
Pediatr. Res. 15: 133-137 (1981) age-dependent enzymes metabolism 
erythrocyte non-age-dependent enzymes 
glucose-6-phosphate 

Red Cell Metabolic Alterations in Postnatal Life 
in Term Infants: Possible Control Mechanisms 

SUSAN F. TRAVIS,'Z5' SAVITRI P. KUMAR, AND MARIA DELIVORIA-PAPADOPOULOS 

Department of Pediatrics and Cardera Foundation for Hematologic Research, Thomas Jefferson University School of 
Medicine, and Departments of Pediatrics and Physiology, University of Pennsylvania School of Medicine, 

Philadelphia, Pennsylvania, USA 

Summary 

Red cell glycolytic intermediates and enzymes in term infants in 
the first year of life were correlated with the fetal hemoglobin 
concentration (%F), intra- and extracellular venous pH, plasma 
inorganic phosphorus (Pi) and pyruvate kinase (PK) activity. . . 

changes in the non-age-dependent enzymes phosphoglycerate ki- 
nase. enolase. and phosphofructokinase correlated most signifi- 
cantly with the postnatalhecline in %F ( P  c 0.001), not the age of 
the red cell population, as reflected in PK activity. The age- 
dependent enzymes, hexokinase and glucosedphosphate deh$dro- 
genase, however, correlated well with PK activity ( P C  0.001). The 
concentration of glucosedphosphate did not correlate signifi- 
cantly with the postnatal decline in %F ( P  > 0.05) or PK ( P  > 
0.10), but correlated significantly with the plasma Pi concentration 
(P < 0.001). "Total triose phosphate" and 2,3diphosphogIycerate 
did not correlate with Pi. 

It appears from these studies that an extracellular factor, Pi, 
alters the pattern of glycolytic intermediates in term infants and 
that the postnatal changes in phosphoglycerate kinase, enolase, 
and phosphofructokinase are unique to the "fetal" red cell and 
reflect passage from fetal to "adult" erythropoiesis. 

Speculation 

It is proposed that the rise in the glucosedphosphate concen- 
tration in red cells from term infants previously reported is sec- 
ondary to a combination of stimulation of hexokinase activity by 
plasma inorganic phosphorus and a relative block in glycolysis at 
the phosphofructokinase (PFK) step secondary to both decreased 
enzyme activity and decreased activation of PFK by plasma inor- 
ganic phosphorus. It is speculated from these studies that the 
relative block in glycolysis at the PFK step previously described in 
term infants is probably greater at the in vivo level than that 

Analysis of red cell glywlytic intermediates (21). however, 
revealed that the wncentration of glucose-6-phosphate (G-6-P) 
continued to increase from day I to wk 3 to 4 despite PFK activity 
that remained essentially unchanged (22). This pattern of glyco- 
lytic intermediates was suggestive of a block in glywlysis at the 
PFK step that was modulated by factors other than enzyme 
activity alone. 

It has been well established that changes in the extracellular 
concentration of inorganic phosphorus (Pi) can profoundly affect 
the metabolism of the human red cell (8, 12-14, 16, 17, 19, 23). 
Both hypo- (8, 13, 16,23) and hyperphosphatemia (12, 14-17, 19) 
have been correlated with changes in the glycolytic rate and the 
pattern of red cell glycolytic intermediates and adenosine triphos- 
phate (ATP) both in vitro and in vivo. The pattern of these changes 
in the intermediates is dependent on the pH of the medium (14). 
Because hyperphosphatemia is common in the newborn period 
(1, 3,4,7, 24) and acidosis has been reported, it would appear that 
both the plasma Pi wncentration and intracellular pH may modify 
the metabolism and, hence, the pattern of glywlytic intermediates 
in neonatal red cells. 

Thus, red cell intracellular and extracellular pH and the plasma 
Pi concentration were determined to evaluate the influence of 
these environmental (plasma) factors on red cell metabolism in 
the first year of life. In addition, red cell glywlytic intermediates 
and enzymes were contrasted with both the fetal hemoglobin 
concentration, to ascertain if the developmental changes correlated 
with the postnatal decline of fetal hemoglobin and are thus unique 
characteristics of the fetal erythrocyte, and the age-dependent 
enzyme, PK, because the level of several red cell glycolytic inter- 
mediates and enzymes is increased in young red cells and altera- 
tions observed may be a reflection of changes in the age of the red 
cell population. 

