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d i t i on  of each  drug.  T he  r ecove ry  t i m e  c o n s t a n t  of t he  
a m p l i t u d e  of a f t e r - h y p e r p o l a r i z a t i o n  a f t e r  sod ium in-  
jec t ions ,  however ,  was  r e v e r s i b l y  increased  d u r i n g  th i s  
pe r iod  ill t h e  p resence  of o u a b a i n  (Figure  1) ; t h e  r ecove ry  
t i m e  c o n s t a n t s  m e a s u r e d  f rom 6 cells were 188 • 20 sec. 
On t he  o t h e r  h a n d ,  i t  was  r eve r s ib ly  decreased  d u r i n g  t h i s  
pe r iod  in t h e  p resence  of 0.3 m M  Ad (Figure  1); t he  
r ecove ry  t i m e  c o n s t a n t s  m e a s u r e d  f rom 6 ceils were 40 4- 
10 sec. 

The  p o t a s s i u m - a c t i v a t e d  h y p e r p o l a r i z a t i o n  was de- 
m o n s t r a t e d  w i t h  r a b b i t  n o n - m y e l i n a t e d  n e r v e  f ibres  6. A 
s imi la r  p o t a s s i u m - a c t i v a t e d  h y p e r p o l a r i z a t i o n  was re- 
corded  f rom p r e s e n t  p r e p a r a t i o n s  b y  use  of t h e  sucrose-  
gap  m e t h o d  7. I n  t h e  p r e s e n t  expe r i m en t ,  i so la ted  gangl ia  
were in i t i a l ly  per fused  w i t h  t h e  K-free  R inge r ' s  so lu t ionfor  
60 rain.  W h e n  t he  pe r fusa t e  was  c h a n g e d  to t he  R inge r ' s  
so lu t ion  (con ta in ing  2 m M  KC1), t h e  p o t a s s i u m - a c t i v a t e d  
h y p e r p o l a r i z a t i o n  of gang l ion  cells, w h i c h  r eached  a m a x i -  
m u m  va lue  (2-4 mV) w i t h i n  a p p r o x i m a t e l y  3 mil l  w h i c h  
was s u s t a i n e d  the rea f t e r ,  could  be  c o n s i s t e n t l y  r ecorded  
(Figure 2). The  m a x i m u m  a m p l i t u d e  of t h e  p o t a s s i u m -  
a c t i v a t e d  h y p e r p o l a r i z a t i o n  of a p r e p a r a t i o n  was fa i r ly  
c o n s t a n t  b e t w e e n  60 a n d  180 ra in  in  t he  K-f ree  R inge r ' s  
so lut ion,  p r o v i d e d  each  app l i ca t i on  of t h e  R inge r ' s  solu- 
t ion  for a p p r o x i m a t e l y  3 mil l  was  r epea t ed  a t  a n  i n t e r v a l  
of 15 mill.  These  p o t a s s i u m - a c t i v a t e d  h y p e r p o l a r i z a t i o n s  
were c o m p l e t e l y  a n d  r eve r s ib ly  abo l i shed  in  t h e  p resence  
of 0.005 m M  o u a b a i n L  

The  p o t a s s i u m - a c t i v a t e d  h y p e r p o l a r i z a t i o n s  i n i t i a t ed  
before,  d u r i n g  a n d  a f t e r  an  app l i c a t i on  of 0.3 m M A d  
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Fig. 2. Potassium-activated hyperpolarizations of bullfrog's sym- 
pathetic ganglion cells, being recorded by the sucrose-gap method 
(A) and an intracellular microeIeetrode (B). Records were taken 
before (1), 30 min after an addition of 0.3 mM Ad to the perfusate 
and 60 rain after withdrawal of Ad (3). Note reversible increase in 
the amplitude of potassium-activated hyperpolarizations under the 
effect of Ad. 

