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Table 1. Experimental design for exercise induced changes

Group

Treatment Normoxia Normoxia Hypoxia Hypoxia

— Control - Exercise — Control - Exercise

0, 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 % n=20 3 n=20 ¢ n=20 %

Blood and muscle tissue samples were collected after 20 weeks of age
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Table 2. Sequence of PCR primers

. Product
Gene Sequence (5'—>3°) (bp)
Sense CAT GGT AGC CAC AAT TGC AC
HIF-1 a 139
Antisense ACA GCT TCA TGA TCC AGC CT
Sense ACT CTT GCC ACA CAG GCT CT
Glut-4 148
Antisense CCT TGC CCT GTC AGG TAT GT
Sense CAG ATC AGT GCC AAC ATA ACC AA
PFKm 155
Antisense CGG GAT GCA GAG CTC ATC A
Sense CAA TGA ATG CAG CGG TCT TA
PGCla 198
Antisense GTG TGA GGA GGG TCA TCG TT
Sense GTC CAT AGG CAC CGT ATT GC
TFAM 204
Antisense CCC ATG CTG GAA AAA CAC TT
Sense ATT CCT TCA TGT CGG ACG AG
COX1 228
Antisense ACT GAG AAG CCC CCT CAA AT
Sense AGC TGA GCC AAG CAG AGA AG
COX4 140
Antisense AAT CAC CAG AGC CGT GAA TC
s Sense GTT AGC TGG AGA CGC TTT GG 158
Antisense AGA GGC CTG GAA GGA AAC AT
Sense CAC ACT TTG ACC CAT CAT GC
CA3 129
Antisense AGC TCA CAG TCA TGG GCT CT
Sense GGT GTC ATT GGA GGT CTT GGG
MCT-1 90
Antisense GGC CAA TGG TCG CTT CTT G
Sense GAC AAA CCT GAG CCC TAA G
CuZnSOD 168
Antisense CGA CCT TGC TCC TTA TTG
Sense ATG TCT GTG GGA GTC CAA
MnSOD 164
Antisense TGA AGG TGA TAA GCG TGC TC
Sense CGT GCC GCC TGG AGA AAC C
GAPDH 144
Antisense TGG AAG AGT GGG AGT TGC TGT TG
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Table 3. PCR condition

temperature Time Cycle
50 C 2 min 1 cycle
9% C 10 min 1 cycle
9 C 15 sec
59-61 C 20 sec 40 cycles
72 C 30 sec
72 C 10 min 1 cycle

TAZE A& 0.1 M phosphate buffer(PBS, pH 74)¢ 2 A9 10 %
Cold 2487 A T s2E B2 1247 A3 e 9l Ethanol

N
rﬂ

=2 4
FE e 202 B35l xylenel 2 A7l & paraffin®. = Tujsle] 2~3

um FAR ARNE 750 hematoxylin® eosin® & o5 @M3to] Fedn]How

7 ARANA Aw

=

FHAA dAnR AlEe ds dnAd AR sds Ao r F42E A9
% (0.1 M phosphate buffer(PBS, pH 7.4)° =% =AY 25 % glutaraldehyde® 4
Tl A 242 Ade & PBS® 207 29 Al AT £ 1 % osmium
tetroxide® 9047t AAJsldar PBSZ 20%-7F 28 A& s & ethanol % A%
&0 2 € AlA prophylene oxide® X &8ttt ¥u= Epon £33 AMEEY

3, 453 & z¥PAE A7 (Reichert Ultracut E, Germany)Z ©]-&35F°] 60~70 nm

_‘IO_
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Figure 1. Effects of hypoxia and exercise on HIF-la mRNA expression in
skeletal muscle. Levels of mRNA were analyzed by PCR after reverse
transcription and using densitometer in gastrocnemius muscle from Normoxia
Control(NC), Normoxia Exercise(NE), Hypoxia Control(HHC), and Hypoxia

Exercise(HE) mice groups. * p< 0.05, ** p< 0.01, M, size marker.
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Figure 2. Comparison of free radical generation. Free radical generation was
determined using d-DOM method in blood from Normoxia Control(NC),
Normoxia Exercise(NE), Hypoxia Control(THHC), and Hypoxia Exercise(HE) mice

groups.
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Figure 3. Effects of hypoxia and exercise on CuZnSOD mRNA(A) and
MnSOD mRNA(B) expression in skeletal muscle. Levels of mRNA were
analyzed by PCR after reverse transcription and using densitometer in
gastrocnemius muscle from Normoxia Control(NC), Normoxia Exercise(NE),

Hypoxia Control(HC), and Hypoxia Exercise(HE) mice groups.
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Figure 4. Comparison of antioxidant potential. Antioxidant potential was

Antioxidant Potential(pmolfL)

determined using BAP test in blood from Normoxia Control(NC), Normoxia

Exercise(NE), Hypoxia Control(HC), and Hypoxia Exercise(HIE) mice groups.
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Figure 5. Effects of hypoxia and exercise on GLUT4 mRNA(A) and PFKm
mRNA(B) expression in skeletal muscle. Levels of mRNA were analyzed by
PCR after reverse transcription and using densitometer in gastrocnemius
muscle from Normoxia Control(NC), Normoxia Exercise(NE), Hypoxia

