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BREESE, G. R., R. D. SMITH AND B. R. COOPER. Effect of various 6-hydroxydopamine treatments during development 
on growth and ingestive behavior. PHARMAC. BIOCHEM. BEHAV. 3(6) 1097-1106, 1975. - Destruction of 
catecholamine-containing fibers in brain at 5 days of age with intracisternal injection of 6-hydroxydopamine reduced body 
growth, intake of a sucrose solution, and acquisition of an active avoidance response. Further characterization of 
behavioral deficits indicated that treated animals also showed reduced ingestion of saline solution when injected with 
desoxycorticosterone and a decreased eating response to insulin. In addition, all of these deficits produced by 
catecholamine depletion with 6-hydroxydopamine were observed in rats in which brain dopamine was preferentially 
reduced but not in rats having preferential destruction of noradrenergic fibers, suggesting that dopamine depletion 
accounts for the observed alterations in developing animals. Although animals treated with 6-hydroxydopamine at 14 days 
showed reduced intake of a sucrose solution, they did not have reduced growth. Since early malnourishment reduced 
growth, it seems possible that the reduced growth observed after destruction of dopaminergic fibers may be related to an 
acute reduction of food intake which is perpetuated by persistent deficits in ingestive behavior. Evidence implicating 
malnourishment in other deficits produced by 6-hydroxydopamine could not be obtained. 
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I N T R A C I S T E R N A L  inject ion of  6 -hydroxydopamine  into  
neonata l  rats prior  to seven days of  age has been shown to 
destroy central  ca techolamine-conta in ing fibers [6 ,7] ,  to 
reduce growth and to disrupt a variety of  behavioral  
responses [7, 17, 29] .  Since some of  these effects  have 
been observed in developing animals in which brain 
dopamine  was preferent ial ly  reduced, damage to the 
dopaminergic  pathways has been suggested to be respon- 
sible for the growth and behavioral  al terat ions observed 
fol lowing 6 -hydroxydopamine  t rea tment  [ 29 ]. 

It has also been shown that  rats injected with 6-hydroxy-  
dopamine  at 14 days do not  display an al terat ion in growth 
[7] .  A possible explanat ion  would  be that  animals had 
become resistant to the effects  of  6 -hydroxydopamine .  In 
this regard, Lytle et al., [17] suggested that  the t ime- 
dependent  difference in the action o f  6 -hydroxydopamine  
might  be related to the level of  monoamine  oxidase in the 
developing rat. In the present work, exper iments  will be 
described to examine  this possibility. 

Several studies have indicated that  malnour i shment  of  
the neonate  can affect  physical and behavioral  deve lopment  
[15.. 28, 35] .  The observation that  an acute aphagia and 
adipsia can occur  in adult  rats af ter  t r ea tment  with 
6 -hydroxydopamine  [2, 4, 13, 30, 34] suggested that  
reduced food intake during a critical period o f  deve lopment  
might  contr ibute  to the deficits observed in animals t reated 

with 6 -hydroxydopamine  when immature .  Therefore ,  one 
purpose o f  the present s tudy was to determine  if  neonata l  
malnutr i t ion  could account  for the growth and behavioral  
deficits characterist ic of  rats which receive 6-hydroxy-  
dopamine  at 7 days of  age. 

While several studies have described chronic  deficits in 
ingestive behavior  in adult animals treated with 6-hydroxy-  
dopamine  [3, 4, 14, 20, 30, 37] similar studies have not  
been per formed in animals t reated with 6-hydroxydopa-  
mine when immature .  In this s tudy,  several of  the ingestive 
behaviors found to be altered by 6 -hydroxydopamine  in 
adult animals were examined in rats after bo th  catechol-  
amine-containing fibers were dest royed during infancy as 
well as in developing rats treated to destroy noradrenergic 
or dopaminergic  fibers [29] .  

METHOD 

Animals 

Litters of  male Sprague-Dawley rats were obtained from 
Zivic-Miller Laboratories  (Pittsburgh, Pa.) 4 days af ter  
gestation and were individually housed in clear plastic cages 
(10 1/2 × 10 1/2 in.) containing wood chip bedding. Male 
rats were used for all exper iments .  Mothers and pups were 
housed under  f luorescent  lighting condi t ions  (GE F-40/CW 
bulbs) with 10 hr o f  light and 14 hr of  darkness. Litters 
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were l imited to 10 pups each and were transferred to large 
wires cages when 14 to 17 days of  age. Mothers were no t  
removed from pups until the pups reached 28 days of  age 
to assure that treated animals had sufficiently matured.  At 
40 days of  age, rats were individually housed. Weights were 
recorded at t ime of  inject ion and weekly thereafter .  

Procedure 

Treatments. The 6-hydroxydopamine  was administered 
intracisternally to developing rat pups at various t ime 
periods after birth [7 ,29] .  Four  types of  t rea tment  
schedules were used. For  the first exper iment ,  100 ~g/brain 
6 -hydroxydopamine  was administered intracisternally on 
the 5th day after birth. The second procedure involved 
administer ing intracisternally 100 or 150 #g of  6-hydroxy-  
dopamine on the 14th day after birth. The third procedure 
was chosen to lower norepinephrine preferent ial ly in the 
developing rat and consisted of giving intracisternally 15 
and 25 ug of  6 -hydroxydopamine  per brain on the 5th and 
7th days after birth, respectively [29] .  The last procedure 
utilized 5-day-old rats which received desmethyl imipramine  
(DMI: 20 mg/kg, IP) 1 hr before the intracisternal inject ion 
of  50, 75, 100, or 150 ,,g of  6 -hydroxydopamine .  This 
procedure was used to reduce brain dopamine preferential ly 
[29] .  Control  rats received vehicle or DMI where appropri-  
ate for comparat ive purposes. Since control  animals that  
received DMI were not  found to differ from animals that  
received only vehicle, their  data were combined.  

