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STREK, K S., M D. LONG AND C. J GORDON Effect ofsodtum pentobarbttal on behavtoral thermoregulatton m rats 
and mtt e PHARMACOL BIOCHEM BEHAV 24(4) 1147-1150, 1986--In th~s study on behavioral thermoregulat~on, male 
Sprague-Dawley rats were g~ven mtrapentoneal (IP) mject~ons of sodmm pentobarb~tal m doses of 0, 1, 5, 10 or 15 mg/kg 
and male CBA/J mince were Icven doses of 0, 5, 10, 15 or 30 mg/kg The antmals were ~mmediately placed m a temperature 
gradient wluch allowed them to select tbe~r preferred ambient temperature ~TD The preferred Ta of rats increased following. 
an mject~on of 10 mg/kg sodium pentobarb~tal, whereas, the barbiturate had no effect on the preferred Ta of m~ce In 
another study, male rats and m~ce were gwen sodmm ~entobarb~tal m doses of 0, 5, 10 and 15 mg/kg and then placed into a 
temperature-controlled environmental chamber set at 30°C for m~ce and 25°C for rats (~.e., their approximate preferred T, when 
dosedw~thsodmmpentobarb~tal) Colomctemperaturesweretakenonehouraflertnject~on Sodmmpentobarb~tahnduceddose 
dependent hypothermm m rats at 25"C and hyperthermm m m~ce at 30"C These data suggest a d~rect or mdtrect block of 
heat gmn/conservmg effectors tn rats treated w~th sodmm pentobarb~tal which results m hypothermta and an appropriate 
compensatory selection of a w a r m e r  T a 

Behavioral thermoregulat~on Sodmm pentobarb~tal Rats M~ce Temperature gradient 

S O D I U M  pentobarb~tal has been repor ted  to affect var ious 
components  o f  the thermoregula tory  sys tem such as 
metabohc  rate and vasoddatory  control  [8, 9, 10]. Howeve r ,  
there is little information on the effects o f  subanesthet ic  
doses  of  sodmm pentobarbi tal  on behavioral  tempera ture  
regulatmon Wemss and Lathes [13] found that rejections o f  
sodium pentobarb~tal m rats affected operant  behavioral  
thermoregulatmon by promoting a depressmon in heat  rein- 
forcement  rate when rats were  al lowed to control  a heat  
lamp. General ly ,  barbiturates reversibly depress  act ivi ty of  
exci table  t~ssues [6] Howeve r ,  tt ms not c lear  whether  sodium 
pentobarbi ta l -mduced thermoregula tory  effects in var ious 
species involve a dmrect effect  on the central  nervous  system 
(e.g., affect set point) or  whether  the effects are attributable 
to the depress ion of  the thermoregula tory  effectors Intrave- 
nous injection of  sodium pentobarbi tal  suppresses the f inng 
rate of  thermal sensi t ive neurons m the bramstem [I 1] Th~s 
suggests the possibili ty of  a direct central  effect  of  the barb~- 

turate on the control  of  behavioral  and autonomic  thermo-  
regulatory effectors.  

There  are two general  ways  m which body tempera ture  
changes could occur  due to the effects  o f  a drug such as 
sodium pentobarbital  [1, 2, 12], (1) the drug displaces the 
set-point by direct ly affecting act ivi ty in the central  nervous  
sys tem or by altering afferent  inputs, or  (2) it directly affects 
the act ivi ty of  the thermoregula tory  effectors.  A general ly 
accepted method  of  determining whether  a drug is causing a 
set-point  d isplacement  or  acting on effector  mechanisms is 
by assessing rots effects  on behavioral  thermoregula t ion [12]. 
If the agent ms causing a set-point  d isplacement ,  the animal 
should compensa te  behavioral ly  to try to defend that new 
set-point level ,  (e.g.,  a drug resulting m hypotherm~a would  
lead to the animal ' s  preference  for a lower  ambient  tempera-  
ture). Converse ly ,  if  the drug acts on the effector  mech-  
amsms without  altering the set-point,  the animal would be- 
havioral ly try to counter  the change,  (e.g., a hypotherrmc 
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drug would lead to an increase tn preferred TD. A tempera- 
ture gradmnt provides an effective measure of behavioral 
temperature regulation by allowing the animal to select its 
own preferred T, This study was designed to assess the 
effects of sodium pentobarbital on behavioral thermoregula- 
tion of both rats and mice. 

