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Hypothalamic Catecholamine Metabolism 
is Increased by Acute Water Imbalance 
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R e c e t v e d  13 N o v e m b e r  1984 

KLEMFUSS,  H AND L S SEIDEN H~pothalamu ~ atec holamme metabolism ts tnc reased by a~ ute ~ ater mzbalam e 
PHARMACOL BIOCHEM BEHAV 24(2) 229-235, 1986 --Disruption of water balance alters the metabolism of norepl- 
nephrme (NE) and dopamme (DA) m specific regions of the hypothalamus m the rat Rats received one of the following 
treatments hypertomc saline rejection (1 M NaC1, 15 ml/kg), polyethylene glycol ( 4 ~  polyethylene glycol m normal 
sahne, 15 ml/kg), lntragastnc water load (10 ml), or hganon of the inferior vena cava Catecholamlne metabohsm was 
determined by measuring the concentrations of NE and D A m  the hypothalamus after catecholamme synthesis inhibition 
by alpha-methyl-p-tyrosme methyl-ester hydrochlorlde (200 mg/kg) No two treatments affected catecholamme metabolism 
in the same region of the hypothalamus Intracellular dehydlation by hypertomc saline increased NE metabolism m the 
paraventncular nucleus Caval hgatlon, which stimulates the renal renm-anglotensm system, specifically increased NE 
metabohsm m the preoptlc area Water loading increased the metabolism of NE and D A m  the dorsomedlal/ventromedlal 
region The effectiveness of the various treatments m increasing catecholamlne metabohsm was independent of the 
magnitude of their effects on blood pressure or water intake The results suggest that there are multiple noradrenerglc 
systems in the hypothalamus which respond to different types of water balance disruption 

Water ~mbalance Hypothalamus Catecholamlne metabolism 

C A T E C H O L A M I N E R G I C  te rmina l s  in ce r ta in  hypo tha -  
lam~c regtons  may  be  of  pa r t i cu la r  i m p o r t a n c e  in the  cont ro l  
of  wa te r  h o m e o s t a s i s  The  preop t lc  a rea  has  been  p roposed  
as a site whe re  cen t ra l  or  pe r iphe ra l  changes  in o s m o l a n t y  
[20,32,[ or  a n g l o t e n s m  II c o n c e n t r a t i o n s ,  may  be s e n s e d  
In jec t ion  o f  the  DA an tagon i s t  h a l o p e n d o l  into  the  p reop t lc  
a rea  inhibi ts  d r ink ing  m wa te r -dep r ived  rats  [9], a l though  
mt r ace r eb ra l  in jec t ions  of  DA i tself  are only  mildly dip- 
sogemc  [6] Cells in the  p a r a v e n t r l c u l a r  nuc leus  of  the  hypo-  
t ha l amus  syn thes ize  v a s o p r e s s m  which  ~s t r a n s p o r t e d  to 
the  p i tu i tary  and  re leased  in r e s p o n s e  to d e h y d r a t i o n  [12] 
N E  admin i s t r a t i on  into the p a r a v e n t n c u l a r  nuc leus  mhtb t t s  
the  f inng  of  n e u r o s e c r e t o r y  cells [25] and  p r o m o t e s  
an t ld lures l s  m the rat  [18] The  same  t r e a t m e n t  a lso Induces  
p reprand ta l  d r ink ing  fo l lowed by a long- las t ing inhibi t ion  of  
d n n k m g  [17,18] md lca tmg  tha t  the  no rad rene rg l c  s y s t ems  in 
the  p a r a v e n t r i c u l a r  nuc leus  may  be  revo lved  m bo th  wa te r  
re take and  the  cont ro l  of  exc re t ion  O the r  h y p o t h a l a m l c  
a reas  in wh ich  changes  in c a t e c h o l a m m e  func t ion  have  been  
assoc ia ted  wi th  changes  in wa te r  ba l ance  inc lude  the  lateral  
h y p o t h a l a m u s  [32,41], an t e r io r  h y p o t h a l a m i c  nuc leus  [14] 
and  v e n t r o m e d l a l  nuc leus  [10] 

Regula t ion  of  b lood  p re s su re  m ay  also be a func t ion  of  
c a t e c h o l a m m e  neu ro ns  in the  h y p o t h a l a m u s  The  hypo tha l -  
amus  is dense ly  i nne rva t ed  by no rad rene rg i c  or  ad rene rg ic  

cells f rom the  locus coeru leus ,  dorsa l  vagal complex ,  and  
A2-C2 area  of  the  medul la  [23,33] All th ree  of  these  cate-  
cho l ammerg t c  nuclet  are revo lved  m the  mtegra t ton  of  car- 
d lovascu l a r  re format ion  f rom per iphera l  r ecep to r s  [11,33, 
45] In t e r ac t i on  b e t w e e n  these  b r a m s t e m  nuclei  and  the  
h y p o t h a l a m u s  is sugges ted  by the o b s e r v a t i o n  tha t  hyper -  
t ens ion  caused  by  locus coe ru leus  les ions  can  be r eve r sed  by 
pos te r io r  hypo tha l amlc  les ions  [30] In jec t ion  of  N E  to the  
preopt lc  or  p a r a v e n t n c u l a r  a reas  lowers  b lood  p ressu re  in 
expe r imen t a l  an imals  [35,44] F u r t h e r m o r e ,  there  have  b e e n  
severa l  r epor t s  tha t  acute  a l te ra t ions  in b lood p re s su re  will 
mc rea se  the  ra te  of  me tabo l i sm of  h y p o t h a l a m l c  ca techo la -  
mines  [27, 28, 38, 47] 

