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Fig. 3. Histological structure of necrotized cardiac muscle of the Fig. 4. Histological structure of necrotized cardiac muscle of the 
control animals. ALS treated animals. 

cel lular  i n f i l t r a t ion  is vis ible  on ly  a t  t h e  b o u n d a r y  of t h e  
necro t ic  a rea  a n d  i t  con ta ins  v e r y  few lympho cy t e s .  
P l a s m a  effusion is no t  apprec iab le  (Figure 4). 

The  p r e sen t  e x p e r i m e n t s  i nd i ca t e  t h a t  t he  f r equency  
of t h e  a r r h y t h m i a  a n d  c o n d u c t i o n  de t e r i o r a t i on  in t h e  
in i t ia l  s tage  of m y o c a r d i a l  i n fa rc t ion  is r educed  b y  t h e  
a d m i n i s t r a t i o n  of ALS.  Consider ing  t h a t  t he  i n f l a m m a -  
t i on  zone, t he  t r igger  zone - is k n o w n  to be la rgely  
respons ib le  for  t he  r h y t h m  d i s tu rbances ,  th i s  effect  can  
be  a t t r i b u t e d  to t he  dep le t ion  of t he  i n f l a m m a t i o n ,  i.e. 
p l a s m a  effusion a n d  l y m p h o c y t e  in f i l t r a t ion  a r o u n d  t h e  
necro t ic  area.  I t  was  obse rved  b y  ONO et  al. 6 t h a t  t h e  
a d m i n i s t r a t i o n  of A L S  leads to  t h e  p ro longa t i on  of r a t  
h e a r t  a l lograf t  f unc t i on  and  to  t he  r educ t ion  of r h y t h m  
d i s t u r b a n c e s  a n d  low vol tage ,  re f lec t ing  ear ly  re jec t ion.  

The  p r e sen t  expe r imen t ,  a long  w i t h  t h e  f indings  of 
o t h e r  a u t h o r s  7 9, suggests  t h a t  t he  i m m u n o m e c h a n i s m  
of t h e  o rgan i sm reac ts  to  t h e  necro t i zed  t issue in t he  same  
way  as to  a n y  al lograf t .  The  i n f l a m m a t i o n  a r o u n d  t h e  
card iac  muscle  necro t i zed  due  to i schemia  seems t h u s  
to  be  c o m p a r a b l e  w i th  t h e  r e j ec t ion  of t he  a l lograf t  hea r t .  

Zusammen/assung. Bei m i t  A n t i l y m p h o z y t e n - S e r u m  
b e h a n d e l t e n  R a t t e n  wird  die E n f z i i n d u n g s r e a k t i o n  der  
d u r c h  Isch~Lmie h e r v o r g e r u f e n e n  Nekrose  des Myokar -  
d iums  b e d e u t e n d  v e rmi n d e r t .  Ausse rdem werden  d a d u r c h  
R h y t h m u s -  u n d  Le i t ungs s t6 rungen ,  welche  im Anfangs-  
s t a d i u m  des He rz in f a rk t e s  h/~ufig sind, sel tener .  
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Mechanism of the Fall in Blood Pressure After 'Unclamping'  in Rats with Goldblatt-type Hypertension 

