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It is shown that in deep acute hypoxic hypoxia the 2,3-diphosphoglycerate content  is 
reduced and the adenosine triphosphate content unchanged in the erythrocytes of  new- 
born  rats. U n d e r  the same condi t ions  adul t  animals show an increase o f  2,3- 
diphosphoglycerate and a drop in the adenosine triphosphate content  in the erythro- 
cytes. The importance of these changes is discussed in terms of  the mechanisms regu- 
lating the oxygen-transporting function of  erythrocytes during acute hypoxic hypoxia 
in newborn and adult animals. 
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The characteristics o f  changes in the 2,3-diphos- 
phoglycerate (2,3-DPG) concentration in erythro- 
cytes have been described for adult rats [1] and 
young animals at the end o f  the fLrst week of  life 
[6] during various regimes o f  acute hypoxic hy- 
poxia. However, a comparative analysis of  the 2,3- 
DPG and adenosine triphosphate (ATP) content in 
t h e  erythrocytes o f  adult and newborn rats sub- 
jected to similar condit ions of  acute hypoxic hy- 
poxia has not  yet been conducted.  

The goal of  the present study was to estimate 
the 2 ,3-DPG and ATP content  in the erythrocytes 
of newborn and adult rats during deep acute hypoxic 
hypoxia and to assess the blood acid-base status in 
the dynamics of development of  oxygen deficiency. 

MATERIALS AND METHODS 
The investigation was carried= out on 60 adult male 
rats weighing 180-300 g and on 260 2-3-day-old 

Research  Ins t i tu te  of Pedia t r ics ,  Russian Academy of 
Medical Sciences, Moscow. {Presented by M. Ya. Studenikin, 
Member of the Russian Academy of Medical Sciences} 

animals weighing 8 g on average. Rat pups of  the 
same litter were used in the control and experi- 
ment. Hypoxic hypoxia was induced by placing the 
animals in heated polymethylmetacrylate chambers 
into which humidified nitrogen was continuously 
administered. The oxygen content in the chambers 
was recorded by a polarographic method using a 
closed Clark electrode (Table 1). 

Three series of  experiments were conducted.  
In the 1st series adult rats were kept in the cham- 
ber at 22~ In the 2nd and 3rd series newborn 
animals were held at 36.5~ (nearly neutral tem- 
perature)  and 30~ respectively. Cont ro l  ani-  
mals were kept in a normal atmosphere under  the 
same temperature regimes. For 20 adult  and 22 
newborn rats subjected to hypoxia the survival ti- 
me was recorded starting from the beginning of  
nitrogen input  up to apnea. Parameters of  acid- 
base status were recorded in the arterial blood 
using a BME-33 device (Radiometer).  Blood was 
obtained during the breathing of  the hypoxic gas 
mixture by means  o f  punc ture  or cannula t ion  
of  arteries. 
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The 2 ,3 -DPG and ATP content  in the eryth- 
rocytes was measured using enzymatic methods de- 
scribed in our previous report [6]. Erythrocytes were 
obtained from blood that was taken approximately 5 
rain before apnea. Blood samples from 3-4 pups 
were pooled before conducting the analysis. 

RESULTS 
The dynamics o f  parameters of  the blood acid-base 
status ( lst  series, Table 1) in the course of  an 
escalating acute hypoxic hypoxia shows the devel- 
opment  of  respiratory alkalosis and of  partly com- 
pensated  metabol ic  acidosis accompany ing  the 
alkalosis at the stage of  p ronounced  oxygen defi- 
ciency. In the newborns o f  the 2nd and 3rd se- 
ties, short- term periods o f  Pco~ reduction and the 
development o f  profound decompensated metabolic 
acidosis are de tec ted .  Survival t imes under  the 
hypoxic conditions in the 1st, 2rid, and 3rd series 
were 39.2+1.8 min, 46.2+2.8 min, and 60.5+1.15 
rain, respectively. 

