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MCDERMOTT, L. J., G. F. ALIIEII), J. KELLY, A. E. HALARIS, AND S. P. GROSSMAN. Regulatory de/icits after 
surgical transection of three components of the MFB: Correlation with regional amine deph'tions. PIIARMAC. BIOCHEM. 
BEHAV. 6(4) 397-407,  1977. Parasagittal knife cuts along the lateral border of the diencephalon (PS), coronal cuts 
across the lateral (EMI.'B) or medial (MMFB) components of the medial forebrain bundle reproduce most of the persisting 
deficits in responding to glucoprivic and hydrational challenges that characterize rats with lateral hypothalamic lesions or 
intracranial injections of 6-hydroxydopamine (60HDA). Each of these cuts produced a different pattern of regulatory 
deficits, suggesting that individual components of the LH syndrome may be mediated by different neural substrates. Tiffs 
interpretation is supported by the results of our correlational analysis of the relationships between specific behavioral and 
biochemical effects of our cuts. ["or example, feeding responses to insulin were reliably correlated with striatal DA 
concentrations but feeding responses to 2-deoxy-d-glucose (2DG) were not. Water intake during periods of food 
deprivation was reliably correlated with striatal DA but water intake after an experimental osmotic challenge was not. Only 
one of the common persisting deficits (impaired feeding response to peripheral injections of insulin) was positively 
correlated with the duration of aphagia and adipsia. 
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LESIONS in the dorsal  par t  of  the  lateral h y p o t h a l a m u s  
(L t t )  p roduce  a complex  pa t t e r n  of  changes  in food and 
wate r  in take  which is k n o w n  as the Ltt syndrome .  
Fol lowing  a variable per iod of  aphagia  and adipsia,  vol- 
un t a ry  ingestive behav ior  reappears .  F o u r  stages of  recovery 
and a m u l t i t u d e  of pers is t ing defici ts  have been  descr ibed 
[ 2 5 ] .  Rats  which have recovered from the effects  of I.II 
lesions, c o n s u m e  quan t i t i e s  of food and water  tha t  are 
suff ic ient  to ma in t a in  a reasonably  s table l a l t hough  lower  
than  no rma l )  body  weight.  However ,  the animals  are 
severely hypod ips ic  or adipsic in the absence  of  food,  eat 
only pala table  diets,  and fail to respond  to hyd ra t i ona l  and 
glucoprivic  chal lenges which  elicit d r ink ing  and ea t ing in 
the in tac t  animal .  

[t has long been assumed that  the 1,11 s y n d r o m e  results 
f rom in te r fe rence  with a h y p o t h a l a m i c  feeding and dr ink ing  

center .  This  view has recent ly  been ques t ioned  by a variety 
of expe r imen t a l  observat ions .  Lesions in the lateral hypo-  
tha lamus  in te r rup t  a n u m b e r  of f iber sys tems which 
connec t  the basal ganglia and the bra ins tem.  Lesions in the  
nuclei  of origin of these pa thways  p roduce  severe aphagia  
and adipsia [ 1 3 , 1 8 ] .  Knife cuts  a long the lateral bo rde r  of 
the h y p o t h a l a m u s  which p roduced  litt le or no  direct  
damage to cellular c o m p o n e n t s  of the area not  only  
p roduced  pro longed  aphagia  and adipsia [c~] but  also the 
full spec t rum of  persis t ing defici ts  tha t  charac ter izes  the 
recovered lateral rat [ 1 0 ] .  

Pharnta,-ological  invest igat ions  have indicated that  at 
least some of the effects  of LH lesions may be due to an 
i n t e r rup t i on  of ca techo laminerg ic  pa thways  which pass 
th rough  the area. l n t r aven t r i cu la r  [22 ,30 ,31]  as well as 
intranigral  [ 2 6 ] ,  i n t r ahypo tha l an f i c  [ 1 5 ] ,  and intrapal l idal  
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[21] inject ions of  6 - h y d r o x y d o p a m i n e  t 6 O l l D A l ( a  neuro- 
toxin which preferent ial ly  des t roys  ca techolaminergic  
neurons and their processes)  produce  aphagia and adipsia as 
well as many (apparent ly  not  all) of  the persisting defici ts  
in response to hydra t ional  and glucoprivic challenges which 
character ize rats with 1,11 lesions. 

Wc 11,17,11] have recently comple ted  a scrics of  
investigations of  the relat ionships be tween the behavioral 
and biochemical  consequences  of  a variety of knife cuts 
which interrupt  various aspects  of  the diffuse aminergic 
projec t ions  to s tr iatum and forebrain.  The results of these 
studies indicate that the immedia te  behavioral effects  of  
these lesions (i.e., the dura t ion of aphagia and adipsia or the 
magni tude  of  hyperphagia  or hyperdips ia)  are related to 
several complex  changes in te lenccphal ic  scrotonin  and 
dopamine  as well as striatal dopamme .  

The present  series of expe r imen t s  represent  a direct 
ex tens ion  of one aspect of this work. We [171 have 
previously shown that  knife cuts which selectively in terrupt  
lateral c o m p o n e n t s  of  the MFB produce  aphagia and adipsia 
whereas an in te r rup t ion  of the medial c o m p o n e n t s  of the 
MFB restdt in hyperphagia .  The present expe r imen t s  were 
designed to examine the effects  of these cuts on thc 
response to various glucoprivic and hydra t ional  challenges 
and to de te rmine  whe the r  significant corre la t ions  exist 
be tween any persisting behavioral impai rments  and bio- 
chemical  changcs fol lowing these knife cuts.  

MI-~TIIOD 

A nim a ls 

The animals were adult male albino rats of the Sprague- 
Da~,ley strain ( l lo l t zman ,  Madison, WI) which wcrc housed 
singly in a t empera tu re  cont ro l led  {21 '(? , 2:(7) colony.  A 
12 hr l ight/dark schedule (lights on at 7 a.m.) was main- 
tained, l /xcepl when no ted ,  food ( ' ieklad 0% fat. rat and 
mouse pellets) anti tap waler  was available ad l ib .  

Sllrgery 

Surgery was pe r fo rmed  under  Nembuta l  anesthesia using 
a retractable wire knife cons t ruc ted  of 27 gauge stainless 
steel hypode rmic  needle stock and a 150u d iameter  spring 
steel wire which was ex t ended  from the slightly bent  tip of  
the guide cannula. One (51' the 3 bilateral t ranscct ions  was 
made in the brain of each animal using the coord ina tes  
from the de Groot  [71 atlas of the rat brain as descr ibed 
earlier [ 17] . 

