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successively at  pH  5, 6, 7.3, and 8.5. The potassium con- 
t rac ta te  method of measuring changes in mechanical 
threshold of muscle fibres has been extensively employed 
to illustrate this aspect of caffeine activation in verte- 
brate ~, crustacean x5 and insect x7 skeletal muscles. The 
results of typical experiments are shown in Figure 2. In  
these experiments, the muscle fibre preparations were 
perfused for  10 sec with normal crab ringer at the experi- 
mental  pH, and the perfusate was then replaced by 
200 m M  KC1 crab ringer at this pH. I t  is clear tha t  
reduction in pH noticeably lowers the rate of rise of 
the KC1 contracture tension, but there was no significant 
effect of pH on the maximal  contracture tension achieved. 
From these results we may rule out any effect of changes 
in pH on the actual mechanical threshold. Changes in 
pH would thus appear to have lit t le effect on the quinine 
interaction with the excitation-contraction coupling pro- 
cess at the muscle fibre periphery. 

Changes in pH do have an important  effect on the 
physical state of some alkaloids in solution. Caffeine 
contractures increase in size with increasing pH of the 
medium 12 and it has been suggested tha t  the variabil i ty 
of caffeine action may be due to the greater proportion 
of 'aggregated' caffeine in solution at low pH values 1~, 
the uncharged (more active) form of caffeine being pre- 
dominant in solution at high pH values. The proportion 
of uncharged (highly active) to total quinine in solution 
is also affected by pH, the uncharged portion increasing 
as the pH is raised 3. I t  is possible that  enhancement of 
quinine contracture tension with elevation of pH may be 
due to greater availabili ty of uncharged quinine in solu- 
tion at these high pH values. However, this view is 
difficult to reconcile with the observation tha t  changes 
in pH had lit t le effect on the duration of the quinine 
contracture of crab skeletal muscle. In addition, lowering 
of the pH of crab ringer did not cause any noticeable 
precipitation of the quinine, an event  often observed 
with caffeine l°, 20, even though a quinine concentration 
of 5 m M  is near saturation. A pH interaction with the 
excitation-contraction coupling mechanism would seem 
to be a more likely reason for pH modification of con- 
tracture tension. I t  is clear tha t  any modification of the 
quinine interaction with the excitation-contraction cou- 
pling mechanism by changing the pH  does not involve a 
change in the main two peripheral parameters of mem- 
brane potential  and mechanical threshold. Since the speed 
of pH-induced tension changes of quinine contractures 
suggests an extracellular site of action, but  not  at the 

fibre periphery, the transverse tubular system would 
seem the most likely site of pH-induced action on the 
excitation-contraction coupling. 

One possibility is tha t  elevation of pH may  sensitize 
the transverse tubular system to any depolarizing action 
of quinine and potassium, thus accelerating the inward 
transmission of the surface depolarization and leading 
to a greater than normal rclease of calcium from the 
sarcoplasmic reticulum. This view would explain the 
increase in the rate of rise of contracture tension with 
increasing pH value. Alternatively, a high pH value may  
facilitate a rapid and greater than normal calcium release 
from the dyadic junctions between the transverse tubular 
system and the sarcoplasmic reticulum 2x and a low pH 
may inhibit calcium release. In this case, pH changes 
would affect the calcium control system of the dyad 
itself from an extracellular site, but  without  noticeable 
effect on the transverse tubules, thus short-circuiting the 
normal initial stages of the excitation-contraction coupling 
mechanism. Either  view would account for the striking 
Mterations seen in the rising phase of both potassium- 
induced and quinine-induced contractures as the pH is 
altered. 

Rdsumd. Les contractures des muscles squelettique du 
cancre Carcinus maenas d6clanch6es par la quinine sont 
augment6es si on soul~ve le pH du milieu extracellulair 
et se diminue par la r6duction du pH. On propose que 
le lieu d 'action du pH sur ces contractures est le syst~me 
des tubules transversales ou le changement du pH peu 
modifier la mobilisation du calcium. 
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Antihypertensive Effect of Purified Enzyme Showing Angiotensinase Activity from Rabbit Red Cells 
in Rats 

Our previous report has described a purification 
method and properties of the enzyme showing angio- 
tensinase act ivi ty  from rabbit  red cell hemolysate i. The 
present study was undertaken to observe the effect of 
s.c. injection of the enzyme on the blood pressure levels 
in experimental  renal hypertensive rats. The experiment 
was also designed to follow the changes in the levels of 
plasma renin and angiotensinase activities in acute hyper- 
tensive rats. 

Materials and methods. The enzyme was prepared from 
rabbit  red cell hemolysate by the fractionation with 
ammonium sulfate and D E A E  cellulose column chromato- 
graphy 1. The enzyme, which inactivated completely 
300 tzg of Val~-angiotensin-II-amide (Ciba) during 1 h 

incubation, was injected s.c. in a dose of 5 nag of protein 
per rat  daily. The preparation did not  show any depressor 
effect in rats when injected i.v. 