MATERIALS AND METHODS 
predicted from ehzyme activity under optimal in vitro conditions. 

Blood was obtained from term infants on days 1 and 4; wk 3 to 
4, 8 to 9, and 14 to 16; and months 5 to 6, 8 to 9, and 11 to 12 of 

Prior studies of red blood cell enzymes in term infants on the life in tubes containing dried sodium heparin (Vacutainer; Becton- 
first day of life have revealed that phosphoglycerate kinase (PGK) Dickinson and Co., Rutherford, NJ). There were 10 infants in 
and enolase (ENO) activities are elevated out of proportion to the each group. Extracts for glycolytic intermediates were precipitated 
age of the red cell population and phosphofructokinase (PFK) immediately, neutralized, and assayed as previously described 
activity is decreased when compared to both red cells of a similar (15). Aliquots for determination of fetal hemoglobin (20) and 
mean age and those obtained from normal adults (I I, 15). Recent intracellular and extracellular pH were removed when an ade- 
studies in our laboratory have revealed that the activities of these quate sample was obtained and rapidly processed. A hemoglobin 
enzymes remained relatively unchanged until 8 to 9 wk of life and hematocrit were obtained on the remaining blood which was 
when there was a decrease in PGK and E N 0  levels and an initial then centrifuged; the plasma was removed, recentrifuged, and 
rise in PFK activity (22). This occurred at a time when the two frozen for later determination of Pi (6). The packed red cells were 
most age-dependent enzymes studied, hexokinase (HK) and pyr- washed, filtered, and assayed for red cell glywlytic enzymes and 
uvate kinase (PK), transiently increased in value, which was glucose-6-phosphate dehydrogenase (G-6-PD) by methods previ- 
consistent with active erythropoiesis by the infants' bone marrow ously described (22). Fetal hemoglobin determinations (%F) were 
and suggested that the developmental changes in PGK, ENO, and obtained in 67 infants. Plasma Pi was obiained on all 80 infants 
PFK during the first year of life represented passage from "fetal" evaluated in the study; 73 were used for Pi determination; seven 
to "adult" erythropoiesis. were obviously hemolyzed specimens and were not evaluated. 
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Intracellular and extracellular pH were determined on venous 
blood by a freeze-thaw method (2). Detailed analysis of the 
glycolytic enzyme and intermediate data obtained in this study 
have been reported previously (2 1, 22). 

Data were evaluated using standard linear regression analysis. 
The graphs were plotted using a Hewlett-Packard HP9830, and 
the data points were keyed in using a Hewlett-Packard program- 
mable calculator. The data were checked using a TI-59 (Texas 
Instrument), and the correlation coefficients (r), slopes, and y 
intercepts were identical with both programs. 

RESULTS 

RED BLOOD CELL GLYCOLYTIC ENZYMES AND Gd-PD 

PK activity was used as an index of red blood cell age in these 
studies. There was a significant positive correlation between the 
activities of the age-dependent enzymes, PK and HK (n = 67; r 
= 0.39; P < 0.001; Fig. I) and PK and G-6-PD (n = 67; r = 0.50; 
P < 0.001; Fig. 2) in the first year of postnatal life. In contrast, in 
the 67 samples evaluated, there was not a significant correlation 
between PK and E N 0  levels ( r  = 0.17; P > 0.1) and PK and PFK 
activities ( r  = 0.23; P > 0.05) and a less significant correlation 
between PK and the activity of phosphoglycerate kinase (PGK) 
(r = 0.26; P < 0.05). ENO, PGK, and PFK activities correlated 
best with the postnatal decline in the %F ( P  < 0.001, Figs. 3 to 5), 
whereas PK activity did not correlate with the postnatal decline in 
the %F (n = 67; r = -0.12; P > 0.10). 

Fig. I. Relationship between red blood cell PK and HK activities ( n  
= 67; r = 0.39; P < 0.001). 
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Fig. 2. Relationship between red blood cell PK and G-6-PD activities 
( n  = 67; r = 0.50; P < 0.001). 
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Fig. 3. Relationship between red blood cell EN0 activity and %F ( n  
= 67; r = 0.70; P < 0.001). 

Fig. 4. Relationship between red blood cell PGK and %F ( n  = 67; r 
= 0.66; P < 0.001). 

Fig. 5. Relationship between red blood cell PFK and %F ( n  = 67; r = 
-0.64; P < 0.001). 

