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VEALE, W. L. AND I. Q. WHISHAW. Body temperature responses at different ambient temperatures following injections 
of prostaglandin E, and noradrenaline into the brain. PHARMAC. BIOCHEM. BEHAV. 4(2) 143-150, 1976. - Since 
prostaglandins of the E series have been implicated in the production of fever by pyrogens, we have applied them directly 
to the anterior-hypothalamic preoptic area of uunanesthetized rats at various ambient temperatures. In this paper we have 
determined accurately the region of the brain of the rat from which temperature responses can be produced by local 
injection. In addition we present evidence lo suggest that the responses to local injections of PGE, are relatively unaffected 
by environmental temperatures, whereas those in response to injections of noradrenaline are influenced by ambient 
temperature. These results are discussed in light of similar findings with respect to the response to pyrogens in that it is 
relatively unaltered by ambient temperature. This work lends further support lo the hypothesis that pyrogens act in the 
hypothalamus by releasing prostaglandins. 

Temperature regulation 
Ambient temperatures 

Chemical stimulation of brain Prostaglandin fever 

--. 

THE prostaglandins were introduced into the field of 
thermoregulation and fever in 1970 when Milton and 
Wendlandt [ 161 found that a febrile response was produced 
in unanesthetized cats following the injection of prostaglan- 
din El (PGEI) into the third cerebra1 ventricle. Feldberg 
and Saxena [ 101 extended these observations to include 
the rabbit and rat. More recently, the anterior hypo- 
thalamic-preoptic area (AH/POA) has been identified as the 
region of the brain tissue which is most sensitive to local 
application of prostaglandin El [ 251. There is a growing 
body of evidence to support the suggestion by Feldberg, 
Milton and their colleagues (see [ 91) that prostaglandins 
may be mediators in fever produced by a pyrogen. It is well 
known that prostaglandins are normal constituents of 
hypothalamic tissue [ 13, 14, IS] and their presence in the 
cerebra-spinal fluid (csf) is more pronounced during the 
development of a fever due to a pyrogen and less pro- 
nounced following reduction of the fever with an anti- 
pyretic [6 J 
__._.__~ 

In contrast to the monoamines, PGEl and leucocyte 
pyrogen produce fevers in all common laboratory species 
tested so far (241. Consistent with the theory of prosta- 
glandin release by pyrogens in the production of fever is the 
observation that anti-inflammatory and antipyretic sub- 
stances inhibit the synthesis of prostaglandins in various 
tissues including brain [ 12,231. Further, it has been demon- 
strated that the latency of the febrile response following 
central injections of PGE, is less than that observed follow- 
ing injection of leucocyte pyrogen into the same area 
(21,223. Further, Stitt has shown that for the rabbit 
ambient temperature does not alter the magnitude of the 
response following microinjection of PGEl into the 
AH/POA. Similar observations have been made following 
both intravenous and central injections of leucocyte 
pyrogen into this same species [ 41. 

Since Feldberg and Myers proposed their monoamine 
theory of thermoregulation /7,8], it has received support 
from a great deal of work in several different species. 

Noradrenaline and thermoregukition 

‘Send reprint requests to Dr. W. L. Veale, Division of Medical Physiology, The University of Calgary, 2920 24th Avenue N. W., 
Calgary, Alberta, T2N 1 N4. 
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A m b i e n t  t empera tu re  has been es tabl i shed  as an i m p o r t a n t  
inf luence  upon  the  t h e r m o r e g u l a t o r y  response fol lowing 
centra l  in jec t ions  of  the  m o n o a m i n e s  [3 ] .  in the rat ,  Avery 
[ I ]  and  Avery and Penn [21 have shown  tha t  microinjec-  
t ions  of  chofinergic and adrenergic  c o m p o u n d s  in to  the 
A H / P O A  of the  unanes t he t i z ed  rat are in f luenced  great ly  by 
a m b i e n t  t empera tu re .  For  example ,  at a relat ively neut ra l  
a m b i e n t  t empera tu re ,  local in ject ions  of  noradrena l ine  
(NA) p roduced  a decrease in body  t empera tu re .  At a ho t  
amb ien t  t empera tu re ,  however ,  NA tended  to defend  
against  the na tura l ly  occurr ing  increase in body  tempera-  
ture due to the high e n v i r o n m e n t a l  t empera tu re .  In the  
cold, NA produced  an increase in body  t empera tu re .  

