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The l a c t a t e  dehydrogenase  (LD) i s o z y m e  s p e c t r u m  of hea r t  musc le ,  the hea r t  r a t e  (Ha) and the 
ECG indices  w e r e  studied dur ing exposure  to high concent ra t ions  of ca rbon  dioxide, and the 
su rv iva l  r a t e  of  r a t s  a lso  was  de t e rmined  in r e l a t ion  to the r a t e  of r i s e  of the ca rbon  dioxide 
concent ra t ion  in the  a t m o s p h e r e .  Funct ional  changes obse rved  in ca rd iac  act ivi ty  during ex-  
p o s u r e  to CO 2 in a concent ra t ion  of 30% fo r  7.5 h w e r e  not accompanied  by any d i s tu rbance  of 
ca rbohydra t e  m e t a b o l i s m  of the  h e a r t  m u s c l e .  The  m o s t  impor tan t  condition of surv iva l  of 
r a t s  exposed  f o r  a long t i m e  to an a t m o s p h e r e  with a high (up to 50%) CO 2 concentra t ion  i s  the 
r a t e  at  which the  concent ra t ion  r i s e s .  
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The  e f fec t s  of  exposure  of  an i m a l s  to high CO 2 concent ra t ions  and of d i f fe rences  in the  r a t e  of r i s e  of  
the  CO 2 concent ra t ion  in the a t m o s p h e r e  were  studied. Since the ca rd iovascu l a r  sys t em,  equally with the 
r e s p i r a t o r y  sy s t em ,  is  subjected to a cons iderab le  load dur ing exposure  of the animal  to high CO 2 concen t r a -  
t ions  [1, 3, 6], a t tent ion was  focused  in t he se  expe r imen t s  on ca rd i ac  function. Energy  m e t a b o l i s m  in the 
s t r u c t u r e s  of the h e a r t  is  known to v a r y  depending on the volume of work done; cor responding  to the i n c r ea se  
in m u s c u l a r  work ,  the in tensi ty  of ae rob ic  convers ion  of ca rbohydra t e s  also i n c r e a s e s .  Under these  c i r c u m -  
s tances  the l ac t a t e  dehydrogenase  (LD) i s o z y m e  s p e c t r u m  b e c a m e  increas ingly  dominated by f rac t ions  of 
H- type ,  the p r e s e n c e  of which is  c h a r a c t e r i s t i c  of  the se t  of  myoca rd ia l  i s o z y m e s .  The  LD i sozyme  s y s t e m  
is  ve ry  sens i t ive  to changes in the ra t io  between ae rob ic  and anaerob ic  convers ions  of ca rbohydra t e s  in the  
t i s s u e  [2]. I t  was  t h e r e f o r e  decided to c o m p a r e  changes  in ca rd iac  function and the i s o z y m e  composi t ion  of 
LD in h e a r t  musc l e  during prolonged exposure  of sn~mals to an a t m o s p h e r e  with a high CO 2 concentra t ion.  

E X P E R I M E N T A L  M E T H O D  

E x p e r i m e n t s  w e r e  c a r r i e d  out on 38 noninbred ma le  r a t s  weighing 160-380 g. The  fixed an imals  were  
p l aced  in an a i r t igh t  c h a m b e r  ( f rom VStsh), wi tha  capaci ty  of 100 l i t e r s ,  in which an ass igned CO 2 concen t ra -  
t ion was  mainta ined,  toge the r  with a n o r m a l  oxygen concentra t ion  (21 • 2°C), t e m p e r a t u r e  20 ± 2°C, r e l a t i v e  
humidi ty  60 ± 10%, and total  b a r o m e t r i c  p r e s s u r e  760 m m  Hg. In  the course  of the expe r imen t  the ECG (lead 
H) of the an ima l s  was  r e c o r d e d  continuously.  A~imals  of the control  group w e r e  kept in the p r e s s u r e  ch amb e r  
but in an o rd ina ry  a t m o s p h e r e .  In the e x p e r i m e n t s  in which ten r a t s  w e r e  kept fo r  7.5 h in an a tmosphe re  with 
a CO 2 concent ra t ion  of up to 30% (r is ing  in steps) the LD i s o z y m e  composi t ion  of the hea r t  musc le  was studied. 
Samples  of t i s sue  f r o m  the r igh t  and le f t  ven t r i c l e s  and the r igh t  and lef t  a t r i a  we re  taken  fo r  analys is  f r o m  
each of the 10 expe r imen ta l  and 5 control  r a t s .  The  LD i s o z y m e  s p e c t r u m  was  de te rmined  by e l ec t rop h o re s i s  
in po lyac ry l amide  gel [7], as  de sc r ibed  in detai l  in [5]. In o ther  expe r imen t s  the surv iva l  of the  r a t s  was 
studied as the CO 2 concent ra t ion  in the  a t m o s p h e r e  was i nc rea sed  at  d i f ferent  r a t e s  f r o m  20 to 50%. The r e -  
sul ts  were  subjected to s ta t i s t i ca l  aus !ys i s  by the t - t e s t  and by Van der  Waerden ' s  n o n p a r a m e t r i c  X c r i t e r ion .  
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Fig. 1. Changes in HR (B) and amplitude 
of ECG (A) in ra ts  of experimental (kept 
in atmosphere of CO s in a concentration 
of 30%) and control groups. Re, Te, HRe) 
Amplitudes of R and T waves and pulse 
ra te  in ra t s  of experimental group; Rc, 
Tc, HRc) amplitudes of R and T waves and 
pulse ra te  in ra t s  of control group. 

