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=Abstract=The accumulation of lactate in the muscle tissues after strenuous exercise 
induces a phenomenon of fatigue with a lowering of performance capability. The endea- 
vor to overcome the fatigue via supplying high energy sources faces the contradictory 
reality that such a strategy might cause a higher accumulation of lactate in the tissues. 
As for the fate of lactate in the anerobic state of exercising muscle tissues, the transami- 
nation of pyruvate to alanine would eventually lower the content of lactate in addition 
to the well-known Cori cycle (Park et al., 1989). Moreover, since the enzymes of GPT 
and LDH are of near-equilibrium properties, the reactions are mostly dependent on 
the concentration of substrates. Therefore, in the present experiment, we tried to deter- 
mine the effect of amino acid administration, especially of glutamate, on the exercise 
performance in long-distance runners and high school cyclists to see whether the lactate 
level could be lowered. The results can be summarized as  follows: (1) the lactate clear- 
ance in the blood was accelerated in the glutamate-administered group; (2) the blood 
level of lactate during strenuous exercise was lowered in the glutamate-treated group; 
(3) the performance of exercise was improved partially in the glutamate-treated group. 
From these results, it can be suggested that glutamate administration before exercise 
might reduce lactate accumulation, leading to improvement of exercise performance. 
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INTRODUCTION 

In the hot field of sports competition, the de- 
velopment of a strategy to improve the perfor- 
mance capacity of the athletes would have a pro- 
found impact. The essential problem in perfo- 
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mance improvement is to overcome fatigue, inevi- 
tably resulted from the strenuous exercise. It is ge- 
nerally accepted that muscle fatigue can be cau- 
sed by the accumulation of lactate in the tissues, 
leading to metabolic acidosis and consequently 
to a cascade of biological deterioration. The accu- 
mulation of lactate can be accelerated in the stre- 
nuous exercise over anerobic threshold (Wasser- 
man et a/., 1973). The accumulated lactate can 
lower muscle pH (Hermansen & Osnes 1972), 
which causes the decrease in isotonic muscle 
contraction (Fitts & Holloszy, 1976, Donaldson et 
a/., 1978), in myosin ATPase activity (Schadler 
1967) and in the content of muscle creatine phos- 



phate (Dawson et a/., 1978; Sahlin et a/., 1981) as 
well as the increase in ADP content, and calcium 
binding to proteins in sarcoplasmic reticulum (Na- 
kamura & Schwartz, 1972). These multiple reactions 
induced by metabolic acidosis through lactate ac- 
cumulation can lead to the fatigue phenomenon, 
interrupt~ng the transformation process from chemi- 
cal energy to mechanical energy in the muscle 
cells (Sahlin, 1986). Therefore, there has been much 
effort to overcome lactate accuhulation in order 
to improve exercise performance via increasing 
the lactate threshold and accelerating the lactate 
clearance. The increase of lactate threshold can 
be achieved through the induction of high buffering 
capacity of the tissues, while the acceleration of 
lactate clearance can be fulfilled by speeding up 
the metabolic turnover of lactate through activation 
of oxygen utilization and increase of vascular sup- 
ply, which are supposed to be induced by en- 
durance training (Rowell et a/., 1966; Hajek & Perry 
1967). However, all of these strategies are based 
on the biased biochemical view of lactate metabo- 
lism that lactate can be turned over metabolically 
only in the liver tissues after transportation from 
muscle tissues via circulation, and that the metabo- 
lic elimination by the muscle tissue itself may not 
play an important role. But when we considered 
the metabolic role of the muscle tissues during 
exercise, we reached the conclusion that a ccnsi- 
derable part of lactate might be modulated in the 
muscle tissues either by preventing its formation 
or by elimination through turning over into alanine 
via coupling reactions of LDH (lactate dehydroge- 
nase) and GPT (alanine aminotransferase) (Choe 
et a/., 1989; Park et a/., 1989). Moreover, the nature 
of both enzymes, LDH and GPT, as the near-equili- 
brium enzymes led us to assume and confirm the 
possible application of glutamate for compensation 
of lactate-induced performance decrease of mus- 
cle contraction (Choe et a/., 1989) and for positive 
effect of glutamate in exercise perfomance (Park 
et a/., 1989). Therefore, in the present experiment, 
we tried to extend our idea to humans, whether 
the application of glutamate and other aminoacids 
could improve the Gxercise performance. especia- 
lly in sports competition. 

MATERIALS AND METHODS 

1. Materials 
The diagrlostic kit for lactate was purchased 

from Sigma Co. (St. Louis, Mo., USA). The aminoa- 
cids, monosodium glutamate, and monosodium 
aspartate were donated by MI-Won Co. (Seoul, 
KOREA), and other reagents of analytical grade 
were obtained from local commercial sources. The 
equipment for the present experiment was as fol- 
lows: auto-respiratory gas analyzer (Ergo-oxysc- 
reen model from Erich Jager Co. of Germany), auto- 
blood lactate analyzer (YSI 123 model from Yellow 
Springs Co., USA), and bicycle ergometer (Monark 
65 model of Monark, Sweden). 

