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BUGGY, J. AND A. E. FISHER. Anteroventral tturd ventricle site of action for anglotensm reduced thirst PHARMAC. 
BIOCHEM. BEHAV. 4(6) 651-660, 1976. - The central site of act,on for anglotensm reduced thirst was investigated m 
rats. Subfornlcal organ les~ons resulted In a temporary abohtlon of drinking induced by lateral preoptlc or lateral ventr,cle 
mlcromjections of anglotensm but drinking to anteroventral third ventricle m~crom.lectxons of anglotensm (or carbachol) 
was unaffected. Drinking to elevated systemic levels of anglotensm was attenuated but not abohshed by subfornlcal organ 
lesions When spread of rejected angiotensm via cerebrospmal fired c~rculatlon was controlled by placing plugs at selected 
locations in the ventricles, drinking was elloted only when mtracranlal mlcrolnjectlons of anglotensm gamed access to 
anteroventral third ventricle. It was concluded that subformcal organ ,s not the exclusive dlpsogemc receptor for 
anglotensin, rather ang~otensm exerts at least part of its dipsogemc effect by spread through the ventrlcular system to 
receptors m the V,Clmty of the anteroventral third ventr,cle 

Anglotensm reduced thirst Perlventrlcular receptors Subfornlcal organ lesions Ventrlcular obstruction 
Chohnerglc thirst Cerebrospmal fired circulation Chemical brain stimulation Anteroventral third ventr,cle 

THE remn-ang~otensm sys tem has been tmpl~cated in the Previous a t t e m p t s  at local izat ion using the mtra  
thirst  result ing f rom various d~sturbances of  the circulat ion chemical  s t imula t ion  mapping technique  have n 
which reduce or redis t r ibute  b lood volume wi thou t  prl- ceeded m def imng a hml ted  critical region [9, 3 
m a r l y  affect ing plasma osmolaraty [12] Plasma renm Instead,  it was found  that  AII mlc romjec t lon  rot, 
activity is increased fol lowing several challenges of  blood diverse and o f t en  unrelated neural  txssue sites 
volume or pressure which  produce  thirst  including caval drinking Analysis o f  the genera ted  maps indicated 
hgat lon,  hypovo lemla  [23 ] ,  and l sop ro te reno l -mduced  d is t r ibu t ion  of  cannula  sites that  impinged upon  or 
hypotensaon  [26] ,  as well as fol lowing slmple water  the lateral or third ventricles.  J o h n s o n  and Epste: 
depr ivat ion  [15] When refused mtravascularly,  anglo tensm d e m o n s t r a t e d  that  AII rejected into most  o f  the 
II (AID causes rats m normal  fluid balance to increase water  gamed rapid access to the ventr lcular  system, us~ 
retake [13] .  It is probable  that  AII exer t s  this dlpsogenxc eff lux up the cannula shaft ,  and that  direct  ve t  
effect  th rough  an act ion on the brain sance the threshold  reject ions were as effect ive as mject~ons into sucl~ 
dose for  ehc~tatlon of  thirst  behavior  is greatly reduced  by t~ssue. When cannula t ra jector ies  into supposedly  s 
d~rect mtracerebra l  re ject ion [9] .  F u r t h e r m o r e ,  dr inking t~ssue s~tes such as the lateral preopt~c area were at 
fol lowing peripheral  adminis t ra t ion  of  AII ~s effect ively avoid passing through ventricles,  the investigators c 
reduced by mtracerebra l  mjectaon of  the analog an tagomst  longer ehcxt dr inking wxth AII reJections Conversel '  
o f  AII, saralasln, comparab le  doses of  the analog mhxb~tor cannula t rajector ies  into nonsens~t~ve tissue s~tes 
apphed  per ipheral ly  do not  a t t enua te  drinking [20] caudate were angled to pass through a ventricle,  c 

The drinking response  ehcxted by central  re ject ions  of  could now be ehc~ted with low doses of  AII These 
A[I ~s one of  the clearest examples  of  a peptade reducing an ~rnplled that  previous mapping  studtes were co n fom 
orgamzed behavioral  response  and the magmtude  of  the rap~d spread of  AII into ventricles and suggested,  
response ~s dose -dependen t  [9] Since the la tency to not  define,  a per~-ventr~cular r ecep tor  s~te for AII. 
lmt~ate drinking fol lowing central  m~cromject~on of  AII ~s The subformcal  organ (SFO),  a ctrcumventrlcul~ 
ex t remely  short ,  usually 1 mm or less, the process  which m the dorsal third ventrxcle near the mterven 
leads to act ivat ion of  neural  thirst  mechanisms  ~s p resumed  foramen,  has been p roposed  as the s~te hous: 
to be an in terac t ion  of  AII w~th a dapsogenxc receptor ,  d~psogemc receptors  for  AII since SFO lesxons abohs 
Since the role of  AII as a ho rmona l  med ia to r  o f  tharst to drinking response  to lateral preopt~c mject~ons of  AI 
extracel lular  st imuli  remains controvers ia l  [ 1,36],  locahza- However,  o the r  data  f rom our labora tory  indicate( 
t~on of  the AII d lpsogemc receptor  is a prerequis i te  to a s~te m the antero-ventra l  third ventricle seemed 
more  comple t e  unders tanding  of  the s~gmfxcance of  th~s t~onally sensxtlve to the d~psogemc effects  of  A I I a  
hormona l  fac tor  m the normal  e labora t ion  of  thirst ,  b lockade w~th the analog an tagomst  saralasm wa 
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effect ive  at th is  site t h a n  at SFO for  a t t e n u a t i n g  dr ink ing  lant) ,  and  renln  were used to s t imula te  thirst .  Ang 
reduced  by  la teral  p reop t ic  re jec t ions  of  AII  ( J im Tar ter ,  was p repa red  in an  l so tomc  saline vehicle to f inal  
u n p u b l i s h e d  observa t ions ) ,  t r a t lons  of  100 or  200  ng/M. Carbacho l  was also 

The  e x p e r i m e n t s  to  be r epo r t ed  were designed to  more  an i so ton ic  saline to a c o n c e n t r a t i o n  of  1 ~g/ul .  R 
clearly iden t i fy  the  sate or  sites of  d ipsogenic  r ecep to r s  for  l so tomc  saline, was in a c o n c e n t r a t i o n  of 10 u n i t s  
AII. The  ef fec t  of  SFO lesaons on  dr ink ing  induced  by  AII  drugs and  so lu t ions  were s tored u n d e r  refrlgeratao 
m j e c t m n s  in to  la tera l  ventr ic les  (LV) ,  la teral  p reop t l c  solutaons of  angaotens ln  and  renin  were prepare 
region (LPO),  and  an te ro -ven t r a l  th i rd  vent r ic le  ( A V 3 V )  m o n t h  Drugs were a l lowed to warm to r o o m  temt  
was inves t iga ted  to d e t e r m i n e  If sites exis ted where  the  before  in ject ion.  
d lpsogenic  response  to Al l  did no t  vary  as a f u n c t i o n  of  Fo l lowing  recovery  f rom surgery,  all an ima  
SFO lesions. It was also of  in te res t  to d e t e r m i n e  af SFO screened to  d e t e r m i n e  thear d r ink ing  responses  t( 
lesions dlf ferentaal ly  a f fec ted  wate r  or saline re take  since tensin .  Ang io t ens ln  was in jec ted  t h r o u g h  the  AV 
rats will ingest b o t h  wate r  and saline a f te r  l n t r ace reb ra l  LPO or LV cannu la  an a c o u n t e r b a l a n c e d  ordel 
in j ec t ion  of  Al l  [ 6 ] .  The  necess i ty  of  v e n t n c u l a r  access and  animals ,  on  separa te  test  days. Several anamals w, 
t r a n s p o r t  of  Al l  a f te r  m t r a c e r e b r a l  in jec t ion  for  arousal  of  screened for  d r ink ing  to ca rbacho l  m]ec ted  in to  tht 
th i r s t  was also invest igated an a second expe r i m en t ,  s i te  and  to  m t r a p e r i t o n e a l  in jec t ions  of  renan (20 U, 

separa te  test  days. l n t r ace reb ra l  in jec t ions  were , 
E X P E R I M E N T  1: SFO LESIONS AND Al l  I N D U C E D  vo lume  admin i s t e red  over  10 sec t h r o u g h  a 30 ga 

T H I R S T  cannu la  inser ted  reside the  23 ga guide cannu  
a m o u n t  d r u n k  of  b o t h  wa te r  and 1.8% NaC1 was r, 

