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MYERS, R. D. AND W. D. RUWE. Thermoregulation in the rat: deficits following 6-OHDA infections in the 
hypothalarnus. PHARMAC. BIOCHEM. BEHAV. 8(4) 377-385,  1 9 7 8 . -  Bilateral microinjections of 6-hydroxydopamine 
(6-OHDA) were made in a volume of 0.5-0.75 ~1 through chronically implanted cannulae into anterior hypothalamic, 
preoptic loci. Sites were selected at which 1.0 to 12.5 #g of norepinephrine (NE) had previously elicited a fall in the rat's 
body temperature. After 2.0 to 6.0 tzg of 6-OHDA were injected in the same volume at the same loci, a comparable 
hypothermia ensued. When the rats were exposed repeatedly for one-hour intervals to an environmental temperature of 
either 35.0°C or 8.0°C, they were unable to thermoregulate against the heat and their colonic temperature rose. In some 
experiments, the rats also failed to defend adequately against the cold ambient temperature, but mainly following the 
microinjection of the higher doses of 6-OHDA. The intakes of food and water were generally suppressed; this was 
accompanied by a transient decline in body weight. Overall, the severity, duration and direction of the thermoregulatory 
impairment depended upon the anatomical site of injection and the dose regimen of the neurotoxin employed. These 
results offer further evidence that an intact catecholaminergic pathway within the anterior hypothalamus is required for 
the rat's physiological control of heat loss in a warm environmental temperature. 
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THE ba lance  in the  release o f  s e r o t o n i n  (5-HT) and  
n o r e p i n e p h r i n e  (NE)  has been  p roposed  to  be  the  neuro-  
h u m o r a l  m e c h a n i s m  in the  a n t e r i o r  h y p o t h a l a m u s  w h e r e b y  
an  an imal  regulates  its b o d y  t e m p e r a t u r e  [ 11 ].  Insofar  as 
the  c a t e c h o l a m i n e  p o r t i o n  o f  the  t h e o r y  is c o n c e r n e d ,  four  
types  of  ev idence  have accrued  in s u p p o r t  of  the  idea. First ,  
the  app l i ca t ion  of  NE or  d o p a m i n e  (DA) to the  an t e r i o r  
h y p o t h a l a m i c ,  p reop t i c  area ( A H / P O A )  of  mos t  species 
elicits a fall in core t e m p e r a t u r e  [ 2 0 , 2 9 ] .  Second,  the  
b lockade  of  a lpha  adrenergic  recep tors  in th is  region 
a t t e n u a t e s  the  ac t ions  of  the  h y p o t h a l a m i c a l l y  admin i s t e r ed  
ca t echo l amines  [ 2 8 , 2 9 ] .  Thi rd ,  when  an  an imal  is exposed  
to a warm a m b i e n t  t e m p e r a t u r e ,  the re  is an  e n h a n c e d  
release of  NE or DA in to  push-pul l  per fusa tes  co l lec ted  
wi th in  the  A H / P O A  [ 2 3 , 2 9 ] .  F o u r t h ,  the  ros t ra l  h y p o -  
t h a l a m u s  is r ichly  i nne rva t ed  wi th  no rad rene rg i c  and  
dopamine rg i c  nerve t e rmina l s  [7,  8, 12, 13, 15, 27,  34,  3 5 ] .  

Recen t ly ,  the  acute  pha rmaco log ica l  e f fec t  of  the  
n e u r o t o x i n ,  6 - h y d r o x y d o p a m i n e  (6 -OHDA) ,  has  been  ex- 
amined  by  a n u m b e r  o f  inves t iga tors  wi th  respect  to  its 
cen t ra l  e f fec t  on  lower ing  b o d y  t e m p e r a t u r e  [4, 14, 25, 30,  
31 ] .  However ,  the  role of  c a t echo l am i nes  in t e m p e r a t u r e  
con t ro l  has been  called in to  ques t ion ,  since there  is 
r epor t ed ly  l i t t le  or no  ef fec t  of  6-OHDA,  in jec ted  in to  the  
bra in ,  on  the  ra t ' s  s u b s e q u e n t  capac i ty  to  t h e r m o r e g u l a t e  
[ 3 7 ] .  

The  presen t  inves t iga t ion  was u n d e r t a k e n ,  the re fore ,  
because  of  ques t ions  pe r t a in ing  to  the  na tu re  of  the  dose of  
6 -OHDA,  the  ana tomica l  locus of  ac t ion  o f  the  n e u r o t o x i n ,  
and  the  t ime-course  of  the  recovery  f rom a func t iona l  
lesion induced  by  6-OHDA. In this  s tudy ,  we have 
d e t e r m i n e d  the  ef fec t  of  the  6-OHDA i n t r o d u c e d  in to  the  
ca techo lamine-sens i t ive  area of  the  an t e r i o r  h y p o t h a l a m u s  
on  the  t h e r m o r e g u l a t o r y  capaci ty  of  the  rat .  Not  on ly  the  
m a g n i t u d e  bu t  also the  d u r a t i o n  of  a c a t e c h o l a m i n e  defici t  
has been  examined .  

