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WANEA 1110 R 8 = = = s 1 2 1 R O R = Wl 817 = R B S G S P
N AEST

BEEWB: Hi8 ARB#E4E T H (2021-2]-904)

F—EBEE N KEEE(1996—), &

T EE N RS ESE . E-mail :jy2316644788@126. com

EEMEE . PSS, E-mail : weidengbang@163. com



SRAEERAE : Hu I A= 5T g St B S il 299

Blood Properties of Plateau Zokor in
Underground Burrow Conditions

ZHANG Jiayu'?, GAO Conghui'?, LI Jimei?,
AN Zhifang®, WANG Zhijie*, CHEN Xiaoqi*, WEI Dengbang'*"

(1. College of Ecological Environment Engineering, Qinghai University, Xining, 810016, China;
2. State Key Laboratory of Plateau Ecology and Agriculture, Qinghai University, Xining, 810016, China)

Abstract: The plateau zokor (Eospalax baileyi) is a unique underground rodent found in the Qinghai-Xizang Plateau. It
lives in closed underground tunnels throughout its life and has strong adaptability to environments with severe hypoxia in un-
derground tunnels. In order to explore the adaptation strategies of plateau zokors to the severe hypoxia underground habi-
tats, the volume fraction and mass concentration of O, and CO, in the tunnel of plateau zokors were measured at the habi-
tat site. At the same time, the blood parameters of plateau zokors were also measured at different altitudes and simulated
underground tunnel gas volume fraction conditions. The results showed that, compared with the atmosphere, the volume
fraction and mass concentration of O, in zokor burrows at different altitudes decreased significantly, while the volume frac-
tion and mass concentration of CO, increased significantly. Compared with the altitude of 2,700 m, the O, volume fraction
and mass concentration in the plateau zokor tunnel at altitude of 3,700 m were significantly decreased, and the CO, volume
fraction and mass concentration were significantly increased. There was no significant difference in blood routine param-
eters of plateau zokor between the burrows gas simulation group and the 3,700 m group. The red blood corpuscle (RBC),
hemoglobin (Hb), and hematocrit (HCT) of plateau zokors in 2,700 m group were significantly lower than those in 3,700 m
group, while the mean corpuscular volume (MCV) was significantly higher than that in 3,700 m group. Arterial partial pres-
sure of oxygen (PaO,) in 2,700 m group was significantly higher than that of 3,700 m group and burrows gas simulation
group. Arterial blood partial pressure of carbon dioxide (PaCO,) was not significantly different between the burrows gas
simulation group and 2,700 m group, but was significantly higher than that in 3,700 m group. Arterial oxygen saturation
(Sa0,) of plateau zokors in burrows gas simulation group was significantly lower than that in 3,700 m and 2,700 m groups.
There was no significant difference in arterial pH between the three groups. These results suggested that plateau zokor’s
lower PaO,, PaCO,, and Sa0,, increased the number of red blood cells in blood, and decreased the volume of red blood
cells, which resulted in stronger blood oxygen utilization rate and stronger adaptability to the severely hypoxic habitat in un-
derground burrows.
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Y1, J& Wit H (Rodentia) i JE FR Bl (Spalacidae ) ™ /it
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B 7. 3~48. 615,
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tocrit, HCT) /)N, LR 5 BE AR , 1L £L 85 (1 48R A e
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% MK, ZORLIR M I 5 20 B €, 3% 40 fL i Al ATP
BRI K W S TR R b, Sk i 4R
Y A1 Z (arterial oxygen saturation, Sa0,) 155, i ok I 4
T A1 (venous oxygen saturation, SvO,) i , Ifil. & A1
R, 208 F U SD R R 4 4%, A S R RE
WL S