Exper iment  1. 17 rats with Goldblatt-type hyperten- 
sion were divided into the following 2 groups. The exper- 
imental  9 rats were injected the enzyme solution (0.5 ml) 
during 5 weeks period following nephrectomy. The con- 
trol 8 rats received the injection of phosphate buffer 
solution (0.1M, pH  6.8). Blood pressure was measured 

x T. KoKumr, H. AKUTSU, S. FUJIMOTO, E. UEDA, K. HIWADA and 
Y. YAMA.~URA, Biochim. biophys. Acta "191, 668 (1969). 
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per iod ica l ly  b y  p l e t h y s r n o g r a p h y  w i t h  a t a i l  cuff, u s ing  
t h e  a p p a r a t u s  of N a t s u m e  I n s t r u m e n t  Co., Tokyo .  

E x p e r i m e n t  2. 60 r a t s  rece ived  t h e  o p e r a t i o n  for  Gold-  
b l a t t - t y p e  h y p e r t e n s i o n  were d iv ided  in to  t h e  fo l lowing  

2 groups .  1 g roup  was  t r e a t e d  w i t h  t h e  s u b c u t a n e o u s  
i n j e c t i o n  of t h e  e n z y m e  a n d  t h e  o t h e r  g roup  t r e a t e d  
w i t h  p h o s p h a t e  buf fe r  as  a c o n t r o l  for  3 weeks  fol lowing 
n e p h r e c t o m y .  The  levels  of p l a s m a  r en in  a c t i v i t y  (PRA} 
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Fig. 1. Effect of ATase injection on blood pressure levels 
in acute stage of experimental renal hypertensive rats. - - - ,  
average of blood pressure elevation of 8 control rats. --,  
average of blood pressure elevation of 9 treated rats. 
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Fig. 2. Plasma renin activity (PRA) and plasma angiotensinase 
activity (PATase A) in acute hypertensive rats before, during and 
after treatment with ATase. D, average of PRA or PATase A with 
S.D. and number of rats in control group. I ,  average of PRA or 
PATase A with S.D. and number of rats in treated group with 
ATase. 

a n d  ang io t ens ina se  a c t i v i t y  (PATase  A) were e s t i m a t e d  
before,  d u r i n g  a n d  a f t e r  t h e  3 week  i n j e c t i o n  per iod.  
P R A  was  m e a s u r e d  acco rd ing  t o  t h e  m e t h o d  of JoNG ~ 
a n d  was  expressed  as ng  of a n g i o t e n s i n - I I  e q u i v a l e n t  
p roduced]2  ml  of p l a s m a / 4  h. P A T a s e  A was  expressed  
as  n g  of i n a c t i v a t e d  a n g i o t e n s i n - I I / 0 . 1  m l  of p l a s m a ]  
10 rain.  

Results and discussion. E x p e r i m e n t  1. T h e  effect  of 
s.c. i n j ec t i on  of t h e  e n z y m e  on  t h e  b lood  pressure  levels  
in  G o l d b l a t t - t y p e  h y p e r t e n s i v e  r a t s  is s h o w n  in F i g u r e  1. 
T h e  d e v e l o p m e n t  of h y p e r t e n s i o n  in t h e  t r e a t e d  g roup  
was  s ign i f i can t ly  i n h i b i t e d  d u r i n g  t h e  i n j ec t ed  pe r iod  as 
c o m p a r e d  w i t h  t h a t  in  t h e  con t ro l  group.  T h e  d i f fe rence  
of t h e  b lood  p ressu re  levels  b e t w e e n  t h e  b o t h  g roups  
was  s ign i f i can t  a t  1% s ign i f i can t  level .  Af t e r  cessa t ion  
of t h e  e n z y m e  in jec t ion ,  t h e  b lood  p ressu re  levels  rose 
to  t h a t  of con t ro l  r a t s  w i t h i n  a few weeks.  No  r e d u c t i o n  
of b lood  p ressu re  was  obse rved  in  t h e  ch ron ic  h y p e r -  
t en s ive  r a t s  u p o n  t h e  i n j ec t i on  of t he  enzyme.  

E x p e r i m e n t  2. Changes  in  t h e  levels  of P R A  a n d  P A T a s e  
A in a c u t e  h y p e r t e n s i v e  r a t s  t r e a t e d  w i t h  t he  pu r i f i ed  
ang io t ens ina se  are  i l l u s t r a t ed  in  F igu re  2. P R A  in  n o r m a l  
r a t s  were 5.2 ng  in average .  I n  t h e  con t ro l  group,  P R A  
increased  g r a d u a l l y  to  a n  a v e r a g e  of 21.5 ng  a f t e r  5 weeks  
fo l lowing t h e  o p e r a t i o n  w i t h  b lood  p ressu re  e leva t ion .  

