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The Influences of Immune Function and Respiratory System on Aerobic Exercise by Exposed Acute
Hypobaric Hypoxic Environment. Lee, Dong-Jun*. Department of Physical education, Sport and Leisure
Studies, Myongji University, Yongin City, Gyeonggi do 449-728 Korea - The purpose of this study was
to investigate the influences of immune function and respiratory system on aerobic exercise of 75
%HRmax intensity in an exposed acute hypobaric hypoxic environment. The subjects were 20 male
college students, 10 of which were soccer players (19.610.8 yr, BMI 22.3£1.0, VO 56.5t4.8
ml/kg/min) and 10 general students (22.2£2.3 yr, BMI 22.7+2.1, VOomax 50.5£6.6 ml/kg/min). Items
of measurement after exercise on level and high altitude were O,, CO,, ventilation (VE), respiratory
frequency, respiratory quotient, RBC, MCV, MCH, MCHC, Hb, Hct, reticulocyte, WBC, neutrophil,
lymphocyte, monocyte, basophil, and immunoglobulin (IgA, IgD, IgG, IgM). As the result of the ver-
ifying hypothesis, these results may suggest three new findings: first, to produce hypoxic ventilatory
depression not only at level land but also at 3,000 m high altitude during 30 minute aerobics exercise
of 75 %HRmax intensity, second to be more excellent for soccer players in adaptation and sensibility
on response of respiratory system at high altitude, and third, to change each other by regular exercise

habits or altitude in the monocyte.
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Table 1. Characteristics of the subjects

Control group Soccer player

(n=10) (n=10) P

Age (y1) 2223 196:08 0,005
Height (cm) 1754t57  1772¢47 0446
Weight (kg) 70.2£9.0 701:52 0978
BMI (kg/m?) 27421 V30 0.568
Fat Mass (kg) 94222 94+13 0990
%Fat (%) 133:22  134+16 0891
LBM (kg) 577:73  575:46 0937
VOmm (ml/kg/min) 505466 56548  0.032
MeantSD.

BMI: body mass index, LBM: lean body mass, VOz,mx: maximal
oxygen uptake.

1) BANA 3023t fFatad AdA EF(EF71A Z3):
TE(LTHEA, STFA5)7 A 7I(EE, 10%, 202, 30%)
2) 3,000 m A=A 307 AL ARA EF(EFT]

Qe 4 AAE HE TA B AHIA Be 9
Aol #7o] 97 stol WRFA ek WA vie)ol

FEA Y 4 Aol S5t 0.1 em B2 543
M

217 2739 BIA (bioelectrical impedance analysis)E ©]-§
st AlF, AAE, AL, FEF 52 AT F

2 1701

O-

5 &5 136l 2 E (Grade exercise test: GXT)
3 T AAATEE sty Al A

p
B>
i
=
of
o

o maximal oxygen uptake: VOuma) e 4315
th 230 = AF7IETFE 7] Vi 229 (Sensormedics,
USA)¢} Ed| =2 (Sensormedics, USA)E AH&-3199th 54
3] Z2EZL 36 km/hr (AALE 0%)01 A A &ste] v] 2%
oht} 20 m/min A (FANE 1%)5718he Z2EZH(ETAF)
% Bruce Z2EZ (YR ) S AHESHA T 49 A=

< =7l fa BAVIE FE3] Mt S A ¥ 5 F
T} 7kAlA o] BAAAS AAST L
breath by breathZ &7 o| A& =W 7t~ FH
I AF4 4 F % (oxygen uptake: VO,), ©]AHaHgkA
bon dioxide output: CO,), 37| (volume of expired gas:

=z
A1
A
H

VE), &3 (respiratory frequency rate: RR), &5/ (respir-
atory quotient: RQ), METS (metabolic equivalents) 5©] A4t
Hoj .
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A ¢t A4 87 F X] (Hypobaric: Normobaric Hypoxic
Chamber)

DAY BFEAL A AL DEEGE skl A
- A4+A A (Submersible system technology, USA)
£ o833l o A= 2098, At 6000 m FF9] 1E=7}
ARG A wRY 24, 25(7~40°0), FE(40~80%)9

] Al A= ad 3,000 me] IE=ZE7(526
mmHg, 145%9) O5E)ol 4 AASgor, & a7l 2%
79 £59 FEE 47 20:2°C9} 60+2% 2 13}