(a) Parasagittal cuts along the lateral edge o f  the 
hypothalamus (PS). Four teen  rats received parasagittal cuts 
along the medial edge of the internal capsule. The knife 
guide was inserted into the hrain so that its tip was placed 
at AP = 6.0, ti = 1.5, L = 2.0. The wire knife was then 
ex tended  2.0 mm caudally and lowered to the base of the 
brain, thus cut t ing across the laterally coursing fibers oI lhe 
MFB in a plane ex tend ing  from the thalamus to the base of  
the brain and from the anter ior  h y p o t h a l a m u s  to the 
mammil lary  bodies.  Ten animals were used for behavioral 
testing and biochemical  assays and four were used for 
histological conf i rmat ion  of the p lacement  of the cut.  

/h) Coronal cuts across the ]tbers rJt the lateral MFB 
(LMI"B). Thir teen rats received coronal cuts across the 
lateral fibers of the MFB. I h e  knife guide was inserted into 
the brain so that the tip ,*,'as placed at AP = 4.6, H = I.R. 1, 

= 3.0. The wire knife was then ex tended  1.2 mm toward 
the midline and lowered to the base of the brain, thus 
cut t ing across lateral c o m p o n e n t s  of the MFB as they 
course through the internal capsule just anter ior  to the 
mammil lary bodies.  Seven rats were used for behavioral 
test ing and biochemical  assays and six were used for 
histological conf i rmat ion  of the p lacement  of the cut. 

(c) Coronal cuts aer~Jss tilt' medial .t)bers ,~f the MFB 
(M:~IFB]. Twenty -one  rats received coronal cuts of lhe 
medial fibers of the MI':B as the}' course through the lateral 
hypothalanf ic  area just anter ior  to the n |ammil lary  bodies. 
l"he knife guide wax implanted  into the brain so that its tip 
,,,,'as placed at AP = 4.6, II = -2.0, I. = 2.0. The wire knife 
,,,,'as then ex tended  1.2 mm toward the midline and lowered 
to the base of the brain, thus t ransecl ing fibers m an area 
bounded  by tire internal capsule,  fornix,  zona incerta and 
base of  lhe brain. Seventeen rats were used for behavioral 
testing and biochemical  assays and four  for histological 
conf i rmat ion  (5I the p lacement  of the cal .  

(d) ( 'ontrol operations. Ten rats served as opera ted  
controls .  Ira these animals an incision was made in the scalp, 
holes were drilled through the skull, and a stainless steel 
insect pin was used to pierce the dura and cor tex.  

Response to (;lueoprivie ('hallenges and Food Deprivation 

(;lucoprivation (2D(;/. [nl raper i toneal  (IP~ injections of 
2-deoxy-d-glucose (2DG) (650 mg/kg, 10'/,, w/v tn distilled 
water~ were adminis tered on Days 29 and 91 afler surgery. 
Food intake during the first t'~hr after the injections was 
compared  with the intake recorded on the previous day, 
during a comparable  6 hr period,  fol lowing an injection of  
an equivalent volume of isotonic saline. The magni tude  of 
the response to the drug of the opera ted  animals was also 
compared  to that of the control  animals. 

The exper imenta l  and conlrol  animals were also given a 
lower dose of 21)(; (250 rng,'kg, IP~ accompanied  by an 
injection of caffeine (25 mg,"kg, ol  ~, 25 n~g/ml solut ion of  
distilled water,  lPl. The test was conduc ted  105 days after 
surgery. 

Bolh food and waler were available ad lib during all 
tests. All injections were given at approximate ly  10a .m.  
(3 hr after the beginning of the light period of the 
l ight/dark cycle). All test ing took place in the aniwlal's 
home cage. 

(;lucoprivation (Insulinj. ln t raper i loneal  in,iections (514 
units of  regular insulin (l let in,  Lilly, (?o.~ were given on the 
52nd day after surgery. I h e  food intake ira lhe first six hr 
after the injection was compared  with the intake recorded 
on the previous day during the same 6 hr period tollov~ing 
an injection of a comparable  w)lume of isotonic saline. The 
magni tude of the response to the drug m the exper imenta l  
animals was also compared  to tire magni tude of the 
response in tile cont ro l  animals. Food and water were 
available ad lib during resting, l h e  injections were given ,,t 
10  a . m .  

Food deprivation. On the 3t,qh and 100th day al ter  
surgery tall animals were deprived ol  food for 18 hours,  l h e  
food intake in the first 6 hr after deprivat ion was compared  
with the intake during a comparable  six hr period on the 
previous day which was preceded by 18 hr of ad lib access 
to food.  The intake of the exper imenta l  animals was also 
compared  with the intake of lhe control  animals. Water was 
available ad lib at all times. 
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Response to lt.vdrational Challenges 

Water intake during food deprivation. On the  20 th  and 
79 th  day af te r  surgery wa te r  in take  in the absence  of  food 
was recorded  in the h o m e  cage for 24 hr .  T he  resul ts  of  this 
test  were c o m p a r e d  wi th  the data  f rom the preceding  24 hr  
per iod when  food was present .  The  in take  of  the  ex- 
pe r imen ta l  an imals  was also c o m p a r e d  wi th  tha t  of  the 
cont ro ls .  

Cellular dehydration (1M NaCll.  On the 63rd  day af ter  
surgery,  all an imals  received IP in jec t ions  of  5 ml of  I M 
NaCI so lu t ion .  The  water  in take  dur ing  the  first 6 hr  a f te r  
the in jec t ions  was c o m p a r e d  with the in take  dur ing  the  
same 6 hr  per iod  on the previous  day a f te r  an IP in jec t ion  
of 5 ml of  0.15 M ( i so ton ic )  saline. The magn i tude  of  the 
d r ink ing  response  of  the ope ra t ed  an imals  was also com- 
pared wi th  tha t  of the con t ro l s .  Food  and water  were 
available ad lib dur ing  these tests. The  in jec t ions  were given 
at 10 a.m. 

