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Influence in vitro of High-Energy  Adenosine Phosphates  and Related Compounds on Anaphylaxis  
of Isolated Smooth  Muscle 

On the  significance of adenos ine -5 ' - t r iphospha te  (ATP) 
in the  shock state,  a p p a r e n t l y  con t r a ry  evidence has  been 
presented .  I t  has  been  sugges ted  t h a t  A T P  is one of the  
chemical  med ia to r s  in allergy, p lay ing  a role in the  pro-  
duc t ion  of anaphy lac t i c  shock~, 2. Fur ther ,  evidence has 
been  ob ta ined  for the  release of A T P  into  the  p lasma  f rom 
the  blood cells and t issue under  various pathological  con- 
di t ions  3-5. I t  is an es tab i i shed  fact  t h a t  A T P  and o the r  
adenine  nucleot ides  can evoke marked  vasodi la ta t ion  and 
reduc t ion  of blood pressure  when  admin is te red  in t ravas-  
cular ly e, ~. 

In  the  clinical field, s tudies  have  been  carried out  on 
A T P  as a means  in t he  p r even t ion  or m a n a g e m e n t  of 
shock, and  its beneficial  effects  have  been  indica ted  *, 9. 

To add a def ini te  f inding on one aspec t  of th is  issue, we 
adop ted  the  a n a p h y l a x i s  sys t em of smoo th  muscle  in 
vi tro,  and  s tudied  the  effect  on i t  of A T P  along wi th  o the r  
phospho ry l a t ed  compounds  of b ioenerget ical  significance : 
adenos ine -5 ' -d iphospha te  (ADP), c r ea t ine -phospha te  (Cr- 
P), and  D-glucose-6-phosphate  (G-6-P). 

Materials a~d methods. Smoo th  muscle  pieces measur ing  
2 cm ill l eng th  when  re laxed were ob ta ined  f rom the  uter-  
ine horns  of guinea-pigs of Ha r t l ey  s t ra in  : For  the  p resen t  
exper iment ,  animals  weighing be tween  300 and 600 g were 
sacrificed by  a blow a t  the  base  of the  skull. All of the  
smoo th  muscle  pieces f rom one u te rus  were pass ively  sen- 
si t ized in vi t ro  by  immers ion  in 2.0 ml  of an t i -bovine  se- 
rum a lbumin  (BSA) r abb i t  an t i s e rum for 1 h a t  4~ wi th  
pure  oxygen  bubb led  t h rough  the  se rum every  5 rain. The 
an t i se rum was p repared  in the  following procedure  : 3 ml  of 
1% BSA was admin i s t e red  by  i.v. route  to  albino rabb i t s  
weighing be tween  2.5 to  3.5 kg. A series of 7 in ject ions  
every  o ther  day  was made,  and  the  r is ing t i t e r  of the  ant i -  
/3SA a n t i b o d y  was measured  by  Ouch te r lony ' s  m e t h o d  10. 
Ant isera  showing posi t ive  p rec ip i t a t ion  against  1:128 di- 
lu t ion of 1% 13SA were pooled and  used for the  pass ive  
sens i t iza t ion  as men t ioned  above.  

As a rule, excep t  for a t e m p e r a t u r e  of 4 ~ for the  stor-  
age of muscle  pieces, s t anda rd  procedure  for the  anaphyl -  
axis of isolated sm oo th  muscle  organ n was followed, and  
the  react ion was released wi th  6.25 mg  of BSA added  to  
the  20 ml  t issue b a t h  in t he  presence  of 4.65 txM of the  t e s t  
compound  which had  been added  1 min  pr ior  to the  ant i -  
genic challenge. I so-osmot ica l  a m o u n t  of sodium chloride 
was added  to  the  t issue b a t h  conta in ing  the  control  piece 
of smoo th  muscle ob ta ined  f rom the  same uterus  as the  
t e s t  piece. A T P  and  Cr-P were p repa red  by  Wako  Pure  
Chemical  Indus t r ies  Ltd. ,  Osaka, J a p a n ;  A D P  and G-6-P 
were purchased  f rom Sigma Chemical  Co., St. Louis, USA.  

The effect  of a par t i cu la r  co mp o u n d  on anaphy lax i s  was 
discussed on the  basis  of the  magn i tude  of isotonic mus-  
cular con t rac t ion :  The reac t ion  was expressed  in t e rms  of 
h i s t amine  equiva len t  according to  the  dose-response curve 
ob ta ined  wi th  h i s t amine  d ihydrochlor ide  on the  same 
muscle piece. E v e r y  muscular  response was observed in the  
comple te  absence  of con t rac t ion  which m i g h t  be spon tan -  
eous or caused by  any  factors  o the r  t h a n  ant igenic  chall-  
enge or h i s t amine  dosage. 

