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BREESE, G. R., R. D. SMITH, B. R. COOPER AND L. D. GRANT. Alterations in consummatory behavior following 
intracisternal injection of 6-hydroxydopamine. PHARMAC. BIOCHEM. BEHAV. 1(3) 319-328, 1973.-Intracisternal 
administration of two doses of 6-hydroxydopamine, one with pargyline pretreatment and one without, caused an initial 
disruption of consummatory behavior. In spite of measures to enhance recovery from these acute effects, 6-hydroxy- 
dopamine treated rats were found to maintain body weight at a lower level than control rats. Similar to controls, treated 
animals were found to drink water in the absence of food and to enhance water consumption in response to the 
administration of a hypertonic saline solution. However, unlike control rats, animals treated with 6-hydroxydopamine 
failed to increase food intake following insulin administration. Desoxycorticosterone acetate (DOCA) treatment enhanced 
saline preference in 6-hydroxydopamine treated rats, but the maximum volume of saline consumed was markedly less than 
the intake of control rats following DOCA treatment. While control rats drank a large volume of either a sucrose or a saline 
solution when substituted for water, 6-hydroxydopamine treated animals showed little increase in their intake of these 
solutions. Preferential depletion of norepinephrine in brain did not alter consumption of a sucrose solution; however, 
depletion of dopamine produced a significant reduction in sucrose intake. These latter findings suggest that this deficit 
observed in the 6-hydroxydopamine treated rat involves interruption of dopaminergic pathways. 

6-Hydroxydopamine Consummatory behavior Sucrose consumption Saline consumption 

A D M I N I S T R A T I O N  of  6 -hydroxydopamine  into  brain has 
been shown to produce  prolonged reduct ions  of  brain 
catecholamines  due to des t ruc t ion  of  central  sympathe t ic  
neurons  [2, 7, 8, 9, 25, 26] .  Similar to o ther  phenyl-  
e thy lamine  compounds  [3 ] ,  6 -hyd roxydopamine  has been 
shown to affect  norepinephr ine  conta ining neurons to a 
greater  ex ten t  than dopaminergic  fibers [8, 9, 25] .  In 
subsequent  exper iments ,  dep le t ion  of  dopamine  was found 
to be enhanced if the 6 -hydroxydopamine  inject ions were 
preceded by pre t rea tment  wi th  pargyline,  a m o n o a m i n e  
oxidase inhibi tor  [7, 8, 14, 26, 29] .  

Trea tments  combin ing  6 -hydroxydopamine  and a mono-  
amine oxidase inhibi tor  have been used recent ly  to s tudy 
the role of  brain ca techolamine-conta in ing  fibers in con- 
s u m m a t o r y  behavior.  Fibiger et al. [14 ] ,  as well as 
Zigmond and Str icker [29 ] ,  have repor ted  that  the intra- 
ventr icular  adminis t ra t ion of  6 -hydroxydopamine  to 
animals pretreated with a m o n o a m i n e  oxidase inhibi tor  
produced an acute  aphagia and adipsia. Previous studies in 
which 6 -hydroxydopamine  was administered in the absence 
of  m o n o a m i n e  oxidase inhibi t ion,  have not  repor ted  this 

acute  change in consummato ry  behavior  [2, 8, 25] unless 
the 6 -hydroxydopamine  was injected intracerebral ly in to  
the lateral hypotha lamus  [21] or  in to  the  pa thway of  the 
nigro-striatal t ract  [24] .  Interest ingly,  the consummato ry  
deficits seen after  inject ion into  the lateral hypotha lamus  
were in terpre ted  as being due to dest ruct ion of  norepineph-  
rine fibers [21] ,  while similar effects  in the lat ter  s tudy 
[24] were a t t r ibuted to des t ruct ion of  dopamine-  
containing neurons which are found in the nigro-striatal 
tract.  

The present  repor t  provides evidence that  intracisternal  
inject ions of  6 -hydroxydopamine  after  a monoamine  oxi- 
dase inhibi tor  produces the  same acute effects on eating 
and drinking previously observed fol lowing intraventr icular  
adminis t ra t ion [ 14, 29] .  Previously, little data pertaining to 
chronic consummato ry  effects has been repor ted;  this 
manuscript  will describe several chronic deficits in consum- 
ma to ry  behavior  fol lowing t rea tment  with 6-hydroxy-  
dopamine ,  including a reduc t ion  in the amoun t  of  sucrose 
solut ion normal ly  ingested by control  rats. In addit ion,  
sucrose consumpt ion  was examined in rats preferent ial ly  
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depleted of either norepinephrine or dopamine to deter- 
mine if one of these amines could be individually impli- 
cated in this deficiency. 

METHOD 

A nimals 

Male Sprague-Dawley rats (140-180  g) were used in all 
experiments. Animals were given two doses of 6-hydroxy- 
dopamine (200 ug) intracisternally under ether anesthesia, 
one dose 30 min after pargyline (50 mg/kg) and the second 
dose one week later without pargyline pretreatment [7,8]. 
Control animals were injected with pargyline 30 min before 
the intracisternal administration of 25 ul of ascorbic acid 
vehicle (0.5%). To reduce dopamine preferentially, rats 
received 240 ug of 6-OHDA 1 hr after 30 mg/kg desi- 
pramine on 2 occasions 1 week apart [8,12]. Depletion of 
brain norepinephrine with little effect on dopamine was 
accomplished by administering three 25 gg doses of 
6-hydroxydopamine at three day intervals [8,25]. 

