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Abstract

The effect of strenous exercise on the alanine concentration in venous blood plasma was studied.
Adult male subjects were exercised by use of a bicycle ergometer. Blood samples of the subjects were
collected from an anticubital vein and analyzed for plasma amino acid concentrations.

Alanine concentration in venous blood showed increasing tendency after exercise. This increment
however, was not statistically significant. Urea concentration in serum was not affected by exercise.
However, alanine concentration in venous blood after exercise is correlated with alanine concentration
in venous blood before exercise. Difference of alanine concentration between before and after exercise
correlated with branched-chain amino acid concentration in venous blood plasma before exercise.

It was suggested that alanine formation was induced by uptake of branched-chain amino acids and

degradation of protein in strenous exercise.
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Introduction

Recent studies have demonstrated that blood glucose plays an important role as the feul substrate
of skeletal muscle during exercise. Maintenance of glucose homeostasis in prolonged exercise necessi-
tates an increase in the rate of gluconeogenesis. Several recent reports indicated that exercise may
increase the levels of nitrogen excretion(V), amino acid oxidation®®), and gluconeogenesis® (%.
Since increased protein break down and increased amino acid utlization during exercise could alter
the concentrations of free amino acids in tissues and in plasma, we have investigated the effect of
strenous exercise on free amino acid levels in plasma. In this study, young males were subjected to

the strenous exercise by use of a bicycle ergometer and their blood samples were analized for the free
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amino acid concentrations. We also determined the urea concentration in plasma which may reflect
the total body protein metabolism.

Methods

Subject : Six healthy males, the university students of physical education participated as the exper-
imental subjects. Physical characteristics of the subjects are given in Table 1. The experiment was
performed in the morning after an overnight fast.

Procedure : The exercise was carried out by use of a bicycle ergometer (Monark). The subjects
exercised at 1 kp for 2 min. by bicycle ergometer with an increase of work load of 0.5 kp per min.
with pedaling frequency of 50 revolution per minute.

Oxygen and carbon dioxide concentration were analyzed by SANEI expired gas analyser 1 H 02,
Expired gas during pedaling was collected every minute by Douglas bag method. Electrocardiogram
was recorded by chest unipolar leading. Heart rate was counted every minute.

In the resting state and immediately after exercise Teflon catheter was inserted in anticubital vein
and blood sample of 5 ml was collected from each subject. Blood was deproteinized with sulfosalicylic
acid and amino acids concentrations in plasma were determined by the automated ion-exchange chro-

matography (JLC-8AH amino acid analyzer).
Results

Changes in oxygen uptake during exercise are shown in Fig. 1. Oxygen uptake increased linearly
with the increase of work load. Mean oxygen uptake and heart rate for all subjects were 2297 ml/min
and 173 beats/min, respectively.

The levels of amino acids concentration in venous blood plasma obtained before and after exercise
are shown in Table 2 and Fig. 2-4.

The mean concentration of individual amino acids before exercise are indicated in Fig. 2. The
mean concentration of individual amino acids after exercise are indicated in Fig. 3. The concentration
of each amino acids before and after exercise were compared. As shown in Fig. 4, concentrations of
alanine and arginine rose slightly after exercise. However these increments were not statistically signi-

ficant. The level of branched-chain amino acid concentration after exercise declined slightly than that

Table. 1 Physical characteristics of subjects.

Subjects Age Height Weight R.I  Runing time Heart rate

at exercise

(yr) (em) (kg) (min)  (beats/min)
.5 21 165 58 129 8/ 05" 154
R.S 25 168 61 129 i 152
10 26 170 65 132 9’ 00" 164
5.0 21 173 62 120 8’027 212
T 28 171 64 128 800" 179

Mean 24 169 61 126 8’ 10” 173
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before exercise. Urea concentration in plasma did not change by exercise, as shown in Fig. 5. The
work-dependent change in the serum alanine concentration significantly correlated with branched chain
amino acid concentration in venous plasma before exercise (Fig. 6). Alanine concentration in venous

blood after exercise correlated with alanine concentration in venous plasma before exercise (Fig. 7).
Discussion

In the present study, it is shown that alanine concentration in venous plasma increases slightly after
exercise but this increment is not statistically significant. Alanine is formed by the transamination of
glutamate and pyruvate through a reaction catalyzed by alanine aminotransferase (6). Goldberg et al.
have shown that the amino group for alanine synthesis in muscle is derived from the catabolism of
the branched-chain amino acids (leucine, isoleucine and valine) (7). Accumulation of branched-chain
amino acids would lead to an increase in glutamate and subsequently to a release of alanine by a
linked transamination (8).

