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Effect of Caffeine on A d e n o s i n e - I n d u c e d  Heart  
B l o c k  in G u i n e a - P i g s  

]:)RURY and  SZENT-GYORGYI 1 were  f irs t  to  d e m o n s t r a t e  
t h a t  adenos ine  p roduces  t r a n s i e n t  A-V h e a r t  block in 
guinea-pigs.  The  adenos ine - induced  h e a r t  block resembled  
e lec t rocard iographica l ly  t h a t  p roduced  by  acetylchol ine .  
The  cholinergic med ia t i on  of t he  adenos ine  effect  appeared ,  
however ,  unl ike ly :  a t rop ine  a t  doses which  comple te ly  
abol ished ace ty lcho l ine - induced  h e a r t  block, had  no 
effect  aga ins t  adenos ine  2,8. The  in te res t  in cardiac  ac t ions  
of adenos ine  was  renewed  following recen t  hypo thes i s  
t h a t  adenos ine  is fo rmed  du r ing  myocard ia l  h y p o x i a  and  
induced  vasod i l a t ion  of co ronary  res is tance  vessels  *,~. 

Var ious  d rugs  were shown to  e i ther  pro long  or  reduce  
the  adenos ine - induced  h e a r t  block. Cardiac glycosides  in- 
creased t h e  du ra t ion  of adenos ine - induced  h e a r t  blocke,L 
This  effect  was  a t t r i b u t e d  no t  to  t h e  d i rec t  ac t ion  of 
digi tal is  on the  conduc t ion  sy s t em b u t  to  t h e  inh ib i t ion  
of adenos ine  deaminase  b y  digital is  8. The  an t agon i sm of 
adenos ine - induced  A-V h e a r t  block in guinea-pigs  b y  
caffeine was sugges ted  by  obse rva t ions  of TSER e t  al. 3 
a n d  McNAv °. According  to  McNAv,  30 mg  of caffeine 
i.v. per  guinea-pig  an tagon ized  adenos ine - induced  cardiac  
asystole .  Our  s tudies  were  concerned  wi th  eva lua t ion  of 
t h e  effect  of caffeine on t h e  adenos ine - induced  h e a r t  
b lock;  we d e m o n s t r a t e d  ac t i v i t y  of caffeine a t  consider-  
ab ly  lower doses, and  d e p e n d e n c y  of t h e  effect  on the  dose 
of caf fe ine  as well as on the  dose of adenosine.  

Male guinea-pigs  of 250-450 g b o d y  we igh t  were  
anes the t i z ed  w i t h  sod ium pen toba rb i t a l ,  40 mg/kg  i .p. ;  
t he  jugu la r  ve in  was  cannu la t ed  and  the  e lec t rocardio-  
g r a m  (Lead II) was recorded  w i t h  a Sanborn  100 Viso 
one -channe l  recorder .  Adenos ine  and  caffeine were  dis- 
solved in 0.9% NaC1 solut ion and  admin i s t e r ed  i.v. in 
vo lumes  n o t  exceeding  1 ml/kg.  E a c h  animal  received 
adenos ine  a t  3 dose levels:  0.25, 0.5, and  1.0 m g / k g  i.v. 
There  was  a 2 rain in te rva l  be tween  inject ions .  The  same  
series of in jec t ions  was  r epea t ed  3 t imes  a t  5 rain in tervals .  
The second admin i s t r a t i on  of adenosine,  0.25 mg/kg,  
p r o d u c e d  h e a r t  block of longer  du ra t i on  t h a n  the  first.  
There  was no s ignif icant  di f ference be tween  the  effects  of 
t h e  second and  th i rd  doses of adenosine,  and  the  response  
to  t he  same dose of adenos ine  r ema ined  re la t ive ly  s tab le  
dur ing  t h e  s u b s e q u e n t  hour .  The  du ra t i on  of adenos ine-  
induced  h e a r t  b lock was  d e p e n d e n t  on the  dose of 
adenos ine  (Table I). 

Caffeine was  admin i s t e r ed  a t  t he  following doses:  1.25, 
2.5, 5.0, 10.0, 20.0, or 40.0 mg /kg  i.v. w i th in  2 rain a f te r  
the  t h i rd  series of adenos ine  inject ions .  The admin i s t r a -  
t ion of adenos ine  was  r e p e a t e d  wi th in  3 min  and  a t  10, 
20, 30, 45, and  60 rain a f te r  caffeine. Caffeine reduced  the  
du ra t ion  of t he  adenos ine - induced  A-V h e a r t  b lock;  i t  
was  cons iderab ly  more  effect ive aga ins t  the  smal ler  t h a n  
aga ins t  t he  larger doses of adenos ine  (Table II).  The 
p ro tec t ive  effect  of caffeine usual ly  r eached  i ts  m a x i m u m  
wi th in  3 min  a f te r  its admin i s t r a t i on .  The du ra t ion  of 
caffeine ac t ion  was  d e p e n d e n t  on the  dose of caffeine;  a t  
10 mg/kg  i t  exceeded 60 rain. 

