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ACD anemia of chronic disease
CP Ceruloplasmin

DMT1 Divalent metal transporter 1
FP ferroportin

Hb heamoglobin

HilLo Living high-training Low
1DA iron deficiency anemia

IRE iron responsive element

IRF iron regulation factor

IRP iron regulation protein

Mb myoglobin

SF serm ferritin

SFT stimulator of Fe transport
Sl serum iron

sTfR serm transferrin receptor
STRF serm transferrin

TR transferrin receptor

TIBC total iron binding capacity
TRF transferrin

TS transferring saturation

UTR untranslated region

VEGF vascular endothelial growth factor
ZPP zinc protoporphyrin
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3
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The effect of Living high training Low on the blood iron metabolism in

juvenile midst and long-distance running athletes

Objective

The objective of this study is to observe the effect of Living high training Low on
the blood iron metabolism in the juvenile athletes, and hope to provide the basis on
whether to supply iron or not during the period of HiLo.

M ethod

Eleven healthy, long-distance runners were divided into trial group(n=6) or control
group(n=5)randomly, aged 14.6+ 1.3yr, who al came from Shijing( )mountain
gports school of Peking City and were sea-level residents. There were no significant
differences in age and physical characteristics between both groups before starting the
experiment. The trial group lived in the hypoxia camp (4 weeks, 10hr/d) and the
oxygen density was 14.7% (corresponding to an atitude of 2700 m), while trained in
the normoxia Environment. The control group lived and trained in the sea level. In
addition, all subjects participated hypoxia training of the intensity corresponding to
72% VO2max (corresponding to 80% VO2max in hypoxia), 3 times / week on the
cycle ergometer, 30 minutes. The samples of vein blood of all subjects were tested four
times during the 4 weeks.

Conclusion

1. According to the findings, the values of Hb were always increasing during the whole
experiment,and the range of 8.3%. The control group presented the fluctuation of
descending, rising, and descending. So HiLo combining hypoxia training can increase
the Hb density .

2. HiLo has little effect on the indexes of iron metabolism So there is no evident
difference between groups and within groups. Indicate: Supplying iron should hold the
caution attitude when performing HiLo. As teenager is in the growth period, the
capability of absorbing iron is very strong. The normal uptake from food can satisfy
the demand of iron. On the contrary the excessive iron supplement is very harmful to
the body.

3. The reason why some indexes of both groups, such as Sl and SF, descended at the
beginning of 7 days was the great load of exercise (hypoxiatraining + normal training)
caused that the body utilized the reserved iron and functional iron to satisfy the need of
Hb combination. So coaches and scientific researchers should pay more attention to
the iron condition, particularly during the initial stage.

Key word: juvenileathletes, midst and long-distance running athletes
Iron metabolism,  Living high training low, hypoxiatraining
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2000 62.1
1000 31.0
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1.1.1.1

3-59 50mg/kg 35mg/kg
2 3 0.34 ml 0.5mg
1.1.1.2
2000
800 000 apoferritin H L
H L
L
H L DNA H
L 11 19
25-30
1.1.1.3
1.1.1.4
80-90mg
1.1.1.5
6-89
1.1.1.6
24h 10
B1
80 000 678 3
Fe*

TIBC 1 3
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1.1.3.1 TRF TR

TRF TfR
- Fe TRF
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0 N
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pH Fe TRF pH 5.5
[20]
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6
ATP H'
5~6

(divalent metal transporter, DMT1)
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3 2003)
1.1.3.2 DMT1

1995

TRF TR TR
TRF-TFR
1(divalent metal transport 1,DMT1)
Ferroportin — Hephestin

DMT1 IRE  nonlRE
3’ iron
responsive element, IRE IRE mRNA
(stem-loop) DMT1 Fe”
TRF DMT1 H'

[21]
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1.1.3.4

CP HP  CP
CP CP
Cu2+
1.1.4
Fe* Fe*
lug/L 10ug
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IRF
IRF MRNA IRE MRNA
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1 TfR — 2
MRNA TR
mRNA 3’ untranslated region, UTR mRNA 5
UTR iron responsive element, IRE
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stimulator of Fe transport, SFT

1997 Gutierrez 241
1.2
1.2.1
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Fleisher 20 70
“ " (sports anemia) 20 70
80 , “ "
) 20 80
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1.2.2
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26] ’
67.2 120 8
1000 2100 1300
[27]
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28l NK
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1
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1.5h 5
I1DA Ach-cAMP ,NO-cGMP
cAMP/cGMP
[45]
[46]
pH
pH
pH
1.2.3
14mg
20 6
[47]
[48]
1.2.4
ZPP S
TIBC TS SF TRF
TfR CP
1.2.4.1 ZPP

I1DA
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4.5ug/gHb

1989 ZPP

1.2.4.2 S1

S1

1.2.4.3

TIBC
TIBC
x 100

1.2.4.4
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SF

SF SI

[53]
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SF
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”] ZPP
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SI TIBC®Y Letsky
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1.2.4.6 Ceruloplasmin CP