In the present study, the level of branched-chain amino acids in venous plasma slightly declined
after exercise.

Furthermore, this decline of branche-chain amino acids is correlated with increment of alanine

concentration after exercise.

It is also suggested that amino group of alanine formation derived branched-chain amino acids in

blood.

Urea production is a reflection of total body protein metabolism. Urea concentration in plasma,
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Fig. 1 Changes in oxygen uptake during exercise.



Table. 2 Amino acid concentration before and after exercise running

il Bl oo AR o o SMABNS s 1 Bl @ Pab i@
Amino acid z#mol/1 ’ before | after | before ‘ after | before } after [ before | after | before | after

Tau | 18| a7| a2 ] 301 31| s02| 353 ee4| 292
Urea B P Bl ™ ot M e Bl
Asp 40 38 50 11 51 50 33 a4 41 55
Asn 70 81 61 62 61 59 50 51 75| 140
Glu 257 | 243| 109| 116| 155| 168| 130 163| 256 525
Gln 480 | 667| 578| 511 345| 323| 736| 687 589| 849
Pro | 204 203 18| 61| 04| 415| 19| 183| 30| 444
Gly | s6|  ses| 19| ‘32| ser| 'se7| 25| 252| 91| ‘708
Afa | s00| 606 271| 320| 411| 533| 354| 441| 73| 87
a-A-n-b | 2 25 881+ abkilviity B0 18 13 12 33 57
Val 281 | 286 226 | 219 ‘ 258 | 278 | 22| 188 | 360 | 654
Met 36 & 5 ‘ 34 ‘ 28 27 25 27 52 83
Tleu 76 80| 68| 63| 87 89 63 58| 101 206
Leu | 174 18| 143| 13| 159 1s9| 13| 123 187 386
Tyr | 69 70 77 | oqR o gy nes 69 66| 120| 205
Phe | 90| 10| ss| 88| g2 8 o6 63 94| 186
Orn {11188 181 ‘ 123 124 18| 108 90 78 162 295
Lys 212 23| 275| 75| 82| 197 61| 156 283 . 555
His g 98 87 i 96 94 85 87| 18815 a8
Arg e 85| 120 8| 11| 121| 103| 109| 169 310
Thr | 198 104| 68| 153| 188| 13| 122| 115| 256| 439
Ser | 209| 26| 2| 161 69| 170| 128| 17| 209| 436
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Fig. 2 Amino acid concentration before exercise
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Fig. 3 Amino acid concentration after exercise
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Fig. 4 Difference of amino acid concentration in plasma between before and after exercise.



zemol /1

12000 e

10000 4

8000

6000 -

4000

2000 4

Yo S .5 R.M Y.0 5.0 S.XY mean

Fig. 5 Changes in Urea before and after exercise.
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Fig. 162 Branched chain amino acid concentration before enercise
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Fig. 7 Amino acid concentration before exercise

serum or sweat has been reported to increase during exercise by some investigators (9) (10) (11).
These results suggest the possibility of increased protein breakdown during exercise. In some cases,
however, argument has arisen that the site of protein catabolism may not be muscle. Ahlborg et al.
have shown that there is an increased output of branched-chain amino acids from the splanchnic bed
during prolonged light-intensity exercise (12).

In the present study urea concentration in serum increased slightly after exercise but this increase
is also statistically insignificant.

Under the prolonged light-intensity work, the concentrations in plasma of many amino acids,
including alanine, tend to fall, whereas those of the branched-chain amino acids rise. When the
exercise is of moderate to heavy intensity (60% VO, max or greater) but of short duration, the
plasma level of amino nitrogen, alanine and branched-chain amino acids increase. During work of
longer duration (2 hours), however, the concentrations of amino nitrogen, total amino acid and
branched-chain amino acids decline. In the present study, exercise received by the subjects is of light
to heavy intensity and of short duration. Under the present condition, however, alanine, branched
chain amino acids in serum did not show any statistically significant increment after exercise. Therefo-

re, further detailed experiments may be nessesary to clarify effect of exercise on alanine synthesis.
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