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Table 1. Experimental design for developing period

Age (days)
Treatment
30 35 40 45 50 55 60
n=10 n=10 n=10 n=10 n=10 n=10 n=10
Normoxia
¥ 0 ¥ 0 ¥ 0 ¥ 0 ¥ 0 ¥ 0 ¥ 0
i n=10 n=10 n=10 n=10 n=10 n=10 n=10
Hypoxia
¥ 0 ¥ 0 ¥ 0 ¥ 0 ¥ 0 ¥ 0 ¥ 0

Blood samples were collected every 5 days from 30 days-old till 60 days-old.

Experiments included both genders.



Table 2. Experimental design for exercise induced changes

Group
Treatment Normoxia Normoxia Hypoxia Hypoxia
— Control - Exercise — Control - Exercise
02 level Sea level (21%) Sea level (21%) Low level (13%) Low level (13%)
16~20 m/min 16~20 m/min
Exercise No exercise 30~ 40 min/day No exercise 30~40 min/day
3 days/week 3 days/week
n=20 9 n=20 9 n=20 9 n=20 9

Blood samples were collected after 20 weeks—old. Experiment included only male gender

to exclude the hormonal effects of female gender.

N
=
m i
£
1o
N
=
m i
&
o
1%

[*3

HAL capillary tubes ©]-83}e] Foke}d @ E(postocular venous plexus)dl A
AR Ady Ao dFE= EDTA tubed €o] o] &3t ow, doe £
2 cell counter #AH O R AEd AT 7] HEMAVET 950FS (Drew scientific
Inc, USA)E o] &3t Ad+ +(RBO), ME+4 =(WBC), = vdnd+ o
G A EG7], € (Hb, hemoglobin), 37t E =7 E(Hct, hematocrit),

Olt

AT HT-EHMCV, mean corpuscular volume), A& M2 (MCH, mean
corpuscular  hemoglobin), HTEFWENAFTEMCHC, mean corpuscular
hemoglobin concentration), H&"&%EZ(RDW, red blood cell distribution

width) & 24 3}53 1},



g% Bid(actate) 29 FAHL 139 EHEE 258 ATl b Al

3. 28 AY

SPSS for windows (Microsoft Co., version 11.0) B4 X2 1385 o] &35l =
A FgEE2 FH(M, mean)¥ FFHAHSD, standard deviation)E AFESHS
w2bA 2l WEkd disi s AR RYP-wESA 24 AARS AFsida fdw
b zfolE otr 7] $J3lA = Mann-Whitney U-fHAE A &89 0™ p<0.06%
frelsh ghom sl



. 24

D =57

e T glel 2 2R 10vHe A A HARY wR Al S 30€4HH 604
TRAL 2kt hE A Aakaat Zhell {93 2kolE BolA] ersktk(Table 3, Fig.
D.

Table 3. Changes of body weight

Age (days)

30 35 40 15 50 55 60

Body NC 16.3+23 18.6£1.9 20.3£1.6 22.3£2.2 21.5+2.2 22.1£19 21.9+3.0
weight

(2) IH 157£1.8 18.7+1.4 20419 20.5£1.9 21.142.1 21.9+2.3 21.3+2.1

Values are mean+SD. NC, normoxia control (n=10 per group); IH, intermittent hypoxia

group (n=10 per group).

80 r Fig. 1. Somatic growth. Average (meant

25 -

2 | SD, n=10 per group) body weights mea-

15 L sured at each postnatal age.. Mice expo-

Weight (g)

10 | sed to intermittent hypoxia group (dashed

line; —) experienced no statistical differen-

30 35 40 45 50 5 60 ces compared with normoxia control

Age (days) (dotted line;--+).



304 HE 6047hA 9] AA Al M| A= Hb¥ MCVRE #9sk Ao]s 1
Aed 7hE2 A4 Aakadte] dlETEY Hbe #FYshAl =% (p<0.001) MCV&=
FestAl F AR p=0.002). 2y 4049E VIFoR o] Rl AdE
RBC (p<0.001), Hb (p<0.001), Hct (p=0.002), RDW (p<0.05)°A] 40¥ o]l +=
A Aiado]l dEd By FoskAl Soksklth 409 o] Fell= Hb2 AL
FestAl =ekort RBC, Het, RDWE oixaadt {938 zo]7h fisith. MCVE
40 oldolE dizw ezt fllar 409 o) Fe= rdA Aikx oA
o &tAl stolH TtH(p<0.001). MCH®F MCHC+ 9] gt xfo] & HolA| gFskth(Table
4, Fig. 2).

