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Effects of hypoxia preconditioning on hematology-related
indexes through hypoxia inducible factor-1o/stromal
cell-derived factor-1 pathway in rats
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[ Abstract] Objective To study the role of hypoxia inducible factor-la ( HIF-1a) /stromal cell-derived factor-1
(SDF-1) pathway in high altitude hypoxia preconditioning in rat. Methods Seventy-six adult male SD rats, which through
fed in low-pressure oxygen chamber (altitude 5000 m) and Xining (altitude 2260 m) to establish the rat model of hypoxia
preconditioning. Rats randomly divided into 6 groups: control group ( Ctrl), high altitude hypoxic preconditioning 1 day
group (HHP-1d) , high altitude hypoxic preconditioning 4 days group (HHP-4d) , high altitude hypoxic preconditioning 15
days group ( HHP-15d), high altitude hypoxic preconditioning 30 days group ( HHP-30d), medium altitude hypoxic
preconditioning group (MHP). 7.0 T small animal MRI was used to observe the intracranial structure, diameter of basilar

artery and cerebral blood flow in the hippocampus and brainstem regions by the sequences of T2 weighted images (T2WI)
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and arterial spin labeling ( ASL) in the groups of Ctrl, HHP-4d, HHP-30d and MHP. In each group, blood routine was
tested, the concentrations of HIF-1a, SDF-1 in serum, platelet activating factor (PAF)and P-selectin (SELP) in plasma
were detected by the method of ELISA. Results

of basilar artery had no significant difference, while cerebral blood flow in the regions of brainstem and hippocampus

In the hypoxia preconditioning groups, intracranial structure and diameter

increased significantly (P<0.05). Meanwhile, red blood cell and white blood cell increased significantly, while platelet
decreased significantly in the groups of hypoxia preconditioning ( P<0.05). Red blood cell and platelet in MHP group were
closer to Ctrl group. The concentrations of HIF-1aw and SDF-1 (except HHP-1d group) increased significantly in hypoxia
preconditioning groups ( P<0.05).The concentrations of PAF and SELP increased significantly in HHP-1d and HHP-15d
groups. The concentration of PAF decreased significantly in the HHP-4d and HHP-30d groups, and SELP decreased
significantly in HHP-4d group ( P<0.05). Conclusion Hypoxia preconditioning can increase oxygen storage and immune

defense capacity, improve brain reserve capacity and play the effect of brain protection through HIF-1a/SDF-1 pathway.

54 % ,5

The best effect preconditioning was feed at medium altitude (altitude 2260 m) for 30 days.
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2.4 HIF-1a SDF-1 PAF 1 SELP ¥ BE RGN . {12 BE 4%
FATEEE W I AR AR 28 3500 r/min B> 10 min, T E
IR, 43 B0 L R i e R R SR R R
HIF-1a ELISA 251 & (DU 35 3 e A= MR e 40y
ABR2 ], E-EL-R0513¢) (KB SDF-1/#1kL K 1~ ( C-
X-C F50) B 12[ chemokine ( C-X-C motif) ligand
12,CXCL12] ELISA 7 & (DG 3 5 e 2E W Bt
By A PR/ E-EL-R3027) KBl PAF ELISA i
& (VLT MR AT R/ R L JL10165 ) (K
5l SELP ELISA 25 & (s IU0H 31 B R 2B 0 B4 i
AR, E-EL-R0828¢) , 43 ) K I ¥ HIF-1a
H1 SDF-1 ¥ i, M3 PAF 2 SELP ¥eJ¥ , MRt
B UL A AT 1R
3. Git=4bE

K H] Sigma Plot 10. 0 4t 3125 2K A4 43 #7 55 5 4
I B IYIE + BRif2s (xxs) 2R, RARRZ )y
Z4r T (ANOVA ) AT 4 8] L3, P<0. 05 B 3R 22
SHAGIFE X,

g5 R

1. MRI £ #
L1 T2WI &5 28 4 4 R B T2WE 45 % DL 1,
HHP-4d 41 \HHP-30d 41 .MHP #4145 Cul 4114, K
Fl R 20 25 5 00 5 Ve (TR 1A) /N B+ 2 25 5
TCRENE(E 1B)  JE RS IR I AR v, (5 22 5
TGRS 1C) . $oR, S FAL PR , 3 1A
AR WA 2H IR B P 2H 2K WL W 5 {HL I,
W HARSAT I 58 (H 22 RIS F R
1.2 ASL 255 &4 KB ASL 4558 WA 2, HHP-4d
4 HHP-30d £ MHP 205 Curl ZHEEHE, W ES DX il IX
i e e S T, 22 S BAT G L (P<0.05)
P, BRAATAL B | A i I3 R T
2. MEM

