline 50mg/kg , i  p 
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FIG. 1. Dose response relation of amitriptyline induced hypothermia (AIH). Each point represents a mean ± 

SE (N = 6). Amitriptyline elicited a dose dependent hypothermic effect with doses of 10-50 mg/kg, IP. 
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FIG. 2. Effects o f  propranolol and phenoxybenzamine on AIH. Each point represents a mean _+ SE (N = 6). 
Propranolol pretreatment did not interfere with the hypothermic effect induced by amitriptyline. 

Phenoxybenzamine pretreatment attenuated the hypothermia. 

represented one factor (dose). Temperature at zero 
(control) just before amitriptyline was administered and at 
15, 30, 45, 60, 90, 120, 150, 180, 240 and 300 min after 
the amitriptyline treatment constituted the other factor 
( t i m e ) .  The main effects were significant: dose, 
F(2,15) = 28.38, p<0.01;  time, F(10,150) = 76.52, p<0.01. 
The  i n t e r a c t i o n  dose  by time was significant, 
F (20 ,150)=28 .74 ,  p<0.01.  Single main effects analyses 
r e v e a l e d  s i g n i f i c a n t  d i f f e rences  for 20 mg/kg, 
F (10 ,150)=6 .23 ,  p<0.01 and 50 mg/kg amitriptyline, 
F(10,150)= 14.70, p<0.01 but not for the 10 mg/kg dose. 
Temperature at each time was then compared to the 
control temperature prior to amitriptyline treatment by 
means of post hoc Dunnett tests [13].  The post hoc 
analysis revealed that both groups, 20 and 50 mg/kg, 
produced significant decreases in rectal temperature during 
the period from 3 0 - 3 0 0  min after the amitriptyline treat- 
ment (p<0.01). Therefore, the AIH endured for at least 
5 hr. Single main effects across three doses at times 15, 30, 
45, 60 and 90 rain after the amitriptyline treatment were 
not significant, but were significant at times 120, 150, 180, 
240 and 300 min, F(2,165) = 5.08, 8.02, 9.30, 11.11 and 
9.88, respectively, p<0.01.  Temperatures produced by 
three doses at a given time were compared to each other by 
means of post hoc Tukey A tests. These tests revealed that 
at 120 and 150 min, 20 and 50 mg/kg were significantly 
different from 10 mg/kg (p<0.01) but did not differ 
significantly from each other. At 180 min, each dose was 
significantly different from each other (p<0.01). At 240 
and 300 min, 10 and 20 mg/kg were significantly different 

from 50 mg/kg (p<0.01) but no significant difference was 
found between 10 and 20 mg/kg. These results indicate that 
AIH is a dose related effect. 

Effects o f  Adrenergic Blocking Agents on AIH 

Effects of an alpha adrenergic blocking agent, phenoxy- 
benzamine (~ ----z~), and a beta adrenergic blocking agent, 
propranolol ( o - -  o), on AIH are shown in Fig. 2. Data are 
presented as mean +_ SE. A 3 x 11 ANOVA as described 
previously was applied to the data of the present ex- 
periment. Three groups of amitriptyline control, phenoxy- 
benzamine pretreatment and propranolol pretreatment 
represented one factor (drug). The 11 temperature mea- 
surements obtained at different times constituted the other 
factor (time). The main effects were significant: drug, 
F(2,15) = 36.96, p<0.01 ; time, F(10,150) = 52.70, p<0.01.  
The  i n t e r a c t i o n  drug  by time was significant, 
F(20 ,150)=2 .96 ,  p<0.01. Significant single main effects 
were found for the amitriptyline control group ( e - - - - ~ ) ,  
F(10 ,150)=4.47 ,  p<0.01, and for the propranolol pre- 
treated group, F(10 ,250)=4 .30 ,  p<0.01. However, there 
was no significant single main effect for the phenoxy- 
benzamine pretreated group. Post hoc Dunnett tests 
indicated that amitriptyline produced a significant decrease 
of rectal temperature in the control group at 30 180 rain 
after the drug treatment (p<0.01) and in the propranolol 
pretreated group at 30 to 150rain (p<0.01). The results 
suggest that phenoxybenzamine, but not propranolol, 
attenuates the hypothermic response induced by amitrip- 
tyline. 
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Effects o f  Haloperidol, Diphenhydramine, Atropine and 
Cyproheptadine on AIH 

