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COSCINA, D. V., C. ROSENBLUM-BLINICK, D. D. GODSE AND H. C. STANCER. Consummatory behaviors ofhypo- 
thalamic hyperphagic rats after central injection of 6-hydroxydoparnine. PHARMAC. BIOCIIEM. BEIIAV. it6) 629 642, 
1973.-Two experiments examined the ability of medial hypothalamic lesions to produce overeating, weight gain and 
finickiness toward palatable and unpalatable solutions in rats with persisting decrements in brain norepinephrine and 
dopamine due to central injection of 6-hydroxydopamine. In both experiments, such disruption of central catecholamine 
systems did not significantly reduce overeating and weight gain subsequent to hypothalamic injury, ltowever, acceptance 
of quinine solutions was increased following 6-hydroxydopamine treatment in both lesioned and non-lesioned rats. The 
relative importance of brain catecholamines for the expression of different consummatory behaviors is discussed. 
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R E S E A R C H  designed to u n d e r s t a n d  b e t t e r  the  neural  
mechan i sms  which  med ia te  food in take  has focused recent -  
ly on  the  s ignif icance of  pu ta t ive  n e u r o t r a n s m i t t e r s ,  par t -  
icularly the  ca t echo lamines  (CAs) n o r e p i n e p h r i n e  (NE) and 
d o p a m i n e  (DA).  This was s t imu la t ed  in par t  by  Grossman ' s  
[22]  discovery tha t  direct  app l ica t ion  of  NE to the peri- 
fornical  region of  the  lateral h y p o t h a l a m i c  area (LHA)  
p roduced  feeding in sated rats. Shor t ly  the rea f te r ,  Heller 
and Harvey [23]  d e m o n s t r a t e d  tha t  lesions in this  general  
vicini ty o f  the  medial  forebra in  bund le  (MFB)  p roduced  
marked  and  persis t ing d e c r e m e n t s  in whole  brain  concen-  
t ra t ions  of  NE. Similar brain lesions are well k n o w n  for 
the i r  abi l i ty  to p roduce  aphagia  and  adipsia in the  rat  [ 2 ] .  
I n d e p e n d e n t  c o n f i r m a t i o n  of  Heller and I ta rvey ' s  [23]  
work was r epor ted  by Swedish scient is ts  ut i l iz ing histo-  
chemical  f luorescence  t echn iques  [18]  to visualize endo-  

genous  m o n o a m i n e s  in situ. Anden  and co-workers  found  
tha t  the  in tegr i ty  of  the  MFB was crucial for  ma in ta in ing  
in tac t  DA as well as NE systems wi th in  brain [3 ] .  More 
recent ly ,  Ungers ted t  [45]  has r epo r t ed  that  selective 
damage  to the  nigro-str iatal  DA sys tem in rats is suf f ic ient  
to cause the  aphagia  and adipsia charac ter i s t ic  of  LHA-MFB 
damage.  While it is no t  yet  possible to s ta te  precisely which  
bra in  amine  sys tem(s)  is respons ib le  for various aspects  of  
c o n s u m m a t o r y  behaviors ,  it seems clear tha t  these two CAs 
play some i m p o r t a n t  role in the  express ion  of  feeding.  

It is well d o c u m e n t e d  tha t  damage to the  medial  hypo-  
t ha l amus  (MH) in the  vicini ty of  the  ven t romed ia l  nuclei 
(VMH) produces  hyperphag ia ,  obes i ty ,  and f inickiness  
toward  sapid and nox ious  food-s tuf fs  (see [251 for review). 
Since the  in tegr i ty  of  bra in  CA sys tems seems i m p o r t a n t  for 
the  express ion  of  normal  feeding,  we wonde red  if disrup-  
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tion of  both NE and DA neurons would alter the ability of  
MH lesions to produce hyperphagia and /or  finickiness. This 
quest ion seemed especially interesting since it has been 
previously suggested that MH lesion effects on feeding are 
mediated via the LHA-MFB [2,35] which, in turn, is 
dependent  upon intact CAs for the normal expression of 
feeding [40] .  

If the behavioral consequences of  MH lesions on feeding 
are dependent  upon a full compl iment  of  brain CA neurons,  
then wide-spread destruct ion of  these neurons should atten- 
uate overeating and]or  finickiness subsequent  to lesioning. 
To study this possibility, we have employed  the cy to tox ic  
agent, 6 -hydroxydopamine  (6-OtlDA).  When injected into 
the cerebrospinal fluid to by-pass the blood-brain barrier, 
this compound  can selectively destroy both  NE and DA 
neurons,  resulting in chronic deplet ion of  both  monoamines  
[7, 8, 14, 27, 47] .  The data presented in the fol lowing two 
exper iments  suggest that such drug-induced CA deplet ions 
do not prevent overeat ing and weight gain in rats with MH 
lesions. On the o ther  hand, such drug t rea tment  does seem 
to alter responsivity to noxious quinine solutions when 
water  is not  available. 

EXPERIMENT I 

Method 

Animals, apparatus and intake measurements. Twenty  
female albino rats (Wistar strain; High Oaks Ranch, 
Ontar io)  were used. Rats weighed 230 250 g at the begin- 
ning of  the exper iment .  All animals were housed separately 
in cages with wire mesh fronts and bot toms.  Cages were 
located in a colony room with a 12-hr l i g h t  dark cycle 
(lights on at 0800 hr) maintained at 23°C (+- 1"). Sufficient 
amounts  of fresh Purina lab chow (pellets) were weighed 
out daily and made available on the floor of  animals '  cages 
to sustain ad lib feeding throughout  the exper iment .  Food 
spillage was determined daily by weighing food fragments 
which fell on waxed papers placed under cages. Fresh tap 
water was also available ad lib, except  when testing for 
acceptance of  sucrose or quinine solutions. Intake of  all 
solutions was measured daily from inverted 100 ml 
calibrated water tubes (Wahmann).  Body weights of  all rats 
were determined daily to the nearest g. 

Surgical and injection procedures. After  establishing 
daily baseline measures of ad lib feeding, drinking and body 
weights for a week, animals were divided into three groups: 
rats receiving 6 - O H D A  (n = 8), rats receiving the drug's 
vehicle (n = 7), and normal  (untreated)  rats (n = 5). Rats in 
the first two groups were anesthet ized with sodium pento-  
barbital (Nembuta l ,  35 mg/kg, i.p.) after pre t rea tment  with 
atropine methyl  nitrate (2.5 rag, i.p.) and placed in a Kopf 
s tereotaxic instrument .  With the mouthpiece  set at its low- 
est ex t reme (approximate ly  6 mm below the interaural 
line), the first group received an intracisternal injection of  
300 tag (free base) 6- O H D A -  HC1 (Calbiochem) in 20 tal of 
distilled water to which 1% ascorbic acid (wt /vol)  was 
added to retard oxidat ion.  The second group received only 
the vehicle (20 tal of  distilled water with 1% ascorbic acid). 
All injections were made through a 1/2 in. 26 gauge hypo-  
dermic needle at tached to a 100 tal Hamil ton Microsyringe. 
Normal rats were not  injected. Fol lowing these t reatments ,  
rats were returned to homecages for daily measures of ad 
lib feeding, drinking and weight for 50 days. 