W. JoNo, Proc. Soc. exp. Biol. Med. 130, 85 (1969). 
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However ,  t h e  levels  of P R A  in t h e  e x p e r i m e n t a l  g roup  
rose to  21 ng  a l r eady  in  t he  1st or 2nd  week  a f t e r  t he  
in jec t ion .  

P A T a s e  A in  t h e  con t r o l  a n i m a l s  rose to  40--45 ng  
i m m e d i a t e l y  a f t e r  t he  o p e r a t i o n  f rom a p r e o p e r a t i v e  av-  
e rage  of 23.4 ng. T h e  h i g h  level  was  m a i n t a i n e d  for  2 
weeks ;  t h e n  i t  dec reased  g r a d u a l l y  in  t h e  3rd week. I n  
t he  5 th  week,  P A T a s e  A b e c a m e  lower  t h a n  t h e  pre-  
o p e r a t i v e  level.  I n  t h e  e x p e r i m e n t a l  group,  d u r i n g  t he  
e n z y m e  in j ec t i on  pe r iod  in c o m b i n a t i o n  w i t h  suppres s ion  
on  b lood  pressure  e leva t ion ,  P A T a s e  A were  usua l ly  
h i g h e r  t h a n  those  in t h e  con t ro l  group,  a n d  b e c a m e  
n o r m a l  2 weeks  a f t e r  cessa t ion  on  t h e  in jec t ion .  

T h e  resu l t s  sugges ted  t h a t  t h e  r e n i n  ang i o t ens i n  sys- 
t e m  could  p l a y  a n  i m p o r t a n t  role in  t h e  acu t e  p h a s e  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 .  T he  reasons  for  th i s  con-  
c lus ion  a re  as  fol lows;  1. t h e  d e v e l o p m e n t  of h y p e r t e n -  
s ion was  suppressed  b y  t he  A T a s e  i n j e c t i o n  in a c u t e  s tage,  
2. t h e  increase  of P R A  in  t h e  t r e a t e d  g roup  sugges ted  t h e  
ex i s t ence  of some  feed b a c k  m e c h a n i s m  b y  t h e  t r e a t m e n t  
w i t h  A T a s e  in  a c u t e  phase .  

Zusammen/assung. I n  de r  a k u t e n  P h a s e  de r  G o l d b l a t t -  
H y p e r t o n i e  der  R a t t e  v e r h i n d e r t e  die I n j e k t i o n  yon  r e ine r  
A n g i o t e n s i n a s e  e in  Auss t e igen  des  B l u t d r u c k e s .  Die  Be-  
h a n d l u n g  w a r  u n w i r k s a m  bei  ch ron i s chem H o c h d r u c k .  
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Activation of Rat Stomach Histidine Decarboxylase After Inhibition of Acid Secretion with 2-Phenyl-  
2- (2-Pyridyl)-Thioacetamide ( S C - 1 5 3 9 6 )  

Gas t r i c  h i s t i d ine  deca rboxy la se  in t h e  r a t  is an  a d a p t i v e  
enzyme,  i t s  a c t i v i t y  be ing  d e p e n d e n t  upon  t h e  f u n c t i o n a l  
s t a t e  of t he  s t o m a c h L ~ .  Thus ,  t h e  a c t i v i t y  is low a f t e r  
p r o l o n g a t e d  fa s t ing  a n d  is m a r k e d l y  increased  a f t e r  ga s t r i n  
(pen tagas t r in )  a d m i n i s t r a t i o n ,  v a g a l  e x c i t a t i o n  or  feeding.  
T h e  e n z y m e - a c t i v a t i n g  effect  of v a g a l  e x c i t a t i o n  a n d  
feeding  - b u t  n o t  t h a t  of p e n t a g a s t r i n  - is abo l i shed  b y  
a n t r e c t o m y  a-5, i n d i c a t i n g  t h a t  e n d o g e n o u s  ga s t r i n  is one  
i m p o r t a n t  f a c t o r  in  t h e  r e g u l a t i o n  of t h e  e n z y m e  ac t i v i t y .  
G a s t r i u  re lease  is m a r k e d l y  d e p e n d e n t  u p o n  a n t r a l  pH,  a 
low p H  be ing  i n h i b i t o r y  s. Recen t ly ,  v a g a l  d e n e r v a t i o n  
a n d  t r e a t m e n t  w i t h  a t r o p i n e  were f o u n d  to  cause  a power-  
ful a c t i v a t i o n  of gas t r ic  h i s t id ine  d e c a r b o x y l a s e  ~, 7. Since 
b o t h  v a g o t o m y  a n d  a t r o p i n e  t r e a t m e n t  abo l i shed  basa l  
a n d  p e n t a g a s t r i n - s t i m u l a t e d  acid secret ionS,  7 i t  was  
sugges ted  t h a t  t h e  r e su l t i ng  h i g h  a n t r a l  p H  would  st i-  
m u l a t e  ga s t r i n  release,  t h u s  a c t i v a t i n g  t h e  h i s t i d i n e  de-  
ca rboxylase .  T h e  fo l lowing concep t  was  a d v a n c e d S , L  All 
agen t s  (except  p e n t a g a s t r i n )  a n d  all  e x p e r i m e n t a l  condi -  
t ions ,  w h i c h  s t i m u l a t e  acid sec re t ion  t h r o u g h  a d i r ec t  ac- 
t i on  on  t h e  pa r i e t a l  celt a n d  which  do  n o t  h a v e  a gas t r i n -  
re leas ing  effect,  wil l  suppres s  t h e  a c t i v i t y  of gas t r i c  h is t i -  
d ine  d e c a r b o x y l a s e  b y  lower ing  t h e  a n t r a t  p H ,  t h u s  in-  
h i b i t i n g  ga s t r i n  release.  Al l  a g e n t s  a n d  e x p e r i m e n t a l  
cond i t ions ,  wh ich  i n h i b i t  acid sec re t ion  w i t h o u t  i n h i b i t i n g  
g a s t r i n  release,  wil l  a c t i v a t e  t he  e n z y m e  b y  inc reas ing  t he  
a n t r a l  pH ,  t h u s  s t i m u l a t i n g  ga s t r i n  release.  