METHOD 

Thirty-seven male rats of the Sprague-Dawley strain with 
a mean body weight of 383.3_55.9 (S.D.) and fifty-eight male 
mice of the CBA/J strain with mean body weight of 27.9-1 9 
g (S D.) were used in these studies. The animals were housed 
in temperature-controlled rooms (22_ + 1.if'C) and kept under 
standard lighting conditions (12"12 L:D) with a relative 
humidity of 50%. Food (Punna rat or mouse chow) and water 
were provided ad lib. 

Drug Preparation 

Solutions of sodium pentobarbltal were made from 
commercially-prepared 50 mg/ml aliquots (Nembutal, Ab- 
bott Laboratories, Chicago, IL) by dilution with 0.9% saline 
into volumes of 0.I ml/100 g for injection in rats and 0 5 
ml/100 g for in.lectaon in mice Five dose levels of I 0, 5.0, 
10 0, 15 0 and 30.0 mg/kg, and a saline control, were pre- 
pared in autoclaved serum vials All solutions were filtered 
through a 0.2 p. filter (Geiman, product No. 4192) prior to use 
to remove extraneous pyrogens. 

Apparatus 

Preferred ambient temperature (T~) of unrestrained mice 
was measured using an automated temperature gradient sys- 
tem previously described [3]. Briefly, the system consisted 
of an aluminum tube posmoned between a warm (43°C) and 
cool (14°C) water bath Dry air was blown into the system at 
a flow rate of ~ i 0 l/min. 

A simdarly-deslgned but larger temperature gradient sys- 
tem was used to measure oreferred T, of the rats This system 
was made from I 27 cm thick aluminum and had interior 
dimensions of 231.4 (length) × 12 7 (width) × 11.4 (height) 
cm. The ends of the gradient were maintained at 47 ° and 4°C, 
which resulted m floor temperatures ranging from 11.7°C to 
43°C. Floor temperature was found to be better correlated 
with position m the gradient A 12-ram slot down the length 
of the gradient permitted exchange of air m the gradient. 
Both the rat and the mouse systems utilized a phototran- 
ststor-based detection system to continuously record posi- 
tion of the animals [3] 

Protocol 

Preferred temperature Naive rats were injected lntra- 
perltoneally (IP) with 1.0, 5 0, 10.0 or 15.0 mg/kg sodium 
pentobarbttal or saline vehicle and were placed in the gra- 
dient for 2 hours while preferred Ta was continuously morn- 
tared. Mice were g~ven an IP in.lection of sodium pentobarbi- 
tai at doses of 5.0, 10.0 or 15.0 mg/kg or saline vehicle and 
were likewise placed into the temperature gradient for two hr 
while position was continuously recorded. At the end of the 
2 hr period, the animals were removed and the gradients 
were cleaned with soapy water, nnsed with water and 
swabbed with alcohol to eliminate any olfactory cues which 
might alter behavioral responses m subsequent experiments 
Each animal was used only once. 
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FIG I Mean preferred ambient temperature (T.,). averaged over a 
2-hr period, -S  E M of rats (n=5/dose) rejected IP w~th sodmm 
pentobarbttol An asterisk (*) md~cates a s~gmficant difference m 
preferred T., from 0 mg/kg at p<0 05 

Colonic temperature measurements In another experi- 
ment, rats and mice were given 0, 5.0, 10.0, or 15 0 mg/kg 
of sodium pentobarbltal and placed rata temperature- 
controlled environmental chambers for one hour The rats 
were tested at a T,, of 25°C whereas the mice were tested at 
30°C These T,s were selected following analysis of the be- 
havioral data and approximated the preferred T,, of each 
species following pentobarbital injection (see below) After 
one hour, colonic temperatures were taken by inserting 
thermistor probes 6 4 and 2 4 cm past the anal sphincter of 
the rats and mice, respectively Temperature measurements 
were rapidly obtained m order to reduce any artifactual rise 
m colonic temperature due to manipulation of the animals 
and possible stress. It should be noted that the environ- 
mental chambers are immersed ~n a temperature-controlled 
water bath In this system of temperature control, floor tem- 
perature is nearly equal to air temperature which facilitates 
comparison of these data to that collected from the tempera- 
ture gradient. 