EXPERIMENTAL RESULTS AND DISCUSSION 

In the rats kept for 1 h in an atmosphere containing 21% CO 2 the heart rate (HR) fell distinctly from 
530 -~ 19.8 to 342~ 9.6 beats/min (P < 0.05; Fig. I). For another hour in an atmosphere containing 25% CO2, 
followed by exposure to an atmo sphere containing 30% CO2, the heart rate decreased still further - to 2 95 ~- 14.6 
and 208 ~- 17.9 beats/min respectively (P < 0.05). During the next 4 h in an atmosphere with 30% CO 2 HR fell 
gradually to reach 148=~ 9.6 beats/min after 7 h. In the animals of the control group changes in HR at the 
different times of the experiments and, probably, connected with the experimental conditions, were not signifi- 
cant (by contrast with those in the experimental group}. Throughout the period of their stay in the pressure 
chamber in an ordinary atmosphere, there was no significant change in HR of the rats of the control group 
(P > 0.05). Characteristic findings in the ECG of the experimental rats were changes in the amplitudes of the 
R and T waves" in all I0 rats these amplitudes increased, that of the R wave during the first 3 h of exposure 
to the high CO 2 concentration, whereas the amplitude of the T wave increased almost throughout the experi- 
ment. It is also interesting to note that after exposure for 5 h the amplitude of the T wave of two rats, unlike 
in the rest of the animals, reached the same level as the amplitude of the R wave. During the next 1.5-2 h of 
exposure the amplitude of the R wave of the experimental animals fell sharply, whereas the amplitude of the 
T wave remained high. In the rats of the control group no characteristic changes were observed in the R and 
T waves (P > 0.05; Fig. i). In all ten rats of the experimental group the P-Q interval was increased almost 
continuously for the duration of the experiment. The duration of the P-Q interval was increased by 3.4 times 
after exposure for 6.5 h. 

An increase in the amplitude of the T-wave on the ECG during prolonged hypercapnia is known to ac- 
company accumulation of potassium in the myocardium and a disturbance of blood aeration [5]. Lengthening 
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TABLE 1. LD I s o z y m e  Composi t ion  (in %) De te rmined  by E l e c t r o p h o r e s i s  in P o l y a c r y l a -  
mide  Gel in H e a r t  Musc le  of  Ra t s  of  E x p e r i m e n t a  ! (n = 10; a t m o s p h e r e  containing 30% 
CO9.) and Control (n= 5) Groups 

I$o- 
zyme 

LD 1 
LDz 
LD 3 
LD 4 
LD s 

Left ventricle 

con~ol I ~ t .  I x 

28,2 28,4 0,06 
40,3 37,2 1,65 
19,9 21.5 2,14 
6,5 7,5 --0,91 
5,1 5,4 --0,35 

Xo 2,72 

Left atrium 

conu:ol [ eXpt." I 

24,3 28,0 
34,6 35,1 
21,0 20,7 
12,4 10,1 
7,7 6,1 

X 

--1,65 
0,19 
0,38 
1,08 
0,76 

Right ventricle Right atrium 
x c°n'r°ll 

i 

0,91 I 15,7 13,8 
1,09 I 32,7 31,4 ~2,53 " 29,4 28,8 

--0,20 18,4 21,7 
1.16 3,8 4,3 

control ! exp'l:. I 

29,5 27,6 
39,0 37,5 
18,6 22,0 
8,3 8,8 
4,6 4,1 

1,14 
0,05 

--0,45 
--0,66 
--0,68 

of the P - Q  in terva l  indicates  d i s tu rbance  of a t r i oven t r i cu l a r  conduction [4]. T h e s e  r e s u l t s  suggest  that  the 
ECG changes o b s e r v e d  in the r a t s  a r e  evidence  of a p r o g r e s s i v e  d is turbance  of  me tabo l i sm  and of a t r i oven -  
t r i c u l a r  conduction in the h e a r t  m u s c l e .  However ,  on ana lys i s  of  the  LD i sozyme  spec t rum of the myoca rd ium,  
no s ignif icant  changes w e r e  found in the ca rbohydra t e  m e t a b o l i s m  of the h e a r t  of the r a t s  of the  expe r imen ta l  
group (Table  1). In o ther  words ,  during exposure  f o r  7.5 h to an a t m o s p h e r e  with a CO 2 concentra t ion of up 
to 30%, despi te  va r ious  functional changes  in ca rd iac  act ivi ty ,  no d i s turbance  of anaerob ic  ca rbohydra te  m e -  
t abo l i sm  took p lace  in the h e a r t  m u s c l e s .  