A 277 Zd’?—ﬁ% w8 —}F‘: ﬂ]ﬂ /‘]Zi‘ﬂr g2
e F5% “—’1101]"1 % 7~8 ml A= FE& AFHst oF 3~4
d B (EDTA tube)o] ¥o] W
& Bysto, A8 :rL(red blood cell: RBC), MCV (BT 28
€2)), MCH (B¢ #g7 @44%), MCHC (B¢ 287
ERUES E 224 (hemoglobin: Hb), 3vIEILZE
(hematocrit: Hct), /¢4 8 (reticulocyte), % &8+ (white
blood cell: WBC), &% F(neutrophil), #3ZF(lymphocyte),
S (monocyte), % 7] (basophil)e] £ A3}t
el oF 34 mie W2 22 (IgA, IgD, IgG, IgM) =
HAAsE7] $18ke] 8313 Al (sillica particles) 2 geli T4
Unt 3}8H A - H (Serum Separaring Tube)oll 0] -
oA 208 A= A7 F, 3,000 rpmoE 1087 94 £
1 ml o] }\@0}04 HhE «]Qs}‘ﬁ

Az XMz 2
—‘é Oﬂ?ﬂ x}ﬂﬂal H“?.d% SPSS 14.0 EE:L%,“% o]ﬁ—a—}oq
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T 203, 302]) frivs g9 &, dsdge] gle B F
SHHF T A7NA A FEHE HESIAT FERE
AEZ sloMe S"3EE THA(ZEF)H,  one-way
ANOVA (A7))E 4

two-way
ANOVAE HAsto 43 2-8(15[% t&rﬂtﬂr*ﬂ STAAF]x
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30&3e fratad AAAR TS AAsk SF71A9 W
AEZ A+ Table 29 2t
JaX e AEE Fo FoA8-& e F3tom,
] 5 F4(t=-2.832, p=0.006)cl 4] %9461
A7 Y] Fade GutistY aF
A BE ZAFE AI7E {8 2ol & Ve oA
F=100.72, Ht)AtA4 F 2 F=80.55, 3F4 F=11.85 T &3
& F=651, 37]% F=40.73, o|2+3}e+4 F=82.00, p 0.001). =
TAF OF AXE BE AR A71E frof g Z}OIE
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F=119.70, p=0.001).
3,000 m =09 AEE o]ataletiol A st 5%t

J{N ot P> r

!

£o] YEPHTHF=5.89, p=0.001). 157t FAFNME 5F
(t=-3.30, p=0.001), &§ 1 3&(t=-6.28, p=0.000), ©]2+3} &t
22(t=-310, p=0.003)21 A} <] &k zFo] S VrERTE A] 7] o A
o Fade Uty IF ¢tellA BE FEdAM A7E
T3 Aol Yeplth(ita F=56.16, HAtAtrAdAF
F=72.00, &% F=7.24, 3 Fu8& F=8.18, $7|% F=318],
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n1

F=35.77, o|4t3lek4 F=84.68, p=0.000).

Table 3¢ 183 1%E2 Hw3d Axz 3EZWIE
(F=36.61, p=0.000) M SEI7F YEhston, 25 3
FaF A= F2A ( 28), A F F(t=-2.0),
IEF(t=431), & %} EJ (—-2.94), 7] %(t=-2.08), o] 4t3}
B (t=-2.63) A F-olg Zbol & IJrE‘rLED}(p<005) 15y F
FHME TEUES(1=8.28), T7]%(t=334), o|4t3tern

(t=274)0l A 2] 2ol 5 YHERATH(p<0.01).

W75 WMl Table 49 2o Fod Aaz8e
MCHC (F=4.13), monocyte (F=3.79)914 ebetH(p<0.05).
3% 7t FaFHE RBC (t=3.14), HCT (t=2.25), Hb (t=3.18),
MCV (t=-2.02), MCHC (t=2.71), retlculocyte ( 62), mono-
cyte (t=-2.63)Z WEF2H (p<0.01), Al 718 JJrJ SLIRE
Aol = MCHC (F=5.10)7} rol3t i}o]% Hygon
(p<0.05), A|7]'d FaHR] S5 TFAM = RBC (F=540),
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Table 2. the changes of respiratory system on 30 min aerobic exercise at sea level and 3,000 m altitude (n=20)