S y m p a t h o m i m e t i c s  and  par t i cu la r ly  i soproterenol  are 
c o m m o n l y  used in the  t r e a t m e n t  of t he  A-V h e a r t  b lock  1°. 
The  cardiac  adrenergic  effects  are t h o u g h t  to be med i a t e d  
b y  ac t iva t ion  of g lycogen phosphory l a se  t h r o u g h  s t imula-  
t ion  of adeny l  cyclase and  resul t ing  increase in Y, 5' c y c l i c  
AMPXL As an inhib i tor  of phosphod ie s t e r a se  a~, caffeine 
can also be expec ted  to increase t he  in t racel lu lar  levels of 
Y, 5' cyclic AMP.  The possibi l i ty  was, therefore ,  cons idered  
t h a t  a n t a g o n i s m  of adenos ine - induced  h e a r t  b lock is a 
consequence  of inh ib i t ion  of phosphod ies te rase .  Drugs  

k n o w n  to  a f fec t  phosphod ie s t e r a se  were  the re fo re  in- 
ves t iga t ed  for  possible  effect  on adenos ine - induced  h e a r t  
block. Imidazo le  ~2 and  nicot in ic  acid ~3 were  r epo r t ed  to  
s t imu la t e  and  d iazoxide  ~4 to  inh ib i t  phosphod ies te rase .  
E x o g e n o u s  3', 5' cyclic A M P  produces ,  accord ing  to  r ecen t  
f indings,  ca rd iovascu la r  and  metabo l ic  effects  in an imals  
and  m a n  ~5,~e. In  our  expe r imen t s ,  in 3 ou t  of 3 guinea-  
pigs, imidazole,  10 or 40 mg/kg  i.v., had  no effect  on 
adenos ine - induced  A-V h e a r t  block. Nicot in ic  acid, 40 or 

Table I. Duration of adenosine-induced A-V heart block in guinea- 
pigs 

Dose of adenosine Duration of heart block, sec 
mg/kg i.v. First series Second series Third series 

0.25 3.4 ~ 1.0 8.1 q- 0.9 8.8 4- 1.1 
0.5 12.8 + 1.7 11.7 4- 1.0 11.4 4- 0.7 
1.0 20.1 4- 1.7 20.4 4- 1.1 21.1 4- 1.1 

Average values for 10 animals 4- standard errors. 

Table If. Effect of caffeine on adenosine-induced A-V heart block in 
guinea-pigs 

Dose of No. of 
caffeine mg/kg animals 
i.v. 

% reduction in duration of heart block 
produced by adenosine at mg/kg i.v. 

0.25 0.5 1.0 

1.25 5 45 4- 15 13 4- 4 
2.5 5 54=t= 7 254-7 54 -3  
5.0 7 964- 3 454-6 224-6  

10.0 6 1004- 0 6 8 ± 8  38 4- 7 
20.0 5 100 -4- 0 72 -4- 5 
40.0 8 100 4- 0 100 4-0 82 4- 5 

Average values 4-standard errors. Maximal effect within 60 min 
after caffeine administration. 
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g/kg i.v., prolonged adenosine-induced A-V heart  
blo in only 1 out of 6 animals and had no significant 
effect in 5 others. Diazoxide, 33 and 66 mg/kg i.v. had 
no significant effect on adenosine-induced heart  block in 
2 out of 2 experiments. 3',5' cyclic AMP, 8-20 mg/kg i.v., 
did not reduce adenosine-induced A-V heart block in 2 
out of 2 guinea-pigs. These findings do not  support  the 
hypothesis tha t  the protect ive effect of caffeine against 
adenosine induced A-V heart  block is the result of in- 
hibition of phosphodiesterase. 

An alternative hypothesis involves the effect of caffeine 
on the intracellular Ca++. Caffeine was demonstrated to 
inhibit the reaccumulation and to stimulate the release 
of Ca++ in mitochondria of the cardiac muscle of the 
toad zL Elevat ion of Ca ++ concentration in isolated Pur- 
kinje fibers was recently demonstrated to hasten de- 
polarization zs. This effect can be associated with a 
shortening of the functional refractory period and can 
conceivably antagonize A-V heart  block. Adenosine was 
shown to reduce the exchange of Ca ++ associated with 
contractions of isolated guinea-pig atria z", I t  was also 
SUggested tha t  caffeine and adenosine have opposite 
effects on the binding of Ca ++ at the critical site from 
which Ca++ is mobilized during contractions ~. The an- 

tagonism of adenosine-induced heart  block by caffeine 
may, therefore, involve an increase in the local concentra- 
tion of the free Ca ++~z. 