The expe r imen t s  descr ibed in this paper  were c o n d u c t e d  
to de t e rmine  the changes  in body  t e m p e r a t u r e  which  occur  
in response to the direct  appl ica t ion  of  PGE~ and NA to 
various regions o f  the brain of  the unanes t he t i z ed  rat  and to 
de t e rmine  how the responses  ob t a ined  are in f luenced  by 
the a m b i e n t  t empera tu re .  In add i t ion  to de t e rmin ing  
accurate ly  the region of  the brain f rom which t empe ra tu r e  
responses  can be p roduced  by local in ject ion,  wc present  
evidence to suggest tha t  the response to local in jec t ions  o f  
PGE~ arc relatively unaf fec ted  by e n v i r o n m e n t a l  t empera-  
ture whereas  those in response to in jec t ions  of  NA are 
inf luenced  by the a m b i e n t  t empera tu re .  

M ETHOI)  

A nim als 

Exper imen t s  were pe r fo rmed  wi th  54 male, Sprague- 
Dawley rats ranging in weight  f rom 3 2 5 - 3 8 0  g. The rats  
were housed  individual ly  in cons t an t  light with free access 
to food and water  t h r o u g h o u t  the expe r imen t s .  

Procedure 

Surgery. Each rat was anes the t i zed  wi th  p e n t o b a r b i t o n e  
s o d i u m  i n j e c t e d  in t r ape r i tonea l ly  (40  mg/kg).  Using 
s tandard  s te reo tax ic  procedures ,  two guide tubes  were 
imp lan ted  bi lateral ly so tha t  the tip of  each was pos i t ioned  
3 m m  above the  site of  in ject ion.  Each guide tube  was made 
from 20 ga stainless steel tub ing  and f i t ted with an indwell-  
ing styler of  co r re spond ing  length made f rom stainless steel. 
The guide tubes  were fixed to the skull wi th  stainless steel 
jeweler ' s  screws and cranioplas t  cement .  Pos topera t ive ly ,  
penicil l in was given in t ramuscu la r ly  for 3 days. Seven to 10 
days elapsed before  expe r i m en t s  were begun. 

In/ection placements. Sites selected for in jec t ion  were 
based on the rat s t e reo tax ic  atlas of  Pellegrino and 
Cushman  [ 2 0 ] .  Co-ord ina tes  for in jec t ion  sites were: 
an t e r io r  h y p o t h a l a m u s ,  an te r io r  to bregma 2 . 0 - 2 . 4  mm,  
lateral to the midl ine  1.5 ram, and ventra l  f rom the dura  
8.2 r a m : l a t e r a l  h y p o t h a l a m u s ,  0.6 to -1.6 mm ante r ior ,  
1.5 m m  lateral,  9.0 mm ventra l :  midbra in ,  • 2.0 to - 3 . 0  
mm anter ior ,  1.5 mm lateral,  7.5 to 8.2 mm ventra l ;  
h ippocampus ,  2.0 and - 3.2 mm anter ior ,  2.0 and 5.0 mm 
lateral,  3.5 and 8.5 mm vent ra l ;  amygdala ,  - 1.0 mm anter i -  
or, 5.0 m m  lateral and  9.0 mm ventral .  

In/ection procedure. Microinjec t ions  were made  using 27 
ga h y p o d e r m i c  tub ing  which was lowered th rough  the guide 
tube  so tha t  its tip e x t e n d e d  b e y o n d  the guide tube  to the  
desired dep th  in to  the tissue to be s t imula ted .  The inject ion 
cannula  was c o n n e c t e d  to a length of  PE 20 tub ing;  b o t h  
were filled with and s tored con t i nuous l y  in 70% e thy l  
a lcohol  so lu t ion  which was then washed out  t h o r o u g h l y  

with sterile,  pyrogen  free saline before  being filled with the 
so lu t ion  to be in jected.  The PE tub ing  was a t t ached  to a 10 
ul syringe m o u n t e d  on  a infus ion  pump .  In jec t ions  of  a 
vo lume of  0.5 ul were given over a 30 sec interval.  

