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It has been shown in many experiments, chiefly cl inical  that there is very little :c!atlonshtp between the 
extent of putmonary damage and the gaseous blood changes resulting from IL As a rule. the oxygen value of 
the arterial blood returns to its muaI level before recovery from the puL~.onary damage has been effected [7, 8, 
o, it]. 

In previous expertmeau {2, 3),, we have shown the importance of the nervous system in compensating 
resp'ratory disturbances caused by pulmonary damage, in these exi'/er~n~,ents , r~pt~a~or}, funcflorl was ~tudied 
chiefly by recording res/flra~ry movements. A blood-gas analyds was ~.-zrformed only in isolated cat,  s, Never- 
thole,s, the blood gases comfltute one of the most lmporta~lt indicc~ of re~[raLory function. 

In the present work we have investigated the part played by the ner.ous ~y,tem in compensating blood-gas 
change, following focal pulmonary Injury. 

EXPERIMENTAL M E T H O D S  

The experiments were carried out on unane.,thetized rabblu. It all, 45 a~h-nals were reed in the experi- 
ments. They were placed O n their backs and fixed to a sup2ort. The damage was effected by Int~odudng 3 mJ 
of water heated to 80-90"C through the che,t wall. The advantage of gih rI, cbhod is that the damage is imme- 
diately effective and t~here h no Incubation period as there is II / the ca~e of b~cterial pnet'~norfla, or when 
irritant substance: are introduced through the respirato~ passages, and Lhe:e h no possibility of any direct action 
on the respLratory centers. Samples of arterial blood were obta!fied from Cm femoral artery, and venous blood 
was obtained from the right heart. The blood from file heart was obtained by means of a catheter introduced 
through the jugular vein. The blood was collected under o11. Blood-gas anaiysi, was carried out udng Van 
Slyke's apparatm, rtol l~ter than 30 minutes after drawing the blood. 

At the beglmflng of the experimenL the fore, oral artery and Jugular vein ~,-e:c exposed under local anet- 
thefla. After h~lrty minutes, the first samples of blood were taken. Thirty minutes after the blood had been 
taken, the lung damage wa, inflicted and a ,ample of blood wa, t ~ e n  immediately. The next portion of blood 
was taken 20 ~o 60 mhtutes later, and again, as a rule, two to three l~o~s after infection of the lung damage. 
A record of the re,pirat~on rate war aL~o *aken. 

EXPERIMENTAL RESULTS 

The oxygen saturation of arterial blood has an average val~e of 95~'~. Incomplete oxygen saturation of the 
arterl~l blood would normally be ascribed to a l~hyslologlcal atelectasts of ~ e  pulmonary tissue. 
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As the experiments lasted 4-5 hourh and as the collections of blood caused a certain attemia, control 
experiments were carried out to find what effect thest, factors h,d on r&e blood gases. It was found that the 
effect was ~lulte hulgnlflcanh there being only a small reduction In t~e venom oxygen content, as a result of 
which the arterlo-venous difference increased by 1-2 vol.~, 

Blood-gas chap.get following localized pulmonary damage in r#bb~ts with tto damage to nervous if_stem. 
In the~e experiments 30 rabbits were used, Blood-gat analysis (carried out immediately after file damage had 
been Inflicted) gave the following results. The oxygen coutent of ~trterial blood was reduced by 1.2-3.2 vol. q~. 
The oxygen saturation of arterial blood was reduced by 5.5-15.6~; the COl content was reduced by 1,8-3.8 
voL %. 

In the venous blood, the oxygen content war reduced by 2.2-4 voL ~,, The COt content was reduced by, 
2-4 vol. %, 

The arterlo-venous difference and volume remained within normal limits. 

After 20-60 minutes from the time of inflicting the pulmonary damage, tlm arterial blood was 4-13% 
below complete saturation. Alter ~-3 hours, the oxygen saturation, with only a few exceptions, returned to 
normal. The oxygen content of venous blood remained 1.2-2.9 vol. ~]o below normal, and this caused an Increase 
In the arterio-venous difference of 0.,5-2.1 vol. %. The CO t content in both arterial and venous blood war 
reduced by 2-5 voL %. 

Previous experiments have shown that localized pulmonary damage in rabbits, caused by the same met,~od$ 
used in the pre~ent experiments, led to an increase in the frequency and depth olr reslgtradon for the first 15-20 
minutes, after which the respiratory movements returned k3 normal. We found the same thing. We also found 
that at ~e  same ~ n e  there is a hypoxia. This hypoxla dlsappear~ 2-3 hours after the infliction of the damage, 
at a time when the Injury not only has not healed, but in fact is continuing to develop. 

Thus. the present experiments show that the degree of oxygen saturation o r ar~e#.al blood (see diagram), 
which Is normally taken as one of the principal indices of respiratory function, rettuns to its no~mal value before 
repah of the pulmonary injury has taken place. Postmortem examination carried out after the restoration of 
respiratory ftmctton revealed hemorrhages and edema M the damaged portion, and sometimes regions of atelee- 
tas!S. 

Blood-gas changes following localized puIr~onary damage in vagotomized rabbits, in previous experi- 
ments in this laboratory [2]. we nave shown the great tmportar:ce of the vast in compcnsadng respiratory damage 
following localized puLrr~onary injury. The present Investigation of hhe b I ~ d  gases In these animals demon.~trate$ 
this compen~tory process partlculasly clearly. 