At the end of  the post inject ion measurement  period, rats 

which had received ei ther 6-OHDA or its vehicle were again 
anesthet ized with Nembutal  and placed in the s tereotaxic 
instrument .  Bilateral lesions aimed at the VMH were in- 
duced using a Radionics R-F Generator  (55°C for 1 rain in 
each hemisphere through a 0.75 mm dia. Radionics Tem- 
perature Probe, uninsulated 1 mm from the tip). With the 
head flat between lambda and bregma, lesion coordinates  
were: 2 mm posterior to bregma, 0.5 mm lateral to the 
midline, 0.7 mm above the base of  the skull. After  lesioning 
was comple ted ,  scalp incisions were closed with wound 
clips and rats returned to homecages for an addit ional  50 
days of  intake and weight measurements .  

Acceptance of  sapid and noxious solutions. Following 
the comple t ion  of  postlesion intake and weight measures, 
all rats were tested for one-bot t le  acceptance of 3% sucrose 
(SUC) and three concentra t ions  of quinine sulfate (QS). 
Exposure to each test solution lasted 24 hr. Fol lowing two 
days of  water (W) measurements ,  the sequence of  accep- 
tance testing was: 3% SUC, W, 3% SUC, W, 0.02% QS, 
0.01% QS, 0.005% QS. Following the last exposure to 
quinine,  rats were given fresh water  for one week before 
being sacrificed for lesion assessment and biochemical  
measurements  of  brain samples. 

Brain dissection and tissue preparation. All rats were 
sacrificed rapidly by decapitat ion.  Brains were quickly 
removed from the calvarium and dissected into forebrain 
and hindbrain port ions by a coronal  cut from the posterior 
aspects of  the corpora quadrigemina to the posterior  as- 
pects of  the mammillary bodies, l l indbrains were discarded. 
Forebrains were examined visually for MH lesions both 
from the base of  the brain as well as fol lowing a second 
coronal  section through the medial hypothalamus.  Verbal 
notes of  these visual examinat ions  were kept by tape re- 
cordings. Fol lowing assessment of lesions, forebrain seg- 
ments were rinsed in cold ( 5 - 1 0 ° C )  isotonic saline, blot ted 
on filter paper, weighed, wrapped in a luminum foil, frozen 
in liquid nitrogen, and stored at 20°C until f luorometr ic  
assays were performed.  The time from decapitat ion until 
freezing of  these brain samples was 2 - 3  rain. 

Biochemical assays. Concentra t ions  of endogenous Nil 
and DA were determined 1 - 3  weeks after sacrifice using 
the method of  Shellenberger and Gordon [3~,~]. Since we 
[13] and others [e.g., 15] have found that doses of 
6 - O H D A  similar to those used here can affect endogenous 
levels of brain serotonin (5 -hydroxyt ryp tamine  or 5 - H T ) ,  
5 H T  assays were performed on other  brain samples from 
nonlesioned rats which had received 300 tag of 6 OHDA as 
a check for nonspecif ici ty of the drug. It was necessary to 
perform these 5 - H T  assays on separate brain tissues since, 
at the t ime of Exper iment  1, we were unable to simultan- 
eously measure both indole- and catecholamines in the 
same brain samples. This problem was rectified in Exper- 
iment 2 by modifying slightly the extract ion techniques.  
Forebrain concentra t ions  of engodenous 5 - H I "  in the 
present exper iment  were f luorometr ical ly  determined using 
the method  of  Maickel and co-workers [33] .  

All f luorescence readings were made with an Aminco-  
Bowman spec t ropho tof luoromete r .  Estimates of  amine 
recoveries were obtained from eight to twelve separate 
determinat ions  of NE, DA or 5 HT either from pure 
aqueous standards or front homogenatcs  of brains from 
normal rats to which exogenous pure standards had been 
added. Consistent results were obtained for all three amines 
(mean recovery for NE was 92%: for DA was 78%: for 5-HI" 
was q6%; standard errors were 3 8%) so the biochemical  
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FIG. 1. Body weight in g of rats receiving 6-OHDA and VMH lesions (o), vehicle injections and VMH lesions (,'~) or no treatments (normals; 
,~). Means are plotted every five days both before and after VMH lesioning. Standard errors of means are provided for Day 50 after 6-OHDA 

treatment and 50 days after VMH lesioning to allow estimation of group variance. 

data  o b t a i n e d  f rom e x p e r i m e n t a l  bra in  samples  were not  
cor rec ted  for  recoveries.  

Statistical analysis. Daily measures  of  food  in take  
(cor rec ted  for  spillage), wa te r  in take  and b o d y  weights  were 
c o m p u t e r - a n a l y z e d  by  two-way analyses  of  var iance 
( A N O V A s )  wi th  cor rec t ions  for unequa l  ns and  repea ted  
obse rva t ions  across days. Separa te  A N O V A s  were per- 
fo rmed  for pos td rug  and  pos t les ion  da ta ,  When ind ica ted ,  
t- tests  were emp loyed  for  f u r t h e r  analysis  of  s ignif icant  F 
values. In takes  of  sapid and nox ious  so lu t ions  as well as 
amine  concen t r a ions  were also ana lyzed  by  t-tests.  All tests  
were two-ta i led.  

Results 

Location o f  brain lesions. E x a m i n a t i o n  of MH lesions 
revealed 1 . 5 - 2 . 5  m m  des t ruc t ion  in the vicini ty of  the  
VMH in five rats t r ea ted  wi th  6 - O H D A  and five rats  t reat-  
ed wi th  the  vehicle.  Lesions in the  remain ing  rats were 
a symmet r i ca l  a n d / o r  an te r io r  to  the i n t ended  sites. On the  
basis of  these  observa t ions ,  post les ion data  f rom these la t te r  
animals  were dele ted.  

General appearance o f  rats after 6-OHDA. After  recov- 
ering f rom anes thes ia ,  rats which  had been  injected wi th  
6 - O H D A  appeared  qu ie t  and s o m e w h a t  s o m n o l e n t .  Over 
the  next  few days,  these animals  t ook  on the  appea rance  of  
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I'IG. 2. Food intake (g)and water intake (ml) means for groups described in I:ig. I. 

reserpinized or LIIA-MFB lesioned rats if left undisturbed 
in their home cages (i.e., hunched posture,  pi loerect ion,  
lack of grooming,  ptosis, catalepsia, sedation; [4 ,38]) .  
However,  when sudden noises were made in the colony 
room, many of  these rats would convulse. Such audiogenic 
sensitivity has been observed before [6] and may be due to 
the drug's effects on NE [28] .  In addit ion,  drug-treated rats 
showed rage-like behavior not unlike that of  septal- 
lesioned animals [13,34] .  All of these aberrant behaviors 
began to diminish within 7 - 1 0  days after injeclion.  By the 
end of the second and third postinject ion weeks, animals 
appeared normal.  At no time did vehicle-injected controls 
display any of these behavioral anomalies;  indeed, they 
were indistinguishable from untreated (normal)  rats. 