Both  NA and PGE~ were dissolved in a modif ied  Krebs 
so lu t ion  which was made  from ion exchanged ,  glass-distilled 
wa te r  which  was passed t h rough  a steri l ized mil l ipore fi l ter 
(0 .22 u), and which con ta ined :  Na 143.0 mM; K 5.8 mM; 
Ca 2.6 mM; CI 128.2 raM: glucose 5.6 raM; Mg 1.2 raM; 
SO,~ 1.2 mM; H2PO4 1.2 mM; HCOs 25.0 mM. This solu- 
t ion was shown  to be pyrogen-f ree  by i n d e p e n d e n t  assay. 
NA used in these expe r imen t s  was thc chlor ide salt and  
doses are expressed as this salt. The animals  received injec- 
t ions of  e i the r  modif ied  Krebs so lu t ion ,  0.1, 1.0, 5.0 or  
50.0 ng of  PGE~, or  5 or 25 ug NA at each inject ion site. in 
some ins tances  in jec t ions  of  PGE2 were admin i s te red  in the 
same c o n c e n t r a t i o n s  and the t empe ra tu r e  responses  pro- 
duced were the same as those  which occurred  fol lowing 
PGE~. 

The expe r imen t s  wcrc conduc t ed  in amb ien t  t empera-  
tures  of  5"C, 19°C and 35"C. The animals  were b rough t  to 
the expe r imen ta l  room in groups  of  6 - 1 2  and adap ted  to 
room t empe ra tu r e  for 1 - 2  hr. Tempe ra tu r e s  were then  
recorded  with a T e l e - t h e r m o m e t e r  with  a No. 402  probe  
inser ted 6.5 cm in to  the rec tum at 15 rain intervals  for I hr 
prior to and  for 3 hr  fol lowing each inject ion.  Observa t ions  
were also made with respect  to the an imal ' s  changes in 
act ivi ty.  In jcc t ions  were given in a r andomized  order  and a 
period of  at least 48 hr elapsed be tween  successive micro- 
in jec t ions  to any one animal .  

Histological examination. At the conclus ion of  the 
expe r imen t s ,  the locus of  each in jec t ion site was verified 
using s tandard  histological  techniques .  B r o m p h e n o l  blue 
(0.5 ul) was injected into each in jec t ion locus af te r  the  
animal  was anes the t i zed  with p e n t o b a r b i t o n e  sodium.  The 
animals  were then  perfused th rough  the hear t ,  first wi th  a 
saline so lu t ion  and then  with a so lu t ion  of 10% Formal in  
which con t a ined  0.9% NaC1. Frozen  sect ions  were cut  at 
30 u and then  m o u n t e d  and s tained wi th  th ionin .  

R E S U L T S  

The results of  the present  expe r imen t s  are summar ized  
on the  basis of  the chemical  injected,  dosage and the loca- 
t ion of  in ject ion.  

