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It is known that in sick persons the heart  may  sometimes s topwhenan anesthettc ts first administered (when 
the stomach tube, laryngoscope or tntratracheal  tube is introduced, or when the patient inhales the vapors of the 
anesthetic,  etc.).  The effect is attributed to reflex act ion from the upper respiratory pathways on the heart  [16, 18]. 
There are numerous exper imenta l  and c l in ica l  reports on reflex influences arising in the lungs and affecting various 
organs and systems [2-6, 10-13, 15, 17, 19]. 

In a study of the action of various anesthetics exerted on the heart via the lungs [1, 7, 8] an tmusual act ion on 
the heart  was found to be exerted by the vapors of ether and chloroform. The effect  was that  when air containing a 
high concentration of anesthetic was introduced under pressure into the lungs of a frog hear t - lung preparation, the 
heart  stopped immedia te ly ,  at  the first inspiration. 

In our experiments air  containing a constant concentration of the substances to be investigated was introduced 
into the lungs of a hear t - lung preparation; with the anesthetic concentration used, to stop the heart, not less than 
5-10 inspirations were required. The change in the work of the heart  was greater the more inspirations of the an- 
esthetic mixture were made.  

In the kymogram shown in Fig. la ,  the action of the vapors of  ether on the heart  of the heart- lung preparation 
can be seen. 

In many experiments we increased the anesthetic concentration 2-3 t imes, and in some cases we found the 
heart  stopped in diastole at the moment  the anesthetic entered the lungs (Fig. lb).  The arrest might  be due either 
to the rapid penetration of the saturated vapors of anesthetic through the pulmonary membrane into the blood, or 
to the st imulating influence of the anesthetic on a pulmonary receptor apparatus connected reflexly along nerve 
fibers contained in the vessels of the lesser circulat ion and ending on the heart.  In the lat ter  case we would infer 
the presence of a viseero-visceral  ( lung-heart)  reflex. Note that  the effect  was not consistent, but occurred only 
with very careful setting up of the hear t - lung preparation: whenltgature of the inferior vena cave (damage to the 
s[nu-auricular node may occur) did not affect  the heartbeat.; when the vessels on the lung pulsated dist inctly during 
removaI  of the preparation from the thorax; and when the pulmonary veins were not damaged.  Some authors [19] 
have insisted that this care in the preparation is necessary also in order tO demonstrate the lung-heart  reflexes. 

It is important to note that in cases when ether or chloroform vapor in the usual concentration has been passed 
through the lung of a hear t - lung preparation and then, when the heart  recovered,  a single inspiration of a high con- 
centrat ion of anesthetic was given, no cardiac arrest occurred. Probably the effect  of the low concentrations was to 
bring about adaptat ion o f  the nervous apparatus, so that subsequent actions of the vapors did not cause the expected 
cardiac arrest. We observed a similar phenomenon previously [1] when studying the action of chloroform, formalin, 
or ether vapor in the so-cal led  hear t - lung-bra in  preparation. V. V. Parin [6] also observed that the blood pressure in 
the carotid a/ tery fel l  less when the receptor zones of the pulmonary arteries were st imulated repeatedly.  

In order to study the effect described we replaced thehear t in  a hear t - lung preparation by another heart taken 
from a second frog. By this method, which was worked out by N. P. Stnitsyn [8], we at  first transplanted the heart  
eomple te ly ,  and then prepared from it a hear t - lung preparation. * This method ensured that there was no possible 

-;~The method of setting up a hear t - lung preparation and its use has been described previously [1, 7]. 
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nervous connection between the lungs and the heart, and that humeral  transmission alone remained.  We carried out 
18 experiments by this method. 

