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Seasonal changes in blood physiological parameters related to
adaptation to hypoxia-hypercapania in plateau zokors "
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Abstract Plateau zokors Myospalax baileyi are one of blind subterranean mole rats. To explore plateau zokors adapting
mechanisms to the hypoxic-hypercapnic environment, its blood physiological parameters and the content of myoglobin in
cardiac and skeletal muscle were analyzed in spring, summer and autumn seasons. The results indicated that pH of arterial
blood and venous blood of plateau zokors in spring, summer and autumn seasons were 7.44 =0.09, 7.44+0.05, 7.51 +
0.07 and 7.17+0.05, 7.29+0.07, 7.35+0.08 respectively. Arterial blood pH had no obvious difference, but pH of
venous blood in spring significantly lower than that in summer and autumn. Arterial blood and venous blood Pco, were
47.81% 14.50 mmHg, 55.10 + 13.50 mmHg, 53.00 £ 10.81 mmHg and 75.17 £ 31.09 mmHg, 75.40 = 20.21
mmHg, 80.00+ 17.44 mmHg in spring, summer and autumn respectively. It was without obvious seasonal difference.
Arterial blood and venous blood Po, were 76.17 £ 33.24 mmHg, 78.90 £ 16.61 mmHg, 88.67 + 24.94 mmHg and
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7.34+£4.07 mmHg, 10.60+2.76 mmHg, 10.33 £3.56 mmHg in spring, summer and autumn respectively. It had no
obvious seasonal difference. Arterial blood and venous blood Sa0, were 92.71% =5.00%, 94.70% +3.65%, 96.00%
+4.38% and 4.27% +3.03%, 9.01% £5.26%, 9.67% +6.02% in spring> summer and autumn respectively. It
was without obvious seasonal difference in arterial blood> but SaO, of venous blood in spring significantly lower than that
in summer and autumn. From spring t to autumn, RBC, Hb and HCT in blood of plateau zokors significantly increased in
seasonal order. The activities of iNOS in serum of plateau zokors were increased markedly with increase of carbon dioxide
concentration in burrows in summer. In cardiac muscle and skeletal muscle of plateau, the content of Mb was increased
obviously in spring. The content of 2, 3-DPG in erythrocyte of plateau zokor was increased obviously in autumn. In con-
clusion, with seasonal fluctuation of oxygen and carbon dioxide in burrows, plateau zokors maintained oxygen homeostasis
of their tissues by regulated the content of functional proteins related to transport oxygen and the physiological mechanisms
related to metabolisms of oxygen [ Acta Zoologica Sinica 52 (5): 871—877, 2006].
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B0 G, HARAE (it Y TR
B Ut BT B —E R A IS S (Total ac-
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FHAE AW 7 (Activity of inducible nitric oxide
synthase, iNOS)o.
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FLOMERE =Sk, BY i R0, FH A 28T K
vekinys, MBI, HERIPRICO MU BV
0.5 g MA S5 ml0.05 mol/L Tris HCI £& '
(pH 7.2) A )G m# &0 (4C, 10000 g) 10
min, I HEUOE DR A5 L 0g, 4200k (R4
%, 1998) MIEMA & (Myoglobin, Mb) % i
1.4 gl ik

i 1l SPSS (Versionl1.0) e vk # 1 4k B,
W A A R B s A Ak — 2B ge vk oM, oK
H Levene 1 Kolmogorov-Simirnov 73 5l & 56 77 7 1]
TEAYERI A BTtk B0 755 5 1E 2 20 A O HoAT A i
PE, M One-Way ANOVA #4775 % 70 #r, K H
Duncon’s 2 B A, HHR KRN Means + SD-

2 4 R

WS (Blood-gas) 7T KL, il i i3
Jikifi. € Arterial blood, AB) pH {H ¥ Z= 715 22 =
(P>0.05), HFEFHKIML pH 8 & FK T 2Rk
% (P<0.05), HEHKFERAREEZER (P
>0.05) (R 1o fH i Jst By 53l K il A Jk i
(Venous blood, VB) % 4bfk 73 = (Partial pres-
sure of carbon dioxide, Pco,) WA W35 211 % ¢
(P>0.05) (£ 2); FK%E & (Partial pressure
of oxygen, Po,) FIILA A (Degree of oxygen
saturations SaQ0,)~ B AR 2> k. B Bk i 55 i ik i
53 % (Difference of partial pressure of oxygens
F1 AEZET m R L pH E
Table 1 Blood pH of plateau zokor Myospalax baileyi in dif-