Table 4. Changes of hematologic parameters related to red cell indices

Red cell indices Age (days)
30 35 40 45 50 55 60
RBC NC 9.2+2.4 9.3+1.3 9.9+0.8 10.6+0.4 10.5+0.3 10.5+0.5 10.4+0.5
(10”/L) 95+0.7 10507 10.941.0 104415 10.342.6 9.8+2.0 9.8+1.9
Hb NC  13.0+36 13.3+1.7 14.041.0 146406 152405 151406 14.840.9

(g/dL) @ 134209 15.0+1.3 155403 15.4+08 15.8+1.1 155+1.4 15.2+1.0
Het  NC 4824130  469+64  5l4+51  566¢39  553+32 532432 559451
(%) H 492442 56361 554469  5L7+77  46.0+193  497+113  50.2+104

MCV ~ NC 535820  510¢11  517+¢19 532432  553+32 532432 559451
(L) 1g° 521#24  538#31 50.9¢22 50114 51426  497+20  52.0+40

MCH NC  141:08  143+11 141404 138405  145:03 144404 14205
(pg) 14106 14.4+05 143403 151£2.0 15.8+6.7 16.745.1 16.3+4.3

MCHC NC 26.4+1.8 28.2+1.9 27.4+1.3 26.1+1.7 27.5+1.1 28.5+1.2 26.7+2.4
(%) H 273t15 259421 982¢12  303+41  313+145  32.9+108  32.149.3

RDW  NC  266#34  235#20  219¢15  209+13  202+¢14 196192  187+L1
(%) H 28.6+2.1 249415 21.6+1.6 20.8+1.0 202+1.0 19.2+1.1 19.0+1.1

Values are meantSD. “p<0.05 means significantly different between normoxia control

(NC; n=10 per group) and intermittent hypoxia group (IH; n=10 per group).
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group). ‘p<0.05 versus NC.
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80 r
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40 |
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20
15

MCH (pg)

30 35 40 45 50 55 60
Age (days)
Fig. 2. Changes of hematologic para-
meters related to red cell indices. RBC
(A), Hb (B), Het (C), RDW (G) signi-
ficantly increased in intermittent hypoxia
group (IH) before 40 days-old. MCV (D)
significantly decreased in IH after 40 days
-old. NC, normoxia control (dotted line

(--+); n=10 per group), IH (dashed line(—);
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W E 0UA e 600 Ae] Wahi e e s A9d F )
A7 b YrR, GEy, B, BY T BE Eg Aol dEid
B} Fo)akA) ERATHp<0.05). AT QS J)FoR hro] W B A

i

Ne % mAT 5 gET dgnAT, o

& zolzl Q13 409 o] 7k A

e PRSI R ES EE L
21 Aamgol Atz HeE Fola
st 60 A= AL Hlms FAE AT (p<0.05)(Table 5, Fig. 3).

B
Ho
1o

N

Table 5. Changes of hematologic parameters of leukocytes

. Age (days)
Leukocytes(107/L)
30 35 40 45 50 55 60
NC 44422 5.6+2.1 57+1.1 6.8+1.9 6.8+1.3 5.3t1.6 5.3t15
WBC
H" 46+1.9 49+1.2 56+1.7 51+1.7 48+1.8 4.8+2.1 4.7+1.9
NC 0.7£0.5 0.9+0.6 0.7+0.3 1.1+0.7 1.0+0.3 0.8+0.4 0.9+0.3
PMNL
IH 0.7+0.4 0.9+0.3 1.0+0.3 0.7+0.3 0.6+0.4 0.7+0.4 0.7+0.3
NC 3.3t1.6 4.3+15 4.4+0.8 5.2+0.6 54+1.1 42+1.1 4.1+1.3
Lymphocyte
H 3.6t1.6 3.6£1.0 4.3+1.3 4.1+1.4 3.7t1.4 3.8+1.8 3.8+1.5
NC 0.3+0.2 0.310.2 0.3+0.1 0.4+0.1 0.3+0.1 0.3+0.1 0.3+0.1
Monocyte
H 0.2+0.1 0.3+0.1 0.3+0.1 0.3+0.1 0.3+0.1 0.2+0.1 0.2+0.1