METHOD 

Male rats  of  the  Sprague-Dawley s t ra in  weighing b e t w e e n  
3 0 0 - 5 0 0  g were housed  individual ly  in wire mesh  cages and  
m a i n t a i n e d  on  a 12-hr  l i g h t - d a r k  schedule .  Body  weight  as 
well as the  in takes  of  p o w d e r e d  Wayne Lab Blox and water,  
p rov ided  ad lib, were measu red  every day at the  same t ime.  

Each rat  was anes the t i zed  wi th  sod ium p e n t o b a r b i t a l  (40 
mg/kg)  given in t r ape r i tonea l ly .  Employ ing  surgical pro- 
cedures  descr ibed previously  [ 1 8 ] ,  two  23 ga guide 
cannulae ,  cu t  to  a length  of  18 m m  f rom th inwal l  stainless 
steel tub ing ,  were i m p l a n t e d  bi la tera l ly  2.0 m m  above the  
AH/POA.  Accord ing  to  the  coord ina te  sys tem of  D e G r o o t  
[ 9 ] ,  t he  i n t e n d e d  site o f  in j ec t ion  was in the  ros t ra l  
h y p o t h a l a m u s  at :  AP, +6.6 ;  Lat,  0 .75;  Hor,  +1.0. Before  an 
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e x p e r i m e n t  c o m m e n c e d ,  a 5 - 7  day pos tope ra t ive  pe r iod  o f  
recovery  elapsed,  dur ing  which  t ime ,  food  and  wa te r  
in takes  as well  as b o d y  weight  s tabi l ized.  

Exposure to Different Ambient Temperatures 

On the  day pr ior  to  an  i n t r a h y p o t h a l a m i c  microin jec-  
t ion,  the  ra ts  were p laced in a c h a m b e r  divided in to  e ight  
separa te  wire  mesh  c o m p a r t m e n t s .  Each c o m p a r t m e n t  
measu red  a p p r o x i m a t e l y  12 x 8 × 6 in. and  a l lowed the  
indiv idual  rat  to  move  a b o u t  freely.  The  t h e r m o r e g u l a t o r y  
response  o f  the  an imals  was t es ted  b y  lower ing  or  raising 
the  t e m p e r a t u r e  of  the  c h a m b e r  to  8°C or 35 ° C, respect ive-  
ly. 

The  a m b i e n t  t e m p e r a t u r e  was a l te red  by  a s t ream of  
e i the r  warm air or  cold air  b lown  in to  the  chamber .  A YSI 
Model  71A T h e r m i s t e m p  T e m p e r a t u r e  Con t ro l l e r  was used 
to swi tch  the  b lowers  on  or  o f f  so as to  m a i n t a i n  the  given 
c h a m b e r  t e m p e r a t u r e  wi th in  _+2.0°C. U n d e r  e i the r  condi-  
t ion,  the  a l te red  a m b i e n t  t e m p e r a t u r e  was reached  wi th in  

5 - 1 0  min  and  t hen  m a i n t a i n e d  for  a full 60 min  interval .  
The  sequence  of  the  exposures  to  the  cold or  w a r m  
t e m p e r a t u r e  was a l t e rna ted  o n  d i f fe ren t  days dur ing  the  
course of  the  series of  expe r imen t s .  

The  body  t e m p e r a t u r e  of  each an imal  was m o n i t o r e d  
c o n t i n u o u s l y  dur ing  an  e x p e r i m e n t  wi th  a YSI 402  thermis-  
tor  p r o b e  inse r ted  5 - 8  cm in to  the  co lon  and  held in place 
wi th  surgical t ape  wrapped  gent ly  a r o u n d  the  base of  the  
tail. A 1-hr basel ine  t e m p e r a t u r e  was o b t a i n e d  pr io r  to  an  
e x p e r i m e n t a l  m a n i p u l a t i o n  and  m o n i t o r e d  t he rea f t e r  for  
one  to  five hou r s  or  even longer.  On the  day fo l lowing the  
ini t ial  mic ro in j ec t ion  of  6 -OHDA,  the  rats  were tes ted  for  
the i r  t h e r m o r e g u l a t o r y  responses  in b o t h  warm and  cold 
e n v i r o n m e n t a l  t empera tu re s .  Then ,  they  were re tes ted  at  
s u b s e q u e n t  se lected in tervals  for  up to 34 days fo l lowing 
the  in jec t ion  of  the  n e u r o t o x i n .  

Intrahypothalamic Microinjections 

To micro in jec t  a so lu t ion  in to  the  A H / P O A ,  a 27 ga 
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FIG. 2. Colonic temperature of the rat following a bilateral microinjection into AH/POA sites (o) as 
depicted in the histological inset. At zero hour, 3.0 #g of 6-OHDA given in 0.75/~1 CSF. Anatomical 

abbreviations as in Fig. 1, ca, anterior commissure; m, medial septal nucleus; po, preoptic area. 

injector cannula was connected by PE-50 tubing to a 50 ~1 
Hamilton syringe mounted on an infusion pump. The tip of 
the injector cannula was positioned below the tip of  the 
guide tube and a microinjection made during an interval of 
3 0 - 6 0  sec. The injector cannula was kept in place for 60 
sec and then a permanent indwelling stylet was reinserted 
into the guide tube [18]. 