I n  dogs, cons t r i c t ion  of one rena l  a r t e r y  cons i s t en t ly  
induces  h y p e r t e n s i o n  on ly  if t h e  c o n t r a l a t e r a l  k i d n e y  is 
r e m o v e d  ( ' G o l d b l a t t - t y p e '  of hype r t ens ion ) .  In  t h e  ra t ,  
h y p e r t e n s i o n  m a y  be  induced  b y  cons t r i c t ing  one rena l  
a r t e r y  w i t h  or w i t h o u t  r e m o v i n g  t he  oppos i te  k idne y ;  t h e  
'Goldblatt-tTCpe'  of h y p e r t e n s i o n  is more  severe  t h a n  hy-  
p e r t e n s i o n  a f t e r  c l amp ing  w i t h o u t  c o n t r a l a t e r a l  nephrec -  
t omy .  The re  are, fu r the rmore ,  m a j o r  f u n c t i o n a l  dif-  
ferences  b e t w e e n  these  2 t ypes  of e x p e r i m e n t a l  r ena l  
hype r t ens ion .  I n  t he  t y p e  induced  b y  c l a m p i n g  w i t h o u t  
n e p h r e c t o m y ,  t h e r e  are changes  in t he  r en in  a c t i v i t y  of 
t h e  k idneys  1, whi le  t h e  r en in  a c t i v i t y  of pe r iphe ra l  b lood 
increases  cons ide rab ly  2. I n  t he  ' G o l d b l a t t - t y p e '  of hype r -  
t en s ion  t he re  is no  increase  in r en in  a c t i v i t y  in  t h e  
' c l a m p e d '  k i d n e y  and  b lood  ren in  a c t i v i t y  does n o t  in- 
crease 2. R e m o v a l  of t he  c l amped  k i d n e y  l a t e r  t h a n  1 week 
a f t e r  t h e  b e g i n n i n g  of h y p e r t e n s i o n  induces  a fall  of b lood 
pressure  in  an ima l s  wh ich  did  no t  unde rgo  c o n t r a l a t e r a l  
n e p h r e c t o m y  ~,~, b u t  n o t  in  t he  ' G o l d b l a t t - t y p e '  of hype r -  
t ens ion  4. I n  t h e  l a t t e r  condi t ion ,  hyper t ens iQn  pers is ts  in  

spi te  of a fall  of t h e  b lood ren in  a c t i v i t y  to  e x t r e m e l y  low 
levels ~. I n  c o n t r a s t  to  r e m o v a l  of t h e  whole  ' i schemic '  
k idney,  surgical  r e m o v a l  of t h e  cons t r i c t ing  c l amp  on the.  
r ena l  a r t e r y  causes a r ap id  a n d  p e r m a n e n t  fall  of b lood  
pressure  6. T h e  d a t a  s u m m a r i z e d  in Tab le  I conf i rm these  
o b s e rv a t i o n s  an d  show, fu r t h e rmo re ,  t h a t  l iga t ion  of t he  
u re t e r  before  r e m o v i n g  t h e  c l amp  on t h e  rena l  a r t e r y  com- 
p le te ly  suppresses  the  fall  in  b lood pressure  a f t e r  un-  
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c l amping .  T h e  a n i m a l s  used  in these  e x p e r i m e n t s  were 
ma l e  r a t s  of t h e  W i s t a r  t y p e  whose  left  k i d n e y  was  re- 
m o v e d  u n d e r  e the r  a n a e s t h e s i a  while  t he  r igh t  rena l  a r t e r y  
was  cons t r i c t ed  b y  a c l a m p  of 0.2 m m  7 I .D. w h e n  t h e y  
weighed  b e tween  120 a n d  150 g. Mos t  of t h e m  b e c a m e  
h y p e r t e n s i v e  (B.P. > 150 m m  Hg,  m e a s u r e d  p l e t h y s m o -  
g raph ica l ly  accord ing  to  6) w i th in  3-6  weeks.  In  a n i m a l s  
h y p e r t e n s i v e  for 1-2 weeks,  the  c l a m p  was  surg ica l ly  
r e m o v e d  u n d e r  e the r  anaes thes i a .  

R e m o v a l  of t h e  c l a m p  in t h e  ' G o l d b l a t t - t y p e '  of rena l  
h y p e r t e n s i o n  in t h e  r a t  t h u s  i nduces  a fall in blood pres-  
sure  wh ich  is o b v i a t e d  b y  l iga t ing  t he  u re t e r  and,  the re -  
fore, could be re la ted  to some  change  in t h e  exc re to ry  
func t i o n  of t h e  k i d n e y  af te r  u n c l a m p i n g .  U n c l a m p i n g ,  
u n d e r  these  c i r cums tances ,  i nduces  an  impres s ive  d iure t ic  
response  wh ich  h a d  been  obse rved  p rev ious ly  b y  LEDING- 
}tAM an d  COHEN 8. 