Bio chem ical Assays 

At c o m p l e t i o n  of behaviora l  test ing,  115 days af te r  
surgery,  the  animals  were killed by decap i t a t i on ,  the brains  
qu ick ly  dissected on ice in to  three  brain  regions ( te len-  
cepha lon ,  s t r i a tum,  h y p o t h a l a m u s )  and were assayed for 
regional  amine  c o n c e n t r a t i o n s .  In each brain the  
c o n c e n t r a t i o n s  of NE, I)A and 5HT in s t r ia ta  and telen- 
cepha lon  and the c o n c e n t r a t i o n s  of NE and 51tT in 
h y p o t h a l a m u s  were d e t e r m i n e d  by ion exchange  c h r o m a t o -  
g raphy  as descr ibed by Barchas etal.  [21 and modi f ied  by 
Halaris. Brain regions were h o m o g e n i z e d  in 15 ml ice cold 
0.4 N perchlor ic  acid with 0.25 ml 4% EDTA and 0.2 ml 
2% ascorbic  acid. Af ter  cen t r i fuga t ion ,  the  s u p e r n a t a n t  was 
adjus ted  to p l l  6.5 and passed th rough  Amber l i t e  (CG-50)  
co lumns .  The  amines  were e lu ted  from the c o l u m n  in 4 ml 
IN I tCI .  Ox ida t ions  were pe r fo rmed  accord ing  to Barchas  
etal.  [21.  

The t e l encepha lon ,  s t r i a tum and h y p o t h a l a m u s  were 
dissected by dividing the brain in to  three  sec t ions  using 
coronal  cuts  at the rostral  and caudal  edges of  the o l fac to ry  
tubercles .  The  left  and right  s t r ia ta  were r emoved  f rom the 
middle  sect ion by t r imming  away the cor tex  along the 
corpus  ca l losum,  removing  the sep tum by cu t t ing  a long the 
ventr ic les ,  and  removing  the amygda la  by a h o r i z o n t a l  cut .  
The  cort ical  tissue s u r r ound i ng  the s t r i a tum,  including the 
f ronta l  lobes was c o m b i n e d  with the remain ing  cor tex  of 
the o t h e r  two sect ions  to c o n s t i t u t e  the tissue of the 
t e l encepha lon .  The h y p o t h a l a m u s  was dissected f rom the 
d i e n c e p h a l o n  by mak ing  a coronal  cut  jus t  caudal  to the 
mammi l l a ry  bodies  to remove the midbra in .  The t ha l amus  
was r emoved  and  discarded f rom this  sec t ion  by cu t t i ng  
ho r i zon ta l ly  at the dorsal edge of  the fornix on the  an t e r io r  
aspect  of  this sect ion.  

Histology 

F o u r t e e n  rats with  t r ansec t ions  of the MFB were killed 
ten days af te r  surgery with an overdose  of  Nembuta l .  The  
brains  of  these animals  were per fused  with formal in  and 
frozen.  F i f ty  u sect ions  were cut  th rough  the area of  the 
knife cut  and  s ta ined wi th  cresyl violet .  Of these animals  
four  had PS cuts ,  six I .MFB cuts  and four  MMFB cuts.  

Correlations 

Corre la t ions  were c o m p u t e d  be tween  regional amine  
c o n c e n t r a t i o n s  and food or wate r  in take  in response  to each 
of  our  expe r imen ta l  chal lenges,  for the individual  ex- 
pe r imen ta l  groups  as well as pooled  data  f rom all animals  
sus ta in ing damage to the MFB. The  abso lu te  a m o u n t  of  
food and wate r  c o n s u m e d  dur ing each test as well as the 
increase over baseline was used in the cor re la t iona l  analysis.  
Because a large n u m b e r  of cor re la t ions  were c o m p u t e d ,  
only  coef f ic ien ts  which met  a relat ively s t r ingent  cr i ter ion 
of s tat is t ical  rel iabil i ty (p< 0.01 ) are discussed. 

RESUL'IS 

Ad Lib Food and Water Intake 

The effects  of our  cuts  on 2 4 h r  a d l i b i t u m  food and 
wate r  in take,  and regional amine  c o n c e n t r a t i o n s  have been 
descr ibed in detail  e lsewhere  [ 17] .  Briefly,  the 10 animals  
with PS cuts  were aphagic  and adipsic a f te r  surgery (X = 5.0 
days, range 1 7). By Day 20 ( the  beginning  of  the tests  
descr ibed in the present  paper )  the daily food and water  
in take  of the animals  of this group was no  longer 
s ignif icant ly  d i f fe ren t  from that  of  the con t ro l  rats. The 12 
rats  with  LMFB cuts  were also aphagic  and adipsic af ter  
surgery (}~ = 5.4, range 0 10). The seven an imals  f rom this  
group which, were used in the present  series of  e x p e r i m e n t s  
were aphagic  for on ly  an average of  2.1 days (range,  I 5 
days).  By Day 20 ( the  beginning  of  the tests descr ibed in 
this repor t )  the daily food and water  in take  of these 
animals  was no longer  s ignif icant ly  di f ferent  f rom tha t  of  
the controls .  The 17 animals  with MMFB cuts were 
hyperphag ic  af ter  surgery and c o n t i n u e d  to overeat  sig- 
n i f icant ly  ( p < 0 . 0 1 )  t h r o u g h o u t  the presen! series of ex- 
per iments .  

Regional A mine Concentrations {Fig. 1) 

PS cuis  resul ted in large (greater  than 50';;) dep le t ions  of  
s tr iatal  DA and Nil and te lcncepha l ic  I)A ( p < 0 . 0 0 1 ) ,  
modera t e  ( a p p r o x i m a t e l y  30%) dep le t ions  of te lencephal ic  
NlI and 5HT and str iatal  5HT ( p < 0 . 0 1 ) ,  and litt le or no 
change in h y p o t h a l a m i c  amines.  LMFB cuts resul ted in 
large (grea ter  than  50%) dep le t ions  of str iatal  DA 
( p < 0 . 0 0 1 ) ,  modera t e  ( app rox ima te ly  30':;;) changes  in 
str iatal  NE and 5HT and tc lencepha l ic  DA and N[! 
( p < 0 . 0 1 ) ,  and li t t le or no change in h y p o t h a l a m i c  amines  
or t e lencepha l ic  5HT. MMFB cuts  resulted in modera t e  
decreases in le lencephal ic  NE, DA. and 511"I ( p < 0 . 0 0 1 ) ,  
s o m e w h a t  smaller  dep le t ions  of str iatal  NE, DA. and 5I tT  
( p < 0 . 0 1 )  and l i t t le  or no change in h y p o t h a l a m i c  amines.  
(For  a deta i led  discussion of  these data  see [ 17] ). 

ffistology (Fig. 2j 

Analysis  of  cresyl violet  s ta ined sect ions  of four t een  
brains  con f i rmed  that  the knife  cuts  had been placed at the 
i n t ended  coo rd ina t e s  as descr ibed in the m e t h o d s  sec t ion  of 
this paper.  Cons i s ten t  p l acemen t s  of  similar knife cuts  have 
been repor ted  in several earlier papers  f rom this l abora to ry  
[ 1 , 1 2 , 1 7 ] .  

