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COX, B., M. D. GREEN AND P. LOMAX. Behavioral thermoregulation in the study of drugs affecting body temperature. 
PHARMAC. BIOCHEM. BEHAV. 3(6) 1051-1054,  1975. - A method of measuring thermoregulatory behavior in the rat 
has been developed, which allows analysis of the mechanism of action of drugs which modify body temperature. The test 
measures the amount of time a rat will remain exposed to an infrared heat source before making an escape and this 
evidence has been used to divide drugs into those which act on the central thermostats and those which act on effector 
systems. A peripherally acting hypothermic drug (N-methyldiphenhydramine) increased the time of exposure to the heat 
lamp. Tri-iodothyronine increased body temperature and decreased exposure to the heat lamp. lntraventricular 
oxotremorine caused hypothermia but a decreased exposure to heat suggesting it acts to lower the set-point of the central 
thermostats. Both effects were blocked by atropine. The possibility that central cholinergic mechanisms in the 
hypothalamus have a function in determining the setting of the central thermostats is discussed. 
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ONE of  the  ma jo r  p rob l ems  in inves t igat ing the  m e c h a n i s m  
b y  which  a drug modi f ies  body  t e m p e r a t u r e  is the  
c o m p l e x i t y  o f  the  sys tem u n d e r  s tudy.  If  one accepts  the  
se t -po in t  c o n c e p t  in physiological  t e m p e r a t u r e  regula t ion  
[8]  t h e n  there  are a n u m b e r  o f  ways in which  drugs may  
acl to  a l ter  body  t empera tu re .  Drugs which  lower  b o d y  
t e m p e r a t u r e  may  do  so by  lower ing  the  se t -point .  In  this  
s i tua t ion  e f f ec to r  sys tems will be modi f ied  so t ha t  a ne t  
heat  loss occurs.  A l t e rna t ive ly  a drug may  cause a lower ing  
of  b o d y  t e m p e r a t u r e  by a direct  ac t ion  on the  e f f ec to r  
sys tems themse lves  w i t h o u t  mod i fy ing  set -point .  The 
converse  is t rue  for  drugs which  increase  body  t e m p e r a t u r e .  
They  may  act  e i the r  to  raise the  se t -poin t  or to  ac t ivate  
d i rect ly  hea t  gain effectors .  

A n u m b e r  of  workers  have s tud ied  drug ef fec ts  on  
an imal  t h e r m o r e g u l a t o r y  behav io r  in an a t t e m p t  to  eluci- 
date  the  m e c h a n i s m  of  ac t ion .  In some cases the  animal ,  
usual ly  a rat ,  is t r a ined  to  press a bar  e i the r  to  ob ta in  more  
heat  [14]  or  to escape f rom hea t  [ 3 ] .  Thus,  if  the  b o d y  
t e m p e r a t u r e  rises bu t  the  an imal  con t inues  to  press for  
heat ,  t h e n  this  suggests the  drug is raising the  se t -point .  In a 
similar s i tua t ion  in the  escape tes t  the  an imal  would  delay 
pressing the  escape-bar.  

A n o t h e r  test  t ha t  has been  used in t h e r m o r e g u l a t o r y  
s tudies  [15]  involves placing a rat  in a graded  t e m p e r a t u r e  
c h a m b e r  and  n o t i n g  the  pos i t ion  the  an imal  adop t s  w i th in  
the  gradient .  

This paper  descr ibes  a s imple,  bu t  effect ive,  m e t h o d  for  
measur ing  t h e r m o r e g u l a t o r y  behav io r  in the  rat ,  wh ich  
avoids some o f  the  d isadvantages  o f  the  earl ier  tests. This  
m e t h o d  has been  used to  analyse drug ac t ion  on  t h e r m o -  
regu la tory  m e c h a n i s m s  and  to de t e rmine  the  way in which  

o x o t r e m o r i n e ,  a di rect ly  act ing muscar in ic  agonis t  [ 1 1 ] ,  
p roduces  h y p o t h e r m i a  in the  rat.  

METHOD 

Animals 

All e x p e r i m e n t s  were carried ou t  on female Sprague 
Dawley  rats wi th  a weight  range of  180 to 250 g. 

