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e x h i b i t  responses  to  acous t ic  s t imul i  t h a t  are  n o t  read i ly  
d i s t ingu i shed  f rom responses  obse rved  in classical  a u d i t o r y  
p a t h w a y s  11-15. The  phys io logica l  sensory  i n p u t  we used, 
acous t ic  s t imu la t ion ,  served  as a tool  to  i n i t i a t e  synap t i c  
ac t iv i t i es  in  neu ra l  s t ruc tu re s  wh ich  m a y  con t ro l  a p p e t i t e  
as well as in  o the r  s t r u c t u r e s  no t  a p p a r e n t l y  re la ted  
to  appe t i t e .  The  doses of g a s t r o i n t e s t i n a l  h o r m o n e s  we 
a d m i n i s t e r e d  are  doses which  dr ive  t he i r  r espec t ive  n o r m a l  
t a r g e t  o rgans  m a x i m a l l y  in  t he  ra t .  T h e y  are  doses wh ich  
are l ike ly  to be  e n c o u n t e r e d  in t he  b o d y  u n d e r  n o r m a l  
condi t ions .  I n  conclusion,  our  f ind ings  sugges t  t h a t  t he re  
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15 R. F. THOMPSON, H. F. S_~IITH and D. BLISS, J. Neurophysiol. 23, 

365 (1963). 

m a y  be  a basis  for t he  concep t  t h a t  t he  gas t ro in t e s t i na I  
t r a c t  can  m o d u l a t e  cen t r a l  n e u r o n a l  a c t i v i t y  du r ing  
feeding b y  release of a ho rmone ,  CCK. I n j e c t i o n  of CCK- 
O P  in conscious  r a t s  modi f i ed  t h e  A A E R  in severa l  
s t ruc tu res ,  n o t a b l y  areas  of t he  h y p o t h a l a m u s  l inked  to 
con t ro l  of appe t i t e .  

Zusammen/assung. Bet R a t t e n  wurde  die T~ttigkeit  des 
ZNS  m i t  Hi l fe  yon  in d iverse  H i r n z o n e n  i m p l a n t i e r t e n  
E l e k t r o d e n  regis t r ier t ,  wobei  die sensor ische Re izung  im 
W a c h z u s t a n d  zur  A k t i v i e r u n g  der  e l ek t r i schen  Akt ivi t~i t  
b e n u t z t  wurde.  I n j e k t i o n e n  yon  Cho lecys tok in in  Okta -  
pep t id  in  Zonen  m i t  A p p e t i t r e g u l a t i o n  f i ihr te  zu syste-  
m a t i s c h e r  V e r g n d e r u n g  der  d u r c h s c h n i t t l i c h e n  Reiz-  
b e a n t w o r t u n g .  
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Sodium Efflux in Genetic Hypertensive Rats of the Hebrew University Strain Increasec[ Erythrocytes ~ ~ .  

Several  i nves t iga to r s  h a v e  a t t e m p t e d  to  e s t ab l i sh  a 
cor re la t ion  be twe en  h y p e r t e n s i o n  and  an  a b n o r m a l  
in t r ace l lu la r  sod ium d i s t r ibu t ion .  Inc reased  sod ium 
c o n t e n t  in t he  a r te r ia l  wal l  has  been  r epo r t ed  in h y p e r -  
t ens ive  sub jec t s  1 and  in va r ious  types  of e x p e r i m e n t a l  
h y p e r t e n s i o n  2-4. Inc reased  s o d i u m  c o n t e n t  has  been  
also found  in t he  e r y t h r o c y t e s  of h y p e r t e n s i v e  sub jec t s  
and  the i r  n o r m o t e n s i v e  re la t ives  5, 6 and  more  r ecen t ly  in  
t he  leucocytes  of h y p e r t e n s i v e  sub jec t s  7. I n  one s tudy,  
t h e  h i g h  e r y t h r o c y t e  sod ium c o n c e n t r a t i o n  was a t t r i b u t e d  
to an  increased  sod ium inf lux  6. R e c e n t  s tud ies  f rom th i s  
l a b o r a t o r y  h a v e  shown  a n  increased  eff lux of Na  22 
f rom e r y t h r o c y t e s  of sub jec t s  w i t h  u n c o m p l i c a t e d  
essent ia l  h y p e r t e n s i o n  s. These  s tud ies  h a v e  now been  
e x t e n d e d  to  e x p e r i m e n t a l  h y p e r t e n s i o n  in rats .  