l h e  PS cuts  (Fig. 2A) ex t ended  bi lateral ly a long the 
lateral bo rde r  of  the d i encepha lon  jus t  medial  to the 
internal  capsule,  from AP = 6.2, to AP = 4.2 and from the 
s u b t h a l a m u s  to the base of the  brain.  The  LMFB cut:, 
(Fig. 2B} lay in a coronal  plane jusl an te r io r  to the 
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m a m m i l l a r y  bodies  at AP = 4.6 and t r ansec ted  f ibers  o i  the 
MFB that  ascend  or  descend  in the media l  s e g m e n t s  of  the 
in ternal  capsule .  The  MMFB cut IFig.  2 (1  lay in a co rona l  
plane jus t  an t e r i o r  to the m a m m i l l a r y  bodies  and t r ansec ted  
the medial  f ibers  o f  the MFB as they  cour se  t h r o u g h  the 
lateral  h y p o t h a l a m u s  in an area b o u n d e d  by the interm,  l 
capsule ,  medial  l emniscus ,  forn ix  and base of  the brain.  

Glucnpriration (2D(;) (Fig. 3). 

PS cuts. Anima l s  wi th  t>S cu ts  s h o w e d  an impai red  
r e sponse  to 2D(; ,  2~ as well as 91 days  af te r  surgery .  
Animals  wi th  PS cu t s  ate reliably t p -  0 .05)  m o r e  food  af te r  
2I)G than they had on ttle saline cont ro l  lest but the 



MFB TRANSECTIONS,  AMINES AND R E G U L A T O R Y  DEFICITS 401 

,,'1 MO ] f V D  I ] '1 ~2,.\._1. 

/ ,  • Sl . / , ,  ,, v (  I I ~ "  / /  ~D 
/ 

/ 
• vF 

r " "  " " ~ . .  i f A M ( ' -  I 
" ~ - .  t" - %7~,, 

l ka ( ' -  I 

". .  ' ,; T Z  " 

A B C 
FIG. 2. Schemat ic  diagram of  (A) parasagittal cuts along the lateral border  ot" the d iencephalon IPS) extending from AP := 6.2 to 4.2, IB) 
coronal  cuts across the lateral fibers of  the .MI:I~ (I,MI.B) at AP = 4.6 and ((') c tmmal  CtllS across tile medial fibers of  the ,MI. l'~ O,1MI.'I'~) at AP 

= 4.6, according to the de ( ; roo t  ;ilia:,; o f  the rat brain [7] .  

"-" 15" 
E 
o') 

U j  

~ I0 .  
,,< 
I - -  

Z 

5. 

0 
0 
u... 

~ 2 D G  

J--]BASE. 

C O N  PS MED LAT 
t ' 4 : lO  N = I  0 N = I 7  N =  7 

r 
C O N  

N = I O  

b 

PS MED LAT 
N = 1 0  /'~ = 1 7 N : 7  

: t  

tt 

:i_ 

, i i  ¸ 
I 

C O N  
N = I 0  

b 

P S MED 
N = I 0  N = I /  

2 D G  1 2DG 2 2 D G + C A F F  

;!iil 
I~!" 

. .  i 

LAT 
N ; 7  

I 'I(; .  3. Food intake during the first six hr afler in j c c t i m l s o f  isotonic saline IBASf'I) or 2-deox,,-d--luc~)se c2l)(.;) (65fl m~/kg) cm l)av 29 
~21)(; 1) and r)ay 91 (21)(; 2) <~r in response to 2-deoxy-d-gluc(~se (250 mg/kg) plus caffeine (2.~ mg/k.,.z) ~)11 I)a'. IO5 (21)(; + (',~l:l") 
after ,~urgery Ik~r animals with parasagittal knife cuts (PSh medial Mf.B cuts (MI'.D}, lateral MFB cuts ( L A T h  or controls  (( 'ON).  
aSignil'icantly ditTercnt f rom control  intake (1~<().()01). bsienif icant ly  dift'erent from control  intake (p<().( l l) .  c S i g n J f J c a n t J , ,  different Ironl 

control  Jnlakc (/~7().05). 



402 MCDERMOTT ET AI.. 

magni tude  of  tile response  was s ignif icant ly  smaller  than 
that  seen in the con t ro l s  on bo th  test days ( p < 0 . 0 1 ,  
p<  0 .003,  respect ively I. 

L M F B  cuts. Animals  with I.MFB cuts  did not  increase 
thei r  food in take  s ignif icant ly  (p~.0.201 in response to 2DG 
when  tested 29 days af te r  surgery.  A l though  these animals  
did rel iably Ip< 0 .05)  inc,-ease intake af ter  21)G when  tested 
91 days af ter  surgery,  the magn i tude  of the response  was 
s ignif icant ly  I p < 0 . 0 5 }  impai red  with respect  to cont ro ls .  

M M F B  cuts. Animals  with  MMFB cuts  did not  respond  
to 21)(; when  tested 29 days af ter  surgery.  There  ,,','as no 
signif icant  d i f ference  be tween  thei r  in take  a f te r  the  drug 
and the in take  on the saline con t ro l  test. The  con t ro l  group 
increased in take  reliably ~p< 0.001} on the drug test. When 
re tes ted ~1 days af ter  surgery,  an imals  wi th  MMFB cuts  ate 
reliably ~p<O.O1) less a f te r  2D(; than  they did on the 
preceding  con t ro l  test. The  con t ro l  animals  showed a 
significant  ~i~<:0.011 increase.  A l though  the ope ra t ed  
animals  were hype rphag ic  with respect  to the con t ro l s  at 
the t ime of  the lest,  the total  food in take  in response  to 
2DG, of  the rats wi th  MMFB cuts,  was s ignif icant ly  smaller  
than that  of  the cont ro l s ,  on bo th  test  days (p<O.O1, 
p ,  0 .001 ,  respect ively) .  

(;lucoprivation {2DGecaffeine] H"ig. 3) 

PS cuts. The food in take  of animals  with  PS cuts  a f te r  
in jec t ions  ol a low dose of 2DG, accom pan i ed  by caffe ine 
was s ignif icant ly  I p < 0 . 0 5 )  elevated from baselme but  was 
s ignif icant ly  Ip - -0 .01)  smaller  than the in take  of the 
controls .  The  feeding response to 21)(; plus caffe ine was 
not  s ignif icant ly  (p~,0.25~ d i f fe rent  f rom tile response  to 
21)(, alone.  

