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ABSTRACT

The compound 2.3-bisphosphoglycerate (2,3-BPG) is formed within red blood cells from
the glycolytic intermediate 1,3-bisphosphoglycerate. The principal role of 2,3-BPG is to facilitate
oxygen release from the oxyhemoglobin to active muscle tissues as red cells arc passing through
muscle tissue capillaries. Excrcise requires an adequate supply of oxygen to maintain aerobic
energy metabolism. We hypothesized that exercise causes an increase in erythrocyte 2,3-BPG
level. The exercise programs and several factors such as a decrease in blood pH, an increase in
temperature, a marked decrease in pO, and an excess Ca’" that occur in red blood cell during
exercise may affect the change in biochemical mechanisms that regulate crythrocyte 2,3-BPG
level. In addition, anticoagulant and blood storage may be affecting the change in 2.3-BPG levels.
The purpose of the present study was to investigate the cffects of exercise programs and the
factors that occur during exercise on the change in erythrocyte 2,3-BPG levels.

The first experiments were aimed to study the effects of anticoagulants on 2,3-BPG level
in stored erythrocytes. Blood samples from each of five male Wistar rats were aliquoted into 2
sets of tubes containing heparin, potassium oxalate and sodium fluoride. The level of erythrocyte
2,3-BPG was immediately determined in the first sct. The second set was stored at 4 °C for 5 days
and the level of 2,3-BPG was determined. The second experiments were to study the effect of

exercisc programs on the response of erythrocyte 2,3-BPG level in normal male Wistar rats.



These programs included endurance training prograrm, exhaust training program, acute exhaustion
and endurance exhaust training. The levels of erythrocyte 2,3-BPG, lactate, triglycerides and
glucose were determined after excrcise. The third experiments were to study the effects of a
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decrease in pH, an eievated temperature, a marked decrease in pO, and an excess Ca

erythrocyte 2,3-BPG levels, in vitro.

on

The results showed that the morc powerful preservation of erythrocyte 2,3-BPG levels
occurred in potassium oxalate than in sodium fluoride and hepariﬁ. The erythrocyte 2,3-BPG
levels could be preserved in whole blood at 4 °C for 5 days of storage when anticoagulated with
potassiurn oxalate. The effects of exercise programs on the change in erythrocyte 2,3-BPG level
presented that the level was not changed in sedentary rats after limited to cage activity for 2, 5
and 8 w.eeks. The erythrocyte 2,3-BPG level was 15.43% increased within 2 weeks after
endurance training exercise and the level was maintained up to 8 weeks later. The exhaust
training exercise caused 19.61% increase of erythrocyte 2,3-BPG level after 2 weeks and
gradually increased to 20.74% and 23.44% after 5 and 8 weeks, respectively. It is noteworthy to
notice that 8 weeks of excrcise by cxhaust training program caused an increase of 2.3-BPG levels
about 8.00% higher than endurance training program. The level of 2,3-BPG obtained after acute
cxhaust exercise was increased by 11.33% when compared to matched-sedentary control. In the
same way, endurance exhaust exercise also caused the increase of 2,3-BPG level to 16.03% and
17.44% after 2 and 5 weeks of exercise, respectively. However, the difference of 2,3-BPG levels
between 2 and 5 weeks of this program are not statistically significant (p>0.05). From these
results, it can be implied that all programs of exercise causes an increase in erythrocyte 2,3-BPG
levels by different magnitude. The rise in erythrocyte 2,3-BPG level after fraining exercise was
higher than acute exercisc. Furthermore, the lactate level was increased after exercise and the
level was decreased after training. After training exercise, blood triglycerides level was
decreased. whereas the level was not changed by acute exercise. However, different exercises
according to this study did not caused change in blood glucose level. The effects of the factors
that occur in red blood cells during exercise on erythrocyte 2,3-BPG level show that lower pH

ranging trom 6.8 to 7.2 caused an increase in erythrocyte 2,3-BPG levels as comparing to the
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physiological pH (7.4). The erythrocyte 2,3-BPG levels were gradually increased as the.
incubation temperature was higher than 37°C. The optimal temperature was 43°C. Also, an
excess of Ca’ induced by calcium ionophore (A23187) caused an increase in erythrocyte 2,3-
BPG levels. In addition, the level of erythrocyte 2;3-BPG was increased by a marked decrease in
p0O,. Thus, factors including pH 7.2, temperature at 430C, an excess of Ca~ in erythrocyte
induced by 10 nmole/L of A23187 and a marked decrease in pO, significantly increased
erythrocyte 2,3-BPG level. The rise in erythrocyte 2,3-BPG induced by these factors was not
related to the rise in deoxyhemoglobin.

In conclusion, exercise causes higher anaerobic energy metabolism at the beginning.
Exercised muscle adapts in many ways from anaerobic to aerobic encrgy metabolism. These
include an increase in erythrocyte 2,3-BPG level after exercise and more triglycerides are used as
energy source after longer period of training. This suggests that excrcise should be beneficial for
the health when trained with an appropriate program. Morcover, the factors that oceur in red
blood cell during exercise affect the change in biochemical mechanisms that regulate erythrocyte
2,3-BPG level. Furthermore, the mechanisms of each factor that regulate the erythrocyte 2.3-

BPG mctabolism are significant for further study.
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