In take  and weight  measures al?er 6 Ot lDA.  Concom- 
i t a n t  with the behavioral anomalies outl ined above, 
6 . -OHDA trea tment  produced significant decrements  in 
body weight (p<0 .001)  compared to vehicle t reatment  (see 
Fig. I). This weight loss reflected suppressions in feeding 
and drinking (see Fig. 2) induced by the drug (both  
ps<O.001).  However,  as with the o ther  behavioral changes 
ment ioned,  feeding and drinking increased gradually during 
the second and third post inject ion weeks, resulting in signi- 
ficant weight gain over t ime (p<O.O1). By the end of  the 50 
day  post inject ion period, food and water  intake of  
6- . .OllDA-treated rats was not different from vehicle- 
treated or normal controls  (all ps>0.05) .  However,  body 
weights of  6 . 0 H D A - t r e a t e d  rats remained significantly 
lower titan those of controls  (p<0 .Ol ) ,  reflecting the initial 
weight loss proximal to drug injection. 

In take  and weight  measures a t?er MII  lesions. After  

recovery from anesthesia, almost all lesioned rats began eat- 
ing and drinking regardless of prior t reatment .  The immed-  
iacy of such intake after recovery from anesthesia stands in 
contrast to the t ime-course of feeding observed for sham- 
operated rats, who require significantly longer to begin 
feeding or  drinking [12] .  Over the 50 day postlesion 
period, both  6 OHDA-lesioned and vehicle-lesioned groups 
ate more food and drank more water than untreated con- 
trois (all ps<0.001) .  As can be seen in Fig. 2, these intake 
differences were apparent during the first 3 4 weeks after 
lesioning. The maximal amounts  of food and water con- 
sumed by lesioned rats during this t ime were roughly twice 
that of  normals '  intakes. I lowever,  MH lesion effects on 
both consummatory  variables could not he distinguished 
statistically as a funct ion of  drug pre t rea tment  (all ps>0.05 
between 6 -OHDA and vehicle-injected groups). 

As a consequence of the lesion-induced hyperphagia and 
hyperdipsia,  both 6 - O I I D A  and vehicle pretreated rats 
showed significant increments  in weight (all ps<0.001 com- 
pared to normals; see Fig. 1). While the absolute weight 
gain in grams for drug-treated rats seemed quant i ta t ively 
less than that for vehicle-lreated controls,  it must be 
remembered  that the former  group weighed significantly 
less at the t ime of lesioning. When weight gain was ex- 
pressed as a percentage increase over body weight at the 
time of  lesioning (see Fig. 3), the ability of MH disruption 
to produce equivalent  weight gain for both groups became 
more readily apparent.  

A cceplance  o.l sapid and nox ious  soltt tions. Comparisons 
of  24-hr (baseline) water intake for two days prior to ac- 
ceptance testing (see Fig. 4) revealed no difference across 
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groups  (p s>0 .05 ) .  There fo re ,  subsequen t  analyses of fluid 
c o n s u m p t i o n s  were pe r fo rmed  on raw data ,  i.e., ml in take  
per  so lu t ion .  

When first exposed  to 3% sucrose,  all groups  showed  
s t rong  accep tance ,  d r ink ing  a b o u t  four  t imes  more  in 
volume than  when  wa te r  was available (all p s<0 .01  com- 
pared to baseline).  In add i t ion ,  these  d r ink ing  i n c r e m e n t s  
could not  be d is t inguished  across groups  ( p > 0 . 0 5 ) .  During 

the  second exposure  to sucrose,  all g roups  again showed  
marked  accep tance  over  wate r  (ps<O.001) .  The in takes  of  
lesioned rats were c o m p a r a b l e  to those  seen dur ing  the  first 
sucrose exposure  and could not  be d is t inguished as a fun- 
c t ion  of  drug p r e t r e a t m e n t  (ps>O.05 be tween  tests  for each 
group) .  For  some reason,  however ,  no rmal  rats showed  even 
s t ronger  accep tance  dur ing  this second  test.  The  added 
d r ink ing  inc remen t s  by normals  was s ta t is t ical ly  h igher  than  
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that of either lesioned group as well as compared to the 
intakes of normals during the first sucrose exposure (all 
ps<0.05). The meaning of this increment for normals is 
unknown. 

The pattern of quinine acceptance was quite different 
across groups (see Fig. 4). At the highest concentration 
tested (0.02%), virtually all rats refused to drink. On sub- 
sequent tests at lower concentrations both normal and 
6-OHDA-lesioned rats began accepting quinine (means of 
12 and 7 ml, respectively, at 0.01%; means of 16 and 20 
ml at 0.005%: ps>0.05 between groups for both concen- 
trations). This behavior contrasted with that of MH- 
lesioned rats pretreated with vehicle, who continued to 
refuse quinine at the 0.01% concentration. At the 0.005% 
concentration, only one of five drank, producing reliable 
(p<0.05) group differences when compared to normal or 
6-OHDA-lesioned groups for both days. 

Concentrations o1 endogenous amines in brain. Fluoro- 
metric determinations of forebrain NE and DA (see Fig. 5) 
revealed no significant differences between Mtl-lesioned 
ra ts  pretreated with vehicle and normal rats (both 
ps>0.10). However, brain samples from Mlt-lesioned rats 
pretreated with 6 OIIDA contained approximately 60% 
less NE and 80% less DA (all ps<0.001 compared to control 
groups). Similar injections of 6 - O H D A  into otherwise nor- 
mal rats produced only minimal decrements in forebrain 
5 -HT,  i.e., 8.-12% less than vehicle or normal controls. 
Nevertheless, the consistency of these decrements was 
statistically significant (ps<0.01). 

I)[SCI.JSSION 

Central injection of 6-OHDA produced large, chronic 
decrements in forebrain concentrations of NE and DA 
while minimally affecting 5-HT. Nevertheless, such marked 
('A disruption did not substantially alter the magnitude of 
hyperphagia and weight gain induced by subsequent MH 
lesions. Such findings imply that the behavioral conse- 
quences of MH lesions for ad lib feeding are not clearly 
dependent upon intact (normal) NE and/or DA systems in 
brain. 

It might be argued that the remaining components of NE 
and/or DA systems not affected by 6-OtIDA were sufficient 
to maintain normal mediation of Mtt lesion effects on feed- 
ing. This alternative would be more compelling had there 
been no differences across groups for quinine acceptance. 
As reported here, only vehicle-treated MH-lesioned rats 
were finicky toward all concentrations of quinine tested 
while Mlt-lesioned rats pretreated with 6-OHDA, along with 
normal rats, accepted quinine in the two lower concentra- 
tions offered, it should be mentioned that the finickiness of 
vehicle-treated rats with MII lesions cannot be a function of 
the vehicle per se, but rather reflects the lesion effects. 
Three additional rats who were not injected with vehicle 
and became obese following Mtt lesions (mean bodyweight 
of 500 g) also showed complete rejection of all quinine 
solutions when tested at the same time as the other groups. 
Therefore, the ability of 6-OHDA pretreatment in prevent- 
ing lesion-induced quinine finickiness seems genuine. The 
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above  data ,  then ,  p rovide  evidence  tha t  chron ic  d e c r e m e n t s  
in b ra in  NE a n d / o r  DA are suff ic ient  to  a l ter  p e r m a n e n t l y  
some aspects  of  c o n s u m m a t o r y  behavior .  However ,  t he  ab- 
sence of  ef fec t  by  such CA dep le t ion  on  hype rphag ia  and 
subsequen t  weight  gain fo l lowing MH injury  ques t ions  the  
necessi ty  for  the  same abso lu te  a m o u n t s  of  these  bra in  
amines  in med ia t ing  overeat ing.  

