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WAYNER, M. J., T. ONO AND D. NOLLEY. Effects ofangiotensin applied electrophoretically on lateral hypothalamic 
neurons. PHARMAC. BIOCHEM. BEHAV. 1(2) 223--226, 1973.-The effects of angiotensin II applied by means of 
electrophoresis through multibarreled glass capillary electrodes on the extracellularly recorded discharge frequencies of 
brain ceils were determined. A total of 148 neurons in 21 female hooded rats anesthetized with urethan and chloralose 
were tested. Results indicate two types of neurons within the lateral hypothalamus (LH) which are affected differently by 
angiotensin II; those of the medial forebrain bundle (LH-MFB) which increase in discharge frequency, and another type at 
the ventral border of the LH which decrease in discharge frequency. Neurons of the zona incerta were similar to those of 
the medial forebrain bundle. All of the Na sensitive cells of the LH-MFB and the zona incerta were also sensitive to 
angiotensin 11. Neurons of the LH, LH-MFB and zona incerta have a relatively low threshold to angiotensin il. At higher 
doses the effect appears to be more nonspecific and one third of the thalamic cells tested also responded. Only one of the 
13 neurons in the cerebral cortex was affected. Angiotensin II in small quantities might therefore influence drinking 
because of a specific effect on Na sensitive neurons of the LH. 
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A N G I O T E N S I N  is a subs tance  of  cons iderab le  cu r r en t  
in teres t  because  it appears  to be involved in no rma l  b o d y  
fluid regula t ion  by  s t imu la t i ng  the  release o f  a ldos t e rone  
and an t id iu re t i c  h o r m o n e  [41 and  by  a d i rec t  ac t ion  on  
h y p o t h a l a m i c  n e u r o n s  impl ica ted  in the  c o n t r o l  o f  d r ink ing  
[ 3 ] .  Results  which  ind ica te  tha t  the  p reop t i c  region,  
an t e r i o r  h y p o t h a l a m u s ,  lateral  h y p o t h a l a m u s ,  and  septal  
region are d i f fe ren t ia l ly  sensi t ive to  ang io tens in  migh t  be 
c o n f o u n d e d  by  the  spread of  the  admin i s t e red  fluid a long  
the  shaf t  of  the  indwel l ing  chron ic  cannu lae  in to  the  
ventr ic les  wi th  possible  ac t ion  at  some o t h e r  t issue sites 
[ 5 , 1 0 ] .  Since ang io tens in  appl ied in t r aven t r i cu la r ly  elicits 
d r ink ing  [2]  and  there  is no  evidence  t ha t  it crosses the  
b lood  bra in  bar r ie r  [ 9 ] ,  an ind i rec t  rou te  to  cen t ra l  neu rons  
via the  cho ro id  plexuses,  ce rebrosp ina l  f luid and  ventr ic les ,  
par t icular ly  in to  the  walls of  the  th i rd  vent r ic le  [12]  seems 
very likely. In add i t ion ,  b o t h  ang io tens in  and ca rbacho l  
when  in jec ted  in the  midl ine  region of  the  rat  bra in  p roduce  
d r ink ing  [ 1 1 ] .  These  results  raise some  ser ious d o u b t s  
conce rn ing  the  func t iona l  s ignif icance o f  the  r e n i n -  
ang io tens in  sys tem in the  e l i c i t a t ion  of  d r ink ing  and  raise 
the  i m p o r t a n t  ques t ion  of  specific sensi t iv i ty  of  cen t ra l  

neu rons  to angio tens in .  Two br ief  repor t s  have appeared  
recent ly  in which  the  sensi t ivi ty  o f  h y p o t h a l a m i c  neu rons  
to ang io tens in  was d e t e r m i n e d  by  more  direct  means  [ 6 , 8 ] .  
The  purpose  of  the  p resen t  e x p e r i m e n t  was to examine  in 
greater  detai l  the  effects  of  valine ~-angiotensin  11 on  the  
discharge f r equency  of  lateral  h y p o t h a l a m i c  n e u r o n s  of  the  
rat  w h e n  appl ied mic roe lec t rophore t i caUy .  Results  ind ica te  
two types  of  neu rons  wi th in  the  lateral  h y p o t h a l a m u s  (LH) 
which  are a f fec ted  d i f fe ren t ly  by  angio tens in .  