METHOD to  the  neares t  t e n t h  o f  a ml. Dr inking  tests  were 1/ 
Animals ang lo tensm,  1 hr  for carbachol ,  and 1 - 1 / 2  hr  for  re 

l eng th  of  the  tes t  session re la ted to the  expec t ed  d 
Adul t ,  male rats  (Long-Evans  and Sprague-Dawley of  an e levated d r ink ing  response  fo l lowing each dip 

stratus)  were used. Animals  weighed b e t w e e n  225 to 400  g chal lenge.  

at t he  t ime  of  surgery and  were experamenta l ly  naive At  the  end  of  the  screening tests,  ammals  were les~ 
A m b i e n t  t e m p e r a t u r e  was m a i n t a i n e d  at 22°C by air descr ibed and  r e tu rned  to the i r  h o m e  cages. Af te r  le'. 
conda t lon lng ,  a 12 hr  l ight,  12 hr  da rk  cycle was used the  rats  were re tes ted  wath the  thirs t  chal lenges t17 

had  r e sponded  to in the  screening Post  lesion te.~ 
Surgery ca rbacho l  and renln  were c o n d u c t e d  4 and 10 da 

Animals  were anes the tazed  wath N e m b u t a l  (50  mg/kg)  lesion, respectwely .  Post  lesion tests  wi th  angaotens 
and  pos i t ioned  m a s tereotaxac i n s t r u m e n t  for  i m p l a n t a t i o n  usually c o n d u c t e d  on  Day 3 post  lesion Several 
of  23 ga stainless steel cannu la  and  o b t u r a t o r  assembl ies  for  wi th  imtaal post  lesion defici ts  in dr ink ing  to angJ 
mt race reb ra l  m lc romjec t l on .  A midsaggltal  incis ion was were re tes ted  on  a la ter  day to d e t e r m i n e  if reco 
made  to expose  the  dorsal  surface of  the  skull,  and the  d r ink ing  to a n g m t e n s m  in jec t ions  would  occur.  
t issue was r e t r ac ted  la teral ly  Small  j ewele r ' s  screws were 
f ixed to the  skull to  a n c h o r  c e m e n t  Each an imal  had  2 Histology 
cannu lae  imp lan ted ,  1 a imed at the  AV3V,  and the  o t h e r  At  the  end  of  post  lesion test ing,  an imals  were 
a imed at the  LPO or LV, using coo rd ina t e s  f rom the  anes the t i zed  wi th  N e m b u t a l  and per fused  mt rac  
Pe lhgr lno  and C u s h m a n  atlas [ 2 8 ] .  A small  cork  was placed wi th  i so tonic  saline fol lowed by 10% Formal in .  Bral 
on  the  skull over  the  SFO and  the  cork and cannu lae  were then  prepared  for  his tological  l ocahza t ton  of  cann  
c e m e n t e d  m place wi th  den ta l  acrylic. Fo l lowing  behaviora l  and  lesions (40  mic ron  f rozen  sec t ions ,  cresyl r io  
screening to d e t e r m i n e  the  d r ink ing  response  to antra- Weil stains).  
cerebral  re jec t ions  at each  cannu la  site, anamals were again 
anes the t i zed  w~th N e m b u t a l  and lesioned u n d e r  s t e reo tax lc  RESULTS 
guidance.  The  cork  was dri l led away and the  skull  over the  

Prior to analysas of  behav iora l  data ,  hlstologacal SFO was removed .  SFO lesions were made  m 3 ways: 
r adaof requency  lesions wi th  a single p e n e t r a t i o n  to the  were used to designate  animals  wi th  mmamal  (( 
SFO, repea ted  ro ta taons  of  a small  wire t h r o u g h  the  SFO versus subs tan t i a l  ( 7 0 - 1 0 0 % )  SFO damage.  C a n n u h  

t o n e s  for  LV and  A V 3 V  mject~on sates are shown  in region,  or electrolytac lemons wi th  th ree  p e n e t r a t i o n s  to  
A to ta l  o f  14 animals  wi th  pos l twe responses  (3 ml ( 

SFO as the  course of  the  SFO was fol lowed in the  A - P  
f lmd inges ted)  to  LV or  LPO mjectaons  of  All ,  

p lane  and  the  v e n t r a l - d o r s a l  plane.  Fo l lowing  lesloning,  the  
an imals  wi th  posi t ive  responses  to A V 3 V  in jec t ions  

skull  hole  was filled wi th  bone  wax and  covered  wi th  
sus ta ined  min imal  SFO lesions. As a group,  t h e  

cemen t ,  desagnated as having mammal  SFO damage sho~ 
Procedure s lgmflcant  d i f fe rences  m dr ink ing  to AII on  pre- vers 

lesion tes ts  for  e i ther  water ,  saline, or to t a l  fluid 
Af te r  surgery for  cannu lae  p l acemen t ,  an imals  were measures .  

lndavldually housed  in wire rack cages wi th  ad lib rat  chow,  Sax ammals  screened posit ive to  AII  m the LV (n 
deaomzed water ,  and a 1.8% NaCI solutaon made  wi th  LPO (n = 3) p l acemen t  only ,  and susta ined substant :  
de lomzed  wate r  At  least 5 days  were a l lowed for  recovery  lesions (100% lesion for  4 rats, 90% for  i rat ,  80 ~, 
f rom surgery and  a d a p t a t i o n  to the  d r ink ing  fluids. All rat) .  As a group,  these  an imals  showed  signif icant  de: 
behaviora l  tes t ing  was d o n e  dur ing  the  dark  phase  of  the  to ta l  fluid in take  to Al l  o n  the post  lesion test  (p 
l ight ing cycle, paired sample  t test) ,  in take  of  b o t h  water  and sal: 

Ang lo t ens in  II (Caba), ca rbacho l  (a chohne rg l c  s t lmu-  reduced.  Mean f lmd re takes  m ml + SEM were pre-b 
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i ~ compared  to the  first test)  was significant ( p  

m 
Histology revealed that  the SFO was severely damag~ 
of  these ammals  (70% or greater  tissue destruct iol  
not  hkely that  recovery  or e n h a n c e m e n t  of  func 
residual SFO tissue can explain the recovery of  drlr 
anglotensin f rom the LV site since recovery wa, 
animals wi th  comple te  as well as partial SFO leslons 
6 rats wi th  100% SFO lesions, 5 increased fluid in 
the second test. Results are summar ized  m Table 2. 

T A B L E  1 

EFFECT OF SFO LESIONS ON DRINKING TO ANGIOTEI ~ 
JECTED INTO LV AND AV3V 

Preleslon Postleslon 

Lateral Ventricle Intake in ML, N= 13 

FIG. l. Typical cannula placements for antero-ventral third ventricle Water 1 8% NaCI Total Water* 1.8% NaClt 
rejections and for lateral ventricle rejections. Mean 10 5 4 4 14 8 3 7 1 1 

SEM 15 1 2 I 9 1 7 0 6 

Thwd Ventricle (AV3V) Intake m ML, N=I3 
I Water 18% NaCI Total Water~ 1.8%NaCI§ 

Mean 94 56 150 I1 6 3 I 
SEM 13 1 1 14 1 5 0 7 

- *p less than 0 002 compared to preleslon. 
* ~p less than 0 05 compared to preles~on 

Sp less than 0 001 compared to preleslon 
.~ §Not slgmficantly different from preles~on value. 

T A B L E  2 

RECOVERY OF DRINKING TO All INJECTIONS INTO L~, 
SFO LESIONS 

Mean Fired Intake m ml ± Standard Error, n= 12 
Preleslon Fwst Postleston Second Pos~ 

Water 9 8 + _ 1 4  0 7 _ + 0 4  41_+1 
18%NaCI  43 +_ 12 0 4 + - 0 2  08 ± 0  

FIG. 2. A complete subfornlcal organ lesion. Post leslon drinking to Total 14 1 _+ 1 6 1 I +- 0 5 4 9 ___ I 
anglotensm in this animal was reduced for mject~ons into the lateral 
ventricle but not for lnjechons into antero-ventral third ventricle 
Note that the lateral ventricles are ddated suggesting a blockage of Seven ammals  w~th substant ial  SFO lesions s 

cerebrospmal fluid circulation from lateral to thLrd ventricle. 
posl twe to 1 ug/ul in jec t ions  of  carbachol  m the A V  
were tes ted again with carbachol  4 days after  the 
Mean fluid retakes m ml ± SEM were pre-leston - 

water  = 6 7 + 1.1, 1,8% NaC1 = 3.2 + 0.6, pos t  l e s ~ o n -  
17.3 -+ 2.1, 1.8% NaCI = 0 6  ± 0.3, post  l e s i o n -  

water  = 1.4 ± 0.9, 1.8% NaCI = 0 7 ± 0.7. 
14.8 +_ 3.4, 1 8% NaCI = 1 1 -+ 0 7. Note  that  rats stij 