If  c a t e c h o l a m m e r g l c  sys t ems  are invo lved  in h y p o t h a -  
lam~c regula t ion  of  wa te r  ba lance  or  b lood  p ressure ,  t hen  
acute  a l t e ra t ions  in the o s m o l a n t y  or  vo lume  of  p l a sma  
should  induce  changes  in the  ra te  of  u td lza t ton  of  hypo tha -  
lamlc c a t e c h o l a m m e s  In the  p re sen t  s tudy,  the ra te  of  de- 
p le t ion  of  d o p a m l n e  and  n o r e p m e p h n n e  af te r  c a t e c h o l a m m e  
syn thes i s  inhib i t ion  was m e a s u r e d  in d i sc re te  h y p o t h a l a m l c  
regions  fo l lowing t r e a t m e n t s  which  d i s tu rb  no rma l  wa te r  
ba l ance  C a t e c h o l a m l n e  me tabo l i sm was a l te red  m di f ferent  
h y p o t h a l a m l c  regions  depend ing  on  the  type  of  wa te r  bal-  
ance  d i s rup t ion ,  but  i n d e p e n d e n t  of  w h e t h e r  or not  the  dis- 
rup t ion  in f luenced  b lood  p re s su re  or  d r ink ing  
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T A B L E  1 

NE IN HYPOTHALAMUS AFTER ACUTE DEHYDRATION 

(pmol/mg protein + SEM) 

Polyethylene Hypertomc Isotomc Sahne 
Glycol Sahne Sahne Control 

Preoptlc 158 ~ 11 136 + 17 159 + 12 216 -+ 12 
Area 

Paraventncular 99 _ 18 57 +_ 65 122 _+ 11 110 _+ 6 
Nucleus 

Lateral 127 _ 12 128 +_ 10 142 _+ 10 195 _+ 10 
Hypothalamus 

Anterior 160 + 10 139 _+ 12 147 +_ 12 191 _+ 6 
Hypothalamlc Nucleus 

Dorsomedtal/ 116 _ 15 106 +_ 13 109 _+ 6 140 _+ 13 
Ventromedml Nucleus 

This table presents the effects of polyethylene glycol and hypertomc sahne on 
norepmephnne metabohsm m five hypothalamtc areas Hypertomc saline treatment 
slgmficantly increased NE metabohsm m the paraventncular nucleus $Indlcates 
slgmficant difference from Isotomc Saline Control (p<0 001) 

The following treatments were used Polyethylene glycol was rejected SC m a 
volume of 15 ml/kg 3 hours before death, Hypertomc sahne (1 M NaCI) was rejected 
IP m a volume of 15 ml/kg 105 minutes before death, Isotomc sahne (0 15 M) was 
rejected IP in a volume of 15 ml/kg 105 minutes before death, Sahne control rats 
recewed no treatment other than 1 ml/kg normal saline IP 2 hours before death All 
other rats received 200 mg/kg AMT 2 hr before death 

N =(>-12 rats 

METHOD 

Male Sp rague -Dawley  ra ts  ( H o l t z m a n ,  Mad i son ,  WI)  
we lghmg 270-310 g were  h o u s e d  in g roups  o f  6 for  at  leas t  
one  w e e k  in c o n s t a n t  t e m p e r a t u r e  and  humid i ty ,  wi th  food 
and  wa te r  avai lable  ad lib and  i l luminat ion  p rov ided  f rom 
6 0 0 a m  t o 6 0 0 p m  

Two  hour s  be fo re  decap i t a t ion ,  ra ts  were  in jec ted  intra-  
pe r l tonea l ly  wi th  e i the r  200 mg/kg of  a lpha  me thy l -p - ty ros lne  
m e t h y l  e s t e r  HCI (AMT)  in 1 0 ml/kg normal  s ahne  or  an  
equa l  v o l u m e  o f  sal ine a lone  Af te r  in jec t ion  they  were  
h o u s e d  mdlv ldua l ly  in wire  cages  wi th  food bu t  w i thou t  ac- 
cess  to  w a t e r  At  speci f ied  t imes  be fo re  decap~tanon  each  ra t  
was  sub jec ted  to one  of  f ive t r e a t m e n t s  wh ich  pilot s tudies ,  
b a s e d  on  p r ev ious  r epor t s ,  had  s h o w n  to inc rease  w a t e r  in- 
t ake  re l iably  Before  each  t r e a t m e n t ,  ra ts  were  hght ly  
a n e s t h e t i z e d  wi th  e the r  to  p r e v e n t  s t ruggl ing and  d i scomfor t  

H y p e r t o n i c  sal ine t r e a t m e n t  cons t s t ed  of  a so lu t ion  of  1 M 
sod ium ch lor ide  m dist i l led d e l o m z e d  wate r ,  wh ich  was  in- 
j e c t e d  ln t r ape r l tonea l ly  (IP) in a to ta l  v o l u m e  of  15 ml/kg 
Rats  were  in jec ted  105 m i nu t e s  before  tes t ing  