In o ther  exper iments ,  2 litters of male Sprague-Dawley 
rats were subjected to a period of  neonatal  malnutr i t ion.  
The mothers,  and later the pups, were provided a special 
powdered diet for 1 week containing all synthet ic  amino 
acids with the except ion of  L-phenylalanine and L-tyrosine 
(Nutr i t ional  Biochemical  Corp., Cleveland, Ohio).  Follow- 
ing this t reatment ,  animals were given a mixture  of  the 
special diet and powdered Purina Rat Chow in a 2:1 ratio 
for an additional 2 weeks, after which t ime standard 
laboratory pellets were supplied. Control  litters received 
powdered Purina rat chow during the t rea tment  period. 

Ingestive behavior. When approximate ly  60 days of  age, 
water consumpt ion was measured for several days. After  
baseline intake was stable, water was replaced by a 5 
percent  sucrose solution [4] .  Consumpt ion  of  sucrose was 
recorded for a 24 hr interval for 3 days. 

Some treated animals were permit ted a choice of ei ther a 
saline solut ion (1 percent)  or water [36] .  Bottles contain- 
ing these 2 solutions were posi t ioned on cages so that the 
metal  drinking tubes were 1 in. apart and approximate ly  1 
1/4 in. above the floor of  the cage. On each day for 6 days, 
the amount  consumed from each bott le  was recorded,  and 
the bott les reversed. This preference procedure was subse- 
quent ly  used to determine if the 6 -hydroxydopamine  
t reatments  altered sodium appeti te  increased by DOCA 
administrat ion [26] .  In this lat ter  procedure,  each animal 
was injected with desoxycorticosterone t r imethylaceta te  
(DOCA, Percorten;  Ciba, Summit ,  New Jersey) 5.0 mg/kg 
(salt) for 4 days and then with 10.0 mg/kg daily for 4 days. 

Food  intake was also measured in some rats after 
subcutaneous injection of  insulin (20 units/kg; Iletin, Lilly, 
Indianapolis,  Indiana) [18 ,27] .  Rats were not  deprived of  
food before the tests. Insulin was injected at approximate ly  
9:00 a.m., and food intake was measured at hourly intervals 
for 5 hr. The effects of  insulin on food consumpt ion  were 
compared with food intake during the same time period on 

the day preceding the insulin test. The amount  consumed 
during the subsequent  19 hr following insulin was also 
recorded. 

In addit ional  exper iments ,  animals were deprived of  
food to determine how much water  they would drink in the 
absence of  food or how much food they would eat in the 
absence o f  water. Animals were deprived of  ei ther food or 
water for 22 1/2 hr and allowed to eat or drink ad lib 
during the remaining 1 1/2 hr of each day. 

Shutt le-box avoidance experiment.  In order to examine 
a response unrelated to ingestive behavior [l  l ]  some 
groups of  rats were tested in a shutt le-box avoidance task as 
previously described [10] .  One min after a rat was placed 
in the shutt le-box,  the session was initiated by activating a 
condi t ioned stimulus, which consisted of  lighting a small 
tamp over the compar tmen t  occupied by the rat as well as 
init iat ing a tone from a speaker over the center  of  the 
apparatus. The condi t ioned stimulus cont inued until  the 
animal crossed to the opposite compar tment ,  thereby 
avoiding shock, or for a maximal period of  10 sec. If the 
animal did not  cross, the rat received an electric shock of  
0.8 mA intensi ty which terminated when the animal 
escaped to the opposite compar tmen t  or  at the end of  5 
sec. Each avoidance response, escape response, or failure to 
escape was fol lowed by an interval of  30 sec until the start 
of  the next  trial. Acquisi t ion was determined by recording 
the number  of  avoidance responses every 25 trials during a 
100 trial session. 

Biochemical  Determinations. After  the various behav- 
ioral procedures were completed,  animals were killed by 
cervical fracture and their  brains were removed and rinsed 
in cold water. The cerebel lum was removed from alt brains. 
Some brains were left intact while the brains from other  
animals were dissected into brain parts. The term brain 
stem as used in the study refers to that  area of  brain caudal 
to a cut made at the level of  the superior colliculi af ter  
removal of  the cerebellum. The hypothalamus was dissected 
rostrally by a cut at the optic chiasm, caudally by a cut at 
the level of  the mammillary bodies, Iaterally by a cut just 
medial to the cortical margin, and dorsally by a cut at the 
level o f  the anter ior  commissure.  A cut at the level of  the 
optic  chiasm permit ted dissection of  the str iatum from the 
forebrain. The tissue remaining after these dissections was 
referred to as rest of  brain. The whole brain or parts were 
subsequent ly  frozen on dry ice and kept at 76°C until 
analyzed. Storage of  samples was never longer than 3 days. 
Determinat ions  of  norepinephrine and dopamine were 
carried out  as previously described [5 ,6] .  Values were 
corrected for a recovery of  99.2 ± 1.7 and 92 ± 3.6 percent,  
respectively. 

Tyrosine hydroxylase was isolated from brain tissue 
according to the method  of  Musacchio et al. [22] .  Enzyme 
activity was then determined by minor  modif icat ion of  the 
method  of  Nagatsu et al. [24] .  The L-3, 5-H 3 tyrosine 
(24.7 c /mMole ,  New England Nuclear Corp.) was purified 
as described by Mueller et al. [21 ]. 

Drugs 

The 6-hydroxydopamine  HBr was purchased from Regis 
Chemical Company (Chicago, Illinois) and was used with- 
out  further purification. Desmethyl imipramine HC1 was 
kindly supplied by Geigy Laboratories (Ardsley, N.Y.). 
Pargyline was furnished by Abbot t  Laboratories (North  
Chicago, Illinois). 
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FIG. 1. Effect of 6-hydroxydopamine treatment in developing rats 
to deplete brain norepinephrine (NE Down) or dopamine (DA 
Down) preferentially on norepinephrine and dopamine in various 
brain areas. NE Down rats received 15 and 25 ~g of 6-hdyroxydopa- 
mine intracisternally when 5 and 7 days of age, respectively. DA 
Down rats received 100 tzg of 6-hydroxydopamine intracisternally 
one hour after DMI (20 mg/kg, IP) on Day 5. Columns represent the 

mean _+ S.E.M. of from 7 to 12 determinations. 