were r ecorded  a n d  c o m p a r e d  w i t h  each  o ther ,  in  o rder  to  
e x a m i n e  t h e  effect  of Ad  a n d  i ts  revers ib i l i ty .  T h e  po-  
t a s s i u m - a c t i v a t e d  h y p e r p o l a r i z a t i o n  p roduced  in t h e  
p resence  of Ad was m a r k e d l y  a u g m e n t e d  c o m p a r e d  w i t h  
t h a t  recorded  in t he  absence  of Ad  (Figure  2). Such  an  
a u g m e n t a t i o n  of t h e  p o t a s s i u m - a c t i v a t e d  hype rpo l a r i za -  
t i on  was  obse rved  c o n s i s t e n t l y  a f t e r  Ad was app l ied  for  
more  t h a n  10-20 min .  The  increases  ill t h e  m a x i m u m  am-  
p l i t ude  obse rved  f rom 8 p r e p a r a t i o n s  were 46 -L 13%. 

The  p o t a s s i u m - a c t i v a t e d  h y p e r p o l a r i z a t i o n  of a single 
gang l ion  cell, w h i c h  r eached  a m a x i m u m  va lue  (2-3 mV) 
w i t h i n  a p p r o x i m a t e l y  3 min,  was  also recorded  b y  an  
in t r ace l lu l a r  microe lec t rode .  I t s  m a x i m u m  a m p l i t u d e  was 
fa i r ly  c o n s t a n t  b e t w e e n  60 a n d  180 m i n  in t h e  K-free 
R inge r ' s  solut ion,  p r o v i d e d  each  app l i c a t i on  of t he  R in -  
ger ' s  so lu t ion  for  a p p r o x i m a t e l y  3 m i n  was r epea t ed  a t  a n  
i n t e r v a l  of 15 min.  W h e n  0.3 m M  Ad was added  to  t he  
K-free  R inge r ' s  so lut ion,  t h e  r e s t i ng  m e m b r a n e  p o t e n t i a l  
of a cell showed  no, or small ,  depo la r i za t ion  (a few refit- 
Volts) a n d  t he  m e m b r a n e  res i s t ance  ( inpu t  res is tance)  
showed  no d e t e c t a b l e  changes .  The  p o t a s s i u m - a c t i v a t e d  
h y p e r p o l a r i z a t i o n s  was a u g m e n t e d  in t h e  presence  of Ad  
(Figure  2); t he  increases  in  t he  m a x i m u m  a m p l i t u d e  ob-  
se rved  f rom 8 p r e p a r a t i o n s  were 32 4- 8%.  

The  r ecove ry  t i m e  c o n s t a n t  of pos i t ive  a f t e r -hype r -  
po la r i za t ion  of ac t ion  p o t e n t i a l s  was  a s sumed  to cha rac -  
ter ize  t he  r a t e  of sod ium remova l ,  n a m e l y  t h e  r a t e  of 
sod ium p u m p  f rom a cell 5. Th i s  a s s u m p t i o n  was s u p p o r t e d  
b y  t he  p r e sen t  r e su l t  t h a t  t he  r ecove ry  t i m e  c o n s t a n t  was  
m a r k e d l y  increased  b y  t h e  ac t ion  of o u a b a i n  in a sma l l  
concen t r a t i on .  On t he  o t h e r  h a n d ,  t he  p r e sen t  e x p e r i m e n t  
d e m o n s t r a t e d  t h a t  t h e  r ecove ry  t i m e  c o n s t a n t  was  
m a r k e d l y  decreased  in t i le  p resence  of Ad.  Thus ,  t he  r a t e  
of s o d i u m  p u m p  a p p e a r e d  to  be  increased  in t he  presence  
of Ad. The  p r e s e n t  e x p e r i m e n t  also d e m o n s t r a t e d  t h a t  
t h e  p o t a s s i u m - a c t i v a t e d  h y p e r p o l a r i z a t i o n  was a u g m e n t e d  
in t he  presence  of Ad. I f  one assumes  t h a t  t h e  p o t a s s i u m -  
a c t i v a t e d  b y p e r p o l a r i z a t i o n  is g e n e r a t e d  b y  an  electro-  
genic  sod ium p u m p  6, t h e  e lec t rogenic  sod ium p u m p  ap-  
pea red  to  be acce le ra ted  in t h e  presence  of Ad. I n  con-  
clusion, t he  p r e sen t  e x p e r i m e n t  resu l t s  a l t o g e t h e r  sug- 
ges ted  t h a t  Ad was able  to  acce lera te  t he  sod ium p u m p ,  
poss ib ly  t h e  e lec t rogenic  sod ium p u m p .  Th i s  suppo r t s  
our  h y p o t h e t i c a l  concep t  t h a t  t h e  n e u r o t r a n s m i t t e r ,  
such  as Ad, is able  to  r egu la t e  t he  m e m b r a n e  p o t e n t i a l  
b y  con t ro l l ing  t he  ac t ive  ionic t r a n s p o r t .  
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Summary. I n  B r a t t l e b o r o  ra ts ,  t h e r e  was no  dif ference in u r ine  osmola l i ty  be tween  an ima l s  w i t h  and  w i t h o u t  d iabe tes  
ins ip idus  a f t e r  w a t e r  d e p r i v a t i o n  u p  to  age 14 days,  a n d  i t  a p p e a r e d  a t  age 18 days  due to increase  of osmola l i ty  in  
n o n - d i a b e t i c  ind iv idua ls .  

