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Under the influence of gradually increasing hypercapnia (3-5% CO 2) in ra ts  the rate of loss 
of Ca 45 from the bones and teeth is increased.  Inhibition of synthesis  in the bone t i ssue  is 
accompanied by marked  dilatation and congestion of the vesse ls  in the bone t issue itself, 
the bone mar row,  and the dental pulp. 

An increase  in the carbon dioxide concentration in the inspired a i r  leads to a decrease  in the rate  of 
assimilat ion of calcium in bone t issue,  delayed growth of the skeleton, and the deposition of calcium salts 
in the kidney t i ssue  [4]. The mechanism of these changes has not been studied. 

The object of this investigation was to study the effect of periodic hypercapnia on the calcium and 
protein metabol ism in the bones and dental t issues .  

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

Experiments  were ca r r i ed  out on 82 noninbred male albino rats weighing initially 180-195 g. The 
animals were divided into two groups;  experimental  and control.  Hypercapnia was produced in the exper i -  
mental  rats for  6 h daily by adding CO 2 to the a tmosphere  in a p r e s s u r e  chamber  in sufficient quantity to 
give a concentrat ion of 3% on the f i rs t  three  days, 4% on the next three  days, and 5% on the seventh and 
subsequent d a y s .  The calcium and protein metabol ism was studied on the twentieth and thirt ieth days of 
exposure.  For  this purpose the animals of both groups were divided into two subgroups: in subgroup 1 the 
excretion of Ca 45 from the bones and teeth was studied and a histological  investigation of these s t ruc tures  
ca r r i ed  out; in subgroup 2 the incorporat ion of Ca 45 and g lyc ine-2-C 14 was studied by the usual  method [3]. 
The rats  of subgroup 1 received Ca 45 for  the ten days before  exposure, and on the day the experiment began 
six animals were killed, the mola r  and incisor  teeth and the mandibles,  femora,  and tibiae were excised 
and analyzed for  the i r  content of the isotope (background). The animals of subgroup 2 received Ca 45 by sub-  
cutaneous injection 24 and 48 h before sacr i f ice  and glycine-2-C 14 24 h before sacr i f ice .  The calcium [2], 
inorganic phosphorus [1], and total protein (by Lowry ' s  method} were determined in the blood plasma after  
decapitation. 

Bone t issue for  histological  investigation was fixed in 12% neu t ra l  formalin,  decalcified in 7% nitr ic  
acid, and the sections were stained with hema toxy l in -eos in  and by Van Gieson's  method. 

E X P E R I M E N T A L  R E S U L T S  

Hypercapnia had no effect on the concentrat ion of calcium, inorganic phosphorus,  and total protein in 
the r a t s '  blood. The weight of the animals of the experimental  groups was 8.3% below that of the control  
(P < 0.05). The weight of the teeth and bones of the rats  was unchanged af ter  hypercapnia,  but the weight 
index was increased by 3-9% (P < 0.05). 
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Fig.  1. Pho tomicrograph  of the 
f e m u r  of a rat:  1) control;  
b) hypercapnia  30 days: dec r ea se  
in number  and th ickness  of bone 
t r abecu lae ,  dilatation of blood 
v e s s e l s .  H e m a t o x y l i n -  eosin, 
56x .  

Radiomet r ic  investigations showed that the Ca 4s concentrat ion 
in the m o l a r  and inc isor  teeth,  and the mandibles ,  f emora ,  and 
t ibiae of the ra ts  before the beginning of the exper iment  (background) 
was 0.109• 1.083-~0.103, 0.959-~0.030, 1.966-~0.097, and 
0.980 �9 0.091% of the injected dose of isotope, respec t ive ly .  The 
concentra t ion of Ca 45 in the m o l a r s  of the control  ra t s  of subgroup 
1 was regu la r ly  increased  on the twentieth and th i r t ie th  days of 
observa t ion  (135 and 151% of the background values;  P<0.01) ,  while 
a f t e r  hypercapnia  the change was s m a l l e r  (106%, P > 0.1; 119%, P > 
0.05). the incorporat ion of Ca 45 into the m o l a r s  of the ra t s  of the 
control  and exper imenta l  groups was the same .  