INTRACELLULAR AND EXTRACELLULAR pH AND PLASMA P, 
(TABLE I )  

Intracellular and extracellular venous pH were similar to those 
obtained from normal adults in term infants from days I to I I to 
12 months of life. 

Plasma Pi was elevated on day I of life, continued to increase, 
and peaked at 3 to 4 wk of age at a mean concentration of 9.69 
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Fig. 6. Relation of red blood cell G-6-P concentration to plasma P, ( n  
= 73; r = 0.66; P < 0.001). 

f 1.74 mg %. Plasma Pi decreased after 3 to 4 wk, but remained 
elevated throughout the first year of life. 

RED BLOOD CELL GLYCOLYTIC INTERMEDIATES 

There was a significant positive correlation between the concen- 
tration of red cell G-6-P and the plasma Pi concentration in the 
first year of postnatal life in the 73 samples evaluated ( r  = 0.66; 
P < 0.001; Fig. 6), and no correlation with PK activity ( r  = 0.16; 
P > 0.1). In contrast to red cell PGK, ENO, and PFK activities, 
there was not a significant correlation between the red blood cell 
concentration of G-6-P and the %F (n = 67; r = 0.22; P > 0.05). 
There was not a significant correlation between plasma Pi and 
%F in 67 samples evaluated ( r  = 0.21; P > 0.05). 

In the 73 samples studied, there was not a significant correlation 
between the RBC concentration of "total triose phosphate" and 
plasma Pi ( r  = 0.10; P > 0.10) or the level of red blood cell 2.3- 
diphosphoglycerate (2,3-DPG) and plasma Pi ( r  = 0.15; P > 0.10) 
in the first year of postnatal life. 

DISCUSSION 

This study has demonstrated that the postnatal changes in the 
activities of the red cell enzymes PGK, ENO, and PFK correlate 
well with the postnatal decline in fetal hemoglobin, not the age of 
the red cell population, which suggests that developmental changes 
in these enzymes during the first year of life probably represent 
the passage from fetal to adult erythropoiesis and are unique to 
the fetal erythrocyte. This interpretation is in agreement with the 
prior finding that "old" red cells in cord blood from term infants 
had a high %F (9) and demonstrated to a marked degree those 
characteristics attributed to whole blood, namely decreased red 
cell PFK activity and increased activity of red cell PGK and E N 0  
(10). These "older" red cells probably represent cells produced 
earlier in gestation. In contrast, the activities of the age-dependent 
enzymes HK and Gd-PD correlated well with PK activity and 
developmental changes in these enzymes during the first year of 
postnatal life reflect the age of the red cell population. 

Plasma Pi was elevated the entire first year of life which has 
been reported previously (1, 3, 7). However, the mean values for 
plasma Pi on day 4 and 3 to 4 wk of age in the present study are 
significantly higher than those reported in the early literature (1, 
3). This increase in mean plasma Pi is partially explained by five 
samples with plasma Pi levels of 10 mg % or higher (lo, 10.4, 10.5, 
11.5, and 12.7 mg %). In a more recent study (7). however, on the 
influence of diet on plasma Pi in the first wk of life, a range of 4 
to I 1  mg % at 2 days of age and 4 to 13 mg % at 3 to 8 days was 
reported in infants receiving evaporated milk and a range of 5 to 
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9 mg % was observed at 5 days of life in infants fed whole milk 
with vitamin D. These values are more comparable to those 
obtained in the present study, and it is possible that the higher 
plasma Pi values observed in our subjects are partially due to 
dietary differences. In addition, hemolysis of red cells can elevate 
plasma Pi. Samples that exhibited obvious hemolysis were not 
evaluated, but it is possible that mild hemolysis was present in the 
samples in which the plasma Pi was markedly increased. In any 
event, it is the relationship between plasma Pi and red cell G-6-P, 
not the absolute values of plasma Pi, that is relevant to this study. 