2. Subjects 
The subjects of the present study were 10 long- 

distance runners in the grade of national champion 
competition and 9 competitive cyclists with expe- 
rience of more than 3 years from Seoul Athletes 
High School. 

3. Exercise loading procedure 
1) Maximal test 

In order to test the physiological condition of 
the subjects and to determine the level of exercise 
load in submaximal test, we monitored VOZ max, 
work load, anaerobic threshold, and blood lactate 
content with bicycle ergometer via the gradual inc- 
rease of workload. After the subjects warmed up 
initially for 3 minutes with a workload of 15 watts, 
they took a rest for 5 minutes. Then they started 
a graded exercise on the ergometer until exhaus- 
tion by gradual increase of the workload, 30 watts 
per 2 minutes from the initial workload of 30 watts. 
2) Submaximal test 

The workload for an individual was determined 
respectively from the result of maximal test as 100 
O/O AT level (average 77.996, VO2 max, range 72.7% 
- 85% VOz max) of exercise load (210 W - 245 
W),. and the subjects were forced to have a 15- 
minute exercise with a fixed rpm of the bicycle 
ergometer (60 rpm) (Fig. 1). 
3) Field-simulated competition experiment 

In order to test the applicability of our assump- 
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tion to real competition racing, we compared the 
effect of glutamate administration on field-simulated 
competition racing of cyclists. The cycle racing was 
performed at Bellodrome (Chunchon) for 25 roun- 
ding (8333.3 m). The cyclists took the test drinks 
one hour prior to competition and warmed up 
themselves for 30 minutes by rounding Bellodrome 
and then after 30 minutes of rest, the cycle racing 
was carried out by starting in opposite directions 

competition 

the present experiment was boiled bean sprout 
juice, to which glutamate was added (0.3% wlv). 
The control group was advised to drink physiologi- 
cal saline, the experimental solution A group was 
recommended to drink the bean sprout juice only, 
while the experimental solution 6 group, to drink 
the glutamate-enriched bean sprout juice. A half 
liter of the respective drink was administered 1 hour 
prior to the exercise test. 

recovery 

pair-wise. 
4) Treadmill test 5. Procedure 

The effect of glutamate uptake on the exercise The atmospheric condition of the laboratory was 
performance was tested by treadmill test on long- maintained at 21 k 1 t  of temperature and 60 
distance runners of national champion class. k 5% humidity. All the subjects were restricted from 

having any strenuous exercise and irregular food 
4. Composition of amino acid solution intake for at least 48 hours before the exercise 

The basic formula of the amino acid drinks in test. The blood gas and lactate were monitored 



every 30 seconds by the auto-respiratory gas ana- 
lyzer and an auto-blood lactate analyzer by finger- 
tip method. After the completion of exercise load, 
the rate of perceived exertion (RPE) by Borg scale 
was subjectively checked and the blood was sam- 
pled from the antecubital vein at 5 min, 30 min, 
and 2 hour after the exercise to monitor the level 
of blood lactate. To determine the blood level of 
lactate, we followed the protocol supplied by the 
manufacturers (Sigma Co.). For the quality control 
of the assay we used standard metabolite control 
serum each time of determination. For quality cont- 
rol of the exercise test, we carried out the experi- 
ment of double-blind fashion and the random but 
triple repetitive loading test of each solution was 
performed on every athlete. The interval period be- 
tween the tests was adjusted to be at least 3 days. 

RESULTS 

1. Changes in blood lactate after treadmill 
test 

The effect of glutamate uptake on the treadmill 
exercise was tested in 10 long-distance runners 
of national champion class by administering a half- 
liter of solutions orally one hour prior to the test 
and for the effect of solution uptake on exercise 
efficiency, the treadmill test after experimental solu- 
tion drinking was carried out twice per each indivi- 
dual. After warming up for 3 minutes running (200 
mlmin), a submaximal exercise at 80% VOz max 
(280 mlmin) on the treadmill with fixation of 3O slant 
was loaded. Thereafter, the antecubital venous 
blood was sampled and determined for its con- 

Table 1. Effect of amino acid uptake on the level of blood lactate in recovery period from treadmill exercise 
in mid-distance runners 

Time after exercise Control gorup (n= 10) Solution A group (n=20) Solution 5 group (n=20) 

Resting 
3 min. 

30 min. 
2 hr. 