F o r  the  con t ro l  in jec t ion  of  i so ton ic  sal ine,  ra ts  were  in- 
j e c t e d  IP  wi th  15 ml/kg of  0 15 M s o d m m  chlor ide ,  and  tes ted  
105 minu t e s  a f te r  in jec t ion  

To p r o d u c e  ex t race l lu la r  d e h y d r a t i o n ,  ra ts  were  re jected 
s u b c u t a n e o u s l y  (SC) wi th  15 ml/kg of  a 4(F~ (w/v) so lu t ion  of  
p o l y e t h y l e n e  glycol (Baker ,  ave rage  molecu la r  we igh t  600-  
7500) d i s so lved  in no rma l  sal ine Ra t s  were  t e s t ed  180 min 
la ter  

F o r  Inject ion of  a w a t e r  load,  10 ml of  dist i l led,  de lon ized  
w a t e r  was  l n tuba t ed  d i rec t ly  into  the  r a t ' s  s t o m a c h  o v e r  a 
pe r iod  of  one  minu te  F ive  ml o f  no rma l  sal ine was  also 
in jec ted  IP  at  the  same  t ime  (105 mln  be fo re  test ing)  

Cava l  l lgat ion was pe r fo rmed  in fully e t h e n z e d  rats  The  

l n f e n o r  v e n a  cava  was  loca ted  and  the sec t ion  jus t  above  the  
e n t r a n c e  of  the  r ight  renal  ve in  was  isola ted A silk suture  
was  p laced  a r o u n d  the  v e n a  c a v a  and  secure ly  t ied shut  
Musc le  and  skin were  f a s t ened  wi th  w o u n d  chps  The  ent i re  
p roces s  requ i red  app rox ima te ly  10 m m u t e s  and  was  com- 
ple ted  2 hours  before  tes t ing  S h a m  hgat lon  was ldennca l  
e x c e p t  tha t  the  su ture  was not  t ied 

Brain Dis~e( tton 

Immed ia t e ly  fol lowing decap i t a t ion  the  bra in  was re- 
m o v e d  and  p laced  on  an  ice-cold bra in  b lock  The  d i ssec t ion  
was  b a s e d  on  He f fne r  et al [13] The  bra in  was pos i t ioned  
such  tha t  a razor  b lade  in the  first  slot l ined up with the  
ros t ra l  edge of  the  opt ic  c h l a s m  Three  sec t ions ,  each  one  
mi l l imete r  th ick ,  were  t aken  f rom the  bra in  immedia te ly  
cauda l  to the  r e fe rence  b lade  The  ent i re  medial  and  lateral  
p reop t lc  a rea  was t aken  f rom the  mos t  an te r io r  sec t ion  
( roughly  equal  to  Figs 19 to 24 In the  At las  of  Kontg  and 
Khppe l  [15] The  opt ic  t rac t  and  supraopt lc  t i ssue  were  dis- 
ca rded  The  p a r a v e n t r l c u l a r  nuc leus  was  p u n c h e d  f rom the  
second  sec t ion  (Figs 25-30 in Komg  and  Khppe l  [15]) The  
r ema in ing  h y p o t h a l a m i c  t i ssue  in the  second  and  th i rd  sec- 
h o n s  c o r r e s p o n d i n g  to Figs 25-36 in Konig  and  Khppe l  [151 
was d iv ided into media l  and  lateral  s egmen t s  Medial  t i ssue  
f rom the  second  sec t ion  cons i s t ed  pr imari ly  of  an t e r io r  hypo-  
tha lamlc  nuc leus ,  whi le  media l  t i ssue  f rom the  th i rd  sec t ion  
inc luded  do r somed ia l  and  v e n t r o m e d l a l  nuclei  Sample  
p ro te in  weights  were  app rox ima te ly  1 2 mg in p r e o p n c  sam- 
ples,  0.3 mg in pa raven t r i cu l a r  nuc leus  samples ,  and 0 5-0 6 
mg in la teral ,  an te r ior ,  and  do r somed ia l / ven t romed ia l  sam- 
ples One  mg of  p ro te in  c o r r e s p o n d e d  to abou t  6-7  m m  ~ of  
t i s s u e  

Tissue  samples  were  t r ans fe r r ed  to E p p e n d o r f  tubes  con-  
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T A B L E  2 

NE IN HYPOTHALAMUS AFTER CAVAL LIGATION 

pmol/mg protein ± SEM 

Caval Sham Sahne 
Llgatlon Llgatlon Control 

Preoptlc 88 + 6~ 160 ± 14 216 -- 12 
Area 

Paraventncular 93 ± 21 116 ± 14 110 ± 6 
Nucleus 

Lateral 112 ± 15 139 + 18 173 ± 14 
Hypothalamus 

Medml 131 ± 10 141 ± 7 159 ± 7 
Hypothalamus 

Th~s table presents the effects of caval hgatlon on norepmephrme 
metabohsm m four hypothalamlc areas Medml hypothalamus con- 
ststs of anterior plus dorsomedml/ventromedml areas There is no 
statistically s~gmficant effect of caval Ilgatmn on norepmephrlne me- 
tabohsm m any region except the preoptlc area :~Indlcates slgmfi- 
cant difference from sham hgatlon rats (p<0 001) 