The concentration of G-6-P correlated well with the plasma Pi 
level, not the age of the red cell population or the %F. The 
concentration of plasma Pi has been reported to influence the 
metabolism of red cells in vivo and in vitro (8, 12-14, 16, 17, 19, 
23). An increase in the Pi concentration of the medium in vitro is 
associated with an increased glycolytic rate and an accumulation 
of triose phosphates and fructose diphosphate (total triose phos- 
phate), 2,3-DPG, and ATP (12, 14, 17-19). These changes are 
dependent on the pH of the medium (14) and are greatest at pH 
8.0, where the glycolytic rate is almost maximal. The increased 
glycolytic rate at pH 8.0 is associated with a fall in the concentra- 
tion of G-6-P and an accumulation of total triose phosphate and 
other phosphorylated intermediates distal to the PFK step. At pH 
7.0, the opposite occurs. The concentration of G-6-P increases, 
and there is no detectable increase in total triose phosphate. This 
pattern of glycolytic intermediates is attributed to activation of 
PFK activity at pH 8.0, secondary to release of ATP inhibition by 
Pi; at pH 7.0, there is stimulation of HK without enhancement of 
PFK activity by Pi due to the stong inhibition of PFK by ATP at 
low pH. At physiolgoic pH 7.4 in vitro, there appears to be 
balanced stimulation of HK and PFK with no accumulation of 
G-6-P (14, 19) and an increased concentration of total triose 
phosphates and other phosphorylated intermediates beyond the 
PFK step. The increase in total triose phosphates appears to be an 
in vitro artifact secondary to the inability of the red cell to maintain 
the ratio of oxidized to reduced pyridine nucleotides (NAD/ 
NADH ratio) in the test tube (18). This can be prevented by 
adding pyruvate to the medium which is converted to lactate and 
restores the NAD/NADH ratio. This marked accumulation of 
total triose phosphate would not be anticipated at the in vivo level 
due to the availability of pyruvate in the plasma environment 
which is freely diffusable across the red cell membrane. At the in 
vivo level, studies of red cells from uremic patients with elevated 
serum Pi have revealed an increased concentration of 2,3-DPG 
and ATP; total triose phosphate and G-6-P were not evaluated. 

It would thus be anticipated from in vitro and in vivo studies of 
the effects of Pi on red cell metabolism that increases in plasma Pi 
at physiologic pH should result in balanced stimulation of HK 
and PFK in vivo without any alteration in the concentration of G- 
6-P and an increase in the concentration of 2,3-DPG and ATP. 
Studies of term infants in this laboratory have demonstrated that 
despite a normal venous pH, the concentration of G-6-P was 
elevated out of proportion to the age of the red cell population at 
birth and continued to increase until 3 to 4 wk of age when it 
peaked at a value 2.5 times greater than that observed on day 1 of 
life. Total triose phosphate, 2,3-DPG, and ATP also increased 
between days 1 and 4 of life, but this increase was transient and 
by 3 to 4 wk of age had decreased to normal values for the age of 
the red cell population. The pattern of glycolytic intermediates at 
3 to 4 wk was suggestive of a relative block in glycolysis at the 
PFK step, but PFK activity remained essentially unchanged from 
birth to 8 to 9 wk of age (22), suggesting factors other than enzyme 
activity alone were responsible for this "block." 

The G-6-P level at any time reflects the balance between HK 
and PFK activities, and an increase in the concentration of G-6- 
P could result from increased activity of HK, unbalanced stimu- 
lation of HK and PFK (HK > PFK), a block in glycolysis at the 
PFK step, or combined mechanisms. We have previously dem- 
onstrated that HK activity decreases between day 4 and wk 3 to 
4 and PFK activity remains fairly constant during this time period 
resulting in a decrease in the HK/PFK ratio (22). Thus, an 

increased level of HK is not responsible for the marked accumu- 
lation of G-6-P in the presence of increased plasma Pi. 

The concentration of red cell G-6-P in term infants correlated 
significantly with the plasma Pi but the concentrations of total 
triose phosphate and 2,3-DPG did not. It is felt that the increase 
in the concentration of G-6-P was partially due to stimulation of 
HK activity secondary to release of G-6-P inhibition of HK by 
plasma Pi. The continued accumulation of G-6-P and lack of a 
sustained increase in the concentration of 2,3-DPG and ATP 
suggested a combination of imbalanced stimulation of HK and 
PFK (HK > PFK) by Pi in red cells from term infants and a 
relative block in glycolysis at the PFK step. This block at the PFK 
step is probably secondary to both a relative deficiency of PFK 
and an enzyme that is less sensitive to Pi stimulation than PFK 
from adults. The lack of correlation between plasma Pi and red 
cell 2,3-DPG in the present study is at variance with the previously 
reported finding by Card and Brain (4) of a statistically significant 
positive correlation (P < 0.01) between plasma Pi and red cell 2,3- 
DPG in children over one year of age. This difference in results 
is probably secondary to both the influence of elevated levels of 
fetal hemoglobin on the oxygen hemoglobin equilibrium curve in 
children less than 6 months of age (5) and the relative block in 
glycolysis at the PFK step secondary to decreased stimulation of 
PFK by Pi in red cells from term infants as discussed above. In 
Card and Brain's study (4), children less than a year of age were 
not evaluated. Thus, the effects of both fetal hemoglobin and fetal 
PFK on the concentration of red cell 2,3-DPG were not contrib- 
utory factors. 

