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W a t e r  I n t a k e :  I n f l u e n c e  on  D e v e l o p m e n t  of  Rat  S a l i n e  H y p e r t e n s i o n  

Chronic  d i e t a r y  sod ium excess leads to  t he  d e v e l o p m e n t  
of a r t e r i a l  h y p e r t e n s i o n  in m a n y  species a n d  a g iven  
a m o u n t  of sod ium load  is usua l ly  more  effect ive  w h e n  
a d d e d  to  d r i n k i n g  w a t e r  t h a n  whei1 a d d e d  to  t h e  food of 
an ima l s  d r i n k i n g  w a t e r  ad  lib. SAPIRSTEIN 1 specu la ted  
as ea r ly  as 1950 t h a t  t he  h y p e r t e n s i n o g e n i c  p roper t i e s  of 
sa l t  l oad ing  m i g h t  be  e n h a n c e d  b y  assoc ia ted  w a t e r  
res t r ic t ion ,  b u t  t h i s  h y p o t h e s i s  ha s  rea l ly  n e v e r  been  
t e s t ed  careful ly.  W e  s tud ied  th i s  ques t ion  b y  se lec t ive ly  
con t ro l l ing  a n d  i n d e p e n d e n t l y  v a r y i n g  sod ium a n d  w a t e r  
i n t a k e  in rats .  

Materials and methods. T h i r t y - s i x  ma le  Sprague-  
D a w l e y  rats ,  w i t h  a m e a n  b o d y  w e i g h t  of 130 g a n d  a 
m e a n  b lood  pressure  of 110 m m H g ,  were  r a n d o m l y  
d iv ided  in to  3 equa l  groups.  D u r i n g  t h e  7 weeks of exper i -  
m e n t ,  a l l  g roups  a te  low sa l t  p u r i n a  chow (0.47% NaC1) ; 
t h e i r  f luid i n t a k e  was recorded  daily,  t h e i r  sys tol ic  pres-  
sure was m e a s u r e d  weekly  w i t h o u t  anes thes i a  b y  ta i l  
p l e t h y s m o g r a p h y ,  a n d  t h e y  were t u b e  fed w i t h  10 ml  of 
f lu id  twice  a day.  

Sal t  a n d  w a t e r  r eg imen  a n d  sys tol ic  p ressure  a t  t he  
end  of 7 weeks are  s u m m a r i z e d  in t h e  Figure .  A n i m a l s  in  
g roup  i (Polydips ia)  were  t u b e  fed w i t h  300 m g  of NaC1/ 
d a y / r a t  for  2 weeks, 600 m g  for 3 weeks  a n d  900 m g  for 
2 weeks. T h e y  were a l lowed to d r i n k  dis t i l led  w a t e r  
c o n t a i n i n g  glucose 3% a n d  sacchar ine  0 .125%2;  t he i r  
ave rage  c o n s u m p t i o n  was 120 m l / d a y / r a t  a t  t he  7 th  week. 
The  f ina l  b lood  pressure  in  th i s  group,  117 m m H g ,  was 
n o t  s ign i f i can t ly  d i f fe ren t  f rom t i le  in i t i a l  va lue  of 114 
m m H g .  Three  d e a t h s  were acc identa l .  

R a t s  in  g roup  2 (ad lib.) were t u b e  fed w i t h  t he  same  
a m o u n t  of sod ium as g roup  1. T h e y  d r a n k  dis t i l led  w a t e r  
ad  l ib ;  t h e  ave rage  da i ly  c o n s u m p t i o n  was 80 ml  a t  t h e  
7 th  week  a n d  t he  f ina l  b lood pressure  was 126 m m H g .  

R a t s  in  g roup  3 ( thi rs t )  were t u b e  fed w i t h  300 m g  of 
NaC1 pe r  day,  d issolved in 20 ml  of d is t i l led  water ,  and  
dep r ived  of a n y  d r i n k i n g  water .  4 r a t s  h a d  died  b y  t he  
end  of t he  6 th  week;  t he  o the r s  looked w e a k  a n d  h a d  lost  
weight .  Desp i t e  t h e i r  poor  shape  a n d  t h e  f ac t  t h a t  t h e y  
c o n s u m e d  3 t i m e s  less NaC1 t h a n  t he  2 o the r  groups,  t h e i r  
ave rage  f ina l  b lood  pressure  was t he  h i ghes t  a t  133 m m H g ,  
s ign i f i can t ly  d i f fe ren t  f rom t h a t  of t he  f i rs t  (Polydipsia)  
group.  H a d  these  r a t s  n o t  b e e n  ill, t h e n  b lood  pressure  
m a y  conce ivab ly  h a v e  b e e n  higher .  