I n  order  to  i n v es t i ga t e  t he  r e l a t ionsh ip  b e t w e e n  th i s  
d iure t ic  r e sponse  a n d  t he  fall in blood pressure ,  t he  follow- 
ing e x p e r i m e n t  was  done :  12 of 22 r a t s  w i t h  'Go ldb la t t -  
t y p e '  h y p e r t e n s i o n  (group A) were a n a e s t h e t i z e d  w i th  
e the r  an d  t h e  c l amp  on t he  rena l  a r t e ry  was  r e m o v e d ;  
10 of t hese  22 r a t s  (group B) were s h a m - o p e r a t e d ,  i.e. the i r  
rena l  ar ter ies  were d issec ted  free a n d  t h e  c l a m p  was  iso- 
la ted  f ro m  th e  s u r r o u n d i n g  t issue,  b u t  n o t  r emove d .  
S im u l t an eo u s ly ,  6 r a t s  which ,  a f t e r  n e p h r e c t o m y  a n d  

d a m p i n g  of t he  r e m a i n i n g  rena l  a r te ry ,  ha d  no t  be c ome  
h y p e r t e n s i v e  (B.P. < 150 m m t t g ,  g roup  C), were also un -  
c l amped .  I m m e d i a t e l y  a f te r  t he  ope ra t i on  all r a t s  were 
p laced in res t r i c t ion  cages a nd  the i r  u r ine  was  collected for 
6 h. T h e  u r i n a r y  c o n c e n t r a t i o n s  of s o d i u m  a nd  p o t a s s i u m  
were m e a s u r e d  b y  f l ame  p h o t o m e t r y .  The  blood p re s su re  of 
t he  a n i m a l s  was  m e a s u r e d  before a nd  24 h a f te r  opera t ion .  
I t  p rove d  diff icul t  to  m e a s u r e  blood pressure ,  b y  ta i l  
p l e t h y s m o g r a p h y ,  w h e n  t he  a n i m a l s  were t a k e n  ou t  of 
t he  res t r i c t ion  cages  6 h a f te r  t he  opera t ion .  The  resu l t s  
of t hese  e x p e r i m e n t s  are s u m m a r i z e d  in Tab le  II .  

C o m p a r i n g  g roups  A a n d  B shows  t h a t  u n c l a m p i n g  
causes  an  add i t i ona l  excre t ion  of 38 m l / k g  b o d y  wt.  of 
water ,  of 4.6 m E q / k g  of s o d i u m  a n d  of 0.9 m E q / k g  of 
p o t a s s i u m ;  c o m p a r i s o n  of g roups  B a n d  C shows  t h a t  un-  
c l a m p i n g  causes  a smal le r  loss of w a t e r  a n d  of s o d i u m  in 
a n i m a l s  w h ic h  h a d  n o t  be c ome  hype r t e ns ive .  The  excre-  
t ion  of sod ium,  p o t a s s i u m ,  a n d  w a t e r  in t he  a n i m a l s  of 
g roup  B did no t  differ  s ign i f i can t ly  f r om va lues  obse rved  
b y  ourse lves  a n d  b y  o the rs  9 in n o r m a l  ra ts .  I n  g roup  A, 
t h e  add i t i ona l  s o d i u m  a nd  w a t e r  exc re ted  af te r  u n c l a m p -  
ing  a m o u n t e d  to a p p r o x i m a t e l y  10% of t he  to t a l  b o d y  
s o d i u m  10 a n d  12% of t he  ex t race l lu l a r  v o l u m e  of n o r m a l  
r a t s  ~. I n  g roups  A a n d  C, t he  fall in blood p ressu re  w i th in  
24 h a f te r  u n c l a m p i n g  was  h igh ly  s ign i f i can t ly  corre la ted  
to s o d i u m  excre t ion  in t he  6 h fol lowing t he  opera t ion .  

Table I. Blood pressure (BP) before and after uncIamping the renal 
artery in rats with Goldblatt hypertension 

Unclamping Unelamping 
+ ligation 
of ureter 

No. of animals 9 12 7 9 
BP before operation 170 ~ 7 170 4- 6 175 • 9 171 4- 5 
BP after operation: 
6 h 139 ~ 6 
24 h 120 4- 6 170 • 5 
5 days 94 -4- 5 
30 days 96 4- 3 

Blood pressure measured plethysmographically 8 before and 5 or 30 
days after unelamping, and by eannulating a carotid artery under 
pentobarbital anaesthesia 6 and 24 h after unclamping. Values are 
means ~-S.E. The blood pressure of normal rats of this strain, 
measured plethysmographieally, was 104 :k 1 mm Hg (n = 100); 
when measured in a carotid artery it was 124 • 2 mm Hg (n = 77). 