Procedures 

In order to examine the acute effects of 6-hydroxy- 
dopamine on eating and drinking, rats were individually 
caged. Water was provided through inverted bottles with 
metal drinking tubes. Each water bottle was weighed daily 
and the water consumed was determined by weight 
difference. Food consumption as well as body weight were 
also determined each day. Known amounts of food were 
added to the cage floor each day; the amount of food 
remaining 24 hr later was determined. Powdered food 
produced during the act of eating was not included in this 
weight but large pellets that dropped through the cage were 
recovered and included in the weight. After 8 days, this 
experiment was terminated. 

In subsequent experimental groups treated with 
6-hydroxydopamine, therapeutic measures were taken to 
alleviate the severe symptoms produced acutely by 6- 
hydroxydopamine. This treatment consisted of adminis- 
tering 5 ml of a protein hydrolysate and dextrose solution 
(5% amigen and 5% dextrose injection, Baxter Laboratories, 
Morton Grove, Illinois) intraperitoneally each day and 
giving rats fresh slices of oranges and apples. In addition to 
nutritional supplement which began immediately after the 
second injection, groups were housed so that three rats 
occupied a single cage (9 1/2 x 6 x 6 in.) to minimize any 
possible hypothermia accompanying the 6-hydroxy- 
dopamine treatment [5]. With these therapeutic proce- 
dures, the acute period of weight loss was lessened and 
mortality did not exceed 15 percent in the treated rats. It 
has been found that tube feeding of animals as described by 
Ungerstedt [24] is also effective. Ten to 20 days after 
injection, all animals were individually caged. The treated 
animals appeared active and healthy, but  maintained body 
weight without additional care at a lower level than control 
rats. At various times after this recovery period, baseline 
food and water consumption were determined daily for 5 
day periods. 

Fluid Consumption Tests 

After baseline food and water intake was recorded, 
consumption of several fluids were examined in 6- 
hydroxydopamine treated rats. In initial studies, water was 
replaced by one of several solutions using a random 

cross-over design. The solutions included a 5% sucrose 
solution, a 0.03% saccharin solution, a 0.01% quinine 
solution and a 1% saline solution. Consumption of a given 
test solution was determined at 24 hr intervals during a 4 
day period. Following each test period, rats were given 
water for three days followed by exposure to another 
solution. 

Two preference experiments of fluid consumption were 
also conducted. Animals were given a choice of a saline 
solution or water in one group of experiments and a sucrose 
solution or water in another series of experiments. Bottles 
containing the solutions were positioned on the cages so 
that the metal drinking tubes were 1 in. apart and approxi- 
mately 1 1/4 in. above the floor of the cage. Each day the 
amount consumed from each bottle was recorded and the 
bottles reversed. This procedure was subsequently used to 
determine if 6-hydroxydopamine would alter sodium appe- 
tite increased by desoxycorticosterone trimethylacetate 
administration [18]. Treated and control animals were 
screened and if after 6 days they were found to ingest 
primarily the saline solution they were removed from the 
experiment (N = 3). At this time, the remaining 18 animals 
were injected with desoxycorticosterone trimethylacetate 
(DOCA; Percorten, Ciba, Summit, New Jersey) 2.5 mg/kg 
daily for 6 days and then with 5.0 mg]kg daily for 8 days. 

In order to determine changes in the water consumption 
following an injection of hypertonic salt solution, 2 ml per 
100 g body weight of 1 M NaC1 solution was injected 
intraperitoneally [22]. Water consumption was recorded at 
2-hr intervals for 6 hr. Total 24 hr water intake was also 
recorded following this procedure. Treated and control 
animals were also deprived of food to determine how much 
water they would drink in the absence of food. 

Food Consumption Test 

Food intake was measured after subcutaneous injection 
of insulin (20 units/kg; Iletin, Lilly, Indianapolis, Indiana) 
[11,16]. Rats were not deprived of food before the test. 
Insulin was injected at approximately 9:00 a.m. Total food 
intake was accurately measured at hourly intervals for 5 hr 
and compared with food intake during the same time 
period recorded on the day preceding the insulin test. The 
amount consumed during the subsequent 19 hr was also 
recorded. 

Biochemical Determinations 

Following the various treatments, each animal was 
killed. The brain was immediately removed from the skull 
and rinsed with cold water. Most brains were then dissected 
into two halves. One half was frozen immediately on dry 
ice and stored ( -76°C)  until homogenized later in 0.1 N 
HC1 for analysis of brain serotonin. Brains were analyzed 
for serotonin according to the method of Bogdanski, et al. 
[3 ]. The remaining brain halves were homogenized in 0.4 N 
perchloric acid and kept frozen until  they could be 
analyzed for catecholamine content as previously described 
[7]. In other groups of animals treated with 6-hydroxy- 
dopamine, brains were dissected to obtain information on 
the effects of the various 6-hydroxydopamine treatments 
on brain catecholamine concentration in specific brain 
areas. Before dissection, the cerebellum was removed. The 
hypothalamus was dissected rostrally by a cut at the optic 
chasm, caudally by a cut at the level of the mammillary 
bodies and dorsally by a cut at the level of the auterior 
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commissure. The cut at the level of the optic chiasm 
permitted dissection of the striatum from the forebrain. 
Tissue referred to as rest of brain was the cortex remaining 
in the forebrain after removal of the striatum. These tissues 
were also homogenized in 0.4 N perchloric acid and the 
homogenates kept frozen ( -20°C)  until analyzed within 
24 hr. After thawing, these homogenate were centrifuged 
and the supernatant analyzed for catecholamines [7].  