I, Mt.'B cuts. The food mlake  of animals  with LMFB cuts  
was s ignif icant ly  ( p < 0 . 0 0 1 )  increased with respect  to the 
con t ro l  test baseline af te r  2DG accom pan i ed  by caffeine.  
The in take  of the animals  with LMFB cuts  was not  
s ignif icant ly  d i f fe rent  on this tesl f rom that  of the con t ro l s  
I p .  0.05 I. 

MMI.'B cuts. Rats with  MMFB cuts  increased thei r  food 
intake reliably l p ,  0.051 in compar i son  to baseline af te r  the 
low close of 2D(;  c o m h i n e d  with caffeine.  The in take  of the 
expe r imen t a l  group was rel iably smaller  I p < 0 . 0 5 )  than that  
of the con t ro l  group.  The feeding response  to 2D(;  plus 
caffe ine was s ignif icant ly  l p , 0 . 0 0 1 )  larger than the re- 
sponse af te r  21)(; alone.  

Glucoprivation {Insulin) (Fig. 4/ 

I'S cuts. Animals  with  PS cuts  did not  rel iably respond  
to 4 uni ls  of insulin when  tested 52 days af ter  surgery.  The 
in take  of the opera ted  animals  was s ignif icant ly  smaller  
Lo. 0.01 ) than that  of the con t ro l s  and was not  s ignif icant ly  
I p > 0 . 0 5 )  elevated from baseline levels es tabl ished on the 
preceeding  cont ro l  test. 

L M F B  cuts. Animals  with LMFB cuts  responded  to 
insulin by eat ing s ignif icant ly  ( p , ' 0 . 0 1 )  more  food than 
the}' had on the saline con t ro l  test. The i r  intake was not  
s ignif icant ly  ip , 0 .05 )  d i f ferent  f rom intake  of controls .  

M3II-'B cuts. Animals  wi th  MMFB cuts s ignif icant ly  
(p<0 .001~  increased thei r  food in take  af te r  insulin. The 
magn i tude  of  thei r  response was not  s ignif icant ly  ( p , 0 . 0 5 1  
di f ferent  t'rom in take  of controls .  

Food Deprivation {Fig..5,, 

I'S cuts. Fol lowing lg hr of food depr iva t ion ,  the food 
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FIG. 4. Food intake during lhe firsl 6 hr after injections of isotonic 
saline (BASE) or insulin (4 units) on l)ay 52 after surgery for 
animals with parasagittal knife cuts IPS), medial MI'B cuts t),II;DL 
lateral MFB cuts l lA'l '), or controls ICONI. bSignificantly diffcrenl 

fronl conlrol intake (p, (L011. 

in take  of animals  with PS cuts  was not  s ignif icant ly 
( p > 0 . 1 0 )  di f ferent  f rom the in take  of  the cont ro ls ,  39 and 
100 days a f te r  surgery. 

L M F B  cuts. Animals  with I.MFB cuts,  ate s ignif icant ly  
(p-  0 .05)  more  af te r  18 hr of food depr iva t ion  than they 
did dur ing  the preceding  con t ro l  test but the magn i tude  o t  
the increase was rel iably Ip- .0 .O01)  smaller  than that  of the 
con t ro l s  on bo th  test days. 

MMFB cuts. Thi r ty  nine days af ter  surgery lhe animals  
with  MblFB cuts  :.lie s ignif icant ly  Ip- 0.0011 less than  the 
con t ro l s  af ter  food depr iva t ion .  { h e  opera ted  animals  
increased their  intake 3.4 g over the baseline es tabl ished 
wi thou t  pr ior  depr iva t ion  whereas  the con t ro l s  increased 
thei r  in take  by 12.0g.  The deficit persisted when  the 
animals  ,,,,'ere re tes ted 100 days af ter  surgery. The impair- 
men t  is par t icular ly  in teres t ing  in view of the fact that  the 
opera ted  animals  were hyperphag ic  (;> 0.011 with respect 
to con t ro l s  m 24 hr ad lib intake,  and ate reliably more  
than the con t ro l s  II;, 0.01 ) on the preceding con t ro l  test. 

Water Intake in the Absence o! Food (bi#. 6) 

I'S cuts. When tested in fl~e absence of food.  animals  
with PS cuts  drank s ignif icant ly  less than the con t ro l s  bo th  
20 and 63 days af ter  surgery ~p, 0 .001,  p, 0.01,  re- 
spectively L 

L M F B  cuts. In the absence of food,  the water  re take of  
animals  with I .M|:B cuts,  was s ignif icant ly  Ip" 0.01)  smaller  
than that  of  the con t ro l s  20 days af ter  surgery. The effecl 
was not at)parent  when this ¢×pcr imcnt  was repeated 7~ 
days af ter  surgery Ip ,0.051. 

MMI,'B cuts. Animals  with ,MMFB cuts drank quan t i t i e s  
of water  dur ing food depr iva t ion  that  were nol 'dgnifican~ly 
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D aSignificantly different from control intake (p<0.001L Smnfficantly diffcrell " ronc  ltrol intake 
(p<tl.01 I. 

d ifferent  from those consumed  by the con t ro l s  {p;,l .O} 
both  20 and 7c~ days after  surgery. 

Cellular Dehydrat ion (1M NaCl) {Fig. 71 

PS cuts. When injected with hype r ton i c  saline on day 63, 
animals with PS cuts drank significantly less than cont ro ls  
Ip<O.O01). ] h e  water  intake of  the exper imenta l  animals 
was reliably (p<O.05)  greater  than their  own contro l  
baseline but the increase was only half as large as that seen 
in the controls .  

L M F B  cuts. The response of  animals with I.MFB cuts to 
hyper ton ic  saline was statistically reliable ( p<0 .05 )  but also 
significantly I p<0 .01 )  snlaller than the effect  seen m the 
controls .  

M M F B  cuts. Animals with MMFB cuts increased their 
water  intake (p,~u.05) after  inject ions of  hyper ton ic  saline, 
but drank significantly ( p < 0 . 0 1 )  less than the controls .  This 
effect  is part icularly interest ing in view of  the fact that the 
24 hr water  intake of  the exper imenta l  animals was reliably 
[p<0 .05 )  greater under  ad lib condi t ions .  The water  intake 
during the 6 hr test used as a baseline for these exper imen t s  
was not  reliably d i f ferent  ( p>0 .05 )  from that of the 
controls .  

Co rre la t it> n s 

Because of  tile large n u m b e r  of corre la t ions  c o m p u t e d ,  
only coeff ic ients  that exceeded  the O.Ol probabi l i ty  level 

for pairwise compar i sons  are included in the following 
d i scuss ion  A correlat ional  analysis of  pooled data from all 
expermlen ta l  animals revealed several significant Ip<0 .01 )  
corre la t ions  be tween responses to regulatory challenges and 
regional amine concen t ra t ions  which suppor t  t rends Ilarge 
corre la t ions  which did not meet  our str ingent statistical 
cr i ter ion)  observed in individual groups.  