EXPERIMENT 2 

The  f indings  of  E x p e r i m e n t  1 suggest  t ha t  overea t ing  
and f inickiness  may be subserved by  func t iona l ly  d i f f e ren t  
neu rochemica l  sys tems in bra in .  The  idea tha t  these  two 
behaviors  are med ia ted  by  n e u r o a n a t o m i c a l l y  d is t inc t  
regions is no t  new. Gra f t  and Stellar  [21]  made  a s imilar  
s u g g e s t i o n  a f t e r  observ ing  d issoc ia t ion  of  these  two 
behaviors  as a f u n c t i o n  of lesion locus wi th in  the  MH. 

In o rde r  to repl icate  and e x t e n d  the  f indings  of  Exper-  
imen t  I, we measured  food in take  and f in ickiness  in addi-  
t ional  rats  wi th  MH lesions and  chron ic  CA dep le t ion .  To 
al low us to  assess the  po ten t i a l  s ignif icance of  recovery  of  
f unc t i on  a n d / o r  residual CA f unc t i on i ng  in exp la in ing  the  

data  in E x p e r i m e n t  1, we reversed the sequence  of  bra in  
t r e a tmen t s .  Tha t  is, rats first received Mtt  lesions, were 
a l lowed to  gain weight ,  and were later  in jected cent ra l ly  
wi th  6 - O H D A  fol lowing depr iva t ion- induced  weight  loss. 
Hoebel  and Te i t e lbaum [25]  have previously  shown tha t  
rats wi th  MH injury  tha t  b e c o m e  obese will de fend  the i r  
new b o d y  weight  set po in t  (see [37]  for deta i led explana-  
t ion of  this  concep t ) .  In the  fol lowing e x p e r i m e n t ,  we t ook  
advantage  of  this  charac te r i s t ic  to  examine  the more  acute  
effects  of  6 - O H D A  t r e a t m e n t  on overea t ing  induced  by 
food depr iva t ion  in MH-lesioned rats. 

Method 

Animals and apparatus. Thir ty-seven rats of  the  same 
s t ra in  and sex used in E x p e r i m e n t  l were subjects .  Because 
of  di f f icul t ies  in ob t a in ing  rats of  the  same weight  f rom the  
commerc ia l  d i s t r ibu to rs  at this  t ime,  the range of  s ta r t ing  
b o d y  weights  was cons iderab ly  grea ter  ( 1 9 0 - 3 6 0  g; mean  
of  240  g). All rats were housed  and ma in t a ined  under  
ident ical  cond i t ions  as ou t l ined  in E x p e r i m e n t  I. 

Surgical and injection procedures, and consummatory 
variables. Of the  37 rats used,  17 received bi la tera l  lesions 



636 (. 'OS('INA, E l  A I.. 

of the MH. Lesion coord ina tes ,  surgical p rocedures  and 
anes the t i c  agents and thei r  doses were the same as in 
Exper imen t  1. l lowever ,  instead of using R-F heat  produc-  
t ion to p roduce  lesions,  e lec t ro-coagula t ion  was used. This 
procedura l  change was made in an a t t e m p t  to induce  more  
restr ic ted MH damage than  was possible with  the  relatively 
large (0.75 mm dia.)  T e m p e r a t u r e  Probe.  The e lec t rode  
used in Exper imen t  2 consis ted of an insulated n i ch rome  
wire (0.17 mm dia.)  bared 0.5 mm at the  tip. l ,esions were 
made  by passing two bursts  of 2 m.a. anoda l  d.c. for  20 sec 
in each hemisphere .  A rectal ca thode  comple t ed  the circuit .  
Fol lowing lesions, rats were re tu rned  to homecages  for a 
m i n i m u m  of 20 days ad lib feeding,  d r ink ing  and weight  
measures as descr ibed in Exper imen t  1. The remain ing  20 
rats (i.e.. normals )  were not  t rea ted  but  were housed  and 
mon i to r ed  in all ways identical  Io lesioned rats. 

At the end of  the post les ion m eas u r em en t  per iod,  all rats 
were depr ived of food for 7 days. During this t ime wate r  
intakes and body  weights  were still recorded daily. Fol low- 
ing this depr iva t ion  interval ,  all rats were anes the t i zed  wi th  
Nembuta l  and placed in the s te reo tax ic  i n s t rumen t .  Nine of  
the MH-lesioned rats and 12 of the normals  were injected 
with 250 ug (free base) 6-OHDA-HCI as descr ibed in Exper-  
iment  1.. The remain ing  8 lesioned rats and 8 normals  re- 
ceived the drug 's  vehicle.  The lower dose of 6.. OHDA used 
here was chosen  in an ef for t  to minimize  side effects  (see 
Exper imen t  1). Af ter  centra l  in ject ions ,  rats were re tu rned  
to homecages  for 45 days of add i t iona l  ad lib feeding and 
dr inking.  Intake and weight variables were recorded for 
only the first three  weeks. 

Fol lowing the  45 day pos t in jec t ion  period,  all rats were 
tested for f inickiness to various c o n c e n t r a t i o n s  of sucrose 
and qu in ine  sulfate.  As before ,  each one-bo t t l e  test  lasted 
24 hr. This t ime.  water  (W) was made  available in be tween  
quin ine  sulfate  (QS) tests as well as sucrose (S[.J(,) tests to 
rule out  the possibil i ty thai  the quin ine  results  in Experi-  
ment  1 ref lected depr iva t ion- induced  thirs t  mot ives  which 
might vary as a func l ion  of brain t r ea tmen t s .  The  sequence  
of accep tance  tes t ing was: 1% SUC, W,W, 2% SUC, W , W ,  
4(', ~ SU(?, W, W, 8% SUC, W, W, 0.01% QS, W, W, 0 .005% 
QS, w,  w,  0.0025~'~ QS. After  the last qu in ine  test ,  all rats 
were given wate r  for four  days.  then  sacrif iced by 
decap i ta t ion .  