Apparatus 

T h e r m o r e g u l a t o r y  behav ior  was assessed by measur ing  
the  a m o u n t  o f  t ime  the  rat  r emained  exposed  to  a source of  
r ad ian t  heat .  The  appa ra tus  consis ted  of a r ec tangu la r  
c h a m b e r  80 x 8 cm wi th  35 cm high walls. A 250 W 
inf ra red  hea t  l amp was placed 65 cm above  the f loor  of  the 
c h a m b e r  and  could  be set in any  pos i t ion  over  the  length  of  
the  chamber .  Two 15 W cold f luorescent  s t r ip  l ights were 
also placed above the  c h a m b e r  to provide an even in tens i ty  
o f  i l lumina t ion .  The  behaviora l  e x p e r i m e n t s  were carr ied 
ou t  at an a m b i e n t  t e m p e r a t u r e  of  2 2 - 2 3 ° C .  

Procedure 

The  expe r imen t a l  p ro toco l  was as follows: Rats  were 
acc l imat i sed  to the  c h a m b e r  dur ing  two 30 min periods on  
the  day pr ior  to  test ing.  Af te r  acc l imat i sa t ion  rats usually 
se t t led  d o w n  at one  or the  o t h e r  end of  the  c h a m b e r  wi th in  
5 rain o f  being i n t r o d u c e d  in to  the  tes t  s i tua t ion .  The 
in f ra red  lamp was t hen  pos i t ioned  above the rat  and 
swi tched  on. The t ime  t ha t  the  rat r emained  u n d e r  the  lamp 
was n o t e d  (T1).  Escape f rom the  heat  source was t a k e n  as 
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the  t ime  at which the  whole of  the  rat ,  inc luding  tail, 
moved  outs ide  the  pe r ime te r  of  the  visible inf rared  beam.  
Immed ia t e ly  the  rat  escaped the  lamp was swi tched  of f  for  
an in te r tes t  per iod equal  to the  t ime of  exposure  to  the  
lamp,  bu t  no t  less than  6 rain. The test  was then  repea ted  
(T2).  A thi rd  and  final test  T3 was ob t a ined  using the  same 
protocol .  This provided 3 consecut ive  m eas u r emen t s  of  the  
rat ' s  sensi t ivi ty to  the  heat  load. 

Results  f rom the  behaviora l  tes t  were presen ted  in two  
ways. (a) The mean  du ra t ion  of  stay unde r  the  heat  l amp 
was calculated for each of  the three  tes t  sessions (T I ,  T2 
and T3).  (b)  For  each individual  rat the  mean  exposure  to  
the  lamp was ob t a ined  for the  whole  of the test  (T1 + T2 + 
T3 /3 )  and  this  value t hen  used to calculate  an average t ime 
for the  whole group (grand mean)  as shown in Table  1. 

Rectal  t empera tu re s  were measured  using a t h e r m i s t o r  
p robe  inser ted  to a d e p t h  of 6 cm. When a t ime  course of  
drug effect  was measured  the  rats were held in res t ra in ing 
cages for the  dura t ion  of  the  expe r imen t ,  but  when  
t empe ra tu r e  meas u r em en t s  were made dur ing  the  behav-  
ioral e x p e r i m e n t  rats were only  res t ra ined  for a suff ic ient  
t ime to al low the  t e m p e r a t u r e  to  be recorded  (usual ly less 
than  1 min).  

Drugs for in jec t ion  were prepared  in sterile NaC1 (0.9 
percen t )  so lu t ion  and in jected e i the r  IP (dose vo lume  1 
ml/kg)  or in t r ace reb roven t r i cu la r ly  (dose vo lume 1 ~ 1). All 
concen t r a t i ons  were expressed in t e rms  of the free base. 

Since we were using N - m e t h y l d i p h e n h y d r a m i n e  iodide in 
a parallel s tudy  in our  labora tor ies  the  c o m p o u n d  was used 
as a per ipheral ly  ac t ing h y p o t h e r m i c  agent.  The N-methyl  
derivative was prepared  f rom d i p h e n h y d r a m i n e  HCI by 
prec ip i ta t ing  the base with NaOH, shaking and ex t rac t ing  
with e the r  and react ing with CH31 at 0°C ['or 3 hr. Af te r  
recrysta l l i sa t ion a 40 percent  yield of  pure  whi te  crystals  
(M. P. 188 189°C) was ob ta ined  which gave a single spot  
on TLC. 

Appropr i a t e  saline cont ro l s  were used in all the studies.  
For in t r ace reb roven t r i cu la r  ( i .vent . )  in jec t ions  cannula  
guides were imp lan ted  under  pen toba rb i t a l  anaes thes ia  (45 
mg/kg IP) and at least 7 days al lowed to elapse before  
expe r imen t a t i on .  Histological  ver i f ica t ion of  the in jec t ion  
site was rou t ine ly  carr ied out .  