To  d e t e r m i n e  the e f fec t  of pro longed  exposure  to a high concentra t ion (up to 50%) of CO 2 with di f ferent  
r a t e s  of  i n c r e a s e  of  i t s  concentra t ion,  a s e r i e s  of  e x p e r i m e n t s  was  c a r r i e d  out in which the ass igned  CO 2 
concent ra t ion  was  r e a c h e d  in t i m e s  which va r i ed  f r o m  3 to 21 min .  

When the  CO 2 concent ra t ion  was  i n c r e a s e d  to 25% in 21 min,  11 r a t s  t o l e r a t ed  a s tay in th is  a t m o s p h e r e  
fo r  10 h well .  Dur ing a m o r e  r ap id  r i s e  (in 12 rain) in the CO 2 concentra t ion  to 30%, 2 of 5 r a t s  died 20 min  
a f t e r  the beginning of the  expe r imen t .  The  CO 2 concentra t ion  was  then gradual ly  reduced  (in 1.5 h) to 20% 
and main ta ined  a t  that  l eve l  fo r  3 h 20 min .  Dur ing  the next  53 min  the CO 2 concentra t ion  was inc reased  
s tepwise  to 35%; not until  45 min  a f t e r  that  did one of the  r ema in ing  3 r a t s  die.  T h e  l a s t  two r a t s  w e r e  kept 
in an a t m o s p h e r e  with CO z in a concentra t ion  of 35% for  another  20 min, a f t e r  which they were  r e tu rned  to 
an a t m o s p h e r e  of  o rd ina ry  a i r .  

T h e s e  r e s u l t s  show that  during an i nc rea se  in the CO 2 concentra t ion to 30% the l i fe  of  the r a t s  is  t h r e a t -  
ened, mainly ,  pe rhaps ,  on account of the sha rpnes s  of  i t s  r i s e .  In  th is  connection it  was  in te res t ing  to d i scove r  
how a gradual  r i s e  in the CO 2 concentra t ion  in the a t m o s p h e r e  to 30% o r  higher  would affect  the surv iva l  of 
the  r a t s .  During a s tepwise  i nc r ea s e  (up to 30%) in the CO 2 concentra t ion f r o m  20%, only 1 of the 10 r a t s  
died 4 h  a f t e r  the beginning of exposure ;  the r ema in ing  r a t s  t o l e r a t ed  a s tay of 7.5 h in th is  a tmosphe re .  In 
another  expe r imen t  the CO 2 concent ra t ion  was inc reased  by 5% eve ry  hour,  s t a r t ing  f r o m  20%. In th is  case  
a f t e r  exposure  fo r  5 h all  the 7 r a t s  in the  ch ambe r  w e r e  sti l l  a l ive,  even though the CO 2 concentra t ion by that  
t i m e  had r e a c h e d  45%. Only during the  next  37 min ,  when the CO 2 concentra t ion  was 50%, did the f i r s t  four  
r a t s  die .  The  r ema in ing  3 r a t s  l ived fo r  a fu r the r  30 min  in th is  high concentra t ion  of CO 2. 

Phys io logica l  changes in the ca rd i ac  act ivi ty of  r a t s  kept  fo r  7.5 h in an a t m o s p h e r e  containing CO 2 in 
concent ra t ions  of up to 30% w e r e  thus cha r ac t e r i z ed  by changes in the ampl i tudes  of the R and T waves  and in 
the  dura t ion  of the  P - Q  in te rva l  (probably indicating d i s tu rbances  of  m e t a b o l i s m  and a t r i oven t r i cu l a r  conduc- 
tion) and were  not accompanied  by any d i s tu rbance  of  anaerob ic  ca rbohydra t e  m e t a b o l i s m  in the hea r t  mu sc l e .  
One of the m o s t  impor t an t  conditions affect ing the r a t e  of su rv iva l  of  r a t s  kept for  a long t i m e  in an a tmosphe re  
of  high concent ra t ions  (up to 50%) of CO 2 is the r a t e  of r i s e  of i t s  concentra t ion .  
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