After ether vapor had been passed through the lungs of a preparation made  by the method described, cardiac  
ac t iv i ty  was suppressed almost  to the same extent  as in a normal  hear t - lung preparation (from the hear t  of the same 
frog). The difference was that at the start the reduction of the contraction was somewhat de layed,  and the general  
effect of the drug upon it was therefore somewhat smoothed over. When the concentration of ether was increased 
2 or 3 times and passed through the lungs of the preparation with the transplanted heart, "in none of the 18 exper i -  
ments did cardiac  arrest occur. There was a change only in the hear tbeat  (a reduction e i the r  of the rate or the amp-  
litude of the contractions), But the effect  could have been caused by a change of the diffusive capac i ty  of the 
pulmonary membrane with a reduction in the permeabi l i ty  of the a lveo lo -cap i l l a ry  complex,  a change re!ated to 
the operation of transpIanting the heart  (insufficient concentrat ion of ether in the lesser circulat ion) ,  or to damage 

of  the conductlng system of  the heart  caused by transplantation. 

Fig. 1. Kymogram showing cardiac  contractions in a frog hear t - lung preparation,  a) 
3 Inspirations of ether vapor (normal concentration),  followed by 5 inspirations of 
ammonia;  b) single inspiration of ether vapor (increased concentration).  Curves,going 
downwards: cardiac contraction; marker indicat ing introduction of vapors into the lungs; 

respiration frequency; t ime marker (2 seconds). 

In order to exclude these possible causes, we passed ammonia  vapor through the lungs of the hear t - lung prep- 
aration incorporating a transplanted heart, at the moment  when it had just "breathed ~ ether. The effect was to pro- 

duce a rapid and marked cardiac  react ion (Fig. 2). Precisely the same effect  of ammonia  was observed in exper i -  
ments with the normal  hear t - lung preparation (see Fig. la) .  Evidently there was no disturbance of either the func- 
t ional capaci ty  of the transplanted heart  or of the pulmonary membrane,  and the diffusive capac i ty  was comple te ly  
preserved; the small  react ion of the heart to massive doses of ether appeared to result from the absence of nervous 

connections between lung and heart. 

In control experiments made on an intact  frog in w h i c h a r t i f i c i a l  respiration was mainta ined ,  we produced no 
cardiac arrest of the type observed in response to a single ~inspiratien" of  massive concentrations of ether vapor by 
the preparation (Fig. 3). In these experiments we observed only a gradual increase in the suppression of cardiac con- 
tractions proportional to the number of ~inspirations" of anesthet ic  vapor, and subsequently the contractions returned 

to normal (after inhalat ion had ceased). 

We also carried out a number of experiments on a hear t - lung preparation in which the nervous connections 
with the brain had been preserved. De Burgh Duly et  al.  [14] used a similar preparation for a warm-blooded  animal  

(the dog). For our hear t - lung-bra in  preparation we used the frog [1]. 

Passage of ether or chloroform vapor through the lungs of this preparation caused a cardiac  response similar  
to the one observed in the intact  frog, and quite different from what we observed in the hear t - lung preparation. A 
single lnngful of air saturated with ether or chloroform vapor did not cause cardiac  arrest. However, destruction of 

the brain, which caused a transformation into the usual hear t - lung preparation, almost always produced the desired 

effect, i .e. ,  the heart  stopped in diastole.  
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Fig. 2. Kymogram showing cardiac  contractions in a hear t - lung preparation in- 
corporating a transplanted heart:  2 inspirations of ether vapor (increased concen- 
tration), then 4 inspirations of ammonia .  Curves as in Fig. 1. (Time marker 8 

seconds). 

Fig. 3. Kymogram of cardiac contractions from an intact  frog: 5 tnspirattons of 
ether vapor (increased concentration), then. 8 breaths of ammonia.  Curves as in 
Fig. t .  

There ts therefore every reason to suppose that when high concentrations of anesthetics enter the lung the arrest 
of the heart  in a frog hear.t-4nng preparation is a reflex event  induced by strong st imulation of the pulmonary receptor 
apparatus by the anesmetic.  The absence of any such effect in the intact organism must be attributed to the function 
of the central  nervous system. 