2DG. Analysis of  the pooled data from all animals with 
damage of  the MFB, revealed reliable positive corre la t ions  
{r = .47, r = .45, respectively) be tween telencephalic  NE 
and the magni tude  of the increase in intake over baseline in 
response to 2DG on Days 29 and 91. There were no 
significant correlat ions be tween the magni tude  of  the 
response to 21)(; and the dura t ion  of aphagia after surgery. 

2DG+caffeine. The magni tude of  the feeding response to 
2DG plus caffeine was negatively correlated (r = - . 5 8 ,  r = 
-.64, respectively)  with slriatal 51tF concen t ra t ions  in rats 
with LMFB or PS cuts. An analysis of  pooled data from all 
exper imenta l  animals did not  provide fur ther  suppor t  for 
this finding. There was no significant correlat ion be tween  
the magni tude  of the response to 2DG plus caffeine and the 
dura t ion of  aphagia after surgery or response to 2DG alone. 

Insulin. Our analysis of pooled data from all animals 
with t ransect ions  of tile blFB, indicated that tile magni tude  
of the feeding response to insulin was positively correlated 
with the concen t ra t ion  of striatal I)A I r = .61). The 
response to insulin was also negatively correh, ted with the 
dura t ion of aphagia after surgery Ir = -.4t,~), indicating that 
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t.[(;. 6. Fv:cnty-four hr water intake in the absence of food on Day 20 (rEST 1 ) arid t ) ay  79 I'I'kST 2} 
after surgery for animals with parasagittal cuts (PS), medial MFB cuts tMED), lateral MI:B cuts {I.A'I'), 
or controls (CON). aSignificantly different from control intake tp<0.001), bSignificanlly different 

from control intake (p<0.01). 

the severity of tile deficit  is positively correlated with 
severity of the aphagia. 

Food deprivation. Food intake following depr ivat ion 
was negatively correlated with telencephalic  DA con- 
cent ra t ions  in rats with PS cuts on bo th  test days (r = -.74. r 
= -.76, respect ivelyL Our analysis of  pooled data 
revealed several addit ional  correlat ions.  Food  intake on 
both  deprivat ion tests was negatively corre la ted with the 
concen t ra t ions  of striatal I)A (r = -.57. r = -.,-,7t: 
telencephalic I)A (r = -.62, r = -.54) and hypotha lan t ic  Nil 
(r = -.43. r= - .541 .  There was a positive correlat ion be tween  
the magni tude  of the response to food deprivat ion and the 
durat ion of aphagia on both  tests (r = .71 and r = .6gl.  
indicating that the severity of  the deficit  in response to 
food deprivat ion is negatively correlated with the severity 
of  the aphagia. Determinat ion  of  partial correlat ions sug- 
gests that the correlat ions observed be tween DA and the 
response to food deprivat ion ntay be an artifact of  the 
relat ionship ol-,served be tween  aphagia and DA or be tween 
aphagia and the response to food deprivat ion.  

Water intake m the absence o.f.tood. Our analysis of data 
from individual exper imenta l  groups indicated that  on both  
tests water  intake in tile absence of  fc, od correlated 
positively with hypo tha lamic  NI- (r = .70. r = . 7 2 ) m  rats 
with MMFB cuts. The analysis of pooled data revealed a 
significant correlat ion between water retake on both  tests 
and striatal i)A (r = .4 ~), r = .47. respectively ). There v. as no 
significant correlat ion (p>0 .1 )  be tween water  intake m the 
absence of food and tile dura t ion of  aphagia. 

1;11 ,VaCI. Our analysis of individual group data or 
pooled data revealed no significant relat ionships be tween 
water  intake after 1M NaCI and regional amine con- 
centra t ions .  There was also no significant correla t ion 
be tween tile response to hyper ton ic  saline and the dura t ion 
of  aphagia and adipsia after surgery. In control  animals 
water  intake after 1M Na( l  was positively correlated (r = 
.80) with telencephalic  concen t ra t ions  of NE. 

IIISCUSSION 

We [171 have repor ted  earlier that t ransect ions  of 3 
c o m p o n e n t s  of tile MFB produced different  pa t te rns  of 
regional amine deple t ions  which correlated with changes m 
food and water intake. When data from all exper imenta l  
groups ,,,,.ere pooled,  significant positive correlat ions were 
obta ined betv,'een daily food and water  intake and striatal 
and telencephalic dopanl ine:  similar correlat ions were 
obta ined in the individual groups. These data are congruent  
with tile hypo thes i s  thai normal feeding behavior requires 
intact dopaminergic  project ions  to the str ialum and telen- 
cephalon [ 15,20,221 . 

The results of the present exper iments  do no{ support  
the related hypothes i s  that the deficits  in response to 
glucoprivic and hydrat ionaI  challenges thal are charac- 
teristic of rats which have recovered voluntary ingestive 
behavior after [.ll lesions or intracranial (~O]-II)A t rea tmcnts  
I15.23] tire due It/ incomplete  recovery of the same 
t~alh,,vays. Our ohserval ions indicale, inslead, thal lhe 
syndrome  of persisting deficils ma)  be the result ()l 
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FIG. 7. Water intake during the first 6 hr after injections of isotonic 
saline IBASE) or hypertonic saline (l M Na('l), 63 days after surgery 
for animals with parasagittal cuts tPSI, medial MI-B cuts (MED), 
lateral MI.'B cuts [I.AT) or controls ((7ON). aSignificantly different 
from control intake (p<0.001). bSignificantly different from 
control intake (p<0.01). cSignificantly different from control 

intake (p<O.05). 

func t iona l  i m p a i r m e n t s  in several ana tomica l ly  as well as 
neu rochemica l ly  dis t inct  neural  pa thways  and that  few, if 
any,  of  the behaviora l  defici ts  are the result  of  a persis t ing 
dys func t i on  of  the pa thways  which are responsible  for  the 
init ial  aphagia  and adipsia. These  conc lus ions  are s u p p o r t e d  
by several cons idera t ions .  

