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Irfforl~tion about the pathogencsis of toxic ~Jmonary edema, produced by various substances (nitrites, 
phosgene, adrenalin, ammonium chloride, silver ~ r a t e  and others), is s c a ~  The majority of lnvestigatc~ 
believed "'~az the reason for the development of t c ~ c  edema was purely lo~al injury to uhe vessels, changing 
the permeabLlity, of their walls with subsequent p a ~ g e  of liquid into the ~,~veolar spaces. 

The significance of neural mechanisms in the development of pulmat'.ar/edema ha~ been shown ill 
works of national [1"3] and foreign [4-7] authors. In p~rticular, the possibility of preventing the toxic pulmoP~ry 
edema caused by adrenalin and ammonium chloride has been shown in the ~xperiments of I. A. S e r e b r o ~ o  
It remained unclear whether ordy ether has such a~ effect and whether thL~ action of ether anesthesia is dependent 
on the Ir~ibition of certain portiop3 of the nervous ~'stem or on some side efffects. 

L~ order to clarify these questions, we carried, ~ t  experiments on a ~c~del of toxic pulmonary edema 

~,hlle u.~ing anesthetics differing in their pharmacological and chemical ctL~racteristics. 

The cx/>eriments were car~.ed out on white ~ .  The first series of ~"E~Deriments was CaP, fed out on ,~2 
animals, ~ e n  0.75 ml per 100 g weight of a 6~,o s~utio.n of ammonium ~.toride was administered lntraped- 
toneally, as a ru~e by the 6-Tth minute after the in~ection the rats develo~e<] an attack of acute tetantform 
spasms. At hhe end of the attack, which usually la~,ed about 1-11~1 minul~--~., in all cases the animals were ill 
a markedly depressed state, breathing infrequently', lacking corneal and pa~  reflexes. Later, breathing became 
less frequent, tales began. In a number of cases, t ie  secretion of froth fro~ the upper respiratory tract was 
observed. At the 30-40th minute the animals died, 

At autopsy, the typical picture of pulmonary ~dema was observed even with macroscopic observaticxl. A 
considerable amount of frothy liquid was found in the bronchial spaces. T~e lungs were solid, poorly aeraL~l; 
on squeezing, depressions remai~d on their surface which did not disapDe~ for a long time. In section, the 
pulmonary tissue was reddish-yellow in color, with ~emorrhaglc areas; a l ~ e  amount of frothy reddish liquid 
ran off from the surface of the cut. The ratio of the weight of the lungs to ~he body weight of the animal was 
usually ovex 1~, reaching 2-2.L~ in some c;uses, I. e.,it was considerably ~eater  than normal (0.~-I~). 

Micrc~copic investigation showed that the alveolar spaces were filled with a protelnaceous liquid, .in place~ 
with an admixture of erythrocytes. In some areas the erythrocytes filled the alveoli completely. In a number d 
cases a slmrl~ly demarcated perivascular and peribrc~chial edema of the cc~unective tissue was found. The vessels 
were found to be plethoric. In the other organs (liver, kidneys, brain, sple~-~-~) plethora of the vesseh was ob- 
served; IP the U.wr and brain, in addition, slight pe~vascular edema was fennel. 
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Ill the s~..~'ot~d s~.'cs o| ex[:h2~ill3cllls, ~lllltlOlliUm cl:l~ride wa.~ ndll~iui$lcrcd in tile .~ame doses during aneso 
thcs~.a pr~qu~'cd by [~:r .-.,~b,-tlloLlc~.~s injectiol~ ~,f a I'P'~, S~qlltlt),l ~g urcthalle, IISiUg 1 ,HI per 100 g of weight. 
Fiftr ani~(lals were b-.-~r after 1- ' /hol ' rs ;  4 the next day. I~ ]7 cases out of 19, pulmonary edema was 
not f>~nd iu tlte ct~l~r~ ~'~ either n~acroscopic ~,r micrr allal)*sLs. The weight coeffieiewlts of the lungs 
var~c~ bct~r 0.t;-~ . ~ .  Ollly in tw~ cases were separate hemorrhages and the appearance of edematous liquid 
in tee alveoli  observed: ~he ct>cfficicnt reached 0.95-0.98. 

In the Lh~rd seri~.'-s ~f expcrime~ts, carried out o~ 20 animals,  ammonium chloride was administered during 
ethe:  anesthesia. Ane~=hesia w ~  maintained for 1-2 hc.urs, after ~.~,ich the rats were beheaded.  In 17 cases 
p ~ l = ~ a r y  edema did ~.~t develop; the xveight coefficients remained within normal l imits .  The ammonium 
chb=~Je had a toxic eUect  on 3 rats and they died in 1-1 1/2 hour~ (from pulmonary edema);  the weight coeff l -  
cie,a~ were 1.1-1.45. 

L'~ the fourth sertes of experiments,  carried out on 12 a n t m d s  anesthetized with chloroform, the adminL~- 
uatt-"~- c>f am~.no~iun,, c~"3oride produced pulmonary edema in ordy one rat.  

In the fifth s e r i f .  ~8 animals were anesthetized by the subc:~taneous administration of a ~ )  solution of 
hexe=al,  using 0.3 ml per 100 g of the rat 's  weight. ';~'hen anesthesia was achieved, ammonium chloride was 
injec:ed.  In 1 x/z hoc_-~ the animals were ki l led.  Dalmonary edema  did not develop in 14 rata. 

In the sixth sers anesthesia was produced by the inject ion of 0.5-0. ' /5 rrd per 100 g of the rat 's  we!ght 
of a ~% solution of cb.toral hydrate.  Out of 15 experiments,  pulmonary edema was observed to develop in only 
3 ( tke weight coefficients were 1.1-2.1;  in the remaining cases they remained within normal l imits) .  