2 - P h e n y l - 2 - ( 2 - p y r i d y l ) - t h i o a c e t a m i d e  (SC-15396) is a n  
i n h i b i t o r  of gas t r i c  acid secre t ion.  H a v i n g  no  an t i cho -  
l inergic  effects,  i t  was  i n t r o d u c e d  as a ga s t r i n  a n t a g o n i s t  
( ' an t i -gas t r i n ' )  s - n .  I n  t h e  r a t  a n d  dog, SC-15396 also re- 
duces  t h e  sec re to ry  response  fo l lowing t r e a t m e n t  w i t h  
h i s t a m i n e ,  chol inerg ic  d rugs  a n d  vaga l  e x c i t a t i o n  1~-17 a n d  
should  c o n s e q u e n t l y  be  r ega rded  as a genera l  i n h i b i t o r  of 
gas t r ic  acid secre t ion.  F r o m  t h e  concep t  p r e s e n t e d  above ,  
t r e a t m e n t  w i t h  SC-15396 shou ld  cause  a c t i v a t i o n  of 
gas t r i c  h i s t i d i n e  d e c a r b o x y l a s e  as a consequence  of t h e  
r e su l t i ng  e l e v a t i o n  of a n t r a l  pH .  T h i s  a s s u m p t i o n  was  
t e s t e d  in  t h e  p r e s e n t  s tudy .  

SC-15396 (Searle,  Chicago) was  d isso lved  in  d i m e t h y l -  
su t foxide  (10 mg]ml)  a n d  g iven  s.c. in  a dose  of 50 m g / k g  

to  ra ts ,  f as ted  for 48 h p r io r  to  in jec t ion .  Con t ro l  r a t s  
(also f a s t ed  for 48 h) rece ived  D M S O  a lone  (5 ml /kg) .  All  
r a t s  were  ki l led 3 or 6 h a f t e r  t h e  in jec t ions .  The  m u e o s a  
of t h e  o x y n t i c  g land  a r ea  was  sc raped  off the  s t o m a c h  wal l  
a n d  h o m o g e n i z e d  in  0.I  1~i r p h o s p h a t e  buffer ,  p H  6.9, to  a 
f ina l  c o n c e n t r a t i o n  of I00  m g  (wet  weigh t )  pe r  ml.  Af t e r  
c e n t r i f u g a t i o n  a t  10.000 × g  for  15 ra in  in  a r e f r ige ra t ed  
cen t r i fuge ,  a l i quo t s  of t h e  s u p e r n a t a n t  (usual ly  0.4 ml)  
were  i n c u b a t e d  w i t h  ca rboxy l - l abe l l ed  laC-L-hist idine 
(4 X 1 0 - * M ;  1.3 mC/mmol ,  New E n g l a n d  Nuclear )  in  t h e  
p resence  of p y r i d o x a l - 5 - p h o s p h a t e  (10-~M) a n d  g lu ta -  
t h i o n e  (4 x 10 -4 M) in a t o t a l  v o l u m e  of 0.5 ml.  T h e  samples  
were i n c u b a t e d  u n d e r  n i t r ogen  a t  37°C for  1 h u n d e r  
c o n t i n u o u s  a g i t a t i o n  in a m e t a b o l i c  shaker .  The  h i s t id ine  
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