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Vagotomy and ext i rpa t ion  of the s te l la te  ganglia did not prevent  the development  of tachy-  
ca rd ia  in r e sponse  to injection of R inge r ' s  solution into the jugular  vein.  This  effect  was  
pa r t i cu l a r ly  demons t rab le  a f te r  applicat ion of chemica l  compounds to the region of the sino- 
a t r i a l  node. The exper imen ta l  r e su l t s  did not conf i rm the concept  of a r e f l ex  mechan i sm 
(or at leas t ,  an ex t r aca rd i a l  mechanism) of the Bainbridge phenomenon, but they indicated 
an impor tan t  ro le  of the s ino-a t r i a l  node in i ts  format ion .  

The conclusion that  re f lex  t achycard ia  develops  to s t re tching of the or i f ices  of the venae cavae  was 
drawn by Bainbridge f r o m  the fact  that in t ravenous injection of def ibr inated blood or saline solution in a 
volume of between 50 and 300 ml  into an anes the t ized  dog rapidly  leads  to an inc rease  in the heat  r a t e  [8]. 
Other  w o r k e r  s obtained s i m i l a r  re  sult s [6, 17]. However ,  some inves t igator  s question the exis tence of the 
Bainbridge re f lex  [1, 4, 9, 12, 13, 16, 18] and sugges t  that  the poss ib le  m e c h a n i s m  of the i nc rea se  in h e a r t  
r a t e s  is by a change in the act ivi ty  of the s ino-a t r i a l  node [11-13, 16] or  excitat ion of the r e c e p t o r s  of the 
pulmonary  v e s s e l s  [4, 14]. 

The object  of the p re sen t  invest igat ion was  to de te rmine  whether  the hypothet ical  r e f l ex  f rom the 
o r i f i ces  of the venae cavae  on the hea r t  ex is t s .  The bas ic  assumpt ion  made was  that intravenous injection 
of l a rge  vo lumes  of fluid, in Ba inbr idge ' s  exper iments ,  could involve s eve ra l  different  pa r t s  of the ca rd io -  
va scu l a r  s y s t e m  in the r e sponse  ve ry  quickly: the or i f ices  of the venae cavae,  the r ight  a t r i u m  with the 
s ino -a t r i a l  node, the r ight  ven t r ic le ,  and the pulmonary  a r t e ry .  

EXPERIMENTAL METHOD 

Exper imen t s  were  c a r r i e d  out on 32 an ima l s  (cats  and dogs} anes the t ized  with urethane (1-1.5 g/kg~. 
Ar t i f ic ia l  r e sp i r a t i on  was  applied, the an te r io r  pa r t  of r i b s  III-V was  removed ,  the a t r i a l  segments  of the 
venae  cavae  w e r e  d issec ted ,  and the p e r i c a r d i u m  was  opened. The s t imuli  consis ted  of 3 M solutions of 
sodium chloride and lact ic  acid,  and acetylcholine in a concentra t ion of 10 -3 g/ml.  The subs tances  used in 
the expe r imen t s  sa t i s f ied  two conditions: they pass  readi ly  through biological  m e m b r a n e s  [7, 19], and 
the i r  concentra t ion was  sufficient to excite  not only c h e m o r e c e p t o r s  and mechano recep to r s  [3, 5], but also 
a f fe ren t  f ibe r s  d i rec t ly  [5]. 

P i eces  of f i l t e r  pape r  or  swabs soaked with one of the above-ment ioned  solutions (37~ were  applied 
to the or i f ices  of the venae  cavae,  to the r ight  ven t r i c le ,  to the pulmonary  a r t e r y  ( a r ea  of appl icat ion 
0.5 x 2 cm),  and to the region of the s ino -a t r i a l  node ( a rea  of applicat ion 0.5 • 0.5 cm).  The site of s t im-  
ulat ion was  r insed  with w a r m  R i n g e r ' s  solution. The in terva l  between individual s t imul i  applied to d i f fer -  
ent segments  was  about 15 rain, and between st imuli  applied to the same segment ,  not l e s s  than 1 h. The 
p r e s s u r e  in the f e m o r a l  a r t e r y  was  r eco rded  and the h e a r t  ra te  e s t ima ted  f r o m  the f i r s t - o r d e r  waves .  
Only those expe r imen t s  In which the blood p r e s s u r e  r ema ined  stable a f te r  the p rocedure ,  but the hea r t  r a t e  
could va ry ,  were  r ega rded  as  technical ly  successfu l .  
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Fig. 1. Changes in the hea r t  ra te  following injection of 
R inge r ' s  solution into the jugular vein of a dog with in- 
tact  innervation of its hear t  (A) and after  vagotomy and 
extirpation of the stellate ganglia (]3). F r o m  top to bot- 
tom:  a r te r ia l  p re s su re  and zero  line, m a r k e r  of s t im-  
ulation, t ime marke r .  