It has previously been demonstrated that old red cells from cord 
blood which are presumably those produced early in gestation did 
not accumulate total triose phosphate when allowed to stand (lo), 
whereas red blood cells from normal adults invariably demo- 
sntrated a marked increase in these compounds. The increase in 
total triose phosphate in vitro in adult cells is secondary to a rise 
in intracellular pH and activation of PFK, which is suggestive that 
PFK in fetal red blood cells is also relatively insensitive to pH 
activation. Kahn et al. (9) have demonstrated that fetal red blood 
cells are relatively deficient in the M-type of PFK and are more 
inhibited by ATP than PFK from adult red cells. This enhanced 
ATP inhibition of PFK might have functional significance at the 
in vivo level since it may be responsible for the apparent decreased 
activation of PFK by increased plasma Pi because Pi stimulates 
PFK activity in red cells from adults by counteracting ATP 
inhibition of the enzyme. 

These studies suggest that the decreased glycolytic rate and 
other metabolic alterations observed in red cells from newborn 
infants may not only be secondary to decreased PFK activity as 
previously proposed (10, IS), but it is also probable that altered 
kinetic properties of the enzyme exist which may result in a greater 
"metabolic handicap" at the in vivo level than that predicted from 
enzyme activity alone. 

REFERENCES AND NOTES 

I .  Barnes. D. J.. and Munks. B.: Serum phosphatasc, calcium and phosphorus 
values in infancy. Proc. Soc. Exp. Biol. Med.. 44: 327 (1940). 

2. Battaglia. F. C., Behrman, R. E., HeUegers. A. E., and Battaglia, J. D.: Intracel- 
lular hydrogen ion concentration changes during acute respiratory acidosis and 
alkalosis. J. Pediatr.. 66: 737 (1965). 

3. Bullock. J.K.: The physiologic variations in the inorganic blood phosphorus 
content at different age periods. Am. J. Dis. Child.. 40: 725 (1930). 

4. Card. T. R.. and Brain. M.C.: The "anemia" of childhood. Evidence for a 
physiologic response to hyperphosphatemia. N. Engl. J. Med., 288: 388 (1973). 

5.. Delivoria-Papadopoulos. M.. Roncevic. N. P.. and Oski, F. A.: Postnatal changes 
in oxygen transport of term. premature, and sick infants: the role of red cell 
2.3-diphosphoglycerate and adult hemoglobin. Pediatr. Res.. 5: 235 (1971). 

6. Fiske. C. H.. and Subbarow. Y.: The colorimetric determination of phosphorus. 
J. Biol. Chem., 66: 375 (1925). 

7. Gittleman. I. F., and Pincus. J. B.: Influence of diet on the occurrence of 
hypophosphatemia and hypocalcemia in the newborn infant. Pediatrics, 8: 778 
(1951). 

8. Guest. G. M.. and Rapoport. S.: Clinical studies of the organic acid-soluble 
phosphorus of red blood cells in different acidotic states. J. Lab. Clin. Med., 
26: 190 (1940). 

9. Kahn. A,. Boyer. C., Cottreau, D.. Marie. J., and Boivin. P.: immunologic study 



POSTNATAL R E D  CELL METABOLIC ALTERATIONS 

of the age related loss of activity of six enzymes in the red cells from newborn 
infants and adults-evidence for a fetal type of erythrocyte phosphofructoki- 
nase. Pediatr. Res.. 11: 271 (1977). 

10. Komazawa. M.. and Oski. F. A,: Biochemical characteristics of "young" and 
" o l d  erythrocytes of the newborn infant. J. Pediatr., 87: 102 (1975). 

I I. Konrad. P. N.. Valentine. W. N., and Paglia, D. E.: Enzymatic activities and 
glutathione content of erythrocytes in the newborn: comparison with red cells 
of older normal subjects and those with comparable reticulocytosis. Acta 
Haematol. 48: 193 (1972). 