Anterior llypothalamus 

A s u m m a r y  of  the results  ob t a ined  at an a m b i e n t  
t empe ra tu r e  o f  19°C fol lowing inject ions  of  PGE~ and NA 
into the an t e r io r  h y p o t h a l a m u s  is given in Fig. 1. In addi- 
t ion,  the  mean m a x i m u m  changes in core t empera tu re  
recorded within the  first 30 rain fol lowing micro in jec t ions  
are given in Table  I a long with the s tandard  error  associated 
with this change and the level of stat ist ical  s ignif icance 
ob ta ined  with s t uden t  t tests. In Fig. I it can be seen tha t  
in jec t ions  (Fig. 1, top)  of  PGE~ produced  a sharp rise in 
core t e m p e r a t u r e  which reached a m a x i m u m  ex ten t  within 
15 rain. The change in core t empera tu re  ob ta ined  wi th  
PGE~ was dose d e p e n d e n t  and as can be seen from Table  1, 
s ignif icant  rises in t empe ra tu r e  were ob ta ined  with concen-  
t ra t ions  as low as 0.1 rig. In jec t ions  of  of  Krebs so lu t ion  
also p roduced  rises in core t empera tu re  but  these increases 
were more  gradual  and smaller  than those p roduced  by 
PGE~. In fact,  the increases produced  by the Krebs so lu t ion  
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FIG. 1. (Top) Records of mean rectal temperatures obtained from 
unanesthetized rats at an ambient temperature of 19°C. At a time 
indicated by the arrow, 50 ng (¢ ~) PGE t, 5 ng (× ×) 
PGEt or Krebs solution (o o) was microinjected into the anteri- 
or hypothalamic area. (Bottom) Records of mean change in body 
temperature obtained from unanesthetized rats at an ambient 
temperature of 19°C. At the time indicated by the arrow, 25 ug NE 
(e ~), 5 ~g NA (× ×) or Krebs solution (o o) was 

injected into the anterior hypothalamic area. 

did not reach a peak for about 1 hr following the injection 
whereas those due to PGEx were usually at their maximum in 
15 rain. In the series of experiments summarized in Fig. l, 
the Krebs control solution was injected first. This injec- 
tion was followed by the PGE~ and NA and the final 
injection was also the Krebs solution. The second injection 
of the Krebs solution (Fig. l, bot tom) produced a response 
similar to that produced by the same solution injected (Fig. 
l, top) several days and several injections earlier. 

Injection of NA into the same anterior hypothalamic 
sites at which PGE~ produced a rise in core temperature 
resulted in quite different effects (Fig. 1, bottom). Low 
doses of NA (5 ug) caused a fall in temperature which was 
both rapid and brief, occurring mainly within the first 15 
min after the injection. Higher doses of Na (25 tag) pro- 
duced a significant rise in core temperature which was less 

rapid but after about 45 min reached that obtained,with 
PGE~. 

The behaviours associated with injections of different 
substances were also different. Following injections of 
PGEt,  the animals usually adopted a hunched posture, 
became piloerected, and particularly with higher dose, 
could be felt to shiver with light palpation. With lower 
doses of NA the animals adopted a prone posture for 
10 -20  min but with higher doses this posture was adopted 
for approximately 2 - 5  min. With the high dose of NA, the 
animals showed increased activity which was quite intense 
for 1 - 2  hr. The animals would stand on their hind feet 
with the front feet off the floor and if released from their 
cages would run around the room continuously, without 
attempting to hide or avoid recapture. When held, these 
animals seemed to have little muscle tone and remained 
quiet. 

Lateral Hypothalamus 

A summary of  results obtained following injections of 
PGEt or NA into the lateral hypothalamic area is shown in 
Fig. 2. PGEt in a dose of 5 tag did not produce a significant 
change from baseline levels. The higher dose (50 tag) did 
produce an increase in body temperature which is statis- 
tically significant. As can be seen from Table 1, this 
increase in temperature was not as great as that following 
the injection of  0.1 tag PGE~ in the AH/POA. 

Injection of  NA into the lateral hypothalamic area pro- 
duced a dose dependent fall in core temperature with the 
response to the higher dose (25 tag) being statistically 
significant (Table 1). Following the lower dose of NA (5 
ug), the animals adopted a prone posture for a period of  
15--45 rain. This type of behavior was more pronounced 
with the higher dose (25 tag), however, 3 animals with 
placements in the lateral hypothalamic-medial forebrain 
bundle area, curled up and adopted a sleeping posture 
immediately following microinjection. They continued to 
sleep for as long as 2 hr although they would jump up and 
turn or back up periodically. When these animals were held 
they showed a great deal of extensor rigidity and increased 
muscle tone. 