In good agreement  with obse rva t ions  f rom this lab- 
o ra to ry  [ 1 ,10] ,  rats  with  PS cuts  ahmg  the lateral b o r d e r  of 
the h y p o t h a l a m u s  failed to respond normal ly  to ex- 
pe r imen ta l  gh, coprivic  or h y d r a t i o n a l  chal lenges  and d rank  
li t t le or no  wate r  in the absence  of  food.  This  pa t t e rn  of  
pers is t ing defici ts  is identical  to tha t  seen af ter  lateral 
h y p o t h a l a m i c  lesions. Tha t  individual  c o m p o n e n t s  of  this 
s y n d r o m e  may  be i n d e p e n d e n t  of each o the r  and unre la ted  
Io the initial aphagia  and adipsia that  is such a p r o m i n e n t ,  if 
t rans ien t ,  feature  in rats wi th  Lt! lesions or PS cuts,  is 
suggested by our  f indings tha t  (a) rats ~,ith MMFB cuts 
which were hype rphag ic  af te r  surgery,  showed  many  of  the 
same pers is t ing defici ts  ( no t ab ly  a lack of  response  to 21)(;, 
impai red  reac t ions  to food depr iva t ion ,  and reduced 
dr ink ing  af te r  an osmot ic  chal lenge) .  (b)  Rats wi th  I ,MFB 
cuts were aphagic  and adipsic a f te r  surgery but  displayed a 
pa t t e rn  of  persis t ing defici t  that  was d i f fe rent ,  in several 
i m p o r t a n t  respects ,  f rom that  seen in rats with  PS cuts. 

Af ter  recovery of vo lun ta ry  in take ,  rats with  LMFB cuts  
responded  poor ly  to 2DG but  ate p r o m p t l y  in response  to 
insulin. P r e t r e a t m e n t  with a ('NS s t imu lan t  increased the 
response  to 2DG in these animals.  Rats  with PS cuts,  on the 
o the r  hand ,  failed to respond no rma l ly  to insulin,  21)G, and 
to the c o m b i n e d  2DG plus caffe ine t r ea tmen t s .  Rats 
with LMFB cuts  (,but not  animals  with PS cuts)  failed to 
respond normal ly  to food depr iva t ion  suggesting that  the 
effects  of  the two cuts  may differ  qual i ta t ively .  ( c ) T h e  
persis t ing defici ts  seen in rats with  I.MFB cuts  (which 
p roduced  aphagia and adipsia)  were similar to those seen in 
animals  tha t  were hype rphag ic  af te r  MMFB cuts (bo th  
r e sponded  poor ly ,  if at all to 21)(; but ate normal ly  af te r  
insulin,  failed to eat no rmal  quan t i t i e s  of  food af te r  a 
per iod of depr iva t ion ,  and drank l i t t le  in response to an 
osmot ic  challenge).  Only the test of dr inking  in the absence  
of  food anti the initial effect  on ad lib food in take  indicated 
a s ignficant  d i f ference be tween  the I.MFB and Mblf:B 
group.  (d) Only one of the persis t ing defici ls  ( the  feeding 
response to insulin)  was posit ively corre la ted  with the 
du ra t ion  of  the aphagia and adipsia. 

The di f ferent  behavioral  e f fec ts  of  our  cuts  are par- 
t icularly in teres t ing  when  examined  in the c o n t e x t  of  thei r  
d i f ferent ia l  e f fec ts  on regional amine  concen t r a t i ons .  By far 
the most  severe effects  on str iatal  I)A and NIt were seen in 
animals  with  PS cuts.  Rats  with IMI :B  cuts  sus ta ined very 
much  smaller  dep le t ions  of str iatal  ca techo lamines ,  and rats 
with  MMFB cuts  (which  p roduce  many  of  the persis t ing 
defici ts  a l though  the animals  were hype rphag ic )  d isplayed 
only small ef fects  on striatal  NE and DA. Striatal  5HT was 
reduced only slightly m all three  groups.  There  were only 
small d i f ferences  in the ef fec t iveness  of our  cuts  in 
deple t ing  le lencepha l ic  c a t echo l amine  concen t r a t i ons ,  and 
only the PS cuts  deple ted  h y p o t h a l a m i c  NIt reliably. 

The results  of  a corre la t ional  analysis  of the behaviora l  
and b iochemica l  effects  of  these cuts  indicate  that  the 
persis t ing defici ts  do not  appear  to be related to a 
dys func t i on  in a c o m m o n  b iochemica l  mechan i sm such as 
the nigrost r ia ta l  pro jec t ions .  The c o n c e n t r a t i o n  of s t , ia tal  
d o p a m i n e  was reliably corre la ted  only  with the magn i tude  
of  the feeding response to insulin,  and the a m o u n t  of  water  
c o n s u m e d  dur ing  food depr iva t ion .  This  is congruen t  with 
repor t s  of  impaired responsiveness  to insulin af ter  intra- 
cisternal as well as in t r aven t r i cu la r  in ject ions  of 601IDA 
[5 ,22]  and repor ts  of significant  cor re la t ions  be tween  
str iatal  DA and the dura t ion  of aphagia and adipsia af ter  
i n t r a h y p o t h a l a m i c  in ject ions  of  60HDA [15]  or e lectro-  
lytic lesions in the LH [201.  

In view of these cor re la t ions ,  it is in teres t ing  that  ne i the r  
the feeding response  to 2D(;  nor  the dr ink ing  response to 
NaCI was s ignif icant ly  corre la ted  with str iatal  DA. The 
fo rmer  was related to te lencepha l ic  Nt!. the la t ter  was not  
rel iably cor re la ted  with any of the regional amine  measures  
ob ta ined  in this invest igat ion.  These observa t ions  are m 
good agreement  with repor ts  f rom o the r  laborator ies .  
Deficits  in the response  to 21)(; have been repor ted  af te r  
in t ravent r icuh ,  r as well as in t racerebra l  in ject ions  of 601tDA 
which deple ted  te lencephal ic  NE as well as str iatal  NE and 
DA [ 3 , 1 5 , 2 2 ] .  Tha t  these effects  arc p robab ly  related to 
the ef fec ts  of the n e u r o t o x m  on NF neu rons  is suggested by 
several observa t ions ,  hnpa i r ed  feeding responses  to 2D(;  
have been repor ted  af ter  lesions of  the preopt ic  area [3]  
which are not  in the t ra jec tory  of the nigrostr ia ta l  pa thway .  
The pecul iar  c o m b i n a t i o n  of impaired or absent  feeding 
responses  to 2D(;  and intact  react ions  to insulin has been 
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seen (a) in rats with knife cuts in the tegnlentum [ 1 1 ] that 
deple ted  hypo tha lamic  as well as forebrain NE [11] but 
were far caudal to the cells of  origin of  striatal or 
te lencephalic  I)A p r o j e c t i o n s ( h i  i,1 rats with ventronledial  
hypo tha lamic  lesions [14] that  should not h a v e i n t e r f e r r e d  
with dopaminergic  pro jec t ions  to the s tr ialum and telen- 
cephalon and (c) lesions in the zona incerta [281 which did 
not result in significant striatal DA deple t ions  [ 2 7 ] .  