Drugs 

The 6-hydroxydopamine was obtained from Regis 
Chemical Co. (Chicago, Ill.). The pargyline was a gift of 
Abbott  Laboratories (Chicago, Ill.). The desipramine was 
obtained from Geigy Laboratories (Ardsley, N.Y.). 

RESULTS 

Early Effects o f  Intracisternally Administered 6-Hydroxy- 
dopamine on Food and Water Consumption 

After the intracisternal administration of  6-hydroxy- 
dopamine (200 ug) to animals treated with pargyline, food 
and water consumption was interrupted for one day (Fig. 
1). The effects of a second injection of 6-hydroxydopamine 
(200 ug) administered without pargyline 10 days later 
produced a profound effect on eating and drinking. For the 
next 8 days, animals showed a total adipsia and aphagia 
(Fig. 1). At the end of this period, surviving animals were 
sacrificed. In our experience, if animals are not cared for 
immediately after the second injection of  6-hydroxy- 
dopamine (see Methods), up to 80 percent of  the animals 
within a given group may die. Such observations are in 
agreement with the recent reports by Fibiger et al. [ 14] 
and Zigmond and Stricker [29] who administered 6- 
hydroxydopamine intraventricularly. 

Prolonged Effects of  6-Hydroxydopamine Treatment on 
Water and Food Intake 

Survival of 6-hydroxydopamine treated rats was 
enhanced if they were given nutritional supplements and 
housed to conserve body heat (see Methods). With this care, 
animals were severely hypophagic and hypodipsic rather 
than totally aphagic and adipsic as observed in animals 
singly caged that received no treatment. After a period of 
10 -21 days most animals began to eat and drink sufficient 
amounts of food and water to maintain life without special 
care. By 30 days, treated rats had reached a stable level of 
food intake. In Table 1, food and water consumption are 
shown in two different groups of  rats; one group was 
examined approximately 30 days and the other approxi- 
mately 180 days after the last injection of 6-hydroxy- 
dopamine. The body weights of  control and 6-hydroxy- 
dopamine treated rats were quite different even though 
weights were comparable at the time of injection. The fact 
that this difference is evident 180 days after treatment 
suggests a chronic impairment in the 6-hydroxydopamine 
treated rat, which maintains body weight at a subnormal 
level. Control rats starved for 5 days and then allowed food 
ad fib reached the weight of control rats within 4 - 5  weeks 
indicating that the reduced food intake during the acute 
period following 6-hydroxydopamine could not account for 
the changes in body weight observed later. Even though 
food consumption was reduced slightly at the earlier time 
period after treatment,  the greatest reduction in terms of 
absolute amount was in water consumption when based on 
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FIG. 1. Effect of 6-hydroxydopamine (6-OHDA) administration on 
food and water consumption and body weight. Four days after the 
beginning of the experiment, rats were pretreated with pargyline (50 
mg/kg, IP) 30 min before administration of a 200 ~g dose of 
6-OHDA. The second dose of 6-OHDA (200 ~.g) was administered 
10 days later without pargyline. (e e) refers to saline treated rats 

(N = 20); (o . . . .  o) refers to 6-OHDA treated rats (N = 26). 

a 24 hr period (Table 1). However, when food and water 
consumption were calculated on the basis of  body weight in 
an attempt to correct the body weight difference between 
the groups, the deficits in consumption in 6-hydroxy- 
dopamine treated rats were no longer evident. 

In another experiment, 6-hydroxydopamine treated rats 
were placed on a 22 1/2 hr food deprivation schedule and 
water intake in the absence and in the presence of food was 
recorded (Table 2). As above, interpretation is again 
complicated by differences in body size of  control and 
6-hydroxydopamine-treated rats. Irrespective of this weight 
complication, it is clear that 6-hydroxydopamine treatment 
did not prevent animals from drinking water during food 
deprivation although the amount of water intake was 
significantly reduced regardless of the manner in which the 
data was presented. Whereas the absolute amount of water 
consumed was significantly reduced when food was present 
for 90 min, this difference was not present when water 
intake was corrected for body weight. 

Effect o f  6-Hydroxydopamine Treatment on the Intake of  
Sucrose, Saccharin, and Quinine Solutions 

From a previous study which indicated that several 
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TWENTY-FOUR HOUR FOOD 

T A B L E 1  

AND WATER INTAKE 
(6-OHDA) TREATMENT 

AFTER 6-HYDROXYDOPAMINE 

Food Water Body Weight 

(g) (g/100 g B.W.) (ml) (ml/100 g B.W.) (g) 

Group A 

6-OHDA 23.2 ± 0,8* 9.7 ± 0.3 29.4 ± 1.3" 12.4 ± 0.5 240 +_ 8* 

Controls 27.3 +- 0.7 8.8 +- 0.2 37.7 +- 1.5 12.3 -+ 0.5 310 -+ 10 

Group B 

6-OHDA 24.5 +- 1.4 6.7 +- 0.4 32.6 ± 1.0" 8.9 ± 0.3 367 ± 23* 

Controls 28.3 ± 1.6 5.3 ± 0.3 46.7 ± 2.6 8.8 +- 0.5 533 ± 16 

6-Hydroxydopamine  was administered intracisternally to pargyline pretreated animals as described 
in Methods; control  animals received saline intracisternally and pargyline (50 mg/kg) intraperitoneally.  

. Food and water intake was measured approximately 30 days and 180 days after the last injection of 
6-OHDA in Group A and Group B, respectively. Values represent  the mean  ± S.E. of  food and water 
intakes during a 5 day period presented as g/24 hr or as g/100 g body  weight (B.W.)/24 hr. There are 
14 to 16 animals per group. 