Midbrain, A mygdala and Hippocampus 

The temperature responses observed following PGE~ and 
NA injected into the midbrain are shown in Fig. 3. As can 
be seen the higher dose of PGE~ (50 ng) as well as the high 
dose of  NA (25 ug) produced slight increases in body 
temperature but these changes are not statistically signifi- 
cant from baseline. As shown in Table I, no statistically 
significant differences in temperature were produced by 
either PGE~ or NA in the midbrain, amygdala or hippo- 
campus. The statistical analysis were carried out using the 
maximum change in temperature within the first 30 min 
following the injection of the drug. As can be seen from 
Fig. 3, the higher dose of NA (25 tag) produced a delayed 
rise in body temperature but this increase was associated 
with a sharp increase in activity for as long as 2 hr. This 
increased activity included sniffing and rearing actions. 

Effects o f  PGE 1 in Ambien t  Temperatures o f  35 ° C and 5 ° C 

A summary of the results obtained following the injec- 
tion of PGE~ into the AH/POA at ambient temperatures of 
35'~C and 5 ° is given in Fig. 4. PGE~ produced rises in 
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FIG. 2. (Top) Records of mean change in rectal temperature in 
unanesthetized rats at an ambient temperature of 19"C. At a time 
indicated by the arrow, 50 ng PGE~ (e *), 5 ng PGE~ 
(× ×) or Krebs solution ( ~ - - - c , )  was microinjected into the 
area of the lateral hypothalamus. (Botton) Mean change in rectal 
temperature for unanesthetized rats at 19°C. At a time indicated by 
the arrow 25 ~g NA (* ...... -~) or 5 ~g noradrenaline (× ×) was 

injected into the region of the lateral hypothalamus. 

t empe ra tu r e  similar to those seen at an am b i en t  t empera-  
ture of  19°C. The actual  baseline t em pe r a t u r e  recorded  
when  the  animals  were in an a m b i e n t  t e m p e r a t u r e  of  35°C 
was higher  than  in the a m b i e n t  t e m p e r a t u r e s  of  19°C and  
5°C (39°C vs 38°C).  This may accoun t  for the  failure to 
observe a dose d e p e n d e n t  t e m p e r a t u r e  change fol lowing 5 
ng and  50 ng PGE~. The changes in core  t e m p e r a t u r e  wi th  
s tandard  errors  are summar i zed  in Tables  2 and 3. 

Effects o f  NA in Ambient  Temperatures o f  35°C and 5°C 

A summary  o f  the effects  of  NA t r e a t m e n t s  in a m b i e n t  
t empe ra tu r e s  of  35"C and 5"C is given in Tables  2 and 3. It 
can be seen f rom Table 2 tha t  in jec t ions  of  NA in the 
an te r io r  h y p o t h a l a m u s  in 35°C a m b i e n t  t em pe r a t u r e  caused 
a s tat is t ical ly s ignif icant  rise in core t e m p e r a t u r e  in doses of  
5 ~g and  25 txg. The same t r e a t m e n t s  to rats in an a m b i e n t  
t empe ra tu r e  of  5"C also caused rises in t empera tu re ,  how- 
ever, the  increase with the low dose did no t  differ  f rom 
con t ro l  levels (Table  3). 

In jec t ion  of  NA in the lateral h y p o t h a l a m u s  in 35°C 
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FIG. 3. Mean change in rectal temperature for unanesthetized rats at 
an ambient temperature of 19°C. (Top) At a time indicated by the 
arrow, 50 ng PGE~ (e------~), 5 ng PGE~ ( × - - - - × )  or Krebs solu- 
tion ( ~ - - - ~ )  was microinjected into the midbrain. (Bottom) At a 
time indicated by the arrow, 25 tzg NA (× ×) was microinjected 

into the midbrain. 

a m b i e n t  t empe ra tu r e  caused a slight bu t  s ignif icant  decline 
wi th  the  lower  dose (5 ug) and  a s ignif icant  increase wi th  
the  higher  dose (25 ug). In an a m b i e n t  t e m p e r a t u r e  of  5°C, 
NA caused a s ignif icant  dose d e p e n d e n t  decline which  was 
grea ter  for  the  high than for the  low dose (Tables  2 and 3). 