In order to determine the sensitivity of a specific 
hypothalamic locus to a catecholamine, 1.0 to 12.5 ug of 
NE (L-Arterenol HC1; Sigma Chemical) were microinjected 
unilaterally in a volume of either 0.5 or 0.75 ul. Loci were 
tested at successive 0.5 mm depths below the tip of the 
guide cannula. A given site was considered responsive if NE 
produced a decline in the rat's body temperature of 0.5°C 
or more within 30 rain following its injection. After at least 
one day had elapsed, 2.0 to 6.0 ~g of  6-hydroxydopamine 
(2,4,5-trihydroxyphenethylamine hydrobromide, 6-OHDA; 
Sigma Chemical) were microinjected bilaterally into cate- 
cholamine-reactive sites. Again, the temperature of  each rat 
was observed for a comparable period of  time following the 
injection. 

The carrier vehicle consisted of  an artificial cerebrospinal 
fluid (CSF) to which 0.1 mg/ml of ascorbic acid had been 
added to reduce the pH and retard auto-oxidation of  the 
amine [19]. Each solution was prepared in pyrogen-free 
glassware immediately prior to use. The tubing and syringe 
were stored in 70% ethanol and flushed repeatedly with 
ethanol and artificial CSF prior to use. The dose of  each 
compound is expressed as the amount of the free base. 

Histological Analysis 

At the conclusion of the experiments, the sites of 
microinjection were verified. After the rat was given an 
overdose of sodium pentobarbital, the heart was clamped 

and 0.9% normal saline followed by 10% Formalin was 
perfused retrograde through the thoracic aorta. The brain 
was washed, blocked and sectioned on a Lipshaw cryostat 
at 60 urn. Subsequently, the sections were stained for cells 
and fibers according to Wolf [39], and examined under 
light microscopy. 

RESULTS 

Depending upon the hypothalamic locus of injection and 
the total dose of  6-OHDA administered, two distinct 
patterns of  thermoregulatory incapacitation became appar- 
ent during the course of the experiments. Those animals 
which had received a single low dose of 6-OHDA in the 
critical region of the AH/POA developed a thermoregula- 
tory impairment mainly in response to heat, which was 
moderate and transient in nature. A second group of 
animals in which a second microinjection of a higher dose 
of the neurotoxin was given, suffered a severe thermoregu- 
latory impairment upon exposure not only to heat but in 
several cases in response to the cold air temperature. Other 
rats in which microinjections were in sites outside of the 
AH/POA failed to develop any thermoregulatory deficit. 

NE and 6-OHDA Hypothermia 

A bilateral microinjection of  NE into sites in the rat's 
AH/POA, depicted in the histological inset of  Fig. 1, caused 
a marked hypothermia. As illustrated in Fig. 1, the fall in 
body temperature (top) of a representative rat began within 
5 rain after the NE injection and continued to 1.1°C below 
the baseline level. When microinjected into the same 
hypothalamic sites 30 days after 6-OHDA had been applied 
similarly, NE evoked an almost identical fall in the rat's 
body temperature (Fig. 1, bottom). Each of the hypo- 
thermic responses was characterized by a rapid reduction in 
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FIG. 3. Body temperature of a given rat recorded in a series of experiments carried out over 24 days at intervals indicated on each graph. The 
animal was alternately exposed to ambient temperatures that were cool 8.0°C ( ,~),  or hot, 35.0°C ( ~ ) ,  for a 1-hr interval: before 6-OHDA 
(PRE), 24 hrs after microinjection of the neurotoxin (Day 1) and at 2 - 3  day intervals thereafter (Days 3-24) .  Prior to Day 1, 2.0 #g of 
6-OHDA were microinjected into the AH/POA sites ( e )  depicted in the histological inset. Prior to Day 8, 6.0 #g of 6-OHDA were 

microinjected again in the same sites. Anatomical abbreviations as in Fig. 2. 

t he  ra t ' s  basal colonic  t e m p e r a t u r e  which  lasted f rom 
1 5 - 3 0  min.  Af te r  an  in terva l  of  1 - 2  hr, the  an imal ' s  
t e m p e r a t u r e  e i the r  r e t u r n e d  to  its p r e i n j ec t i on  level or  an 
ove r shoo t  occur red  (Fig. 1, b o t t o m )  which  subs ided  wi th in  
24 hr.  Of  the  loci re tes ted  for  NE sensi t iv i ty  fo l lowing 
6-OHDA,  on ly  w h e n  the  amine  was in jec ted  in to  the  
A H / P O A  did a fall in t e m p e r a t u r e  occur .  Thus ,  NE had 
vir tual ly  no  ef fec t  when  the  amine  was in jec ted  in to  sites 
t ha t  lay outs ide  of  this  t he rmosens i t i ve  region.  Moreover ,  
the  NE- induced  h y p o t h e r m i a  was no t  any  more  in tense  
af te r  6 -OHDA micro in jec t ions .  