Discussion. These  d a t a  ind ica te  a pos i t ive  co r re l a t ion  
b e t w e e n  b lood  pressure  i n c r e m e n t  a n d  ra t io  of NaC1/H20 
c o n s u m e d  r a t h e r  t h a n  w i t h  ac tua l  a m o u n t  of inges ted  
salt .  Th i s  p h e n o m e n o n ,  wh ich  p r o b a b l y  s t ems  f rom rena l  
i n a b i l i t y  to  c o n c e n t r a t e  a n d  excre te  sa l t  loads  w i t h o u t  
a d e q u a t e  w a t e r  in take ,  could  exp la in  w h y  sa l t  l oad ing  
reg imens  w h i c h  differ  in  t h e i r  degree of w a t e r  r e s t r i c t ion  
also differ  in  t h e i r  h y p e r t e n s i n o g e n i c  effect iveness.  
T h i r s t  could  p rove  to  be  a useful  m e a n s  for p o t e n t i a t i n g  

e x p e r i m e n t a l  h y p e r t e n s i o n s  o the r  t h a n  saline.  F u r t h e r -  
more,  su rveys  t r y i n g  to  l ink  sa l t  c o n s u m p t i o n  of h u m a n  
popu l a t i ons  w i t h  t h e i r  b lood pressure  should  inc lude  d a t a  
on  w a t e r  inges t ion  s . 
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Systolic blood pressure (mean and 95% confidence interval) of uni- 
nephrectomized rats submitted to salt loading for 7 weeks. Values in 
group (thirst) were significantly higher (p<0.05 by variance analy- 
sis) than those in group (Polydipsia). Pressure elevation is inversely 
related to water intake. 

Rdsumd. Apr6s 7 semaines  de su rcha rge  sa l ine  admin is -  
t r6e p a r  gavage,  l ' a u g m e n t a t i o n  de t ens ion  ar t6riel le  
sys to l ique  de 3 groupes  de r a t s  un ineph rec tomis6s  soumis  
& di f f6rents  r6gimes d ' h y d r a t a t i o n  s ' av6 ra  6tre en  mei l leure  
corr61ation avec  le r a p p o r t  NaC1/H20 ing6r6 qu ' avec  la 
q u a n t i t 6  absolue  de sod ium ing6r6. La  self  p o u r r a i t  possi- 
b l e m e n t  po ten t i a l i s e r  d ' a u t r e s  formes  d ' h y p e r t e n s i o n  
exp6r imenta le .  
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The Caudate Spindle During Various Sleep Stages 

Li t t l e  is k n o w n  of t h e  s ignif icance of t he  s t r i a t u m  (cau- 
da t e  nuc leus  a n d  p u t a m e n )  w i t h  r ega rd  to  sleep. R. H E s s  
et  al. 1 h a v e  s h o w n  t h a t  e lec t r ica l  s t i m u l a t i o n  of t he  cau-  
da t e  nuc leus  in  t he  ca t  causes  akinesia .  T he  b e h a v i o u r  of 
t he  an ima l s  is, however ,  d i s t i nc t  f rom t h a t  wh ich  follows 
t h e  i n d u c t i o n  of sleep b y  t h a l a m i c  s t imu la t i on ,  be ing  more  
l ike a c a t a t o n i c  s tupor ,  a l though ,  to  q u o t e  these  au thors ,  
t h e  e l ec t roencepha lograph ic  p a t t e r n  is d i f f icul t  to  d i s t in -  

guish  f rom t h a t  of s p o n t a n e o u s  s leep.  HEATH a n d  HODES 2 
i nduced  drowsiness  a n d  sleep in m o n k e y s  a n d  h u m a n s  b y  
e lec t r ica l ly  s t i m u l a t i n g  t h e  head  of t h e  c a u d a t e  nucleus,  
a n d  s imi la r  resu l t s  were o b t a i n e d  b y  PARMEGGIANI3 wi th  
cats .  HERN~NDEZ-PEdN et  al. 4 i n i t i a t e d  sleep in t he  ca t  b y  
t h e  local  app l i c a t i on  of ace ty l cho l ine  to va r ious  b ra in  
s t ruc tu res ,  i nc lud ing  t he  c a u d a t e  nuc leus  a n d  p u t a m e n .  
I t  is i n t e r e s t i ng  to no te  t h a t  t he  la tenc ies  of onse t  of b o t h  
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Average duration in sec of the electrically evoked eaudate spindle during sleep and wakefulness (stimulation right caudate; evaluation of the 
spindles left caudate) 

