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ABSTRACT  

Background. Maximal Aerobic Power is related to many quantities and qualities such as supplements.  

Objectives. The purpose of the present study was to describe the effect of short-term supplementation of glutamine 

and glucose on hemoglobin and maximum aerobic power in female athletes.  

Methods. In this quasi-experimental study, 40 female athletes (age 21.9±2.6 years, height 161.8±5.1 cm, weight 

57.8±6.3 kg, BMI 21.9±1.5 kg/m2) volunteered to participate in the present study. Before intervention, the 

participants were divided randomly into four equal groups (each group=10); placebo, glutamine supplement (0.3 

g/kg body weight), glucose supplement (1.0 g/kg body weight) and glutamine-glucose combination supplement. 

VO2max measured using Bruce protocol and also, hemoglobin concentrations were measured via blood sampling at 

12h fasting state. The experimental groups did two-week supplementation accompanied with moderate intensity 

aerobic exercise, three sessions per week and (45-60) minutes per session. At the end of period of supplementation 

VO2max and hemoglobin values were measured again.  

Results. Short-term supplementation of glutamine (P=0.0001), glucose (P=0.0001) and glutamine-glucose 

(P=0.0001) improved significantly VO2max values. Also, hemoglobin levels increased significantly in glutamine 

(P=0.012) and glutamine-glucose (P=0.0001) groups.  

Conclusion. It seems that short-term supplementation of glutamine, glucose and glutamine-glucose may lead to 

improvement in aerobic performance in young female athletes. 
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INTRODUCTION 
Improvement in athletic performance is the 

subject of many studies and in this regard, 
physical fitness is a main factor in relation to 
performance of athletes in different sports (1). 
Among different factors of physical fitness, 
aerobic fitness is considered as an important and 
effective factor related to health and 
performance (2). Aerobic performance is 

affected by factors such as maximal aerobic 
power, anaerobic power and work economy (3). 

During exercise, the most important index of 
aerobic fitness is maximum oxygen consumption 
(VO2max) (4). In fact, VO2max is a point that 
body reaches the maximum amount of oxygen 
consumption and athletes who have better fitness 
consume more oxygen and they can be trained 
with high intensity. 

In recent years, researchers have studied 

other factors other than VO2max to estimate 
aerobic fitness of athletes. Time of exhaustion of 
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athletes is one of these factors and its increase 
after training not only indicates increase of 
general endurance, but it is also related to 
anaerobic capacity of athletes (5). Therefore, 
blood indices that have duty of carrying and 

delivering oxygen to tissues and make continuity 
of activity of a person possible should not be 
ignored. Henderson et al. (2004) have indicated 
that intensive interval training leads to increase 
of hemoglobin and hematocrit concentration and 
may influence aerobic capacity of athletes (6). 
On the other hand, the ability of red cells for 

carrying oxygen through increase of their 
amounts, increase of blood fluidity and ability of 
receiving more oxygen by these cells are 
considered as factors that are effective in 
increase of maximal aerobic power (7, 8).  

Coaches and athletes have been looking for 
creating more abilities in receiving, carrying and 

consuming oxygen for increase of VO2max 
through different exercises. However, in addition 
to physical activities, other methods have been 
used. One of these methods is use of sport 
supplements such as glutamine and carbohydrate 
supplements. Glutamine is one of several  amino 
acids available in human body and in spite of the 
fact that it is not necessary amino acid, it can be 

essential in some digestive diseases and/or better 
athletic performance. Moreover, it has been 
reported that glutamine has effective role in 
transportation of nitrogen from a limb to another 
and it is directly effective in anabolic and 
catabolic processes (9). Other findings have 
confirmed that this amino acid has influenced 

maintenance of basic acidosis of body, 
gloconeogenesis and production of nucleotides 
(10, 11). Other studies have reported that excess 
consuming of glutamine by immune cells may 
be another reason for glutamine reduction after 
prolonged activities (12). Moreover, long-term 
activities can lead to increase of cortisol and 

catabolism, releasing glutamine from muscle and 
then gluconeogenesis increase in liver and 
kidneys (13).  

Various findings have shown that aerobic 
exercises face to free radicals production and 
oxidative stress during prolonged aerobic 
exercises. Baghaei et al. (2010) have reported 
that athletes face to increase of indices of 

oxidative stress during aerobic exercise and 
injuries (14). Increase of free radicals is 

accompanied with various injuries such as 
hemoglobin oxidation that does not affect ability 
in oxygen transport (15). Considering role of 
glutamine in increase of immune cells activity, it 
can be expected that glutamine becomes 

effective in reduction of hemoglobin oxidation. 
Some studies have shown that protein reduction 
leads to decrease in hemoglobin concentrations 
(16). Although there are no studies related 
converting glutamines to globin, a probable 
mechanism is expected. Different findings have 
shown that increase of hemoglobin depends on 