METHOD 

A nim als 

Expe r imen t s  were p e r f o r m e d  on 21 female h o o d e d  rats, 
2 5 0 - 2 9 0  g in weight ,  selected f rom our  co lony .  

Procedures 

Animals  were anes the t i zed  wi th  a m ix tu r e  o f  chlora lose  
(50  mg/kg)  and u r e than  (0.5 g/kg)  admin i s t e red  in t raper i -  
toneal ly .  Subsequen t  m a i n t e n a n c e  doses of  chlora lose  
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( 1 0 - 2 0  mg/kg)  and u r e t han  (0 .1--0 .2  g / k g ) w e r e  injected 
when  necessary.  In general  the r ema inde r  of  the  p rocedures  
were as descr ibed previously [ 1 3 ] .  Briefly,  three  barre led 
glass capil lary mic roe lec t rode  arrays were used. Extra-  
cellular single uni t  discharges were recorded  t h r ough  one 
barrel  filled wi th  4 M NaC1, resis tance varied f rom 5 to 25 
M~ .  Act ion  po ten t i a l s  were ampl i f ied ,  m o n i t o r e d  visually, Site 
s tored on  magnet ic  tape,  and analyzed by  conven t iona l  
means.  The  o t h e r  two  barrels were filled wi th  angio tens in  I1 
(CIBA, 83% val ineS-angiotensin  II and 17% a m m o n i u m  LH 
aceta te) ,  12 6 0  mg/ml  in disti l led wate r  wi th  a final pH of 
5.5 ; and monosod ium- l -g lu t ama te .  2 M, pH of  8.0 (NaOH).  LtI-MFB 
Both  subs tances  were ejected in the  vicini ty of the  t ip 
mainly  by  ou twa rd  cur ren t s  suppl ied by  a c o n s t a n t  cu r ren t  
source [141.  The  resistances of  these two barrels varied 
from 5 to 80 Mx~. The overall  tip d i ame te r  of  the  th ree  
barreled array varied from 3 - 6 u .  Possible direct  electr ical  
effects  of the  mic roe l ec t r opho r e t i c  cur ren ts  were evaluated  
on the basis of  previously publ i shed  cri teria [ I ]  and 
unrel iable  data  were discarded.  Tests  pe r fo rmed  wi th  
a m m o n i u m  ace ta te  a lone  in distil led water  were negative 
and indicate  tha t  the  effects  repor ted  here can be a t t r i bu t ed  
to the  angio tens in .  The final e lec t rode  tip pos i t ion  wi th in  
the brain  for  each e x p e r i m e n t  was d e t e r m i n e d  by  perfus ing 
the animal  wi th  the  e lec t rode  shaf t  in place. Af ter  f ixa t ion  
the e lec t rode  was removed  and the  brain  was sec t ioned  at 
40 u, s ta ined wi th  cresyl violet ,  and examined  by  means  of  
a dissect ing microscope.  Cortex 