EEG Spindle duration for each subject No. of evoked spindles received 
phase by each subject 

1 2 3 1 2 3 

1 Excitation 0.49 0.31 0.36 ~ 100 538 102 
2 Quiet 0.68 0.60 0.64 695 532 631 
3 Transitional phase 0.91 0.85 1.09 b 604 539 476 
4 Sleep; spindle phase 1.17 ~ 1.16 a 1.19 b 332 283 583 
5 Sleep; slow wave phase 0.34 0.24 0.43 ~ 524 752 636 
6 Sleep; paradoxival phase 1.18 a 1.24 �9 1.36 213 159 434 

All points of values within each column are significantly different (t-test) from each other (p < 0.001), except those pairs marked ~ p < 0.01 
and b not significant. 

slow wave  sleep (SWS) and  paradoxica l  sleep (PS) were 
less when  app l ica t ion  was m a d e  in s t r ia ta l  s t ruc tures  t h a n  
when  made  in l imbic  and  neocor t ica l  s t ructures .  

On the  o the r  hand ,  WEISS 5 repor ted  a slight,  b u t  
s ignif icant ,  r educ t ion  in the  SWS dura t ion  in the  ra t  on 
s t imula t ion  of the  cauda te  nucleus. This d i sc repancy  could 
poss ib ly  be expla ined  by  the  d i f fe rent  s t imula t ion  para-  
mete rs  employed  in th is  s tudy.  MEYERS 6 remarked,  dur ing  
a shor t  discussion; t h a t  no sleep d i s tu rbances  were seen in 
pa t i en t s  fol lowing unilateral ,  and  in some cases bilateral ,  
ex t i rpa t ion  of the  head  and an te r ior  body  of the  cauda te  
nucleus.  

In  view of the  f indings,  i t  is still  an open ques t ion  
whe the r  or no t  t he  s t r i a t u m  is d i rec t ly  involved in sleep 
p roces ses  The cur ren t  s tudy  was carried out  to inves t iga te  
the  poss ibi l i ty  of a re la t ionsh ip  be tween  the  dura t ion  of 
cauda te  spindles% s, induced  by  single electric shocks 
appl ied  to the  cauda te  nucleus, and the  var ious  phase  of 
sleep and wakefulness .  

Method.  Three female  ra ts  (Charles River  CD, ca. 230 g) 
were used in the  p r e sen t  s tudy.  P l a t i n u m  needle  e lect rodes  
were p e r m a n e n t l y  i m p l a n t e d  b i la te ra l ly  in t he  cauda te  
nucleus, a n d  uni la te ra l ly  in the  dorsal  h ippocampus .  
Silver wire e lectrodes were used for b i la tera l  recordings  
f rom the  occipi tal  cortex,  and the  EMG was der ived f rom 
the  neck muscles.  The i m p l a n t a t i o n  m e t h o d  has been  
descr ibed elsewhere 9. A per iod of 15 days  was al lowed to 
elapse pos t -opera t ive ly  before using the  animals.  Through-  
out  the  expe r imen t s  the  ra t s  were in sound a t t e n u a t e d  
cages under  cons t an t  i l luminat ion.  Rec tangu la r  impulses  
of 9 V and 0.05 msec du ra t ion  were del ivered by  a Grass 
s t imula to r  $4C wi th  an isolat ion uni t  S IU  4B to the  r igh t  
cauda te  nucleus a t  10 sec in terva ls  t h roughou t  the  experi-  
m e n t  (from 08.00 h to  16.30 h). The t ips  of the  s t imula t ion  
electrodes were spaced  1 m m  apar t .  Recordings  were made  
on a Schwarzer  e lec t roencepha lograph  at  a paper  speed of 
15 mm/sec.  For  t he  purpose  of evaluat ion,  the  E E G  
records were classified into 6 d i f ferent  phases.  1. E x c i t a -  
t ion:  High  f requency,  low vol tage  cort ical  po ten t i a l s ;  
t h e t a  r h y t h m  in the  h ippocampus .  2. Quiet:  Flat ,  de- 
synchronized  ac t iv i ty  in all t races.  3. Trans i t iona l  phase  : 
Higher  ampl i tudes  in all t races,  w i th  occasional slow 
elements ,  and  a s l ight  degree of synchroniza t ion .  4. Sleep;  
sp indle  phase  : Character ized  by  the  appearance  of sp indle  
groups.  5. Sleep ; slow wave  phase  (SWS) : High  ampl i tude ,  
slow waves.  The animal  lies curled up on its side, or rolled 
in a ball. 6. Sleep ; pa radox ica l  phase  (PS) : Low voltage,  
fast  ac t iv i ty  in the  cor tex  and  cauda te  nucleus in t e rmi t -  
t en t l y  synchron ized  wi th  the  h i p p o c a m p a l  t h e t a  r h y t h m .  
The ampl i tude  in all of the  t races  is d i s t inc t ly  higher  t h a n  