Table II. Fall in blood pressure and diuretic response after nn- 
lamping in 'Goldblatt-type' hypertensive rats (group A) or in animals 
which did not become hypertensive after the same operation (group 
C), as well as in sham-unetamped 'Goldblatt-type' hypertensive rats 
(group B) 

Group A Group B Group C 

No. of experiments 12 10 

Blood pressure mm Hg: 
Before operation 176 • 6 178 i 5 
24 h after operation 97 ~- 3 168 =t= 6 
Fall 79 ~- 5 - 

Renal excretion of: 
Water (ml/kg. 6 h) 54 4- 4 16 4- 4 
Sodium (mEq/kg. 6 h) 5.3 ~- 0.2 0.6 4- 0.1 
Potassium (mEq/kg. 6 h) 2.4 i 0.2 1.6 4- 0.2 

Urinary concentration of : 
Sodium (mEq/1) 111 :~ 16 48 • 8 
Potassium (inEq/1) 47 el= 3 133 =~ 26 

110 • 6 
79 -t-5 
31 4-7 

37 4- 7 
3.2 • 0.7 
1.5 • o.1 

98 • 9 
57 • 19 

mmHr 
llO 

100 

9D 

8O 

"~- 70 

60 

5O 

' =  30 

�9 -= 20 

10 

ii 
/ 

Na+excretion 

mEq/Kg boOy wt..6h 

Regression of the fall in blood pressure, observed within 24 h after 
'unelamping' the constricted renal artery, in rats of the 'Goldblatt- 
type', on sodium excretion within 6 h after unelampil~g. Regression 
line calculated according to the method of least squares. Each 
point represents one experimental animal of groups A and C. 
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vol. II, part I3, p. 10, table III. 
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The  coeff ic ient  of cor re la t ion  was r = + 0.82 (p < 0.001). 
S o d i u m  excre t ion  w i t h i n  6 h a f t e r  u n c l a m p i n g  was also 
cor re la ted  w i t h  t h e  m e a n  b lood  pressure  before  u n c l a m p -  
ing;  t he  coeff icient  of co r re l a t ion  was, however ,  lower 
(r -- + 0.73). The  F igu re  shows t h e  fall  in  b lood  pressure  
as a regress ion  on  sod ium excre t ion ;  t he  slope of t h e  re- 
gression l ine was b = 16.6 m m  H g / m E q / k g  b o d y  wt.  of 
sod ium excre ted  in 6 h a n d  dif fered h igh ly  s ign i f ican t ly  
(p < 0.001) f rom 0. 

These  d a t a  suggest ,  b u t  do n o t  prove,  t h a t  t h e  fall  in  
b lood pressure  a f t e r  u n c l a m p i n g  is r e l a t ed  to a loss of 
sod ium and  ex t race l lu la r  fluid. TOBIAN et  al. 1~ found  t h a t  
t he  t o t a l  e x c h a n g e a b l e  sod ium in t h e  ' G o l d b l a t t - t y p e '  
h y p e r t e n s i o n  in r a t s  is increased  b y  3.9 m E q / k g  w h e n  
c o m p a r e d  to t h a t  of n o r m a l  rats ,  or of an i m a l s  w i t h  h y p e r -  
t ens ion  induced  b y  cons t r i c t i ng  one r ena l  a r t e r y  w i t h o u t  
r e m o v i n g  t h e  oppos i te  k idney .  Th i s  a m o u n t  is nea r ly  t h e  
same  as t he  a d d i t i o n a l  sod ium excre ted  w i t h i n  6 h a f te r  
unc l amping .  T h u s  i t  is possible  t h a t  t he  ' G o l d b l a t t - t y p e '  
of h y p e r t e n s i o n  is causa l ly  r e l a t ed  to  r e t e n t i o n  of sod ium 
a n d  water .  The  poss ible  role of sod ium r e t e n t i o n  in t he  
pa thogenes i s  of d i f fe ren t  types  of h y p e r t e n s i o n  has  r ecen t l y  
been  s t ressed b y  GUVTON and  COLEMAN 1~. However ,  i t  
shou ld  be  po in t ed  ou t  t h a t ,  in t he  e x p e r i m e n t s  of LEDI- 
NGHAM a n d  COHEN ~, a fall  in  blood pressure  occur red  a f t e r  