Control(HC), and Hypoxia Exercise(IIE) mice groups. * p< 0.05.
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Figure 6. Effects of hypoxia and exercise on CA3 mRNA(A) and MCT-1
mRNA(B) expression in skeletal muscle. Levels of mRNA were analyzed by
PCR after reverse transcription and using densitometer in gastrocnemius
muscle from Normoxia Control(NC), Normoxia Exercise(NE), Hypoxia Control

(HC), and Hypoxia Exercise(HE) mice groups. * p< 0.05.
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A

Figure 7. Light micrograph of skeletal muscle section in Normoxia Control(A),
Normoxia Exercise(B), Hypoxia Control(C), and Hypoxia Exercise(D) mice

groups( X 200).
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Figure 8. Electron micrograph of skeletal muscle section in Normoxia
Control(A), Normoxia Exercise(B), Hypoxia Control(C), and Hypoxia Exercise
(D) mice groups(Scale bar : A, B, C = 500 nm, D = 200 nm).
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Figure 9. Effects of hypoxia and exercise on PGCla mRNA(A) and TFAM
mRNA(B) expression in skeletal muscle. Levels of mRNA were analyzed by
PCR after reverse transcription and using densitometer in gastrocnemius
muscle from Normoxia Control(NC), Normoxia Exercise(NE), Hypoxia

Control(HC), and Hypoxia Exercise(IIE) mice groups. * p< 0.05.
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Figure 10. Effects of hypoxia and exercise on mitochondrial copy number in
skeletal muscle. Levels of mitochondrial copy number were analyzed by real
time PCR by comparing mitochondrial DNA concentration in total DNA in
gastrocnemius muscle from Normoxia Control(NC), Normoxia Exercise(NE),

Hypoxia Control (HC), and Hypoxia Exercise(IHHE) mice groups. * p< 0.05.

_30_


http://www.skypdf.com

4) 53 AR vEE=ol gAd A= T

= ®IAE g8ty flE COX49F €S9 mRNA #d& #@elskaith. COX4

Ak HlET I AL fEaE Abolrh Ith(Fig. 11-A). €S mRNA 23
& NC= 100 %= st vh& o533 vigs o, NE= 511 %, HC 304 %, HE

147 %2A s LETIH ANE NEETS 2T 2o o BAFS

_31_


http://www.skypdf.com

A CO¥d B (3

NI

Figure 11. Effects of hypoxia and exercise on COX4 mRNA(A) and CS
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mRNA(B) expression in skeletal muscle. Levels of mRNA were analyzed by
PCR after reverse transcription and using densitometer in gastrocnemius
muscle from Normoxia Control(NC), Normoxia Exercise(NE), Hypoxia Control

(HC), and Hypoxia Exercise(HE) mice groups.
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Abstract

Effects of excercise and atmospheric oxygen concentration
in normobaric environment on

the free oxygen radical generation and antioxidant potential

Tae Jin Kim M.D.

Department of Medicine

The Graduate School, Yonsei University

(Directed by Professor Joo Young Park)

Oxygen environment is essential but oxygen free radicals form as a natural
byproduct of the normal metabolism of oxygen and result in tissue oxidative
damage. Thus in aerobic organisms there are antioxidant mechanisms that
protect and minimize tissue damage by removing, avoiding generation and
inactivating the oxygen free radicals and the ROS(reactive oxygen species).
Excercise induces transient hypoxia and increases oxygen free radical
formation but various compensatory mechanisms to maintain homeostasis can
be seen. To evaluate the effects of excercise and atmospheric oxygen
concentration in normobaric environment on the oxygen free radical generation
and antioxidant potential, new born Balb/C mouse were used. The hypoxic
group was isolated before they were 12 hours old and was exposed to 13%
oxygen concentration for 30 minutes every 2 hours. The exercise group was

trained by treadmill exercise for 40 minutes under the speed of 20m/min in
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normoxia environment 3 days a week after 10 weeks of life for 10 weeks.
Normoxia control(NC) group was exposed to 21% oxygen and did not exercise.
Hypoxia control(HIC) group was exposed to intermittent 13% oxygen
concentration and did not exercise. Normoxia exercise(NE) group was exposed
to 21% oxygen and exercise was done. Hypoxia exercise(HE) group was
exposed to intermittent 132 oxygen concentration and exercise was done.
Blood and muscle samples were obtained from 20 mice for each of the four
groups. Blood concentration were evaluated for free oxygen radical and
antioxidant potentials. The effects on energy metabolism were compared by
evaluating the augmentation of specific mRNA concentration of glucose
metabolism and mitochondrial synthesis.

No statistically significant difference was found in free oxygen radical
generation of the four groups. CuZnSOD and MNSOD was increased in NE
and HC groups. Antioxident potential was statistical wise significantly
increased in exercise groups. GLUT4 was significantly increased in NE and
HC groups and PFKm was increased in NE and both hypoxic groups. CA3
was significantly increased in all of the exercise and hypoxic groups and
MCT-1 was significantly increased in HC group. PGAla and TFAM mRNA
levels were significantly increased in HC groups and the number of muscular
mitochondrial copy was increased significantly in NE and HC groups. COX4
and CS mRNA levels were increased in NE and hypoxic groups. In conclusion
repeated exercise and chronic intermittent hypoxia environment increases
antioxidant potentials and facilitates glycolysis and minimizes tissue damage by

mitochondrial copy and activation increase.
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