These data are in agreement  with current  no-  
tions regarding the age-related peculiarities of  ther- 
moregula t ion  in the rat  [5] and the ability o f  
newborn animals to lower the rate o f  tissue respi- 
ration during hypoxia [4,5] and to use ATP for 
anaerobic glycolysis [7]. As is shown in Table 2, 
at the 35th min o f  increasing hypoxia the content  
of  2 ,3 -DPG in the erythrocytes o f  adult  rats had 
increased by 23%, while the ATP concentra t ion 
had fallen by 25%. In the newborns (2nd and 3rd 
series) the erythrocyte content  of  2 ,3-DPG was by 
15% and 33% decreased 40 and 55 rain after the 
start o f  hypoxic hypoxia.  The newborn  rats o f  
both series exhibited no significant changes in the 
erythrocyte ATP concentration.  

Table  I .  A c i d - - B a s e  S t a t u s  o f  A d u l t  a n d  N e w b o r n  R a t s  i n  t h e  

The detected increase in the 2 ,3 -DPG content 
in the eI3rthrocytes o f  adult rats under  conditions 
of  acute hypoxic hypoxia is apparently due to an 
increased synthesis o f  this side metabolite of  gly- 
colysis as a result of  a rise of  the intracellular pH 
[2]. It is known that an increase o f  the concen-  
tration o f  2 ,3-DPG, which is the main modulator 
of  hemoglobin affinity for oxygen, is accompanied 
by a shift of  the oxyhemoglobin dissociation curve. 
Moreover, the increase of  2 ,3 -DPG as an intrac- 
ellular anion under  conditions of  alkalosis prevents 
the Bohr's alkaline effect-induced rise in the blood 
affinity for oxygen. It has been shown that an 
increase in blood Ps0 in rats represents a compen- 
satory mechan i sm enhancing  tissue oxygenation 
under conditions o f  moderate  hypoxemia [14]. At 
the same time, according to several reports, the 
increase o f  the oxygen affinity o f  the blood in rats 
makes for a longer survival time against the back- 
ground o f  deep hypoxic hypoxia due to enhanced 
saturation of  hemoglobin with oxygen in the lungs 
[9,13]. In this connect ion it is possible that the 
increased 2 , 3 - D P G  level in rat erythrocytes  at 
stages o f  a marked and quite rapid reduction of  the 
oxygen content  in the gas mixture may contribute 
to the failure o f  the adaptat ion processes, thus 
adversely affecting the oxygenation o f  tissues ow- 
ing to insufficient hemoglobin saturation with oxy- 
gen in the lungs. 

The drop in the ATP conten t  in rat erythro- 
cytes during hypoxic  hypoxia  is probably  con-  
nected with increased utilization o f  1 ,3 -DPG for 
2 ,3-DPG synthesis and with an increase o f  eryth- 
rocyte Na§247 activity [3,6]. ATP has a 
lower ability to directly influence the hemoglobin 
affinity for oxygen as compared  with 2 ,3 -DPG 
[2]. At the same time, the lowering o f  the ATP 

C o u r s e  o f  E s c a l a t i n g  H y p o x i a  ( M •  

Series 
Time of 
testing, 

rain 

0 
10 
20 
35 

Number of 
animals 
tested 

8 

5 
6 

6 

pH 

7.437• 
7.483• I* 
7.525• 
7.397• ~ 

Buffer bases, 
retool/liter 

--1.1• 
- -  1 . 0 •  1 . 4 4  

--4.3• 
- -  14.0• 

Pco=, mm Hg 

30.6• 1.38 
29.5• 1.54 
21.9• 

16.8• *o 

Oxygen content 
in the inhaled 

mixture, % 

20.9--*'--0:05 
15.2• 
9.4-----0.22 
4.3• 
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Ill 0 6 7.372• -- 4.2 • I. 19 35.6• 20.9• 
20 5 7.377• -- 5.3• 34. I • 9.4• 
40 5 7.320• -- I0.3-- 1 . 7 7  28.4---2.70" 3.3---0.20 
55 8 6.853• *o -- 25.1 • *o 38.7---3.15 ~ 1.5---0.24 