changes and increase of IGF-I and IGF-II (17). 
On the other hand, some studies have referred to 
the role of glutamine in increase of GH and then 
increase of IGF-I and IGF-II (18). Hence, it 
seems that glutamine may be effective in 
changes of hemoglobin concentration through 
increase of GH. However, glutamine role in 

amount and concentration of hemoglobin is not 
clear and the mentioned mechanisms are 
probable and it is not well-known that how 
effective glutamine consumption can be in 
hemoglobin changes and increase of VO2max in 
athletes. On the other hand, use of glucose has 
been studied in different researches and different 
studies have reported positive effects of using 

carbohydrate and glucose on athletic 
performance and VO2max through increase of 
blood glucose, intramuscular reserves and 
insulin sensitivity (19). However, it seems that 
combination of protein and glucose has different 
results. Therefore, have Ivy et al. (2003) showed 
that combination of protein and carbohydrate can 

lead to improvement in performance (20). 
McCleave et al., (2011) have also reported 
increase of aerobic power due to use of 
combination of proteins and carbohydrates and 
have expressed that one of its reasons is increase 
of albumin and intramuscular oxidative enzymes 
(21). In conclusion the present study tries to 

survey the effect of short-term consumption of 
glutamine and glucose supplement on 
hemoglobin values and maximal aerobic power 
of female athletes. 

 

MATERIALS AND METHODS 
Participants. In a quasi-experimental study 

with pretest-posttest design, 40 volunteered 
athlete female of Tehran city in 2015 (age 
21.9±2.6 years, height 161.8±5.1 cm, weight 
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57.8±6.3 kg and BMI 21.9±1.5 kg/m2) were 
selected and divided randomly into four equal 
groups of placebo, glutamine supplementation, 
glucose supplementation and combination of 
glutamine and glucose supplementation. Prior to 

participation, all subjects read and signed 
informed, voluntary consent forms. Prerequisites 
to participate in the present study were having no 
history of chronic disease, nutritional allergy, 
and specific medicine consumption, to be period 
and have regular exercise (at least three sessions 
per week for recent two years). At the first 

session, some information about diet and how 
supplements consumption were given to all 
participants. 

Supplementation. Glutamine and glucose 
dosage was 0.3 and 1 g/body weight 
accompanied with 250 ml water, respectively. 

Exercise Protocol. All participants had done 

aerobic exercises, three sessions per week and 
lasting 60 minutes each session. Training 
intensity was set at (60-75) % MHR. 
Supplementation period was 14 days. 

Hemoglobin concentrations and aerobic power 
assessment were evaluated 24h before and after 
intervention at fasting state. Bruce protocol was 
used to assess VO2max. 

Statistical Analysis. Data were analyzed using 

one-way analyze of variance (ANOVA) and Tukey 
post-hoc test. The level of significant was set at 
P<0.05. Statistical analysis was performed by 
SPSS software. 

 

RESULTS  
Demographic characteristics of participants 
presented in table1. Table 2 lists the descriptive 
values of VO2max of participants before and 
after intervention. One way ANOVA result of 
VO2max reveals a significant difference while 
compared among the four groups at post-test. 
Post-hoc multiple comparison of VO2max is 

found significant between Glucose and 
Glutamine Glucose (P<0.05). Also, one way 
ANOVA result of Hemoglobin reveals no 
significant difference (P>0.05). 

 
Table1. Demographic characteristics of participants (Mean±SD). 

Group 

Variable 
Placebo 

Glutamine 

supplementation 

Glucose 

supplementation 

Glutamine+Glucose 

supplementation 

Age  

(years) 
21.2±2.5 22.8±2.6 20.1±2.5 23.7±1.2 

Height  

(cm) 
162.7±4.2 159.6±5.6 160.8±4.6 164.1±5.1 

Weight  

(kg) 
57.2±5.4 53.1±4.8 58±5.9 62±6.1 

BMI  
(kg/m

2
) 

21.6±1.5 20.9±1.5 22.3±1.3 22.9±1.1 

VO2max 

(ml/kg
-1

/min
-1

) 
43.2±4.9 40.3±3.7 38.3±4.6 42.2±5.8 

Hemoglobin  

(g/dl) 
13.03±0.65 12.86±0.88 13.12±0.74 12.91±1 

 

Table2.  VO2max and Hemoglobin status in studied groups (Mean±SD) 

 VO2max (ml/kg
-1

/min
-1

) Hemoglobin (g/dl) 

group Pre-test Post-test Pre-test Post-test 

Placebo 43.2±4.9 44.16±3.32 13.03±0.65 12.97±0.77 

Glutamine 40.3±3.7 43.09±2.51 12.86±0.88 13.54±0.68 

Glucose 38.3±4.6 40.14±4.31 13.12±0.74 13.33±0.81 

Glutamine Glucose 42.2±5.8 46.30±3.85 12.91±1 13.83±0.59 

 

 

