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Effects  of K n o w n  and S u s p e c t e d  N e u r o t r a n s m i t t e r  S u b s t a n c e s  and of S o m e  N u c l e o t i d e s  on I so la ted  
Mast  Cel l s  

M a s t  cells occur  w ide ly  in t h e  t i s sues  of v e r t e b r a t e s  1 a n d  
r a r e l y  in t h e  c e n t r a l  n e r v o u s  s y s t e m  2-a. A l t h o u g h  u l t r a -  
s t r u c t u r a l  s t ud i e s  h a v e  n o t  r evea led  s y n a p t i c  e n d i n g s  on  
m a s t  cells a n y w h e r e  5-9, i t  h a s  r e c e n t l y  been  s h o w n  t h a t  in 
t h e  sk in  of t h e  r a t  t h e  p r o p o r t i o n  of cells s h o w i n g  s igns  of 
d e g r a n u l a t i o n  can  be  i nc reased  b y  a n t i d r o m i c  s t i m u l a t i o n  
of s e n s o r y  n e r v e s  10 Since t h i s  effect  is p r e s u m a b l y  b r o u g h t  
a b o u t  b y  t h e  re lease  of a n e u r o t r a n s m i t t e r  s u b s t a n c e ,  i t  
w a s  dec ided  to  t e s t  t h e  effects  on  i so la ted  m a s t  ceils of t h e  
v a r i o u s  s u b s t a n c e s  k n o w n  or  s u s p e c t e d  to  be  n e u r o t r a n s -  
m i t t e r s .  I n  v i ew  of t h e  r e su l t s  o b t a i n e d ,  t h e  ef fec ts  of a 
n u m b e r  of o t h e r  c o m p o u n d s ,  all nuc leo t ides ,  we re  subse -  
q u e n t l y  t e s t ed .  

Table I. Effects of known and suspected neurotransmitter substances 
on isolated rat peritoneal mast cells 

Compound tested and concentration Effec t  
on mast cells 

Technique. Mas t  cells f r o m  t h e  p e r i t o n e a l  cav i t ies  of 
y o u n g  r a t s  were  i so la t ed  b y  d e n s i t y  g r a d i e n t  cen t r i fuga -  
t i on  in Ficol l  n .  T h e  cells f r o m  each  ra t ,  w h e n  i so la ted  
a n d  washed ,  we re  s u s p e n d e d  in 1.0 m l  of H a n k s ' s  b a l a n c e d  
sa l t  so lu t i on  (BSS) .  A l i q u o t s  of 0.1 m l  of t h i s  s u s p e n s i o n  
were  i n c u b a t e d  w i t h  e q u a l  v o l u m e s  of s o l u t i o n s  in t h e  s a m e  
B S S  of t h e  c o m p o u n d s  to  be  t e s t e d  ~2, for  3 m i n  a t  37 ~ in 
d i f f e ren t  wel ls  of p o l y s t y r e n e  h a e m a g g l u t i n a t i o n  t r ay s .  
All  c o n c e n t r a t i o n s  of t e s t  s u b s t a n c e s  c i ted are  t h o s e  f inal ly  
ach i eved  in t h e  m i x t u r e s .  Af t e r  i n c u b a t i o n ;  t he  m i x t u r e s  
of t e s t  so lu t i ons  a n d  cell s u s p e n s i o n s  were  s m e a r e d  in to  
g lass  s l ides  w h i c h  were  t h e n  d r i ed  on  a h o t p l a t e ,  f ixed in 
C a r n o y ' s  f lu id  a n d  s t a i n e d  w i t h  t o lu id ine  blue.  

Con t ro l  a l i quo t s  of m a s t  cell s u s p e n s i o n  were  i n c u b a t e d  
w i t h  B S S  (which  h a d  no  effect),  dis t i l led w a t e r  (which  dis- 
r u p t e d  the  cells o smot i ca l ly ) ,  c o m p o u n d  48/80 (which  de- 
g r a n u a l e d  m a s t  cells a t  c o n c e n t r a t i o n s  of 5 • 10 6 m g / m l  
u p w a r d s )  a n d  p o l y m i x i n  B (wh ich  d e g r a n u l a t e d  t h e  cells 
a t  c o n c e n t r a t i o n s  of 5 • 10 -~ m g / m l  u p w a r d s ) .  These  con- 
t ro l  i n c u b a t i o n s  i n d i c a t e d  t h a t  t h e  i so la ted  cells h a d  re- 
t a i n e d  t he i r  k n o w n  p h a r m a c o l o g i c a l  r e s p o n s i v e n e s s  13. 

