FEASEBTRZZE  Bull. Health & Sport Sciences, Univ. of Tsukuba 13 :169—178, 1990. —169—

ST —EEENSHIER N L —= v TDEEREICRIZTEE

2 B B C-H A& = H*-IE R
KB = R I A S R

Effects of simulated high altitude training
on work capacity in rugby players

Katsumi ASANO, Saburo OKAMOTO*, Toshihumi MASAOKA**,
Kou MIZUNO **, Yasuhito KUMAZAKI***

The purpose of this study is to elucidate the effects of training at 1,500m simulated altitude on
aerobic work capacity in rughy players.

Differences between the effects of training at sea level and at-1,500m simulated altitude on work
capacity were investigated in 11 male rugby players aged 18-21 years vyho trained for 8 weeks, 3
sessions per week, each session consisting of cycling for 30 min (75%Vo,max) continuously. Six
subjects, the altitude training group (Experimental group, EG), trained in a hypobaric simulator (634
Torr: 1,500m above sea level), angj the other five at sea level (Control group, CG). Before and after
training work capacity including Vo,max, OBLA-Vo,, -heart rate (HR), -Work load (WL), exhaustion
time and total work were tested at sea level by an incremental cycle ergometry until exhaustion.
Venous blood sample were taken during maximal ergometry and before and after 30 min cycling
training at every 5 sessions.

Results were summarized as follows:

1) Vo,max in sea level after training showed no significant increase in both groups and also there
was no difference in \./ozmax between EG and CG.

2) Blood lactate concentration at a given submaximal work load was significantly more reduced
after training in EG than CG. Therefore, OBLA-HR and OBLA-WL in EG exhibited a significant
increase of 5.8% and 17.2%, while CG showed an almost the same value in OBLA-HR and a
significant increase of 10.2% in OBLA-WL after training.

OBLA-\./OZ in EG after training showed a tendency of 6.29% increase, while the value in CG was
almost the same.

3) EG showed a significant increase of 18.4% in exhaustion time and 39.5% in total work after
training, while CG showed a tendency of increase of 14.6% and 24.4%, respectively.

From these results, it might be concluded that work capacity at sea level was at least as much
improved by 1,500m altitude as by sea level training and these improvement in OBLA and work
capacity by altitude training was accompanied by decreased glycolytic capacity.
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Table 1 Physical characteristics in subjects

Subjects Age Height Weight BSA Skinfolds  thickness %Fat
(male) (yrs) (cm) (kg) (m?) Triceps(mm)  Subscap(mm) ?"o)
Experimental Group
K.Se 19 167.0 60.2 1.63 10.2 10.0 13.8
T.F 20 169.4 62.7 1.68 6.5 9.5 11.8
K.N . 20 182.2 79.6 1.96 10.6 10.7 14.2
K.0 20 176.3 69.4 1.80 7.5 10.5 12.7
M.M 20 169.5 69.0 1.75 12.0 11.5 15.3
K.Si 21 168.0 63.8 1.68 8.0 7.5 11.0
(mean) 20 173.1 67.5 1.75 9.1 9.9 13.2
(SD) 0.6 5.4 6.4 0.11 1.9 1.3 1.3
Control Group
T.T 18 172.5 63.4 1.71 9.0 10.0 13.2
K.T 19 178.4 63.5 1.74 5.0 8.5 10.7
K.Y 20 171.3 76.5 1.84 10.5 18.5 17.0
SK 20 183.7 84.2 2.02 9.0 11.5 13.9
M.O 20 178.8 72.2 1.85 8.5 9.0 12.5
(mean) 19 176.9 72.1 1.83 8.4 11.5 13.6
(SD) 0.8 4.5 8.1 0.11 1.8 3.6 2.4
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Table 2 Work capacity at sea level in subjects

. VO,max HRmax ] . OBLA
Subjects (male) (1 /1,10y " (3]/ke /min) (bpm) Vou(1/min)  %Vomax(%)  HR(bpm)