Effects of a dopaminergic receptor blocker, haloperidol 
( a - -  ~ ) ,  a histamine antagonist, diphenhydramine 
( ~ -  -~) ,  a cholinergic blocking agent, atropine (o--  . ) ,  
and a 5-HT antagonist, cyproheptadine ( - -  - , )  on AIH 
are shown in Fig. 3. A 5 x 11 ANOVA as previous described 
was applied to the data of the present experiment. The 
amitriptyline control group and the other four groups 
pretreated with either haloperidol, diphenhydramine, 
atropine or cyproheptadine represented one factor (drug). 
The I I temperature measurements obtained at different 
times constituted the other factor (time). Main effects were 
significant: drug, F(4 ,25)=  6.27, p<0.01;  time, F(10,150) 
= 37.60, p<0.01. The interaction drug by time was 
significant, F(4,250) = 3.16, p<0.01.  A significant single 
main effect was found for the amitriptyline control 
group ( . -  - e ) ,  F (10 ,250)=4 .09 ,  p<0.01,  but not for the 
other four drug pretreated groups. Post hoc Dunnett tests 
indicated that amitriptyline caused a significant decrease of 
rectal temperature in control groups at 4 5 - 2 4 0  rain after 
the drug treatment (p<0.01). The results suggest that 
ha loper idol ,  diphenhydramine, atropine and cypro- 
heptadine significantly reduce amitriptyline induced hypo- 
thermia. 

Effects o f  TheophylIine and Dibutyryl Cyclic AMP on AIH 

The effects of dibutyryl cyclic AMP (~ - a )  and an 
inhibitor of cyclic AMP phosphodiesterase, theophylline 
( B - - ~ J )  [ 10], are illustrated in Fig. 4. Data are presented 
as mean ± SE. A 3 x 1 l ANOVA as described previously 
was carried out. Amitriptyline control treatment, dibutyryl 
cyclic AMP pretreatment and theophylline pretreatment 
represented one factor (drug), The 11 time measure- 
ments constituted the other factor (time). Main effects 
were significant: drug, F(2 ,15)=  17.18, p<0.01;  time, 

F(10,150) = 26.6l ,  p<0.01. The interaction drug by time 
was significant, F (20 ,150)=2 .49 ,  p<0.01. A significant 
single main effect was only found for the amitriptyline 
control g roup(o- - - -  o), F(10,150) = 3.51, p<0.01,  but not 
for the groups pretreated with dibutyryl cyclic AMP, or 
theophylline. Post hoc Dunnett tests indicated that ami- 
triptyline produced a significant decrease in rectal tem- 
perature of the control group at 3 0 - 1 5 0  min after the drug 
treatment (p<0.01). Results indicate that both dibutyryl 
cyclic AMP and theophylline significantly reduce the 
hypothermic effect induced by amitriptyline. 

Effects of  PCA on A IH 

Effects of PCA, a selective depictor of brain 5-HT [ 11 ], 
are illustrated in Fig. 5. Data are presented as mean + SE. 
When PCA, 2 or 5 mg/kg, was initially administered, it 
produced hyperthermia, sweating, increase of motor activity 
and hyperreactive to auditory stimuli. PCA induced hyper- 
thermia has been reported previously [5]. However, these 
reactions were not observed after the second or the third 
administration of PCA. A 3 x 11 ANOVA as described 
previously was used to analyze the data. The amitriptyline 
control treatment ( ,~- - - -o) ,  PCA 2 mg/kg pretreatment 
( ~ - -  ~), and PCA 5 mg/kg pretreatment (L~ - ~ )  re- 
presented one factor (drug). The 11 time measurements 
constituted the other factor (time). The main effects were 
s i g n i f i c a n t :  d rug ,  F (2 ,15)=28 .85 ,  p<0.01;  time, 
F( lO,150)= 25.16, p<0.01. The interaction drug by time 
was significant, F (20 ,150)=9 .02 ,  p<0.01. A significant 
main effect was found for the amitriptyline control group, 
F(10,150)= 5.22, p<0.01;  but not for the PCA 2 mg/kg 
pretreated group, or the PCA 5 mg/kg pretreated group. 
Post hoc Dunnett tests indicated amitriptyline produced a 
significant decrease in rectal temperature at 3 0 - 2 4 0  rain 
after the drug treatment (p<0.01). These results indicate 
that PCA dramatically attenuates the AIH. 
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with doses of 2 or 5 mg/kg significantly attenuated the AIH. 
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of 5-hydroxytryptophan (5-HTP), but not of 5-hydroxytryptamine (5-HT), to the PCPA pretreated group 

restored the AIH. 