All the data are means k S.D. (mmolll) 
* P ( 0.005 : Values of solution B group were compared to those of control group 

Table 2. Effect of amino acid uptake on the level of blood lactate during the submaximal test in high-school 
cycling athletes 

Time of work load Control group (n=9) solution A group (n=9) Solution B group (n=9) 

5 min 
10 min 
15 min 

All the data are means + S.D. (mmolll) 

Table 3. Effect of amino acid uptake on VOz during the submaximal test in high-school cycling athletes 

Time of work load Control group (n=9) Solution A group (n=9) Solution B group (n=9) 

5 min 
10 min 
15 min 

All the data are means t- S.D. 



Table 4. Effect of amino acid uptake on heart rate during the submaximal test in high-school cycling athle- 
tes 

T~me of worklod Control group (n=9) Solution A group (n=9) Solution B group (n=9) 

5 min 
10 min 
15 min 

All the data are means k S.D. (beats/min) 

Table 5. Effect of amino acid uptake on the level of blood lactate in the recovery period from the field-simulated 
competition test in high-school cycling athletes 

Time after exercise Control group (n=9) Solution A group (n=9) Solution B group (n=9) 

resting 
5 min 

10 min 

All the data are means + S.D. (mmol/l) 

Table 6. Improvement of exercise efficiency by amino 
acid uptake in submaximal test and the field 
simulated competition test 

Number of improved cases 
Items total cases 

Decreased VO2 

Decreased 
blood lactate 

Decreased 
heart rate 

Lower RPE scale 
Improved records 

tent of lactate by function of time after exercise 
load. As shown in Table 1, the blood lactate level 
at 3 minutes after exercise was significantly 
lowered in the glutamate-enriched solution group 
(P ( 0.005), where 12.01 2 2.046 m molll in control 
A group, 1 1.968 + 1.958 m molll in A group and 
9.823 k 1.947 m molll in solution B group. More- 
over, the blood lactate level was also significantly 
decreased (P ( 0.005) in solution B group of gluta- 
mate-enriched drink at 30 minutes and 2 hours 
after exercise. 

2. Changes in cyclists after field-simulated com- 
petition 

The blood lactate changes after the submaximal 

test in experienced high-school cyclists are sum- 
marized in Table 2. Contrary to data from long-dis- 
tance runners, the blood lactate level was not signi- 
ficantly changed by the amino acid-enforced drinks 
in the submaximal treadmill exercise among the 
high-school cyclists, and no significant differences 
were observed in VOz max among the tested 
groups, although the number of cardiac beats 
seemed to be decreased in the experimental solu- 
tion B group (Table 4). Among the test groups, 
the individual variations were so wide that it was 
difficult to form a unified conclusion; for example, 
the administration of glutamate enriched solution 
lowered VOz max in 3 cases (30%), blood lactate 
content in 5 cases (56%), subjective fatigue feeling 
in 4 cases (44%) among 9 cases (Table 6). Never- 
theless it seemed to be clear that in some indivi- 
duals, the uptake of glutamate-enriched solution 
could improve the exercise performance. And in 
case of field-simulated competition test of cycling, 
the glutamate uptake group showed the improve- 
ment of racing records in 5 cases (56%) out of 
9 cases, though there were no significant changes 
in RPE scale. In addition, the changes of blood 
lactate content after the competition indicated the 
possible acceleration of lactate clearance though 
statistical significance was low; 7.56 + 2.76 m mol/l 
in group solution B while 8.24 + 2.34 m mol/l in 
control A group at 5 minutes after exercise, and 



3.23 + 1.96 mmolll in solutuion B group, while 3.46 
+ 1.29 m molll in control group at 30 minutes after 
the test. 

DISCUSSION 

It is well known that under conditions of high- 
energy demand, rapid fluctuation of the energy re- 
quirement, and an insufficient supply of oxygen, 
lactic acid is accumulated in the peripheral tissues 
(Hill & Lupton, 1923, Sahlin, 1986). Although ineffi- 
cient in the aspect of ATP production, lactate for- 
mation has several advantages over aerobic pro- 
cess, such as rapid acceleration of ATP generation, 
ATP production in the absence of oxygen, and 
compensation of NAD consumption via glycerol 
phosphate shuttle (Sahlin, 1986). Despite some 
metabolic advantages of lactate generation, the 
product lactate contributes more than 85% of the 
released H: the major cause of lowering tissue 
pH and the consequent fatigue phenomenon (Sah- 
lin, 1978). Therefore, there have been many efforts 
to overcome fatigue and lactate accumulation in 
the tissues in order to improve the perfomance 
efficiency either by increasing the lactate threshold 
or by supplying more energy sources, mostly of 
high calorie carbohydrate. Nonetheless, these stra- 
tegies were limited in the biochemical aspect that 
the high concentration of lactate in the exercising 
muscle tissues would essentially remain un affec- 
ted (Stenvold & Hermansen, 1969). Consequently, 
we devised the novel strategy of reducing sthe lac- 
tate level by activating the coupling reactions of 
lactate dehydrogenation to pyruvate and transami- 
nation into alanine (Park et al., 1989). As both enzy- 
mes of LDH and GPT are of near-equilibrium pro- 
perties, one of the important rate-regulating factors 
is the concentration of the substrates, themselves. 