LAmax(mmol/1)
Experimental Group
K.Se 3.35 55.7 195 2.12 63 150 9.7
T.F 3.63 57.8 188 2.82 78 160 9.6
K.N 3.86 48.5 187 3.26 84 168 7.1
K.O 4.38 63.1 188 3.80 87 170 10.3
M.M 4.01 58.2 185 3.42 85 170 7.3
K.Si 3.57 56.0 187 2.96 83 166 8.0
(mean) 3.80 56.6 188.3 3.06 80.0 164.0 8.7
(SD) 0.33 4.3 3.2 0.53 8.1 7.1 1.3
Control Group
T.T 3.46 54.5 195 3.02 87 180 7.2
K. T 3.41 53.7 201 2.76 81 175 9.5
K.Y 3.89 50.9 191 3.40 87 175 7.6
SK 4.89 57.7 187 3.56 73 150 10.3
M.O 3.78 52.3 193 3.14 83 174 9.5
(mean) 3.88 53.8 193.4 3.18 82.2 170.8 8.8
(SD) 0.54 2.3 4.6 0.28 5.2 10.6 1.2
2007 . : . .. _
e Experimental group(1,500m altitude training n=6)
o Control group(sea level training n=5)
** p<0.01 * p<0.05
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Fig. 1 Changes in mean heart rate with S.D, during 30 min cycling at altitude and sea level training.
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Fig. 2 Changes in exhaustion time and total work at sea level before and after training.
10 ) 10 Post
Expe;menl (n=6) . © Control (n=5)
S s = Pg:t 8 * Experiment (n=6)
E g
Es 1 z° l
= E
.| ]
Ty l l [ =i 1 {
2 2 i 4 )
5 ghtrrrlll ; SEETIaNN
Re\; 60 120 180 240 Rest 60 120 180 24‘10
10t Watts 1071 Watts
Control (n=5) Pre
O pre © Control (n=5)
8 B post l 8 * Experiment (n=6) l
N
‘Té 6 l l](“4fi(n~a) 76 l l (“:4)I(n=w
= =
< g S 4 [
2 lY Il 'L l All [ I 3 9 #’ l l Il % [ .
tpl = ber
P f ot
Reé'? Gb 120 180 240 Rest 60 120 180 21'10
Watts Watts (% +p<0.05)

Fig. 3 Changes in HLa during submaximal and maximul work at sea level
_ before and after training



Table 3 Changes in oxygen uptake and HLa
during maximal work at sea level
before and after training

s R e T
ﬁ’éﬁgi]__(; Pre Post Pre Post Pre Post
(n="6)

K.Se 3.35 3.48 55.7 57.9 9.7 8.7
T.F 3.63 3.74 57.8 58.4 9.6 10.2
K.N 3.86 4.38 48.5 54.0 7.1 8.7
K.O 4,38 3.92 63.1 57.0 10.3. 7.2
M.M 4.01 4.06 58.2 55.2 7.3 6.3
K.Si 3.57 4.06 56.0 62.2 8.0 8.7
(mean) 3.80 3.94 56.6 57.5 8.67 8.25
(SD) 0.33 0.28 4.34 261 1.256 1.23
Control.G

(n=5)

T.T 3.46 3.74 54.5 56.6 7.2 9.0
K.T 3.41 3.60 53.7 56.7 5 10.9
K.Y 3.80 3.91 50.9 50.1 7.6 7.3
S.K 4.89 4.79 57.7 56.2 10.3 8.8
M.O 3.78 4.32 52.3 56.4 9.5 10.2

:Vfﬁﬁu,%%—7ﬁ%1wjx—&—
(60rpm) 1= & 275+ 7 %Vo,max (83+5%
HRmax, 159+10%0,4) TH -7z (Fig. 1),
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ns,

2) Voymax 1 & b= v FHIBOEHD
Vo,max ¥, EEBREE T 3.800,/ min T2bb
56.6ml kg/min & D 3.94¢,/min ¥ % b 557.5
ml/kg/min T3.7% % & U'1.6% D INEM % 7~
U7z, B TIIFY 3.880 min $42bb
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Table 4 Changes in OBLA—Vo,, OBLA
—HR, and OBLA—WL during
maximal work at sea level before
and after training

OBLA—{/OZ OBLA—HR OBLA—WL

Subjects (1/min) (beats/min) (watt)
%Q;fglb Pre Post Pre Post  Pre Post
(n=6) ,

K.Se 2.12 .90 150 180 135 197

2
T.F 2.82 2.98 160 170 171 197
K.N 3.26 3.72 168 172 191 231
K.O 3.80 3.31 170 177 225 242
3.25 170 165 203 215
3

Control.G

(n=5)

T.T 3.02 3.29 180 178 149 176
K.T 2.76 2.76 175 175 147 168
K.Y 3.40 3.33 175 179 215 231
SK 3.56 3.50 150 153 198 229
3

*
(mean)  3.18 3.21 170.8 170.6 177.8 196.0
(SD) 0.28 0.25 10.6 9.6 26.7 27.9

(% p<0.05, % * p<0.01)

53.8ml kg/min & D 4.078,/min ¥ 7% b ©55.2
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1 EBR B T T $9215.6 X 10%kpm A 5300.7 X 102
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23, SHBEETIE, F59216.5 X 102%kpm 7> 5269.3 X
102kpm ~24.4% DO ¥ENMER TEE L EIN T3 &2
moTz,
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Fig. 4 Changes in RBC, Hb, and Hct during the term of training.
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Fig. 5 Changes in WBC, Eosino, Lymph, and Seg during the term of training.
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