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KIGUkt 1. Changes in respiration and circulat ion in a dog with isolated suprarenal glands and 
intact splanchnic and cardiac nerves under the in f luen ce  of increased oxygen pressure ol 
(j atm (ex p er im en t  of  14 February 1957; dog No.  25, fem ale,  weight 10 kg)

Kymograms a, b, and c  were recorded before compression: a — before the procedure} b —
5 min after isolation of the suprarenal gland; c — 8 min after (a  check  on the integrity of  the 
splanchnic nerves) . The arrows indicate stimulation of  the left and right nerves by an induced  
current. Kymograms d, e, f, and h were recorded during the breathing of oxygen  under 
pressure; d — 12 min after beginning of  the procedure; e  — ^8 min after; f — 85 min; g — 
10b min;  h — 126 min after beginning of  the procedure. T h e  rest of the key is the sam e as 
for Figure 1.
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changes :in the lungs a re  caused  by the i r r i ta t in g  effect of oxygen on the 
r e s p ira to ry  t r a c t  and pu lm onary  a lveo li (Smith, 1889; Bean, 1945; and 
o th e rs ) .

O hlsson  (1947), on the b a s is  of h is  s tu d ies , concluded th a t pu lm onary  
involvem ent under cond itions of b rea th in g  oxygen does not o c c u r  on the 
" a ir "  s ide , because  of the i r r i ta t in g  e ffec t of oxygen, but on the "blood" 
s ide , as  the r e s u l t  of in ju ry  to the c a p illa ry  w all by in c re a se d  c o n c e n tra ­
tio n s of carbon  dioxide, the tr a n s p o r t  of which, a s  is  well known, is  
d is tu rb ed  u n d er cond itions of hyperox ia .

I. A. Sapov (1953) a sc r ib e d  im p o rtan ce  to  n e rv e  re flex  in fluences in the 
developm ent of pu lm onary  le s io n s  under a c o m p re sse d  oxygen effec t. He 
showed th a t b i la te ra l  block o r  sec tio n  of the vagus n e rv e  in c re a s e s  
pu lm onary  involvem ent, w h ereas  cu tting  the  p o s te r io r  ro o ts  of C 6 — 7 to 
D 4 —5, den erv a tio n  of the c a ro tid  s in u s and a o r tic  reg io n s  o r  a tro p in iz a -  
tion  c o n sid e rab ly  le s s e n s  o r  p re v e n ts  developm ent of the patho log ica l 
p ro c e s s  in the lungs.

It is  ev ident fro m  the data p re se n te d  th a t th e re  a re  only s c a tte re d  
r e p o r ts  in the l i te r a tu r e  dealing  with the study of p a tho log ica l c h a r a c te r is ­
t ic s  in acu te  oxygen poisoning, and to date th e re  is no a g reem en t a s  to  the 
m echan ism  of pu lm o n ary  involvem ent under the influence of in c re a se d  
oxygen p r e s s u r e s .  T h is fac t w as the b a s is  fo r  the p re s e n t study.

M ethod

The f i r s t  s e r ie s  of o b se rv a tio n s  was m ade on 12 guinea p ig s  exposed  to 
the effect of oxygen un d er a p r e s s u re  of 5.5 a tm . To exclude vagal e ffec ts , 
six anim sils w ere f i r s t  in jec ted  subcu taneously  with a tro p in e  in a dose of 
1 m g p e r  kg. Two guinea p ig s  w ere  u sed  a s  c o n tro ls .

The ex p e rim en ts  w ere  p e rfo rm e d  in a s te e l ch am b er w ith a cap ac ity  of 
65 1. In o rd e r  to  rem ove e x cess  carbon  dioxide, the ch am b er w as 
ven tila ted  e v e ry  half hour fo r  4 —5 m in, and supplied  with gauze bags filled  
with soda lim e . In d iffe ren t ex p e rim en ts  the carbon  dioxide conten t of the 
ch am b er ranged  from  0 .05—0.2%; the oxygen content, from  92—96%; 
the n itro g en  conten t, from  4 — 8%.

The second  s e r ie s  of ex p e rim en ts  w as p e rfo rm e d  on dogs a n es th e tized  
with u re th an e . The oxygen supplied  to the cham ber fo r  the an im al 
contained 1 — 2% n itro g en . Of 15 dogs, one w as exposed to the effect of 
oxygen a t o rd in a ry  p re s s u re ;  the o th e rs , a t a p r e s s u re  of 6 a tm . Nine dogs 
died from  the effect of co m p re sse d  oxygen. The o th e rs  w ere  k illed  with 
gas em bolism  o r  an e le c tr ic  c u rre n t.