In these experlme~lts 10 animals were used. A determination of the blood gases was firzt made in the 
normal animal, arid then repeated, first 30 minutes after resection of both vagi in the neck, h~.e.n immediately 
after infliction of the pulmonary damage (which war effected one hour after cutting the vagi), and then ~, 8, 
and. in ~n:e case,, 24 hours later. Section of the vagl in the neck was c~rried out very rapidly under local 
anesthesia. After the operation, the breathing became slower and deeper. There wa_~ an increase In muscle and 
facial muscle tone. Thirty minutes after sectto~ing of the vagl, the breathing became quieter, more regular, 
and rather :note rapid. There was usually no change in the blood gases. These observations agree with other 
published data [6, 10]. However, tt was found that the power to compensate for localized pulmonary damage 
was considerably reduced In vagotomlzed animals. 

After the pulmonary damage had been effected, the breathing again became deep and labored, but the 
frequency remained practically unchanged. This agrees with previously published observations [2]. In the 
arterial blood, t,qe oxygen content was reduced by 1-3 voL %, a~ad the oxygen saturation was reduced by 5-12an,. 
The oxygen capacity remained within normal limits. In the venous blood, the oxygen co,tent  w~s reduced by 
2-3.5 voL o7~. and this caused an Increa,e In the arterlo-venous difference of 0.5-2 vol. %. The CO l content 
in both arterial and venous blood was reduced by 2-fi vol. %. 

Blood-gas analyses carried out after 2, 6, and 24 hours, revealed considerable hypoxla. The oxygen 
saturation of arterial blcod was reduced by 5-16% (see figure). Besides the hypoxla, there was a considerable 
hypoeaprtla; the CO t content of the arterial blood was reduced by .5-8 voL % while the artedo-venou$ difference 
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Changes In the degree of oxygen saturaHon of arterial blood (in % of original value) 
after damage to lungs by scalding: (1) In animals without Interference to nervous 
system; (2) In vagotomlzed animals; (3) In animals with hiipalred nervous tropMr 
funcdom. The anows show the times at which the lung damage was effected. 

was Increased by I-2 vol. 9 .  The animals died after 24 hours. Postmortem examination reveah.d a pulmonary 
edema which was particularly marked on the damaged :tde. 

Investigation of blood gases following localized pulmonary damage In rabbits ~dth impaired nervous 
trophtc ftmction. In tile control animals of the first experiments, the blood gases returned, as a rule, to ~heh- 
normal value 2 to 3 hours after the pulmonary damage had been effected. Certain animals which were an ex- 
ception to tills rule were very carefully Investigated. We noticed that two bbi ts  tn ',d~.om the blood gases did 
not ret~tm to their normal value within 5 to 6 hours showed effect~ of Impaired trophlc f".netfon In the Limb,. 

A. D. Speransky [5] and his co-workers [1. 4] showed that a dystrophy of this type is not a localized pheno- 
menon, but reflects a general disturbance of nervous trophic function. 

It seemed reasonable to suppose that in animals with signs of dystrophy the failure to effect comi',ensatton 
was due to a generalized impairment of trophic function. We therefore started another experiment to lnve,dgate 
compensation of respirator~r function hi animals with experimentally induced impairment of nervous Lrophic 
functtqSl. The simplest form of impairment consist~ of section of the sciatic nerve. 

Five animals were used for this experiment. The sciatic nerve was rut, under local anesthesia, in the 
upper third of the thigh. After t~'o to three weeks, ulcers developed on the fool 

The bMod gases of these animals, determined before and immediately after e fleeting the pulmona~ 
da 'm~e,  were within normal limits. }lowever, the oxygen saturation of the arterial blood of the,e anlmah did 
not return to normal within 6 hours. The blood remained 7.4-10.1% below saturation, while in the intact anim~tlt 
the oxygen saturation returned to normal within 2-3 hours after ilfflictton of the pulmonary damage (see figure). 

These resulu show that the hypoxia cannot be explained in the terms of the failure of "he oxygen to dif- 
fuse lnt~o the dan]aged zone. This follows from die fact that the oxygen saturation of the blood In animals with 
an intact nervom system is restored to its normal value before the pulmonar}, damage has been repaired. 

It is clear that the oxygen satttration of the blood does not del~fnd dtrectlj/on the change in t*sf~lratoty 
movements or oa the puhnonary ventilaUon. After the pulmonary damage has been inflicted~ the breathlesmeu 
continues for 15-20 minutes, while file hypoxla lasts for 2-3 hours. 
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We comldered above the pt,:dbt!!ty that the hypoxta Is due to a m~lll part of the blood continuing to 
circulate through the damaged portion of file lung without becoming oxygenated. We trtttst ~tlm t0ppo~e thit In 
these ~e~ent experlmeltt$ the h]tl.~0xl~t arose in Ibis way, 

Lung damage in normal animals cau,ed a hypoxia of a relatively tl~ort duration of 2-3 hours, while in 
vagotomized anlmalt the condition became progrenively worse, 

In addltton to the t|ervout mechanism controlling pulmonary ventilation ~'nd blood circulation through the 
lungs, the general trophic action of the nervovs ~),stem is elm involved to a considerable extent. A~ our experi- 
ments have sho~n, elimination of this trophlc function ~Inders the ,~,evelopment of compensator), changer. 

SUMMARY 

In focal injury of lung tissue in experiments on ~abbits, the restoration of the gaseous content of the blood 
takes place when the pathological loci are not or, ly pre~ent, but a:e even in a condition of development, The 
reHoration of the normal content of blood gasei is due to the change in Lhe relation~iip between t ~  ver, tllation 
and circulation of the lungs. Resection of the vagus nerves hinders thit mechanism. Due to that, tMtl~ of the 
lungs in animals with rejected vaguz nerves induces progressive hypoxelwi,. Disturbance of t)m nerve trophic, t. 
likewise reduces the ability of the organism to compea~te the dist~rb~ce o f  respiratio,'h cat ted by focal [~,Jury 
of the lungs. 
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