W e  h a v e  recen t ly  deve loped  in th i s  l a b o r a t o r y  2 s t r a ins  
of r a t s  w i t h  m a r k e d l y  d iss imi lar  suscep t ib i l i ty  to  Doca-  
sa l t  h y p e r t e n s i o n  9. The  h y p e r t e n s i o n - p r o n e  (H) r a t  
i n v a r i a b l y  develops  h y p e r t e n s i o n  on  Doca-sa l t  t r e a t m e n t  
whereas  t h e  n o r m o t e n s i v e  (N) r a t  m a i n t a i n s  n o r m a l  
b lood  pressure  on t h e  same regimen.  The  H r a t  also t ends  
to  deve lop  mi ld  s p o n t a n e o u s  h y p e r t e n s i o n  u n d e r  regu la r  
l a b o r a t o r y  condi t ions .  The  resu l t s  p r e sen t ed  here  show a n  
increased  e r y t h r o c y t e  sod ium eff lux in t h e  h y p e r t e n s i o n -  
p r o n e  ra ts .  

Materials and methods. Male ra t s  f rom the  hype r t ens ion -  
p rone  (H) and  h y p e r t e n s i o n  r e s i s t an t  (N) s t r a ins  deve loped  
in th i s  l a b o r a t o r y  were used 9. T he  an ima l s  were k e p t  in  a n  
ar t i f ic ia l ly  i l l umin a t ed  e n v i r o n m e n t  and  m a i n t a i n e d  on  
regu la r  l a b o r a t o r y  chow a n d  t a p  water .  All e x p e r i m e n t s  
were r u n  in pa i rs  of H and  N ra t s  of a p p r o x i m a t e l y  
c o m p a r a b l e  age a n d  weight .  I n  t he  H group  we h a v e  
chosen  r a t s  w i t h  t h e  h ighes t  levels of s p o n t a n e o u s  
hype r t ens ion .  None  of t he  an ima l s  h a d  been  sub jec t ed  to  
a n y  m a n i p u l a t i o n  pr io r  to  th i s  s tudy .  Systol ic  b lood 
pressure  was d e t e r m i n e d  b y  t he  ta i l  m ic rophon ic  m e t h o d  
Of FRIEDMAN a n d  FRIED. 

Sod ium eff lux was s tud ied  b y  a modi f i ca t ion  of the  
m e t h o d s  of SACHS a n d  WELT 1~ and  GARDNER et  al.X~. 
H e p a r i n i z e d  b lood  was o b t a i n e d  b y  ca rd iac  p u n c t u r e  
u n d e r  l igh t  e the r  anes thes ia .  T he  p l a s m a  and  bu r ry  coa t  
were r e m o v e d  a f t e r  c en t r i f uga t i on  a t  3000 r p m  for 5 ra in  

a t  room t e m p e r a t u r e .  E r y t h r o c y t e s  were w a s h e d  t h r e e  
t imes  w i t h  chi l led i sosmot ic  MgC12 a n d  suspended  in a 
r a t io  of 1 :3  in a so lu t ion  c o n t a i n i n g  10% sod ium phos-  
p h a t e  buffer  (pH 7.4), 90% isosmot ic  sod ium chlor ide a n d  
500 mg/100 ml  glucose. A p p r o x i m a t e l y  10 ~xCi of Na  22 
were added  a n d  t he  suspens ion  i n c u b a t e d  in a ro to r  for 
3 h a t  37~ The  cells were s epa ra t ed  b y  cen t r i f uga t i on  
and  washed  3 t imes  w i t h  iced isosmot ic  MgCI= so lu t ion  
c o n t a i n i n g  10 m M  tris buf fe r  (pH 7.4). The  e r y t h r o c y t e s  
were r e suspended  in a n  i n c u b a t i o n  m e d i u m  a t  a h e m a t o c r i t  
of 3 - 5 % .  The  m e d i u m  h a d  t h e  fol lowing compos i t ion  
( m M ) :  Tris buf fe r  (pH 7.4), 23; NaC1, 146; KC1 6; 
KH=PO4, 0.3. Af te r  t h o r o u g h  mixing ,  2 samples  of 2 ml  
each were t a k e n  f rom t h e  suspens ion  a t  t i m e  zero. I n  one 
sample ,  t h e  ceils were lysed w i t h  saponin ,  and,  a f t e r  
t h o r o u g h  mixing ,  1 ml  of t h e  h e m o l y s a t e  was counted .  
The  second sample  was chil led in c rushed  ice for  2-3  ra in  
cen t r i fuged  a n d  1 ml  of t he  s u p e r n a t a n t  t r a n s f e r r e d  in to  a 
c o u n t i n g  vial .  The  suspens ion  of ceils was  p laced  in a n  
osci l la t ing w a t e r  b a t h  a t  37 ~ a n d  a d d i t i o n a l  2 m l  samples  
were o b t a i n e d  a t  15, 30, 45, 60 a n d  75 min.  E a c h  sample  
was chilled, cen t r i fuged  and  1 ml  of t he  s u p e r n a t a n t  
r e m o v e d  for  c o u n t i n g  as above .  R a d i o a c t i v i t y  was 
m e a s u r e d  w i t h  a P a c k a r d  mode l  3004 l iquid  sc in t i l l a t ion  
spec t romete r .  
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Efflux of Na 2e from erythrocytes in 9 pairs of hypertensive (H) and normotensive (N) rats 
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Pair No. Blood pressure Weight H KT a (%) Na ~2 - -  1/2T Rate constant 
(mm Hg) (g) rain of Na efflux (h) 