TABI.E 1 

A SUMMARY OF TIIE EFFECTS OF ANGIOTENSIN I1 AND Na 
ON THE NEURONS OF FIVE DIFFERENT BRAIN SITES 

N 

Angiotensin Na 

E 1 O N E I 

17 0 9 8 2/9 (3 1 1 

29 19 0 10 14/19 3 0 11 

10/10 (1 0 10 

Zona lncerta 23 16 1 6 16/16 4 0 12 

1/I 0 1 0 

3/6 0 0 3 

Thalamus 66 18 7 41 18/18 0 0 18 

7/7 0 tl 7 

13 0 1 12 2/12 0 0 2 

RESU LTS 

The data on  148 cells f rom 5 d i f fe ren t  bra in  sites are 
summar ized  in Table 1. The n u m b e r  o f  cells, N, s tudied  in 
each site is also inc luded.  Two d i f fe ren t  types  of n e u r o n  
were found  in the  LH; those def in i te ly  wi th in  the  medial  
forebrain  bund le  (LH-MFB),  and a d i f fe ren t  variety located 
abou t  0.5 mm more  ventral  and  slightly more  medial  (LH) 
from the  cen te r  of  the  lateral h y p o t h a l a m u s .  Of 17 LH cells 
s tudied ,  n ine  were inh ib i t ed  (1), none  were exci ted  (E),  and 
eight  were no t  af fected (O) by  the  ejected angio tens in .  Of 
the nine which  were inh ib i ted ,  two  were tes ted wi th  Na and 
in one the  discharge f requency  decreased (I) and the  o t h e r  
was no t  af fec ted .  These cells of  the  lower  LH have a 
relatively low s p o n t a n e o u s  discharge f r equency  which  make  
t hem par t icular ly  diff icul t  to locate.  Searching was facili- 
ta ted by the  e l ec t rophore t i c  app l ica t ion  of  g lu tamate  
t h rough  one of  the  capillaries. The  effects  of  g lu tamate  and 
angio tens in  on  one  of  these neu rons  are i l lus t ra ted in Part B 
of  Fig. 1. This cell had  a s p o n t a n e o u s  discharge f r equency  
of a b o u t  one  every three  seconds  which  was def in i te ly  
increased by the  e ject ion of g lu tamate  which con t inued  
f rom the  vertical a r row unt i l  the  end of  the  four th  tracing.  
The i nh ib i t o ry  effects  of  ang io tens in  ejected by  cur ren t s  of  
2, 5 and 20 nA are also i l lus t ra ted.  The du ra t ion  of  the  
angio tens in  app l ica t ion  is ind ica ted  by the  ho r i zon ta l  line. 
Since th ree  barreled e lec t rodes  were used and one  capil lary 
was filled wi th  g lu tamate ,  it was impossible  to test  any  one  
cell wi th  b o t h  angio tens in  and Na. The two  cells tes ted for  
Na the re fo re  did not  have enhanced  discharge f requencies  
due to g lu tamate .  

Twen ty -n ine  LtI-MFB neurons  were tes ted.  Nine teen  
were exci ted by  angio tens in ,  increased in discharge fre- 
quency ,  none  were inh ib i t ed ,  and I 0 were no t  af fec ted .  The  
effects  of  I0,  20, and 100 nA cur ren t  applied t h r o u g h  the  
angio tens in  filled capil lary are i l lustrated in Part  A of  Fig. 

1. A dose related increase is obvious.  A dose related af te r  
effect  is also appa ren t .  As these  cells had a relatively high 
s p o n t a n e o u s  discharge rate as compared  to the  lower  LH, 
mean  of  7.3 spikes per  sec wi th  a s tandard  er ror  of  1.4 
spikes per  sec, g lu tamate  faci l i ta t ion was no t  necessary and 
14 out  of  the  19 exci ted cells were tes ted wi th  Na. Three  of 
these cells were exci ted  by  Na and 11 were not  a f fec ted .  Of 
the 10 not  a f fec ted  by  angio tens in ,  all were not  a f fec ted  by  
Na. 

In the zona incer ta  23 neu rons  were tes ted .  Of  these,  16 
were exci ted ,  one  decreased in discharge f r equency ,  and  six 
were no t  af fec ted .  The mean  s p o n t a n e o u s  discharge rate 
was 6.6 spikes per  sec wi th  a s tandard  e r ror  of  2.1 spikes 
per  sec. Of the  16 which  were exci ted  by  angio ten-  
sin, 4 increased in discharge f r equency  due  to Na, and 12 
were not  af fec ted .  The  one which was inh ib i ted  by 
angio tens in  was also inh ib i t ed  by  Na. Three  of  the  six cells 
no t  af fected by angio tens in  were also tested by  Na and 
were not  af fec ted .  The  neu rons  of  the  LII, LH-MFB, and 
zona incer ta  have a low th resho ld  to ang io tens in  wi th  a 
required e jec t ion  cu r ren t  of  less than  20 nA. Both  an 
increase and decrease in discharge f r equency  are i l lus t ra ted 
in Fig. 1. The Na sensi t ive effects  had a h igher  th reshold  in 
general and required e ject ion cur ren t s  of  app rox ima te ly  
100 nA. 