*Values significantly different from control  values at p<0 .01 .  

T A B L E  2 

EFFECT OF FOOD DEPRIVATION ON FOOD AND WATER INTAKE IN THE 6-HYDROXY- 
DOPAMINE TREATED RAT 

Trea tment  

Food Present for 90 min  No Food for 22 1/2 hr 24 hr Total 

Food Intake Water Intake Water Intake Water Intake 

(g) (ml) (ml) (ml) 

Control 11.7 ± 1.0 15.9 ± 1.7 22.5 ± 1.5 38.4 _+ 2.2 

N = 13 (2.4 ± 0.3) (3.2 +_ 0.3) (4.6 +- 0.25) (7.8 -+ 0.45) 

6-OHDA 9.5 +- 0.7 10.6 -+ 1.1" 12.2 +- 13" 22.8 ± 1.3" 

N = 10 (2.6 -+ 0.2) (3.0 -+ 0.3) (3.4 -+ 0.36*) (6.3 +- 0.36*) 

Values in parantheses represent the mean ± S.E. of  consumpt ion  per 100 g body weight. Animals 
were treated with 6-hydroxydopamine  (6-OHDA) as described in Methods.  Rats were placed on a 22 1/2 
hr food deprivation schedule. The values are from the fifth day of the deprivation schedule. Mean 
body weight of  control group was 490 ± 12 g; weight of  6-hydroxydopamine  treated group was 360 +- 
12 g before the exper iment  was initiated. 

*p<0.025 when compared with consumpt ion  of  control  group.  

6 - h y d r o x y d o p a m i n e  t r e a t e d  r a t s  d id  n o t  d r i n k  s u c r o s e  [ 6 ] ,  
a s y s t e m a t i c  s t u d y  o f  t h i s  o b s e r v a t i o n  was  i n i t i a t e d .  As  
s h o w n  in Fig.  2, c o n t r o l  ra t s  c o n s u m e d  a p p r o x m a t e l y  3 
t i m e s  as m u c h  s u c r o s e  s o l u t i o n  as w a t e r .  In  c o n t r a s t  t o  t h i s  
f i n d i n g ,  a n i m a l s  t r e a t e d  w i t h  6 - h y d r o x y d o p a m i n e  s h o w e d  
l i t t le  i n c r e a s e  to  t h e  s u c r o s e  s o l u t i o n  w h e n  it  was  s u b s t i -  
t u t e d  fo r  w a t e r  (Fig .  2;  T a b l e  5).  A s imi l a r  f i n d i n g  was  
o b t a i n e d  w h e n  a n i m a l s  were  g iven  a s a c c h a r i n  s o l u t i o n  (Fig.  
2).  In  c o n t r a s t  t o  b a s e l i n e  w a t e r  i n t a k e ,  c o r r e c t i n g  v a l u e s  

fo r  b o d y  w e i g h t  d id  n o t  a l t e r  i n t e r p r e t a t i o n  o f  t h e s e  
f i n d i n g s  (Fig .  2; T a b l e  5).  

T o  ga in  s o m e  i n s i g h t  i n t o  t h e i r  ab i l i t y  t o  t a s t e ,  r a t s  were  
g iven  a q u i n i n e  s o l u t i o n  and  a c h o i c e  b e t w e e n  w a t e r  a n d  a 
s u c r o s e  s o l u t i o n .  W h e n  t h e  q u i n i n e  s o l u t i o n  was  s u b s t i t u t e d  
fo r  w a t e r ,  c o n t r o l  as wel l  as 6 - h y d r o x y d o p a m i n e  t r e a t e d  
ra t s  s h o w e d  an  in i t ia l  d e c r e a s e  in c o n s u m p t i o n  o f  t h i s  
s o l u t i o n  s u g g e s t i n g  t h a t  b o t h  g r o u p s  f o u n d  t h e  t a s t e  o f  t h e  
q u i n i n e  s o l u t i o n  avers ive  (Fig .  2) .  H o w e v e r ,  b y  t h e  s e c o n d  
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FIG. 2. Effect of 6-hydroxydopamine (6-OHDA) treatment on 
intake of water, sucrose, quinine, and saccharin solutions. (e e) 
refers to fluid consumption of control rats (N = 17); (o . . . .  o) refers 
to fluid consumption of 6-OHDA treated rats (N = 20). Body weight 
of control rats was 415 ± 9 g. 6-Hydroxydopamine treated rats 
weighed 300 -+ 9 g. All values for sucrose intake and saccharin 
consumption are significantly different from control values 
(p<0.001). Sucrose consumption for the first day corrected for 
body weight was 37.8 ± 2.5 ml/100 g for control rats and 17.3 ± 2.2 
ml/100 g for 6-hydroxydopamine treated rats (p<0.001). Values for 
saccharin intake for the first day corrected for body weight were 
36.1 ± 4.3 ml/100 g for control rats and 15.3 ml ± 3.3 mg/100 g 

body weight for 6-hydroxydopamine treated rats (p<0.001). 

day b o t h  groups consumed  as much  quinine as they  had 
previously consumed  water .  Animals were also allowed to 
choose  be tween  water  and a sucrose solut ion.  As before  
cont ro l  animals were found  to  drink far greater  amounts  of  
sucrose per  24 hr  than water  (1 1 ± 1 ml of  water  versus 145 
± 16 ml of  sucrose;  N = 9). The 6 - h y d r o x y d o p a m i n e  t rea ted  
rats were also found  to  prefer  the  solut ion of  sucrose to  
water  (12 ± I ml of  water  versus 54 ± 4 ml of  sucrose 
solut ion;  N = 11). However,  in the  case of  the  6-hydroxy-  
d o p ami n e  t rea ted  rats the volume of  fluid ingested was 
closer to the  amo u n t  that  would  have been consumed  if 
water  alone had been  on the cage. Thus,  the results suggest 
that  6 - h y d r o x y d o p a m i n e  t rea ted  rats can d i f ferent ia te  
b e t w een  the taste of  water  and a solut ion of  sucrose.  