RESULTS 

Reproducibility o f  the Test 

Table 1 shows the  mean  dura t ion  of  stay u n d e r  the  heat  

lamp for  2 groups  of  con t ro l  rats (A and  B) for each of the 
3 individual  tes t  sessions T1, T2 and T3. In b o t h  cases the  
longest  du ra t ion  of  stay u n d e r  the lamp occur red  in the 
first test  session T1. There  was a cons i s ten t  pa t t e rn  of  
behav io r  f rom the  two  groups  which  were not  s ignif icant ly  
d i f fe rent  f rom each o t h e r  in any of  the  sessions. 

Table  1 also shows the  mean  dura t ion  of exposure  to the  
lamp for con t ro l  groups  c o m p u t e d  f rom the  average for  
each of  the  3 individual  tests. There  was no  s ignif icant  
d i f ference  be tween  the 2 con t ro l  groups wi th  respect  to  
t ime  of  exposure  to  the  heat  lamp.  

Rectal  t e m p e r a t u r e  measu remen t s  for  each group are 
also s h o w n  in Table 1. During a 90 rain pre tes t  per iod  the  
mean  rectal  t e m p e r a t u r e  of  the two con t ro l  groups  did no t  
vary by  more  than  0.1°C. Immed ia t e ly  af ter  removal  f rom 
the  behaviora l  e x p e r i m e n t  the i r  rectal  t empe ra tu r e s  had 
increased by  app rox ima te ly  I°C. 

Drug Responses 

The effect  of  in jec t ion  of  o x o t r e m o r i n e  (4 ug i. vent .  ) 
on  the  rectal  t e m p e r a t u r e  of res t ra ined rats is shown in Fig. 
1. This  dose p roduced  a m a x i m u m  fall in rectal  t e m p e r a t u r e  
of  3.4 °C which  occur red  dur ing the first 45 rain of  the  
test. The average t imes  tha t  the behaviora l  s tudies  wi th  
o x o t r e m o r i n e  were carried ou t  is also shown  on this  figure. 

When o x o t r e m o r i n e  (4 ug i .vent.)  was in jec ted  10 rain 
pr ior  to behaviora l  tes t ing there  was a s ignif icant  decrease 
in the  mean exposure  t ime of  rats to the heat  lamp when  
compared  wi th  saline p re t r ea ted  cont ro l s  (Table  2). Tha t  
o x o t r e m o r i n e  had p roduced  a fall in body  t e m p e r a t u r e  
dur ing  the  per iod of  the  behaviora l  tes t  was shown  by the  
rectal  t empe ra tu r e  measu remen t  which  was 1.0°C lower  
than saline controls .  A t rop ine  (4 mg/kg  IP) p roduced  no 
signif icant  change in e i ther  the rectal  t e m p e r a t u r e  or the  
mean  exposure  t ime  of  rats to the  rad ian t  heat  source when  
in jected 1 hr  before  the  test. Af te r  a t rop ine  p r e t r e a t m e n t  
the effect  of  o x o t r e m o r i n e  was antagonised.  Bo th  the  mean  
rectal  t e m p e r a t u r e  and the  mean exposure  to  the heat  
source were no t  s ignif icant ly  d i f ferent  f rom controls .  

The  effect  of  a I hr  p r e t r e a t m e n t  wi th  N-me thy ld iphen -  
h y d r a m i n e  is also shown  in Table 2. This drug caused b o t h  
a s ignif icant  decrease in rectal  t e m p e r a t u r e  and a s ignif icant  
increase in the  dura t ion  of  exposure  to the  heat  lamp. 
T r i - i odo thy ron ine  (5 ug 1P) caused a s ignif icant  increase in 
mean  rectal  t e m p e r a t u r e  of  rats which  was accompan ied  by 
a s ignif icant  decrease in the t ime of  exposure  to  the heat  
lamp. 

TABLE 1 

COMPARISON OF TIME OF EXPOSURE TO HEAT LAMP AND RECTAL TEMPERATURES OF 2 GROUPS OF CONTROL RATS 

Exposure to Heat Lamp 
(min + SEM) 

Rectal Temperature 
("C ± SEM) 

No. of 
Group Animals T~ T 2 T ~ Grand Mean a b 

A 6 9.7 + 1.2 4.2 + 1.1 3.6 ± 0.9 5.9 + 0.7 37.7 + 0.2 38.6 -+- 0.3 

B 6 8.0 +- 1.3 3.7 ± 0.4 5.7 _+ 0.9 5.8 ± 0.6 37.7 _+ 0.1 38.7 ± 0.1 

Tj,  T~, T3 = individual consecutive test sessions a = immediately before test b - immediately after test 
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TABLE 2 