alte}iiuzgo?tize) Control group  Soccer player at ?;?n;"vel Control group  Soccer player
rest 0.351+0.05 0.362+0.06 rest 0.292+0.07 0.336+0.07
VO,P 10 min 1.830+0.34 2.213+0.30 10 min 1.970+0.28 2.410+0.31
(1/min) 20 min 1.568+0.38 2.036+0.33 20 min 1.82140.32 2.134+0.26
30 min 1.586+0.24 1.931+0.28 30 min 1.973+0.25 1.931+0.20
rest 5.10+1.04 5.21£0.90 rest 4.16£0.89 484+1.01
VO ™" 10 min 26.55+5.32 31.67+5.00 10 min 28.53+3.90 34.94+533
(ml/kg/min) 20 min 24.09+3.60 29.18+4.49 20 min 26.48+5.22 30.83+2.92
30 min 23.00+3.38 27.62+3.37 30 min 25.89+3.93 28.51+2.08
rest 17.7+4.0 20.0+9.1 rest 17.3£5.6 22.4+6.2
RRBCP< 10 min 32.7+11.4 444484 10 min 321455 37.98.6
(BPM) 20 min 33.048.4 465+11.3 20 min 33.148.2 39.746.5
30 min 34.1£10.9 4594105 30 min 33.248.7 40.9+7 4
rest 0.714+0.09 0.889+0.13 rest 0.977+0.14 0.953+0.18
RQPC* 10 min 0.829+0.07 1.039+0.17 10 min 1.114+0.07 1.058+0.07
(CO,/0,) 20 min 0.744+0.03 0.894+0.12 20 min 1.003+0.04 0.955+0.02
30 min 0.724+0.03 0.870+0.12 30 min 0.974+0.04 0.950+0.02
rest 8.96+1.54 9.76+3.29 rest 10.85+2.39 13.5145.19
VE>“* 10 min 42.96+12.71 55.49+0.34 10 min 58.56+13.14 67.58+15.01
(1/min) 20 min 37.48+8.61 46.50+10.80 20 min 51.75+12.25 58.21+7.69
30 min 35.42+7.17 42.93+8.67 30 min 49.25+11.27 54.56+5.43
rest 0.245+0.05 0.320+0.07 rest 0.278+0.06 0.325+0.12
VCO, P 10 min 1.531+0.38 2.287+0.41 10 min 2.200+0.39 2.549+0.44
(1/min) 20 min 1.244+0.23 1.792+0.22 20 min 1.827+0.34 2.023+0.25
30 min 1.148+0.18 1.668+0.28 30 min 1.774+0.29 1.869+0.20

MeantSD, *p<0.05.

“interaction at sea level (timexgroup), “main effect between groups at sea level (RR), ‘main effect on each time and group at
sea level (*all items each time on control group, *all items excepted RQ at each time on soccer player group), “interaction at
3,000 m (timexgroup; VCO,), "main effect between groups at 3,000 m (RR, RQ, VCO,), “main effect on each time at 3,000 m
(*all items each time on control group, *all items excepted RQ at each time on soccer player group).

Table 3. the changes of respiratory system in group and alti-
tude on 30 min aerobic exercise (n=20)

Control Soccer

group player
VO, sea level 1.467+0.73 1.712+0.85
(I/min) 3,000 m altitude 1.334+0.64 1.636+0.79
VO sea level 21.27+10.70  24.78+12.29
(ml/kg/min) 3,000 m altitude 19.69+9.31 23.41+11.35
RR® sea level 2892969  3524+10.27
(BPM) 3,000 m altitude 29.37+11.15  39.18+14.70
RQ™* sea level 1.017£0.100  0.979+0.103
(CO2/02) 3,000 m altitude 0.753£0.072  0.923£0.148
VB> sea level 42.60+21.50  48.47+22.79
(I/min) 3,000 m altitude 31.20+15.61  38.67+20.00
VCO*  sea level 1.520£0.798  1.691+0.880
(1/ min) 3,000 m altitude 1.042+0.540 1.517+0.784

Mean+SD, p<0.05.
“interaction (groupxaltitude)
‘main effect between altitude.

, "main effect between group,

WBC (F=10.69), HCT (F=12.90), Hb (F=11.53), lymphocyte
(F=5.24)Z e}t th(p<0.05).
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Table 4. The changes of immune function system on pre and post of 30 min aerobic exercise at sea level and 3,000 m altitude

(n=20)
Time Control group Soccer player Control group Soccer player
hG | exer pre 13880024630  1279.00+337.04 MCH 30.49+0.96 30.36+1.45
(mg o post 14130025034 1381.00261.30 op) 30.25+0.91 30.54+1.46
& 3,000 m exer post  1364.00:24874  1468.89+231.60 P 30.47+0.89 30.57+1.41
IoA exer pre 237.39+113.76 200.09+84.13 MCHC™ 34.9140.93 33.82+0.70
(mg Ly O post 24518+109.86  227.30+93.01 w/d) 34.78+0.58 34.110.58
& 3,000 m exer post  233.62:96.71 238.67+108.46 & 33.94+0.66 34.12+0.70
oy e pre 116.08+46.15 102.68+33.27 o 1.215+0.300 0.919+0.230
(mg Jqp O post 119.29+48.00 112.32436.91 retlcuo/ocyte 1.250+0.301 0.937:0.240
/) 3000 m exer post 1140144923 126.72+45.37 (%) 1.210+0.300 0.877+0.255
p