RESULTS 

Effect o f  Various 6-Hydroxydopamine Treatments on Body 
Growth and Brain Catecholamine Content in Whole Brain 
and Brain Areas 

As previously  descr ibed [ 7 , 2 9 ] ,  in t rac i s t e rna l  adminis-  
t r a t i on  of  6 - h y d r o x y d o p a m i n e  (100  ug /b ra in )  to  5-day-old 
rats  was found  to cause a marked  dep le t ion  of  whole  b ra in  
ca t echo lamines  (see Table  4). In the  p resen t  s tudy ,  al tera- 
t ions  p roduced  by  these t r e a t m e n t s  was def ined  in var ious 
bra in  areas. Ca techo lamines  c o n t e n t  was reduced  in cau- 
date ,  h y p o t h a l a m u s  and  rest  of  bra in  while c o n t e n t  was 
l i t t le  a f fec ted  in brain  s t em (Fig. 1). P r e t r e a t m e n t  of  rats  
wi th  des ip ramine  before  admin i s t e r ing  6 - h y d r o x y d o p a m i n e  
vi r tual ly  e l imina ted  d o p a m i n e  c o n t e n t  f rom cauda te  and  
o t h e r  areas o f  bra in  examined ,  while having no  s ignif icant  
e f fec t  on n o r e p i n e p h r i n e  con t en t .  Mult iple  small  doses of  
6 - h y d r o x y d o p a m i n e  (15 and  25 ug) r educed  n o r e p i n e p h -  
r ine in h y p o t h a l a m u s ,  s t r i a tum and  rest  of  bra in  suggest ing 
t ha t  no radrenerg ic  nerve  t e rmina l s  were des t royed  by this  
t r e a t m e n t .  However ,  d o p a m i n e  was no t  deple ted  in cort ical  
t issue a f te r  this  t r e a t m e n t ,  p rovid ing  fu r the r  suppo r t  for the  
view tha t  d o p a m i n e  t e rmina l s  are loca ted  in cor tex  [ 3 3 ] .  

As previously  r epo r t ed  [ 2 9 ] ,  a severe r educ t ion  of  
g rowth  a c c o m p a n i e d  the  loss of  bra in  ca t echo lamine -  
c o n t e n t  a f te r  6 - h y d r o x y d o p a m i n e  t r e a t m e n t  (Table  2). 
Since dep le t ion  of  brain d o p a m i n e  p roduced  a s imilar  
g rowth  defici t  while de s t ruc t i on  of  noradrenerg ic  fibers did 
no t ,  the  defici t  observed fo l lowing 6 - h y d r o x y d o p a m i n e  
t r e a t m e n t  of  the  n e o n a t e  would appear  to  be d e p e n d e n t  
u p o n  the  de s t ruc t i on  o f  dopaminerg ic  neurons .  In o rder  to 
d e t e r m i n e  the  re la t ionship  of  g rowth  defici ts  to  the  degree 
of  d o p a m i n e  dep le t ion ,  several doses of  6 - h y d r o x y d o p a -  
mine  were admin i s t e red  to des ip ramine- t r ea ted  rats  at 5 
days o f  age. In general,  the  defici ts  in body  growth  
ref lec ted  the  deple t ion  of  d o p a m i n e  (Table  1). The 150 ug 
dose had  severe effects  on the  survival of  the  animals  wi th  
on ly  3 of  the  16 animals  in jec ted  wi th  6 - h y d r o x y d o p a m i n e  
alive 56 days af te r  t r e a t m e n t .  

T A B L E  1 

PREFERENTIAL REDUCTION OF WHOLE BRAIN DOPAMINE WITH INCREASING DOSES OF 6-HYDROXYDOPAMINE 
(6-OHDA) AFTER DESMETHYLIM1PRAMINE (DMI) PRETREATMENT 

Dose Body Weight 

Treatment* (#g per brain) Pretreatment* (g) N 

Whole Brain Levels (/sg/g) 

Norepinephrine Dopamine 

Control - DMI 346 _+ 3 10 0.34 ± 0.028 0.52 + 0.028 

6-OHDA 50 DMI 228 _+ 23-~ 11 0.32 -+ 0.01l 0.13 + 0.026+ 

6-OHDA 75 DMI 231 _+ 16 t 11 0.36 +- 0.018 0.11 _+ 0.023 t 

6-OHDA 100 DMI 165 + 7 t 13 0.30 t 0.016 0.056 +- 0.010 t 

6-OHDA 150 DMI 119 +- 33-~ 3 0.35 -+ 0.025 0.062 _+ 0.026t 

*Desmethylimipramine (DMI, 20 mg/kg, IP) was given 1 hr before the intracisternal injection of 6-OHDA. Animals were treated 
when 5 days of age and were sacrificed when 56 days of age. N = the number of determinations in each group. 