In jec t ion  of  NA at b o t h  high and low dosage levels in 
midbra in  sites did no t  p roduce  t e m p e r a t u r e  changes  which  
dif fered s ignif icant ly  f rom con t ro l  values in e i the r  a m b i e n t  
t empera tu re s  of  35°C or 5°C. 

Histological Results 

A s u m m a r y  of  the sites of  in jec t ion  is given in Fig. 5. 
P lacements  in the an t e r io r  h y p o t h a l a m u s  were found  to be 
located in the preopt ic  an t e r io r  h y p o t h a l a m i c  area ventra l  
to the  an te r io r  commissure .  Lateral  h y p o t h a l a m i c  place- 
ments  were located in the  lateral hypo tha l amic -med ia l  
forebra in  bundle  area f rom the  caudal  ex t en t  of  the anter i -  
or h y p o t h a l a m u s  to the level of  the pos te r ior  h y p o t h a l -  
amus.  Midbrain  p lacement s  can be seen to be located f rom 
the caudal e x t e n t  of  the pos ter ior  h y p o t h a l a m u s  to the  
parafascicularis  nucleus.  

DISCUSSION 

Results  of  this  series of  e x p e r i m e n t s  indica ted  tha t ,  in 
the  rat ,  p ros tag landin  E, best  p roduces  an increase in body  



PROS TAGLANDIN F E V E R  147 

TABLE 1 

MEAN VALUE AND STANDARD ERROR OF THE CHANGE IN BODY TEMPERATURE (*C) FROM BASELINE OF THE 
RAT WITHIN 30 MIN FOLLOWING MICRO1NJECTIONS OF PGE t AND NA IN DIFFERENT BRAIN SITES. THE 
EXPERIMENTS WERE CONDUCTED IN AN AMBIENT TEMPERATURE OF 19°C. THE NUMBER OF ANIMALS IS NOTED 

(N). 

Anterior Lateral 
N Hypothalamus Hypothalamus Midbrain Amygdala Hippocampus 

Control 6 +0.36 -+ 0.16 +0.08 ± 0.15 +0.25 ± 0.13 +0.21 ± 0.08 +0.11 ± 0.12 

NA (5 ~g) 6 -0.96 ± 0.35~" -1.20 ± 0.38 +0.31 ± 0.14 +0.85 ± 0.20 +0.36 *- 0.26 

NA (25 #g) 6 +1.75 ± 0.66* -2.32 ±0.40, +0.48 ± 0.27 -0.20 ± 18 +0.46 ± 0.30 

PGE~ (0.1 ng) 6 +1.13 ± 0.18+ . . . .  

PGE t (1 ng) 6 ÷1.25 ± 0 . 1 2 ~ "  . . . .  

PGEt (5 ng) 6 +1.82 ± 0.16,  -0.18 ± 16 +0.18 +_ 0.25 +0.26 ± 0.05 +0.18 ± 0.15 

PGEt (50 ng) 6 +2.30 ± 0.29, +0.85 ± 19, +0.60 _* 0.13 +0.50 ± 0.15 +0.45 ± 0.23 

*<0.05 ~'<0.01 ,<0.001 

TABLE 2 

MEAN VALUE AND STANDARD ERROR OF THE CHANGE IN BODY TEMPERATURE (°C) FROM 
BASELINE OF THE RAT WITHIN THE FIRST 30 MIN INTERVAL FOLLOWING MICRO1NJECTIONS 
OF PGE1 AND NA IN DIFFERENT BRAIN SITES. THE EXPERIMENTS WERE CONDUCTED IN AN 

AMBIENT TEMPERATURE OF 5°C. THE NUMBER OF ANIMALS IS NOTED (N). 