H N H N H N H N H N 

1 172 126 213 245 45 48 31 39 1.32 1.02 
2 164 124 248 226 47 47 34 38 1.20 1.08 
3 168 128 280 204 42 42 22 34 1.92 1.20 
4 158 135 194 228 45 44 33 41 1.26 1.02 
5 154 126 189 195 42 46 36 39 1.14 1.06 
6 168 126 235 260 45 44 36 44 1.14 0.94 
7 158 116 288 245 42 43 32 41 1.26 1.02 
8 146 112 240 257 -- -- 25 40 1.62 1.04 
9 138 118 242 222 40 39 26 45 1.56 0.92 

3/[~: 158 123 236 231 43.5 44.1 30.5 40.1 1.38 1.03 
S.D. 11 7 34 22 2.3 2.9 2.9 5 0.26 0.08 

Significance of difference p < 0.01 p = 0.5 p ~ 0.6 p < 0.01 p < 0.01 

a Hema toe r i t  
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Na ~2 in supernatant 
Efflux = l-F, where F = 

Na 22 in hemolysate 

S o d i u m  eff lux  was  ca lcu la ted  f rom the  e q u a t i o n :  
r a d i o a c t i v i t y  of s u p e r n a t a n t .  

E f f l ux  ~ I-F,  where  F = 
r a d i o a c t i v i t y  of h e m o l y s a t e  

The  r a t e  c o n s t a n t  (hour  -1) a n d  Na2"-ha l f t ime were 
ca lcu la ted  f rom the  regress ion  line of s o d i u m  ef f lux  
a g a i n s t  t ime .  For  s t a t i s t i ca l  ana lys i s ,  t h e  s ign  t e s t  
m e t h o d  w i th  b inomia l  p ~ 1/2 was  used.  

Results and discussion. TOe Tab le  s u m m a r i z e s  t he  d a t a  
ob t a ine d  in 9 pa i rs  of H a nd  N ra ts .  The  resu l t s  of a 
r e p r e s e n t a t i v e  e x p e r i m e n t  are i l l u s t r a t ed  in t he  Figure .  
The  r a t e  c o n s t a n t  for  s o d i u m  ef f lux  was  c o n s i s t e n t l y  
h ighe r  in t he  h y p e r t e n s i v e  m e m b e r  ot each  pa i r  (p < 0.01). 
Converse ly ,  t he  ha l f - t ime  of N a  ~ e x t r u s i o n  f rom e ry th ro -  
cy te s  was  s ign i f i can t ly  lower in t he  n o r m o t e n s i v e  p a r t n e r  
in  each  e x p e r i m e n t  (p < 0.01). 

T h e  d a t a  ind ica te  t h a t  t he  e r y t h r o c y t e s  of t he  h y p e r -  
t ens ive  a n i m a l s  e x t r u d e  more  s o d i m n  per  un i t  of t i m e  
w h e n  c o m p a r e d  to t h e  n o r m o t e n s i v e  ones.  Since t he  
e r y t h r o c y t e s  s o d i u m  c o n t e n t  was  c o m p a r a b l e  in t h e  
2 g roups  (H: 3.2 ~= 0 . 4 m E q / k g  r b c ; N :  3.1 :L 0.4 m E q / k g  
rbc), t h e  resu l t s  sugge s t  an  e n h a n c e d  e r y t h r o c y t e  s o d i u m  
in f lux  in  t h e  h y p e r t e n s i v e  group.  

T h e  poss ib i l i ty  was  cons idered  t h a t  d i f ferences  in 
s o d i u m  eff lux  m a y  ref lect  d i f ferences  in e r y t h r o c y t e  
c o u n t s  or vo lume .  I t  h a s  been  s h o w n  t h a t  s p o n t a n e o u s l y  
h y p e r t e n s i v e  r a t s  (SH) h a v e  a s ign i f i can t  increase  in red  
cell c o u n t  as  opposed  to n o r m a l  ra ts ,  a l t h o u g h  h e m a t o c r i t  
v a lue s  were c o m p a r a b l e  x2. Since H a nd  N r a t s  h a v e  s imi la r  
red cell coun t s ,  h e m a t o c r i t  a n d  m e a n  cell vo lumes ,  t he  
increased  s o d i u m  eff lux  in t h e  H c a n n o t  be ascr ibed  to  a 
larger  cell su r face  per  un i t  vo lume .  