in phase  1. The animal  lies flat,  wi th  occasional  twi tch-  
ing of the  nose and  paws.  No EMG act iv i ty .  

The dura t ion  of each evoked spindle  was measured  f rom 
a left  (contralateral)  monopo la r  cauda te  t race  10 and desi- 
gna ted  according to the  E E G  phase  in wh ich  i t  occurred.  

Resul ts .  The average dura t ion  of the  electr ical ly  evoked 
cauda te  spindles  in the  var ious  E E G  phases  is p resen ted  
in the  Table.  Dur ing  E E G - p h a s e  1, the  spindles  are shor t  
and have  an i rregular  fo rm.  In  E E G - p h a s e  2, t hey  are 
s o m e w h a t  longer and  show a recrui t ing  t endency ,  a l though 
an a b r u p t  f inish is of ten  exhib i ted .  The form becomes 
increasingly regular  dur ing  E E G - p h a s e s  3 and  4 and at  the  
same t ime,  the  spindles  show an increase in dura t ion .  
There  are no great  differences be tween  the  spon taneous  
spindles  and those  evoked by  s t imula t ion .  

Spindles  could be rare ly  induced in the  slow wave  
phase  (phase 5). The s t imula t ion  response  is l imi ted  main ly  
to an ini t ial  spike followed by  a slow wave  of roughly  
200 msec dura t ion .  The few spindles  spon taneou l sy  arising 
in th is  phase  were always l imi ted  to t he  cort ical  der iva-  
t ions,  of ten being p resen t  only  in the  in te rhemispher ic  
trace.  

Dur ing  the  per iod 30-60 sec preceding  PS  (classified 
under  phase  4) the  evoked spindles  show a marked  in- 
crease in dura t ion  reaching a m a x i m u m  a t  the  onset  of 
PS  (Figure). S t imula t ion  fall ing in th is  per iod mere ly  
seems to  enhance  the  synchronized  background  act iv i ty ,  
a l though  the  spindles  again show a recrui t ing  form. Like 
the  spon taneous  spindles,  t h e y  were synchron ized  in the  
cortex,  cauda te  nucleus, and  dorsal  h ippocampus .  

Discuss ion .  The dura t ion  of t he  evoked cauda te  spindles 
in the  ra t  varies according to the  s t a t e  of conscious- 
ness. Two peaks  are observed.  The f irs t  arises in t he  
t r ans i t ion  f rom wakefulness  to sleep, and  occurs in 
a phase  when  the  med io tha l amic  exc i tab i l i ty  (recruit ing 
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response)  reaches  a m a x i m u m  11. T he  coinc idence  of these  
e v e n t s  m a y  be an  express ion  of t he  increased  t e n d e n c y  
t o w a r d s  s y n c h r o n i z a t i o n  a n d  r h y t h m i c i t y  in  t h e  areas  of 
t he  cortex,  t h a l a m u s ,  and  s t r i a t u m ,  t h r ee  s t ruc tu re s  whose  
f u n c t i o n a l  i n t e r - r e l a t i onsh ip  is h a r d l y  to be  doub ted .  W i t h  
inc reas ing  d u r a t i o n  of t he  slow wave  phase,  b o t h  t he  
s p o n t a n e o u s  a n d  evoked  sp indles  v i r t u a l l y  van i sh ,  a n d  
the  E E G  is d o m i n a t e d  b y  slow, h igh  a m p l i t u d e  po ten t i a l s .  