?p<0.00l  when compared with control 
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T A B L E  2 

SHUTTLE BOX AVOIDANCE RESPONSE AND SUCROSE CONSUMPTION IN RATS DEPLETED OF BRAIN 
NOREPINEPHRINE, DOPAMINE OR BOTH BRAIN CATECHOLAMINES WHEN IMMATURE 

Mean Number  of  5% Sucrose Intake 
Trea tment  N Avoidance Responses (ml/100 g body weight) 

Control  10 53 ~+ 10 34 ± 4 

6-OHDA - 5 days 10 23 ± 10" 21 ± 2* 

N E D o w n  10 70 ± 8 30 ± 5 

DA D o w n -  5 days 10 20 ± 6* 20 + 7* 

Trea tments  are described in Fig. 1. Number  of  avoidance response is during a 100 trial acquisition session. 
*p<0.001 when compared with control 
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HG.  2. Effect o f  desoxycort icosterone acetate (DOCA) on the consumpt ion  o f  water or saline by control rats and rats 
which received various 6-hydroxydopamine  treatments .  The striped area below the graph indicates the amoun t  of  DOCA 
administered and the duration o f  t reatment .  6 -Hydroxydopamine  t rea tments  (DA Down; NE Down; 6-OHDA-IX) are 

described in Fig. 1 and Method. *p<0.001 when compared with saline consumed by control  rats. 

Effect of  Various 6-Hydroxydopamine Treatments During 
Development on Ingestive Behavior 

Severa l  l a b o r a t o r i e s  have  s u g g e s t e d  t h a t  a l t e r a t i o n s  in 
i nges t i ve  b e h a v i o r  p r o d u c e d  by  l e s ions  o f  t he  l a te ra l  

h y p o t h a l a m u s  m a y  be r e l a t ed  to an  i n t e r r u p t i o n  o f  ca te -  
c h o l a m i n e  p a t h w a y s  [4 ,  9, 14, 19, 34,  3 7 l ,  in t h a t  s u c h  
l e s ions  r e s e m b l e  t h e  e f f e c t s  o f  6 - h y d r o x y d o p a m i n e  t r ea t -  
m e n t .  P r e v i o u s  s t u d i e s  have  s h o w n  t h a t  ra t s  t r e a t e d  w i th  
6 - h y d r o x y d o p a m i n e  as well  as d e v e l o p m e n t a l  r a t s  t r e a t e d  
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to  reduce  bra in  d o p a m i n e  had defici ts  in avoidance  re- 
spond ing  and  inges t ion of  sucrose  [ 4 , 2 9 ] .  Preferent ia l  
dep le t ion  o f  n o r e p i n e p h r i n e  did n o t  p roduce  these  deficits.  
In o rder  to  insure c o n t i n u i t y  wi th  previous  work  [ 2 9 ] ,  
these  defici ts  were c o n f i r m e d  in an imals  to  be used in the  
p resen t  e x p e r i m e n t s  deal ing wi th  ingest ive behavior .  (Tab le  
2) 

T r e a t m e n t  of  adul ts  wi th  6 - h y d r o x y d o p a m i n e  has previ- 
ously  been  f o u n d  to reduce  saline pre fe rence  induced  by  
DOCA [4] (Fig. 2). In developing  rats  t r ea t ed  wi th  
6 . -hydroxydopamine  to  des t roy  b o t h  c a t e c h o l a m i n e  sys- 
tems,  the  inges t ion  of  saline was s igni f icant ly  less t han  the  
increase  observed in con t r o l  animals .  In animals  in which  
bra in  d o p a m i n e  had  been  pre fe ren t ia l ly  reduced ,  the  in take  
o f  saline p roduced  by  DOCA t r e a t m e n t  was similar  to  the  
r educ t i on  observed  when  b o t h  amines  were r educed  wi th  
6- -hydroxydopamine .  Preferent ia l  dep le t ion  of  n o r e p i n e p h -  
f ine did n o t  a l ter  the  increased saline i n t ake  i nduced  by  
DOCA. This provides  evidence t h a t  this  defici t  in 6- 
h y d r o x y d o p a m i n e  t r ea t ed  rats is re la ted  to  a r e d u c t i o n  of  
bra in  dopamine .  

Several workers  have r epo r t ed  t ha t  the  adm i n i s t r a t i on  of  
insul in  increases  food  in take  [ 18 ,27] .  In the  p resen t  s tudy ,  
insul in  (20  un i t s /kg ,  s u b c u t a n e o u s l y )  p roduced  a s ignif icant  
increase in the  a m o u n t  o f  food c o n s u m e d  dur ing  the  5 hr  
jus t  a f te r  the  insul in  was admin i s te red ,  even t h o u g h  the  
food  in t ake  for  the  24 hr  per iod  was n o t  a l te red  (Table  3). 
Ir~ c o n f i r m a t i o n  of  work in adul t  ra ts  [41,  r educ t i on  o f  
b o t h  ca t echo lamines  p reven ted  the  increase in food  in take  
no rma l ly  observed  a f te r  insul in  t r e a t m e n t .  While dep le t ion  
of  bra in  d o p a m i n e  ( D A  Down)  p r even t ed  insu l in - induced  
eat ing,  the  6 - h y d r o x y d o p a m i n e  t r e a t m e n t  to  deple te  bra in  

n o r e p i n e p h r i n e  did n o t  al ter  the abil i ty of  insulin to  
increase  food  in take .  

A c o m m o n  ingest ive defici t  observed af te r  lesions of  the  
lateral  h y p o t h a l a m u s  is "p r and i a l  d r i nk ing"  [ 3 2 ] .  Since 
there  is some con t rover sy  w h e t h e r  this  occurs  in rats 
t r ea t ed  when  adul t  w i th  6 - h y d r o x y d o p a m i n e  [4, 14, 19 ] ,  
rats t ha t  had  been  t r ea t ed  wi th  the  var ious  6 - h y d r o x y d o p a -  
mine  t r e a t m e n t s  as in fan t s  were t es ted  as to  the i r  abi l i ty  to  
dr ink  in the  absence  o f  food or eat  dry food  in the  absence  
of  wa te r  (Table  4). While there  were defici ts  in the  to ta l  
a m o u n t  o f  food  or  wate r  ingested in animals  in which  b o t h  
brain  amines  were reduced  and in an imals  in which  bra in  
d o p a m i n e  was reduced ,  these  changes were no t  a p p a r e n t  if  
the  i n t ake  were cor rec ted  for  b o d y  weight.  