EFFECT OF DRUGS ON THE TIME OF EXPOSURE TO THE HEAT LAMP AND RECTAL TEMPERATURE OF RATS 
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Mean Exposure Mean Rectal* 
No. of to Heat Lamp Temperature 

Drug (dose) Animals (min ± SEM) (°C ± SEM) 

Saline 6 5.8 _+ 0.96 37.7 ± 0.17 
(1 ml/kg IP & 1 ul i.vent) 

Oxotremorine 8 2.4 _+ 0.18t 36.7 ± 0.04 t 
(4 ug i.vent) 

Atropine 6 5.3 -+ 0.79 37.6 + 0.28 
(4 mg/kg IP) 

Oxotremorine 
(4 ug i.vent) 

+ 

Atropine 
(4 mg/kg IP) 

6 5.8 ± 0.485 37.9 ± 0.385 

N-methyldiphenhydramine 4 9.8 + 1.23? 35.8 -+ 0.12 t 
(25 mg/kg IP) 

Tri-iodothyronine (5 ~g IP) 6 3.0 -+ 0.50t 38.5 -+ 0.33 

*Measured immediately before commencing behavioral test 
?Significantly different from saline controls, Ssignificantly different from oxotremorine (,o<0.05 Mann Whitney U test) 
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FIG. 1. Time course of oxotremorine (4 ug i. vent.) on rat rectal 
temperature. Each point is the mean change ± SEM from 6 
observations. T~, T 2 and T 3 represent points on the time scale 

where behavioral tests were performed. 

DISCUSSION 

That  the behavioral  test  repor ted  in this paper  is capable 
of  giving cons is tent  results in cont ro l  rats is well demon-  
s t ra ted by the compar i sons  made in Table 1. However  it is 
necessary to establish that  the response measured is 
indicative of  the rmoregu la to ry  events and not  o the r  factors.  

Observat ion o f  the rats during the test  showed that  they  
did no t  respond to stimuli such as noise,  vibrat ions or the 
switching on of  the heat  lamp. That the escape behavior  
was related to the heat  f rom the lamp, and not  the light, 
was suggested by the relatively long durat ion of  stay under  
the heat source. In cont ras t  when a whi te  light source was 
used some rats moved away f rom the light within a few 
seconds,  a f inding particularly evident  in rats whose  pupils 
were di lated with atropine.  Thus the red light heat  source 
would  seem to be preferable to a white light as used by 
some workers  [ 15].  The height o f  the lamp above the test  
chamber  was such that  it did not  increase the surface 
t empera tu re  of  objects  inside the chamber  to  more  than 
38°C. Therefore  it is unlikely that  the heat  lamp was 
producing  a nocicept ive  st imulus.  

There were a n u m b e r  of  positive indicat ions  tha t  the 
behavior  was l inked to a t he rmoregu la to ry  mechanism.  
Soon af ter  exposure  to the lamp rats adopted  the sprawled 
languid pos ture  regarded as typical  for a heat stressed 
animal [4] .  As exposure  con t inued  the rats displayed 
grooming  or saliva spreading activity,  which is regarded as a 
vestigial heat loss response [7] .  Finally rats escaped f rom 
the  heat  source by moving to the o ther  end of  the chamber  
and at this t ime obvious vasodilat ion of  tail b lood vessels 
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could be seen. All the  above observa t ions  suppor t  the  
c o n t e n t i o n  tha t  the  measured  response  is a func t ion  of  
t h e r m o r e g u l a t o r y  behavior .  

This test  has the  advantage  over  bar  pressing expe r imen t s  
m e n t i o n e d  in the  i n t r o d u c t i o n  in t ha t  it on ly  requires  of  
the  animal  an a m b u l a t o r y  response,  there  is no  need  to 
pre t ra in  the  rat and the  rat  uses inna te ,  r a the r  than  
cond i t ioned ,  t h e r m o r e g u l a t o r y  behavior .  The  test  relies in 
part  on  a reproduc ib le  behav ior  t rai t  in the rat ,  wh ich  af te r  
acc l imat isa t ion ,  exhib i t s  an appa ren t  preference  for a 
selected pos i t ion  wi th in  the  test  chamber .  This pos i t ional  
preference appeared  s t ronger  than  m i n o r  changes  in the  
e n v i r o n m e n t a l  cond i t ions  and thus  made the gradual  
t he rma l  gradient  type  of  e x p e r i m e n t  [15] impract ica l .  The  
rat 's  choice of  posi t ion wi th in  the  gradient  appeared  to be 
de t e rmined  by its pos i t iona l  preference  and to be indepen-  
dent  of  small  d i f ferences  in the  t e m p e r a t u r e  condi t ions .  