Thi r teen  animals that  screened posltlve to Al l  in bo th  
w i t h  c a r b a c h o l  i n c r e a s e  water  intake dJ 

LV and AV3V p lacements  had substant ia l  SFO les~ons ally, but  drink little or no 1.8% sahne Drml 
(100% lesion, n = 6, 90% lesion, n = 4, 80% lesion, n = I, carbachol  re ject ions  did not  change significantly af 
70% lesion, n = 2). These rats also drank s lgmflcant ly  less to les~ons, even though  post  lesion drinking to AII m 
LV reject ions  of  All  a f ter  SFO lesions. However,  these rats p lacement  was depressed on Day 3 m 5 of  these ; 
showed no dec remen t  m fluid retakes when  AII was An ad&t lona l  5 ammals  with SFO lesions were te: 
rejected into the AV3V placement .  Order  of mtracerebra l  drinking to l n t r apen tonea l  mject~ons of  renm on t: 
m j e c h o n s  was coun te rba lanced  so these results do not  day post  lesion. Total  fluid mtake  to renm was s~gm 
represent  an order  ef fect  Results  are presented  in Table 1. reduced ( p < 0  05) af ter  the lesion, but  not  abohshed  
A comple t e  SFO lesion f rom an animal in this group Is o f  the pre-les~on response remained.  Mean fluid m 
shown  m Fig. 2. ml ± SEM w e r e  pre-leslon - water  = 16.9 -+ 3.0, 1 8 

Twelve rats wi th  mltml post  lesion defici ts  in dr inking to = 6.9 -+ 1 7, post  lesion - water  = 7.0 + 1.1, 1.8% 
All  in ject ions  in to  LV were tes ted again on a subsequen t  6 1 +- 2.4 
day ( 4 - 1 0  days pos t  lesion) wi th  the same dose of  
angiotensm.  Eight o f  the 12 rats drank cons iderably  more  DISCUSSION 
during the second post  les~on test. For  the  group as a 
whole,  the recovery of  dr inking (442% on the second test  Results of  this s tudy  conf i rm the observal 
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S impson  and  R o u t t e n b e r g  [33]  t ha t  S F O l e s l o n s p r o d u c e  a involved in the e l abo ra t i on  of  d r ink ing  respons, 
def ici t  in d r ink ing  to AII inJect ions  in to  the  LPO and  S impson  and  R o u t t e n b e r g  [32]  have r epo r t ed  th 
e x p a n d  it to inc lude  LV in jec t ion  sites F u r t h e r m o r e ,  th is  lesions do  no t  resul t  in a l tered ad hb  dr inking  beyc 
defici t  m dr ink ing  a f te r  SFO lesions ex t ends  to the  in take  1 pos t  lesion and o t h e r  inves t igators  [29]  obse~ 
of  sahne  as well as wate r  However ,  since ra ts  wi th  SFO decrease  in dr ink ing  to an ln t race l lu la r  or extr~ 
lesions show no d e c r e m e n t  in d r ink ing  to AII  re jec t ions  th i r s t  chal lenge fol lowing SFO lesions. 
in to  the  A V 3 V  (at  the  same t ime t ha t  LV defici ts  are How can  these data  be reconci led  wi th  S impson '  
appa ren t ) ,  it is n o t  possible to conc lude  tha t  the  SFO is the  [31]  of  a subs tan t ia l ,  but  no t  comple t e ,  reduct io l  
on ly  site hous ing  d lpsogenic  r ecep to r s  for  AII  d r ink ing  response  to l 0  ug of  AII  in jected in t rav  

Moreover ,  it is i m p o r t a n t  to  no t e  t ha t  4 an imals  w i t h  af te r  SFO lesions and Eps te in  and S u n p s o n ' s  la ter  
SFO lesions did no t  decrease  d r ink ing  to AII  in jec ted  in to  [10]  wi th  SFO lesions t ha t  AII induced  dr inking  l~ 
the  LV or LPO In the i r  r epor t  [ 3 3 ] ,  S impson  and  w h e n  near  th resho ld  doses a r e m f u s e d l n t r a v e n o u s l )  
R o u t t e n b e r g  also ind ica ted  tha t  one  of  the  7 ra ts  wi th  SFO it IS i m p o r t a n t  to no te  tha t  S impson  [ 3 l ]  no t ed  
lesions did no t  decrease  d r ink ing  to LPO in jec t ions  of  AII recovery  over  t ime. In the e x p e r i m e n t s  repor te  

The  rapid recovery  of  d r ink ing  to AII  in jec t ions  in to  LV dr ink ing  to l n t r ape r l t onea l  inJect ions  of  renin  v 
a f te r  SFO lesions is also incons i s t en t  wi th  the  h y p o t h e s i s  a b o h s h e d  by  SFO lesions,  a l t hough  the  magni tude  
t h a t  SFO con ta ins  the  exclusive recep tors  for  AII th i r s t  response  was decreased Thus ,  the assessment  of  the 
since m a n y  of these rats  had  to ta l  SFO d e s t r u c t i o n  of  SFO lesions on  dr inking  to high systeInlC leveL, 
H o f f m a n  and  Phil l ips have repor ted  t ha t  d r ink ing  to LV depends  to some degree on  the magn i tude  of  the  re 
in jec t ions  of  AII a f te r  SFO lesions recovered  to 75% of  the  In this  case, wi th  a robus t  d r ink ing  response  to ren 
pre-lesion response  by  14 days post  lesion [7] What  t h e n  is lesions did not  abol ish,  bu t  did decrease,  the  C 
the  basis for  the  t e m p o r a r y  def ici t  in d r ink ing  to la teral  response.  A similar  magn i tude  of  r e d u c t i o n  would  al 
in jec t ions  of  AII  usually observed  a f te r  SFO lesions 9 an abo l i t ion  In animals  wi th  a smal ler  m a g m t  

The  results  suggest tha t  the in i t ia l  defici t  in d r ink ing  to response,  which  could be due in part  to  non-specific 
LV in jec t ions  of  AII  could represen t  some effect  of  SFO of  the  lesion on  the  near  th resho ld  response  
lesions o t h e r  t h a n  recep to r  des t ruc t ion .  Analysis  of  the  In suminary ,  the  resul ts  of  the  s tudies  on  c 
h i s to logy  f rom animals  wi th  SFO lesions p rov ided  a fo l lowing SFO lesions suggest tha t  the SFO IS 
possible answer  to  the  p rob l em,  enlarged la teral  vent r ic les  exclusive d lpsogenic  r ecep to r  for ang lo tens ln  or cai 
t ha t  were observed  in several of  the  les ioned ammals  Also, the  d i s rup t ion  of ang io tens in - induced  dr ink  
suggested t ha t  l e s ion-produced  debr is  or edema  had b locked  lowing LPO or LV in jec t ion ,  bu t  no t  A V 3 V  in 
the  m t e r v e n t r l c u l a r  f o r a m e n  and  i n t e r r u p t e d  the  no rma l  wi th  SFO lesions suggests tha t  o t h e r  recep tors  in tt 
ce rebrosp ina l  fluid (CSF)  c i rcu la t ion  f rom lateral  to th i rd  ventr ic le  may be i m p o r t a n t  for d r ink ing  to anglo te r  
vent r ic les  This  h y p o t h e s i s  of  ven t r l cu la r  o b s t r u c t i o n  would  tha t ,  fo l lowing LV or LPO in jec t ion ,  AII contacl  
a c c o u n t  for the  init ial  defici t  in d r ink ing  to LV bu t  no t  recep tors  via spread t h r o u g h  CSF. The expe t ln len i  
A V 3 V  in jec t ions  of  AII if the  recep tors  were located  in or  r epor t ed  nex t  are d i rec ted  at f u r t he r  analysis  
near  th i rd  ven t r l cu la r  sites o t h e r  t han  the  SFO and  hypothes i s .  
d o w n s t r e a m  f rom the  occlusion.  Recovery  of  d r ink ing  to 
LV in jec t ions  wi th  the passage of  t ime  might  t h e n  be  E X P E R I M E N T  2" V E N T R I C U L A R  O B S T R U C T I O  
cor re la ted  wi th  r e - e s t a b h s h m e n t  of  ven t r l cu la r  c i rcula t ion  AI I - INDUCED T H I R S T  
Pre l iminary  evidence  wi th  radioac t ive  t racings suppor t s  the  
h y p o t h e s i s  tha t  SFO lesions o b s t r u c t  CSF c i rcu la t ion  and The  resul ts  of  our  SFO lesion e x p e r i m e n t s  sugg 
t ha t  recovery  of  d r ink ing  to LV in jec t ions  of  AII  IS one  site for d lpsogenic  AII recep tors  is in or n 
cor re la ted  wi th  recovery  of  CSF c i rcu la t ion  f rom lateral  to  vent ra l  th i rd  ventr ic le .  However ,  it is d i f f icul t  to lo 
th i rd  vent r ic les  [7 ] .  r ecep to r  site wi th in  the  ven t r i cu la r  sys tem by conve 