The an im als  w ere d is se c te d  20— 60 m in a f te r  death. A h is to lo g ica l 
study was; m ade of the lungs, h e a r t, l iv e r , sp leen , k idneys, in te s tin e s , 
and in a num ber of c a se s , the b ra in . P re p a ra tio n s  w ere  s ta in ed  with 
hem atoxylin  and eo sin  by the van G iesson  m ethod; in addition , the h e a r t 
m u sc le  w as s ta in ed  w ith H eidenhain 's  iro n  hem atoxylin .
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D iscu ssio n  of R esu lts

The r e s u l ts  of au topsy  and h is to lo g ica l exam ination  of the in te rn a l 
o rg a n s  of guinea p ig s  and dogs exposed  to  the e ffec ts  of high oxygen 
p r e s s u r e s  showed th a t in both types of an im a ls  pa tho log ica l changes of a 
s im ila r  n a tu re  a r e  found. In dogs, in c o n tra s t  to guinea p ig s , the con­
gestion  of the p u lm o n ary  blood v e s s e ls  was m o re  p ronounced , and th e re  
w as no eosinoph ilic  in filtra tio n  of the a lv e o la r  sep ta  o r  p e rib ro n c h ia l 
tis su e .

The patho log ica l changes which we found a re  s im ila r  in n a tu re  to  those  
d e sc r ib e d  in an im a ls  exposed to the long- te rm  effec t of oxygen under 
o rd in a ry  b a ro m e tr ic  p r e s s u re .  They d iffe r from  the la t te r  in th a t the 
lungs a re  le s s  in ten se ly  involved and show no a p p rec iab le  in flam m ato ry  
re a c tio n . H ow ever, th is  fac t does not exclude the p o ss ib ility  of pneum onia 
developing from  the long- te rm  effect of high oxygen p re s s u re .

In guinea p ig s  which had f i r s t  been a tro p in ized , eosinoph ilic  in f iltra tio n  
in the  lungs is  en coun tered  le s s  often. The som ew hat l e s s e r  in te n s ity  of 
p u lm onary  involvem ent in  som e of them  does not go beyond the l im its  of 
ind iv idual v a r ia tio n s  which a re  found in  the  group of co n tro l a n im a ls . O th er 
a u th o rs  (G rognot and Chom e, 1955, and o th e rs )  have a lso  no ticed  such 
individual c h a ra c te r is t ic s  in the developm ent of pa tho log ica l re a c tio n s  to 
oxygen in  the sam e  sp e c ie s  of an im al.

In vagotom ized  dogs exposed  to the e ffec t of high oxygen p r e s s u r e s ,  a 
defin ite  red u c tio n  of p a tho log ica l changes in the lungs is  noted (2 e x p e r i­
m en ts), w h ereas  in e x p e rim e n ts  on guinea p igs p re lim in a ry  a tro p in iza tio n  
had no e ffec t on the  c o u rse  of the patho log ica l p ro c e s s  in the lungs. F rom  
th is  da ta  it  fo llow s th a t it is  not so m uch the se n so ry  inn erv a tio n  of the 
lungs a s  the e ffec t on the  vagal f ib e rs  which is  s ign ifican t in the developm ent 
of pu lm onary  le s io n  in acu te  oxygen poisoning.

T his a g re e s  with s tu d ie s  m ade by Bykov, R ikk l', C hern igovsk ii, 
and P otapova (1943), who showed th a t a f te r  cu tting  the vagus 
n e rv e s  in the necks of ra b b its , a d re n a lin -  induced p u lm o n ary  edem a does 
not o c c u r o r , if [in excep tional c a se s ]  the an im al does die of p u lm onary  
edem a, it  develops la te r  and is  le s s  pronounced  than  in in tac t a n im a ls . 
P re l im in a ry  a tro p in iza tio n  of the ra b b its  does not e x e r t a fav o rab le  e ffec t 
in th is  c a se .

In o u r e x p e rim e n ts  the g re a te s t  e ffect on the co u rse  of acu te  oxygen 
poison ing  and the re su ltin g  patho log ica l changes is  e x e rte d  by iso la tio n  of 
the su p ra re n a l g lands, p a r t ic u la r ly  when com bined with cu tting  the 
sp lanchnic  n e rv e s . In a ll an im a ls  in which th is  w as done, f i r s t  of a ll, 
s lig h t involvem ent of the  lungs is  found, desp ite  the  fa c t th a t ex p o su re  to 
the  e ffec t of high oxygen p r e s s u r e s  is  2 —3 tim e s  longer than th a t of the 
co n tro l an im als; secondly , the life sp an s  of th e se  an im a ls  u n d er cond itions 
of c o m p re sse d  oxygen a r e  lo n g er than th o se  of the co n tro l a n im a ls .