Vasopress in  (VP) regula tes  b o d y  w a t e r  c o n t e n t  b y  
ac t ing  on  w a t e r  r e a b s o r p t i o n  in t h e  d i s ta l  s e g m e n t  of 
t he  neph ron .  I n  y o u n g  ra ts ,  t h i s  a c t i v i t y  is less p r o n o u n c e d  
a n d  newly  b o r n  r a t s  excre te  a u r ine  of low osmola l i t y  
even  d u r i n g  d e h y d r a t i o n  1-3. T he  c o n t e n t  of V P  in t he  
n e u r o h y p o p h y s i s  of t he  n e w l y  b o r n  is lower  t h a n  in 

a d u l t  an imals ,  b u t  is s t i l l  suf f ic ient  to  p l a y  a role in  
o smoregu la t i on  4-6. The  response  of t he  k idneys  depends  
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p a r t l y  on  t h e  level  of c i rcu la t ing  ho rmone ,  p a r t l y  on  t h e  
ab i l i ty  of t he  d i s ta l  t u b u l e  to  respond .  V P  can  n o t  be  
de tec ted  in t he  p l a s m a  of n o r m a l l y  h y d r a t e d  newly  b o r n  
r a t s  up  to  t he  age of 3-4  weeks  7. A n t i d i u r e t i c  a c t i v i t y  
(ADA) appea r s  in the  p l a s m a  a t  age 10 days  a f t e r  a load  
of h y p e r t o n i c  NaC1 s,9 or  a t  age 23 days  a f t e r  6-12 h of 
d e h y d r a t i o n  ~~ E x o g e n o u s  V P  does n o t  decrease  u r ine  
flow a t  age 2 days ,  a n d  u n t i l  t h e  age 23 days,  t he  response  
is n o t  c o m p a r a b l e  to  t h a t  in  a d u l t  an ima l s  ~, % n .  

VAnTIN and  SCHROED~R n descr ibed  t he  B r a t t l e b o r o  
s t r a i n  of r a t s  wh ich  h a v e  a gene t i ca l ly  d e t e r m i n e d  
d iabe tes  ins ip idus  (DI) due  to  i n a d e q u a t e  syn thes i s  of 
V P  in  t h e  h y p o t h a l a m u s .  E v e r y  l i t t e r  con t a in s  h o m o -  
a n d  he t e rozygous  ind iv idua l s  d i f fer ing in t e r m s  of t he  
p resence  of m a n i f e s t  DI .  T he  ques t ion  was p u t  w h e t h e r  
t h e  c o n c e n t r a t i n g  ab i t i t y  would  be  d i f fe ren t  in  y o u n g  a n d  
a d u l t  an ima l s  of t h i s  s t ra in ,  a n d  a t  w h a t  age h o m o -  a n d  
he te rozygous  an ima l s  would  differ  in  t h i s  respect .  