Effect o f  Pargyline Treatment on the Growth o f  Rats 
Treated with 6-Hydroxydopamine when 5 or 14 Days o f  
Age 

In con t ras t  to the  g r o w t h  r educ t i on  p roduced  by 
6 - h y d r o x y d o p a m i n e  given pr ior  to  7 days of  age, t r e a t m e n t  
of  rats wi th  6 - h y d r o x y d o p a m i n e  when  14 days of  age has 
been  found  to  cause no  r educ t ion  in g rowth  rate [7 ] .  This  
obse rva t ion  was conf i rmed  in the  present  s t udy  (Fig. 3) 
even t h o u g h  n o r e p i n e p h r i n e  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  80 percen t  (Table  5). However ,  the  degree 
of  dep le t ion  of  d o p a m i n e  in animals  t r ea ted  at 14 days of  
age was n o t  as p r o n o u n c e d  as in rats  t r ea t ed  at 5 days of  
age (Table  5). 

Recen t ly ,  Lytle  et al. [ 1 7 ] ,  suggested tha t  the  dep le t ion  
p roduced  in the  n e o n a t e  could be re la ted to the  develop-  
m e n t  of  m o n o a m i n e  oxidase c o n t e n t  in brain.  Since 

T A B L E  3 

EFFECT OF VARIOUS 6-OHDA TREATMENTS ON INSULIN INDUCED EATING IN DEVELOPMENTAL RATS 

Insulins Food Consumption (g) 
Treatment Groups t 20 units/kg N 5 hr Total 24 hr Total 

Control - 19 7.9 _+ 0.7 31.1 ± 2.8 

+ 10.2 _+ 0.6* 32.5 _+ 2.2 

NE Down 14 6.3 ÷ 0.6 30.5 + 1.4 

+ 8.3 _+ 0.8* 29.9 _+ 1.4 

DA Down - 15 4.8 _+ 0.9 22.3 _+ 1.7 

+ 6.1 _+ 1.1 24.3 _+ 2.9 

6-OHDA-Ix - 6 4.9 _+ 1.2 25.5 +_ 2.6 

+ 4.7 _+ 1.2 25.5 -+ 4.0 

-~Control and 6-OHDA treatments described in Table 1 and Method. 
$ ( - )  indicates values before insulin: (+) indicates values after the subcutaneous injection of insulin. 
*Values significantly greater than the pre-insulin consumption (,o<0.005). 
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T A B L E  4 

EFFECT OF FOOD OR WATER DEPRIVATION ON FOOD AND WATER INTAKE IN ANIMALS PREFERENTIALLY DEPLETED OF" 
BRAIN CATECHOLAMINES 

l:ood Present for 90 rain No t:ood for 22 1/2 hr 24 hr Total 

Treatment Body Weight Food Intake Water Intake Water Intake Water Intake 
(g) (g) lml) (ml) (ml) 

Food Deprivation 

Control 423 + 10 13.9 + 0.5 18.2 + 1.5 21.8 + 3.4 40.0 + 4.8 

DA Down 256 + 31 '  10.0 ± 0.9 9.2 + 0.9* 9.8 + 2.4* 19.0 + 2.8* 

NE Down 385 + 12 13.0 + 0.4 18.4 ~ 1.4 25.9 + 3.1 43.8 + 2.9 

6-OHDA-Ix 257 + 14" 12.7 + 0.3 10.3 + 2.4* 10.3 + 2.4* 23.4 ± 2.1" 

Water Present for 90 min 

Treatment Body Weight Water Intake Food Intake 
(g) (ml) (g) 

Water Deprivation 

Control 498 + 39 27.8 + 1.7 6.5 + 0.7 

DA Down 276 + 22* 17.4 -+ 1.8" 6.2 ~ 0.9 

NE Down 530 + 37 21.9 ± 1.5 6.6 ± 1.1 

6-OHDA-lx 273 e 30* I8.7 • 1.9" 4.6 + (}.8 

No Water tbr 22 l/2 hr 24 hr Total 
Vood Intake Food Intake 

(g) (g) 

24.0 + 1.8 29.6 + 2.1 

10.7 + 2.4* 16.9 + 2.4* 

23.3 ± 2.1 29.9 -+ 2.5 

19.5 + 1.5 23.9 + 1.4" 

Animals were treated as described in Method and Table 1. 
Animals were placed on a 22 1/2 hr food or water deprivation schedule and intake was determined tot the period when food and water 

intake was present for 90 rain. Intake was also determined during the deprivation period. Values are from the fifth day of the deprivation 
schedule. 

*Indicates p<0.001 when compared with control. 

pargyl ine p r e t r e a t m e n t  has been s h o w n  to e n h a n c e  deple- 
t ion of d o p a m i n e  in adul t  rats [ 5 , 6 ] ,  pargyline was 
admin i s t e red  prior to in jec t ion  of  6 - h y d r o x y d o p a m i n e  to 
animals  5 or 14 days  of  age to d e t e r m i n e  if this  t r e a t m e n t  
would alter the  ef fec ts  of  6 - h y d r o x y d o p a m i n e  on g row th  
and  des t ruc t ion  of ca techo laminerg ic  fibers. T r e a t m e n t  
with pargyl ine prior  to the  admin i s t r a t i on  of  6 - h y d r o x y -  
d o p a m i n e  to 5 day old rats caused a small  bu t  s ignif icant  
increase in the  deple t ion  of bo th  n o r e p i n e p h r i n e  and  
d o p am in e .  Comparab le  g rowth  r educ t ion  was ob t a ine d  in 
pargyl ine and  non-pargy l ine  t rea ted  groups  (Fig. 3). Admin-  
is t ra t ion o f  pargyl ine  prior  to the  in jec t ion  of  6 - h y d r o x y -  
d o p a m i n e  (100  or 150 ug/g)  to 14-day-old rats also 
p r o d u c e d  a s ignif icant  increase in the  deple t ion  of  b o t h  
n o r e p i n e p h r i n e  and  d o p a m i n e  (Table 5). However ,  g rowth  
rate was n o t  s igni f icant ly  reduced  a l t hough  there  was an 
increased inc idence  of  dea th  dur ing  the  first m o n t h  at the  
higher  dose o f  6 - h y d r o x y d o p a m i n e  (1 50 ug). 