Acetylcholine chloride (2.25 • 10 -~ -- 2.25 • 10-~M) -- 
Acetylcholine chloride, as above, in the presence 
of eserine sulphate (2.4 • 10-4M) 
Noradrenaline (as L-noradrenaline HC1) 
(2.45 • 10 -~ -- 2.45 • I0-2M) 
Serotonin (5HT) (as 5-hydroxytryptamine ereatinine 
sulphate complex) (1.3 • 10 -7 -- 1.3 • 10 2M) 
Dopamine (3-hydroxytyramine HC1) 
(2.65 • 10 7 _ 2.65 • 10-8M) 
Histamine dihydrochloride (2,7 • 10 -v -- 2.7 • 10-2M) -- 
Glyeine (6.5 • 10 -7 -- 6.5 • 10-2M) 
Monosodium L-glutamate (2.95 X 10 -v -- 2.95 • 10-2M) -- 
L-glutamine (3.4 • 10 -7 -- 3.4 • 10-2M) 
L-aspartie acid (3.75 • 10 -7 -- 3.75 • 10-aM) 
~-aminobutyric acid (GABA) 
(4.85 • 10 -~ -- 4.85 • 10 ~M) 
Adenosine-5'-triphosphate disodium salt. 3H20 (ATP) 
(8.25 • 10 -s -- 8.25 • 10-TM) 
(2.64 • 10 6 _ 8.25 • 10-8M) + 

q-, degranulation; --, no degranulation 
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Fig. 1. Photomicrographs of mast cells stained 
with toluidine blue, to show the effects of 
treatment with adenosine triphosphate (ATP). 

A) ATP, 8.25 • 10-SM (intact). 
B) ATP, 8.25 x 10-VM (intact). 
C) ATP, 8.25 • 10 eM (degranulated). 
D) ATP, 8.25 • 10-4M (degranulated). 
E) ATP, 8.25 • 10 8M (degranulated). 
F) ATP, 1.15 • 10-TM in presence of 5.0 ~g[ 

ml oligomyein 
(intact). 

G) ATP, 6.6 • 10-7M (intact). 
H) ATP, 6.6 • 10-VM in presence of 5.0 ~xg[ 

ml oligomycin 
(degranulated}. 
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Fig. 2. Photomicrographs of rat  mesentery incubated with ATP and subsequently fixed and stained as described in text. A) Incubated 
with ATP, 2.06 • 10 6M. Intact  mast  cells. B) Incubated with ATP, 4.125 • 10-6M. Most of the mast  cells are degranulated. 

I n  v i e w  of t h e  r e s u l t s  o b t a i n e d  w i t h  i s o l a t e d  m a s t  cel ls ,  
o n e  of t h e  t e s t e d  s u b s t a n c e s ,  A T P ,  w a s  i n c u b a t e d  w i t h  r a t  
m e s e n t e r y  as  d e s c r i b e d  l a t e r .  

Neurotransmit ter  substances. T h e  c o m p o u n d s  l i s t e d  in  
T a b l e  I, a l l  of  w h i c h  h a v e  b e e n  s u s p e c t e d  o f  b e i n g  n e u r o -  
t r a n s m i t t e r  s u b s t a n c e s  ~ ,  w e r e  t e s t e d  in  t h e  c o n c e n t r a t i o n s  
s t a t e d ,  for  3 m i n  a t  37~ 

T h e  o n l y  s u b s t a n c e  w h i c h  c a u s e d  d e g r a n u l a t i o n  of pe r i -  
t o n e a l m a s t  ce l ls  w a s  A T P ,  in  c o n c e n t r a t i o n s  of  2 .64 X 1 0 - 6 M  
u p w a r d s .  I t  w a s  s u b s e q u e n t l y  s h o w n  t h a t  A T P  w a s  a c t i v e  
a t  6.6 • 10 VM in  t h e  p r e s e n c e  of o l i g o m y c i n  (5 .0 /xg /ml ) ,  
w h i c h  i n h i b i t s  t h e  h y d r o l y s i s  of  A T P  b y  a m e m b r a n e - a s -  
s o c i a t e d  e n z y m e  t~. 