Material and methods. T he  e x p e r i m e n t  was  car r ied  ou t  
on  72 y o u n g  a n d  31 a d u l t  r a t s  of t he  ]3ra t t leboro  s t r a i n  
of b o t h  sexes. The  y o u n g  were exposed to  6 h of w a t e r  
d e p r i v a t i o n  a t  ages 10, 14, 18 a n d  22 days.  A sepa ra t e  
g roup  of a d u l t  r a t s  was  also dep r ived  of w a t e r  for  6 h.  

I n  t he  young,  t h e  u r i n a r y  b l a d d e r  was  e m p t i e d  b y  
per inea l  s t imula t ion~K 10- a n d  14-day-old an ima l s  were 
k e p t  w i t h o u t  m o t h e r  a t  30~ t h e  older  a t  25~ I n  t h e  
adul ts ,  t h e  u r ine  was  col lected in m e t a b o l i c  cages b e t w e e n  
t he  4 th  a n d  6 th  h of w a t e r  dep r iva t i on .  U r i n e  osmola l i t y  
was d e t e r m i n e d  b y  m e a n s  of a K n a u e r  osmomete r .  T h e  
24 h wa te r  c o n s u m p t i o n  was m e a s u r e d  a t  t h e  age of 27 
days,  a n d  in  t h e  a d u l t s  also b y  a n  a u t o m a t i c  ' d r inko-  
me te r '  14. 

Results and discussion. Al te r  6 h of w a t e r  dep r iva t i on ,  
the  va lues  of u r ine  osmola l i ty  showed  a t yp i ca l  Gauss i an  
d i s t r i b u t i o n  in 10- a n d  14-day-old ra ts ,  whereas  in 18- 
a n d  22-day-old  a n i m a l s  t h e r e  were  two  d i s t i n c t  popu la -  
t ions  (Figure  1). I t  can  be  a s sumed  t h a t  t h e  g roup  w i t h  
lower osmola l i ty  (I) cons is t s  of d i abe t i c  an imals ,  whi le  
t h e  g roup  w i t h  h i g h e r  o smota l i t y  (II)  a re  n o n - d i a b e t i c  
an imals .  Mean  va lues  of g roup  I were  579.4 =k 58.3 
mosmol/1 a n d  401.6 -b 19.2 mosmol/1 a t  ages 18 a n d  22 
days.  I n  g roup  I I  t h e  co r re spond ing  m e a n s  were 1004.4 
~z 70.2 mosmol/1 and  1055.6 -4- 78.7 mosmol/1 for t h e  
same  age groups.  The  differences  b e t w e e n  g roup  I a n d  I I  
were  h igh ly  s ign i f ican t  a t  b o t h  age levels  (p < 0.001). 
Sepa ra t e  groups  a lways  inc luded  t h e  s ame  a n i m a l s  a n d  
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Fig. 1. Histogram representing frequency distribution of values of 
urine osmotic pressure after 6 h of water deprivation in rats aged 
10, 14, 18 and 22 days. Abscissa : urine osmotic pressure in mosmol/1. 
Ordinate: number of rats in separate class intervals. ~* = number 
of animals in which osmolality has been estimated, 
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Fig. 2- Urine osmolality after 6 h of water deprivation measured in 
rats aged 22 days, and 24 h water intake in the same animals at age 
27 days. Absissa: urine osmotic pressure in mosmol/l. Ordinate: 
water intake in ml/100 g b.wt./2# b. 
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the re fore  i t  was  poss ible  to  d i s t i ngu i sh  r e t ro spec t ive ly  
groups  I a n d  I I  in  10- a n d  14-day-old an i m a l s  as well. 
A t  ages 10 a n d  14 days  group  I h a d  a m e a n  ur ine  osmo-  
l a l i ty  of 591.0 =~ 17.4 mosmol/1  a n d  610.9 =~ 23.1 m o s m o l /  
1, g roup  I I  562.4 ~= 26.4 mosmol/1  a n d  583.9 • 21.3 
mosmol / I  respec t ive ly .  H e n c e  t h e  d i f ference  in c o n c e n t r a t -  
ing ab i l i ty  becomes  m a n i f e s t  in  D I  a n d  n o n - D I  ra t s  a t  
ages 18 days,  a n d  in a d u l t - h o o d  i t  f u r t h e r  increases  (584.0 
=k 22.4 mosmol/1  in  h o m o z y g o u s  a n d  2068.0 • 134.4 
mosmol/1 in  he te rozygous) .  