In ser ies  I (6 experiments) 5-50 ml R inger ' s  solution was injected into the jugular vein in the course  
of 8-10 sec.  To determine the causes  of the tachyeardia,  the hear t  was denervated, but in contras t  with 
Bainbr idge 's  experiments ,  in addition to bi lateral  vagotomy, the stellate ganglia with adjacent segments of 
the sympathetic chain were also removed in the neck. 

In ser ies  II (9 experiments) the action of chemical  and mechanical  stimuli was studied, in the latter 
case (3 experiments) ,  a r igid catheter  was used. Although not interfer ing with the blood flow, this enabled 
the blood vesse l s  and chambers  of the hear t  to be stretched.  

In se r ies  III (17 experiments) the animals rece ived  a pre l iminary  intravenous injection of a'~ropine 
(1 mg/kg) which prevented the development of bradycard ia .  

EXPERIMENTAL RESULTS AND DISCUSSION 

After injection of R inger ' s  solution into the jugular vein tachycardia  occur red  in 4 of the 6 exper i -  
ments  and it pers i s ted  not mere ly  after  division of the vagus nerves  in the neck, but also after  bi lateral  
extirpation of the stellate ganglia (Fig. 1). These resul ts  cast  doubts upon the reflex origin of the 
Bainbridge effect. 

In the experiments  of se r ies  II, application of solutions of lactic acid, sodium chloride, or  acetyl-  
choline to the or i f ices  of the venae cavae led to the development of b radycard ia  in 7 of 9 cases  (Fig. 2A) ; 
in the other 2 experiments  b radycard ia  did not develop. Application of these substances to the right 
a tr ium, the r ight ventr icle ,  and the trunk of the pulmonary a r t e ry  as a rule caused a r rhy thmia  and brady-  
cardia .  Similar effects appeared on stretching the or i f ices  of the venae cavae or  the chambers  of the 
right hear t  by means of a r igid catheter  (Fig. 2B). The hear t  rate was reduced after  application of sodium 
ions to the wall of the vein by 6• beats/rain, and during slight s tretching with the catheter  it was re -  
duced by 10=~2.3 beats/min.  However, during s tretching of the or i f ices  of the venae cavae by the r igid 
catheter  there is no guarantee that the wall of the right a t r ium is not also s tretched to some extent. 
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Fig. 2. B radyca rd i a  evoked by s t re tching or i f ices  of venue 
cavae  by lact ic  acid solution (A) or  by a r igid ca the te r  (B). 
Legend as in Fig. 1. 

mm Hg A 

B 

C 

F F I ~ [ i I I [ I I 

D 

I I ~ I I I I I I I J 

Fig.  3. Hear t  ra te  during s t imulat ion of o r i -  
f ices  of venae cavae (A), region of the sino- 
a t r i a l  node (B), the wal l  of the r ight  ven t r i c le  
(C), and the pulmonary  a r t e r y  (D) with lact ic  
acid. F r o m  top to bot tom:  blood p r e s s u r e ,  
t ime  m a r k e r  (5 sec); a r row  m a r k s  appl ica-  
t ion of s t imulus .  

It was  c l ea r  f r o m  Fig. 3A that applicat ion of lact ic  
acid to the wall  of the venue cavae  a f t e r  injection of a t ro -  
pine caused no inc rease  in h e a r t  r a te :  be fore  and af ter  
appl icat ion the h e a r t  ra te  was  144/rain. Tachyca rd ia  l ike-  
wise  did not develop, with one exception, in the other  ex-  
pe r imen t s ,  r e g a r d l e s s  of which substance was  used for  
s t imulat ion.  In one exper imen t  applicat ion of lact ic  acid 
to the or i f ices  of the venue cavae inc reased  the h e a r t  
r a t e  by 14 beats / ra in .  