NC 0.07+0.08 0.09+0.11 0.06+0.06 0.10+0.12 0.04+0.03 0.06+0.06 0.03+0.03
Eosinophil
H 0.05+0.05 0.05+0.07 0.05+0.06 0.04+0.04 0.04+0.04 0.02+0.01 0.03+0.04

NC 0.02+0.03 0.03+0.03 0.01+0.02 0.03+0.04 0.01+0.01 0.02+0.02 0.01+0.01
Basophil
H" 0.01+0.02 0.01+0.01 0.01+0.02 0.01+0.01 0.01+0.02 0.00+0.01 0.01+0.01

Values are mean+5D. WBC, white blood cell; PMNL, polymorphonuclear leukocyte; NC,
normoxia control (n=10 per group); IH, intermittent hypoxia group (n=10 per group).

"p<0.05 versus NC.



10 2 -
a °T 0 15
S 6r °
= =
=
2 r a 0.5 r
0 0
30 35 40 45 50 55 60
30 35 40 45 50 55 60
Age (days)
Age (days)
C * D *
06
g s 0.5 -
= 3
A S 04 |
2 =
3 2 03t
£ g
é 5 0.2 r
> =
BRI 01
0 0
30 35 40 45 50 55 60 3 35 40 45 50 55 60
Age (days) Age (days)

<)
o

05 r 0.2
J 04 f =
) cg 0.15
= 03 f =
% = 01 r
o 0.2 r T T S
c o T
@ T 4 © 005 T |
8 01 F .-t Tk o 1 .-
0 0 | I | TR |
30 35 40 45 50 55 60 30 35 40 45 50 55 60
Age (days) Age (days)

TFig. 3. Changes of hematologic parameters of leukocytes. WBC (A), polymorphonuclear
leukocyte (B), Lymphocyte (C), Monocyte (D) significantly decreased in intermittent
hypoxia group after 40 days-old. “p<0.05 means significantly different between normoxia
control (dotted line(--); n=10 per group) and intermittent hypoxia group (dashed line

(=) n=10 per group).
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5 WA A 285 gom tiEatel HlaE o EtA Yokt (p=0.006). 7+EH A
At e 307 goll Al FreshAl WAt (p<0.05). thEatel thek H
o FFAE el ewd HEH Aibid aea A AL =F 2 F

o]l 22y 96%, 93%, 89%°] vk (Table 6, Fig. 4).

Table 6. Comparisons of body weight

Body weight NC NE HC HE

Mean+SD (g) 31.9£1.2 30.7£1.3 29.6+2.0"" 285+1.4°

Relative level

100% 96% 93% 89%
from NC (%)

Values are mean+SD. "p<0.05 versus NC, normoxia control; fp<0.05 versus NE,

normoxia exercise group; HC, hypoxia control; HE, hypoxia exercise group. n=20 per

group.
0 - B * TFig. 4. Body weight. Average (meanzSD,
. ey * n=20 per group) body weights measured
E: o at 20th week.: HC, hypoxia control and
%J 20 HE, hypoxia exercise group were signifi-
E 0 L cantly decreased than NC, normoxia con-
trol. HC also significantly decreased than

0 NC NE e HE NE, normoxia exercise group. p<0.05.
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va A AikaatE HbolA 144 g/dL= iz 127 g/dLdl w8l S7kshd i

(p<0.05), MCHCOI A 27.4%= txa 255%°] Hla]l #93 F71224e Biu
(p<0.05). &&ae HbelAM 151 g/dLz 7+84 A2t 144 g/dLBvh E=9ka
(p<0.05), MCH= 155 pg¥ 7+84 Aakas 148 pgl &(p<0.001), MCHCE
28.4%F 7vRA AT 274%E(p=0.005), RDWE 21.0%< 724 Aabrd
187%Z(p=0.001) ZF &0 FosA Egvh 2184 Aar =& &5 WY
& MCV7E 51.3 fL2 diz 553 Lo vls]
262%% tEa 255%RH(p=0.004) FrelstAl Eetom RDWE 202%%= iz
18.6% 2. H(p=0.001) f+o38HA =dch &2 vlwe s +a4 At
&% Wado] Hb 133 g/dLE &% 1561 g/dLEY $9ar(p<0.001), MCVE
513 fL& &% 546 fLE(p<0.05), MCH: 134 pg¥ 5T 165 pgo®
(p<0.001), MCHCE 26.2%9} &% 28.4%%(p<0.001), RDW+ 20.2%9 &5
21.0% 2 (p=0.001) =7 FoatA otk 184 Aikie] RDWE 187%= 1Hd
A ik wF 2T BT 202%ETE foshAl wekth(p=0.001)(Table 7, Fig.
5).