Comparison o¢ An imals  Treated at 5 or 14 Days wi th  
6 - H y d r o x y d o p a m i n e  on Sucrose C o n s u m p t i o n  and  Avo id -  
ance R e s p o n d i n g  

Since animals  t rea ted  at 14 days  of  age show e d  no  

g rowth  deficits ,  sucrose  so lu t ion  was s u b s t i t u t e d  for water  
when  the  an imals  t rea ted  at 14 days  reached  a d u l t h o o d  in 
order  to de t e rmine  if an imals  in e i ther  of  these  t r e a t m e n t  
g roups  would  display a deficit  in the  in take  of  sucrose  like 
tha t  observed in rats t rea ted  wi th  6 - h y d r o x y d o p a m i n e  
when  adul t  [4J .  As show n  in Table 5, rats  t rea ted  wi th  
6 - h y d r o x y d o p a m i n e  at 5 days  of  age drank  s ignif icant ly  less 
sucrose  so lu t ion  t ha n  did con t ro l  animals .  Rats  t rea ted  at 
14 days  with 6 - h y d r o x y d o p a m i n e  also d rank  s igni f icant ly  
less sucrose so lu t ion  regardless of  w he the r  t hey  were 
p re t rea ted  with pargyline.  

Since des t ruc t ion  of  c a t e c h o l a m i n e - c o n t a i n i n g  fibers has 
been s h o w n  to block acquis i t ion  of the  shu t t l e -box  avoid- 
ance response ,  t rea ted  an imals  were also tes ted  in this  task 
pe rmi t t i ng  e x a m i n a t i o n  of  a response  involving s o m e t h i n g  
o the r  than  ingestive behavior .  In accord with earlier resul ts  
[ 2 9 ] ,  an imals  t rea ted  when  5 days  of  age failed to display 
acquis i t ion  o f  the  shu t t l e -box  avoidance  response  wi th  or 
w i t h o u t  pargyl ine p r e t r e a tme n t .  The  avoidance  response  
was also r educed  in rats t rea ted  with 6 - h y d r o x y d o p a m i n e  in 
c o m b i n a t i o n  wi th  pargyl ine  at 14 days  of  age. Animals  
t rea ted  wi th  6 - h y d r o x y d o p a m i n e  alone at 14 days of age 
show e d  no  deficit  in avoidance r e spond ing  dur ing  acquisi-  
t ion o f  the  avoidance  task. 
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FIG. 3. Effect of pargyline on the effects produced by 6-hydroxy- 
dopamine when treated at 7 or 14 days. P indicates the administra- 
tion of 40 mg/kg of pargyline 30 min before receiving 100/ag of 

6-hydroxydopamine (6-OHDA) at 5 or 14 days of age. 

EFFECT OF 

Effect o f  Malnutrition During Early Neonatal Development 
on Brain Chemistry, Ingestive Behavior and Avoidance 
Behavior When Adult 

In view o f  deficits  repor ted  to occur  af ter  neonata l  
malnut r i t ion  [ 3 5 ] ,  it was possible that  the deficits observed 
in the 6 - h y d r o x y d o p a m i n e  t rea ted  animals were the result  
o f  an acute malnutr i t ion  p roduced  by 6 - h y d r o x y d o p a m i n e  
at a critical t ime in deve lopment .  Therefore ,  immature  rats 
were subjec ted  to a diet specifically deficient  in phenylala-  
nine and tyros ine  beginning on the 5th pos tnata l  day (see 
Method) .  Af ter  3 weeks of  this diet, the  rats were given 
labora tory  chow ad lib and tes ted in the various tasks at the 
appropr ia te  age with animals that  received the various 
6 - h y d r o x y d o p a m i n e  t rea tments .  

This per iod o f  malnut r i t ion  severely reduced the growth  
and body  weight o f  the animals (Table 6). Early reduct ion  
o f  the co n t en t  o f  norep inephr ine ,  dopamine  as well as a 
decrease in the con ten t  of  tyrosine hydroxylase  was 
observed.  While body  weight had no t  re turned  to contro l  
levels, co n t en t  o f  the brain ca techolamines  and tyrosine 
hydroxylase  activity were,  however ,  not  significantly differ- 
ent  f rom cont ro l  at the t ime of  behavioral  test ing (Table 6). 
Fu r the rmore ,  deficits  in the intake of  sucrose solut ion and 
avoidance responding were no t  apparent  in the animals 
exposed  to the period of  malnut r i t ion  during deve lopment  
(Table 6). 

DISCUSSION 

A major  purpose o f  this s tudy  was to examine  fur ther  
various factors related to growth  deficits observed in 
animals t reated with 6 -h y d ro x y d o p ami n e  during develop- 

TABLE 5 

5 OR 14 DAY 6-HYDROXYDOPAMINE TREATMENTS ON BRAIN CATECHOLAMINE CONTENT, SUCROSE 
INGESTION AND AVOIDANCE RESPONDING 

Whole Brain Content (#g/g) 5% Sucrose Intake Avoidance Responses 
Treatment N Norepinephrine Dopamine (ml/100 g body weight) (mean ± SEM/100 trials) 