Caval hgatlon was completed 2 hours before death 
Caval hgatlon rats and sham hgatlon rats received 200 mg/kg AMT 

2 hours before death 
Saline control rats recewed no treatment other than 1 ml/kg nor- 

mal sahne IP 2 hours before death 
N 6-8 rat', 

T A B L E  3 

NE IN HYPOTHALAMUS AFTER WATER LOAD 
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pmol/mg protein _+ SEM 

Water AMT Sahne 
Load Control Control 

Preopt~c 112 + 9 130 -+ 12 180 _+ 16 
Area 

Paraventncular 144 + 21 137 -+ 15 113 ± 13 
Nucleus 

Anterior 128 ± 16 150 _+ 13 168 _+ 8 
Hypothalamlc Nucleus 

Dorsomedml/ 73 ± 45 127 ± 8 143 ± 14 
Ventromedml Nucleus 

This table presents the effect of water loading on hypothalamlc 
metabohsm Water load consisted of 10 ml dlstdled water by gastric 
tube plus 5 ml of normal saline IP 105 minutes before death Rats 
receiving water loads and AMT control rats received 200 mg/kg 
AMT 2 hours before death Sahne control rats received no treatment 
other than 1 ml/kg normal sahne IP 2 hours before death 

$Indlcates slgmficant difference from AMT control (p<0 001) 
N - 6 - 8  rats 

ta ln lng 0 5 ml of  ice-cold 0 4 N perch lo r tc  acid con ta in ing  2 5 
m M  E D T A  They  were  then  f rozen  on dry ice Wi th in  four  
hou r s  samples  were  t haw ed ,  h o m o g e m z e d  and  cen t r i fuged  
Pro te in  was  s tored  at  - 2 0 ° C  unti l  a ssay  us ing the  Blorad  
pro te in  a s say  (Blorad,  R i c h m o n d ,  CA)  with b o v i n e  se rum 
a lbumin  as s t anda rd  The  s u p e r n a t a n t  was  f rozen  at - 8 0 ° C  
unti l  c a t e c h o l a m l n e  a s say  us ing  the  m e t h o d  of  A n t o n  and  
Sayre  [3] as modif ied  by  Sche l l enbe r ge r  and  G o r d o n  [34] 
C a t e c h o l a m l n e s  were  ex t r ac t ed  wi th  a lumina  then  e lu ted  in 
0 3 ml o f  0 1 N p e r c h l o n c  acid,  wh ich  was in jec ted  into a 1 m 
× 2 0 m m  high p re s su re  hquld  c h r o m a t o g r a p h y  c o l u m n  con-  
t aming  D u p o n t  V y d a c  s t rong ca t ion  exchange  res in  The  
mobi le  phase  cons i s t ed  of  an  ace ta t e -c i t r a t e  buf fer  at  pH 5 2 
Flow ra te  was  0 4 ml /mln  and  c a t e c h o l a m l n e s  were  ox id ized  
by a potent ia l  of  0 72 V R e c o v e r y  ave raged  65% for N E  and  
55%, for  DA Var labdRy wi th in  g roups  is e x p r e s s e d  as s tand-  
ard  e r ro r  of  the  m e a n  (SEM) ,  and  c o m p a r i s o n s  b e t w e e n  
g roups  were  made  by  ana lys i s  o f  va r i ance  fo l lowed by un- 
pa i red  two- ta i led  t - tes t  [39] An ima l s  used m n e u r o c h e m l c a l  
d e t e r m i n a t i o n s  were  killed at  l0 00 a m -+90 m m  In jec t ions  
and  t r e a t m e n t s  were  schedu led  so tha t  one  ra t  rece iv ing  a 
specif ic  t r e a t m e n t  was  killed at  app rox ima te ly  the  same  t~me 
on the  same day  Genera l ly  the  in take  s tudies  were  car r ied  
out  wi th in  one  day of  n e u r o c h e m l c a l  s tudies  involv ing  the  
same  t r e a t m e n t  

Pt o~ edure for  Water Intal, e and Blood Pressure Experiments 

Anima l s  used  In wa te r  in take  e x p e r i m e n t s  were  t rea ted  
essent ia l ly  the  same  as ra ts  used  for  n e u r o c h e m l c a l  assay ,  
excep t  tha t  at  the  t ime  w h e n  they  would  have  been  killed 
they  were  t r ans fe r r ed  into lndwtdua l  cages  con ta in ing  c h o w  
and  a g r adua t ed  dr ink ing  tube  Cumula t ive  w a t e r  re take  for  
e ach  ra t  was  d e t e r m i n e d  at va r ious  mte rva l s  up to 24 hou r s  

a f te r  wa te r  was  made  ava i lab le  Some  rats  were  re jected with 
A M T  (200 mg/kg) 2 hours  before  wa te r  access  

Femora l  ar ter ia l  b lood p re s su re  was m e a s u r e d  in con-  
SClOUS ra ts  and  in ra ts  a n e s t h e t i z e d  wi th  50 mg/kg sod ium 
pen toba rb l t a l  Sys tohc  and  dtastol lc  p re s su res  were  meas-  
u red  con t i nuous ly  before ,  dur ing,  and  af te r  each  t r e a t m e n t  m 
a n e s t h e t i z e d  rats  In a sepa ra te  e x p e r i m e n t ,  m e a n  ar terml  
b lood pressure  was  m e a s u r e d  before ,  and  two hours  after ,  
t r e a t m e n t s  in consc tous  ra ts  p rev ious ly  c a t h e r t e n z e d  u n d e r  
e t h e r  a n e s t h e s i a  