Effect o f  6-Hydroxydopamine Treatment on lntake of  
Saline 

When cont ro l  animals were exposed  to  a 1% saline 
solut ion instead of water ,  a marked increase in fluid in take 
was observed (Table 3). The 6 - h y d r o x y d o p a m i n e  t reated 
rats exposed  to  saline, however ,  showed only a slight 
increase in in take of  this fluid (Table 3). This significant 
d i f ference  was no t  e l iminated when values were correc ted  
for b o d y  weight  (Table 3). 

Other  animals were then allowed to choose be tween  
water  and a 1% saline solut ion [22] .  In this s i tuat ion,  
ne i ther  cont ro l  nor  6 - h y d r o x y d o p a m i n e  t reated animals 
showed a dis t inct  preference  for  e i ther  solut ion af ter  the 
first two  days (Fig. 3). However,  fol lowing t r ea tmen t  wi th  
desoxyco r t i cos t e rone  aceta te  (DOCA),  con t ro l  animals 
progressively increased the i r  preference  for  the  saline 
solut ion.  On the last two  days of  the expe r imen t ,  mean 
intake for  con t ro l  rats increased f rom a baseline of  
approx imate ly  22 ml per day of  saline to 1 11 ml per 
day (p<0 .001) .  The adminis t ra t ion  of  DOCA to 6-hydroxy-  
dopamine  t reated rats did no t  p roduce  an increase as large 
as that  observed in controls .  In this exper imenta l  group,  
saline consumed  increased significantly f rom a baseline 
intake of  approx imate ly  20 ml to a high of  46 ml on the  
last two  days tha t  fluid c o n s u m p t i o n  was examined  
(p<0 .001) .  These findings were no t  changed qualitatively 
by  correct ing saline c o n s u m p t i o n  for  b o d y  weight  (22.5 ± 

TABLE 3 

EFFECT OF 6-HYDROXYDOPAMINE TREATMENT ON THE INTAKE OF A SALINE SOLUTION 

Treatment Water Saline Saline Saline Saline Water 

Control (ml) 49.8 ± 4.4 95.3 ± 8.3 99.5 ± 9.3 99.2 ± 7.8 94.0 ± 7.8 44.5 _+ 3.2 
N = 1 7  

(ml/100 g) 11.7 ± 1.3 22.4 ± 1.9 23.4 _+ 2.2 23.3 ± 2.1 22.1 ± 1.8 10.5 ± 0.7 

6-OHDA (ml) 34.4 ± 2.8* 46.6 ± 5.9* 42.2 ± 6.3* 47.0 ± 5.3* 50.4 ± 5.5* 24.1 ± 3.0* 
N = 20 

(ml/100 g) 11.3 ± 0.9 15.3 ± 1.9" 13.9 ± 2.1" 15.1 _+ 1.7" 16.5 ± 1.8 7.9 ± 1.0 

Saline refers to a 1% sodium chloride solution. Values are expressed as mean ± S.E. of fluid 
consumed per 24 hr or of intake per 100 g body weight per 24 hr (ml/100 g). 6-Hydroxydopamine 
(6-OHDA) treatment is described in Methods. 

*p<0.01 when compared with fluid intake in control rats. 
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FIG. 3. Effect of desoxycorticosterone acetate (DOCA) on the 
amount of water or saline consumed by control and 6-hydroxy- 
dopamine (6-OHDA) treated rats. The shaded area below the graph 
indicates the amount of DOCA administered and the duration of 
treatment. The animals are included in the 6-OHDA treated group; 
eight rats are included in the control group. Consumption of saline 
corrected for body weight was 22.5 _+ 2.3 ml/100 g/day for control 
rats and 12.3 +- 1.5 ml/100 g/day for 6-hydroxydopamine treated 

rats on the last two days saline was measured (p<0.005). 

2.3 m l / 1 0 0  g b o d y  we igh t /day  for  con t r o l  versus 12.3 _+ 1.5 
m l / 1 0 0  g b o d y  we igh t /day  for  6 - h y d r o x y d o p a m i n e  t r ea ted  
rats  for  the  final m e a s u r e m e n t  of  saline c o n s u m p t i o n ;  
p < 0 . 0 0 5 ) .  

Effect  o f  6-Hydroxydopamine Treatment on Water Intake 
after Hypertonic Saline 

In order  to  examine  the  dr ink ing  response  in 6 -hydroxy-  
d o p a m i n e  t rea ted  and con t ro l  rats to  h y p e r t o n i c  saline,  
animals  were given 2 pe rcen t  of  the i r  b o d y  weight  of  a 1 
mola r  sod ium chlor ide  so lu t ion .  On the  basis of  abso lu te  
wa te r  ingested pe r  2 hr  per iod ,  6 - h y d r o x y d o p a m i n e  t rea ted  
rats did no t  consume  as m u c h  as con t ro l s ,  b u t  these  
d i f ferences  were no t  s ignif icant  (Table  4).  When the  to ta l  
a m o u n t  of  wate r  ingested dur ing  24 h r  for  the  two  groups  
was compared ,  the  in take  for  the  con t r o l  g roup  was 
s ignif icant ly  greater  t h a n  for  the  6 - h y d r o x y d o p a m i n e  
t rea ted  group ( p < 0 . 0 0 1 ) .  Convers ion  of  these  values to  the  
a m o u n t  of  fluid c o n s u m e d  pe r  100 g of  b o d y  weight ,  
however ,  e l imina ted  this d i f ference  (Table  4).  