A T P ,  in  c o n c e n t r a t i o n s  f r o m  2.06 • 10 .8 t o  1.65 x 1 0 - a M ,  
w a s  a l so  i n c u b a t e d  for  10 m i n  a t  37 ~ w i t h  p i e c e s  of  m e -  
s e n t e r y  t a k e n  f r o m  a n  a d u l t  m a l e  r a t ,  as  d e s c r i b e d  b y  
RILEY ~6. T h e  m e s e n t e r i c  m a s t  cel ls ,  a s  s e e n  in  C a r n o y -  
f i x e d  p r e p a r a t i o n s  s t a i n e d  w i t h  t o l u i d i n e  b lue ,  w e r e  de-  
g r a n u l a t e d  f o l l o w i n g  i n c u b a t i o n  in  4 .125 •  a M  a n d  
h i g h e r  c o n c e n t r a t i o n s  of  A T P ,  b u t  we re  i n t a c t  in  m e s e n -  
t e r y  i n c u b a t e d  w i t h  2.06 X 1 0 - 6 M  A T P  or  w i t h  B S S  a l o n e  
( F i g u r e  2), 

Table II. Effects of nucleotides other than ATP on isolated rat peri- 
toneal mast  cells 

Compound tested and concentration Effect 
on mast  ceils 

Adenosine-5'-diphosphate disodium salt. 2.5H20 (ADP) 
(9.5 • 10 -s  --  9.5 • 10 ~M) 
Adenosine- 5 '-monophosphate monosodium 
salt. 1.5H20 (AMP) 
(1.25 • 10 -7 --  1,25 • 10-4M) 
(1.25 • 10 a _ 1.25 • 10-2M) + 
Adenosine-3'- 5 neyclic-monophosphorie acid 
(cyclic AMP) (1.5 • 10 -7 --  1.5 • 10-2M) 
N 6, O2-dibutyryladenosine-3 : 5'-cyclic monophosphorie 
acid (1.0 • 10 -7 - -  1.0 • 10-aM) 
Cytidine-5'-triphosphate sodium salt, 1.5H20 (CTP) 
(9.0 • 1 0  - s  - -  9.0 • 10-4M) 
Guanosine-5'-triphosphate trisodium salt. 
1.5H20 (GTP} (8.0 • 10 -3 -- 8.0 • 10-4M) 
Thymidine-5'-triphosphate trisodiurn salt. 
2H20 (TTP) (9.25 • 10 -s  --  9.25 • 10 4M) 
Uridine-5'-triphosphate trisodiuln salt. 4H20 (UTP) 
(8.0 • 10 s _ 8.0 • 10-aM) 

+ ,  degranulation; --, no degranulation 

Nucleotides. I n  v i e w  of t h e  m a s t  c e l l - d e g r a n u l a t i n g  e f f ec t  
of  A T P ,  o t h e r  a d e n i n e  n u c l e o t i d e s  a n d  o t h e r  n u c l e o s i d e  
t r i p h o s p h a t e s  were  t e s t e d  a g a i n s t  i s o l a t e d  m a s t  cel ls ,  a s  
s h o w n  in  T a b l e  I I .  Of  t h e s e ,  o n l y  t h e  h i g h e r  c o n c e n t r a t i o n s  
o f  A M P  (1.25 • 1 0 - 3 M  a n d  a b o v e )  b r o u g h t  a b o u t  d e g r a n u -  
l a t i o n  of t h e  m a s t  cells.  T h e  a c t i o n  of  A T P  is no t ,  t h e r e -  
fore ,  a p r o p e r t y  of  n u c l e o t i d e s  in  gene ra l .  

P h o t o m i c r o g r a p h s  of m a s t  cel ls ,  i n d i c a t i n g  t h e  r e s p o n -  
ses  to  A T P ,  a r e  s h o w n  in  F i g u r e  1. 

Discussion.  Of all  t h e  s u s p e c t e d  n e u r o t r a n s m i t t e r s ,  o n l y  
A T P  d e g r a n u l a t e s  i s o l a t e d  m a s t  cel ls ,  a n d  i t  doe s  so  a t  t h e  
low c o n c e n t r a t i o n  of 2 .64 • 10 62VI. T h i s  is of  i n t e r e s t ,  s i n c e  
t h e r e  is  e v i d e n c e  t h a t  A T P  is  r e l e a s e d  b y  s e n s o r y  n e r v e  
e n d i n g s  d u r i n g  a n t i d r o m i c  s t i m u l a t i o n  of c u t a n e o u s  ne r -  
v e s  tT, a s i t u a t i o n  w h i c h  is a l so  a s s o c i a t e d  w i t h  d e g r a n u l a -  
t i o n  of  m a s t  cel ls  in  t h e  skin12. 