Brain 5 - H T  Concen t ra t ion  and A I H  

PCPA, a p o t e n t  and selective dep le to r  of  5-HT [ 7 ] ,  was 
used to s tudy  the  re la t ion  b e t w e e n  bra in  5-HT con-  
c e n t r a t i o n s  and  AIH. The  effects  of  drug t r e a t m e n t  on  
rectal  t e m p e r a t u r e  are i l lus t ra ted  in Fig. 6. The data  were 
ana lyzed  by means  of  a 4 x 11 A N O V A  as descr ibed 
previously .  The  ami t r ip ty l ine  con t r o l  t r e a t m e n t  t o - - - - - - . ) ,  
PCPA p r e t r e a t m e n t  (/~- ~a), PCPA and 5-HT pre- 
t r e a t m e n t  (D - D), and PCPA and 5-HTP p r e t r e a t m e n t  
(D - ~) r ep resen ted  one  fac to r  (drug).  The 11 t ime 
m e a s u r e m e n t s  c o n s t i t u t e d  the o t h e r  f ac to r  ( t ime) .  Main 
effects  were s ignif icant :  drug, F ( 3 , 2 0 )  = 18.01,  p < 0 . 0 1 ;  
t ime,  F ( 1 0 , 2 0 0 )  = 19.38,  p < 0 . 0 1 .  The  i n t e r ac t i on  drug by  
t ime was s ignif icant ,  F ( 3 0 , 2 0 0 )  = 6.04,  p < 0 . 0 1 .  Signif icant  
single ma in  ef fec ts  were found  in the  ami t r ip ty l ine  con t ro l  
group,  F ( 1 0 , 2 0 0 )  = 3.12, p < 0 . 0 1 ,  and  in the  PCPA and 
5-HTP p r e t r e a t e d  group,  F ( 1 0 , 2 0 0 )  = 3.04,  p < 0 . 0 1 ,  bu t  no t  
in groups  p r e t r e a t e d  wi th  e i the r  PCPA or PCPA and 5-HT. 
Post  hoc  D u n n e t t  tests  ind ica ted  t ha t  s ignif icant  decreases 
in rec ta l  t e m p e r a t u r e  were p roduced  by  a m i t r y p t y l i n e  at 
3 0 - 1 2 0  rain af te r  the  drug t r e a t m e n t  and by  PCPA and 
5-HTP at 6 0 - 1 2 0  min  ( p < 0 . 0 1 ) .  These results  suggest tha t  
PCPA p r e t r e a t m e n t  can abol ish  A1H. T r e a t m e n t  wi th  
5-HTP but  n o t  5-HT can reverse this  effect .  

Table  1 summar izes  the  effects  of  drug t r e a t m e n t  on  
brain  5-HT c o n c e n t r a t i o n .  Mean 5-HT bra in  c o n t e n t  of  the 
con t ro l  group was 0 .40 + 0.02 (SE) ~g/g wet  weight .  PCPA 
t r e a t m e n t  decreased the  brain  5-HT c o n c e n t r a t i o n  to 20% 
of  the con t ro l  level (0.08 ± 0.01 ~g/g). When the PCPA 

pre t r ea t ed  rats were fu r t he r  t rea ted  w i t h  5-HT, which  does 
no t  pene t r a t e  the  b lood  bra in  barr ier  readily [ 4 ] ,  the brain 
5-HT c o n c e n t r a t i o n  only  slightly increased to 259; of the 
con t ro l  level (0 .10 + 0.03 ug/g).  On the o the r  h a n d ,  if the  
PCPA pre t r ea t ed  rats were t rea ted  wi th  5-HTP,  which  easily 
pene t r a t e s  the  b lood  brain  barr ier  [ 4 ] ,  bra in  5-HT con- 
c e n t r a t i o n  increased to 50~7~ of the con t ro l  level (0.20 + 
0.01 ug/g). When the  data  in Table  1 were ana lyzed  by 
means  of  a one-way A N O V A ,  a s ignif icant  ma in  ef fec t  was 
found ,  F ( 3 , 1 6 ) = 4 5 . 7 3 ,  p < 0 . 0 1 .  Individual  compar i sons  
were then  p e r f o r m e d  by means  of post  hoc  Tukey  A tests. 
These  tests  ind ica ted  tha t  the brain  5-HT c o n c e n t r a t i o n s  of 
b o t h  the PCPA or PCPA and 5-HT p re t r ea t ed  groups  were 
s ignif icant ly  lower  than  those  of con t ro l s  ( p < 0 . 0 1 ) .  No 

T A B L E  1 

E F F E C T  O F  5 - H Y D R O X Y T R Y P T A M I N E  (5-HT) A N D  5- 
H Y D R O X Y T R Y P T O P H A N  (5-HTP)  ON T H E  L E V E L S  O F  5-HT IN 
T H E  R A T  B R A I N  F O L L O W I N G  P R E T R E A T M E N T  WITH P A R A -  