Preparation oJ brain tissue, h iochemical  assays and Stal- 
istics. Methods  for lesion assessments  and p repa ra t ion  of  
brain tissues for b iochemica l  assays were the same as in 
Exper imen t  1. In add i t ion  to measur ing e n d o g e n o u s  con-  
cen t r a t ions  of  forebra in  NE, DA and 5 H'I', we also meas- 
ured 5 - t t T ' s  major  me tabo l i t e ,  5 h y d r o x y i n d o l e a c e t i c  
acid (5 IIIAA).  This seemed advisable since 6 - O H D A  
t r ea tmen t  may increase 5 l iT tu rnover  as indica ted  by 
inc rement s  in levels of this me tabo l i t e  compared  to endo-  
genous  5 l i t  levels [ 3 0 ] .  F luo rome t r i c  assays of 5 I l lAA 
were pe r fo rmed  by the m e t h o d  of Maickel and co-workers  
[33] as were assays for 5--HT. Previous d e t e r m i n a t i o n s  of 
5 - H I A A  from aqueous  s t andards  p roduced  cons i s ten t  and 
reliable recoveries (mean recovery of 97%, s tandard  error  of 
6'7,,, six d e t e r m i n a t i o n s )  so the raw data  for these  indole 
acid me tabo l i t e  d e t e r m i n a t i o n s  did not  require co r rec t ion  
for recovery.  

As there  was a wide range of body  weights  for rats in all 
groups,  the  post les ion weight changes were stat is t ical ly 
analyzed as a percentage  of  body  weight at the t ime of 
surgery. Analyses of  these data  along with food in take  
(correc ted  for spillage) and wate r  in take  were accompl ished  

by 3-way ANOVAs  wi th  cor rec t ions  for unequal  ns and 
repeated measures across days. In takes  of  sapid and noxious  
so lu t ions  as well as amine  c o n c e n t r a t i o n s  were analyzed by  
separate  2-way ANOVAs  wi th  cor rec t ions  for unequal  ns. 
When necessary t-tests were emp loyed  for fu r the r  analyses.  
As before ,  all data were analyzed by c o m p u t e r  and p values 
r epor t ed  represent  two-tai led d i s t r ibu t ions .  

Resul ts  

Loca t ion  o f  brain lesions. Of the 17 rats receiving MH 
lesions,  2 f rom the 6 -OHDA-t rea ted  group became  ill before  
comple t i ng  the  en t i re  expe r imen t .  Of  the remain ing  15 
lesioned rats, on ly  10 possessed relatively discrete  (1- 1.5 
mm dia.)  bi lateral  des t ruc t ion  wi th in  the MH. Lesions 
t ended  to ex t end  more  an te r io r  than  in Exper imen t  1. Also, 
there  seemed to be more  invo lvement  of the  dorsomedia l  
h y p o t h a l a m i c  nuclei.  Of these 10 accep tab le  rats, 5 had 
been  in jected with 6 -Ot tDA and 5 wi th  the drug 's  vehicle.  
Lesions in the remain ing  5 rats were assymetr ica l  or 
uni la teral ,  hence  the  data f rom these subjects  were dele ted.  

In take  and weight  measures af ter  MH lesions. As in 
Expe r imen t  1, the major i ty  of MIl-lesioned rats began to 
eat and dr ink upon  recovery from anesthesia .  Over the  post-  
lesion period,  lesioned rats ate and drank  s ignif icant ly  more  
(ps< 0,001 ) than  normal  rats, resul t ing in s ignif icant  weight  
i nc remen t s  over  s tar t ing b o d y  weights  compared  to normals  
( p < 0 . 0 0 1 ;  see Figs. 6 and 7). t iowever ,  the  inc remen t s  in 
feed ing ,  d r ink ing  and weight were d i sp ropo r t i ona t e ly  
greater  ( p < 0 . 0 1 )  for lesioned rats which  later were to re- 
ceive vehicle inject ions.  This d i f fe rence  ref lected the  
exclusion of data  f rom the  2 rats who became ill a f te r  
6 0 H D A  admin i s t r a t i on  (see above) ,  t he reby  lowering the 
mean  in take  and weight  measures for this group.  

Over the 7 days of food depr iva t ion ,  all rats lost signi- 
f icant  a m o u n t s  of weight  (ps<O.001 compared  to pre- 
depr iva t ion  weight  peaks for each group) .  However,  the 
percentage  of  weight  lost (luring this t ime was comparab le  
across groups  ( p > 0 . 1 0 ) .  By the  end of  the 7 days of food 
depr iva t ion ,  lesioned rats weighed g5';; of thei r  pre- 
depr iva t ion  weight ,  while cont ro l s  weighed 83.5~', ~ of  this 
weight.  In add i t ion ,  the hyperdips ia  displayed by Mll- 
lesioned rats dur ing  the ad lib feeding period disappeared 
over the depr iva t ion  interval.  Mean intakes d ropped  to 
abou t  15 ml per day.  This observa t ion  mediates  against the 
possibil i ty tha t  lesioned rats had d iabetes  insipidus.  

In take  attd weight  measures aJter 6-OI1DA. The use of  
the slightly lower does of 6 0 I t D A ( i . e . , 2 5 0 u g v s .  3 0 0 u g  
as used in Exper imen t  11 had the desired effect .  While 
drug- t rea ted  rats were still no t iceab ly  i r r i table  for the first 
few weeks af te r  in jec t ion ,  the inc idence  of seizure suscep- 
l ibi l i ty as well as the general deb i l i to ry  effects  of the drug 
repor ted  i,a Expe r imen t  1 were clearly dinainished.  

When al lowed free access to food af te r  6 - O H D A  treat- 
men t ,  Mll- lesioned rats (6 - -OHDA and vehicle t rea ted)  ate 
and drank  s ignif icant ly  more  ( p s < 0 . 0 0 1 )  than  non- les ioned 
rats ( 6 0 t t D A  and vehicle l r ea tedL  However,  6 0 H D A -  
t reated rats ( lesioned and non- les ioned)  ate and drank  less 
than  vehicle cont ro l s  ( lesioned anti non- les ioned)  (ps< 0.005 
and 0.05.  respect ively) .  Perhaps of greater  impor t ance .  
there was a significant  in te rac t ion  ( p < 0 . 0 2 5 J  be tween  
lesion and drug t r ea tmen t s  for feeding (see Fig. 7) whereby  
vehicle-lesioned rats ate more than 6 . .OHDA-lesioned rats 
hul  cont ro l s  did not  vary. On the o the r  hand ,  no such. 
lesion-drug in te rac t ion  was found for e i the r  d r ink ing  (see 
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Fig. 7) or weight (see Fig. 6) measures. It seemed in- 
congruous to see only an effect  on feeding but not  drinking 
or body weight,  especially since drinking must have been 
food associated (drinking subsided during the 7 days of  
food deprivat ion)  and body weight should reflect feeding 
differences.  Closer examinat ion  of  the data resolved this 
apparent  paradox.  It will be recalled that prior to food 
deprivat ion,  lesioned rats which later received the drug's 
vehicle ate more than lesioned rats which later received 
6- OHDA.  When this differential  intake was corrected for 
by expressing post inject ion feeding data as a percentage of  
postlesion intake, the feeding differences (i.e., lesion-drug 
i n t e r a c t i o n )  d i sappeared .  Relative to predeprivat ion 
feeding, then, both  l e s i o n - 6 - - O H D A  and lesion-vehicle 
groups ate the same amount  of  food after central  injections.  