M e a s u r e m e n t  of w a t e r  i n t a k e  (Figure  2) showed  t h a t ,  
in  i nd iv idua l s  w i t h  a h i g h  u r i n a r y  osmot ic  pressure ,  t h e  
w a t e r  i n t a k e  d id  n o t  exceed 25 ml /100 g b .wt . /24  h.  
An ima l s  w i t h  low osmola l i ty  h a d  a h i g h  w a t e r  in t ake .  
I n  D I  ra ts ,  t h e r e  is a v e r y  t i g h t  d i s t r i b u t i o n  of va lues  of 

u r i n a r y  osmot ic  pressure  w i t h  a large s ca t t e r  in  va lues  of 
w a t e r  in take ,  whereas  in n o n - D I  r a t s  t he  reverse  is t rue .  A 
s imi la r  non - l i nea r  r e l a t i onsh ip  b e t w e e n  w a t e r  i n t a k e  a n d  
u r i n a r y  osmot ic  pressure  was also obse rved  in  D I  r a t s  b y  
VALTIN and  SCHROEDER 12. 

Hence ,  t he  c o n c e n t r a t i n g  ab i l i t y  of h o m o z y g o u s  
B r a t t l e b o r o  r a t s  aged 10, 14 and  18 days  does n o t  differ  
f rom t h a t  of a d u l t  ones. The  di f ference b e t w e e n  h o m o -  
a n d  he te rozygous  an ima l s  a p p e a r e d  a t  t h e  18 th  d a y  of 
life, w h e n  t h e  c o n c e n t r a t i n g  ab i l i ty  of t h e  he t e rozygous  
increased  s ign i f i can t ly  in compar i son  w i t h  co r re spond ing  
h o m o z y g o u s  ra ts .  The  d a t a  o b t a i n e d  t h u s  p rov ide  d i rec t  
ev idence  t h a t  t he  presence  of endogenous  V P  plays  no 
role in t he  c o n c e n t r a t i n g  ab i l i t y  of suckl ing  r a t s  as sug- 
ges ted  f rom earl ier  ind i rec t  o b s e r v a t i o n s  ~-e. 

U s e  of  I n d o m e t h a c i n  to  R e v e r s e  N e o n a t a l  H y p o t e n s i o n  ~ 

T. TYLER, C. LEFFLER a n d  S. CASSIN 2 

Department o/ Physiology, College o/ Medicine, Box 735 JHMHC,  University o/ Florida, Gainesville (Florida 32610, 
USA), 79 August 7975. 

Summary. T r e a t m e n t  w i t h  i n d o m e t h a c i n  e leva ted  sys t emic  a r t e r i a l  p ressure  a n d  p u l m o n a r y  va scu l a r  r es i s t ance  in 
h y p o t e n s i v e  n e w b o r n  goats .  I n d o m e t h a c i n  m a y  be  of va lue  in r e s t o r a t i o n  of sys t emic  a r t e r i a l  p ressure  in  s t ress - induced  
hypo t ens ion .  

Sys temic  h y p o t e n s i o n  in t h e  n e w b o r n  m a y  be  t h e  
r e su l t  of m a n y  fac tors  inc lud ing  h y p o x i a  3, a s p h y x i a  4, 
r e s p i r a t o r y  dis t ress  a, hya l i ne  m e m b r a n e  disease*, 5 a n d  
h e m o r r h a g e  ~ t t y p o t e n s i o n ,  in  pa r t ,  m a y  be  t he  r e su l t  of 
p r o s t a g l a n d i n  release.  These  e x p e r i m e n t s  were  u n d e r t a k e n  
to  e v a l u a t e  effects  of i n d o m e t h a c i n ,  a p r o s t a g l a n d i n  syn-  
t h e t a s e  i n h i b i t o r  ~, on  t he  sys temic  c i rcu la t ion  of hypo-  
t ens ive  n e w b o r n  goats .  