N o t e .  ~: R e l i a b i l i t y  o f  d i f f e r e n c e s  f r o m  t h e  c o n t r o l ;  ~ r e l i a b i l i t y  of  d i f f erences  f r o m  t h e  p r e c e d i n g  i n d e x  ( p < 0 . 0 5 ) .  
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Table 2. 2,3--DPG Content in the Ery-throcytes of Adult and Newborn Rats in Acute Hypoxia (/V/• 

Group tested Series 2,3-DPG ATP 
mrnol/liter erythrocytes 

Con t ro l  I 5.34-0.33 (16) 0.93---0.019 (12) 
E x p e r i m e n t  I 6.54-0.30* (16) 0.70---0.029" (12) 

Con t ro l  III 1.84-0.17 (11) 2.44-0.15 (11) 
Expe r imen t  III 1.2--+-0.10" (11) 2.04-0.14 (11) 

N o t e .  *p<0.05 as compared with the control. Number of assays 

level in rat erythrocytes can inhibit the energy 
supply o f  these ceils and, accordingly, induce al- 
terations in their functional status under  condi-  
tions o f  hypoxic hypoxia. 

It should be stressed that erythrocytes circulat- 
ing in the blood of  newborn rats do not contain 
fetal hemoglobin but  are mainly large anuclear fe- 
tal ceils characterized by high activity o f  phospho- 
fructokinase and pyruvate kinase and extremely low 
activity of  2,3-diphosphoglyceratemutase [11]. It is 
thought  that these peculiarities in the activity of  
glycolysis enzymes in fetal erythrocytes are respon- 
sible for the increased ATP concentration and ex- 
tremely low 2,3-DPG content, thus enhancing the 
oxygen affinity o f  the blood in the early period of  
life [10,11]. From the first day after birth fetal 
erythrocytes are gradually replaced by small forms 
with a glycolysis-associated enzymatic activity simi- 
lar to that of  the erythrocytes of  adult  rats [11]. 

The disclosed decrease of  the 2 ,3-DPG con- 
tent in the erythrocytes of newborn rats against the 
background of  the  development  o f  p ronounced  
metabolic acidosis in the course o f  acute hypoxic 
hypoxia is apparently connected with the inhibi- 
tion o f  the activity of  glycolysis enzymes that par- 
ticipate in 2 ,3 -DPG synthesis in small erythro- 
cytes. The acidosis-associated decrease in 2,3-DPG 
is known to retard the lowering of  hemoglobin 
affinity for oxygen (Bohr's effect [8]). However, 
the degree of  participation of  2 ,3-DPG in regulat- 
ing the oxygen affinity of  hemoglobin in the small 
erythroeytes of  the experimental newborn rats in 
all probability does not  match the rate of  the rise 
of  metabolic acidosis under the given conditions of  
acute hypoxic hypoxia. 

The lack of  changes in ATP concentration in 
the erythrocytes o f  the exper imental  newborns 

in parentheses. 

may be a consequence of  the incomplete acidosis- 
induced inhibition of  catalytic reactions responsible 
for ATP synthesis in the fetal erythrocytes, due to 
their high activity of  glycolysis enzymes. It is plau- 
sible to assume that the low values o f  Ps0 in the 
fetal erythrocytes of  newborn animals play a com- 
pensatory role in the mechanisms of  tissue oxy- 
genat ion during hypoxic hypoxia, p romot ing  a 
more complete saturation of  hemoglobin with oxy- 
gen under  condit ions o f  its low environmenta l  
concentration and imperfect functioning of  pulmo- 
nary respiration in rat pups [12]. 
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