Sm~pson and  R o u t t e n b e r g  [32]  have also r epo r t ed  tha t  chemica l  s t imu la t i on  t echn iques  since the drug is 
SFO lesions abol i sh  the  d r ink ing  response  of  the  rat  to  d i s t r ibu ted  t h r o u g h o u t  the  whole  ven t r l cu la r  sys  
In t racerebra l  in jec t ions  of  carbachol .  In the i r  s tudy ,  CSF c i rcu la t ion  
ca rbacho l  was in jec ted  in to  the  dorsal  th i rd  ventr ic le  caudal  One  of  the  lines of  evidence leading J o h n s o n  and 
to the  SFO, and a l t h o u g h  o t h e r  sites such as lateral  [19]  to  p ropose  tha t  AII ehc i t s  dr inking  by  act 
h y p o t h a l a m u s  were ana lyzed  for carbachol -xnduced per iven t r lcu la r  recep tors  is t ha t  d r ink ing  occur re  
d r ink ing  in a dose- response  s tudy,  the  ef fec ts  of  SFO when  rad ioac t iv i ty  f rom ln t racerebra l  mjec t lons  of  l 
lesions on  dr ink ing  were ana lyzed  on ly  wi th  respect  to  AII could be recovered m CSF col lec ted  f rom the  
caudal  th i rd  ventr ic le  re ject ions.  An  i m p o r t a n t  consider-  magna.  However ,  while  the recovery of  radioactlvit,. 
a t lon ,  as before ,  is w h e t h e r  the  abo l i t i on  of d r ink ing  IS due CSF IS cor re la ted  wi th  dr ink ing  af te r  in t race rebra l  in  
to  d e s t r u c t i o n  of  r ecep to r s  or  o b s t r u c t i o n  of  ce r eb rospma l  it is possible tha t  this  represen ts  a CSF sink for  reir  
fluid c i rcula t ion.  G e r m a n e  to this  cons ide ra t ion  is the the  in tac t  h o r m o n e  or labelled f r agments  a f te r  r, 
obse rva t ion  in the  present  s tudy  t ha t  d r ink ing  to A V 3 V  ac t iva t ion  r a the r  t h a n  an ac tua l  means  of  t r anspo r t  
in jec t ions  of ca rbacho l  is no t  changed  fol lowing SFO recep to r  Indeed,  an a l te rna t ive  hypo thes i s  [33]  
lesions. Block and  Fisher  ( u n p u b l i s h e d  obse rva t ions )  have ln t racerebra l ly  Injected AII  may  be carr ied by b lood 
also found  i n d u c t i o n  of d r ink ing  by ca rbacho l  in jec t ions  f rom the  site of in jec t ion  to recep tors  
in to  ven t ra l  pe r lven t r i cu la r  sites to  be una f f ec t ed  by SFO A more  direct  m e t h o d  of  examin ing  these  issues I 
lesions. Thus ,  a l t hough  SFO may be a d ipsogenic  r ecep to r  tha t  spread of  the  h o r m o n e  t h r o u g h  the ven t r l cu la r  
site for  b o t h  AII and  carbachol ,  the  resul ts  do not  suppo r t  be con t ro l l ed  a f te r  m t r ace r eb ra l  In jec t ions  of  A] 
the  conc lus ion  t ha t  it IS the  on ly  r ecep to r  for these a p p r o a c h  to this  p r o b l e m  Involves the use of  obs! 
d ipsogens  Indeed,  the  SFO does no t  seem to be s ingularly barr iers  or plugs (made  of  Ntvea cold c ream)  pl~ 
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selected sites wi th in  the  vent r ic les  to con t r o l  drug spread by  was fed to a 30 ga in jec to r  cannu la  t h r o u g h  a co: 
ac t ing as physical  barr iers  [17]  V en t r l cu l a r  plugs a f fo rd  a sleeve. Plugs were in jec ted  t h r o u g h  the  sys tem d 
way of  res t r ic t ing  an  in jec ted  subs t ance  to  specif ic  c o m p a r t -  above  using the  23 ga imp lan t ed  cannu la  as a t 
m e n t s  and  a t t e n d a n t  p e r l v e n t n c u l a r  t issue by  p reven t ing  its mlcrodr lve  assembly  advanced  the p lunger  of  t h  
passage b e y o n d  the  cold c ream obs t r uc t i on ,  fdled syringe to s lowly exude  8 ~1 or less of  crea~ 

In these  expe r imen t s ,  t he  t e c h n i q u e  o f  ven t r l cu la r  min. P lacement  of  plugs was well to le ra ted  by  ra 
o b s t r u c t i o n  is used to assess the  site of  ac t ion  of  Al l  for  ac t iv i ty  r emained  normal ,  w i t h o u t  ex t r eme  exci te  
ehcl t lng  d r ink ing  a f te r  m t r ace r eb r a l  in ject ion.  Plugs are depress ion  
placed in the  i n t e rven t r l cu l a r  f o r am en  or  the  th i rd  vent r ic le  Animals  were tes ted  for  d r ink ing  to Al l  on  the  s~ 
at the  level of  the  fo ramen ,  and  the  effects  of  Al l  re jec t ions  tha t  the  plug was inser ted  When 2 or  more  cann  
in to  lateral  sites on  d r ink ing  are assessed when  spread of  the  were to be tes ted,  the  o rder  of  in jec t ions  was , 
drug m CSF f rom lateral  to  th i rd  ven t r ic le  is i m p e d e d  ba lanced  across animals  wi th  at least 2 hr rot, 
Th i rd  ventr ic le  plugs at the  level of  the  f o r amen  also b e t w e e n  tests. 
o b s t r u c t  c o m m u n i c a t i o n  wi th in  the th i rd  ventI lc le ,  
b lock ing  the  an te ro -dorsa l  region con ta in ing  the  SFO f rom Assessment of  Plug Obstruction 
the  an te ro -ven t r a l  region,  and  the  effects  of  d r ink ing  to On c o m p l e t i o n  of  d r ink ing  tests,  plug p lacem 
A V 3 V  in jec t ions  of  AII  are assessed w h e n  spread to SFO is e f fec t iveness  of  ven t r l cu la r  o b s t r u c t i o n  were verlfxec 
p r even t ed  Final ly,  plugs are placed in A V 3 V  and the  or  r ad loac twe  tracing.  For  dye t racings f rom mor t  
effects  on  d r ink ing  to lateral  in jec t ions  of  AII  assessed in jec t ion  site, separa te  2% so lu t ions  of  acr idine ora 
when  drug e n t r y  via CSF t r a n s p o r t  in to  the  A V 3 V  is eosin b lu ish  were prepared  in Isotonic  saline,  india  
p reven ted  bu t  CSF c i rcu la t ion  f rom lateral  to  dorsal  th i rd  used for  dye  t racing f rom single in jec t ion  site prep~ 
ventr ic les  and SFO remains  u n o b s t r u c t e d  Rats  were anes the t i zed  wi th  N e m b u t a l  and inject  

1 - 2  ul of  dye in the  same sites tha t  had been  test 
METHOD All .  Within  30 ram, ammals  were perfused lntrac 

Animals with  sahne  fol lowed by 10% F o r m a h n  and the bra: 
r emoved  and  s tored  in Fo rma l in  unt i l  sec t iomng.  