When 3.0 ug of  6 -OHDA was del ivered again bi la tera l ly  
in the  A H / P O A  (Fig. 2, inser t )  in a v o l u m e  of  0 .75 ul, a 
sus ta ined  fall in the  ra t ' s  body  t e m p e r a t u r e  occur red  once  
again. A l t h o u g h  the  decl ine was near ly  2.0 °C, the  l a t ency  
of  the  response,  as i l lus t ra ted  in Fig. 2, was s o m e w h a t  
longer  t h a n  t h a t  fo l lowing the  mic ro in j ec t i on  o f  NE in to  a n  
h o m o l o g o u s  site. 

Responses  to Warming and  Cooling 

The general  t ime-course  of  t h e r m o r e g u l a t o r y  i m p a i r m e n t  
caused by a bi la teral  mic ro in j ec t ion  of  6-OHDA in to  the  
sites dep ic ted  in the  his tological  inset  is p resen ted  in Fig. 3 
for  a represen ta t ive  rat. Prior to  the  i n t r a h y p o t h a l a m i c  
admin i s t r a t i on  of  6 -OHDA (PRE) ,  the  t h e r m o r e g u l a t o r y  
capaci ty  of  the  rat  was una f f ec t ed  dur ing  a one -hou r  per iod 
of  e i the r  warming  or cooling.  However ,  on  the  day 
fo l lowing the  mic ro in j ec t ion  of  the  n e u r o t o x i n  (Day 1), the  
t e m p e r a t u r e  of  the  an imal  increased by 0 .5°C when  it was 
exposed  to warm air for  the  same interval .  This i m p a i r m e n t  
became  progressively more  marked ,  and six days af te r  the  
6 -OHDA injec t ion ,  the  ra t ' s  t e m p e r a t u r e  rose more  t han  
1.0°C in response  to  the per iphera l  warming.  On Day 8, a 
d i sp l acemen t  of  2.0°C occur red  fo l lowing the  warm chal- 
lenge. In all tes ts  excep t  on  Day 8, exposure  to  cold air 
caused on ly  a slight f l uc tua t ion  in the  ra t ' s  t empera tu re .  
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FIG. 4. Body temperature of a rat alternately exposed to cold, 8.0°C (~,),  or to heat, 
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6-OHDA was microinjected in a dose of 3.0 #g in the AH/POA (o)  as depicted in the 

histological inset. Anatomical abbreviations are as in Fig. 2. 

The  t h e r m o r e g u l a t o r y  defici t  was a c c e n t u a t e d  by  a 
second set of  mic ro in jec t ions  of 8.0 ug of  6 -OHDA given at 
the  same sites. On Day 11, e i the r  pe r iphera l  hea t ing  or  
cool ing displaced the  ra t ' s  b o d y  t e m p e r a t u r e  above  or 
be low the  basel ine  level by more  t han  2.0 ° C. This  is s h o w n  
in Fig. 3. Therea f t e r ,  the  i m p a i r m e n t  began  to  abate .  In 
fact,  w i th in  one week af te r  the  second m i c r o i n j ec t i on  of  
6 -OHDA,  the  an imal  t h e r m o r e g u l a t e d  adequa t e ly  w h e n  
exposed  to e i the r  of  the  per iphera l  t h e r m a l  chal lenges,  and  
by  Day 21 it had  essent ia l ly  recovered.  

The  t e m p o r a l  na tu re  of  the  defici t  caused b y  a single 
in j ec t ion  of  6 -OHDA is i l lus t ra ted  in Fig. 4. When  6 -OHDA 
was in jec ted  in to  an h o m o l o g o u s  site in the  A H / P O A  
(inset) ,  in a dose of  3.0 ug in 0.5 #1, on ly  a m o d e r a t e  and  
t r ans i to ry  t h e r m o r e g u l a t o r y  def ici t  occurred .  As dep ic ted  
in Fig. 4, the  ra t ' s  t e m p e r a t u r e  increased on ly  sl ightly 
dur ing  exposure  to  the  hea t  on  Day 3 and  was no t  a f fec ted  
by  the  exposure  to  the  cold air. On Days 1 and  6, however ,  
the  one  h o u r  in terval  of  warming  caused an increase in 
colonic  t e m p e r a t u r e  of  b e t w e e n  1.0°C a n d  2 .0°C;  again, 
cool ing was w i t h o u t  effect .  

If 6 -OHDA was mic ro in j ec t ed  in an  iden t ica l  vo lume  and  
c o n c e n t r a t i o n  in to  a d iencepha l ic  area t h a t  was to ta l ly  
insensi t ive to  NE, no  evidence  of  a t h e r m o r e g u l a t o r y  defici t  

was ob ta ined .  Figure 5 i l lus t ra tes  the  sequence  of  hea t ing  
and cool ing at intervals  dur ing  a 24-day per iod  fo l lowing 
mic ro in j ec t i on  of  the  n e u r o t o x i n  in sites as ind ica ted  in the  
inset  for  a rat  in which  the  c a t e c h o l a m i n e  was w i t h o u t  
effect .  