Ln the next series of experiments,  set up with 84 animals,  Lh-e effect  of anesthesia produced by the sub- 
cut~.=eous inject ion ~ a t% solution fo r using 0.5, 0 . ' / a~d  1-1.5 ml per 100 g weight with subsequent 
adr~i~';.~r.ration of ammonium chloride was studied. 

In 10 exper imea~  with a dose of 0.5 ml, which Produced superficial  anesthesia, pulmcnary edema  develo 
op~-'d in all the animals .  Administration of chloralcse in a dose d 0.7 ml per 100 g weight prevented developo 
me~:  of edema in V c~ses out of 25. When f: tal doses of chloral~_-.e were administered (1-1.~ ml per 100 g 
w e i ~ t )  the ardmais ds 1-1~/z hours after the exper iment  began,  while In 9 cases out of 19 pulmonary edema 
did not develop.  

The results of c~: experiments arc shown in the i l lustrat ion.  

Microscopic investigation also ~indicates the absence of fy-~monary edema in the cases when the weight 
coefficients were withL-: normal  l imi ts .  

_.In-the s u p p l e m ~ t a r y  grc,dp of co~atrol experiments,  in which the animals were ki l led by the inject ion or 
irthala~0n"of a lethaI dose of anesthetic: (hexenal.  urethane, ether,  chloroform, chloralose), pulmonary edema  
was c~Iy found in indi~-~dual cases of death caused b ~ n h a l a t i o n  d ether and chloroform; in aU ~ e  rest of the 
expr neither mac ro -  nor microscopic pulmonary edema was found. The weight coefficients corresponded 
to nc~l'~a~, 

Summarizing ~ e  data we obtained, it  can be observed that  in the majori ty of cases prelimirmry anestheti= 
za t ion  of the animal  prevented the development  of the toxic pulmonary edema caused by the administrat ion of 
a m = o n i u m  chloride.  However, in a number of cases (exper imems with chloral hydrate ,  ether,  hexenal)  pul -  
m<ma_ry edema stil l  de~-eloped after the administrat ion of ammonium chloride, a fact  basical ly  connected,  
apparently, with the insufficient depth of the anesthesia. 

The experiments ~ing chloralos~.- as an anesthetic should be pu~ in a special group. The results of thLs 

setics varied. But here also certain rules can be found; with light anesthesia, pulmonary edema developed in all 

the experiments, with medium anesthesia it was absent in 5 cases out of 25 and in deep anesthesia it was absent 

in 9 out of 19. 

At the time our experiments were finished, Ya. A. Laz~is communicated" the data obtained in hls labor- 

ator'f on the possibility ~f preventing t~xic pulmonary edema pzcduced by ammonium chloride, by means of 

*Etfiarged quorum of B e  executive commit tee  of the Al l -Union Society  of Pathophysiologtsts (Moscow. 1953). 
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varlons mlcsthctics x~'ilh lh(. cx, c!~tio,i 4t chh,lal,,~.,.. Th,. . , , , lh~,r ~,xprcg~(:d Ih~. ~,pi,~io~ lhat the |ndh:atcd effect  

i t l ) lnlOIl i l l l lTI c h l o r i d e ' .  "t'i*,' m l lho~ , o w , i d c l s  the' h t a i i l  ~t~'ll~ arc.~ t,~ I~. the: h ' v c l  ~,f ~l~,,:,c. r ( : l lu~t :s b ' /  w] i i r  ]1r 

explai~s the faihlrc ~1 chlor;~h~r "a I},l~i~';~l corli( a l"  :ll|t.,,,Ih~.qic by Pick's cl;~s~lficatio~l, as a preventat ive,  
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Effect of various anesthetic substances on the development of toxic pulmonary edema 
produced by ammonium chloride, i) Control group; 11) urethane anesthesia; 
IIi) etl~er a~estbesia; IV) chloroform anesthesia; V) hexenal anesthesia; VI)chloral  
hydrate anesthesia; VII) chloralose anesthesia; a) dose of 0.4 rrd of a 1% solution 
per 100 g of weight; b) 03 ml; c) 1-1.5 m l .  

In spite of the coincidences in the basic results of  our experiments with the data of Ya. A. Lazarls and 
M. A. Sereb:ovskaya, we do not consider it possible to agree fully with the opinion of the indicated authors. 

The results of the experiments with chloral hydrate which are characterized, in common with chloralosr 
by primarily cortical action do not fall within the framework of their concept. In  experiments with various anes- 
thetics (including hexenal and chloralose) a certain relationship canbe  observed between depth of anesthesia 
and its prevention of pulmonary edema, without regard to its pharmacological characteristics, Ya. A. Lazaris 
and I. A, Serebrovskaya did net take into account also the possible pathogenic significance of the direct action 
of ammonium chloride on the central nervous system and the sharp ~ise in its excitability. 

The resnlts of the experiments which were carried out permit denial of the importance of direct injury of 
the vessel walls by ammonium chloride ir the pathogenesis of pulmonary edema. The prevention of pulmonary 
edema by the action of anesthetics also, ~pparentiy, is not determined by their direct effect on the permeability 

of ".he vessel membranes. 

The speculation regarding the levels of the "pathological reflexes',  based on Pick's representations regard- 
ing the localization of the action of anesthetics, cannot be admitted to :~e suffie!enfly well founded. The patho- 
genesis of toxic pulmonary edema (especially of its neurogenic components) requires further deeper study. 
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