Adul t ,  male rats  (Sprague-Dawley  s t ra in)  weighing tracing,  bra ins  were b locked  and f rozen  on  a mlt 
b e t w e e n  2 7 5 - 5 0 0  g at the  tame of surgery served as 
subjec ts  stage Dif fus ion of  the  dye(s )  f rom the  site(s) o f  l 

was t hen  t raced as the b lock  was sec t ioned  c( 
Surgery toward  the  pos te r io r  end  or  saggltally to the m l d h m  

was observed  b e y o n d  the  plugged region or if t 
Rats  were anes the t i zed  and s te reo tax ica l ly  i m p l a n t e d  p l a c e m e n t  obv ious ly  did not  fill the ventrxcular  lur  

wi th  23 ga cannu l a  as descr ibed  in E x p e r i m e n t  1 All rats  plug was cons idered  ineffect ive.  If the plug filled th  
were i m p l a n t e d  w i th  cannu lae  a~med for  the  A V 3 V  and a and  dye did not  p e n e t r a t e  b e y o n d  the plug, t hen  ( 
lateral  site (LV or  LPO) as i l lus t ra ted by Fig l. Depend ing  was cons idered  effective.  Cannula  p l acemen t s  w( 
on  the  plug site and the  areas to be tes ted  for  AII  verif ied at this  t ime  
sensi t ivi ty ,  some rats  were also Implan ted  wi th  cannu l a  For  radioact ive  tracing,  t n t I a t e d  DL norep ln  
a imed for  the  dorsal  th i rd  ventr ic le  at  the  level o f  the  (New England Nuclear ,  1 u c / 2 5  n n g / l  ul)  was used 
fo r amen  a n d / o r  the  dorsal  th i rd  ventr ic le  ad jacent  to  the  had  a h igh specific ac t iv i ty  and n o r e p l n e p h r m e  h 
SFO d e m o n s t r a t e d  to spread t h r o u g h  ventr ic les  rapidly  fc 

ln t race rebra l  in j ec t ion  [ 3 4 ] .  Fo l lowing  post -plug c 
Procedure tests  for  8 an imals  wi th  dorsal  th i rd  ventr ic le  plugs, 

Fo l lowing  surgery,  rats  were indiv idual ly  housed  wi th  were anes the t i zed  wi th  N e m b u t a l  and  in jected with 
c o n t i n u a l  access to rat  chow,  de lon lzed  water ,  and 1 8% the labelled c o m p o u n d  in to  the A V 3 V  site Two un 
NaCI u n d e r  reverse-cycle l ight ing cond i t i ons  ( t es ted  du rmg  rats also had labelled A V 3 V  reJect ions and se 
dark  phase)  excep t  for 1 group of  an imals  housed  u n d e r  con t ro l s  Within  5 mln, nonpe r fu sed  bra ins  were r 
normal -cyc le  l ight ing ( tes ted  dur ing  light phase)  and  with-  and  two  cubes  of  tissue, a b o u t  1 0 - 3 0  cubic  m m  eac 
ou t  access to  saline, dissected f rom each brain  in f ron t  of and beh ind  t 

site. One piece cen te red  a round  the  A V 3 V  and th Af t e r  at least 5 days to al low for  recovery  f rom surgery,  
animals  were sc reened  on  separa te  test days for d r ink ing  to piece cen te red  a r o u n d  the  dorsal  th i rd  ventr ic le  m 
ang lo tens ln  Inject ions  in to  each of  the  cannu l a  sites, the  SFO The  tissue cubes  were qu ick ly  weigh 
Ang lo t ens in  in jec t ions  were 40  or  100 ng per  1 ul or  60 ng h o m o g e n i z e d  in 2 ml of  0.4 no rma l  perchlor lc  
to ta l  del ivered in 3 ul vo lume  E , c h  an imal  was t es ted  wi th  dissolve the  n o r e p m e p h r l n e .  Samples  were then  cenl 
the  same dose of  ang lo tens ln  at  each imp lan t  site, and the  at  5 5 0 0  RPM for 1 hr  and 0.7 ml a h q u o t s  of  supe 
same dose was used for pre-plug screening and  post-plug were c o m b i n e d  wi th  10 ml of  Scmtlverse  cockta i l  
tes t ing  Fluid in takes  were m o n i t o r e d  for a hal f  hr  per iod Scient if ic) .  All samples  and  b lanks  for backgrou  
fo l lowing drug in ject ion,  t e r m i n a t i o n  were then  c o u n t e d  on  a Beckman  LSC 

Animals  mee t ing  a screening cri teria of  ingest ing at  least 1 m m  to a preset  5% error.  
4 ml a f te r  an in j ec t ion  at a test  site were then  plugged and  
re tes ted  to d e t e r m i n e  the  e f fec t  of  v e n t n c u l a r  o b s t r u c t i o n  RESULTS 
on  d r ink ing  to AII re ject ions.  Nwea cold cream was uti l ized Figure 3 is a s u m m a r y  of  dye  d i s t r i bu t ions  observ  
for  plugging One cc plast ic  syringes were filled wi th  the  var ious  cannu lae  and plug p lacements .  Refe rence  
cream and  c o n n e c t e d  t h r o u g h  a h y p o d e r m i c  needle  to  a made  to the  app rop r i a t e  sec t ions  of  this  figure as the 
sec t ion  o f  PE-50 tubing.  The  o t h e r  end of  the  PE tub ing  for  a par t icu lar  cannu la  and plug p l acemen t  are pre 
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FIG. 3. Areas of  distribution for anglotensm after intracerebral mjectlons that commumcate with the ventncular spaces m 
normal (a) and plugged preparations (b - f ) ,  and the effects on drmkmg behawor. Cross hatches indicate plug placement and 
dots indicate density of  distribution following mtracerebral mjectmn at the sites indicated by the cannula outhnes. 
Drawings are of  a mtdsaggltal section wtth lateral ventricles and lateral cannula placements depicted by broken hnes to 
indicate their location in a more lateral saggltal plane. In a), anglotensln spreads throughout the whole ventrlcular system 
following injection into LPO, LV, or third ventricle, and drinking is observed. In drawings b - f ) ,  ventncular plugs have 
interfered with the normal rostral-caudal orculation of  CSF, and the resulting area of  dlstrxbution of anglotensln after 
intracerebral rejections Is rod]cared m each case. The drinking response was greatly reduced when spread of angmtensm to 
the anterior ventral third ventricle was prevented or impeded as m b, c, d, and e. Only when anglotensin had unrestricted 
access to the AV3V, as m f, was the post-plug drinking response fully intact. Spread of  anglotensin to the dorsal thtrd 
ventricle region containing the SFO was not fully sufficient for ehcitatlon of an intact drinking response, as in d and e, nor 
was spread to the SFO regmn necessary for drinking to occur as m f. Abbrevaatmns D3V = dorsal third ventricle, LV = 
lateral ventricle, IF = mterventncular foramen, SFO = subfornical organ, LPO = lateral preoptlc area, AC =an te r to r  
commissure; AV3V = antero-ventral third ventricle; ME = median eminence; AQ = cerebral aqueduct. 
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Dye in jec t ions  in to  the  LV, th i rd  v e n t n c l e ,  or  LPO T A B L E  3 
(p rov ided  t ha t  the  cannu la  t r a j ec to ry  pierces the  LV)  resul t  

EFFECT OF VENTRICULAR OBSTRUCTION BY FORAI 
In dye  d i s t r i bu t i on  t h r o u g h o u t  the  ven t r l cu la r  sys tem as THIRD VENTRICLE PLUGS ON DRINKING TO ANGIOTEI 
i l lus t ra ted  in Fig. 3a. By inference ,  AII  in jec t ions  t h r o u g h  JECTIONS (40 OR 60 NG) 
these  same cannu lae  resul ted  m a s imilar  p a t t e r n  of  
ven t r l cu la r  spread,  and  dr ink ing  was observed in each case. 
The  e f fec ts  of  ven t r i cu la r  plugs on  dye d i s t r i b u t i o n  f rom Preplug Postplug 
the  in j ec t ion  sites and the  magn i tude  of  d r ink ing  responses  
el ici ted by AII  in lec t ion  at these  sites be fore  and  a f te r  Fired Intake m MLaf te r  LPO InJect,on. N=I4  
plugging will now  be presented .  Water 1 8% NaCl Total Water l 8% NaCI 

Mean 5 8  4 6  104 I 4 0 I 

Dorsal Third Ventricle or Foramen Plugs SEM 0 8 I 2 I 4 0 4 0.1 
Fluid Intake m ML after AV3V Injection, N = I 0  