DIAMANT a n d  KROGER 19 h a v e  r e p o r t e d  t h a t  A T P  
(10 ~M) c a u s e s  r e l e a se  of  h i s t a m i n e  f r o m  i so l a t ed  r a t  per i -  
t o n e a l  m a s t  cel ls ,  b u t  s t a t e  t h a t  t h i s  r e l ea se  is n o t  a s s o c i a t -  
ed  w i t h  d e g r a n u l a t i o n  of  t h e  cells.  T h i s  o b s e r v a t i o n  is  a t  
v a r i a n c e  w i t h  t h e  r e s u l t s  of  t h e  p r e s e n t  i n v e s t i g a t i o n .  T h e  
d i s c r e p a n c y  m i g h t  be  e x p l a i n e d  b y  t h e  d i f f e r e n t  t e c h n i q u e s  
u s e d ,  s i n c e  g r a n u l e s  l i b e r a t e d  f r o m  t h e  cel ls  c o u l d  e s c a p e  
d e t e c t i o n  w h e n  t h e  cel ls  w e r e  c e n t r i f u g e d  a f t e r  t r e a t l n e n t  
w i t h  A T P  2~ H o w e v e r ,  DIAMANT a n d  ]52ROGER 21 o b s e r v e d  
d i s t o r t i o n ,  b u t  n o t  d e g r a n u l a t i o n  of  i s o l a t e d  m a s t  cel ls  
t r e a t e d  w i t h  A T P  ( c o n c e n t r a t i o n s  u p  to  4 . 0 •  
w h i l e  u n d e r  o b s e r v a t i o n  b y  p h a s e - c o n t r a s t  m i c r o s c o p y .  
T r e a t m e n t  w i t h  c o m p o u n d  48 /80  u n d e r  s i m i l a r  c o n d i t i o n s  ~ 
w a s  fo l l owed  b y  l y s i s  of  t h e  p l a s m a l e m m a  a n d  r e l ea se  of 
c y t o p l a s m i c  g r a n u l e s .  
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16 j .  F. RILEY, The Mast Cells (Livingstone, Edinburgh and London 
1959): 

17 p. HOLTON, J, Physiol., Lond. 7d5, 494 (1959). 
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Rdsumd. D e s  s u s p e n s i o n s  de  m a s t o c y t e s  p 6 r i t o n e a u x  
isol6es  de  r a t  f u r e n t  i n c u b S e s  a v e c  10 s u b s t a n c e s  diff6-  
r e n t e s ,  c o n n u e s  ou  p r e s u m 6 e s  ~ t re  d e s  n e u r o t r a n s m i t t e u r s .  
S e u l e m e n t  l ' a d e n o s i n e  t r i p h o s p h a t e  ( A T P )  a u x  c o n c e n -  
t r a t i o n s  s u p 6 r i e u r e s  /~ 2 .64 X 1 0 - ~ M  c a u s ~ r e n t  la  d ~ g r a n u -  
l a t i o n  de s  m a s t o c y t e s .  L ' A T P  c a u s e  6 g a l e m e n t  la  d6g ra -  

n u l a t i o n  de s  m a s t o c y t e s  d a n s  le m 6 s e n t 6 r e .  L ' a c t i o n  de  
I ' A T P  p e u t  ~ t re  r e s p o n s i b l e  de  la d 6 g r a n u l a t i o n  de s  m a s t o -  
c y t e s  c u t a n 6 e s  o b s e r v 6 e  ap rSs  la s t i m u l a t i o n  a n t i d r o m i q u e  
des  n e r f s  s e n s o r i e u x ,  s l o t s  q u e  de  I ' A T P  e s t  l ib6r6 d a n s  la 
p e a u  28 
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Electrocardiographic Changes in Anaphylactic Shock of the Rabbit 