Anterior Lateral 
N Hypothalamus Hypothalamus Midbrain 

Control 6 +0.45 ± 22 +0.30 ± 0.06 +0.48 ± 0.16 

NA (5 ug) 6 +0.91 ± 0.30 -1.50 ± 0.35~" +0.38 -*. 0.10 

NA (25 ~ag) 6 +1.58 ± 0.50* -2.45 ± 0.40~" +0.31 ± 0.19 

PGE 1 (5 ng) 6 +1.13 ± 0.08* - - 

PGE 1 (50 ng) 6 +1.75 ± 0.14"t" - - 

*<0.05 ~'<0.001 

t empera tu re  fol lowing its micro in jec t ion  in to  the region o f  
the anter ior  hypo tha lamus .  This increase in dose d e p e n d e n t  
and appears to be relatively unre la ted  to the ambien t  
t empera ture .  The increases in body  t empera tu re  due to  
local inject ion o f  PGE1 into the AH/POA were approxi-  
mately the same at the 3 ambien t  t empera tures  used, that  is 
35°C, 19°C and 5°C. The only o the r  locus from which 
PGE I caused body t empera tu re  to increase significantly 
over baseline levels was when the higher  dose (50 ng) was 
injected into the lateral hypo tha l amic  area. Since the lower 
dose o f  prostaglandin at the same site did not  cause b o d y  
t empera tu re  to increase,  the most  probable  explana t ion  for 

the rise is that  there is a diffusion from the lateral region of  
the hypo tha l amus  to the anter ior  p reopt ic  region. This is 
unders tandab le  since in the rat brain this dis tance is rela- 
tively short .  

The tempera ture  responses  observed following the local 
in ject ion o f  noradrenal ine  were dependen t  upon  the site o f  
inject ion,  the amo u n t  injected and the ambien t  t empera-  
ture. Our results essentially suppor t  those of  Avery [ 1 ] and 
lend a fur ther  backing to the concep t s  put for th  by Myers 
a n d  Yaksh [18 ,19] .  Noradrenal ine injected into the 
AH/POA at an ambien t  t empera tu re  of  19°C caused an 
increase in body  tempera ture  with a higher dose and an 
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FIG. 4. (Top) Mean change in rectal temperature for unanesthetized 
rats at an ambient temperature of 35°C. At a time indicated by the 
arrow, 50 ng PGE~ (o - - - -~ ) ,  5 ng PGE~ (x x) or Krebs solu- 
tion ( e - ~ . ~ )  was microinjected into the region of the anterior 
hypothalamus. (Bottom) Mean change in rectal temperature for 
unanesthetized rats at an ambient temperature of 5°C. At a time 
indicated by the arrow, 50 ng PGE, (o *), 5 ng PGE~ 
( x - - - - - x )  or Krebs solution (o o) was injected into the region 

of the anterior hypothalamus. 

initial decrease in body  t empe ra tu r e  fol lowed by an in- 
crease wi th  the lower dose. At bo th  35°C and 5°C 
norad rena l ine  p roduced  an increase in body  t empera tu re .  
At  19°C no rad rena l ine  in the lateral  h y p o t h a l a m u s  pro- 
duced a decrease in body  t e m p e r a t u r e  but  had l i t t le  or  no  
effect  on  the  midbra in ,  amygda la  and h ippocampus .  At  an 
a m b i e n t  t empe ra tu r e  o f  35°C the higher  dose of  no rad rena -  
line p roduced  an increase in body  t e m p e r a t u r e  in the lateral 
h y p o t h a l a m u s  whereas  at the  5°C b o t h  doses of  no rad ren -  
aline p roduced  a fall. No cons i s ten t  changes in body  
t e m p e r a t u r e  was seen fol lowing in jec t ions  of  noradrena l ine  
in to  the  midbra in .  