Ven t r Icu la r  o b s t r u c t i o n  wi th  cold c ream plugs accura te ly  Water I 8% NaCI Total Water 1 8% NaCI 
placed in the i n t e rven t r l cu l a r  f o r a m e n  or in the  th i rd  Mean 5 9 I1 7 0 5 6 10 
vent r ic le  at  the  po in t  of  en t ry  o f  the  f o r am en  effec t ively  SEM 0 9 0 5 0 9 0.9 0 5 
p r even t ed  passage of  dye in to  the th i rd  ventr ic le  fo l lowing 
in jec t ion  in to  LV or LPO. F u r t h e r m o r e ,  wi th  accura te ly  
p laced dorsal  th i rd  ventr ic le  plugs, dye in jec ted  in to  the  
A V 3 V  did no t  p e n e t r a t e  b e y o n d  the  plug in to  the  dorsal  As an t i c ipa t ed  f rom the  obse rva t ion  t ha t  LPO in 
th i rd  ven t r ic le  where  the SFO was loca ted  Indeed,  mos t  spread to  the  LV, d r ink ing  to LV in jec t ions  of  AI 
dorsal  th i rd  ventr ic le  plugs spread f rom the  in jec t ion  site abo l i shed  by  plugs in the  dorsal  th i rd  ventr ic le .  F~ 
and  c o m p l e t e l y  covered the  SFO as well as filling the  i l lus t ra tes  the  dye  d i s t r i bu t i on  ob t a ined  wi th  th is  l 
in tervent rxcular  foramen.  The  plugs were fluid e n o u g h  to, in t lon.  The  post-plug in t ake  is on ly  11% of  pre-plug 
mos t  cases, c o n f o r m  to and c o m p l e t e l y  fill the  l umen  of  the  this  r e d u c t i o n  m dr ink ing  IS s ignif icant  at the  0 .0(  
vent r ic le  at  the plug in jec t ion  site. Again,  it is un l ike ly  t ha t  the  abo l i t i on  of  dr inkin t  

Some  plugs did no t  p reven t  passage of  dye  in these in jec t ions  of  AII is due  to some nonspec i f ic  side e 
cases, the  plug cannu la  was o f t e n  shght ly  la teral  to the  th i rd  the  ven t r i cu la r  o b s t r u c t i o n ,  since d r ink ing  can  
vent r ic le  or  f o r amen  and,  consequen t ly ,  the  plug did no t  el ici ted wi th  ang lo tens ln  in jec t ions  in to  the  A V 3 ¥  
c o m p l e t e l y  fill the  ventr icle .  I n c o m p l e t e  plugs wh ich  are no  s ignif icant  changes  in water ,  saline, or to t  
a l lowed passage of  dye did not  cons i s t en t ly  decrease  in take  to AII  s t imu la t i on  in the A V 3 V  af te r  dors  
d r ink ing  to AII  in jec t ions  at  any  site. Resul ts  are p resen ted  vent r ic le  plugs. Resul ts  are summar ized  in Table  4. 
on ly  for  an imals  wi th  comple t e  plugs t ha t  p r even t ed  dye Dorsal  t h i rd  ventr ic le  plugs also a t t e n u a t e d  the c 
spread b e y o n d  the  plug site. r educed  by  Al l  re jec t ions  in to  the  th i rd  vent r ic le  

Resul ts  o f  the  radioac t ive  t racings also ind ica ted  t ha t  the  to the  SFO ( the  cannu l a  p l acemen t  was lateral  to  
plugs acted as effect ive  barr iers  to spread of  in jec ted  avoid des t roy ing  the  s t ruc ture ) .  Figure 3d fllustra 
chemicals .  Radioac t ive  c o u n t s  f rom the  SFO-dorsa l  th i rd  cannu la  and  plug a r r angemen t .  In 6 rats, post-plug c 
vent r ic le  samples  and  the  A V 3 V  samples  were conve r t ed  to to  AII  in jec t ions  near  the  SFO was on ly  35% ot  1 
c o u n t s  per  m m  per  g of  tissue a f te r  s u b t r a c t i o n  of  values,  this  d e c r e m e n t  was s ignif icant  at  the  0.0 
b a c k g r o u n d  counts .  A ra t io  was then  made  for  each an imal  Again,  d r ink ing  to A V 3 V  in jec t ions  of  AII  in these 
by  dividing SFO c o u n t s  by A V 3 V  counts .  These  ra t ios  were was no t  a f fec ted  by  the  plugs Table  5 presen ts  the 
t h e n  c o m p a r e d  in con t r o l  an imals  (2 rats w i t h o u t  plugs and  Dorsal  th i rd  ventr ic le  plugs at  the level of  the  f 
1 an imal  wi th  a plug tha t  was no t  in the vent r ic le)  and  7 were not  effect ive at  b lock ing  dr ink ing  induced  by 
an imals  wi th  well placed plugs. The  mean  ra t io  for  the  3 in jec t ions  o f  AII  in any  of  the  above  expe r imen t s .  I 
con t ro l  an imals  was 2.43 -+ 0.8, while  the  ra t io  for plugged 17 rats  wi th  dorsal  th i rd  vent r ic le  plugs were te~, 
an imals  was 0.07 -+ 0.02.  This  d i f fe rence  be t w een  con t ro l s  d r ink ing  fo l lowing Al l  in jec t ions  in to  the AV3V.  F 
and  an imals  wi th  well placed plugs was h ighly  s lgmflcant  i l lus t ra tes  this  a r r angemen t .  For  these animals ,  no 
( p < 0 . 0 0 1  for  i n d e p e n d e n t  t). The  S F O / A V 3 V  c o u n t s  ra t io  can t  changes  in water,  saline, or  to t a l  in take  were ol 
for  the  7 plugged an imals  was on ly  2.9% of  the  rat io  for  the  w i th  40 or  100 ng AII reject ions.  Mean intal~ 
controls ,  s t anda rd  er rors  were as f o l l o w s  pre-plug - wa te r  

When  the  plugs were well placed,  d r ink ing  elici ted by  1.2, 1.8% NaC1 = 2.8 -+ 1 2, post-plug - wa te r  = 8 
AII  in jec t ions  in to  LPO or  LV was vi r tua l ly  abohshed .  1 8% NaCI = 3.6-+ 1.2. 
Table  3 p resen t s  the  fluid in takes  induced  by  LPO 
re jec t ions  o f  AII  before  and a f te r  p l a c e m e n t  of  f o r a m e n  or  Anterior Ventral Third Ventricle Plugs 
th i rd  ven t r ic le  plugs t h a t  p reven ted  passage of  dye in to  the  E~ght ra ts  were tes ted for  d r ink ing  to 100 ng in  
th i rd  ventr ic le .  See Fig. 3b for an i l lus t ra t ion  of  this  of  AII  in to  the LV befo re  and  af ter  A V 3 V  plugs. El 
p repa ra t ion .  The  magn i tude  of  the  post -plug d r ink ing  i l lus t ra tes  this  p repa ra t ion .  Mean pre-plug in takes  
response  is on ly  14% of  the  pre-plug value;  this  d e c r e m e n t  dard dev ia t ion  for these  ra ts  were 7 .28 +_ 2.1 ml,  pc 
in d r ink ing  to LPO re jec t ions  of  AII  is h ighly  s igni f icant  in takes  were 0.3 +_ .09 ml (on ly  wa te r  was avadabl  
( p < 0 . 0 0 1 ) .  As a con t r o l  for possible  d e b l h t a t m g  ef fec ts  of  d e c r e m e n t  in pos t -p lug response  c o m p a r e d  to I 
the  plug p r e p a r a t i o n  which  might  have p reven ted  d r ink ing  response  IS s ignif icant  at t he  0 001 level. Examina  
f rom occurr ing ,  10 of  the  14 ammals  studaed were tes ted  the  dye  d i f fus ion  p a t t e r n s  and plug sites a f te r  LV il 
for  d r ink ing  to A V 3 V  re jec t ions  o f  AII  (4 rats  had  sc reened  revealed t ha t  the  plugs e x t e n d e d  to the  ln terven  
negat ive) .  In this  case, post-plug dr ink ing  was 94% of  f o r amen  In 4 animals ,  and  consequen t ly ,  dye x~ 
pre-plug values (See Table  3). observed a n y w h e r e  in the  th i rd  ventr ic le .  In t h e ,  
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T A B L E  4 of  AlI .  This  resul t  lmphes  tha t  Al l  in jec ted  in to  LP( 

EFFECT OF VENTRICULAR OBSTRUCTION BY DORSAL THIRD dr ink ing  by  spread to lateral  and  t hen  thi rd  ventr lc  
VENTRICLE PLUGS ON DRINKING TO ANGIOTENSIN INJEC- hypo thes i s  tha t  Al l  may  be t r an spo r t ed  by  b lood  fro 

TIONS (40 OR 100 NG) to a d i s t an t  site of  ac t ion  is no t  suppo r t ed  by the: 
The  data  also do no t  suppor t  the  hypo thes i s  th~ 
con ta ins  d lpsogenic  recep tors  for  AII  [ 4 ] ,  smc 

Preplug Postplug re jec t ions  of  AII are ineffec t ive  w h e n  drug spread 
to th i rd  vent r ic le  is re ta rded .  

Fluid Intake in ML after LV Injection, N =9 Resul ts  of  the  ventrxcular  o b s t r u c t i o n  s tudies  do 
Water 1 8% NaCI Total Water 1.8% NaCI Total t ha t  the  p r imary  site of  ac t ,on  for  in t race rebra l  in. 