b
i
i

Table 7. Comparisons of hematologic parameters related to red cell indices

Red cell indices NC NE HC HE
RBC (10%/L) 9.0+1.0 9.8+0.5" 9.7+1.3 9.9+1.3
Hb (g/dL) 12.7+1.4 15.1+0.7° 144419 13.3+1.6"
HCT (%) 50.0+6.0 53.142.8 52.4+6.3 50.7+6.4
MCV (L) 55.3+2.1 546445 541435 51.3+2.3%"
MCH (pg) 14.140.9 15.541.2" 148405 13.4406"
MCHC (%) 255415 28.4+1.1" 27.441.4%" 26.241.0°"
RDW (%) 186412 21.0+4.17 187+1.1" 20.2+0.9%" ¥

Values are mean+SD. “p<0.05 versus normoxia control (NC); T p<0.05 versus normoxia
exercise group (NE); ¥ p<0.05 versus hypoxia control (HC). HE, hypoxia exercise group.

n=20 in each group.

_14_



RBC (10"?/L)

Het (%)

MCHC (%)

RDW (%)

12

10

80

60

40

20

30
25
20
15

10

NC

NE

NC

18
16
14 F
12 F
10

Hb (g/dL)

N o~o
L

o

NC NE HC HE

16 r
14
12 r
10

MCH (pg)

onNn Mo
T

NC NE HC HE

60 -

50
40
30 r

MCV (fL)

20 r
10

Fig. 5. Comparisons of hematologic
parameters related to red cell indices.
Values are meantSD. »<0.05, n=20 in
each group. NC, normoxia control; NE,
normoxia exercise group; HC, hypoxia
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T g@Ndtet g Rt {Fogk xols: R wud 11d 3
AL g7 L5 T 03x107LE 7784 AaaT 02x107/LET #-28HA
EUTHP<0.06). 784 Aii =2 &% PALe GNP LI 14310702 o

= 1.0<10%Lel W&l froatA ZhE A3(p<0.05) 7R A Aaka] wlEME
G E sl 14x107/LE 788 AT 1.2x107/Le W] =% (p<0.05) T3
b 03x107LE 7+ A Aakad 02x107LATH o5 =9k (p<0.05)(Table
8, Fig. 6). &3 W E o th3t nlwo e 7+d2 AL+ 5atol ¥
gPFud g v)go] 325%2 e 31T7%EY FSHAl kA (p<0.05), HET
Al &2 6L7%2 &7 549%E T E=UTHp=0004). 7+24 Aii =& 2 W
g vFuET Hgo] 339%E 7HEAH Ailaw 325%0 HlE] =gk
(p<0.05) PEZT ¥ &S 59.1%= 7487 AT 61.7%9) Hl& 2krh(p=0.022)
(Table 8, Fig. 7).

Table 8. Comparisons of hematologic parameters of leukocytes

Leukocytes NC NE HC HE
WBC (10%/L) 34+15 47416 39+1.8 41+1.0
PMNL (10%L) 10405 1.8+0.7 12405 14405
Lymphocyte (10%/L) 2.1£1.0 26+1.2 24£1.1 2406
Monocyte (10%L) 0.2+0.1 0.3+0.2 0.2+0.2" 0.3+0.2°
Fosinophil (10°%/L) 0.04+0.07 0.010.01 0.0240.06 0.03+0.07
Basophil (10%L) 0.01£0.02 0.00£0.00 0.00£0.00 0.01+0.03
PMNL (%) 31.246.1 37.749.9" 325449 33.9+6.4F
Lymphocyte (%) 62.2+7.4 549+119" 61.7+4.2" 59.1+7.8"
Monocyte (%) 5324 7134 54+2.8 6.02.8
Fosinophil (%) 1.0£15 0.3+0.2 0.30.3 0.8+1.4
Basophil (%) 0405 0.10.1 0.1£0.1 02405