C o n s i s t e n t  with the feeding data out l ined above,  
analyses of post inject ion body weights as a funct ion of  pre- 
deprivat ion weight (see Fig. 8) revealed no significant 
differences across lesioned and non-lesioned groups for the 
first three weeks after  injection regardless of  drug treat- 
ment .  However,  drug t rea tment  per se produced slower 
weight gain regardless of  lesions compared to vehicle treat- 
ment  per se (p<O.O01; see also Fig. 7). By Day 45 post- 
inject ion,  the significance of  this drug effect on weight was 
barely evident  (.0<0.05). Of  greatest impor tance  was the 
lack of  significant lesion-drug interact ions over the entire 
post inject ion period (all ps<O. l 0). 
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Acceptance ~ff sapid and noxious solutions. Prel iminary 
analysis of 24-hr  water  in take  just  prior to one -bo t t l e  
accep tance  tests revealed tha t  lesioned rats regardless of 
drug t r e a t m e n t  c o n t i n u e d  to dr ink s ignif icant ly  more 
( p < 0 . 0 1 )  than  non- les ioned rats collectively when  food was 
freely available. There fore ,  subsequen t  in takes  of  sucrose 
and quin ine  so lu t ions  were analyzed as percentages  of  this 
basel ine wate r  in take.  Due to an accident  in the  co lony  
room on the  day tha t  4% sucrose in take  was tes ted ,  data  
f rom 80% of all rats were lost. The accep tance  data  for the  
remain ing  three  sucrose concen t r a t i ons  are depic ted  in 
Fig. 9. 

As in Expe r imen t  l ,  all rats consumed  more  sucrose t han  
water  regardless of  c o n c e n t r a t i o n  tes ted (all ps<O.05 com- 
pared to baseline water  in takes) .  However,  the  degree of  
accep tance  varied as a func t ion  of  t r ea tmen t s .  While there  
were no  in take  d i f ferences  across groups  at the I '~ concen-  
t ra t ion ,  Mlt- les ioned rats collectively (i.e., 6 OHDA and 
vehicle t r ea t ed )  drank less 2% and 8% than  non les ioned  rats 
collectively (ps<0 .001  and 0 .005,  respectively) .  In addi- 
t ion,  6-OHDA t rea ted  rats col lect ively (i.e., lesioned and 
non- les ioned)  d rank  less 8% sucrose t han  vehicle con t ro l s  
collectively ( p < 0 . 0 2 5 ) .  In no case were there  signif icant  
lesion-drug in te rac t ions .  
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FIG. 9. Mean intakes of three sucrose solutions (1~, 2% and 8!;;). 
Each point represents group intakes over 24 hr as plotted from 
percentages of water intake prior to acceptance testing, i.e., ad lib 

water intake. 

Again, as in Exper imen t  1, exposure  to qu in ine  pro- 
duced reliable dec remen t s  in d r ink ing  across c o n c e n t r a t i o n s  
(p s<0 .05  compared  to baseline water  intakes) .  However,  
these dec remen t s  varied as a func t ion  of t r e a t m e n t s  and 
c o n c e n t r a t i o n s  (see Fig. 10). At the 0 .01% c o n c e n t r a t i o n ,  
6 0 I I D A  t rea ted  rats collectively t ended  to dr ink  more  
than  non- les ioned rats col lect ively ( 0 . 1 0 > p > 0 . 0 5 ) .  As the  
c o n c e n t r a t i o n  of  qu in ine  decreased,  these t rends  became 
more reliable. At the 0 .005% c o n c e n t r a t i o n ,  drug- t rea ted  
rats drank s ignif icant ly  more  ( p < 0 . 0 5 )  than  vehicle- t reated 
rats. while lesioned rats c o n t i n u e d  to dr ink  slightly less 
( 0 . 1 0 > p > 0 . 0 5 )  than  non- les ioned rats. At the most  d i lu te  
c o n c e n t r a t i o n  tes ted (0 .0025%),  6 - -OHI)A t rea ted  rats col- 
lectively showed  clear i nc remen t s  ( p < 0 . 0 2 5 )  in c o n s u m p -  
t ion c o m p a r e d  to vehicle con t ro l s  col lect ively.  At this same 
c o n c e n t r a t i o n ,  lesioned rats collectively showed  stat is t ical ly  
s ignif icant  dec remen t s  compared  to non- les ioned cont ro l s  
col lect ively ( p < 0 . 0 0 1 ) .  There  were no reliable lesion-drug 
in te rac t ions  at any of the qu in ine  c o n c e n t r a t i o n s  tested (all 
ps> 0.10).  

Concentrations o] endogenous atnines. Fluo rome t r i c  
d e t e r m i n a t i o n s  of forebra in  NE and DA (see Fig. 11) re- 
vealed signif icant  dec remen t s  ( p s < 0 . 0 0 1 )  for rats t reated 
with 6 OHDA. Of added interes t ,  these NE and DA de- 
c rement s  were s ignif icant ly  (p< 0 .025)  corre la ted wi th  each 
o the r  (r be tween  NE and DA was 0 .565) .  Such an observa- 
t ion a t tes ts  to  the similar mode  of ac t ion by  6 - O H D A  on 
( 'A neurona l  sys tems of  b o t h  types.  In add i t ion ,  lesioned 
rats showed  small bu t  s ta t is t ical ly  reliable d e c r e m e n t s  in NE 
( p < 0 . 0 0 1 )  and 5-HT ( p < 0 . 0 1 )  compared  to non-les ioned 
controls .  In no case were there  signif icant  lesion-drug inter-  
act ions.  No d i f ferences  were found across groups for 
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absolute  concent ra t ions  of  5 - H I A A  or for the ratio of  
5- -HT to 5 - H I A A .  

DISCUSSION 

When allowed to eat freely after  7 days of  food de- 
privation,  MH-lesioned rats ate more food and gained more 
weight than non-lesioned controls .  This was so despite 
chronic deplet ion of  brain NE and DA due to 6 - O H D A  
inject ion centrally.  It must be pointed out  that 6 - O H D A  
t rea tment  did retard feeding and weight gain compared to 
vehicle t r ea tment  alone. In addi t ion,  a slight but  statisti- 
cally insignificant depression in weight gain was seen for 
both lesioned groups compared  to their  respective control  
groups (see Fig. 8) during the first two weeks post- 
injection.  The observat ion that 6 - O H D A  per se decreased 
feeding, hence weight gain, proximal  to inject ion has been 
reported before [43,49] and lends support  to a general 
not ion  of  CA involvement  in ad lib feeding. Nevertheless,  
the lack of  significant lesion-drug interact ions over  t ime in 
Exper iment  2 lends support  to the findings of  Exper iment  
1 which implied that overeat ing and weight gain subsequent  
to MH injury can occur wi thout  a full compl iment  of  brain 
CA neurons.  

Of added interest  were the data on sucrose and quinine 
acceptance.  In both Exper iments  1 and 2, MH-lesioned rats 
rejected quinine  in concent ra t ions  accepted by non-lesioned 
rats. thus replicating the earlier work of  Corbit  [10] .  On 
the o ther  hand, chronic  deplet ion of brain NE and DA 
at tenuated  the magnitude of  this lesion-induced finickiness. 
A similar increment  in quinine acceptance by non-lesioned 
rats treated with 6-OHDA (Exper iment  2) suggests that the 

1200 

I000 

80C 

60O 

40O 

20O 

0 
N E  DA 

800' iOr  
40O 

5 - H T  5 -HIAA 

I INORM-VEH. 
~ V M H - V E H .  