Zusammen/assung. Adenosin (0,25 mg/kg i.v. und mehr) 
ruft  beim Meerschweinchen einen voriibergehenden atrio- 
ventrikulgren Herzblock hervor. Coffein ha t  in Dosen 
yon 1,25 mg/kg i.v. und mehr eine antagonistische 
Wirkung. Es wird angenommen, dass die Coffein- 
~Virkung auf der Beeinflussung des intrazellulAren Ca+e 
Haushalts  beruht. 
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G e s c h w i n d i g k e i t  der  s e l e k t i v e n  A k k u m u l a t i o n  
y o n  M e r c u r a s c a n - 2 0 3  i m  g e s c h / i d i g t e n  

M u s k e l  u n d  i m  i s c h / i m i s c h e n  M y o k a r d  

In den Quecksilber-II-Derivaten von FluoresceinZ, 9 
Wurde eine neue Reihe yon Stoffen gefunden, die die 
FXhigkeit besitzen, sich selektiv im ischAmisch verAnder- 
ten oder anders gesch~digten Myokard und querge- 
streiften Muskel zu akkumulieren. Diese Eigenschaft kann 
zur Diagnostik ischAmischer Ver~nderungen des Myokards 
rait Hilfe der Szintigraphie unter Verwendung yon mit  
Quecksilberisotopen markierten Stoffen ausgentitzt wer- 
den (Hga0~ oder Hg197) s-5. In unseren friiheren Arbeiten 
prtiften wit die Akkumulation dieser Stoffe 24 h post 
injectionem. Nach diesem Interval l  entsteht  im ischA- 
misch ver~nderten Muskel des Versuchstieres eine leicht 
darstellbare heisse Stelle. Das positive Szintigramm ist 
bedingt dutch die gesteigerte Akkumulationsintensit~t  
zra geschAdigten Muskel und dutch niedrige Hintergrund- 
werte ausserhalb der IschAmiezone. Die niedrigen Radio- 
a.ktivitAtswerte im gesunden Musket und im Blut ergeben 
emen gfinstigen Index RI  (Verh/iltnis der Radioaktivi tAt 
yon 1 g des gesch~idigten Muskels - gesunder Muskel) 
und R I I  (Verh~iltnis der Radioaktivit/~t von 1 g des ge- 
sch~digten Muskels - 1 ml Blur). 

Tabelle 

1. Hydroxymercurifiuorescein.Z~THg bzw. ~°aHg (I) 

2. tiydroxymcrcuri-2, 7-dibromfluorescein-Z97Hg hzw. Z°BHg (II) 

3. Hydroxymercuri-2, 7-dijodfluorescein-ZYTHg bzw. 20SHg (tII) 

4. Hydroxymercuri-4, 5-dibromfluorescein-Z97Hg bzw. 2°aHg (IV) 

5. Bi~-(hydroxymercuri).fiuoreseeirt.10v Hg hzw. ~°aHg (V) 

Die Bedeutung dieser Radioisotopendiagnostik ware 
um so gr6sser je eher eine positive Szintigraphie nach 
dem Auftreten des Myokardinfarktes und nach der 
Applikation des Pr~parates entstehen wtirde. Wir unter- 
suchten daher, wie schneli sich der verwendete Stoff im 
gesch~digten Muskel akkumuliert,  wie schnell die Aus- 
scheidung aus dem Blut  erfolgt und wie schnell ein 
positives Szintigramm am Isch~mieherd des Myokards 
entsteht.  

Als Detektor  verwendeten wir radioaktives Hydroxy-  
mercurifluorescein (Hg20a), welches in der Gruppe der 
geprfiften Quecksilber-II-Derivate des Fluorescein (Ta- 
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Fig. i ,  Radioaktivit~tswerte im gescMidigten Muskel (Kurve 2), im 
Blut (Kurve 4) und gesunden Muskel (Kurve 5), ausgedrfickt in % 
der gesamten verabreichten Aktivit~it per 1 g Gewebe und 1 ml 
Blut. Verschiedene Intervalle nach Mereurasean-203-Verabreichung 
(1047,800 imp/Ratte). Kurve 1: Index RI (VerhAltnis geseMidigter 
Muskel-gesunder Muskel). Kurve 3: Index RI I  (Verhfiltnis ge- 
sch~idigter Muskel-Blut). Auf der Senkrechten links Prozeatsatz der 
gesamten verabreichten Aktivitttt, auf der Senkrechten reehts 
Werte fiir Index RI und RII. Auf der Waagrechtea die Zeitspanne 

nach Mercurascan-203-Verabreichung in h. 