A stat is t ical  analysis of  the  max ima l  def lec t ions  in b o d y  
t e m p e r a t u r e  revealed several facts.  Pr ior  to  the  micro-  
in jec t ion  of  6-OHDA, the  regu la tory  response  to  e i the r  
t he rma l  chal lenge was similar in b o t h  the  ex t r a -hypo tha -  
lamical ly in jec ted  con t ro l  rats  as well as in those  in which  
the  n e u r o t o x i n  was mic ro in j ec t ed  s u b s e q u e n t l y  in to  the  
AH/POA,  t ha t  is for  tests  c o n d u c t e d  in the  hea t ,  t (11)  = 
0 .18 ;  p > 0 . 3 0 ,  or in the  cold,  t ( l l )  = 1.35;  p < 0 . 1 2 5 .  
However ,  when  compared  to the  n o n  A H / P O A  in jec ted  
cont ro ls ,  the  ra ts  in which  6-OHDA was mic ro in j ec t ed  
di rect ly  in to  the  A H / P O A  showed a grea te r  dev ia t ion  in 
colonic  t e m p e r a t u r e  in response  to pe r iphera l  warming ,  
t ( 11 )  = 2 .20;  p = 0.05.  Fo l lowing  exposure  to  the  cold,  the  
t h e r m o r e g u l a t o r y  response  of  the  animals  in which  the  
n e u r o t o x i n  had  been  mic ro in jec ted  w i t h i n  the  A H / P O A  did 
no t  differ  s ignif icant ly  f rom the  e x t r a - h y p o t h a l a m i c  con t ro l  
in jec ted  rats, t ( l l ) =  1.37;  p < 0 . 1 0 .  Figure 6 i l lus t ra tes  
these  two  types  of  in j ec t ion  loci:  Top,  sec t ion  shows tha t  
the  6 - O H D A  lesion sites are in the  A H / P O A  dorsal  to  the  
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FIG. 5. Temperature of the rat alternately exposed to cold, 8.0°C (,w), or to heat, 35.0°C (ram), for a 1-hr interval before 6-OHDA (PRE), 24 
hr after the neurotoxin (Day 1) and at 2 -3  day intervals thereafter (Days 3-24).  3.0 #g of 6-OHDA were mieroinjected into the sites in the 
thalamus (.)  as depicted in the inset. Anatomical abbreviations are ci, internal capsule; fo, columns of the fornix; fx, fornix; ot, optic 

tract; re, reuniens nucleus of the thalamus; rt, reticular nucleus of the thalamus; v, ventromedial hypothalamus; zi, zona incerta. 

optic  chiasm; Bot tom,  section depicts the 6-OHDA microin- 
jec t ion  loci in a region medial  to the anter ior  commissure 
within the rostral por t ion  of  the preopt ic  area. 

Food and Water Intakes 

The body  weights of  bo th  6-OHDA injected groups,  i.e., 
the A H / P O A  and the ext ra-hypotha lamic  rats, did not  
differ  before  surgery, t(11) = 0 .048;  p>0 .30 ,  nor prior to 
adminis t ra t ion of  the 6 -OHDA,  t ( l l )  = 0 .149;  p>0 .30 .  
However,  after the 6-OHDA injections,  a significant decline 
in weight,  t (118)  = 2.235;  p < 0 . 0 2 5 ,  and in both  food and 
water intakes occurred only in those rats in which 6 -OHDA 
had been given in the AH/POA.  Dietary supplements  of  
palatable Sustagen biscuits and liquid Sustagen were re- 
quired to maintain the weight of  the lat ter  animals. As the 
rats recovered from their  the rmoregula tory  impairment ,  
their  normal  feeding and drinking patterns resumed. 

DISCUSSION 

The present  findings fur ther  substantiate the supposi t ion 
that a catecholaminergic  pa thway within the rostral hypo-  
thalamus mediates  the heat  loss mechanism in an an•mars  

defense against a warm envi ronment  [22] .  Al though the 
dose of  amine and anatomical  site are crucial [6] ,  norepi- 
nephrine microinjected within this area of  the brain induces 
a decline in the animal 's  body tempera ture  [1 ,17] .  Veale 
and Whishaw [38] have demonst ra ted  that  norepinephrine 
evokes hypo the rmia  when it is microinjected into an area 
extending f rom the lateral hypotha lamic  region to the 
mid-por t ion  of  the rostral hypothalamus.  Our exper iments  
not  only confirm this finding but reveal that  the area 
sensitive to the catecholamine extends  even more anterior-  
ally, encompassing coronal  plane AP 7.5 which passes 
through the preopt ic  area. 