Mean 6 2 I 1 7 4 0 7 0 1 0 8 of  A I I t s  in the  an te r io r -ven t ra l  th i rd  ventr icle .  Wit] 
SEM I 0 0 4 I 0 0 4 0 I 0 4 th i rd  vent r ic le  plugs, AII in jected in to  the  A V 3 V  d 

Fired Intake in ML after AV3V InJection, N=9 spread in s ignif icant  a m o u n t s  to the SFO (rad 
Water 18% NaCI Total Water 18% NaCI Total t rac ing ind ica tes  t ha t  wi th  dorsal  th i rd  ventr icle  

Mean 11 2 3 5 14.7 7 8 5 7 13 5 access to  the  SFO region is on ly  2.9% of  its normal  
SEM 2 1 2 0 3 2 1 4 2 0 3 5 Since the  d r ink ing  response  to A V 3 V  in jec t ions  of  

no t  change  a f te r  dorsal  plugs, it is unl ike ly  tha t  S 
involved in the  med ia t i on  of dr inking.  If the  SI 

T A B L E  5 involved in media t ing  d r ink ing  to A V 3 V  inject ions  

EFFECT OF VENTRICULAR OBSTRUCTION BY DORSAL THIRD despi te  the  presence  of  dorsal  th i rd  ventr ic le  plugs, 
VENTRICLE PLUGS ON DRINKING TO AII INJECTIONS (40 OR 100 97% r e d u c t i o n  in the  a m o u n t  of  drug reaching tl 

NG) INTO AV3V OR THIRD VENTRICLE NEAR SFO shou ld  resul t  In  a great ly  a t t e n u a t e d  r e s p o n s e  s i n c e  d 
to d i rec t  SFO in jec t ion  is dose -dependen t  [ 3 3 ] .  How 

Preplug Postplug IS possible t ha t  while b lood  t r anspor t  f rom LV or  
no t  apparen t ,  s ignif icant  b lood  t r anspor t  f rom A' 

Fluid Intake in ML after SFO InJection, N=6 receptors  did occur  If so, it seems d o u b t f u l  t h a  
Water 1.8% NaCI Total Water I 8% NaCI Total t r a n s p o r t  to  SFO is the  essential  event ,  since SFO les 

Mean 11 0 2 4 13 4 4 3 0 3 4.7 no t  abol i sh  d r ink ing  to A V 3 V  inJect ions  of  AII  
SEM 16 19 2 3 0 8 0 3 0 8 These  results  imply  tha t  d r ink ing  to m t r aven  

in jec t ions  o f  AII  is no t  d e p e n d e n t  on  access to th 
Fluid Intake m ML after AV3V Injection, N=5 When AII IS in jec ted  in to  the  th i rd  ventr ic le  lateral 

Water 18% NaCI Total Water 18% NaCI Total b o d y  o f  the  SFO,  dr ink ing  is severely a t t e n u a t e  
Mean 88  27  115 109 13 123 dorsal  th i rd  vent r ic le  plug However ,  it mus t  be not  
SEM 0.9 21 19 18 0 9  2 6  Al l  induced  d r ink ing  was not  comple t e ly  abol ished 

case as 35% of  the  pre-plug response  r emained  Thl  
does  no t  make  at possible to rule ou t  an act 
CSF-bo rne  Al l  on  the SFO to elicit dr inking.  Th 

rats, the  plugs did not  spread to the  f o r a m e n  f rom the  ac t ion  of  Al l  on  SFO may be suff ic ient  to cause d 
A V 3 V  in jec t ion  site and  dye f rom the  LV was observed  in bu t  no t  necessary,  as o the r  recep tors  in the dtstrlb~ 
the  dorsal  th i rd  vent r ic le  ( inc lud ing  the  SFO)  e x t e n d i n g  mjectaons  in to  A V 3 V  are also suff ic ient ,  mdepen~ 
in to  the  cerebra l  a q u e d u c t  and  f o u r t h  ventr ic le ,  bu t  no t  m SFO media t ion .  
the  plugged ven t ra l  th i rd  vent r ic le  Dr ink ing  af ter  LV With  this  hypo thes i s ,  the  severe a t t e n u a t i o n  of  d 
in jec t ion  of  Al l  was r educed  in these  4 an imals  despate the  to Al l  in jec t ions  in to  the  vic ini ty  of  the SFO wher  
fact  tha t  a channe l  for drug spread via CSF b e t w e e n  LV and  th i rd  vent r ic le  plugs are in place IS perplexing.  It is t 
SFO rema ined  open  (Pre-plug in take .  8.4 _+ 2.0 ml ,  t h a t  access to  SFO of  in jec t ions  jus t  lateral  to 
Post-plug in take  0.7 -+ 1 3 ml)  Thas d e c r e m e n t  in d r ink ing  impai red  by  plugs which  o f t en  spread to the  SFO 
to LV in jec t ions  of  Al l  w h e n  plugs al lowed h o r m o n e  access This  could  a c c o u n t  for  the  a t t e n u a t i o n  no t ed  On th 
to SFO bu t  no t  A V 3 V  is s ignif icant  at t he  0 02 level, hand ,  it is possible  tha t  spread of Al l  to  A V 3 V  m r~ 

dorsal  th i rd  vent r ic le  plugs Is grea ter  a f te r  ln ject lo  
the  SFO t h a n  it is a f te r  LPO or LV injec t ions ,  Sl~ 
SFO re jec t ion  site is closer to the plug. Resul ts  fr 

D I S C U S S I O N  
s tudy  wi th  an te r io r -ven t ra l  th i rd  ventr ic le  plugs sugg 

The  e x p e r i m e n t s  wi th  ven t r l cu la r  o b s t r u c t i o n  ind ica te  the  l a t t e r  i n t e r p r e t a t i o n  may be more  appropr ia te .  
t h a t  plugs are an  effect ive m e t h o d  for  l imi t ing  spread o f  s tudy ,  d r ink ing  to LV in jec t ions  of Al l  was great ly  
re jec ted chemica ls  t h r o u g h  the  v e n t n c u l a r  sys tem.  When  even w h e n  the  plugs pe rmi t t ed  spread via CSF f ron  
plugs b lock  access of  CSF f low f rom lateral  vent r ic les  to  dorsal  th i rd  vent r ic le  and  SFO. Thus ,  these data  I 
t h i rd  ven t r i c le  t h r o u g h  the  l n t e rven t r i cu l a r  fo ramen ,  LV tha t  the  d r ink ing  induced  by in t r aven t r l cu la r  inject 
in jec t ions  of  AII  are no longer  effect ive  an e h c i t m g  AII cr i t ical ly depends  on  access of  the  h o r m o n  
dr inking.  This  resul t  amplies t ha t  AII reJected in to  LV par t i cu la r  region of  pe r iven t r l cu la r  tissue, the a 
no rma l ly  induces  th i r s t  by  spread to th i rd  ventr ic le  Thus ,  vent ra l  th i rd  ventr ic le .  With this  view, access 
these  da ta  s u p p o r t  the  h y p o t h e s i s  t ha t  one  or  more  t issue h o r m o n e  wa CSF to the  SFO is ne i the r  necess~ 
rotes in or  near  the th i rd  vent r ic le  con t a i n  the  cen t ra l  suf f ic ient  to arouse  dr inking.  
d ipsogenic  r ecep to r s  for  All .  It mus t  be  n o t e d  however ,  t ha t  these  resul ts  

Plugs which  b lock  access f rom LV to th i rd  ventr ic le  also necessari ly amply tha t  SFO is devoid of  dlpsogenl~ 
abol ish  the  d r ink ing  no rma l ly  observed  af te r  LPO in jec t ion  tors  for  AII. It may  be tha t  SFO con ta ins  dip 
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recep to r s  for  AII  t h a t  p r imar i ly  are a f fec ted  by  b lood-  dogs have b e e n  r epo r t ed  to p roduce  adipsia w i t h o u t  
borne ,  as opposed  to CSF-bo rne  AII. In th is  regard,  last ing up to 14 days  post  lesion [3 ] .  In rats, 
S impson  has  r epo r t ed  t h a t  AII  in jec t ions  in to  the  b o d y  of  p reop t l c  lesions impai red  ope ran t  r e spond ing  for  w 
the  SFO elicit  d r ink ing  at a lower  th re sho ld  t han  in jec t ions  no t  food r e i n f o r c e m e n t  [8 ] .  These  da ta  supp 
jus t  ou t s ide  the  b o d y  o f  the  SFO, in to  the  dorsal  th i rd  hypo thes i s  t ha t  the  A V 3 V  region is i m p o r t a n t l y  lnv 
vent r ic le  [31 ]. t he  m e d i a t i o n  of  th i rs t  behavior .  