A B 48 R O, Jo YR JBE S 52 ) LV 2 B8 G
SRPNER o MEARRE , AEU0 e R BT e U R BRI I 2T
240 J 0 1 20 2 P R BB R, B ik i 443 s (arterial
partial pressure of oxygen, Pa0,) #1 SaO, Bk . SEHT,
AR VRS A 30 i 55 F DR sl ) R o D 1 Bl ) 9 LA
WFFE T e et BRI R 2 s bk i 4 o0 s
4 AL ik 43 JE (partial pressure of carbon dioxide,
PaCO,) SO, ML A A R0, i iy 32 505
VA ZR A BRI S v it By BB v T A 1 3R] A
S5 5 B% B PRI T ATV 2 T R R4 B
1000 m 72 A7) (9 52 36 % (HE 4R 2 300 m) HEAT Y UL
O3 o T LR BRCRAE AR O 3 200 m, X R A
e Sty B P Y O, BT v B 1 2 I TIEFA 2 300 m
DX, PR, ST e s IR BRI S ET RE S
A vy YA M IR 3 ™ o A AR 5 P A S PR A
BORZEN o R 1 WL e e DR BULE R v AR A U
AR AR T8 A 5 P A L RCRF A, ASBIFFEAE I E R e
Jst iy BRI G O, F1 CO, 1A FR I3 KR [ 5t e A L Al
AR A R D B AR B I, 8 e A TR TR
RN S AR R B AR g Sy B A I
WSS, E— PR B AT ™ il S A
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1.1 SE5E

o TR R T 7 V48 1 e N AR BB L
(36°21" N, 101°25" E; 4K 3 700 m 2247 ) , >R AE m K
SR 59 kPa, S48 173. 1 g/m’, BEHLSY MR 3 700 m
ZHFRE SRR . 55— 0w iy B e T
MR VE T X LB A (367197 N, 101°38 E; 1
52 700 m A2 A7), R AE 2R 70 kPa, A G
197. 6 g/m’®, R UEHK 2 700 m 41 . 5 B BRI
(226+14) g, ANIX Wi E . BT A Sh4) ab BRAS i 35 4% R
[ RS2 56 sh 45 B 25 91 ) A GB/T 35892—2018( 5K

B W) A AR S A S AT, T RS T R
S ZE A A . LI Eh Y TR R AR SR AT
AL B
1.2 R R 8 22 B A0 AR R B B
Jo s e R

T i JE R LA B8 I A e B LR 3 R 15~
20 cm) HEA TR E SMAARB M FORTT Bk B E o K
TR AR A (AL BX21C VL) T, 7§
ARG A S B RS SR ORI A R 4
B BE T 57 5 37 B T v J5U R Bl I E K i
FEAERG AL L B30 A A v DR BT PN 249 30 em,
FH 4 TG st A T 45 B AR A T S B RS
S Je LU SRR B B0 IE S . HIRA G R
PR TR A S SR BT S v

MR R (g/m?®) =R R B2 B (9% ) %
10 000%(M/22. 4)x[273/(273+T) ]x(P/101. 3)/1 000,
K, M FR MG F i, THRR RIS, P RN
KT,
1.3 AR 5 I E A 5 DR Bl af 5 AL
BB Pr

FAAT FLBE 3 ) B 5 5 0 60 cmx40 cmx40 cm
B 3B 4, MBS — RS R 15 emx10 em (Y 3ERE
1L TRERAT 2 A2 1 em B IBIAL, — L5254 18
] (Z10E, o D 1 CO AN #E , 5 — LS =X
SRS A IGER: . B N RRLE A CO,,
B2 54K 3 700 m = R B E B g 0, i Co, R
PR 43 BORH 45, K 1IR3 AR A0 2 1 v DRy B
A IS A T, % BB IAS 15 Y 5 min. 3 IS
TR 3 700 m 20 EEHR 2 700 m 2H NI 18 AR H 4H
e Iy BRURR I i 2R AT 1 £ Bl kR 1L, BC-5000V et
A 4 B B i A AT A BRI Bt 2B 4 B 7 o
T WA A BRI RBC Hb ¥ HCT SF341
41 ffg /A FL (mean corpuscular volume , MCV ) %5 Ifil. 5 #i,
Z 4. M i-STAT T % 1l < 53 #7 4L (i-STAT Corp.,
USA) I 72 5 Bt i B9 1L < (pH L PaCO, ., PaO, I
Sa0,) , I e ik BE 15 ¥ M 37 °Co
1.4 Bdanbr