If the s t imulus was  applied to the region of the sino- 
a t r i a l  node, the hea r t  r a t e  was  always inc reased .  For  in- 
stance,  in the expe r imen t  r e co rded  in Fig. 3B, applicat ion 
of lact ic  acid inc reased  the hea r t  r a t e  by 30 beats / ra in .  
The inc rease  in the h e a r t  r a t e  during applicat ion of sodium 
ions averaged  27~ 7.6, during appl icat ion of lact ic  acid, it 
ave raged  25• and in r e sponse  to acetylcholine the in- 
c r e a s e  was  16~4.5 beats / ra in .  Application of any one of 
these  subs tances  to the sur face  of the r ight  ven t r i c l e  was 
accompanied  by t achycard ia  in 6 expe r imen t s  ( i nc reases  
in h e a r t  ra te  5-10 beats/rain) ,  while in 32 cases  it caused 
no apprec iab le  change in the hea r t  r a t e .  In the expe r i -  
men t s  of this group, the blood p r e s s u r e  rose ,  p r i m a r i l y  
through an inc rease  in systol ic  p r e s s u r e  (Fig.  3C), indi- 
cating s t rengthening of inotropic influences [12]. 

Tachycard ia  developed in r esponse  to s t imulat ion of the pulmonary  a r t e r y  a f te r  a t ropinizat ion 
(Fig. 3D). The mean  h e a r t  r a t e  in 5 expe r imen t s  with acetylcholine was  increased  by 10~3.1 beats / ra in .  
These  r e su l t s  agree  with those obtained by other  w o r k e r s  [4]. 

One of Ba inbr idge ' s  main  conclusions is  that  the inc rease  in h e a r t  r a t e  in r e sponse  to s t re tching of 
the o r i f i ces  of the venue eavae  is  a r e f l ex  because  it d i s appea r s  a f t e r  divis ion of the vagus  ne rves .  Judging 
f r o m  some of the r e c o r d s  desc r ibed  by  Bainbridge,  the a t tempt  to r ep roduce  t aehycard ia  a f t e r  vagotomy 
took place  in dogs in which the init ial  h e a r t  r a t e  was  about 200 bea ts / ra in  [8].I-Iowever, to el ici t  Ba lnbr idge ' s  
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phenomenon, the initial hea r t  ra te  must  be at a ce r t a in  optimum level [10, 12]. In some of the present  
w r i t e r s '  exper iments  it was also noted that no increase  in hea r t  ra te  took place against the background of 
well-  marked  tachyeardia .  

Hence, a f te r  ex t raea rd ia l  denervat ion of the hear t ,  intravenous injection of Ringer ' s  solution induces 
tachycardia .  In the a t ropinized animal this effect  appears  sys temat ica l ly  a f te r  application of the stimulus 
to the region ~f the s ino-a t r ia l  node and pulmonary a r t e r y .  Stimulation of two other  a reas ,  namely,  the 
o r i f i ces  of the venae cavae and the right vent r ic le ,  was r a r e ly  foilowed by tachyeardia .  On the whole, the 
inc rease  in hea r t  ra te  was most  marked  in response  to st imulation of the sino--atrial node. This can be 
explained by d i rec t  st imulation of the t issue of the pacemaker  and by an increase  in i ts excitabil i ty 
[ i i-13, 161. 

Depending on the f requency of the posit ive effect,  zones whose st imulation induced taehycardia  in 
Bainbr idge 's  exper iments  were  distr ibuted as follows: the s ino-a t r ia l  node, pulmonary a r t e ry ,  r ight  
vent r ic le ,  or i f ices  of the venae cavae.  After removal  of the stel late ganglia and vagotomy, a positive 
chronotropic  effect  developed only in response  to st imulation of the sino--atrial node. 

The wr i t e r s  a re  grateful  to P r o f e s s o r  V. M. Khayutin for  discussing this paper  and for  his in te res t -  
ing c r i t i ca l  r e m a r k s .  
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