RESULTS 

Norepmephrvie 

N o r e p l n e p h r l n e  (NE)  m e t a b o l i s m  was d e t e r m i n e d  m each  
e x p e r i m e n t  by  c o m p a r i n g  the  level  of  N E  in each  
hypo tha l amlc  a rea  af te r  A M T  t r e a t m e n t  wi th  the  level  a f te r  
sal ine t r e a t m e n t  The  rate  of  d i s a p p e a r a n c e  o f  N E  was 
c o n s i s t e n t  b e t w e e n  experaments  and  in mos t  hypo tha l amlc  
regions A M T  Injection lowered N E  levels in all hypotha lamlc  
regions excep t  the pa raven t r l cu la r  nucleus  to about  75% of  
N E  levels  in ra ts  rece iv ing  only  sal ine T r e a t m e n t  with  A M T  
did not  apprec iab ly  dec rea se  N E  levels  in the  P V N  

In t race l lu la r  d e h y d r a t i o n  u smg  hype r ton l c  sal ine 
admin i s t r a t i on  marked ly  inc reased  N E  me tabo l i sm in the 
p a r a v e n t n c u l a r  nuc leus  This  f inding was cons i s t en t  m two 
sepa ra te  e x p e r i m e n t s  wh ich  are c o m b i n e d  in Tab le  1 
I n c r e a s e d  N E  m e t a b o l i s m  af ter  ln t race l lu la r  d e h y d r a t i o n  
was specif ic  to the  p a r a v e n t n c u l a r  nuc leus ,  s ince  N E  
me tabo l i sm in no  o t h e r  hypotha lam~c region was  af fec ted  by  
hype r ton l c  s a h n e  in jec t ion  

L~gatlon of  the  l n f eno r  v e n a  c a v a  s~gntficantly inc reased  
N E  m e t a b o l i s m  m the  p reop t tc  a rea  w h e n  c o m p a r e d  to e~ther 
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T A B L E  4 

DOPAMINE IN HYPOTHALAMUS AFFER ACUTE DEHYDRATION 

(pmol/mg protein ± SEM) 

Polyethylene Hypertomc Isotomc Sahne 
Glycol Saline Sahne Control 

Preoptlc 98 ± 12 92 ± 10 88 ± 11 190 ± I I 
Area 

Paraventncular 105 ± 23 58 + 08 87 + 22 183 ± 48  
Nucleus 

Lateral 110 ± 23 145 + 52 118 ± 21 301 ± 51 
Hypothalamus 

Anterior 164 ± 42 114 ± 12 110 ± 22 248 _+ 22 
Hypothalamlc Nucleus 

Dorsomedml/ 140 ± 26 163 ± 18 103 ± 23 244 ± 52 
Ventromedml Nucleus 

Th~s table presents the effects of polyethylene glycol and hypertomc sahne on 
hypothalamlc dopamme metabohsm There ~s no statistically s~gmficant effect of 
e~ther treatment on dopamme metabolism in any of these regmns 

See Table l for treatment parameters 
N 6-12 rats 

sham-hga ted  or control  rats r e c e w m g  no surgical t r ea tment  
(/)<0 001) No o ther  region was affected by caval hgatmn 
(Table 2) 

In jec tmn of  exces s  wa te r  did not affect  NE metabol i sm m 
any regmn excep t  the dorsomedla l /ven t romedla l  area  In this 
part  o f  the hypo tha lamus ,  N E  m e t a b o h s m  was slgmficantly 
increased  ( p < 0  001) 

N o r e p l n e p h r m e  metabo l i sm was  not  af fec ted  by 
extracel lular  d e h y d r a t m n  since NE levels  af ter  po lye thy lene  
glycol were  not  different  f rom N E  levels  af ter  isotonic saline 
m any region s tudied 

D o p a l n l t l e  

The rate o f  d i sappearance  of  DA was similar m every  
brain regmn studied (Table 4) Two hours  af ter  AMT treat-  
ment ,  hypotha lamlc  levels o f  DA averaged 47% of  sahne 
control  DA levels With one  excep t ion ,  no brain region 
s h o w e d  a statist ically significant change  m the rate of  DA 
m e t a b o h s m  after  any t rea tment  (Table 4-6) 

The one  regmn in which DA m e t a b o h s m  was  slgmficantly 
Increased by water  balance d~sruptlon was the dorsome-  
d la l /vent romedla l  area  (Table 6) The increase  m DA metab-  
ohsm which occured  m the dor somedla l /ven t romedml  area 
after  water  loading was s lmdar  to the increase  m N E  metab-  
o h s m  m the same region after  the same t rea tment  Dehydra-  
tmn by po lye thy lene  glycol or  hype r tomc  saline tended  to 
dec rease  the loss of  DA af ter  AMT (Table 4), but this did not 
reach  statistical s ignif icance Al though the changes  m DA 
m e t a b o h s m  are not as robus t  as the NE effects ,  the dor- 
somedml  or  vent romedla l  hypotha lamlc  nuclei may be s~tes 
where  dopammerg lc  m e c h a m s m s  are revolved m ingestive 
behav io r  