When in jec t ions  of  the modif ied  Krebs vehicle were 
made in to  the  an te r io r  h y p o t h a l a m u s ,  increases in body  
t empe ra tu r e  o f  as much  as I°C were observed.  To test  the  
vehicle for pyrogenic i ty  a cross over  assay was done  on  a 
group of  rabbi ts .  No pyrogen ic i ty  was de tec ted  in the injec- 
t ion  solut ions .  The increases seen fol lowing in jec t ions  in to  
the an te r io r  A H / P O A  were of  a longer la tency,  more  
gradual  and  o f  smaller  magn i tude  than  the increases seen 
fol lowing in jec t ions  of  e i the r  no rad rena l ine  or  prostaglan-  
din E~. This  type  of  increase is similar to tha t  seen in o t h e r  
species fo l lowing in jec t ion  in to  or perfus ion of  the vent r icu-  
lar spaces or  of  the  AH/POA [ 11,17 ]. This  increase was not  
seen in o t h e r  regions of  the brain.  Since body  t e m p e r a t u r e  
was recorded  every 15 min,  the baseline t empe ra tu r e s  
varied cons iderab ly ,  and there fore ,  the  data is expressed as 
the mean  change f rom baseline t empera tu re .  The  observa- 
t ion  tha t  the  t e m p e r a t u r e  response  fo l lowing in jec t ions  of  
leucocyte  pyrogen appeared  to be unre la ted  to a m b i e n t  
t e m p e r a t u r e  lends suppor t  to the concep t  tha t  prostaglan-  
din may be released by l eucocy te  pyrogen  and tha t  it may 
be a med ia to r  in fever. 

We have recent ly  suggested tha t  fever may represent  a 
pa thologica l  s tate  which  involves pros tag landin  and which  
may be super imposed  upon  no rma l  t h e r m o r e g u l a t i o n  [51. 
Cer ta inly  the  type  of  response  seen wi th  pros tag landin  is 
similar to  tha t  seen for l eucocy te  pyrogen  and this  has been 
observed in o t h e r  species as well [ 2 1 , 2 2 ] .  As was observed 
by Sti t t  [21]  in the r abb i t  the  la tency for febri le response  
fol lowing in jec t ion  of  the  PGEI in to  the AH/POA was very 

T A B L E  3 

MEAN VALUE AND STANDARD ERROR OF THE CHANGE IN BODY TEMPERATURE FROM 
BASELINE OF THE RAT WITHIN THE FIRST 30 MIN INTERVAL FOLLOWING MICROINJECTIONS 
OF PGE t AND NA IN DIFFERENT BRAIN SITES. THE EXPERIMENTS WERE CONDUCTED IN AN 

AMBIENT TEMPERATURE OF 35°C, THE NUMBER OF ANIMALS IS NOTED (N). 

Anterior Lateral 
N Hypothalamus Hypothalamus Midbrain 

Control 6 +0.05 ± 0.04 +0.30 +- 0.10 

NA (5 t~g) 6 +0.80 ± 0.16+ -0.13 ± 0.16" 

NA (25 t~g) 6 +0.86 ± 0.08~: +0.81 ± 0.10¢ 

PGE~ (5 ng) 6 +1.12 ± 0.12~ - 

PGE~ (50 ng) 6 +1.35 _+ 0095  - 

+0.06 ± 0.11 

+0.15 _+ 0.10 

+0.35 , 19 

*<0.05 ~<0.01 ~<0.001 
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FIG. 5. A summary of loci of microinjections made in the anterior hypothalamic preoptic area are indicated by the solid triangles (top 
row). Injection sites in the region of the lateral hypothalamus are indicated by the open squares (middle row) and those for injections in 

the region of the posterior hypothalamus are indicated by the solid dots (bottom row). 

shor t  indeed ,  and  in fact ,  sho r t e r  t han  tha t  seen fo l lowing 
local in jec t ions  o f  l eucocy te  pyrogen  [ 2 1 , 2 4 ] .  

E x a m i n a t i o n  of  the  bra ins  revealed tha t  it is the  
A H / P O A  which  is mos t  sensi t ive to  the  in jec t ions  of  
p ros tag land in  El and  a dose as small  as 100 pg p roduced  an 
increase  in b o d y  t e m p e r a t u r e  f rom this  area. This  is the  
same region of  the  brain  f rom which  l eucocy te  py rogen  
best  p roduces  its febri le  response  in o t h e r  species [ 2 4 ] .  We 
in t e rp re t  the  resul ts  o f  these e x p e r i m e n t s  as be ing  consis-  
t e n t  wi th  the  hypo thes i s  pu t  fo r th  by  Fe ldberg  and  Mil ton 

and  the i r  colleagues [9, 10, 16] tha t  l eucocy te  pyrogen  acts  
wi th in  the  h y p o t h a l a m u s  by releasing pros tag landins .  
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