When injected at a norepinephrine-sensi t ive site, 6- 
OHDA produces a fall in the rat 's body tempera ture ,  the 
characteristics of  which are similar to those seen following a 
microinject ion of  NE into the same locus. This result 
corresponds to a series of  studies in which 6-OHDA infused 
by the intraventr icular  or intracisternal route  likewise elicits 
a dose-dependent  hypo the rmia  [4, 25, 30] .  Taken together,  
these findings suggest that  at least one site of  action of  
6-OHDA, given by ei ther route,  is the anter ior  hypotha-  
lamic, preopt ic  area. Interestingly, we find no evidence of a 
localized supersensit ivity to norepinephrine fol lowing the 
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FIG. 6. Representative histological sections. Top: sites in the AH/POA dorsal to the optic chiasm in 
which 6-OHDA produced a profound thermoregulatory impairment. Bottom: lesion sites in an area 
medial to the anterior commissure and the preoptic area in which 6-OHDA had relatively no effect on 

the thermoregulatory capacity of  the rat. 
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neuro tox ic  infusion.  That  is, upon  retest,  the hypo the rmia  
evoked by norepinephr ine  is not  no tab ly  greater than the 
tempera ture  decline observed pr ior  to the 6-OHDA micro- 
inject ion.  Such an absence of  supersensit ivi ty has been 
repor ted  also after  6 -OHDA is infused at sites at which 
norepinephr ine  evokes feeding [24] .  In addi t ion,  af ter  the 
serotonergic neuro tox in ,  5 ,6-DHT, is micro in jec ted  at an 
anterior  hypo tha lamic  site at which 5-HT evokes thermo-  
genesis in the rat, again there is no evidence of  a heightened 
sensitivity upon  the reinject ion of  5-HT [21 ]. 

The incapaci ta t ion p roduced  by 6-OHDA of the entire 
thermoregula tory  mechanism has been described previous- 
ly. For  example ,  af ter  6-OHDA is micro in jec ted  in a high 
dose into the hypo tha lamus  of  the rabbit ,  the animal no 
longer is able to defend against locally applied warm or cold 
s t imulat ion of  the thermosensi t ive  zone [40] .  Al though the 
same sort of  regulatory deficit  occurs in the rat when it is 
exposed to a warm or cold ambient  tempera ture ,  the 
impai rment  is a t ime-dependent ,  t ransient  one f rom which 
the rat recovers. Presumably,  the specific pat tern o f  deficit  
depends on the number  of  ca techolamine  terminals  that  are 
des t royed;  however ,  the deple t ion  o f  ca techolamine  stores 
may persist for  several weeks fol lowing the adminis t ra t ion 
of  the neuro tox in  [36] .  In all l ikel ihood,  the loss of  the 
animal 's  capaci ty to thermoregula te  is related to an initial 
non-specific act ion of  a suff icient ly high dose o f  6-OHDA 
in destroying aminergic nerve endings [5, 26, 32] including 
serotonergic terminals.  A disseminated zone of  necrosis 
surrounding the immedia te  region of  the microinjec ted  
droplet  is caused by 6-OHDA [10] .  In fact, the 6-OHDA- 
induced degenerat ion of  ca techolamine  neurons is generally 
considered to be dose-dependent ,  with high doses causing 
generalized tissue dest ruct ion [3 ,16] .  Non-specific t rauma,  
retrograde damage along the cannula shaft as well as along 
b lood vessels and myel in  tracts can ostensibly be avoided if 
a lower  dose of  the neuro tox in  and a reasonable inject ion 
volume are employed  [2] .  

F r o m  an anatomical  s tandpoint ,  if  6-OHDA is no t  
micro in jec ted  at a locus containing noradrenergic endings, 
the animal then  thermoregula tes  qui te  adequate ly  in ei ther  
the warm or cold envi ronment .  Similarly, if  the neuro tox in  
is delivered into  the brain substance in a sufficiently large 
volume,  so that  the bulk o f  the injected solut ion eff luxes 
into the cerebral ventricle,  little or  no impai rment  in 

thermoregula t ion  would  be expected.  The reason is simply 
that  the dose of  6-OHDA ul t imately  reaching the noradre- 
nergic nerve terminals  is ineffective.  Ei ther  of  these two 
possibilities could explain why thermoregula t ion  may not  
always be affected by 6 -OHDA when the neuro tox in  is 
injected into the hypotha lamus  [37] .  If a lower  dose of  
6-OHDA is infused repeatedly,  then norepinephr ine  deple- 
t ion may be even more marked than that fol lowing a single 
dose [3] .  This could determine,  in part,  why the second 
6-OHDA t rea tment  caused such a severe incapaci ta t ion in 
the thermoregula tory  responses of  our  animals to warm or 
cold ambient  temperatures .  

As described previously,  the intake of  food in the 
6-OHDA-treated rat declines substantially.  This result un- 
derscores the integrated funct ional  nature of  the catechola- 
minergic pathways  within the rostral region of  the hypo-  
thalamus. In the rat, monkey  and o ther  species, norepi- 
nephrine infused into the anter ior  hypotha lamic  area can 
evoke eating and in some cases a s imultaneous fall in body 
tempera ture  [20] .  Moreover,  it is probable that  a funct ion-  
ally intact  ca techolamine system is required in the dien- 
cephalon for a normal  pat tern of  regulated food intake 
[33] .  