Effect  o f  6-Hydroxydopamine Treatment on the Eating 
Response to Insulin 

Previous s tudies  have shown  tha t  a d m i n i s t r a t i o n  of  

T A B L E  4 

EFFECT O F  6 -HYDROXYDOPAMINE TREATMENT ON WATER 
INTAKE FOLLOWING ADMINISTRATION O F  HYPERTONIC 

SALT SOLUTION 

Two Hour Totals of Water Consumption 

Treatment 2 hr 4 hr 6 hr 24 hr Total 

Control (ml) 15.4 +- 2.3 13.8 -+ 2.4 8.3 ± 1.9 53.7 +- 2.5 

N= 20 

(ml/100 g) 3.2_+0.4 2.9_+0.5 1.7_+0.4 11.3+-0.5 

6-OHDA (ml) 11.4 _+ 1.5 8.8 -+ 1.7 6.7 -+ 1.5 40.6 _+ 2.6* 

N = 20 

(ml/100 g) 3.2 _+ 0.4 2.5 +- 0.5 1.9 +- 0.4 11.4 +- 0.7 

The treatment of rats with 6-hydroxydopamine (6-OHDA) is 
described in Methods. Control and 6-OHDA treated rats received 2 
ml per 100 g body weight of a 1 M NaCI solution. Mean body 
weight was 476 + 13 g for the control group and 356 +_ 10 g for the 
6-OHDA treated group. 

*p<0.001 when compared with control. 

insul in  increases food in take  [ 1 6 , 1 9 ] .  This obse rva t ion  is 
conf i rmed  in the  present  s t udy  (Fig. 4).  In con t r a s t  to  the  
increased food  in take  in con t ro l  rats,  an imals  t rea ted  wi th  
6 - h y d r o x y d o p a m i n e  did no t  increase the i r  food  c o s u m p t i o n  
dur ing  the  5 hr  pe r iod  af te r  insul in  was admin i s t e red  (Fig. 
4). It was also of  in te res t  to  find t ha t  ne i t he r  the  
6 - h y d r o x y d o p a m i n e  t rea ted  group  no r  con t ro l  rats  
increased food  c o n s u m p t i o n  over p re in j ec t ion  levels fo r  the  
to ta l  24 hr  per iod  af ter  insulin.  

Effect  o f  Preferential Depletion o f  Norepinephrine or 
Dopamine in Brain on the Consumption o f  a Sucrose 
Solution 

In an ef for t  to  def ine  w h e t h e r  t he  absence  of  nore-  
p ineph r ine  or d o p a m i n e  was respons ib le  for  the  f ind ing  t h a t  
6 - h y d r o x y d o p a m i n e  t r ea ted  rats  did no t  d r ink  sucrose,  
animals  wi th  these  ca t echo lamines  reduced  were given a 
sucrose so lu t ion  ins tead  of  water .  These results  are s h o w n  
in Table  5. Note  t ha t  dep le t ion  of  n o r e p i n e p h r i n e  did no t  
al ter  water  c o n s u m p t i o n  no r  the  in take  of  sucrose so lu t ion  
w h e n  based u p o n  b o d y  weight .  In cont ras t ,  w h e n  sucrose 
so lu t ion  was given to  rats  p re fe ren t ia l ly  dep le ted  of 
dopamine ,  sucrose  c o n s u m p t i o n  based on  in take  per  100 g 
b o d y  weight  was s ignif icant ly  reduced  w h e n  compared  wi th  
in take  in con t ro l  animals .  As observed in 6 -hydroxy-  
d o p a m i n e  t r ea ted  rats  wi th  b o t h  amines  reduced ,  b o d y  
weight  of  the  DA Down t rea ted  rats  was s ignif icant ly  less 
t han  con t ro l .  

Effect  o f  Various 6-Hydroxydopamine Treatments on 
Concentrations o f  Norepinephrine, Dopamine and Sero- 
tonin in Brain 

Fol lowing  two doses of  6 - h y d r o x y d o p a m i n e  (6-OHDA),  
one  wi th  pargyl ine  and  one  w i t h o u t  pargyl ine ,  n o r e p i n e p h -  
f ine and  d o p a m i n e  were reduced  by  a p p r o x i m a t e l y  74 and  
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FIG. 4. Effect of insulin (20 units/kg) on food consumption of control and 6-hydroxydopamine 
treated rats. Open bars refer to food consumption on the day preceding insulin administration. Shaded 
bars refer to the amount of food consumed after insulin administration. A. Total food consumption 5 
and 24 hr after insulin. B. Food consumption (g/hr) for the first 5 hr following insulin. Eleven rats 

included in the control group and 12 rats included in the 6-hydroxydopamine-treated group. 

93 percent, respectively, in whole brain (Table 6). Brain 
serotonin was reduced by 25 -+ 3 percent in the treated rats. 
The drastic effect of this treatment on brain catecholamines 
was found to extend to hypothalamus, striatum and rest of 
brain (Table 6). 

Multiple injections of 6-hydroxydopamine in the pres- 
ence of desipramine (DMI) lowered whole brain dopamine 
by approximately 85% and norepinephrine by 20% (Table 
6). Serotonin was reduced by nearly 40 percent. Dopamine 
was reduced severely in striatum and rest of  brain with 
norepinephrine concentration much less affected in these 
areas; norepinephrine was reduced by only 30 percent in 
the hypothalamus following this treatment. 