AR B ML SR UL 1, F 40 : HHP-1d
2§ ‘HHP-4d 20 HHP-15d 24 .HHP-30d 2 f2 MHP 2H
5 Cul 4%, WBC, 4 K7 4 i 71 %X ( neutrophil
count, Neu #), $ & éﬁ H@ i‘l‘ ﬁl ( monocyte count,
Mon#) . H 4 ki 4 6 & 43 Lk ( percentage of
neutrophils, Neu% ) 5. 4% 2 i 1 43 [X ( percentage of



- 508 -

Ctrl

Fig.1 T2 weighted images

95 [X. 1 978 B [ 10m1/(kg-min)]

Brain stem region blood flow [10ml/(kg-min)]

. o

v

HHP-4d

&1

3501
300
250
200
150
100

50

HHP-30d

T2 AR AKNE ;s B. /N ST, Sk BT RN IK ; C. LRSIk B

[T

MHP

oo

%
%%
botes
XXX

.,.,.

5
XX

R

Lo

R
1.0, 0

i

oot

39

%S
ot

X

v
2
3
et
o2

X
2!

ore
XX
3K
"'

LS

RS
SRR

SRR

X
s
58

XX

v
3K
55
%

ST
XX

K
KRS

7

RS
o

Rele?

2A

0

Ctrl

HHP-4d HHP-30d MHP

5 5 [X I i 8 [ 10ml/(kg-min)]

Hippocampal region blood flow [10ml/(kg-min)]

He BB LA (mm)

Basilar artery diameter (mm)
o
w

(=}
o
T

o
o
T

[

93

(=]
1

(%)

=1

(=]
T

W
(=}
T

o
(=}
T

(%
(=}
T

o
N
T

o
N}
T

HHP-4

1

d HHP-30d

7

THUARERRRRTTNS

X KK AN
SRR
A::‘ 25554

ST
foeteteds
S
0.0

‘“‘

S
2

RRR

XX

5
305
%
%

XA

Sotetetels

XK
RLRRR

AKX,
S
oo
5

,
e
05
R

MHP

Ctrl

RTRERRRRRRRREERRRRIN

HHP-4d HHP-30d MH

N

I
‘0 ‘0 <

2
SRR
e

bo%es
900902902 9a%6 %96 %% % %4%!

PoTo,
RRRLS,
305
batets!

—

XK
QRIS
RIS
fSetetete!
9e%a9a%%%

TR R TIKRTTIRT
OIRIHRIKAS
RRRES
totetototetete!
9a%e%:%%% %%

%
%
o
S
R

)

2B

(=]

Ctrl

HHP-4d HHP-30d

s

HP

B2 Bk AEbRC AL BE DTN B. S XA ; 15 Cl 414, # P<0.05
Fig.2 Arterial spin labeling A, Brain stem region blood flow; B, Hippocampal region blood flow; Compared with the Ctrl group, # P<0. 05

1C

A, Cerebrum; B, Cerebellum and brain stem, arrows indicate basilar artery; C, Diameter of basilar artery

F1 MHEM (xxs,n=10)
Table 1  Routine blood (x%s,n=10)
Curl HHP-1d HHP-4d HHP-15d HHP-30d MHP