Finally,  our  results with the 6-OHDA correspond well 
with those in which 5,6-DHT has been applied to the 
d iencephalon in the same way. Fol lowing the micro- 
inject ion of  this serotonergic neuro tox in  into  homologous  
loci of  the rat 's anter ior  hypotha lamus ,  the animal exhibits  
a marked impai rment  in its physiological  defense against a 
cold ambient  tempera ture  [21] .  In this case, the mecha-  
nism for thermogenesis  is not  act ivated fol lowing the 5-HT 
lesion to the self-same area. Overall, these observations 
provide fur ther  suppor t  for the concept  that  a balance in 
the presynapt ic  release of  5-HT, norepinephr ine  and pos- 
sibly dopamine  within the AH/POA const i tutes  one neuro-  
chemical  c o m p o n e n t  underlying the mechanism whereby 
thermoregula t ion  is achieved [20] .  

ACKNOWLEDGEMENTS 

This research was supported in part by NSF Grant BMS 
75-1 8441,  U . S .  Off ice  of  Naval Research Contract 
N-00014-75-C-0203. W.D.R.  is a Pre-Doctoral student at Purdue 
University. 

REFERENCES 

1. Avery, D. D. Intrahypothalamie adrenergic and cholinergic 
injection effects on temperature and ingestive behavior in the 
rat. Neuropharmacology 10: 753-763, 1971. 

2. Bloom, F. E. Monoaminergic neurotoxins: are they selective? 
J. Neural Trans. 37: 183-187, 1975. 

3. Breese, G. R. and B. R. Cooper. Chemical lesioning: catechol- 
amine pathways. In: Methods in Psychogiology, vol. III, edited 
by R. D. Myers. New York: Academic Press, 1977, pp. 27-46. 

4. Breese, G. R., R. A. Moore and J. L. Howard. Central actions 
of 6-hdyroxydopamine and other phenylethylamine derivatives 
on body temperature in the rat. J. Pharmac. exp. Ther. 180: 
591-602, 1972. 

5. Butcher, L. L., S. M. Eastgate and G. K. Hodge. Evidence that 
punctate intracerebral administration of 6-hydroxydopamine 
fails to produce selective neuronal degeneration. Naunyn- 
Schmiedeberg's Arch. Pharrnac. 285 : 31-70,  1974. 

6. Cantor, A. and E. Satinoff. Thermoregulatory responses to 
intraventricular norepinephrine in normal and hypothalamic- 
damaged rats. Brain Res. 108: 125-141, 1976. 

7. Cheung, Y. and J. R. Sladek. Catecholamine distribution in 
feline hypothalamus. J. comp. Neurol. 164: 339-360, 1975. 

8. Cowchock, F. S., P. W. Carmel and R. E. Barrett. The 
distribution of catecholamines in the hypothalamus of the cat. 
Neuroendocrinology 15 : 209-219, 1974. 

9. deGroot, J. The rat hypothalamus in stereotaxic coordinates. J. 
comp. Neurol. 113: 389-400, 1959. 

10. Evans, B. K., S. Armstrong, G. Singer, R. D. Cook and G. 
Burnstock. Intracranial injection of drugs: comparison of 
diffusion of 6-OHDA and guanethidine. Pharmae. Biochem. 
Behav. 3: 205-217, 1975. 

11. Feldberg, W. and R. D. Myers. Effects on temperature of 
amines injected into the cerebral ventricles. A new concept of 
temperature regulation. J. Physiol. 173: 226-237, 1964. 

12. Garver, D. L. and J. R. Sladek, Jr. Monoamine distribution in 
primate brain. I. Catecholamine-containing perikarya in the 
brain stem of Macaca speeiosa. J. comp. Neurol. 159: 
289-304, 1975. 



6-OHDA AND T H E R M O R E G U L A T I O N  385 

13. Garver, D. L. and J. R. Sladek, Jr. Monoamine distribution in 
primate brain. II. Brain stem catecholaminergic pathways in 
Macaca speciosa (arctoides). Brain Res. 103: 176-182,  1976. 

14. Hansen, M. G. and I. Q. Whishaw. The effects of 6-hydroxy- 
dopamine, dopamine and dl-norepinephrine on food intake and 
water consumption, self-stimulation, temperature and electro- 
encephalographic activity in the rat. Psychopharmacologia 29: 
33-44 ,  1973. 

15. Jacobowitz, D. M. and M. Palkovits. Topographic atlas of 
catecholamine and acetylcholinesterase-containing neurons in 
the rat brain. I. Forebrain (telencephalon, diencephalon). J. 
comp. Neurol. 157: 13-28 ,  1974. 

16. Kostrzewa, R. M. and D. M. Jacobowitz. Pharmacological 
actions of 6-hydroxydopamine. Pharmac. Rev. 26: 199-288,  
1974. 

17. Lomax, P., R. S. Foster and W. E. Kirkpatrick. Cholinergic and 
adrenergic interactions in the thermoregulatory centers of the 
rat. Brain Res. 15: 431-438 ,  1969. 

18. Myers, R. D. Methods for chemical stimulation of the brain. 
In: Methods in Psychobiology, Vol. I, edited by R. D. Myers. 
London: Academic Press, 1971, pp. 247-280.  

19. Myers, R. D. General laboratory procedures. In: Methods in 
Psychobiology, Vol. I, edited by R. D. Myers. London: 
Academic Press, 1971, pp. 27-65 .  