~ N O R M r 6 O H D A  
~ V M H - 6 O H D A  

FIG. 1 I. Means and standard errors of forebrain NE, DA, 5-HT and 
5-HIAA (see text for abbreviations). Group designations are indi- 
cated in the figure with the following abbreviations: NORM for 
normal (non-lesioned) rats, VMH for lesioned rats, VEIl for vehicle- 

injected rats, 6-OHDA for 6-OIIDA-injected rats. 

integri ty of  CA neurons per se is impor tant  for the 
expression of  finickiness toward such noxious  solutions.  

The lack of  quinine finickiness by lesioned rats with 
decrements  in brain NE and DA does not  parallel the ad lib 
feeding behavior displayed by these same animals. In the 
lat ter  case, the lesion's effects  predominate  (i.e., overeating) 
whereas in the former  case, the drug's effects predominate  
(i.e., less finickiness). This dissociation of  lesion-induced 
consummatory  behaviors supports  the earlier suggestion by 
Graff  and Stellar [21] of  neuroana tomic  specifici ty in the 
expression of  hyperphagia vs. finickiness. What's more,  the 
data here present additional evidence which implicates 
brain CAs as playing a more crucial role in quinine accept-  
ance than in lesion-induced hyperphagia.  In a recent paper, 
Sorenson,  Ellison and Masuoka [41] reported increased 
finickiness toward quinine solutions fol lowing an inject ion 
regimen of 6 - O H D A  which selectively depleted brain NE. 
Since we observed opposi te  behavioral effects  in the same 
species with both NE and DA deplet ion,  it may be that the 
integrity of  DA systems in brain represent the crucial differ- 
ence for the divergence of  findings be tween our  data and 
those of  Sorenson et  al. The possibility also exists that 
procedural  differences (e.g., the use of male rats and testing 
with quinine HCI by Sorenson et  al .)  are in someway re- 
lated to these discrepancies. In any event,  one fruitful  line 
of  approach to this problem would be to determine  if 
differential  CA deple t ion  (i.e., NE alone, DA alone, and 
both  NE and DA together)  would alter rats' taste thresholds 
as assessed by two-bot t le  preference tests. Such work is 
necessary before any firm conclusions can be drawn 
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regarding the  s ignif icance of one -bo t t l e  accep tance  changes  
subsequen t  t o 6 0 l l D A t r e a t m e n t .  

The sucrose accep tance  data in bo th  Exper imen t s  1 and 
2 are diff icul t  to in te rpre t  in light of  an exis t ing l i tera ture  
which would predict  o v e r c o n s u m p t i o n  of sapid subs tances  
af ter  MH damage [e.g., 11, 32, 4 4 ] .  In b o t h  expe r imen t s  
repor ted  here.  sucrose accep tance  by lesioned rats was simi- 
lar or def ic ient  to tha t  of controls .  These d iscrepancies  
be tween  our  f indings and the exis t ing l i te ra ture  may be due 
to the use of  sucrose in so lu t ion  ra the r  than  in solid food.  
r o  our  knowledge,  there  are no repor ts  of MH lesion- 
induced over respond ing  to wate r  made  sweet by adul te r -  
a t ion wi th  saccharin  or glucose analogues.  On the  o the r  
hand ,  the  first a u t h o r  here has s tudied  one -bo t t l e  in take  of  
b o t h  sacchar in  and  glucose so lu t ions  before  [see 12[ and 
found no di f ferences  be tween  MH-lesioned rats and con- 
trois. One possible exp lana t ion  for the lack of  s ignif icant  
inc rement s  in sucrose so lu t ions  af te r  M}t injury is tha t  such 
animals  have always been tested in the stat ic phase of  
hyperphagia ,  hence  are close to the i r  new body  weight  set 
point .  Therefore ,  in Exper imen t  1 here,  MH-lesioned rats 
would not  cousume  s ignif icant ly  more sucrose than  normals  
because it would provide too many calories (see [32]  ). For  
rats in Exper imen t  2, the  actual  depress ion of sucrose in- 
takes might s imply reflect the fact tha t  test values were 
expressed as percentages  of baseline water  in take  in order  
to correct  for the i r  hyperdips ia  displayed unde r  ad lib feed- 
ing and dr ink ing  cond i t ions .  Such a cor rec t ion  fac tor  could 
be misleading since hyperd ips ic  lesioned rats would have to 
consume  more  calories present  in sucrose so lu t ions  in order  
to main ta in  percentage  intake levels comparab le  to the i r  
elevated baseline water  intake.  

The significant  dec remen t s  in sucrose c o n s u m p t i o n  ob- 
served for 6 O l l l )A- t r ea t ed  rats regardless of lesions 
(Expe r imen t  2) are cons is ten t  wi th  a recent report  by 
Breese and co-workers  [~)]. They found  that  s imilar  in- 
j ec t ions  of  6 - O H D A  which deple ted  b o t h  NE and DA in 
brain p roduced  reliable dec remen t s  in 5% sucrose consump-  
t ion.  Addi t iona l  data f rom this same paper  [q] suggests 
that  dec remen t s  in I)A ahme  are responsible  for these 
intake dec rement s .  This suggestion is con t ra ry  to the  work 
of Sorenson et al [41]  who  observed d e c r e m e n t s  in sucrose 
in take  in rats a f te r  6 OHDA t r ea tmen t  which  produced  
only NE deple t ion  in brain.  Clearly, add i t iona l  work is 
needed to de t e rmine  the relative i m p o r t a n c e  of  these differ-  
ent  CAs in sapid fluid c o n s u m p t i o n .  As already suggested 
above,  pr imary  a l te ra t ions  in taste subsequen t  t o 6  OHDA 
t r e a t m e n t  must  be d i scoun ted  before  the s ignif icance of  
one -bo t t l e  accep tance  tests can be adequa te ly  assessed. Pre- 
l iminary work a long this  line by Breese and co-workers  [91 
suggests tha t  6 0 H D A  t r e a t m e n t  effect ive in dep le t ing  
bo th  NE and DA in brain does not  al ter  rats '  taste accui ty  to 
the  poin t  where they are unable  to dis t inguish be tween  the 
taste of  wate r  and a so lu t ion  of  sucrose. 