K A1 SPSS 23.0 K {F #F 17 B 4l 48 1 o A,
Shapiro-Wilk F1 Levene 73 51 6 %6 54k (14 1F 28 73 A1 Fl
Al G , 2 A BARAT A IR A5 T BT TR s, R
AR K 7 243 H7 (one-way ANOVA) , 2 & LR H
Duncan’s ¥ . 5 3 F - 248 45 1 22 FoR ,p<0. 05
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R2EFHA SRR L.
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2.1 Akl e bk B E 5k <0 0,81 €O, 11
L% 85

FEARS T 85 R B , FETAR 3 700 m (A 45
KA O, T H0N (19. 90+0. 30) %, CO,MAKFL S
R (0. 03+0) % 5 2 B iy BRI 38 H () O, IR B4 20k
(15.90+2. 00)% , COMRFFECE- 30 (4. 01£2. 04) %
(F D) SRAMEL, & bR BUR E S o, AR B 40

F T B (p<0.01) , 11 CO, A& 14> ¥ & 2 34 hn (p<
0.01). 7EMFIL 2 700 m A5 , KA H 1 0,74 FH]
BN (20. 90+0. 10)% , COL MRS 5 4 (0. 03+0) % ;
e Ji B BRI R Y O, AR R4 H0CH (19. 30+0. 60) %
CORTRAM R R (1. 58+0. 64)% (£ 1) ; 5 RAAAL,
e JEL RO BRI G O, (A B B TR B R RE (p<
0.01), COMRFM IR E N (p<0. 01) . 84K 3 700 m
(14 fe Bt BRUTR O, PR 20 250 i 25K T4 2 700 m
I 38 O, B4 Bk (p<0. 01) , i CO, TR 43 %5 b Vg
Pt R LT (p<0.01)

R TRBHESREMERRES HH#HXS 0,5 CO,MERSE

Tab. 1 The volume fractions of oxygen and carbon dioxide in plateau zokor burrows and local atmosphere at different altitudes

T4k /m I AL (REA ) 0, RT3 50(%) CO, R 5(%)
Altitude Determination of location (sample size) 0, volume fraction CO, volume fraction
KA (n=21) 20. 90=+0. 10* 0. 03+0°
2700
13 (n=21) 19. 30+0. 60" 1. 58+0. 64"
K(n=23) 19. 90+0. 30" 0. 03+0°
3700
it (n=55) 15.90+2. 00° 4.01x2. 04°

e FFIASFE _LAR R AN AL 2] 2% 5 525 (Duncan’ s K2 56, @=0. 05) . R [Al,

Note: Different superscripts in the same column indicate significant differences between the means of different treatments (Duncan’s test, a=

0.05). The same below.

2.2 ASllifggk bk B E S5Ok <0 0,81 €O, 1
Joi e

FEVEIR 3 700 m Hb X, KA Y O, T 5 vk B
(173. 12. 3)g/m*, CO, JEH & 4 (0. 3+0) g/m’ ; 1111 /51
i Ry BRI G TP Y O, 5T B R Ry (1382417, 7) g/m’,
CO, BT M M (47. 9424, 4) g/m® (F62) o 55 JBL i Bl
38 H O, 3 v B R R M X RS 80% 247, CO,
JoT it Tk i R[] M XK Y 160 5 A A o TR AR
2700 mHiIX, AR O, BTk B A (203. 0£0. 5)g/m’,

CO, JF ¥R 1 (0. 4+0) g/m*; 111 1o J5 B0y BT 38+ 1)
0, Jfi 12 ¥ i (187.9+6. 2) g/m’, CO, &t f ¥ JBE g
(19.2+8. 4)g/m’(F2) . WK 2 700 m 119 =5 Bt iy B
T H O, o R ) 3 X R 93% 247, CO, i
TR T R L X RS 4845 5 A . SR 2 700 m
FHEE , ZEVRE4K 3 700 m b X, KA g T By LT 3 v
(1) 0, Jot 2 ¥k i 1 18 25 T 1% (p<0. 01) , i i H CO, 5T
MR I N (p<0. 01) .