20. Myers, R. D. Handbook o f  Drug and Chemical Stimulation o f  
the Brain. New York: Van Nostrand, 1974. 

21. Myers, R. D. Impairment of thermoregulation, food and water 
intakes in the rat after hypothalamic injections of 5,6-dihy- 
droxytryptamine. Brain Res. 94: 491-506 ,  1975. 

22. Myers, R. D. Hypothalamic control of thermoregulation: 
neurochemical mechanisms. In: Handbook o f  the Hypothala- 
mus, edited by P. Morgane and J. Panksepp. New York: Marcel 
Dekker (in press). 

23. Myers, R. D. and C. Chinn. Evoked release of hypothalamic 
norepinephrine during thermoregulation in the cat. Am. J. 
Physiol. 224: 230-236,  1973. 

24. Myers, R. D. and G. E. Martin. 6-OHDA lesions of the 
hypothalamus: interaction of aphagia, food palatability, set- 
point for weight regulation, and recovery of feeding. Pharmac. 
Biochem. Behav. 1: 329-345,  1973. 

25. Nakamura, K. and H. Thoenen. Hypothermia induced by 
intraventricular administration of 6-hydroxydopamine in rats. 
Eur. J. Pharmac. 16: 46 -54 ,  1971. 

26. Poirier, L. J., P. Langelier, A. Roberge, R. Boucher and A. 
Kitsikis. Non-specific histopathological changes induced by the 
intracerebral injection of 6-hydroxy-dopamine (6-OH-DA). J. 
neurol. Sci. 16: 401-416 ,  1972. 

27. Poitras, C. and A. Parent. A fluorescence microscopic study of 
the distribution of monoamines in the hypothalamus of the 
cat. J. Morphol. 145: 387-407,  1975. 

28. Rudy, T. A. and H. Wolf. The effect of intrahypothalamically 
injected sympathomimetic amines on temperature regulation in 
the cat. J. Pharrnac. exp. Ther. 179: 218-235 ,  1971. 

29. Ruwe, W. D. Diencephalic mediation of thermoregulation and 
feeding in the cat by a dopaminergic mechanism. Unpublished 
Master's thesis, Purdue University, 1977. 

30. Simmonds, M. A. and N. J. Uretsky. Central effects of 
6-hydroxydopamine on the body temperature of the rat. Br. J. 
Pharmac. 40: 630-638 ,  1970. 

31. Singer, G. and S. Armstrong. Effects of intracranial injections 
of 6-OHDA on food and water intakes, body temperature and 
body weight regulation in the rat. Pharmac. Biochem. Behav. 
5: 309-317,  1976. 

32. Singer, G., S. Armstrong, B. Evans and G. Burnstock. Compar- 
ison of the effects of intracranial injections of 6-OHDA and 
guanethidine on consummatory behavior and monoamine 
depletion. Pharmac. Biochem. Behav. 3(Suppl. 1): 91-106 ,  
1975. 

33. Stricker, E. M. and M. J. Zigmond. Recovery of function after 
damage to central catecholamine-containing neurons: a neuro- 
chemical model for the lateral hypothalamic syndrome. In: 
Progress in Psychobiology and Physiological Psychology, Vol. 
6. New York: Academic Press, 1976, pp. 121-188.  

34. Swanson, L. and B. Hartman. The central adrenergic system. 
An immunofluorescence study of the location of cell bodies 
and their efferent connections in the rat utilizing dopamine- 
beta-hydroxylase as a marker. J. comp. Neurol. 163: 467-506 ,  
1975. 

35. Ungerstedt, U. Histochemical studies on the effect of intracere- 
bral and intraventricular injections of 6-hydroxydopamine on 
monoamine neurons in the rat brain. In: 6-Hydroxydopamine 
and Catecholamine Neurons, edited by T. Malmfors and H. 
Thoenen. Amsterdam: North Holland Publishing Company, 
1971,pp. 101-127.  

36. Uretsky, N. J. and L. L. Iversen. Effects of 6-hydroxy- 
dopamine on noradrenaline-containing neurones in the rat 
brain. Nature 221: 557-559 ,  1969. 

37. Van Zoeren, J. G. and E. M. Stricker. Thermal homeostasis in 
rats after intrahypothalamic injections of 6-hydroxydopamine. 
Am. J. Physiol. 230: 932-939,  1976. 

38. Veale, W. L. and 1. Q. Whishaw. Body temperature responses at 
different ambient temperatures following injections of prosta- 
glandin E~ and noradrenaline into the brain. Pharmac. Bio- 
chem. Behav. 4: 143-150,  1976. 

39. Wolf, G. Elementary histology for neuropsychologists. In: 
Methods in Psychobiology, Vol. I, edited by R. D. Myers. 
London: Academic Press, 1971, pp. 281-299.  

40. Woolf, C. J., H. P. Laburn, G. H. Willies and C. Rosendorff. 
Hypothalamic heating and cooling in monoamine-depleted 
rabbits. Am. J. Physiol. 228: 569-574 ,  1975. 