H y p o t e n s i o n  (mean  pressure  less t h a n  32 m m  H g  in t h e  
descend ing  aor ta )  was  p r o d u c e d  in e leven  n e w b o r n  goats  
(1-7 days  of age, wt .  3.0 q- 0.2 kg  s) b y  per iods  of hypox ia ,  
a sphyx ia ,  ac idemia ,  p ro longed  a n e s t h e s i a  a n d  surgery,  or 
f luid loss. Ar t e r i a l  pH,  Po~ a n d  Pco~ were cor rec ted  (pH 
7.39 :[: 0.01, Pco  2 = 35 :[: 1 m m  Hg a n d  Po~ = 160 :t: 9 
m m  Hg) p r io r  to  i n d o m e t h a c i n  a d m i n i s t r a t i o n .  Pu l -  
m o n a r y  va scu l a r  r e s i s t ance  was  e v a l u a t e d  in 5 n e w b o r n s  
b y  p u m p  per fus ing  t h e  lef t  l ung  w i t h  b lood  f rom the  
infer ior  v e n a  c a v a  a n d  m e a s u r i n g  p u l m o n a r y  a r t e r i a l  a n d  
lef t  a t r i a l  pressures .  

T r e a t m e n t  of h y p o t e n s i v e  an i m a l s  w i t h  i n d o m e t h a c i n  
(2.4 m g / k g  i.a.) increased  9 systol ic ,  diastol ic ,  a n d  pulse  

pressures  (Figure).  Mean  sys temic  a r t e r i a l  p ressure  in-  
c reased 158% (26 =k 3 to  67 =k 5 m m  Hg). H e a r t  r a t e  a n d  
p u l m o n a r y  va scu l a r  res i s tance  i~]creased 8% (165 ~ 9 to  
178 -4- 10) a n d  37% (0.79 q- 0.14 to  1.08 q- 0.19 m m  H g  �9 
kg  �9 min /ml ) ,  respect ive ly .  These  effects  of i n d o m e t h a c i n  
on  ca rd iovascu la r  d y n a m i c s  pers i s ted  for t h e  d u r a t i o n  
of m o n i t o r i n g  (3 h). 

I n d o m e t h a c i n  was effect ive  in revers ing  sys temic  h y p o -  
t ens ion  in all  a n i m a l s  s tudied.  Th i s  vasopresso r  response  
m a y  be  a consequence  of t h e  r e m o v a l  of a d i rec t  vaso-  
depressor  ac t ion  of p r o s t a g l a n d i n s  on sys temic  vascu la -  
t u r e  or r e m o v a l  of i n h i b i t i o n  due  to  p r o s t a g l a n d i n s  of 
s y m p a t h e t i c  va socons t r i c t o r  a c t i v i t y  1~ f in  p r e l i m i n a r y  
expe r imen t s ,  t r e a t m e n t  w i t h  i n d o m e t h a c i n  inc reased  
m e a n  sys temic  a r t e r i a l  p ressure  on ly  12% fol lowing 
p h e n t o l a m i n e  a d m i n i s t r a t i o n  (4 mg/kg,  n = 3).]. 

These  resu l t s  sugges t  t h a t  i n d o m e t h a c i n  m a y  be  useful  
in  r eve r s ing  s t ress  i nduced  hypo t ens ion .  T h o r o u g h  con-  
s ide ra t ion  of effects  of i n d o m e t h a c i n  on  p u l m o n a r y  vascu-  
la r  r es i s t ance  is i nd i ca t ed  before  i n d o m e t h a c i n  is used  in 
t h e  newborn .  
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Effect of treatment with indomethacin (2.4 mg/kg i.a.) on systemic 
arterial pressure (SAP) of 11 newborn goats with stress-induced 
hypotension. Results are means 2t2 SE. 
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