12. Lichtman, M. A,. and Miller, D. R.: Erythrocyte glycolysis. 2.3-diphosphoglyc- 
erate and adenosine triphosphate concentration in uremic subjects: relationship 
to extracellular phosphate concentration. J. Lab. Clin. Med.. 76: 267 (1970). 

13. Lichtman. M. A,. Miller. D. R.. Cohen J, and Waterhouse. C.: Reduced red cell 
glycolysis, 2.3-diphosphoglycerate and adenosine triphosphate concentration, 
and increased hemoglobin-oxygen affinity caused by hypophosphatemia. Ann. 
Intern. Med.. 74: 562 (1971). 

14. Minakami. S., and Yoshikawa. H.: Inorganic phosphate and erythrocyte glycol- 
ysi:i. Biochim. Biophys. Acta. 99: 175 (1965). 

15. Oski. F. A,: Red cell metabolism in the newborn infant. V. Glycolytic interme- 
diates and glycolytic enzymes. Pediatrics. 44: 84 (1969) 

16. Rapopon, S.. and Guest. G. M.: Changes of organic acid-soluble phosphorus. 
diphosphoglycerate. adenosine triphosphate. and inorganic phosphorus in the 
blood cells of rats during the development and healing of rickets. J. Biol. 
Chem.. 126: 749 (1938). 

17. Rizzo, S. C.. and Eckel, R. E.: Control of glycolysis in human erythrocytes by 
inorganic phosphate and sulfate. Am. J. Physiol.. 211: 429 (1966). 

18. Rose. I. A,. and Warms. J. V. B.: Control of red cell glycolysis: the cause of triose 

phosphate accumulation. J. Biol. Chem., 245: 4009 (1970). 
19. Rose. I. A,. Warms. J. V. B.. and O'Connell, E. L.: Role of inorganic phosphate 

in stimulating the glucose utilization of human red blood cells. Biochem. 
Biophys. Res. Commun.. IS: 33. (1964). 

20. Singer, K.. Chernoff, A. I.. and Singer. L.: Studies on abnormal hemoglobins. I. 
Their demonstration in sickle cell anemia and other hematologic disorders by 
means of alkalai denaturation. Blood. 6: 413 (1951). 

21. Travis. S. F., Kumar. S. P.. and Delivoria-Papadopoulos. M.: Red cell metabolic 
alterations in postnatal life in term infants: glycolytic intermediates and aden- 
osine triphosphate. Pediatr. Res.. 15: 34 (1981). 

22. Travis. S. F.. Kumar. S. P.. Paez. P. C.. and Delivoria-Papadopoulos. M.: Red 
cell metabolic alterations in postnatal Life in term infants: glycolytic enzymes 
and glucose-6-phosphate dehydrogenax. Pediatr. Res., 14: 1349 (1980). 

23. Travis. S. F., Sugerman. H. I.. Ruberg, R. L., Dudrick. S. J., Delivoria-Papado- 
poulos. M.. Miller. L. D.. and Oski. F. A,: Alterations of red cell glycolytic 
intermediates and oxygen transport as a consequence of hypo-phosphatemia 
In patients receiving intravenous hypcralimentation. N. Engl J Med .285.763 
(1971) 

24. Witt, I.. Miiller. H., and K~inzer, W.: Vergleichende biochemische Untersuchun- 
gen an Erythrocyten aus Neugeborenen und Erwachscnen-Blut. Klin. Woch- 
enschr.. 45: 262 (1967). 

25. Requests for reprints should be addressed to: Susan F. Travis. M.D.. Thomas 
Jefferson University School of Medicine. Cardeza Foundation for Hematologic 
Research, 1015 Walnut Street, Philadelphia, PA 19107 (USA). 

26. This research was supported in pan by NIH Grant ROI-HD-10213. 
27. Received for publication February 5, 1980. 
28. Accepted for publication July 15, 1980. 

Copyright O 1981 International Pediatric Research Foundation. Inc. 
003 1-3998/8 1/1502-0133$02.00/0 

Printed in U. S. A. 


	Red Cell Metabolic Alterations in Postnatal Life in Term Infants: Possible Control Mechanisms
	Summary
	Speculation
	MATERIALS AND METHODS
	RESULTS
	RED BLOOD CELL GLYCOLYTIC ENZYMES AND G-6-PD
	RED BLOOD CELL GLYCOLYTIC INTERMEDIATES

	DISCUSSION
	REFERENCES AND NOTES