] 'he  f inding in b o t h  Exper imen t s  1 and 2 tha t  6 - O H D A  
t r ea tmen t  per  se produces  small  but  s tat is t ical ly s ignif icant  
dec remen t s  in forebra in  5-lIT c o n c e n t r a t i o n s  [see also 13 
and 15] a t tes ts  to a slight non-specif ic i ty  of  drug ac t ion  at 
the dosage used. However ,  such dep le t ions  were consider-  
ably smaller  than  those  found  for b o t h  NE and DA as 
would be expec ted  given the pr imary  mode  of  ac t ion  for 
this c o m p o u n d .  The f inding that  MH lesions per  se pro- 
duced small but  s tat is t ical ly s ignif icant  dec remen t s  in brain 
NE' and 5-HT (Expe r i m en t  2) is puzzl ing since no such 

m o n o a m i n e  dep le t ions  were found  in brain samples  f rom 
lesioned rats before  (Expe r imen t  1). It may be that  the 
more an te r io r  a n d / o r  dorsal p lacements  of lesions in Experi-  
men t  2 are responsible  for these discrepancies .  While there  
appears  to be l i t t le NE or 5-HT nerve te rminals  in the  VMIt 
region itself, mode ra t e  c o n c e n t r a t i o n s  of  b o t h  m o n o a m i n e s  
seem to exist  in these o the r  h y p o t h a l a m i c  regions [ 2 0 , 4 6 ] .  
More c o n s o n a n t  with  our  f indings of NE dep le t ion  af ter  
MH lesions is a repor t  by Poncy and co-workers  [36]  who 
found  50cA. dep le t ion  of whole  brain NE af ter  similar hypo-  
tha lamic  injury,  l towever ,  the increased size of  Poncy et al~ 
lesions were such that  they  likely infr inged upon  ascending  
noradrenerg ic  neurona l  sys tems wi th in  the MFB a n d / o r  
m o r e  a n t e r i o r  or dorsal  h y p o t h a l a m i c  regions,  thus  
accoun t ing  for the magn i tude  of NE dep le t ion  which they 
observed.  

The fact tha t  we found stat is t ical ly s ignif icant  decre- 
ments  m forebra in  NE concen t r a t i ons  in MH-lesioned rats 
might  be cons idered  favorable  evidence in suppor t  of  two 
recent  papers  [ 1,31 ] which imply tha t  NE--depleting lesions 
of  the ascending  ventral  noradrenerg ic  bund le  [see 46]  are 
suff icient  to p roduce  hyperphagia ,  l lowever ,  since our  rats 
possessed addi t iona l  dep le t ion  of  DA as well as NE deple- 
t ion in areas of  bra in  such as neoco r t ex  (unpub l i shed  obser-  
vat ions) ,  which is innerva ted  by the dorsal noradrenerg ic  
bund le  {see [ 4 6 ] ) ,  it is no t  possible for us to c o m m e n t  on 
the relevance of  these data to our  present  repor t .  It is inter- 
es t ing to note ,  however ,  tha t  bo th  Z igmond and Str icker  
[49]  and L.ngerstedt [45]  have suggested tha t  damage to 
brain DA sys tems produce  p ro found  d e c r e m e n t s  in feeding. 
Therefore ,  it may be tha t  s imu l t aneous  damage to NE and 
DA systems,  as repor ted  here fol lowing in t rac is te rna l  
6 0 H D A  injec t ion ,  p roduces  animals  no t  unl ike rats wi th  
c o m b i n e d  I ,HA-MFB and VMH damage [21 in which  the 
LIIA-MFB lesion effect,; (hypophag ia  due to DA deple- 
tion'?) p r e d o m i n a t e  at least init ially and mask poten t ia l  
VMH lesion effects  (hype rphag ia  due  to NE deple t ion? l .  If 
such a neurochemica l  analogy were true, then  combined  NE 
and DA damage would be expec ted  to be less de le ter ious  to  
processes governing recovery of  feeding that  would be DA 
damage alone. While the above m e n t i o n e d  lines of evidence 
suppor t  such a genera l iza t ion ,  there  is no evidence that  
overea t ing  can be p roduced  by  6-OIIDA inject ions  which  
selectively lower bra in  NE alone when  the drug is adminis-  
tered th rough  the ven t r icu la r  system (see [9 ,41 ] ) .  Of 
course, the inabi l i ty  of  such t r e a t m e n t  to p roduce  hyper-  
phagia may have been  due to the  lack of  specif ici ty given 
the route  of  in jec t ions  a n d / o r  the  inabi l i ty  to  produce  sub- 
s tant ia l  NE deple t ions  w i thou t  the use of  mul t ip le  ventric-  
ular inject ions.  

By way of  summary ,  the results of b o t h  expe r imen t s  
repor ted  here ques t ion  the abso lu te  i m p o r t a n c e  of  brain NE 
a n d / o r  DA in the  express ion  of  overea t ing  and weight  gain 
subsequen t  to  MH dis rup t ion .  Our  findings,  then ,  seem in- 
compa t ib l e  with  a developing l i te ra ture  [5, 16, 17. 22, 42,  
45]  which suggests tha t  i nc remen t s  in e x t r a n e u r o n a l  NE" 
a n d / o r  DA seem necessary for the abi l i ty  to consume  food 
(but  see [1 and 31 ] for a l te rna te  suggest ions) .  I lowever,  it 
must  be po in ted  out  tha t  while our  Mll- lesioned rats were 
deple ted  of brain CAs by 6 - -OII I )A t r e a t m e n t ,  such de- 
p le t ion  may not  have been suff ic ient  to p e r m a n e n t l y  al ter  
cer tain func t iona l  aspects  of  CA metabo l i sm in remain ing  
( 'A neurons .  It is already k n o w n  that  in spite of  persis t ing 
dec remen t s  in abso lu te  c o n c e n t r a t i o n s  of NE and DA af ter  
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such drug t r e a t m e n t  tha t  syn thes i s  and  release of  these  CAs 
con t inues  to  some degree [ 2 6 , 4 8 ] .  Indeed,  it has recen t ly  
been  impl ied  t ha t  up t ake  and tu rnove r  in CA n e u r o n s  m a y  
be e n h a n c e d  fo l lowing 6 - O H D A  t r e a t m e n t  129] .  It should  
be po in t ed  ou t  tha t  this  same possibi l i ty  would  exist  for 
rats  made  hype rphag i c  fol lowing NE-deple t ing  lesions of 
the  ascend ing  vent ra l  no radrenerg ic  b u n d l e  [ 1,31 ]. In keep-  
ing wi th  the  suggest ion of po ten t i a l  i n c r e m e n t s  in CA tu rn -  
o v e r  a f t e r  6 - O H D A  t r e a t m e n t ,  a r ecen t  repor t  by 
F r i edman  and co-workers  [191 implies tha t  newly syn- 
thesized NE and DA are the  func t iona l  pools  i m p o r t a n t  in 
regula t ing various aspects  of  feeding in rat .  If the  impli-  

ca t ions  of  these  recent  repor t s  are correc t ,  t hen  fu ture  
e x p e r i m e n t s  designed to clarify the  issues raised here and in 
related s tudies  will be forced to dis t inguish be tween  old vs. 
new CAs a n d / o r  be tween  b o u n d  vs. free amines .  In addi- 
t ion ,  we c a n n o t  d i scoun t  the possibi l i ty tha t  changes  in 
pos t - synap t i c  r ecep to r  sensi t ivi ty  are related to the  be- 
havioral  changes  observed.  Perhaps  only  when  there  are 
adequa t e  m e t h o d s  by which  we can assess these add i t iona l  
variables shall we gain insight  in to  the func t iona l  aspects  of  
bra in  m o n o a m i n e  me tabo l i sm and the  relative roles played 
by various amine  sys tems in the  express ion  of  consum-  
m a t o r y  behaviors .  
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