The data  ob tained  a t te s ts  to the s ign ificance  of h u m o ra l fa c to r s  in  the 
developm ent of pu lm onary  le s io n s  in acu te  oxygen poisoning. Of im p o rtan ce  
in th is  connection  a re  the s tu d ie s  m ade by Tonkikh (1044) d ea ling  with 
d e te rm in a tio n  of the o rig in  of pneum onias when the s u p e r io r  c e rv ic a l 
sym pathetic  gang lia  a re  stim u la ted . It h as  been d e te rm in ed  th a t pa tho log ica l 
in fluences on th e  lungs a re  re a liz e d  not only through the n erv o u s sy stem  
but a lso  th rough  p a r tic ip a tio n  of h um ora l fa c to rs . The sig n ifican ce  of the
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* The resistance of the carbon-contact pick-up for recording the pulsations of the carotid artery was about�
2,000 ohms; for recording respiration, about 1,200 ohms.
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* In Figure 3 a tracing is given in w hich the appearance of the negative wave In the differential curve�
correspond! to the recording of the last pulse curve of ordinary configuration. Such a possibility has been�
mentioned by Wiggers (1 9 5 7 ). According to our tracings the variant described by Wiggers is rarely�
encountered.
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TABLE 1

The effect of hyperoxemic convulsions on the sugar, lactic acid, and inorganic phosphorus contents�
of the blood and spinal fluid o f three dogs (average data of 12 experiments)

Tim e of taking blood�
and spinal fluid

Blood Spinal fluid

Dog Sugar�

(in mg)
Lactic acid�

(in 012
Phosphorus�

(in mg)
Sugar�

(in mg)
Lactic acid�

(in "
Phosphorus�

(in mg)

Ugol' Before convulsions 100 IB 2.8 70 14.6 1.4

During convulsions 188 165.2 6.4 100 30.2 i . i

Volchok Before convulsions 74 9.4 4.6 74 15.4 1.8

During convulsions 172 157.9 8.7 90 36.9 2.7

Chemysh Before convulsions 97 13.4 2.9 68 13.8 1.4

During convulsions 196 93.3 9.5 143 28.4 2. 1
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Respiratory rate in dogs with introduction of air into the gastrointestinal tract

Date of�
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Name o f �
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Respiratory rate per min
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air administra­
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by minutes after air administration

1st 2nd 3rd 4th 5th

20 X II1948 A lfa 16 20 21 26 23
24 XII Bobik 15 16 18 15 - -

8 III 1949 •* 15 15 15 - - -
10 III / 14 18 17 17 17 12

i 12 10 17 17 14 -

� 10 12 9 12 12 12
12 III 12 15 16 11 12 12

: 12 16 20 15 12 12
13 15 13 14 13 14
13 15 15 14 15 14

15 III 15 16 16 15 14 13
14 15 14 14 14 14

17 III 13 14 :i3 13 13 12
12 n 17 16 17 15
13 19 25 18 16 14

19 III 13 17 9; 15 13 13
13 18 14 17 15 13

22 III " 13 14 13 14 13 a
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25 III Barynya ; 13 13 18 11 12 14
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29 III Bobik 12 16 17 14 16 13
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1 IV Bobik 13 22 23 19 20 19
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8 IV 17 18 16 21 16 19
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15 IV 19 19 23 22 21 23
19 IV 18 22 23 23 21 28

25 27 29 30 33 28
24 27 24 27 28 28

21 IV 22 24 22 21 25 23
16 17 17 15 18 18
20 21 25 26 31 30

26 IV 35 37 41 41 47 32
30 IV 19 23 20 19 20 21

5 V Al'fa / 62 67 72 78 78 50
I 37 57 69 67 - 29

6 V Chernysh � 14 14 13 10 13 14

1 12 15 13 12 14 12
7 V Al'fa 31 41 34 18 28 15

23 38 46 40 53 13
23 44 47 48 53 32
31 39 86 82 22 15
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FIGURE 2. Changes in respiration and blood pressure after introduction o f air into the gastro­
intestinal tract in a short-term experiment of 17 May 1949. The order of the tracings is the�
same as in Figure 1 but wirhour recording of the volume of pulmonary ventilation.
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