WBC (10°/L) 0.94 + 0.06 2.57 = 0.31* 1.63 = 0.19* 2.12 £ 0. 38" 3.34 + 0.43% 1.62 + 0..30%
Neu#(10°/L) 0.10 + 0.02 0.49 + 0. 05* 0.31 + 0.07* 0.37 + 0.04% 0.52 + 0.05% 0.37 £ 0.05%
Lym# (10°/L) 0.86 = 0.11 1.83 = 0.31% 1.07 £ 0. 19 1.33 £ 0.26* 2.67 = 0.36* 1.34 = 0.27%
Mon# (10°/L) 0.029 + 0.009  0.139 = 0.027*  0.105 = 0.021%  0.130 = 0.026"  0.190 = 0. 003" 0.097 = 0.023*
Neu% (%) 12.04 = 2.20 21.56 + 3.07* 21.6 + 3.51* 17.37 + 2. 42*% 19.33 + 2. 14% 22.39 + 2.56*
Lym% (%) 85.65 + 4.53 71.79 = 6.02* 73.22 + 7. 32" 75.59 + 6. 16* 75.82 + 4.17* 72.13 + 6.25%
Mon% (%) 2.96 + 0.32 6.44 + 0. 68" 5.74 £ 0. 48" 6.87 + 0.59* 5.30 + 0.49* 6.78 + 0.61*
RBC (10"%/L) 5.73 £0.35 7.95 + 0.39* 7.75 + 0. 68* 9.20 + 0. 43" 9.89 + 0.42% 6.71 = 0.20*
HGB (g/L) 83.92 + 8.88 122.91 + 4.81*  127.00 + 8.78*  151.85 + 7.74"  159.67 + 6. 84* 106. 20 + 2. 82%
HCT (%) 31.96 + 3.32 44.11 = 1. 89* 45.88 + 2.32% 53.23 + 2. 18" 55.91 + 2.45* 38.04 + 1. 16"
MCV (f1) 58.20 + 1.56 56.04 + 2.13* 59.18 + 1.80 58.16 = 1.57 56.93 + 1.40 57.31 = 1. 11

MCH( pg) 15.19 + 0.54 15.63 + 0.56 16. 69 + 0. 44" 16.53 + 0.43"* 16.27 = 0.38* 15.99 = 0. 36*
MCHC( g/L) 258.63 +4.72  278.93 + 3.43"  281.95 + 3.24%  284.36 = 4.25%  285.67 = 2.74" 279.00 + 2. 77*
RDW-CV (%) 12.68 + 0. 46 12.88 + 0.54 15.26 + 0. 70" 14. 89 + 0. 98" 13.94 + 0.47* 13.34 + 0.48*
RDW-SD( fl) 32.53 = 1.20 32.18 +2.19 39.78 + 2.35* 38.06 + 3.15* 34.72 + 1.38" 33.67 + 1.48

PLT(10°/L) 1187.39 + 87.22  955.00 = 93.01%  787.24 = 84.45"  696.25 + 94.32%  590.08 + 66. 41" 893.33 + 44.73*
MPV (1) 5.81 +0.22 6.49 + 0. 36" 6.53 + 0.24* 6.54 + 0. 30" 6.79 + 0.33* 6.17 + 0.28*
PDW 15.45 + 0. 16 15.49 = 0.17 15.57 = 0. 14 15.69 + 0.20* 15.76 = 0.24* 15.30 + 0. 16*
PCT (%) 0.66 + 0.05 0.58 + 0.07* 0.51 + 0. 06" 0.45 = 0.07* 0.40 = 0.05* 0.55 + 0.02*

5 Cul 4113, # P<0.05
Compared with the Cirl group, # P<0. 05
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The concentrations of HIF-1a,

JE br E 22 ( standard deviation of red blood cell
distribution width, RDW-SD) 7+, 25 5 A Ge it
X (P<0.05) ,HHP-1d 415 Cul 2 LL# RDW-SD T
W, 2R TG E R X (P>0.05) , Iil/IMi: HHP-1d
2§ HHP-4d #H . HHP-15d 2H . HHP-30d 24 }2 MHP 2H
5 Crtl #H %, PLT . 1L /M FR ( platelet hematocrit
PCT) T K&, F- 24 1l /M 14 B ( mean platelet volume,
MPV) THi, 225 HA S H# 3 L (P<0.05) ; HHP-1d
20 HHP-4d 26 .HHP-15d 44 .HHP-30d 20} MHP #H
5 Cul g1 He#e, /MR 43746 96 BE (platelet distribution
width,PDW) F} &5, ot HHP-15d 41, HHP-30d 41 &
MHP 21255 HA Gt L (P<0.05) . #R71, B4
TAbSR S, CLA0 B A0 B T AR R
o IR NI 3-8
3. HIF-1a.SDF-1,PAF ¥ SELP ik E
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