In summary ,  these  expe r imen t s  have  demons t r a t ed  that  
some  p rocedu re s  that  d~srupt water  balance also alter the 
rate of  NE and DA m e t a b o h s m  in specif ic  regmns  of  the rat 
hypo tha lamus  Al though water  load,  hype r tomc  sahne 
t rea tment ,  and caval hgaUon all increase metabol i sm,  differ- 
ent regions are affected by each t rea tment  Po lye thy lene  

T A B L E  5 

DOPAMINE IN HYPOTHALAMUS AFTER CAVAL LIGATION 

pmol/mg protein _+ SEM 

Caval Sham Sahne 
Ligatlon Llgatlon Control 

Preoptlc II 2 _+ 1 6 12 3 ± 22 226 ± 1 8 
Area 

Paraventncular 9 5 _+ l 5 12 6 ± 2 0 23 4 _+ 4 2 
Nucleus 

Lateral 104 ± 1 8 11 8 _+ 2 1 303 ± 48 
Hypothalamus 

Medial 22 1 ± 3 3 23 8 ± 44 329 + 47 
H ypothalamus 

This table presents the effects of caval hgatlon on dopamlne me- 
tabohsm in the hypothalamus There is no statistically slgmficant 
effect of caval hgatlon on dopamlne metabohsm m any of these 
regmns 

Treatments as m Table 2 
N - 6 - 8  rats 

glycol t rea tment  did not affect  ca techolamlne  me tabohsm m 
any hypotha lamlc  region examined  

E[[e( ts on W a t e r  B a l a n (  e 

All rats used m blood pressure  expe r imen t s  maintained 
stable basehne  blood pressure  for at least 10 mm The range 
of  values r ecorded  m fifteen anes the t i zed  rats were  d las tohc  
p ressure  62-80 mm Hg, systol ic  p ressure  93-123 mm Hg, and 
pulse pressure  26--42 mm Hg In t r apen tonea l  rejection of  a 
volume of  e~ther ~sotomc or hyper ton lc  salme equal to 1 5% 
of  body weight  had no effect  on d las tohc  pressure  (Table 7) 
Each of  the o ther  t rea tments ,  however ,  caused  a dec rease  m 
diastolic p ressu re  The pulse p ressure  (difference be tween  
sys tohc  and d las tohc  pressures)  fol lowed the same pat tern  as 
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T A B L E  6 

DOPAMINE IN HYPOTHALAMUS AFTER WATER LOAD 

pmol/mg protein _+ SEM 

Water AMT Sahne 
Load Control Control 

Preopt~c 166_+ 23 17 1 _+ 27 250_+ 20 
Area 

Paraventncular 13 7 _+ 3 2 12 6 _+ 2 0 23 4 _+ 4 2 
Nucleus 

Anterior 269 + 54 272_+ 47  430_+ 64  
Hypothalamlc Nucleus 

Dorsomedml/ 10 7 _+ 0 7:~ 21 6 _+ 2 5 41 3 + 7 1 
Ventromedlal Nucleus 

Th~s table presents the effect of water loading on hypothalam~c 
dopamme metabohsm 

Treatments as m Table 3 
:~lndlcates the dopamme levels m the dorsomedml/ventromedml 

area are different from AMT control (p<0 001) 
N - 6 - 8  rats 

dms tohc  pressure ,  being s o m e w h a t  dec rea sed  in rats given 
po lye thy lene  glycol,  caval hgatlon,  or  wa te r  load but un- 
changed af ter  injection of  e i ther  isotonic or hyper ton lc  
sahne We subsequent ly  r eexamined  the effects  of  some of  
these  t r ea tmen t s  m unanes the t l zed  rats The resul ts  m&ca te  
that  anes the sm did not apprec iably  alter  the p ressure  re- 
sponse  to these  t r ea tmen t s  Two hours  af ter  h y p e r t o m c  
saline, the mean  arterial b lood p ressu re  was 2 1 -+6 0 mm Hg 
less than basehne  Two  hours  af ter  water  loading the mean  
arterial p ressure  was 15 0-+8 2 mm Hg below basel ine ,  whde  
three  hours  af ter  po lye thy lene  glycol t r ea tment  mean arterial 
p ressure  was 17 2-+ l0 1 mm Hg less than basel ine 

Rats t reated w~th hype r tomc  sahne or po lye thy lene  glycol 
drank more  water  than unt rea ted  ammals  or  rats given 
lSOtOmC sahne reject ions (Table 7) The rate of  ingestion was 
most  rap~d ~mmedmtely after water  was p re sen ted  During 
the first 30 minutes  rats apparent ly  res tored  most  o f  their  
water  deficit  since after one  hour  the rate o f  water  retake 
re turned to nearly normal The cumulat ive  intake after  e~ther 
po lye thy lene  glycol or  hype r tomc  sahne was  statistically 
grea ter  than after isotonic sahne rejection (p<0  01 for hyper-  
tome sahne ,  p < 0  001 for po lye thylene  glycol) By the t ime 
rats had had six hours  of  access ,  po lye thy lene  glycol rats had 
drunk 22 2_+2 5 ml ( m e a n + S E M )  compared  to 9 8-+2 1 ml 
after hype r tomc  sahne and 3 9+0  9 ml af ter  l so tomc sahne 
By 24 hours  of  access  total intake was  not different  for the 
three groups  (polyethylene  glycol 49 7-+5 7 ml, hype r tomc  
sahne 47 2+2 7, isotonic saline, 46 5-+ 1 4) 