A n a p h y l a c t i c  s h o c k  d u e  t o  a c h a l l e n g e  w i t h  h e t e r o l o -  
g o u s  p r o t e i n s  i n d u c e s  a p r e d o m i n a n t l y  h i s t a m i n e  i n d e -  
p e n d e n t  o v e r a l l  a r t e r i a l  v a s o c o n s t r i c t i o n  in  i n t a c t  a n i m a l s ,  
a s  wel l  a s  in  i s o l a t e d  o r g a n s  w h i c h  a l so  i n c l u d e s  t h e  co-  
r o n a r y  a r t e r i e s  1 9,11. T h e  a n o x i c  e f f e c t s  of  c o r o n a r y  con -  
s t r i c t i o n  c a n  be  e l e c t r o c a r d i o g r a p h i c a l l y  d e m o n s t r a t -  
ed  5, 7, 8, u .  I n  m a n ,  m o s t  c o n c e r n  is d i r e c t e d  t o w a r d s  t h e  
o f t e n  d r a m a t i c  d e c r e a s e  of  a r t e r i a l  b l o o d  p r e s s u r e ,  a n d  cli-  
n i ca l  t r e a t m e n t  m a i n l y  c o n s i s t s  in  a n  a t t e m p t  t o  i n c r e a s e  
v a s c u l a r  r e s i s t a n c e  a n d  t o  e n h a n c e  c a r d i a c  a c t i v i t y  b y  
/ ? - recep tor  s t i m u l a t i n g  s u b s t a n c e s  s u c h  as  e p i n e p h r i n e  o r  
i s o p r e n a l i n e ,  or  e v e n  b y  t h e  u s e  of  v a s c o c o n s t r i c t i n g  
a g e n t s  s u c h  as  n o r e p i n e p h r i n e  or  a n g i o t e n s i n .  I t  t h e r e f o r e  
s e e m e d  of i n t e r e s t  t o  r e p r o d u c e  t h e  d e c r e a s e  of a r t e r i a l  
b l o o d  p r e s s u r e  u n d e r  e x p e r i m e n t a l  a n a p h y l a c t i c  s h o c k  
c o n d i t i o n s  a n d  to  e s t a b l i s h  t h e  n a t u r e  of  i t s  o r ig in .  

Materials and methods. S i x  w h i t e  r a b b i t s  we re  s e n s i t i z e d  
t w i c e  in  a n  i n t e r v a l  of  10 d a y s  b y  1.0 m l / k g  h o r s e  p l a s n l a  
s u b c u t a n e o u s l y .  T h e  c h a l l e n g e  w a s  p e r f o r m e d  3 w e e k s  af-  
t e r  t h e  s e c o n d  i n j e c t i o n  b y  2.0 m l / k g  of  p l a s m a  of  t h e  s a m e  
h o r s e  g i v e n  i n t r a v e n o u s l y .  T h e  a n i m a l s  we re  a n a e s t h e t i z e d  
b y  22.5 m g / k g  of N a - p e n t o b a r b i t a l  i n t r a v e n o u s l y .  

T h e  a r t e r i a l  b l o o d  p r e s s u r e  w a s  m e a s u r e d  b y  d i r e c t  
p u n c t u r e  of  t h e  c a r o t i d  a r t e r y  w i t h  a n  A u t o c a t h - T e f l o n  
3.6 F c a t h e t e r  w h i c h  w a s  c o n n e c t e d  t o  a n  e l e c t r o m a n o -  
m e t r i c  b l o o d  p r e s s u r e  u n i t  w i t h  c o n t i n u o u s  r i n s i n g  of  t h e  
c a t h e t e r .  S i m u l t a n e o u s l y  w i t h  t h e  b l o o d  p r e s s u r e  t h e  
e l e c t r o c a r d i o g r a m  w a s  r e c o r d e d  on  a C a r d i o p a n  I I I  T of F .  
L i e c h t i  AG,  O s t e r m u n d i g e n  ( S w i t z e r l a n d ) .  

Results. T h e  r e s u l t s  a re  s u m m a r i z e d  in  t h e  T a b l e .  B l o o d  
p r e s s u r e  v a l u e s  a n d  e l e c t r o c a r d i o g r a p h i c  c h a n g e s  a r e  re-  
p o r t e d  t o g e t h e r  w i t h  t h e  t i m e  e l a p s e d  a f t e r  t h e  c h a l l e n g e .  
T h e  e l e c t r o c a r d i o g r a p h i c  c h a n g e s  m a i n l y  c o n s i s t e d  in  
n e g a t i v i z a t i o n  of S T - T  a n d / o r  v e n t r i c u l a r  a r r h y t h m i a .  
T h e y  we re  i n t e r p r e t e d  as  s i g n s  of m y o c a r d i a l  a n o x i a .  I n  3 