CP 132KD
CP ,
CcP
B 1- [69]
CP
CcP
CP
Fe”
CP Fe* Fe*
Oskai 1966 CP
CP
CP
1.3
1.3.1
1000-3000 m 1y ( )
1500 m
Threshold Altitude
VO2max 100 m 1
VO2max

HilLo
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HilLo

2500 m
Levine
[71,72 73,74,75]

1.3.2
1.3.2.1

EPO

RBC -
[76]
1.3.2.2
[771
VB VC
Levine 1992
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)
Hb Hb
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3 54
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pH
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SF 13 17 3
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3.1
11
p>0.05 2
2
(yr) (cm) (ka) yr
(n=6) | 14.6+ 1.6 170+ 6.0 51.5+ 8.8 2.0+ 1.0
(n=5) [ 14.5+ 1.0 173+ 7.6 51.9+ 6.3 2.5+ 1.3
3.2
3.2.1
4 20 00 6 30
> 10hr day “ Hypoxic Tent System TM”
“ CAT Hatch T™” 85 14.7 2700 m
30m’ 22 60 C02 5000ppm
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30min 50r/min 72
V02max 80 VO02max
3.2.2
1 8 21
28 7 00 6-7ml
ZPP 4h 4 4h 3000r/min 20min
EP -80
3.3
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Bayer ADVIA 120
2002 25mm x
ZPP /PP 25mm( AVIV
)
S| 7170A Automatic
Analyzer
Beckman Access
SF Immunoassay system
STRF Beckman Immage
Behring Nephe-
STTR lometer 100 Analyzer
TIBC 7170A Automatic
Analyzer
CP
3.4
SPSS10.0 _ (repeated measures
TWO Way ANOVA) o Xt S
T ( )

p<0.05 p<0.01
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4.1 HilLo Hb RBC Hct
HiLo Hb RBC Hct 4 11 13
Hb 149.8 159.8 160.7 162.2¢9/L
8.3 149.6
145.4 153.4 150.4g/L Hb 149.6+ 11.99/L 149.8
+ 7.9 g/L 7 Hb 159.8 g/L
6.7 145.4+ 11.3 g/L
P<0.05 21 28 RBC
Hct 7
(P<0.01 (P<0.05)
4 HiLo Hb RBC
7 21 28
Hb g/L 149.6+ 119 | 1454+ 11.3 | 153.4+ 129 | 150.4+ 9.4
149.8+ 79 |159.8+ 7.6* | 160.6x 22.7 | 162.2+ 11.9
RBC(xlOlZ) 497+ 0.19 |4.87+ 0.15 5.15+ 0.18 | 5.08+ 0.26
499+ 0.09 |528+ 0.17** | 529+ 059 | 5.36+ 0.36
Hct (%) 425+ 3.2 405+ 2.8 427+ 3.3 416+ 29
426+ 1.4 441+ 1.5* 443+ 5.7 446+ 3.5
* P<0.05 =** P<0.01
HilLo Hb
200
180 . B

4
160 E:::::::f”,,,,—:—______T ——
140 E= = —a—

120

Hb g/L

100

11 HiLo Hb
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HiLo RBC
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. | -
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S 5.2
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X
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4.4
4
7 21 28
12 HiLo RBC
HilLo Hct

55

Het (%)
& 8
1

40 i J_ B 1
35
30
7 21 28
13 HiLo Hct
4.2 HilLo
4.2.1 HiLo ZPP
5 14 HiLo ZPP
HiLo /PP
5 HilLo ZPP ug/gHb
7 21 28
1.02+ 0.68 0.96+ 0.32 | 1.33+ 0.56 1.28+ 0.55
2.02+ 0.63* 1.37+ 0.74 | 1.88+ 0.52 1.80+ 0.53
* P<0.05
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HilLo

ZPP
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0
7 21 28
14 Hilo ZPP
4.2.2 HiLo SI TIBC TS
HilLo SI TIBC TS
SI TS
SI 21.7 15.0
17.08 umol/L  17.9umol/L TS
TIBC 8.9
6 15 18
6 HiLo SI TIBC TS
7 21 28
Sl 16.4+ 7.07 12.84+ 4.30 | 17.38+ 7.45 | 17.08+ 7.32
(umol/L) 14.88+ 8.53 | 12.65+ 4.08 | 14.75+ 7.04 | 17.9+ 6.87
TIBC 60.34+ 6.90 |[55.32+ 4.96 |57.1+ 5.54 |54.72+ 3.85
(umol/L) 55.15+ 6.42 | 56.47+ 8.23 |54.85+ 11.6 |56.15+ 8.33
TS 28.1+ 14.8 [ 23.7+ 9.0 30.7+ 13.8 [ 31.3+ 13.0
28.3+ 18.4 | 23.0+ 8.3 28.8+ 15.4 [32.8+ 14.4
HilLo |
30
25 =
~ 20 T [ o
é 15 W -
S 1 —-—
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15