Control 20 

6-OHDA-5 days (100 ~zg) 15 

P + 6-OHDA-5 days (100/ag) 10 

6-OHDA-14 days (100 ug) 11 

6-OHDA-14 days (150 ~g) 10 

P + 6-OHDA-14 days (100 gg) 10 

P + 6-OHDA-14 days (150 ~g) 8 

0.39 -+ 0.01 0.57 _+ 0.03 53.8 _+ 4,0 55 ± 4.0 

0.06 -+ 0.008* 0.08 _+ 0.01" 32.9 _+ 6.3 t 21 _+ 3.6* 

0.04 _+ 0.006* 0.04 _+ 0.003* 22.4 _+ 5.0* 12 ~ 2.2* 

0.07 _+ 0.006* 0.13 + 0.02* - _ 

0.08 +_ 0,008" 0.16 _+ 0.03* 29.1 ± 3.2* 63 +_ 5.0 

0.03 _+ 0,002* 0,07 _+ 0.01" 

0.04 -+ 0.006* 0.09 ± 0.02* 27.7 _+ 4.3* 37 z 11.0 

Animals were treated on 5 or 14 days of age with 6-hydroxydopamine (6-OHDA). P refers to the administration of 40 mg/kg of 
pargyline 30 rain prior to injection of 6-OHDA. Absence of an asterisk (*) or dagger (t) indicates mean is not significantly different from 
comrol. 

"p<0.001 when compared with control 
~p<0.01 when compared with control 
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T A B L E  6 

EFFECT OF MALNUTRITION DURING EARLY NEONATAL DEVELOPMENT ON GROWTH, BRAIN CATECHOLAMINE CONTENT, 
TYROSlNE HYDROXYLASE ACTIVITY, AND INGESTIVE AND AVOIDANCE BEHAVIORS 

Tyrosine 
Body Whole Brain Content (/xg/g) Hydroxylase 

Age Weight Activity Sucrose Intake Avoidance 
Treatment {days) (g) Norepinephrine Dopamine (~gM/g/hr) (ml/100 g B.W.) Responses 

Early Effects 

Control 15 38 + 1.2 0.23 + 0.01 0.20 + 0.0l 5.3 -+. 0.08 

Malnourished 15 19 + 0.4 0.19 + 0.0l* 0.17 + 0.01" 4.0 + 0.02~ 

Late Effects 

Control 60 313 + 8 0.33 + 0.02 0.67 _+ 0.04 29.6 + 0.9 

Malnourished 60 190 + 2 0.39 + 0.05 0.79 + 0.11 31.6 -+ 1.7 

47 + 1.3 

46 + 2.6 

45 + 10 

37 ± 10 

Malnourished animals were fed a diet deficient in L-phenylalanine and L-tyrosine as described in Method. 
*p<0.01 when cempared with control 
~p<0.001 when compared with control 

ment .  [7 ,291.  In agreement  with  previous  f indings [6, 7, 
17, 2 9 ] ,  in t rac i s te rna l  in jec t ion  of  6 - h y d r o x y d o p a m i n e  in to  
developing  animals  caused a long-last ing reduc t ion  of  bra in  
ca t echo l amine  c o n t e n t  and  a dec remen t  of  g rowth  if 
admin i s t e red  at or pr ior  to 7 days of  age [7, 17, 29 ] .  Since 
per ipheral  admin i s t r a t ion  of  6 - h y d r o x y d o p a m i n e  to new- 
born  rats has no t  been repor ted  to al ter  g rowth  [1, 8, 16, 
17] ,  this effect  appears  to result  f rom a d i s rup t ion  of  
central  ca techo laminerg ic  fibers. 

In con t ras t  to  the  g rowth  defici t  observed in 6 -hydroxy-  
dopamine  t rea ted  rats in jec ted  at 5 days of  age, animals  
in jected in t rac is te rna l ly  wi th  6 - h y d r o x y d o p a m i n e  at 14 
days of  age did no t  show reduced  growth.  Lytle e t  al. [ 1 7 ] ,  
who  observed tha t  i m m a t u r e  rats became  increasingly 
res is tant  to the  effects  of  6 - h y d r o x y d o p a m i n e  wi th  age, 
p roposed  tha t  the  increasing levels of  m o n o a m i n e  oxidase 
in the  developing animals  may c o n t r i b u t e  to the  appa ren t  
loss of  po tency  of  6 - h y d r o x y d o p a m i n e .  This suggest ion was 
based upon  observa t ions  in adul t  animals  tha t  MAO 
inh ib i t ion  enhanced  the  abil i ty of 6 - h y d r o x y d o p a m i n e  to 
reduce brain  ca t echo lamine  con t en t ,  especial ly d o p a m i n e  
I5, 6, 131. While inh ib i t ion  of  m o n o a m i n e  oxidase wi th  
pargyline prior  to the  in jec t ion  of 6 - h y d r o x y d o p a m i n e  on 
the 14th  day increased the  effect  of  6 - h y d r o x y d o p a m i n e  on 
brain ca t echo lamine  fibers, it did no t  s ignif icant ly  a l ter  
growth.  However,  survival rate in animals  t rea ted  at 14 days 
wi th  pargyline and 6 - h y d r o x y d o p a m i n e  was no t  as great as 
in those rats tha t  received 6 - h y d r o x y d o p a m i n e  w i t h o u t  
pargyline.  Thus,  f indings would  seem to d i scount  the  level 
of  m o n o a m i n e  oxidase playing a major  role in the explana-  
t ion of  the  growth  deficit .  Ra the r  f indings t end  to suppo r t  
the  view tha t  i n t e r r up t i on  of centra l  ca t echo lamine  func- 
t ion before  a specific per iod of  neona ta l  deve lopmen t  
results in reduced  growth .  