In ag reemen t  w~th o the r  authors ,  we find that caval hga- 
tlon was about  as effect ive as po lye thy lene  glycol t rea tment  
m st imulating water  retake, while ammals  given gastr ic  water  
loads did not drink at all for at least several  hours  [8,40] 

Since ammals  used for c a t echo l amme  metabol i sm studaes 
were  injected w~th a lpha-methy l -p - ty rosme ,  we de te rmined  
whe the r  AMT itself would  affect  drinking When  rejected 
according  to the same protocol  used m the neurochemlca l  
studaes, AMT had no effect  on water  antake after  polyethyl-  
ene glycol,  hyper tonic  saline, 24 hour  wa te r  depr iva t ion ,  or 
no t rea tment ,  at every  t~me point measured  be tween  ten 

T A B L E  7 

BLOOD PRESSURE, WATER INTAKE AND HEMATOCRIT AFTER 
ACUTE DISRUPTION OF WATER BALANCE 

Change m Dlastohc 
Blood pressure Water Hematocnt 

Treatment (mm Hg) Intake (ml) (%) 

Polyethylene -22 _+ 11 15 _+ 2:~ 65 3 _+ 1 1" 
Glycol 

Hypertomc 4_+ 5 9 + 1:~ 605 _+ 1 3 
Sahne 

Isotomc 3 _+ 2 3 _+ 05 543 _+ 34 
Saline 

Sahne 3 _+ 3 2 _+ 05 573 + 1 7 
Control 

Caval 0_+ 4 15 _+ 8 534_+ 1 6 
Llgatlon 

Water -22_+ 8 05 _+ 05+ 538_+ 1 5 
Load 

Change m dlastohc blood pressure (mm Hg + SEM) was deter- 
mined by companng femoral artery pressure before treatment to 
pressure at the t~me when ammals used m b~ochemlcal experiments 
would have been kdled N=3 rats Statistical analysis was not at- 
tempted Immediately after caval ltgatlon, dmstohc blood pressure 
decreased to -40 _+ 10 mm Hg, but gradually returned to control 
levels by 1 hr after hgat~on 

Water was made avadable to rats at the t~me when ammals used m 
biochemical experiments would have been kdled Food was avail- 
able at all times Total water ingested over a 2 hr period ~s presented 
+Indicates p<0  01 compared to lSOtOmc sahne control, ~In&cates 
p<0 001 compared to lSOtOmc saline control- N=6 rats 

Hematocnt (% _+ SEM) was taken immediately after decapita- 
tion *Indicates p<0  05 compared to ~sotomc saline control 
N =6-12 rats 

All treatments were as previously described m the Method section 
and m Tables 1-3 

minutes  and sax hours  after wa te r  access  (n=6,  data  not pre- 
sented)  

H e m a t o c n t  m e a s u r e m e n t s  from rats used in neu rochem-  
tcal s tu&es  showed  that t r ea tmen t  with po lye thy lene  glycol 
dec reased  the p lasma volume relative to rats gwen  equal 
vo lumes  o f  Isotonic saline (Table 7) No o the r  t r ea tment  
p roduced  a significant change In p lasma volume at the t ime 
o f  decapi ta t ion 

DISCUSSION 

The presen t  results  show (1) caval hgataon increases  NE 
metabol i sm in the preopt tc  area,  (2) hype r tomc  sahne treat-  
ment  increases  N E  metabol i sm in the paravent r lcular  nu- 
cleus This t r ea tmen t  had no effect  on h e m a t o c n t  or  blood 
p res su re ,  (3) the hypovo lemlc  st imulus,  po lye thy lene  glycol, 
p roduced  the greates t  deple t ion  of  p lasma volume,  a high 
rate of  drinking,  and a 30 mm Hg drop in blood p ressure  
None  of  these  changes  were  assoc ia ted  with a statistically 
rehable  effect  on hypotha lamlc  ca techolamlne  metabol i sm,  
(4) wa te r  loading increased  the metabol i sm of  both  DA and 
NE in the do r somed ia l /ven t rome&al  region We p ropose  
that  t r ea tmen t s  which interfere  with water  balance may af- 
fect  hypotha lamlc  ca techo lamine  metabol i sm,  and that  the 
nature  o f  the metabol i sm changes  depends  on the type of  
s t imulus ra ther  than on w h e t h e r  the t r ea tment  affects  drink- 
mg or blood p ressure  
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There have been many studies imphcatmg hypothalamlc 
N E m  vasopressm release and water ingestion [8, 25, 32, 33] 
The present results support these studies up to a point 
Hypertonlc sahne treatment and caval llgatlon, known st~m- 
uh for water ingestion, also stimulate NE metabohsm How- 
ever, polyethylene glycol treatment is also d~psogemc, but 
had no d~scermble effect on hypothalamlc NE metabohsm 
Slmdarly, all three treatments increase the release of vaso- 
pressm from the pituitary [2, 7, 12, 43], but only hypertomc 
saline has a measurable effect on NE metabohsm m the 
paraventncular nucleus We conclude, therefore, that cate- 
cholamlnerglc neurons m the hypothalamus are not required 
for either water ingestion or vasopressm stimulation In- 
stead, projections containing NE or D A m  particular regions 
may be activated by specific changes m cardiovascular 
status or peripheral hydration, lmtlatmg other mechanisms 
which stimulate drinking and vasopressm release We would 
predict that manipulations of  catecholammerglc neurons m 
the hypothalamus affect afferent information rather than ef- 
ferent physiological or behavioral responses 