Results and discussions. The results  are summar i zed  in 
t he  Table.  The p resen t  expe r imen t  shows t h a t  ATP,  a t  a 
level lower t h a n  1% of t h a t  normal ly  found in the  blood of 
h u m a n s  ~, is capable  of marked  in tens i f ica t ion  of ana-  
phylac t ic  reac t ion  in vi t ro  of smoo th  muscle  f rom virgin 
guinea-pig uterus.  A D P  also showed similar  effect. Cr-P, 
however ,  showed ins igni f icant  inf luence on the  anaphy l -  
actic react ion,  and  G-6-P had  s ta t i s t ica l ly  s ignif icant  in- 
h ib i to ry  act ion on the  anaphy lax i s  sys tem.  

Induc t ion  by  A T P  of h i s t amine  release f rom m a s t  cells 
of ra t  has  been observed,  and  i t  is expla ined  on the  basis  
of energy  supply  by  A T P  to the  energy  d e p e n d e n t  s y s t em 
of h i s t amine  release la. Moreover,  the  add i t ion  of high-  
energy  phospha t e  bond  to  adenosine  is known  to  be asso- 
c ia ted wi th  the  po t en t i a t i on  of i ts  pharmacologica l  acti-  
v i t y  such as the  increase of the  tonus  of s mo o t h  muscle  4. 
One or the  combina t ion  of these  act ions of A T P  migh t  ex- 
pla in  t he  in tens i f ica t ion  of the  anaphylac t ic  react ion shown 
in the  p resen t  exper iment .  The inh ib i to ry  effect  of G-6-P 
on the  anaphy lac t i c  reac t ion  shows a con t ras t  to t he  en- 
h a n c e m e n t  by  D-glucose of h i s t amine  release f rom m a s t  
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Effects of high-energy phosphates on anaphylaxis in vitro of smooth muscle from guinea-pig uterus 

Compounds tested No. animals Histamine equivalent �9 of anaphylaetic Histamine equivalent of P 
response in the presence of the compound control response 
tested 

Influence (%) 

ATP 7 b 9.31 ~ 4.90 a 2.63 q- 1.36 a <0.01 +254 
ADP 7 b 10.2 :~ 9.37 4.48 i 5.92 <0.02 +129 
G-6-P 7~ 1.72 i 0.78 2.32 i 1.14 <0.05 --25.9 
Cr-P 7 ~ 2.01 i 1.76 2.34 -1- 1.26 >0.05 

~xg of histamine dihydrochloride added in 20 ml tissue bath. b Mean values on 2 pieces, for control and test, respectively, were used as repre- 
senting the individual animal. ~ One pair of muscle pieces was tested for each animal, aMean ~- standard deviation. 
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cel ls  of  r a t  b y  A T P  14. O n  t h i s  p o i n t ,  a s  wel l  a s  t h e  m e c h a -  
n i s m s  b y  w h i c h  a d e n o s i n e  p h o s p h a t e s  i n f l u e n c e  a n a p h y l -  
a x i s  as  o b s e r v e d ,  f u r t h e r  i n v e s t i g a t i o n  is b e i n g  c o n d u c t e d  
in  o u r  l a b o r a t o r y ' 5 .  
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Effect of Adrenal ine  on the in vitro E n z y m e  Secret ion in the G u i n e a - P i g  Pancreas  

I t  is  k n o w n  in  s e v e r a l  a n i m a l  s p e c i e s  t h a t  i n j e c t i o n  o f  
a d r e n a l i n e  b r i n g s  a b o u t  a m a r k e d  i n h i b i t i o n  o f  t h e  e x o -  
c r i n e  s e c r e t i o n  of t h e  p a n c r e a s  1-~. T h e  m e c h a n i s m  of  t h i s  
e f f ec t  is  s t i l l  d e b a t e d .  H e n c e ,  t h e  i n h i b i t i o n  h a s  b e e n  
i n t e r p r e t e d  e i t h e r  a s  t h e  r e s u l t  of  a d i r e c t  a c t i o n  of  t h e  
d r u g  o n  t h e  s e c r e t o r y  cel ls  * o r  a s  t h e  c o n s e q u e n c e  of v a s o -  
c o n s t r i c t i o n  in  t h e  s p l a n c n i c  a r e a  3. 

T w o  t y p e s  of  e x o c r i n e  ce l l s  a r e  k n o w n  t o  be  p r e s e n t  in  
t h e  p a n c r e a s  : t h e  a c i n o d u c t u l a r  cel ls ,  w h i c h  s e c r e t e  w a t e r  
a n d  e l e c t r o l y t e s ,  a n d  t h e  a c i n a r  cel ls  w h i c h  a r e  r e s p o n s i b l e  
for  t h e  s e c r e t i o n  o f  d i g e s t i v e  ( p r o ) e n z y m e s .  R e c e n t l y  
HUBEL 5 h a s  p r o v i d e d  c o n v i n c i n g  e v i d e n c e ,  o b t a i n e d  b y  
in  v i t r o  e x p e r i m e n t s ,  i n d i c a t i n g  t h a t  in  t h e  r a b b i t  p a n c r e a s  
s e c r e t i o n  o f  w a t e r  a n d  e l e c t r o l y t e s  is  i n h i b i t e d  b y  a d r e -  
n a l i n e  b y  a d i r e c t  m e c h a n i s m  a c t i n g  a t  t h e  cell  level .  I n  a 
s y s t e m  of  p a n c r e a t i c  t i s s u e  s l i ces  we  h a v e  i n v e s t i g a t e d  
t h e  in  v i t r o  e f f ec t  of  a d r e n a l i n e  o n  t h e  o t h e r  t y p e  o f  
p a n c r e a s  e x o c r i n e  cel ls ,  t h e  a c i n a r  cel ls .  