In con t ro l  rats T1 was always longer  than  T2 and T3. 
This behav ior  did no t  seem to be related to the learning of  
an avoidance  response,  as rats showed  the  same pa t t e rn  
when  tes ted  on consecut ive  days. Rather ,  it seemed re la ted 
to the t h e r m o r e g u l a t o r y  events .  The rats a l lowed the i r  
rectal  t empe ra tu r e s  to increase by a p p r o x i m a t e l y  I°C 
dur ing  the  test  and p resumably  the  largest par t  of  this  
heat ing  up process t ook  place dur ing  T l .  By using the  
overall  mean  for the  3 consecut ive  test  sessions a reproduc-  
ible measure of  t h e r m o r e g u l a t o r y  behav ior  was ob ta ined .  

Perhaps  the  best  evidence tha t  the  behaviora l  response  
was l inked to t h e r m o r e g u l a t o r y  events  came from the  drug 
studies.  N - m e t h y l d i p h e n h y d r a m i n e ,  a q u a t e r n a r y  derivative 
of  the  an t i h i s t amine  d i p h e n h y d r a m i n e ,  p roduced  a fall in 
rectal  t empera tu re .  Like o the r  q u a t e r n a r y  derivat ives [5, 9, 
101 this  drug will no t  pene t r a t e  the  cent ra l  nervous  system.  
There fore  the  lowering of  rectal  t e m p e r a t u r e  mus t  be a 
per ipheral  effect ,  wi th  a heat  loss occurr ing  in spite of  a 
no rma l  set-point .  It would be predic ted  tha t  this  drug 
should  increase the t ime  of  exposure  to  the heat  lamp,  as 
the  animal  adjusts  its behavior  to correc t  the fall in core 
t empera tu re .  This indeed  was shown to be the case. A 
similar a rgumen t  can be appl ied to the results  wi th  

t r i - i odo thy ron ine .  This drug raised rectal  t e m p e r a t u r e  as a 
consequence  of  increased me tabo l i c  act ivi ty [6] and again 
the  se t -poin t  should  be unchanged .  Rats spent  less t ime  
unde r  the  heat  lamp af te r  t r i - i odo thy ron ine  p r e t r e a t m e n t  as 
would  be pred ic ted  f rom its mechan i sm of  act ion.  

The role o f  chol inergic  sys tems in t he rmoregu l a t i on  has 
been the  subjec t  of  some cont roversy .  Some workers  [ 1 ,2 ,  
13] r epor t ed  an increase in b o d y  t e m p e r a t u r e  a f te r  cen t ra l  
in jec t ion  of  chol inergic  drugs whils t  o thers  [ 11 ] r epor t ed  a 
decrease. Crawshaw [4] suggested tha t  the response 
ob ta ined  d e p e n d e d  on the  degree of  res t ra in t  in the  an imal  
and tha t  m o t o r  act ivi ty could mask a h y p o t h e r m i c  re- 
sponse.  In our  expe r imen t s  there  was a fall in rectal  
t e m p e r a t u r e  af te r  in t r aven t r i cu la r  in jec t ion  of  the  chol ino-  
mimet i c  agent  o x o t r e m o r i n e  even t h o u g h  the  rats  were 
unres t ra ined .  F u r t h e r m o r e  these rats also spent  less t ime  
unde r  the  heat  lamp. This result ,  a lowering of  rectal  
t e m p e r a t u r e  yet  less exposure  to  heat ,  suggests t ha t  
o x o t r e m o r i n e  is act ing to p roduce  a downward  se t t ing  of  
the  cent ra l  t he rmos ta t s .  Blockade of  o x o t r e m o r i n e ' s  ef fec t  
wi th  a t rop ine  indica te  tha t  the response  is med ia ted  by 
muscar in ic  receptors .  A previous  repor t  [4] n o t e d  t ha t  
ace ty lcho l ine  in jec t ion  in to  the  p reop t ic  area of  the 
an t e r io r  h y p o t h a l a m u s  caused rats to  adop t  a pos ture  
similar to tha t  in heat  stressed animals,  and tha t  this  
occur red  immed ia t e ly  fol lowing the  inject ion.  This observa- 
t ion  is cons i s t en t  with a lowered set poin t  in the  presence 
of  a normal  body  t empera tu re .  

Thus,  t aken  as a whole ,  these  results suppor t  the idea of  
a physiological  role for  chol inergic  systems in the rmoregu-  
la t ion [12J wi th  a chol inergic  link in the an te r io r  hypo-  
t ha l amus  be ing  involved in the se t t ing of  a cent ra l  t he rmo-  
stat.  
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