Our  resu l t s  in r a t s  w i th  h e r e d i t a r y  h y p e r t e n s i o n  
cor robora te  t he  f ind ings  of AVIRAM s in h y p e r t e n s i v e  
sub j e c t s  a nd  are c ons i s t e n t  w i th  t he  concep t  of an  a l te red  
s o d i u m  t r a n s p o r t  ill h y p e r t e n s i o n .  A t  t h e  p r e s e n t  t i m e  it  is 
imposs ib le  to  conc lude  w h e t h e r  t he  inc reased  s o d i u m  
ef f lux  is a p r i m a r y  a n o m a l y  in ac t ive  t r a n s p o r t ,  or 
w h e t h e r  i t  is s e c o n d a r y  to increased  pas s ive  diffusion.  
Obvious ly ,  add i t i ona l  work  is r equ i red  to c lar i fy  t he  
u n d e r l y i n g  m e c h a n i s m  respons ib le  for t h e  di f ference in 
t he  s o d i u m  eff lux b e t w e e n  h y p e r t e n s i v e  (H) a nd  n o r m o -  
t e n s ive  (N) ra ts .  I t  is, however ,  t e m p t i n g  to specu la t e  t h a t  

13 S. SEN, G. C. HOFFMAI% N. T. STOWE, R. R. SMEBY and F. M. 
BIJMPI;s, J. clin. Invest .  57, 710 (1972). 
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t he  i nhe r i t ed  suscep t ib i l i ty  of t he  H r a t s  to  h y p e r t e n s i o n  
m a y  be associa ted w i t h  a n  i nhe r i t ed  a n o m a l y  in sod ium 
t r anspo r t .  

Rdsumd. Nous  avons  6 tudi6  le f lux  du  sod ium (Na 22) 
dans  des h6mat ie s  p r o v e n a n t  de 2 souches  de r a t s  o b t e n u e s  
pa r  c ro i sement  consangu in  et  pos s6dan t  une  suscept ib i l i t6  

13 This work was supported in part by a grant from the joint research 
fund of the Hebrew University-Hadassah Medical School, Jerusa- 
lem and by a grant in aid from Merck, Sharpe and Dobme. 

14 Acknowledgment. The advice of Mrs CHANNA WALD and the 
technical assistance of Mrs YAEL KEREN-TsouR are acknowledged. 

d i f f6rente  ~ l ' h y p e r t e n s i o n  art6rielle.  L a  t ens ion  art6riel le 
chez les r a t s  h y p e r t e n d u s  6 taf t  158 ~: 11 m m  Hg vs 
123 :t: 7 m m  H g  chez  les r a t s  n o r m o t e n s i f s  (p < 0.01). 
L ' e f f lux  du  sodium,  p a r  heure,  6 taf t  p lus  rap ide  chez les 
a n i m a u x  h y p e r t e n d u s  (1.38 4- 0.26) que  chez les normo-  
tensi fs  (1.03 ~: 0.08, p < 0.01). 
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Inhibitors of the Adhesiveness of Enteropathogenic E. coil 

M a n y  species of en t e robac t e r i acae  h a v e  nonf lage l la r  
appendages  cal led f imbriae .  The  roles of f imbr iae  are a t  
t he  p r e sen t  no t  wel l -def ined.  S t rong  ev idence  has  been  
p rov ided  b y  DUGUID 1 t h a t  t h e y  confer  adhes ive  p roper t i e s  
on baci l l i  and  t h a t  on ly  t he  f i m b r i a t e  bac t e r i a  are able  to  
adhere  to  d i f fe rent  t ypes  of ceils, inc lud ing  t he  ep i the l ia l  
cells of i n t e s t i n a l  mucosa .  M u t a t i o n s  can  affect  t h e  

syn thes i s  of f imbr iae  1. DAREKAR et  al. 2,8 h a v e  shown  
in mice cha l lenged  w i t h  t h e  f i m b r i a t e  s t r a in  of S. typhimu- 
rium or t h e  n o n - f i m b r i a t e  m u t a n t  de r ived  f rom it, t h a t  
t h e  f i m b r i a t e  s t r a i n  p roduced  g rea te r  n u m b e r  of infec t ions  
a n d  h a d  grea te r  oppo r tun i t i e s  for d i s s emina t i on  a n d  sp read  
to suscep t ib le  hosts .  FUBARA a n d  FRETER* h a v e  g iven  
ind i r ec t  ev idence  t h a t  t h e  adhes ive  p rope r t i e s  p l ay  a 

Fig. 1. t~lectron-microphotograph 
of fimbriate-Escherichia coli 
0125 : K 70. Shadow-cast, • 27,000. 