In this case, the high concentration of glutamate 
would activate the transamination reaction of pyru- 
vate into alanine, which consequently reduce the 
level of lactate via the equilibrium reaction of LDH. 
Actually, the enzymatic activities of LDH and GPT 
are considerably high and inducible by exercise 
training in the muscle tissues (Park et a/., 1989). 
Moreover, the arteriovenous differences of the mu- 
scle tissues in amino acid compositions were mar- 

ked by the extremely high level of alanlne and glu- 
tamine in the venous blood, suggesting the ready 
synthesis of 2 amino acids in the exercising muscle 
t~ssue consuming the glutamate (Ahlborg et a/., 
1974). 

With the above assumption, we carr~ed out a 
series of experiments; for example, the enzymes 
for the coupling reactions in the muscle tissues 
were shown to be induced by the exercise training, 
and the glutamate administration prolonged the su- 
rv~val time in the swimming test with rats (Park et 
a/., 1989), and the improvement in lactate-induced 
performance decrease of muscular contraction by 
administration of glutamate ~n cats (Choe et a/., 
1989). From these results, we tried to extend our 
assumption to human subjects, especially of long- 
distance runners and cyclists. In the case of long- 
distance runners of national champion grade, the 
administration of glutamate-enriched solution low- 
ered the level of blood lactate 'significantly after 
exercise (Table 1). Significantly, the blood lactate level 
at 3 minutes after the exercise was shown to be 
decreased 18% in the glutamate-administered 
group. Moreover, recovery to the control level of 
blood lactate was accelerated in glutamate group. 
These data indicated that glutamate administration 
prior to the strenuous exercise could prevent peri- 
pheral lactate accumulation, with a possible reduc- 
tion in fatigue and thereby, might improve the per- 
formance efficiency. By the way in the case of the 
high-school cyclists, the data on blood lactate, VOz 
max and the number of cardiac beats were not 
significantly different between the control and the 
glutamate-intake groups (Table 2,3,4). However, the 
data analysis showed wide differences in individval 
responses to glutamate-intake on performance 
among the cyclists, such as decreases in VOz max 
(3/9), in blood lactate (5/9), cardiac beat (619) and 
in RPE scale (419). Therefore, these data might be 
compatible, with the assumption that glutamate in- 
take might improve the performance efficiency, 
though not highly significant and variable up to indi- 
viduals. rn addition, the data from the field-simulated 
competition test of cyclists showed the similar ten- 
dency of decrease in blood lactate level and imp- 
rovements in racing records (519) by glutamate-in- 
take after work load, despite the low statistical 



significance (Table 5). These human data might not 
be conspicuous as data from our previous animal 
experiments (Park et a/., 1989; Choe et a/., 1989). 
With the human subjects, it was very difficult to 
standardize the subjects in all the biological condi- 
tions, and the individual differences in many bio- 
chemical parameters were so wide that the statisti- 
cal analysis data might be required to design a 
large-scale of experiment to test the effectiveness 
of our prescription. Moreover, it was very hard to 
control the physiological and psydho~ogica~ factors 
of the human subjects in order to induce maximum 
performance capacity. 

However, from our experiments, we observed 
that the biochemical responses to glutamate intake 
were essentially different between the long-dis- 
tance runners and the cyclists. Actually, in. long- 
distance running, the continuous muscle contrac- 
tion caused accumulation of high levels of lactate, 
while in cycling, swimming or in intermittent exer- 
cise, the lactate was not accumulated (Vollestaad 
& Sejersted, 1988). Therefore, this kind of difference 
in metabolic response to workload might partially 
explain the differences in the present data between 
the treadmill test of the long-distance runners and 
the bicycle ergometer test of the cyclists. 

From these results and our previous data of animal 
experiments (Park et a/., 1989; Choe et a/., 1989), 
it could be concluded that the administration of gluta- 
mate and the related amino acid components as 
forms of drinks or enriched foods might improve 
exercise performance and could reduce fatigue of 
the tissues. In order to extend this concept to human 
beings, it is necessary to confirm the safe dose of 
the prescription before determination of the effective 
dose, for which at least 5 g per day of glutamate 
is reported to be t~lerable (Airoldi et a/., 1979). Actu- 
ally, our prescription is far below the tolerable dose. 
This kind of idea can be applied not only for sports 
but also for other general phenomenon of fatigue 
either from physical or from psychological causes, 
as far as the basic mechanism of fatigue is related 
with the lactate accumulation. 
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