S U M M A R Y  

Cardiac arrest in diastole occurs immedia te ly  after once filling the lungs of a frog-heart  lung preparation with 
a high concentration of ether or chloroform vapor. When the heart  of such a preparation is replaced by one from 
another frog, no such effect is observed, and only the rate and ampli tude of the heart  contractions are changed. 
Cardiac arrest doesn ' toccur  (a) if the nervous connections between the hear t - lung preparation and the CNS are pre- 
served (so-cal led heart- lung-brain preparation), or if  intact  or spinal animals are used or (b) if the anesthetics 
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are applied repeatedly to the preparation. Evidently cardiac arrest in the first case must be regarded as resulting from 
an [nteroceptive lung-heart reflex. The failure of this action to occur in an intact animal must be due to a central 
nervous action. 

L I T E R A T U R E  C I T E D  

1. A. E. Alekseev, Farmakol. i toksikol.,No. 5 (1951), p. 83; No. 6 (1955), p. 22. 
2. S. P. Botkin, "Course on the clinical treatment of internal diseases." St. Petersberg (1867), p. 5, 
3. M. R. Mogendovich and D. N. Vyropaev, Arkh. biol. nauk, No. 87 (1940), p. 35. 
4. M. R. Mogendovich and N. G. Sosnyakov, Klin. med.,No. 9 (1958), p. 22. 
5. P. M. Nikiforovskit, Transactions of the Society of Russian Physicians in St. Petersberg for the year 1910-1911, 

St. Petersberg (1911), p. 28. 
6. V. V. Par[n, "The role of the pulmonary vessels in reflex regulation of the circulation," (Moscow, 1946). 
7. N. P. Sinitsyn, Byull. eksper, biol.,Nos. 7-8 (1944), p. 50. 
8. N. P. Stnitsyn, "Transplantation of the heart as a new method in experimental biology and medicine,"  [in Rus- 

sian] (Moscow, 1948). 
9. A. I. Smirnov, Klfn. med.,Nos. 13-16 (1932), p. 4]8. 

10. A. Taljanzeff, Cbl. med. Wiss.,No. 23 (1883), S. 401. 
11. V. I. Ftlistovich, in book: Year Book of tile Institute of  Experimental Medicine. (Leningrad, 1956), p. 109. 
12. Ekkard, Quoted by M. R. Mogendovich and N. G. Sosnyakov. 
13. T. G. Brodie and A. E. Russell, J. Physiol., (London), Vol. 26 (1901), p. 92. 
14. I. de Burgh Daly, G. Ludany, A. Todd et al., Quart. j. exp. Physiol.,Vol. 27 (1937), p. 123. 
15. S. R. Masiello and A. A. Lombard[, New York Sr. J. Med.,Vol. 49 (1949), p. 1557. 
16. L. C. Reid and D. E. Brace, Surg. Gynec. Obstet.,Vol. 70 (1940), p. 157. 
17. D. Scherf, New York St. J. Med.,Vol. 45 (1945), p. 1647. 
18. H. Schwiegk, Pflug. Arch. ges. Physiol.,Bd. 236 (1935), S. 206. 
19. H. E. Stphenson, Jr., L. C. Reid, and J. W. Hinton, Ann. Surg.,Vol. 137 (1953), p. 731. 

Al l  a b b r e v i a t i o n s  of  p e r i o d i c a l s  in the  a b o v e  b i b l i o g r a p h y  are  l e t t e r - b y - l e t t e r  t r a n s l i t e r -  

a t i o n s  o f  the  a b b r e v i a t i o n s  a s  g i v e n  in the o r i g i n a l  R u s s i a n  journal .  Some or al l  o[  th is  peri-  

od ica l  l i terature  may wel l  be  a v a i l a b l e  in Engl ish  translat ion.  A c o m p l e t e  l i s t  o f  the  cover*  to- 
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