That the effects  of out  cuts  on water  intake after  
hyper ton ic  saline did not correlate with amine con- 
cen t ra t ions  in any part of  the brain is also congruent  with 
repor ts  from o the r  laboratories.  Several investigators [5,22] 
have repor ted  that intracisternal or intraventr icular  injec- 
tions of 601IDA produced  various deficits  in ingestive 
behavior but failed to reduce the drinking response to 
hyper ton ic  saline. Others  [151 have repor ted  impairnlents  
in this test after  in t rahypo tha lamic  inject ions of 60HI)A 
but failed to establish significant corre la t ions  be tween  this 
behavioral effect  and brain anline deple t ions .  It is, nlore- 
over, possihle that  nonspecif ic  tissue damage may have 
con t r ibu ted  significantly to their e f fec ts  after intracerebral  
inject ions of 60HI)A [6] . 

The magni tude of the drinking response to Na('l was 
reliably correlated with te lencephal ic  NE in the cont ro l  
a,aimals. In spite of our strict statistical cr i ter ion,  this might 
well be art ifactual  but it is n o t e w o r t h y  that  a significant 
correla t ion be tween  the response to NaC1 and hypothalanf ic  
NE has been observed in ano the r  investigation from our 
laboratory [ 1 ]. 

Two addit ional  features of our results require c o m m e n t .  
It is generally assunled that 2DG and insulin elicil feeding 
because both agents decrease intracellular glucose uti- 
l ization and that this is n loni tored  by a peripheral  or central 
ghtcostat  which translate changes in the intracellular avail- 
ability of glucose into feeding or satiety signals. A n u mb er  
of recent exper imenta l  observat ions  have suggested that this 
may be too simplistic a view. Several brain lesions, 
including damage to the zona incerta [28[ ,  ventrontedial  
hypo tha l amus  [14] or nlidbrain tegnlentunl  [1] abolish or 
severely impair feeding responses  to 21)(,; wi thout  reducing 
the response to insulin, In the present exper in lent  we 
observed that  the response to 21)(; was positively correlated 
with NI. concen t ra t ions  in the te lencephalon ,  whereas the 
response Io insulin was positively correlated with tile 
concen t ra t ion  of I)A in tile s t r ia tum. I :ur thermore ,  tile 
behavioral responses to these tv,o exper inlenta l  glucoprivic 
challenges were not correlated with each other ,  l h e s e  
observat ions  indicate that rite central pa thways  which 
mediate  the response to the two types  of  glucoprivic 
challenges are at least to sonte ex ten t  d i f ferent ,  l :eeding 
response to 21)(; is also delayed or reduced by vagotomy 
which does not inlpair the feeding response to insulin 
[4 ,8 .1~] .  It is thus possible that rite ( 'NS lesions which 
produce  a sinlilar pa t tern  of e l fec ls  do so, at least in part. 
because they interrupt  secondary  or terliary vagal projec- 
tions to the d iencephalon.  

Lastly, we would like to con lment  on tile results of our 
test of feeding responses  to 2D(.; conlbined with caffeine.  
Stricker and Zigmond [241 have recently suggested that 
aphagia and adipsia and persisting deficits  in response to 
glucoprivic and hydra t ional  challenges that are seen after 
LH lesions or intracranial injections of 60HI)A may reflect 
iinpaired arousal rather  than a dys func t ion  of mechanisms 
specifically related to tire regulation of food and water  
intake. In support  of this in te rpre ta t ion ,  Stricker and 
Zigmond cite instances where the addi t ion of arousing 
stimuli facilitated responding to glucoprivic challenges in 
rats which had recovered voluntary ingestive behavior after 
intraventr icular  injections of 601IDA. 

We repeated one of these tests in our animals anti found 
that the addi t ion of caffeine restored normal feeding 
responses in rats with LblFB cuts but had only smaller 
effects  in rats with MMFB or PS cuts. This pa t tern  of 
effects  suggests thai the different  cuts may have interferred 
with the feeding response to 21)(,,; for quite different  
reasons. Al though our cuts did not  produce  tile severe 
inlpair inents  in arousal typical of 60IIDA treated animals, il 
would appear that reduced endogenous  activation nlay have 
cont r ib t . ted  to tile impaired response to 2[)(; observed in 
animals with LMFB cuts. Rats with PS cuts and MMFB 
cuts,  on the o ther  hand.  showed only slight inlprovement  
after the caffeine t rea tment  and it seems possible that some 
interference with mechanisms not concerned  with general 
arousal is responsible for the inlpaired response to 21)(; in 
these groups.  

A closer look at our correlat ion matrix indicates that the 
response to 21)(, and the response to 21)(,; plus caffeine 
may, ill fact,  be media ted  by different  mechanisms,  l h e r e  
was no reliable correlat ion (r = .22, p : . 0 .20 )  be tween lhe 
magni tude of the feeding response to 21)(; and 2D(; plus 
caffeine;  the response to 21)(; plus caffeine but not the 
response to 21)(, was reliably Ir = .40, p, 0.01} correlated 
with the magnitude of the feeding response to irlstllin~ and 
the feeding response to 21)(; was reliably correlated with 
telencephalic  NI! whereas the response to 21)(; plus caffeine 
was correlated with slriatal 51I1'. In the context  of Stricker 
and Z igmond ' s  [231 arousal hypothes is ,  it is particul:.ffly 
interest ing that lhe response to 21)(; plus caffeine was not 
reliably correlated (r = .05. p7.0.70) with the dura l ion of 
aphagia or with concen t ra t ions  of I)A ~l = . 2 5 , p  .0.20. r = 
.02, p 0.~0} or NE ~r = .30, p , 0 . 1 0 ,  r = .01, p .0.901 ill 
tile str iatum or te lencephalon.  

In sumntary,  our data suggest th;.lt the regulatory deficits 
which occur after damage It) pa thways  ill llle medial 
tc~rebrain bundle anti lateral hypotha lamic  are~, may not be 
the result of deple t ions  of dopamine  front tile striatunt or 
t e lencephahm or norep inephrme  front the hypoth, t lamus.  
Fur the rmore ,  these deficits appear to be unrelated to the 
biochemical  changes which are responsible for the initial 
period of aphagia and adipsia. Our data indicate that 
individual deficits may be media ted  hy biochentically 
distinct pathways.  
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