Similarly, the present results argue against a dwect effect 
of  hypotens~on on catecholamme metabohsm Hypotenslon 
produced by different techniques has been reported to m- 
crease NE turnover in the paraventncular nucleus [47] or m 
the posterior half of the hypothalamus [38] These authors 
have argued that hypotens~on stimulates catecholamlnerg~c 
systems in the hypothalamus which act to restore the blood 
pressure However,  while hypotens~on reduced by water 
load was associated with increased metabohsm m the dor- 
somedlal/ventromedlal area, a nearly identical hypotens~on 
produced by polyethylene glycol had no effect on NE m 
paraventncular or caudal hypothalamic areas 

Ant~otensln II m the peripheral c~rculat~on may be re- 
sponsible for the increase m NE metabohsm m the preopt~c 
area after hgatlon of the vena cava Caval hgation is an ef- 
fective stimulus of the renal renm-ang~otensm system [8,16] 
The ability of caval hgatton to raise cwculatmg anglotensm II 
levels is apparently responsible for the d~psogemc effect of 
caval ligat~on, since nephrectomy, but not transection of 
baroreceptor afferents, prevents caval hgat~on-mduced 
dnnkmg [8,24] On the other hand, although polyethylene 
glycol treatment also increases circulating Al l  levels, poly- 
ethylene glycol ~s a less effective stimulus for AII release 
than caval ltgat~on [42], and nephrectomy does not affect 
drinking after polyethylene glycol treatment [42] Neurons in 
the preoptlc area are sensitive to direct apphcat~on of 
angiotensm II [22], and mtrapreoptlc admmmstrat~on of 
angmotensm II stimulates drlnkmg [31] and hypertension 
[4,5] Although there ~s some controversy over whether c~r- 
culatlng anglotensin II enters the brain m sufficient quantity 
to act on preoptlc neurons [19,37] ~t seems hkely that caval 
hgatlon stimulates preopt~c norepmephrlne metabolism 
through actions on the renin-ang~otensm system 

Assummg that hypertomc saline injection activates os- 
moreceptors in the brain or periphery, there are several 
functions that increased NE metabohsm m the paraventncu- 
lar nucleus may serve Paraventncular cells projecting to the 
neurohypophysIs are inhibited by ~ontophoretic apphcatlon 
of small quantities of NE [25] which suggests that one effect 
of NE released in the paraventncular nucleus m~ght be to 
inhibit the release of vasopressm into the c~rculat~on It ~s 
estabhshed, however, that hypertomc sahne treatment m- 
creases the release of vasopressm from the pituitary [7] In 
addition to the p~tmtary projechons, the PVN also sends 
processes to various regions of the central nervous system 
concerned with automatic and hmblc function (129] Swanson 
and Sawchenko, 1982 ) These non-pltmtary projections 
come from PVN cells which are excited by the administra- 
tion of NE into the paraventncular nucleus [25] Therefore, 
the increased NE metabohsm we found m the paraventncu- 
lar nucleus may influence actlwty in autonomic and hmb~c 
centers of the brain By affecting both the release of vaso- 
pressm into the c~rculatlon and the activity of central projec- 
tions to cardiovascular and hmblc areas, the increased NE 
metabohsm due to hypertomc sahne rejection could have 
many actions on normal water balance Injection of NE d~- 
rectly into the PVN has potent effects on both water inges- 
tion [17] and blood pressure [44] Therefore, it is possible 
that the increase m paraventncular nucleus metabohsm of 
norepmephrme caused by hypertomc sahne may ultimately 
influence water retake, vasopressln release, and blood pres- 
sure 

The ventromedlal nucleus of the hypothalamus has been 
~mphcated m satiety responses, since les~on of the ven- 
tromedtal nucleus causes hyperd~psm and hyperphagm [36] 
This would be consistent with the findmg that NE metabo- 
hsm is altered m the dorsmedml/ventromedml region after 
water loading Alternatively, the ventromedml nucleus may 
be responding specifically to changes m the osmolanty of the 
extracellular fired, as has been reported [26,46] 

In summary, we report the existence of multiple norad- 
renerg~c systems m the hypothalamus which increase actw- 
~ty m response to changes m water balance D~fferent norad- 
renerglc neurons are stimulated by treatments which m- 
crease plasma osmolanty, decrease plasma osmolanty, or 
stimulate the remn-ang~otensm system Actwat~on of volume 
receptors by polyethylene glycol treatment was w~thout ef- 
fect on hypothalam~c catecholammes The anterior hypotha- 
lam~c nucleus was shown to be unaffected by any acute 
treatment Th~s negative result was unexpected since we 
have previously shown that chromc dehydration specifically 
mcreases N E m  the anterior hypothalam~c nucleus [141 It 
appears that there are at least four different noradrenerg~c 
systems m the hypothalamus which respond to alterations m 
peripheral water balance 
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