Injection of three 25 ug doses of 6-hydroxydopamine 
intracisternally reduced whole brain norepinephrine by 58 
percent and brain dopamine by 20 percent. In this case, 
norepinephrine was reduced by 50 and 68 percent respec- 
tivley in the hypothalamus and rest of brain. Whereas 
dopamine in the striatum was significantly reduced by 
approximately 50 percent in this group of rats, dopamine in 
rest of brain was not significantly reduced. 

D I S C U S S I O N  

In the present study, intracisternal administration of 
6-hydroxydopamine in combination with pargyline was 
shown to cause an acute reduction in eating and drinking 

similar to that reported by Fibiger and associates [ 14] and 
Zigmond and Stricker [29] who administered the 6- 
hydroxydopamine intraventricularly to animals pretreated 
with a monoamine oxidase inhibitor. Following recovery 
from these acute effects on consummatory behavior, 
animals treated with 6-hydroxydopamine appear to regulate 
food and water intake normally. While total food and water 
consumed during a 24 hr period was found to be reduced, 
this reduction seemed to correlate with the reduced body 
weight of the treated rats when compared with controls. 
However, 6-hydroxydopamineotreated rats did gain weight 
as they matured, but they did not attain the body weight of 
control rats by 180 days after injection. Similar results have 
previously been reported to occur following injection of 
neonatal animals with 6-hydroxydopamine [9,20]. Since 
rats given no food for 5 days regain weight to control levels, 
these results suggest that the subnormal weight in the 
6-hydroxydopamine-treated rats is not produced by the 
initial aphagia and adipsia after administration of the drug. 

The acute syndrome and recovery found to follow 
6-hydroxydopamine appears similar to the acute aphagia 
and adipsia [1] and recovery [22] observed to occur after 
bilateral lesions of  the hypothalamus. Oltmans and Harvey 
[ 17] recently showed that lesions of the lateral hypothal- 
amus reduced brain catecholamines and suggested that the 
acute  symptoms may be due to destruction of 
catecholamine-containing fibers. Ungerstedt [24] came to a 
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TABLE 5 

EFFECT OF CATECHOLAMINE ALTERATION ON INTAKE OF 
A SUCROSE SOLUTION 

Treatment Body Weight Fluid Consumption 

(ml/100 g Body Weight) 

Water Sucrose 

Control 413 -+ 8 11.9 +- 0.8 37.6 +- 2.5 

(N = 18) 

NE Down 

(N = 11) 

400 +- 11 11.5 ± 0.5 36.8 +- 2.4 

DA Down-2x 333 ± 10~- 11.3 ± 0.7 22.5 +- 2.1"~ 

(N = 23) 

6-OHDA 300 +- 9-~ 11.2 +- 0.9 17.3 +- 2.2-~ 

(N = 20) 

*Animals were treated as described in Methods. NE Down refers 
to animals treated with 3 x 25/~g 6-OHDA intracisternally to reduce 
norepinephrine. DA-Down-2x refers to animals treated with 240 ~g 
6-OHDA intracisternally 1 hr after desipramine HCI (30 mg/kg, IP) 
on two occasions. Numbers in parentheses refer to number of 
animals in each group. 

~-p<0.001 when compared with control. 
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similar conclusion after  injecting 6 - h y d r o x y d o p a m i n e  in to  
the cell bodies  of  the  substant ia  nigra. However,  animals 
wi th  lesions in the  hypo tha l amus  have been found  to have 
persisting deficits  in c o n s u m m a t o r y  behavior  in spite o f  
their  apparen t  recovery [22] .  Since deficits  repor ted  in 
animals recovered f rom hypo tha l amic  lesions might  be 
present  in rats t rea ted  with 6 - h y d r o x y d o p a m i n e ,  certain of  
the me t h o d s  used to examine  c o n s u m m a t o r y  behavior  in 
animals wi th  lateral hypo tha lamic  lesions were incorpora ted  
into the design of  the  present  s tudies  of  recovered 
6 -hydroxydopamine - t r ea t ed  rats. 

Lesions in the hypo tha l amus  have previously been 
shown to block the  increased intake of  food  fol lowing the 
hypoglycemia  f rom insulin [ 11 ] or fol lowing administra-  
t ion of  2-deoxy-D-glucose [27] .  In the  present  s tudy,  
6 - h y d r o x y d o p a m i n e  was also found  to antagonize  the 
feeding response  to insulin adminis t ra t ion .  This similarity 
has recent ly  been fur ther  subs tant ia ted  by Zigmond and 
Stricker [29] who  repor ted  that  6 - h y d r o x y d o p a m i n e  antag- 
onized feeding p roduced  by 2-deoxy-D-glucose.  Similar to  
previously repor ted  findings in lateral hypo tha lamic  
lesioned animals [28 ] ,  t r ea tmen t  wi th  6 - h y d r o x y d o p a m i n e ,  
in addi t ion,  antagonized the  enhanced  appet i te  for  saline 
fol lowing t r ea tmen t  wi th  desoxycor t i cos t e rone  aceta te  
(DOCA). However,  the inabil i ty to  drink in the absence of  
food,  a deficit  descr ibed for animals wi th  lateral hypo tha -  
lamic lesions [22] ,  was no t  apparen t .  Fu r the rmore ,  
increased drinking p roduced  by hype r ton i c  saline, which is 
repor ted  to be el iminated by hypo tha lamic  lesions [23] 
was no t  al tered by 6 - h y d r o x y d o p a m i n e  t r ea tmen t .  Thus,  it 
would appear  tha t  the recovered 6 -h y d ro x y d o p amine -  
t reated rat is not ,  in every respect ,  like the animal which 
was recovered f rom lesions of  the lateral hypo tha lamus .  
These differences  may be dependen t  u p o n  des t ruc t ion  of  