IoD exer pre 246+2.23 2.80+2.84 cvthropoietin® 14.66£4.83 16.66£3.15
(mg Ly O post 2514218 317+281 ¢ y(mgf/’fnf 15.25+4.67 17.95+3.73
& 3,000 m exer post 2.61+2.29 3.10+2.33 ) 19.46+4.53 18.17+2.20

. exer pre 5214026 4874021 . 0.00::0.00 0.000.00
155%; ) eer gost 542+0.33 5126023 O “e‘i/tmphﬂ 0.000.00 0.000.00
( D 3,000 m exer post 5244027 5214027 (%) 0.00£0.00 0.0040.00
. exer pre 728+153 5.77+0.76 . 54.66+6.85 59.83+8.04
%sB/CD exer post 8.30+1.41 7546115 > “elf)/tmphﬂ 54.6149.12 55244711
@071 3000 m exer post 827+186 839+1.75 (%) 51.24£9.09 51.22+8.05
Hoe | ©ver pre 45.47+2.26 43.65+1.10 R 35.09+5.71 28.61+7.57
. exer post 47114275 45.75+1.27 ymp O/OCYte 36.01+8.10 33.23+6.77
() 3000 m exer post  47.032.28 46.54+1.50 (%) 37.98+8.33 39.13+6.84
e exer pre 15.87+0.84 14.76+0.42 o 7.67+1.37 9.26+1.63
@) O Post 16.38+1.04 15.600.50 mon(o/c)y ¢ 7.35+154 958+1.93
& 3,000 m exer post  1596+0.80 15.89+0.71 ° 8.08+1.69 7594138
b exer pre 87.35+2.55 89.76+3.00 . 0.4300.125 0.3500.232
M(E)V exer post 87.00+2.51 89.51+3.38 bas(f;?;hﬂ 0.320+0.114 0.340+0.300
3,000 m exer post  89.77:240 89.52+3.59 ° 0.440£0.165 0.367£0.158

MeantSD, *p<0.05. _
“interaction (timexgroup; MCHC, monocyte ), "main effect between group (RBC, HCT', Hb, MCV', MCHC, reticulocyte, mono-
cyte)), “main effect by time (control group by time MCHC. soccer player by time RBC,WBC, HCT ,Hb, lymphocyte).

, 18 A3y Bk oA 303t fratad ES AAE 5ol 3,000 m I
3,000 m EEOHH TEREEO] FYsHA =& Aoz YER TAME FAAHCE e § Tadte A4S A HUG
oHoH2 fz}% 2 Eold At mEHo)A PR K ol 3 AL West 5(1983)9] =& 274299 A A
o} 3000 m XEoA TFuEHEo] FostA WA YElthe S 1200 mol A 6300 mZ&] 1E45d tet HANEFre
Holth. ‘:1301 3719 2L FZNA B 3 BA o vl S7hke 39 Y43a g g AastEE Ay e 71
& 3,000 m =7} FSHA A YEsH o] Al }714 5 oA Fadte A4S BUva Aok B A9 23U
Miyamura (2001)2] ©]2[18]3} 4ol 3k o]t Atg s H, o] g 2AZ 3 e T o2 AgddrRe HAL4PA At
= 3449 =23 HEo] 'dz] 513000 m AL%E F 3 B 25 FUAE BV dAH o7 SUteAR, S $ol
A AR E 3083 AR 59 7] 1089 w43 3 £ 3713 3713 Hak 72 (roll-off) 3Hekar i TH24,26]. ©]
7] Ao|T A AT w2 _LZ] A AXAA 37 A o} e kA 87 A 3Hhypoxic ventilatory decline)= &
F= A3H(hypoxic ventilatory depression or decline)7} & o] FARNY ABAL=A ] Wt o Aol oS8
& A3t AR " S Table 2914 = YEbaL i) & Atk et o g s AEl(F BA)AA THA A A4
F4E F OF 2F BA 23000 m =N 54 AR TAE e ETAFEY S5 B A AL 2E
o} HEo] Skt oy, T EFuEE I} %7]%% AR o #7]eH2 duklat Hlaste] frejshA Wk ok Ha
0% F, 308 )l whek A AaHn e S ¢ 5 [18]s} & t& AT Z2HEN 1aTWhe AALEAT
Atk webA A]h - Aakael S F9] 75 %HRuwx B U Akl wiawske] Ata $7]5Hol fofatA Eua
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