u n c l a m p i n g  "Gold=bla i r - type '  h y p e r t e n s i v e  rats ,  even  
w h e n  t h e y  were t h o u g h t  to  h a v e  a pos i t ive  w a t e r  ba lance ,  
a n d  in 3 an ima l s  in sp i te  of t he  f ac t  t h a t  t h e  u r ine  exc re ted  
was  re in jec ted .  I t  appea r s  un l ike ly  t h a t  suppress ion  of 
t h e  fall  in  b lood pressure  a f t e r  u n c l a m p i n g  b y  l iga t ing  t he  
u re t e r  could be  due to t h e  a d d i t i o n a l  secre t ion  of r en in  
induced  b y  th i s  ope ra t i on  la. 

Rdsumd. Chez le r a t  h y p e r t e n d u  p a r  cons t r i c t i on  
par t ie t te  d ' u n e  ar t~re  r6nale  e t  n 6 p h r e c t o m i e  con t ro -  
lat6rale,  la suppress ion  ch i rurg ica le  de la cons t r i c t ion  en- 
t r a i n e  une  n o r m a l i s a t i o n  de la  press ion  ar t6r ie l le  et  une  
excr6 t ion  u r ina i re  i m p o r t a n t e  d ' e au  e t  de sod ium;  la l iga- 
t u r e  p r6a lab le  de l ' u re tb re  emp~che  la n o r m a l i s a t i o n  de la 
pression.  
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M a s t  Cel ls  and H i b e r n a t i o n :  O b s e r v a t i o n s  in the 

A n  increase  in t h e  n u m b e r  of m a s t  cells ha s  been  re- 
p o r t e d  as occur r ing  in t i ssues  of h i b e r n a t i n g  hedgehogs  
(Erinaceus europaeus) 1. T he  c lo t t ing  t i m e  of t he  b lood of 
hedgehogs ,  h a m s t e r s  a n d  b a t s  is a p p a r e n t l y  also increased  
d u r i n g  h i b e r n a t i o n  ~ 4. These  obs e r va t i ons  h a v e  been  used 
to  s u p p o r t  t h e  c o n t e n t i o n  t h a t  hepar in ,  w h i c h  is one  of t he  
m a i n  pha rmaco log i ca l l y  ac t ive  subs t ances  p roduced  b y  
t he  m a s t  cell 5, ~, is of phys io logica l  s ignif icance for t he  cir- 
cu l a to ry  s y s t e m  b y  decreas ing  t h e  coagu lab i l i t y  of t he  
b lood  a n d  t h u s  p r e v e n t i n g  s p o n t a n e o u s  t h r o m b o s i s  2,4. 

The  ev idence  for a n  increase  in t h e  b lood  c lo t t i ng  t i m e  
in h i b e r n a t i n g  a n i m a l s  seems conclusive,  whereas  t h e  
ex is tence  of a co r r e spond ing  genera l  increase  in t h e  
n u m b e r  of m a s t  cells - wh ich  is m a i n l y  based  on  s tud ies  in  
a few spec imens  of a single species 1 _ needs  conf i rma t ion .  
W e  h a v e  the re fo re  r e - inves t iga ted  t he  m a t t e r  of poss ible  
changes  in t he  m a s t  cell p o p u l a t i o n  d u r i n g  h i b e r n a t i o n  b y  
s t u d y i n g  t he  m a s t  cells in  t he  i n t e r f em or a l  m e m b r a n e  of 
t he  I n d i a n a  ba t ,  Myotis sodalis, in  t h e  a u t u m n  a n d  
t h r o u g h o u t  t h e  win ter .  P r io r  to  a n d  a t  t h e  end  of t he  
h i b e r n a t i n g  period,  t i s sue  levels of h i s t a m i n e  in th i s  b a t  
were also de t e rmined .  Cons ider ing  t h a t  m a m m a l i a n  m a s t  
cells in  a d d i t i o n  to  h e p a r i n  also s tore  t h e  b u l k  of t i ssue  
h i s t amine ,  a n d  t h a t  v a r i a t i o n s  in  m a s t  cell n u m b e r  in  a 
p a r t i c u l a r  t i ssue  are  usua l ly  para l le led  b y  v a r i a t i o n s  in  i ts  
h i s t a m i n e  c o n t e n t  7,s, t h e  h i s t a m i n e  d e t e r m i n a t i o n s  m a y  
serve as a n  a d d i t i o n a l  i n d i c a t o r  of changes  in  t he  m a s t  cell 
popu la t ion .  