Stattstt~ s 

Preferred temperature measurements were analyzed by 
determining the mean preferred Ta at twenty minute inter- 
vals and then compiling the resulting means into a single 
value Student 's t-test was used to determine whether there 
were any significant effects of sodium pentobarbital on pre- 
ferred T. of each species. Linear regression analysis was 
used to assess any changes in colonic temperature as a func- 
tion of dose of pentobarb~tai 

RESULTS 

Rats treated with saline selected a T,, of 22 9°C when 
averaged over a two hour period (Fig 1) Sodium pentobar- 
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FIG 2. Mean preferred T~, averaged over a 2-hr period, (-+S E M ) 
of m~ce (n=7/dose) rejected IP w~th sodium pentobarbital An addi- 
tional test with 30 mg/kg was run for 1 5 hr (n= 14) 

bital at a dose of 10 mg/kg induced a slight but statistically 
significant (p<0.05) increase m preferred T~. Doses of 5.0 
and 15.0 mg/kg sodium pentobarbitai did not sigmficantly 
elevate preferred T~. 

Mice treated w~th saline selected a T~ of 29.3°C when 
averaged over a two-hour period (Frog. 2). No significant 
change m preferred T~ was detected at sodium pentobarb~tal 
doses of 5.0 to 15.0 mg/kg. In a foilowup study, preferred T~ 
was measured for 90 rain m CBA/J mice rejected with 30 
mg/kg sodium pentobarb~tal. Even at this high dose there 
was no change m behaworal thermal preference (Fig. 2). 

Colomc temperature following sodium pentobarb~tal 
treatment at each species' preferred T~ (Le , rat -25°C,  
mouse -30°C) was qmte variable In rats there was a s~g- 
mficant decrease (p<0.05) m colomc temperature w~th m- 
creasing dose of sodmm pentobarbitai (Fig. 3). Conversely, 
~n mice there was a s~gnificant increase (p<0.05) ~n colomc 
temperature with increasing dose. For example, at a dose of 
15 mg/kg, colomc temperature of rats decreased by I 0*C 
whereas, for mice, colonic temperature increased by 1 0°C 
(Fig. 3) 

DISCUSSION 

The effects of sodium pentobarbital on behavioral ther- 
moregulation are subtle and species dependent For exam- 
ple, in rats, there was a sigmficant increase m preferred T~ 
from 23 to 26°C at a dose of 10 but not 15 mg/kg. Based on 
the colomc temperature experiments it would appear that 
these animals were shghfly hypotherm~c when treated with 
the aforementioned doses of sodmm pentobarbital (Fig 3). 
On the other hand, mice exhibited no change in their pre- 
ferred Ta of approximately 30°C at doses as high as 30 mg/kg 
in spite of the fact that, at this Ta, these animals were shghtly 
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FIG 3 Colomc temperature of mice at 3~C (n= 16) ~ d  ~ts at 25°C 
(n= 12) 1 hr ~ r  ~ec~on of s~tum ~ n t o b ~ b ~  Ve~c~ b ~  
represent xS.E.M. Lme~ recession ~ y s ~ s  y~elded y = 0.~25x 
+ 36 413 and r=0.69 for m~ce, y = -0 .~2x  + 37.~7 ~ d  r=0 56for 
rats ~obabfl~ty ~at slo~s ~e not equ~ to zero ms <0 05 for both 
mice and ~ts 

hyperthermic following sodium pentobarbital injechon (e.g., 
Fig 3). It is not clear why a 15 mg/kg dose in the rat had no 
significant effect on preferred Ta At this dose rats did dis- 
play a reduction in movement in the gradient. It ~s possible 
that this high dose resulted ~n an anesthetic action which 
~mpaired behavioral temperature selection 