In s u b s e q u e n t  use of  the  ven t r l cu la r  plugging t echn ique ,  Neuroendocrxnolog is t s  in te res ted  In e n d o c r i n e  f 
H o f f m a n  and Phil l ips [18]  have also conc luded  t h a t  m e c h a n i s m s  for  con t ro l  of  p i tu i t a ry  secre t ion  h~ 
dr ink ing  fo l lowing in t r aven t r l cu l a r  reJect ion of  AII  d e p e n d s  been  impressed  wi th  the possibi l i ty  of  ven t r Icu la r  m 
o n  access of  the  h o r m o n e  to the  an te r io r -ven t ra l  th i rd  of  h o r m o n e  recep t ion ,  secre t ion ,  or  t r anspo r t  [ 
ventr ic le ,  and no t  SFO F u r t h e r m o r e ,  they  r epo r t ed  tha t  There  are several d i s t inguish ing  fea tures  of  the  ana 
the  pressor  response  observed  a f te r  l n t r aven t r i cu l a r  mjec-  the  ven t ra l  th i rd  vent r ic le  region which  deserve cc 
t lons  of  AII  depends  on  access of  the  h o r m o n e  to t ion.  Atyp ica l  ven t r Icu la r  e p e n d y m a  ( t a n y c y t e s ) w  
an te r io r -ven t ra l  th i rd  ventr ic le  as well. basal processes ex t end ing  f rom CSF to neuro'~ 

Final ly ,  the  dorsal  th i rd  ventr ic le  plug art i f icial ly capi l lary  endings  are especial ly n u m e r o u s  in thI: 
s imula tes  the  pos tu l a t ed  effect  of  SFO lesions t ha t  resul ts  [ 2 7 , 3 0 ] .  Two ext ra  b lood-b ra in -ba r r i e r  structu~ 
in t e m p o r a r y  decreases  in d r ink ing  to LV or  LPO (bu t  no t  med ian  eminence  and the o r g a n u m  vascu losum 
A V 3 V )  inJect ions  of  AII, t ha t  is, b lockage  of  the  f o r a m e n  lamina  t e r m i n a h s  (OVLT) ,  are also located in the 
and  CSF c i rcu la t ion  by  lesion p roduced  e d e m a  or debris.  In region. The  u l t r a s t ruc tu ra l  and b iochemica l  feat 
this  light, it is in te res t ing  to no te  t ha t  qua l i t a t ive ly  these c l r cumven t r l cu la r  organs  are cons i s t en t  w l t h :  
equ iva len t  e f fec ts  on  d r ink ing  to in t r ace rebra l  in jec t ions  of  secre tory  f u n c t i o n  [ 2 2 , 3 9 ] .  Also, no t e  tha t  O V L T  a 
AII  are p roduced  by  dorsal  th i rd  vent r ic le  or  f o r amen  plugs seem to share a c o m m o n  Innerva t ion .  Bo th  ha' 
and  SFO lesions,  impl ica ted  in the  chohne rg i c  h m b i c  circui t  of  Le 

Shu te  [ 2 4 ] ,  and  b o t h  receive a f fe ren t s  f rom the  
p reop t lc  nuc leus  [16]  Since the  plug t e c h n i q u e  
permi t  precise local iza t ion  of  r ecep tors  wi th in  the  
the per iven t r icu la r  nuc lear  groups  and  c i rcumver  

G E N E R A L  DISCUSSION 
organs wi th in  the  region mus t  be cons idered  as p 

The  results  of  the e x p e r i m e n t s  r epo r t ed  here  ind ica te  recep tors  for  AII;  the poss ibi l i ty  of  t r a n s p o r t  to r~ 
tha t  the  d r ink ing  response  ehc l ted  by  ln t r ace rebra l  lnjec- s o m e w h a t  r emoved  f rom the  ventr ic les  by  tanyc,. 
t lons  o f  AII  depends  on  spread of  the  h o r m o n e  in CSF to cesses can no t  be dismissed ei ther .  
an t e r i o r  ven t ra l  th i rd  vent r ic le  receptors .  The  issue of  the  It mus t  also be no t ed  tha t  none  of  the procedur~ 
loca t ion  of  r ecep tors  respons ib le  for  d r ink ing  fo l lowing presen t  s tudies  succeeded in separa t ing  wa te r  fro~ 
sys temic  in fus ions  of  AII  was no t  d i rec t ly  addressed by  in take  af te r  AI I -mduced  dr ink ing  [ 6 ] .  A l thoug  
these expe r imen t s ,  t h r o u g h  an exclusive role for  the  SFO in s tudies  were not  d i rec t ly  addressed to w h e t h e r  w', 
med ia t ing  thas response  was q u e s t i o n e d  since SFO lesions saline in take  induced  by  AII  are due to an ac 
r educed  but  d i d n ' t  abol i sh  d r ink ing  to l n t r a p e r i t o n e a l  ana tomica l l y  separa te  receptors ,  the results  do  n 
in jec t ions  of  renin .  Thus ,  SFO m a y  con ta in  d lpsogemc  s u p p o r t  to  such  a h y p o t h e s i s  
r ecep tors  sensi t ive to b lood  levels of  AII  bu t  it appears  The  precise c o n d i t i o n s  or  m e c h a n i s m s  which  
un l ike ly  t ha t  these are the  only  b lood-faced  AII  r ecep to r s  d r ink ing  fol lowing AII  re jec t ions  r emain  uneluclda~ 
At present ,  t he re  ~s no  evidence  which  d e m o n s t r a t e s  tha t  also unc lear  wha t  the s ignif icance of  the  end 
in tac t  AII  of  pe r iphera l  origin gains en t ry  to the b ra in  or  bra in-based  renm-angxotensm sys tem is for  th i rs t  [ 
CSF, t h o u g h  the re  is pha rmaco log ica l  ev idence  l m p h c a t m g  Whe the r  a n g l o t e n s m  of  renal  or bra in  origin IS 
cent ra l  pe r lven t r i cu la r  r ecep tors  in dr ink ing  to e levated involved m the med ia t i on  of  ex t race l lu la r  thirs t  
sys temic  levels of  AII [ 2 0 ] .  Our  da ta  suggest tha t  the  crucial ly  or as a se ldom used safe ty  factor ,  
A V 3 V  region may media te ,  at least  in part ,  d r ink ing  unanswered  [ 1 , 3 6 ] .  However ,  the de f in i t i on  of  a n, 
fo l lowing systemic,  as well as lntraventr~cular ,  in jec t ions  of  subs t r a t e  ( A V 3 V )  for  the  d lpsogenic  ef fec t  of  the  h 
AII. provides  an i m p o r t a n t  first s tep needed  to mvestiga 

Several o t h e r  lines of  ewdence  po in t  to the  i m p o r t a n c e  r e m a i n i n g  p rob l ems  conce rn ing  the  slgmflca 
of  the  A V 3 V  region as a r ecep to r  site media t ing  th i rs t  ang io t ensm- lnduced  thirst .  
behav io r  Ander s son  [2]  has provided data  impl ica t ing  this  
region as a r ecep to r  site for h y p e r o s m o t l c  s t lmuh ,  which  he 
believes involves an  increase m sod ium c o n c e n t r a t i o n s  in 
sensi t ive neurons .  A n o t h e r  g roup  [25]  and one  of  us [5]  ACKNOWLEDGEMENTS 
have also r epor ted  e h o t a t l o n  of  th i r s t  fo l lowing hyper -  
o smo t i c  re jec t ions  in to  th i rd  ventr ic le ,  a l t h o u g h  ne i the r  of  

Most of the work in this article was taken from J. B 
these  r epor t s  could c o n c u r  tha t  increased sod ium concen-  dissertation (December, 1974) and was carried out In /~ 
t r a t l on  r a the r  t han  increased osmola r l t y  was the crucial  laboratory at the University of Pittsburgh. Support was prc 
s t imulus  a rous ing  thirst .  Thus,  it is possible t ha t  the A V 3 V  NSF Predoctoral traineeship to J. B,  NIH grant MN 1951 
con t a in s  d lpsogenlc  r ecep to r s  sensi t ive to h y p e r o s m o t l c  F., and a grant to J. B from the Iowa Medical Research Cot 
s t imul i  as well as AII. The assistance of Don Canfield, Kim Johnson, Claud 

Lesions of  an te r io r -ven t ra l  p e r l v e n t n c u l a r  zones  at the  Celeste Malinkowski, Ian Phillips, Judy Phlpps, Neil Rowl 
level o f  the  an t e r i o r  h y p o t h a l a m u s  and p reop t i c  areas in Denny Wherry is gratefully appreciated. 
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