DISCUSSION AND CONCLUSION 
The results of the present study show that 

after short-term supplementation of glutamine, 

glucose and a combination of glutamine and 
glucose, Vo2 max improved. The findings of the 
present study are in agreement with the findings 
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of the research of Akbarnejad et al. (2006) (22), 
Ghanbarzade et al. (2011) (23), Fergusen et al. 
(2011) (24). In contrast, they are disagree with 
the findings of the research of Marvud et al. 
(2008) (25), Mansur et al. (2015) (26) and 

Church et al. (2010) (27). Aerobic depends on a 
lot of physiological qualities and quantities 
whose most important ones include lung, volume 
of hemoglobin, density of hemoglobin,  blood 
volume, heart volume, maximum heart rate and 
amount of muscle mass ( 2, 28). Hence, paying 
attention to this point will be important because 

increase of aerobic ability can be surveyed from 
the two aspects, increase of capacity of 
consumption of slow-twitch muscle tissue and 
increase of number and volume of muscle 
mitochondrial. In other words, the ability of the 
consumption of oxygen by tissue is a factor that 
has been confirmed in the increase of aerobic 

ability (29). Therefore, female athletes in 
comparing to male athletes have less VO2max 
due to muscle mass (30). Therefore, most of 
researchers emphasize on increase the mass of 
slow-twitch muscles and the establishment of 
physiological and biological changes such as 
improvement of efficiency of effective enzymes 
in oxygen consumption in improvement aerobic 

ability. From the second aspect, increase of 
diffusion capacity of lungs and increase of 
ability of carrying oxygen for active tissues 
during physical activity are important. Most of 
studies have shown that increase of lung 
capacity has high importance in increase of 
VO2max (31, 32). However, ability of oxygen 

carrying by blood red cells through increase of 
their amount, increase of blood flow and ability 
of receiving more oxygen of most of these cells 
are considered as factors that are effective in 
increase of ability of aerobics (7). Baghaei et al. 
(2012) has reported in a research that athletes 
have been facing to increase of norms of 

oxidative stress in the process of aerobic activity 
and damages resulting from it (14). Increase of 
free radicals is accompanied with different 
damages such as oxidation of hemoglobin and 
this causes anomaly in ability of oxygen carrying 
(15). Hence, according to role of glutamine in 
increase of activity of immune cells, it is 
expected that glutamine can be effective in 

decrease of oxidation of hemoglobin.Although 
some studies have referred to increase of Turin 

level after consumption of glutamine and role of 
Turin in decrease of oxidative pressure (33). 
However, it is vital to pay attention to this point 
that a part of hemoglobin forms a protein that is 
called ‘’ globin’’. Some studies have shown that 

decrease of proteins leads to decrease of amount 
of hemoglobin (16). Although no studies related 
to change of glutamine to globin are found, 
another mechanism is found. Different findings 
have shown that increase of hemoglobin depends 
on change and increase of IGF-I and IGF-II (17). 
On the other hand, some studies have 

emphasized on role of glutamine in increase of 
hormone GH and increase of IGF-II and IGF-I 
(18). Hence, it seems that glutamine may be 
effective in changes of hemoglobin density 
through increase of growth hormone. However, 
role of glutamine is not exactly clear in amount 
and density of hemoglobin and the mentioned 

mechanisms are only guessed and it is not clear 
of how consumption of glutamine can be 
effective in changes of hemoglobin and increase 
of VO2max in athletes. Use of glucose has been 
analyzed in different studies. Different findings 
have analyzed use of carbohydrates and glucose 
on performance level of sports and VO2max and 
have reported its positive effects through 

increase of amount of blood glucose, 
intramuscular reserves and insulin sensitivity 
(19). However, it seems that combination of 
protein and Glucose has different results. Lee et 
al. (2003) analyzed combination of protein and 
carbohydrates on performance of athletes and 
have reported that consumption of this 

supplementation can lead to increase of 
performance, but they have not mentioned a 
clear reason related to their findings (11). 
McCleave et al. (2011) have reported increase of 
aerobic power in effect of use of combination of 
proteins and carbohydrates and one of its reasons 
is increase of Albumin and increase of activity of 

intramuscular oxidative enzymes (21). 
It can be concluded from the findings of the 

present study and the findings of other studies in 
this area that short-term supplementation of 
Glutamine can have positive effects in 
improvement of performances of female athletes. 
Of course, contrast results can be due to some 
reasons such as period of supplementation, dose 

of consumption, preparation for tests and gender. 
However, use of protein and carbohydrates 
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supplementations for their probable effects on 
harmful side effects during doing prolonged 
aerobic exercises, especially with high intensity, 
can prevent from decrease of aerobic 
performance and in some cases, it can lead to 

improvement of this performance. According to 
physiological aspect and mechanism involved in 
synthesis of proteins of Hemoglobin and 
Myoglobin and effect of protein 
supplementations especially Glutamine on these 
kinds of mechanisms, it seems that there are 

some ambiguous points still and it is felt that 
more accurate studies should be done so that the 
ambiguous points can become clear.  
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