Once eve ry  m o n t h ,  f rom Oc tobe r  to  April ,  6 spec imens  
of Myotis sodalis (equal  n u m b e r s  of e i t he r  sex) were  col- 
lec ted  f rom a c o m m o n  h i b e r n a t i n g  place  in Car te r  Cave 
(Ken tucky) .  The  f i rs t  col lec t ion (October)  was  m a d e  
whi le  t he  b a t s  were g a t h e r i n g  in inc reas ing  n u m b e r s  in  
t he  cave, a n d  t h e y  were sti l l  l eav ing  t he  cave  for f l ights  
a t  n igh t - t ime .  T r a n s i e n t  a rousa ls  f rom t h e  d o r m a n t  s t a t e  
were no t iced  occas ional ly  d u r i n g  t he  w i n t e r  m o n t h s  
( N o v e m b e r  to  March) .  Cave t e m p e r a t u r e s  in  t h e  w i n t e r  
averages  a b o u t  5 ~ T he  las t  col lect ion (April) was  m a d e  
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w h e n  b a t s  s t a r t e d  to  leave  t h e i r  h i b e r n a t i n g  place  for t he  
summer .  

U p o n  cap ture ,  t h e  b a t s  were t a k e n  to  t h e  l a b o r a t o r y  
a n d  kil led w i t h  e thy l  e ther .  The  i n t e r f e m o r a l  m e m b r a n e  
was t h e n  r e m o v e d  and  i ts  2 layers  of sk in  pa r t i a l l y  spl i t  
f rom each  o t h e r  b y  in se r t ion  of a h y p o d e r m i c  needte,  
fol lowed b y  in jec t ion  of m e t h y l  a lcohol  in to  t h e  t i ssue  be- 
t w e e n  these  layers.  Subsequen t ly ,  t h e  whole  t i ssue  
sample  was p laced  in  ja r s  w i t h  m e t h y l  a lcohol  for  addi -  
t i ona l  f ixa t ion.  Af te r  2-3  days  some of t he  samples  were  
comple t e ly  spl i t  i n to  2 layers,  s t a ined  w i t h  alcoholic  
t h i o n i n  (0.1%), a n d  s tud ied  u n d e r  t he  microscope.  O t h e r  
sampIes  were s to red  in t h e  f i xa t i ve  u n t i l  Apri l  w h e n  t h e  
m a s t  cell dens i t y  of samples  o b t a i n e d  on  al l  col lec t ion 
t r ips  was  compared .  N o t w i t h s t a n d i n g  t h a t  t i ssues  f rom 
the  i n t e s t i n a l  t r a c t  h a v e  been  inc luded  in ear l ier  s tud ies  
on  t he  m a s t  cells d u r i n g  h i b e r n a t i o n 1 ,  4, we avo ided  such  
t issues  because  h i b e r n a t i o n  is a c c o m p a n i e d  b y  fa s t ing  
which  pe r  se m a y  f u n d a m e n t a l l y  af fec t  t i ssues  d i r ec t ly  
i nvo lved  in t he  d iges t ive  process.  

J u d g i n g  f rom the  s ingle- layered  skin  p repa ra t ions ,  t h e  
i n t e r f emora l  m e m b r a n e s  were a lways  r ich  in m a s t  cells. 
W e  pe r fo rmed  b o t h  genera l  obse rva t i ons  of m a s t  ceils 
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