It was also observed tha t  a chron ic  a l te ra t ion  in several 
ingestive behaviors  accompan ied  the reduced g rowth  pro- 
duced by 6 - h y d r o x y d o p a m i n e .  The  animals  t h a t  received 

the  var ious 6 - h y d r o x y d o p a m i n e  t r e a t m e n t s  in the  present  
s tudy  were found  to be comparab le  to  o the r  animals  tha t  
have been  s tudied  in tha t  the  r educ t ion  of  dopamine  
reduced acquis i t ion  of  the  avoidance  response and  reduced  
the  increased fluid c o n s u m p t i o n  in response  to a sucrose 
so lu t ion  [ 2 9 ] .  In an ex tens ion  of  this  earlier work re la ted 
to ingestive behavior ,  the  animals  t rea ted  dur ing  develop-  
m e n t  to reduce brain  d o p a m i n e  were found  to display a 
reduced  preference  for saline when in jected wi th  DOCA 
and an absence o f  e n h a n c e d  food c o n s u m p t i o n  in response  
to insulin admin i s t r a t ion .  Unlike animals  les ioned in the  
lateral  h y p o t h a l a m u s  [32]  food or wate r  depr iva t ion  of  
animals  receiving various 6 - h y d r o x y d o p a m i n e  t r e a t m e n t s  
dur ing d e v e l o p m e n t  did not  result  in prandia l  dr inking  as 
would be expec t ed  if all defici ts  associated wi th  the lateral 
h y p o t h a l a m i c  synd rome  were related to d is rupt ion  of  
ca t echo lamine -con ta in ing  fibers [ 2 5 , 3 4 ] .  This f inding 
seems to be in accord  with o the r  f indings in which ingestive 
behav io r  has been examined  in rats t r ea ted  wi th  6 -hydroxy-  
d o p a m i n e  when  adult  [4, 30, 37] .  Thus,  rats t r ea ted  dur ing  
d e v e l o p m e n t  wi th  6 - h y d r o x y d o p a m i n e  have pers is tent  
deficits in ingestive behav io r  which are no t  compensa t ed  for  
by deve lopmenta l  processes. However,  chron ic  d is turbance  
of  ingestive behav io r  a lone does no t  appear  to  a ccoun t  for 
the  g rowth  re t a rda t ion ,  because animals  t rea ted  at 14 days 
of  age also displayed a defici t  in sucrose c o n s u m p t i o n  but  
showed  no a l te ra t ion  in g rowth  rate. However,  sonre 
cau t ion  must  be exercised in this  i n t e rp re t a t i on  as we are 
present ly  unce r t a in  what  mechan i sm is responsible  for the 
failure of  animals  t rea ted  wi th  6 - h y d r o x y d o p a m i n e  to 
r e spond  to sucrose by increasing fluid intake.  

In order  to examine  the possibil i ty tha t  an acute per iod 
of  ma lnu t r i t i on  resul t ing f rom t r e a t m e n t  wi th  6 -hydroxy-  
d o p a m i n e  might  a ccoun t  for the  g rowth  deficit  in rats 
in jec ted  at 5 days of  age, mo the r s  were given a diet  
def ic ien t  in L-phenyla lan ine  and L-tyrosine. This diet 
p roduced  ma lnu t r i t i on  in in fan t s  suff ic ient  not  only  to 
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reduce  g rowth  while the  an imals  were on  the  diet  bu t  also 
an observable  ef fec t  on c a t e c h o l a m i n e - c o n t a i n i n g  fibers 
dur ing  the  course of  the  m a l n o u r i s h m e n t  (Tab le  6). Even 
t h o u g h  animals  r ema ined  smaller ,  g r o w t h  rate  increased 
cons iderab ly  and  c a t e c h o l a m i n e  c o n t e n t  r e t u r n e d  to  con-  
t ro l  when  of fe red  n o r m a l  diet .  The  fact t h a t  ma lnou r i shed  
rats  had  n o r m a l  in t ake  of  a sucrose so lu t ion  provides  some 
evidence  t ha t  ingest ive behav io r  was n o t  chron ica l ly  a l te red  
as observed  a f te r  t r e a t m e n t  w i th  6 - h y d r o x y d o p a m i n e .  
F r o m  these data  and  results  ob t a ined  c o n c e r n i n g  ch ron ic  
defici ts  fo l lowing the  var ious  6 - h y d r o x y d o p a m i n e  t rea t -  
merits in developing  rats, it could  be conc luded  t h a t  an 
acute  a l t e ra t ion  in food  in take  c o n t r i b u t e s  to  the  g r o w t h  
defici t  and  t ha t  pers i s ten t  defici ts  in ingest ive behav io r  may  
p e r p e t u a t e  the  reduced  growth .  F u r t h e r m o r e ,  this  view 
c o n c e r n i n g  the  ac t ions  o f  6 - h y d r o x y d o p a m i n e  would  seem 
cons i s t en t  w i th  the  f inding t ha t  u n d e r - n u t r i t i o n  in weanl ing  
rats p roduced  m a n y  of  the  s y m p t o m s  of  the  lateral  
h y p o t h a l a m i c  s y n d r o m e  [ 31 ]. 

Final ly ,  it is w o r t h  n o t i n g  t h a t  several l abora tor ies  have 

recen t ly  r epo r t ed  data  conce rned  wi th  behaviora l  or  phar-  
macological  mechan i sms  in which  they  have ut i l ized rats  
t r ea t ed  dur ing  d e v e l o p m e n t  wi th  6 - h y d r o x y d o p a m i n e  [ 12, 
24, 2 9 ] .  The  presen t  work  indica tes  t ha t  in t rac i s t e rna l  
a d m i n i s t r a t i o n  o f  6 - h y d r o x y d o p a m i n e  to i m m a t u r e  rats 
t r ea ted  wi th  des ip ramine  is a successful  m e t h o d  by  which  
to reduce  d o p a m i n e  specif ical ly w i t h o u t  a f fec t ing  the  
c o n t e n t  of  no rep ineph r ine .  Thus ,  this  t r e a t m e n t  provides  an 
add i t iona l  m e t h o d  by  which  to examine  the  role of  
d o p a m i n e - c o n t a i n i n g  fibers in brain  in a var ie ty  of  physio-  
logical, behaviora l  and  pharmaco log ica l  responses.  
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