cases ,  v e n t r i c u l a r  a r r h y t h m i a  o c c u r r e d  a t  f i r s t  wh i l e  in  3 
c a s e s  d e f o r m a t i o n  of  S T - T  w a s  f i r s t  o b s e r v e d .  I n  no  c a s e  
d id  t h e  b l o o d  p r e s s u r e  d e c l i n e  m o r e  t h a n  5 m m  H g  s y s t o l i -  
c a l l v  a n d / o r  d i a s t o l i c a l l y  a t  t h e  o n s e t  of  e l e c t r o c a r d i o -  
g r a p h i c  c h a n g e s .  O n  t h e  c o n t r a r y ,  in  2 a n i m a l s  (No. I a n d  
2) t h e  b l o o d  p r e s s u r e  v a l u e s  h a d  i n c r e a s e d  b y  20/10 m m  
H g  a n d  30/25 m m  H g ,  r e s p e c t i v e l y ,  a t  t h e  o n s e t  of  c a r d i a c  
a l t e r a t i o n s .  I t  m a y  a l so  be  s e e n  t h a t  a n o t a b l e  b l o o d  p r e s -  
s u r e  d e c r e a s e  of  a t  l e a s t  10 m m  H g  o c c u r r e d  o n l y  a f t e r  
e l e c t r o c a r d i o g r a p h i c  c h a n g e s  h a d  p e r s i s t e d  for  a t  l e a s t  
20 sec. 

Discussion. O u r  r e s u l t s  o b t a i n e d  in  i n t a c t  r a b b i t s  in  a n  �9 
e a r l y  p h a s e  of  a n a p h y l a c t i c  s h o c k  i n d i c a t e  t h a t  h e a r t  re-  
a c t i o n s  as  e v i d e n c e d  b y  e l e c t r o c a r d i o g r a p h i c  c h a n g e s  a r e  
i n i t i a l l y  n o t  d u e  to  a d e c r e a s e  of  a r t e r i a l  b l o o d  p r e s s u r e  
a n d  c o r o n a r y  p e r f u s i o n  p r e s s u r e ,  r e s p e c t i v e l y .  T h e s e  ex -  

i G. ENGELHARDT and G. HAHN, Arch. exp. Path. Pharmak. 237,507 
(1957). 

2 H. GIERTZ and F. HAHN, Arch. exp. Path. Pharmak. 258, 11 (1967). 
8 F. HAHN, W. BERNAUER, J. MAHLSTEDT, S. RESCH and E. BECK, 

Arch. exp. Path. Pharmak. 267, 224 (1970). 
4 W. BERNAUER, M. HAGEDORN and P. FILIPOWSKI, Arch. exp. Path.  

Pharmak. 270, 326 (1971). 
5 F. HAHN and W. BERNAUER, Int. Arch. Allergy 35, 476 (1969). 
6 F. HAHN and W. BERNAUER, Arch. int. Pharmacodyn. 184, 129 

(1970). 
7 G. MELLI, G. FOLLI, D. MAZZEI, E. VITOLO and A. SACCHI, Acta 

allerg. 78, 188 (1963). 
8 ]~. LEPESCHKIN, Das Elektrocardiogramm (Theodor Steinkopf, 

Dresden mid Leipzig 1957). 
9 A. WEGMANN, H. RENKER and A. KULSYS, Helv. reed. Acta 36, 

205 (1972). 
1o K. GREEFF and E. HHEG, Arch. int. Pharmacodyn. 749, 136 (1964). 
11 G. BICKEL, Schweiz. tiled. Wschr. 90, 1960 (1960). 

Carotid blood pressure in anaphylactic shock before and after challenge with reference to the time of onset of electrocardiographic changes 

Animal No. Blood pressure Blood pressure and time at the onset of Blood pressure and time . 
before challenge 
(in narcosis) Ventricular arrhythmia Negativization of ST-T at the earliest decline at the lowest level 

mm Hg mm Hg see rain Hg see mm Hg sec m m  Hg see 

1 100/80 120/90 62 120/90 70 90/70 120 0/0 140 
2 110/90 110/80 110 140[t15 70 95/75 130 70/50 140 
3 135/105 135/110 14 130/115 40 110[90 90 60/40 300 
4 165/130 165/135 67 150/120 82 125/105 90 60/40 180 
5 120/80 120[85 1080 115/80 65 --  --  (115180) (65) 
6 130[80 120/70 45 130[75 35 100/50 55 50/25 110 