TABLE 6 

EFFECT OF VARIOUS 6-HYDROXYDOPAMINE TREATMENTS ON NOREPINEPHRINE (NE) AND DOPAMINE (DA) 
IN WHOLE BRAIN AND VARIOUS BRAIN PARTS 

Whole Brain Hypothalamus 

mgg/g m#g/g 

Treatment NE DA NE DA NE 

Striatum Rest of Brain 

m#g/g m,ug/g 

DA NE DA 

Control 390+-16 732±64 1813±110 300-+90 242-+8 

6-OHDA 102±8"  53± 10" 280± 11" 130± 27* 3 8 ± 5 "  

DA-Down-2x 309 +- 13" 108 ± 17" 1279 ± 233 196 +- 93 240 ± 34 

DMI + 6-OHDA (2x) 

NEDown 165-+7" 580± 21 907-+45" 215+-58 200± 26 

3 x 25 /~g 6-OHDA 

7715 ± 59 304 ± 18 243 ± 36 

102 ± 45* 7 ± 2* 19 ± 10" 

431± 270* 210± 8* 50+- 12" 

4051±438"  115 ± 14" 198± 36 

Each value for whole brain represents the mean +- S.E. of 14-19 determinations; values for brain parts are the mean ± 
S.E. of 5-12  determinations. Brain dissections are described in Methods. Animals were killed 14-30 days after treatment. 
Treatments are described in Table 5 and in Methods. 

*p<0.001 when compared with control. 
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other neural systems after lesions in the lateral hypothal- 
amus. However, it is also conceivable that slightly greater 
depletions of  brain catecholamines might reveal these 
deficits. Further work will be required to define these 
alternatives. 

One additional deficiency related to consummatory 
behavior was the failure of 6-hydroxydopamine treated rats 
to increase intake of sucrose solution substituted for water. 
However, it was found that 6-hydroxydopamine treated 
rats actually preferred sucrose when allowed access to both 
a sucrose solution and water, but drank less total volume of 
fluid than control rats. This latter finding would seem to 
discount taste as a possible explanation for this behavior in 
6-hydroxydopamine treated rats. 

In subsequent experiments, sucrose consumption was 
selected to examine the individual role of norepinephrine or 
dopamine depletion in the consummatory alteration pro- 
duced by 6-hydroxydopamine. Sucrose intake in animals 
treated with 3 doses of 25 tag of 6-hydroxydopamine 
intracisternally, causing a preferential depletion of 
norepinephrine, was found to be similar to intake in 
controls. This result is in contrast to work described by 
Sorensen e t  al. [23] who reported that rats treated with 6 
doses of  25 ug 6-hydroxydopamine drank significantly less 
of a 3% sucrose solution than did controls. At the present 
time, an explanation of these divergent findings is not 
apparent. In our experiments, animals in which dopamine 
was the primary amine depleted displayed a large reduction 
of sucrose consumption. Similar to earlier proposals 
[17,24],  the latter finding suggests that destruction of 
dopamine fibers are responsible for the disruption of 
sucrose intake observed in 6-hydroxydopamine treated rats 
with both amines reduced. Although analysis of catechola- 
mines in various brain areas indicated that norepinephrine 
was reduced to some degree in the rats treated with 
desipramine and 6-hydroxydopamine, animals treated to 
deplete brain norepinephrine preferentially had greater 
reductions of norepinephrine in all parts of brain than 
observed in the dopamine depleted rat. Thus, these results 
would argue that disruption of dopamine fibers is essential 
for the sucrose consumption deficit but do not eliminate an 
involvement of noradrenergic fibers. 

In 1962, Grossman [15] observed that injection of 
norepinephrine into the diencephalon caused the satiated 
rat to eat suggesting that noradrenergic neurons played a 
role in the control of eating. In further support of this view, 
Evetts e t  al. [13] have recently presented evidence that 
endogenous release of catecholamines by acute administra- 
tion of  6-hydroxydopamine into the diencephalon also 
induced eating. As described above, Ungerstedt [24] has 
recently suggested an involvement of the nigro-striatal 
dopamine system in the acute aphagia and adipsia following 
lesions in the substantia nigra. In the present study, 
preferential depletion of dopamine produced the same 
deficit observed when both amines were reduced suggesting 
that chronic deficits in the 6-hydroxydopamine treated rat 
are related to destruction of dopamine fibers. However, 
destruction of dopamine fibers in the rat has produced 
deficits other than in consummatory behavior. For 
example, responding in an avoidance task has recently been 
found to be dependent upon dopaminergic fibers [10,20]. 
Earlier studies have suggested that dopaminergic fibers 
participated in motor  control and that their destruction was 
responsible for the symptoms of Parkinson's Disease. 
Whether a common mechanism involving dopaminergic 
fibers can be responsible for these diverse findings has yet 
to be determined. Another question to be dealt with in 
future studies is whether the observation that norepineph- 
rine injected into the diencephalon induces eating is 
contradictory with the finding that preferential destruction 
of noradrenergic fibers in brain did not produce chronic 
deficits in eating and drinking. Understanding of these 
problems should offer additional knowledge of the mecha- 
nisms controlling consummatory behavior. 
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