The concentrat ion of Ca 45 in the inc i sors  of the control  and 
exper imenta l  animals  was inc reased  on the twentieth day (134 and 
144% of the background values;  P < 0.01), while on the th i r t ie th  day 
it r emained  high in the control  but was cons iderably  reduced in the 
an imals  exposed to hypercapn[a  (84.8% of the background).  The 
incorpora t ion  of Ca 4s into the inc i sors  of the ra t s  was inc reased  
under  the influence of hypercapnia ,  espec ia l ly  on the th i r t ie th  day 
(113 and 159% of the control  24 and 48 h respec t ive ly  a f t e r  admin-  
i s t ra t ion  of the isotope). The ca lc ium me tabo l i sm in the mandibles  
was not significantly changed. In the f e m o r a  an inc rease  in the ra te  
of Ca 45 resorp t ion  was obse rved  under  the influence of hypercapnia  
(by 6% ove r  the control) and the incorpora t ion  of the isotope was 
inc reased  on the twentieth day of the exper iment  (119% of the con- 
t r o l  value a f t e r  48 h; P<0.05) .  S imi la r  resu l t s  were  obtained by 
invest igat ion of the t ibiae.  

Incorpora t ion  of g lyc ine-2-C 14 into total  ac id- insoluble  prote ins  of the exper imenta l  an imals  was r e -  
duced on the twentieth day (76% of the control;  P~-0.05), and into the prote ins  of the f e m o r a  it was reduced 
on the twentieth and th i r t ie th  days of the exper iment  (88 and 81% of the control;  P<0.05) .  Incorpora t ion  of 
C 14 into prote ins  of the t ib iae  was reduced on the th i r t ie th  day but not by a s ta t i s t ica l ly  significant degree .  
No change was obse rved  in the prote in  me tabo l i sm in the inc i sors  of the ra ts  exposed to hypercapnia ,  while 
in the mandibles  the incorpora t ion  of C 14 was inc reased  on the th i r t ie th  day of exposure  (118% of the control ;  
P<O.05). 

Histological ly,  inhibition of the remodel ing  of the bone t i s sue  was obse rved  on the twentieth day of 
hypercapnia:  t h e  number  of os teoblas t s  was reduced,  and s o m e t i m e s  none whatever  could be seen.  Inclu-  
sions of ca r t i l age  were  seen  m o r e  often than no rma l ly  in the bone t r abecu lae  and the blood ve s se l s  were  
dilated and congested.  No significant changes were  p resen t  in the epiphyseal  ca r t i l age .  On the th i r t ie th  
day of hypercapnia  the va scu l a r  reac t ion  in the f e m o r a  (Fig. 1) was m o r e  m a r k e d  than on the twentieth day. 
Groups of os teoc las t s  could be seen in zones of resorp t ion  of the bone t i s sues .  Some inc r ea se  in the inten- 
s i ty of os teoc las t ic  r e so rp t ion  of bone t i s sue  against  the background of m a r k e d  h y p e r e m i a  was noticed in 
the mandibles  of the exper imenta l  an imals .  The blood ve s se l s  of the pulp of the m o l a r  and inc i sor  teeth  
also were  dilated and congested.  

T h e s e  r e su l t s  show that  under  the influence of gradual ly  increas ing  hypereapn[a  (3-5% CO2) the r a t e  
of r e so rp t ion  of Ca 45 f r o m  the bones (except the mandibles)  and tee th  of r a t s  is inc reased .  Inhibition of 
synthesis  in the bone t i s sue  is accompanied  by dilatation and congest ion of the blood v e s s e l s .  
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