In a study by Lin [8], IP injections of sodium pentobarbi- 
tal were found to lower colonic temperature in rats at a Ta of 
8 ° and 22°C, as we observed ~n the present study at 25°C. 
Sodium pentobarbital-mduced hypothermia in rats results 
from a decreased metabolic rate and peripheral vasodilation 
[8]. Furthermore, the effect of sodium pentobarbital on 
thermoregnlation may be attributable to the activation of 
serotomn release ~n the CNS [8]. The behaworal data from 
the present study demonstrated selection of a warmer Ta 
following pentobarbital injection ~n the rat and suggests an 
action of sodium pentobarbital on the effector mechanisms 
(e.g., a forced hypothermm, see introduction). That ~s, con- 
trol of behavioral thermoregulation was unaffected and the 
sodmm pentobarbRal-treated rats attempted to behaviorally 
compensate for the hypotherm~a. Results from operant be- 
havioral assessments after IP sodium pentobarbltal injection 
m rats [13] showed no change ~n behavioral reinforcement 
for heat at 5 and 10 mg/kg but a depression for heat rein- 
forcement at 20 mg/kg and severe hypothermm. Simdarly, in 
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ou r  s tudy  on  rats ,  a htgh 15 mg/kg dose  o f  sod tum pen toba r -  
bt tal  faded to ehc~t a s tgntf icant  tnc rease  ~n p re fe r red  T.~ ~n 
spt te  o f  the  large dec rea se  in co lomc  t e m p e r a t u r e  

H u m p h r e y s  et al [7] s tudied  the effects  of  sod ium pen- 
tobarb t t a l  mtc ro tn jec ted  into spectf ic  b ra in  s~tes of  the  rat 
T h e t r  resu l t s  were  o p p o s i t e  to tha t  o f  o u r  s tudy  For  
example ,  mtc ro tn jec t ton  o f  sod ium pen toba rb t t a l  ,nto the 
P O A H  (preopt lc  a rea / an te r io r  h y p o t h a l a m u s )  resu l ted  tn 
s tgmficant  h y p e r t h e r m t a  at a T,, o f  23°C but  only  shght  hyper -  
t h e r m t a  at 10 and  34°C O p e r a n t  a s s e s s m e n t s  of  behav to ra l  
t h e r m o r e g u l a t t o n  u t thzmg a sys t em in whtch  the  rats  p ressed  
a lever  to shut  off  a 250 W lamp showed  a dec rea se  in the 
a m o u n t  of  t tme spen t  p ress ing  the lever  to e scape  heat  

The  behav to ra l  and  colontc  t e m p e r a t u r e  r e sponse  of  rats  
and  mtce  to sod ium pentobarb~ta i  dtffered cons ide rab ly  The  
mice  b e c a m e  h y p e r t h e r m t c  w~th essent ia l ly  no  change  m pre- 
fer red  T,, whde  rats  b e c a m e  hypotherm~c at a shght ly  ele- 
va ted  p re fe r red  T., fol lowtng sod ium pen toba rb t t a l  ~n.lectton 

Al though  ~t ts poss tble  tha t  m~ce and rats  have  d,f fercnt  au- 
t onomic  and  b e h a w o r a l  m e c h a m s m s  ~n r e sponse  to sodium 
pentobarb~ta l ,  the fact that  m~ce prefe r red  a much  w a r m e r  T., 
(30°C) than that  of  the  rats  (23°C) may  explain  the appa ren t  
d~fferent behav iora l  r e s p o n s e s  of  the two spemes  to s o d m m  
pentobarb~ta l  

In a re la ted ser ies  of  s tudms,  our  l abora to ry  has recen t ly  
r epor t ed  that  mtce tn jected IP wtth suble tha l  doses  of  toxic 
chemica l s  such  as sul folane [5] and t r te thyi t tn  [4] undergo  a 
r educ t ton  m prefe r red  T., a long wt th  severe  hypotherm~a It 
was though t  tha t  thts  toxtc effect  may be due to an anes the t i c  
type  ac t ion  o f  the  chem,ca l  agen t  on the cent ra l  ne rvous  
sys t em H o w e v e r ,  the da ta  f rom the p resen t  s tudy which  
s h o w e d  no effect  o f  s o d m m  pentobarb~tal  on  the t e m p e r a t u r e  
p re fe rence  of  m~ce suggests  tha t  the  m e c h a n t s m  of  a c t m n  of  
chemtca l  tox ican t s  on t e m p e r a t u r e  regula t ton ~n m~ce may be 
comple te ly  d~fferent f rom that  of  sodtum pentobarb~tal  
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