®2 ARBHESEMRIESZMXSO0,5CO,HMRERE

Tab. 2 The mass concentrations of oxygen and carbon dioxide in plateau zokor burrows and local atmosphere at different altitudes

4K /m D5 o7 (REAS &) 0, B L/ (g-m™) CO, Btk i i/ (g-m™)
Altitude Determination of location (sample size) 0, mass concentration CO, mass concentration
KA (n=21) 203. 0+£0. 5* 0. 420°
2700
T3E (n=21) 187.9+6. 2" 19.2+8. 4'
KA(n=23) 173. 12 3° 0. 3:0°
3700
{iiEi (n=55) 138.2+17.7 47.9+24.4°

2.3 ASDaIEEBR RN GE A B L2 v DR Bl i S R
S
T 8 SR DL ZH 1 3 700 m 2H A9 i TR R BR Ak

Tl — MR T (3 700 m) , I 3 45 S 07, T
SARFEALLE A0 3 700 m 4H = LR B RBC 43 91 R
(11.2+0. 4)x10/LF1(11. 4+0. 8)x10"/L, Hb 4331 A
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(149. 0+6. 2) g/L Fl (154.7+9. 4) g/L, HCT 43 51 Ky
(52.4%1.9)% 1 (53. 3+3. 3)% , MCV 43 5| 4 (46. T+
1. 5)fL A1 (46. 7+1. 7) L, WA 4L I H AL S 5034 00 B 3%
Z5 . 2700 mZ = R ELRBC A (10. 0£0. 5)x107/L,

Hb 4 (135.0+3.0) g/L,, HCT 4 (49. 1+2.0)% , MCV
H3(49. 4+1. 0)fL, H:if RBC \Hb \HCT 5 1= i # K T
Fe R v SRR B (p<0. 05) , MCV &5 12 i 35 & T = 1
P L B (p<0. 05) (%3) .

®3 BEBRIMLEM

Tab. 3 Blood routine parameters of plateau zokors

21 51 T4 A/ (1012-17") METE A/ (g- L) L4 HE 25 (%) SIET 4 AR BUAL
Group RBC Hb HCT MCV

T SR 2, (=

(Hfﬁ—\lﬁiﬁéiu\,ﬂ('n 6) 11.2+0. 4* 149. 0+6. 2" 52.4+1. 9" 46.7+1. 5"

Tunnel gas simulation group

% 3 700 m AL FRZH (n=6) . . .,

Treatment group at altitude of 3,700 m 11.420.8 154. 794 53.323.3 46.7£1.7

442 700 m AL FHZH (n=6) b b b o

Treatment group at altitude of 2,700 m 10. 0£0. 5 135.0+3.0 49.1+2.0 49.4+1.0

2.4 ASFENEESRANE ETA B AL S DR B T (35, 126.6) . (43. 35. 9) mmHg, Herh i i TR

ks

M Hras 260 22 700 m 41 .3 700 m £H AR
T A MR L2 & IR B PaO, 43 51 R (58. 5+6.5) |
(45.746.2) .(37.7+6. 6)mmHg,2 700 m 41 5 JFL ) i
Pa0, 2 & & T 3 700 m £ A G AR B L4 (p<
0.05) ; = # &= B Bl PaCO, 73 %1 iy (43.0+3.0) .

2052700 m 417G 25 S (H 2 T 3 700 m 41
(p<0.05) ; = 2H & B B Sa0, 4351 4 (90. 2+2. 8) %
(84.3+3.7)% .(72.549. 0) % , {FE S MAAL 4 B 2%
T2 700 m ZH 1 3 700 m £H (p<0. 05) ; Bk if. pH 7
—mJC e E R (R4).

x4 SEMRMLS

Tab. 4 Blood gas properties of plateau zokors

2651 PR ik — A5 /mmHg Ik e /mmHg Skl AR (%)
Group pH PaCoO, Pa0, Sa0,
T T8 AL (n=
M THBUILE (n=6) 7.40. 1 43.315.9° 37.746.6° 72.549. 0"
Tunnel gas simulation group
NEE73 ML (n=
I 7.5%0. 1 35.126. 6" 45.7+6.2" 84.3+3.7"
Treatment group at altitude of 3,700 m
VAR MR (n=
552 700 m 4 R4 (n=6) 7.4+0 43.0+3.0" 58.5+6. 5° 90. 2+2. 8