I n  t i s s u e  s l ice  s y s t e m s  t h e  r a t e  of  in  v i t r o  e n z y m e  
s e c r e t i o n  is  u s u a l l y  d e t e r m i n e d  b y  a s s a y i n g  t h e  a c t i v i t y  
o f  o n e  o r  m o r e  s e c r e t o r y  e n z y m e s  r e l e a s e d  in  t h e  i n c u b a -  
t i o n  m e d i u m .  S u c h  a m e t h o d  is r a t h e r  i n s e n s i t i v e  b e c a u s e  
i t  d o e s  n o t  p e r m i t  d i s c r i m i n a t i o n  b e t w e e n  t h e  e n z y m e  
m o l e c u l e s  w h i c h  a r e  a c t u a l l y  s e c r e t e d  o v e r  t h e  t i m e  of t h e  

e x p e r i m e n t  a n d  t h o s e  w h i c h  a t  t h e  b e g i n n i n g  of  t h e  e x p e r -  
i m e n t  w e r e  a l r e a d y  s e c r e t e d  a n d  s t o r e d  w i t h i n  t h e  d u c t  
s y s t e m .  R e c e n t l y  JAMIESON a n d  PALADE 6 h a v e  d e v e l o p e d  
a m o r e  s e n s i t i v e  r a d i o c h e m i c a l  p r o c e d u r e  b a s e d  on  t h e  
d e t e r m i n a t i o n  o f  r a d i o a c t i v e  p r o t e i n s  r e l e a s e d  in  t h e  
m e d i u m  d u r i n g  a p u l s e - c h a s e  e x p e r i m e n t .  I n  o u r  w o r k  we  
h a v e  u s e d  b o t h  t h e  t r a d i t i o n a l  a n d  t h e  n e w  r a d i o c h e m i c a l  
p r o c e d u r e s  a n d  in  n e i t h e r  c a s e  we  we re  a b l e  t o  d e m o n s -  
t r a t e  a n y  e f f ec t  of  a d r e n a l i n e  o n  in  v i t r o  p a n c r e a t i c  
e n z y m e  s e c r e t i o n .  

Methods. M a l e  a l b i n o  g u i n e a - p i g s  (gif t  of  S i g u r t ~  D r u g  
Co., Mi l an ,  I t a l y )  w e i g h i n g  ~ 600 g w e r e  s t a r v e d  for  18 -20  h .  
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Effect of adrenaline on the rate of secretion of pancreas tissue slices incubated in vitro 

A B 

Treatment  TCA-insoluble dpm % of controls co-amylase (rag maltose/5 min % of controls 
in medium (%) at 30~ protein) 

I None 4.6 (3.6-5.9) 100 8.8 (7.3-11.0) 100 

Adrenaline 3 tiM 5.8 (4.2-7.5) 125 7.2 (6.7-7.7) 72 
Adrenaline 30 t i m  4.6 (2.7-6.5) 100 8.5 (7.0-10.2) 98 
Adrenaline 300 tiM 4.4 (2.4-6.4) 94 9.0 (6.4-11.6) 102 

II Caerulein 13.1 (9.2-18.2) 285 14.3 (9.8-17.1) 162 
Caer. + Adr. 3 t i m  10.8 (10.7-11.0) 237 13.1 (9.0-17.3) 149 
Caer. + Adr. 30 tiM 9.4 (8.4-10.5) 210 14.1 (10.0-18.2) 160 
Caer. + Adr. 300 tiM 10.8 (9.9-11.7) 237 11.4 (8.5-14.4) 130 

III Carbamoylcholine 11.1 (8.2-16.5) 241 10,8 (8.1-13.6) 123 
Carb. -F Adr. 3 tiM 11.1 (8.7-14.5) 241 13,7 (9.5-16.5) 155 
Carb. + Adr. 30 tiM 13.3 (9.6-18.9) 289 10.6 (8.6-13.7) 121 
Carb. + Adr. 300 tiM 12.9 (9.6-18.9) 280 10.6 (8.6-13.7) 121 

Slices were first labeled for 5 min with 14C-L-leucine, then chased for 80 min in a non-radioactive medium and finally reincubated for 20 min 
in the latter containing various concentrations of adrenaline, alone (I) or in the presence of either caerulein (II) or carbamoylcholine (III). 
In A) the rate of secretion is estimated by the amount  of radioactive protein recovered in the medium, expressed as percentage of radioac- 
tive proteins present in slices + medium ; in B) by the activity of the secretory enzyme c~-amylase recovered in the medium, expressed as mg 
of maltose formed in 5 min of incubation at 30~ per mg of slice protein. Values given are averages of 2 t o  6 experiments. Ranges are in 
parentheses. 