A relatively large n u m b e r  of  tha lamic  cells were tested 
because all of  the  neu rons  s tudied were located a long 
essentially the  same e lec t rode  t ract  which  resulted f rom the  
a t t e m p t  to  place each e lec t rode  tip in the  same predeter -  
mined site. Of  the  66 cells tes ted,  18 increased,  7 decreased 
in discharge f r equency ,  and 41 were no t  af fec ted .  All of 
these neu rons  displayed high th resho lds  and required more  
than  50 nA of  e jec t ion  cu r ren t  to  p roduce  an observable  
increase in f requency .  All of  the  18 which  were increased 
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FIG. I. A. A neuron of the LH-MFB region which increased in discharge rate during the ejection of 10, 20, and 100 nA of current. B. A 
neuron of the lower LH. The spontaneous discharge rate increased by the application of glutamate, from the downward pointing arrow until 

the end of the fourth tracing, and decreased by the ejections of 2, 5, 20 nA of angiotensin II as indicated by the horizontal solid lines. 

by  angio tens in  were tes ted  wi th  Na and  were no t  a f fec ted .  
The  seven which  decreased were also tes ted wi th  Na and 
were no t  af fec ted .  In the  cerebral  cor tex  13 cells were 
tes ted  by  ang io tens in ,  one  decreased in discharge f r equency  
and 12 were not  a f fec ted .  The  decrease in discharge 
f requency  by  t he  one  cell requi red  an e jec t ion  cu r r en t  of  
over  200  nA and  it is unl ike ly  tha t  the  effect  can be 
a t t r i bu t ed  only  to the  ang io tens in .  Two cells were tes ted  
wi th  Na and were no t  a f fec ted .  

DISCUSSION 

These s o m e w h a t  t e n u o u s  resul ts  ind ica te  t ha t  m a n y  cells 
of  the  LH and zona  incer ta  are relat ively more  sensi t ive to  
ang io tens in  and Na t han  neu r ons  of  the  t ha l amus  and  
cerebral  cor tex .  Many more  cells are sensi t ive to  ang io tens in  
than Na and  all Na sensi t ive cells are also sensi t ive to  
angio tens in .  The  low s p o n t a n e o u s l y  active vent ra l  LH 
neu rons  d e c r e a s e  in discharge f r equency  w h e n  ang io tens in  
is appl ied;  whereas ,  t he  cells of  t he  LH-MFB increase in 

discharge rate.  The  neu rons  of  the  zona  incer ta  are very 
similar  in this  respect  to  the  LH-MFB region and  possibly 
represen t  cells of  the  same popu la t i on .  The  relatively c rude  
histological  m e t h o d s  which  were ut i l ized do  no t  pe rmi t  a 
clear d i f f e r en t i a t i on  be tween  the  t e r m i n a t i o n  of  the  LH and  
beg inn ing  of  the  zona  incerta .  The re fo re  ang io tens in  seems 
to  have a specific ef fec t  on  two  types  o f  n e u r o n s  in the  
vent ra l  LH and LH-MFB-zona  incer ta  regions. With larger 
doses the  effect  is more  nonspec i f ic  and  m a n y  cells of  the  
t ha l amus  are also af fec ted .  All Na sensi t ive n e u r o n s  o f  the  
LH-MFB-zona  incer ta  were also sensit ive to angio tens in .  
There fo re  ang io tens in  in small  quan t i t i e s  migh t  in f luence  
d r ink ing  because  of  a specific e f fec t  on  the  LH Na sensi t ive 
neu rons  [71.  A l though  these  neu rons  appear  to  be  in the  
same general  region where  h y p e r t o n i c  NaCI and acetyl-  
chol ine  elicit d r ink ing ,  the  effects  of  ang io tens in  appea r  to 
be i n d e p e n d e n t  of  the  effects  o f  ace ty l cho l ine  [ 8 ] .  Angio-  
tensin also seems to have a p r e d o m i n a n t l y  exc i t a to ry  ac t ion  
on neu rons  of  the  supraop t i c  nuc leus  which suggests a 
d i rec t  ef fec t  in the  release of  an t id iu re t i c  h o r m o n e  [ 6 ] .  
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