Values are mean*SD. WBC, white blood cell; PMNL, polymorphonuclear leukocyte.
*p<0.05 versus normoxia control (NC); ' p<0.05 versus normoxia exercise group (NE);

i p<0.05 versus hypoxia control (HC). HE, hypoxia exercise group. n=20 in each group.
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Fig. 6. Comparisons of hematologic parameters of leukocytes. Values are mean=SD.
WBC, white blood cell; PMNL, polymorphonuclear leukocyte. p<0.05 versus normoxia
control (NC); ' p<0.05 versus normoxia exercise group (NE); ¥ p<0.05 versus hypoxia

control (HC). HE, hypoxia exercise group. n=20 in each group.
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4 d%

B

Ag B

)

H] i

139 &5 A dF 4 & ¥zte dEae ok Al 3.2 mmol/Loll A
& A% 50 mmol/LE 1.8 mmol/L(56%) F7Fstdal 1h&84 Ak g A
2.8 mmol/LollA & A% 42 mmol/LZ 1.4 mmol/L(51%) Z7Fstav. 18t}
e AEHoR FYPYIF TETL 29 mmol/LAlAM 34 mmol/LE 05
mmol/L(18%) F7tetla 744 Aikh =% 5 Wl 2.9 mmol/LAA 32
mmol/L= 0.3 mmol/L(10%) <7tstitt. &% 25 Z4ked S7hEe A=
TEwd HEA AakA 2 2F ¥agao] 0.5 mmol/Let 0.3 mmol/LE 7HE A

A4 AT 1.4 mmol/Lel B8] #-3HA © U tH(p<0.05)(Table 9, Fig. 8).

Table 9. Comparisons of serum lactate concentration

Groups At rest Immediat_ely after 12hr a_fter Changes
(A) exercise(B) exercise (B-A)
NC 3.2+0.7 5.0+1.4 3.3+0.4 1.8+2.0
NE 2.9:0.8 3406 2504 05+0.8"
HC 2.8+0.9 4.2+0.9 2.8+0.3 1.4+1.2
HE 2.9+05 32407 2.8+02 03+0.7"

Values are mean*SD. NC, normoxia control; NE, normoxia exercise group; HC, hypoxia

control; HE, hypoxia exercise group. ¥ p<0.05 versus HC. n=20 in each group.

6
A B_ 57
=57 <
= A 24 F * *
o4 r ~ NC £
£3 + y/e\ NE g 3
o )
S22 F — S
o A HC s 5 |
o
-1 —6—HE ©
g1
0 o
S
At rest Immediately  12hr after 0
after exercise exercise NC NE HC HE

Fig. 8. Lactate concentration. A; Lactate concentration at rest, immediately after and 12
hours after one bout of exercise. B; Lactate changes immediately after one bout of
exercise. Values are mean+SD. NC, normoxia control; NE, normoxia exercise group; HC,

hypoxia control; HE, hypoxia exercise group. p<0.05. n=20 in each group.
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Abstract

Effects of treadmill training and exposure to
chronic intermittent hypoxic environment

on blood parameters in mice

Ko Woon Chun

Department of Medicine

The Graduate School, Yonsei University

(Directed by Professor Joo Young Park)

Chronic intermittent hypoxia (IH) will make effective changes of
hematologic parameters (HP) to maintain homeostasis, but when the
exposure starts promptly after birth to continue during developing period, it
will elicit acclimatization. Through adaptation, the exercising ability will
increase after the stimulation of strenuous exercise. To test the hypothesis,
we analyzed HP of the IH group and the normal control group from birth
to 60 days-old with serial sampling in increments of 5 days starting from
30 days-old. We also analyzed the lactate and HP after one bout of
strenuous exercise among the IH group, the IH with exercise(treadmill
training in room air, 16~20 m/min, 30~40 min/day, 3 days/week) group,
the normoxia exercise group and the normal control group. Balb/c mice

were exposed IH(alternating room air and 13% O 30 min/2 hrs) elevated
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RBC, Hb, Hct until 40 days-old, after which the levels were returned to
normal. However, immediately after the strenuous exercise, the lactate level
decreased the degree of elevation in the IH group and the IH with exercise
group. In conclusion, hematologic adaptation is induced by chronic
intermittent hypoxia within developing period, and the ability to deliver

oxygen provoked by strenuous exercise is increased in mice.

Key words : Intermittent hypoxia, hematologic parameters, acclimatization,

lactate concentration, treadmill training
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