C H L O R O P H E N Y  L A L A N I N E  (PCPA)  

Brain 5-HT content  
Drug g.g/g wet weight 

I Control 0.40 +_ 0.02* 

II PCPA 0.08-+0.01 

III PCPA & 5-HT 0.10,  0.03 

IV PCPA & 5-HTP 0.20-+0.01 

*Mean + SE, N = 5. 
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significant difference was found be tween  the cont ro l  group 
and the group treated with PCPA and 5-HTP, or be tween  
any o ther  groups. The data suggest that relatively intact  
levels of  brain 5-HT are required for amit r ip tyl ine  to exer t  
its hypo the rmic  action. 

DISCUSSION 

A dose related hypo the rmic  action induced by ami- 
t r iptyl ine in rats was demonst ra ted .  Results of the present  
s tudy also indicate that AIH can be a t tenuated  by an alpha 
adrenergic blocking agent (phenoxybenzamine) ,  a dop- 
amine receptor  b locker  (haloperidol) ,  a his tamine antag- 
onist (d iphenhydramine) ,  a cholinergic blocking agent  
(atropine),  and a 5-HT antagonist  (cyproheptadine) .  There- 
fore, AIH might be related to the actions of  NE, dopa- 
mine,  his tamine,  ACh, or 5-HT. These results agree 
with several observat ions [2, 3, 9, 12] which indicate that 
the antidepressive and some o ther  behavioral  effects  of  
amitr iptyl ine  can be a t t r ibuted to an interact ion with many  
neurotransmit ters ,  such as NE, 5-HT, dopamine ,  and ACh. 

Both theophyl l ine  and dibutyryl  cyclic AMP markedly  
inhibi ted AIH. At the cellular level theophyl l ine  is known 
to inhibit  phosphodiesterase  and thus increase cyclic AMP 
concent ra t ion  [10] .  Dibutyryl  cyclic AMP is similar to 
cyclic AMP but it penetra tes  cell membranes  more  easily 
and is resistant to the catabolic  effect  of cyclic AMP 
phosphodiesterase [ 10]. Therefore ,  the a t tenuat ion  of  AIH 
by theophyl l ine  or d ibutyryl  cyclic AMP indicates that  the 
pharmacological  effect  of  amit r ip tyl ine  might  be media ted  
indirectly by cyclic AMP. Since many physiological  actions 
of neurot ransmi t te rs  are known to be media ted  by cyclic 

AMP [ 10],  amitr iptyl ine  might  increase the amount  of NE, 
5-HT, or dopamine  in the synaptic cleft  due to an 
inhibi t ion of  reuptake [2,12] which in turn would activate 
adenylate  cyclase activity [6,10] and raise the cyclic AMP 
con ten t  in the brain. 

The ability of  amitr iptyl ine  to produce hypo the rmia  
correlated closely with the brain 5-HT levels. PCA, in doses 
which produce a marked reduct ion  in the brain level of  
5-HT [11] ,  greatly a t tenuated  the AIH. In addit ion,  when 
brain 5-HT concent ra t ion  was significantly decreased to 
20% of the control  level by t rea tment  with PCPA, 
amitr iptyl ine  did not  produce a decrease in rectal tem- 
perature.  An increase of  brain 5-HT concent ra t ion  to 50% 
of the control  level in PCPA treated rats by adminis t ra t ion 
of 5-HTP, restored the hypothermia .  On the o ther  hand, 
adminis t ra t ion of 5-HT to PCPA treated rats nei ther  
increased the brain 5-HT concent ra t ion  significantly nor  
restored the AIH. Therefore ,  it appears that the amount  of  
brain 5-HT is critical for the hypo the rmic  effect  of  
amitr iptyl ine.  The ability of amitr iptyl ine  to block the 
reuptake of  5-HT by nerve terminals [2,12] alone, which 
increases the bioavailabili ty of  5-HT to postsynapt ic  re- 
ceptors,  could explain its hypo the rmic  effect .  Results of  
the present study indicate that  amitr iptyl ine  might  interact  
with several neurotransmit ters ,  such as 5-HT, NE, dopamine  
or ACh. However ,  among all these t ransmit ter  substances 
only 5-HT has been shown to decrease rectal tempera ture  
when it is administered int racerebroventr icular ly  in the 
vicinity of  the preopt ic  anter ior  hypotha lamic  region in the 
rat [8] .  Therefore .  5-HT might  play an impor tan t  role in 
the media t ion  of  amyt ryp ty l ine  induced hypothermia .  
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