HiLo SI

28




7100 - J—

HiLo TIBC
70
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2
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7 21 28
16 HiLo TIBC
HilLo TS
50
40 -
30 ‘\I/ '
£ 20 J_ T
10 —
0
7 21 28
17 Hilo TS

4.2.3 HiLo SF sSTRF sTfR CP

HiLo  SF
SF
28.0 ng/nl  20.3 ng/nl 24.0 ng/nl  17.8 ng/nl
40.5ng/nl  26.5ng/nl 44.6 31.7 19
TRF
STfR 19 20
33.3 STRF 2-3.6 g/L
STfR 0.83- 1.76mg/L
HilLo CP
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7 HilLo SF sTRF sTfR CP
7 21 28
SF  ng/nl 28.0+ 18.0 | 24.0+ 16.6 | 30.1+ 19.5 | 40.5+ 28.4
20.3+ 10.8 | 17.8+ 11.1 | 28.1+ 11.6 | 26.5+ 11.6
STRF g/L 2.8+ 0.3 2.8+ 0.5 29+ 05 2.8+ 0.2
2.6+ 04 2.6t 0.2 2.6t 04 2.9+ 0.6
STFR(mg/L) 0.9+ 05 1.2+ 03 |11t 04 1.2+ 0.3
1.3+ 0.7 1.4+ 0.9 1.5+ 0.5 1.4+ 0.9
CP(U/L) 67.8+ 10.8 | 63.5+ 10.8 | 785+ 169 | 77.3+ 21.3
58.6+ 13.3 | 59.2+ 6.7 70.4+ 14.3 | 68.6+ 13.9
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60
o 50 .
g 40 ——
5,30 — —-—
20 4r 1T T
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4
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[90,91,92,93,94]

5
HilLo
2500 m
[89]
HiLo
[95]
EPO
1600-2500 m 2000-3000 m
[96]
Harefuah 2300-2800 m
B Koistinen 10
2500 m
3000m EPO mRNA
m 99
2600-2700 m Rietjens
HilLo 3

(HIF-1alpha mRNA)
mRNA VEGF, vascular endothelial growth factor

mRNA
[101,102,103,104]
2h 10 60-70%
2670 m
3 30min 72 \V02max
VO2max 60r/min

12h
o8]

3000

[100]

PFK
Mb,

Meeuwsen

2500 m

[105]

> 10hr day
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HiLo

Lol EPO
EPO EPO
Hb
EPO
HilLo
Ho RBC Hct Hb
7
P<0.05 21 28 RBC
Hb 7
P<0.05 Levin
9 4 3000 m
12h 1h Hilo EPO Hb RBC Hct
[1081
Hct 19
HiLo
RBC p<0.05 1 3
4 Hb RBC
Hct
1
3
4 5
HilLo
HilLo
Hct EPO
EPO EPO
Hob RBC Hct
5.2 Hilo ZPP SI SF sTRF sTfR TIBC

HiLo

1996
RBC
8.3
Hct

P<0.01
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[113]
ZPP
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ZPP< 3.5 ug/gHb
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7
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RNA
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SI( )
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7
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6
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EPO
4h EPO
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SF Sl
19
66 SF
[1171
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44.6 20.3 26.5 30.5
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SF

35



7100 - J—

Vidnes 44 4-5 SF
2 SF Hb
[119] SF
SF
TRF( )
[120]
Hb HiLo TRF
p2l 5000 m TRF
3000 m TRF
TRF HiLo  TRF
TRF
[13 ” I DA
TRF
IDA
STFR( )
TR TR
IDA sTfR
, Hb
U2 TRF/TFR
sTfR 12
MRNA
MRNA MRNA
sTfR TR
pH 7.4
pH 5.5 Hb  DNA TR
TR
TR
TR
Skikne SF sTfR
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TR

TR TR
Sl
HilLo
Hb SF SI
Sl TIBC
20-50 TIBC
TS TIBC
28.3 7 23.7
21
7 HilLo
Hb
TS 23
CP( ) a 2-
CP
CP
CP
CP
CP
Hilo CP
CP
28 14.0
CP
Hb
Hb
SF TS SI TIBC sSTfR
30min
Hb SF SI
EPO
Hb
Hb Fried mann B™

1800 m

TF
TfR
sTfR 13
TS
TIBC
TS TS
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14 11
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TIBC
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1DA
Hb
Hb
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Hb

18 1800 m
Hb Hb
Hb EPO EPO 1800 m
Hb
1 Gerd Hoffmann
[1271
Hb Hb
U1 Hegenauer
11 Anna MaclIntosh
12ng/mi Tsalis 42
Q1 21 12-17 ) 3 A 47 mg/day
B 26mg/day), C
6
U Haymes EM 4 5 8
18mg/d 5 5
[131]
Shrier 1985
Hb

WHO
SF<12ug/L 1DA
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