Treatment group at altitude of 2,700 m

3 it

RT3 F 0 o o VA 2 R ) g ) il S AR 5 46
UM AR R R E . W& RIS, KRR
R, 0, F1 CO, T sV FE T % BRI, F IR sh @it
J, B8 R T R RN O Bk, T 250
pH 3 [ Ft, Pa0, PaCO, Fll Sa0, it & T B, #E 1 5
T it 3 Bk v s il K e ARG 7K e 48 e T B g
TE K MEAR A T, 28 A R A AFISE B 34
S A A OB K, I 3l bk w8 ., 2140 B 2, il VA
B R A A MR AR BRI, A g R AR AR

RN SRR A SR A SRR S A
BN 43 F K V1938 AN HE AL T % T — ZR 5158 N
Jir B AR SR 8 R R R S R IS, A PaO),
PaCO, Fil SaO, 55 - e A7 Bifl 6 4 T v 10 . 3% B, A%

BT RSB R P IR AR B AT
Lﬁjﬁa%fﬁaﬁifﬂnﬁa\%mﬁﬂ*ﬁa&

o R BV S e SRR A A b T BR v R
BRI T 2E 5% O, AR 4050 08 41K [ DX 174 e T
Y BB AT ™ EE AR A B R IBCR Y g
S TR, SR, O A T R RS I
SN NEHE 2 300 m 2247 ) SE B0 = R A Y
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ShAL kel B 5 H TR U R M T IR T R R R
B b i SEPRAE O AT BB A R 2800 . IR, S T & W
J5 W fe Doy B B VA ™ 0 A ) I IR S A B
() I SCRRAE , A 5% 76 0 7= J i BT 38 O, F1 CO,
PR BORD o i R B A il L 3 A SRR AT B
B b, I T AR AR B B R T s R
W RS i R 25 R A B, TCIB SR FE 3 700 m ik &
2 700 m A9 ey Ji iy BRUIIRTE L O, (AR 43 B00R Joit et vk B
P 0 AT R b XK, T CO, AR 2 B30 o 2 vk
JEE BT S 2 R [ Ml X R 52 700 m 21 s J R R
Pa0, . PaCO, i 2 & T3 700 m 41 4 & L L, 15 Sa0,
FpH JG i 25 25 5 5 SR, 5 [l il X RS F T Bl
FEEAM L, FEREARLER 3 700 m J 38 SRR 0 K 2
R, w5 RS B Pa0, F1 Sa0, B F &, PaCO, B |
Tho ARG S HTIIT4E R R, =R AR
Y Sa0,, 1Ml HHARIRA Sv0,, H Svo, 4k
(7.65+4.77) %™, FEAMEFE H, FE B HE T I 36 <
WER AT, E IR B Sa0, 4 (72. 5+9. 0) % , ZhF
Jik 1 48 I RE 22 2% 5 3K 64. 854N T 43 s, Ui W E il
T B b R AR B R e R AT
AR R . FESERT A FE KRR 3h i ik i 42
TL B 22 22 9 (19. 53+7. 25) A A 43 A5, 5 5 B A
(Ochotona curzoniae) W 21 & ik 1L 540 A1 JE 2 228
(43.54+4. 85) 4 H 4 " U B AEAAEL T ) 3 <
RS RAAE T, o SRR B I S0R R AT 8 TR BURD
R RS DL 2SR 7R B A R R
i B Pa0, £ SaO, 1 T-i3HE O, B0 T B i 2
Rk . 7EBLIIETR 3 700 m i 18 AT RS A
T, = S B PaO, F1 Sa0, 43 51 24 (37. 746. 6) mmHg
F1(72.549.0)% . FEXFEALAY PaO, Fl Sa0, &L T,
Hu TR B 23 B AR B L B AR AE AR
o B BT A 7, BT REIE AR A B, X
AT RES HM 2T 38 (1 EGR AT BRI RGN ik A A2 A 15
MR A RS A G FERR 8020 A B/ N It B 45 5 ¢
ZIR TEALZ R SR A TR BB RE R A 2 4
I AR AT R v T T s

K2 v SRR BT HR G O, AR 4 BIOR o R vk
JE 3 2 I T [ b X R, T C O, AR B 4350 i ot 1 ¥k
JEE I 8 2 v ) i DX A5 T G AT T T
A B, AR LR Bl PaO, 1 Sa0, 1 35 K %, PaCo,
B2 LI AR EUR AT 8K o T - Sh ), R
iR R IO ™ B ffe AR b ] A 45 1 FEEEAL R
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