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Table 1. Characteristics of study subjects and the changes in the body weight during the archery competition.

Before the first round After the first round After the second round
Age (Years) 197 + 12 = —
Height (cm) 1726 + 64 = =
Body weight (kg) 718 + 151 714 = 151 ** 716 =+ 151
Relative body fat (%) 178 + 53 < = =
Lean body mass (kg) 584 + 84 s —
Subjects were 9 male archers.

Values are shown as the mean + standard deviation.

*#: n<(0.01, Significant different from the value before the first round.
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Table 2. The contents of the archery competition conducted by our subjects”.

The first round

Shootings

Time

Test shooting; 6 shootings (Distance: 50m)
50m shooting: 6 shootings * 6 ends
30m shooting: 3 shootings * 12 ends

The time limit 6 shootings: Four minutes
The time limit of 6 shootings in one end: Four minutes
The time limit of 3 shootings in one end: Two minutes

Total shooting in the first round: 78 shootings

The time required for the first round : About three hours

The second round

Shootings

Time

Test shooting; 6 shootings (Distance: 50m)
50m shooting: 6 shootings * 6 ends
30m shooting: 3 shootings * 12 ends

The time limit 6 shootings: Four minutes
The time limit of 6 shootings in one end: Four minutes
The time limit of 3 shootings in one end: Two minutes

Total shooting in the second round: 78 shootings

"{ The time required for the second round : About three hours

Total shooting in the competition: 156 shootings

The time required for the competition: About six hours

a: This game contents conformed with the rules of the Kanto students Archery Federation of Japan.
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Table 3. Changes of serum myogenic enzymes by the archery competition.

Before the first round After the first round After the second round
AST (IU/M) 212 £ 35 230 = 35 ¥ 22 + 41
ALT (IUN) 21 + 95 26 £ 92 21.1 + 90 tt
LDH (TUn) 1842 + 303 1920 + 185 1940 + 187
CK Iun 1899 + 932 2156 + 941 *E 2218 + 882 ik

Subjects were 9 male archers.

Values are shown as the mean + standard deviation.

**: p<0.01, Significant difference from the value before the first round.
Tt: p<0.01, Significant difference from the value after the first round.

Table 4. Changes of blood leukocyte, neutrophil and lymphocyte cells during the archery competition.

Before the first round After the first round After the second round
Blood leukocyte cell  co0q | jo04 6256 + 1799 7200 + 1969 ot
counts (/)
Blood neutrophil cell 045 + 1649 3845 + 1958 454 + 1863 %
counts (/)
Blood  lymphocyte 2004 + 429 1906 + 437 2170 + 355
cell counts (/ul)

Subjects were 9 male archers.

Values are shown as the mean = standard deviation.

**: p<0.01, Significant difference from the value before the first round.
+: p<0.05, Significant difference from the value after the first round.
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Table 5. Changes of serum immunoglobulins and complements during the archery competition.

_ Before the first round After the first round After the second round

IgG (mg/dl) 1108 £+ 259 1128 + 252 1116 + 262

IgA (mg/dl) 2273 + 539 2268 + 550 2200 + 580 Ry
IgM  (mg/dD) 1197 + 427 1196 + 444 1190 + 463

C3 (mg/dl) 1060 + 264 108.1 + 23.0 1044 + 235 T

C4 (mg/dl) 214 + 6.1 216 + 55 207 £ 56 il

Subjects were 9 male archers.

Values are shown as the mean + standard deviation.

*: p<0.05, **: p<0.01, Significant difference from the value before the first round.
T: p<0.05, 11: p<0.01, Significant difference from the value after the first round.

Table 6. Changes of the ROS production, PA and serum SOD activity during the archery competition.

Before the first round After the first round After the second round
ROS production per cell (FI) 845 + 271 892 + 271 1003 + 292
PA per cell (FI) 7060 + 1074 5426 + 706 ** 5334 + 788 #H
Serum SOD (%) 106 + 15 10.3 + 15 104 + 1.8

Subjects were 9 male archers.

Values are shown as the mean + standard deviation.

ROS production: reactive oxygen species production in neutrophils
PA: phagocytic activity in neutrophils

SOD: superoxide dismutase

FT : fluorescence intensity
**: p<0.01, Significant difference from the value before the first round.
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J& (4°C) WEPT O L, 24 BFREILIPIIC FACSCantoll % Table 5 ITREIT L2 a7 | FlEOE(LE
Az —HA A MV ECEVRIE LT, 372 SRLT0W3D, 27U FMEDIgAIIE 1 T 7 Naf
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Table 7. Changes in subpopulations of lymphocytes during the archery competition.

Before the first round After the first round After the second round

Tcell (CD3+) * 1432 + 456 1355 + 378 1530 + 355

Killer Tcell (CD8+) * 501 + 186 482 + 174 543 + 173

Helper Tcell (CD4+) * 812 + 274 758 + 198 854 + 185

Thlcell (CD183+) ° 394 + 118 412 + 130 491 + 139

Th2cell (CCR4+) ° 503 + 210 414 + 130 501 + 155
Beell (CD19+) * 249 + 80 270 + 81 365 + 98 kg

NK cell (CD16+CD56+) * 318 + 137 261 + 101 252 + 75

Subjects were 9 male archers.

Values are shown as the mean + standard deviation.
a: For phenotypical analyses per 10000 lymphocytes.
b: For phenotypical analyses per 5000 Ilymphocytes.

**: p<0.01, Significant difference from the value before the first round.

11: p<0.01, Significant difference from the value after the first round.
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Influence of Archery Game on Muscle Fatigue and Immune Functions
in the Male College Archers
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Objective: This is the first scientific research that thoroughly investigated the physical condition and physical fatigue of 9
male college archers after an archery match from their immune function and muscle fatigue points of view.

Method: On an investigation day, practice match consisting of two rounds were carried out. The first round was played
in the morning, followed by the second round in the afternoon with 1 hour of break in between. The length of each round was 3
hours. Each subject shot 78 arrows in each round, 156 in total. The investigation parameters including muscle enzyme levels,
levels of leukocyte, neutrophil and lymphocyte, neutrophil function, lymphocyte function and serum SOD activity were
measured at three points - before and after the first round, and after the second round.

Result: Levels of AST and CK increased significantly after the first round, and further increase of CK level was observed
after the second round. Levels of leukocyte and neutrophils also increased significantly after the second round. However, levels
of IgA, C3 and C4 showed significant decrease after the second round. Levels of neutrophil phagocytic activity decreased
significantly after each round.

Discussion: The result obtained in this investigation suggested a suppression of immune function as well as change and
damage in muscle tissues after the archery match.

Keywords: archery, serum myogenic enzymes, neutrophil functions, lymphocyte functions
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