As is shown  in t h e  Figure ,  t he  second increase  in t h e  
d u r a t i o n  of evoked  c a u d a t e  sp indles  beg ins  some 30-60 sec 
before  t he  onse t  of t he  t yp i ca l  PS.  Th i s  is also t he  p o i n t  a t  
w h i c h  t h e  a rousa l  t h r e s h o l d  reaches  a m a x i m u m ,  and  a t  
wh ich  t he  pon to-gen icu lo -occ ip i t a l  p o t e n t i a l s  a p p e a r  12. 
Af te r  a f u r t h e r  10-30 sec t he  h i p p o c a m p a l  p o t e n t i a l s  
show a n  increased  f r equency  w i t h  a c learer  r h y t h m i c i t y ,  
a n d  a t  t he  same  t i m e  long, spon taneous ,  h i g h  a m p l i t u d e  
sp ind les  a p p e a r  in all  of t he  c a u d a t e  a n d  cor t ica l  t races .  
A t  th i s  po in t  t he  d u r a t i o n  of t he  evoked  sp indles  reaches  a 
m a x i m u m .  I n  t h i s  p h a s e  t h e r e  is a g rea te r  t e n d e n c y  to  
r h y t h m i c i t y  a n d  t he  evoked  sp indles  f r e q u e n t l y  a p p e a r  as 
a n  amp l i f i c a t i on  of t he  b a c k g r o u n d  ac t iv i ty .  

On  t h e  o the r  h a n d ,  d u r i n g  per iods  of arousal ,  as repre-  
sen ted  in t he  E E G ,  sp indles  c a n n o t  be  elici ted.  The  
e x p l a n a t i o n  for these  d i f fe ren t  responses  to  s t i m u l a t i o n  
m a y  lie in  t he  func t i on  of t he  a scend ing  re t i cu la r  fo rma-  
t ion.  D u r i n g  P S  th i s  s y s t e m  is s t rong ly  inh ib i t ed ,  as is 
shown  b y  t he  ra ised  E E G - a r o u s a l  t h r e s h o l d  12-16, whereas  
d u r i n g  a rousa l  itself,  t h e  a scend ing  re t i cu la r  s y s t e m  exer t s  
a n  i n h i b i t o r y  effect  on  t he  c a u d a t e  nucleus ,  r e su l t ing  in 
abo l i t i on  of t he  evoked  spindlesZ~. 
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Norepinephrine-Induced Thermogenesis :  Effect of Interscapular Brown Fat 1 

T h e  f u n c t i o n  of b r o w n  adipose  t i ssue  (BAT) as a t h e r m o -  
genic ef fector  d u r i n g  cold s t ress  has  been  well  d o c u m e n t -  
ed2-4; however ,  i ts  role d u r i n g  e x t e n d e d  per iods  of cold 
exposure  ha s  n o t  ye t  been  resolved.  I n  t h e  r a t ,  p ro longed  
cold exposure  is fol lowed b y  a d a p t i v e  responses  a m o n g  
w h i c h  is t he  sh i f t  f rom sh ive r ing  to n o n s h i v e r i n g  t h e r m o -  
genesis (NST) 5. A c c o m p a n y i n g  t h i s  t r a n s i t i o n  are  t r o p h i c  
changes  in B A T  resu l t i ng  in an  e l eva t ion  of t he  t h e r m o -  
genic c a p a c i t y  of t he  t i ssue  3, 3. No tab ly ,  m u c h  of th i s  h e a t  

is appl ied  local ly  to  t he  t ho racoce rv i ca l  sp ina l  cord, t he  
t h o r a c o l u m b a r  a u t o n o m i c  s t ruc tu res ,  a n d  the  h e a r t  2,e. 
The  s ignif icance of th i s  d i s t r i b u t i o n  is emphas i zed  b y  t he  
r e c e n t  d e m o n s t r a t i o n  of t e m p e r a t u r e  sensors in  t h e  
t ho racoce rv i ca l  sp ina l  cord  '-2. T h a t  is, t h e  f ind ing  t h a t  
w a r m i n g  of these  t h e r m o s e n s i t i v e  areas  is followed b y  a n  
i n h i b i t i o n  of sh ive r ing  7-9 ha s  led t o  t h e  p roposa l  t h a t  
d u r i n g  acu te  cold exposure ,  h e a t  conveyed  f rom the  B A T  
to  t he  cord m a y  be  an  i m p o r t a n t  l ink  in con t ro l l ing  t he  