ferent seasons

pH

S ORAK ‘ ‘

. . Sy ik I ¥ Jok 1T

Group  Sample size

Arterial blood Venous blood

% Spring 10 7.44+0.09* 7.17£0.05*
5 Summer 10 7.44+0.05° 7.29+0.07"
K Autumn 10 7.51+0.07° 7.35+£0.08"

df=29, F=2.22 df=29, F=16.89

FHE R P + bRt Ze, —FUA R BRI P ME 2 MR 2 7=
£ (Duncon’s fi%, «=0.05).
Values are given as Mean = SD. Means with different superscripts are

statistically different in same rank (Duncon’s) tests a=0.05.
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Table 2 Pco, and Po, in blood of plateau zokor Myospalax baileyi in different seasons

A ABRR Y K Peo, (mmHg)

4 & Po, (mmHg)

P! FEARZL . - L o Bk o e %
Group Sample size 2 ik 2L K DPO,.,, (mmHg)
Arterial blood Venous blood Arterial blood Venous blood
;E%Spring 10 47.81 +14.50* 75.17 £31.09* 76.17 +33.24* 7.34+4.07" 68.82 +33.45%
¥ Summer 10 55.10£13.50* 75.40£20.21° 78.90£16.61* 10.60 £2.76* 68.30£15.75*
X Autumn 10 53.00+10.81* 80.00+17.44* 88.67+24.94* 10.33£3.56" 78.50 £23.05%

df=29, F=0.77

df=29, F=0.69

df=29, F=0.45 df=29, F=5.53 df=29, F=0.37

R PEA T IE £ hrifEZE, A — S LRSI P EZ MR R Z2 5 2 (Duncon’s f2%, o=0.05).

Values are given as Mean+ SD. Means with different superscripts are statistically different in same rank (Duncon’s) tests a=0.05.

DPO) FML A AN FE Z KA R EMEZER (P
>0.05), {HF 7 ik il 42000 f B 25 =2 R
Z (P<0.05) (2, £3). by R g fp
2, 3R H W (2, 3-diphosphoglyeerate, 2,
3-DPG) SEMKFEREWEM, s THEFMEE (P
<0.05) (£5).

REY B RBC. Hb A HCT E R E M =F A
HFREMNZES (P<0.05), MFERTES, EF

3 OAEZTT &R R IR Sa0,

im

TR YT AT R
(P>0.05) (& 4.

A7 v SR B B LR B UL Mb 5 1 B 3
THEREMKE (P<0.05), ERHFEZREA
WMER (P>0.05) (K 6). EZFEmEM RS —
AMWAESEE S (T-NOS) FIifs T — A A Gl
)1 GNOS) #% # m THEMMETE (P<0.05),
FEHHFZ RBAREEZES (P>0.05) (K7D

E an

Table 3 Sa0, in blood of plateau zokor Myospalax baileyi in different seasons

. AMRIE Sa0, (%) s L

ol FEAEL — .
Sk i ¥ fk ot AR 2

Group Sample size . o
Arterial blood Venous blood SeOsoy (%)
# Spring 10 92.71+5.00* 4.27+3.03" 88.44 +6.64°
2 Summer 10 94.70 +3.65° 9.01+5.26" 85.69+5.13"
X Autumn 10 96.00 + 4.38" 9.67+6.02" 86.33+4.84°

df=29, F=1.15

df=29, F=3.46 df=29, F=0.62

RAPEA P IE £ hRiE 2, A SUAN A AR P2 IR R ZE 573 % (Duncon’s f2%, a=0.05).

Values are given as Mean+ SD. Means with different superscripts are statistically different in same rank (Duncon’s) tests a=0.05.

R4 AT R LA

Table 4 Blood indices of plateau zokor Myospalax baileyi in different seasons

vl BEA S AR [liRAR: = 2140 L R AR LT 41 P 3 A AR
Group Sample size RBC (Nx10'2/L) Hb (g/L) HCT (%) MCV (L)
4 Spring 10 7.15+0.70° 130.56+11.58" 40.74 +4.23" 57.07+3.70°
5 Summer 12 8.17+0.59" 148.08+9.43" 46.05+2.98" 56.38+2.11%
X Autumn 10 9.01+0.49° 163.33+8.53¢ 50.96+2.66° 56.57+1.91°

df=31, F=22.02

df=31, F=24.84

df=31, F=21.34 df=31, F=0.19

R PEA T E + hRvtEZE, W — SR LRSI P MR ZE 5 82 (Duncon’s K%, o=0.05).

Values are given as Mean = SD. Means with different superscripts are statistically different in same rank (Duncon’s) tests a=0.05.
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®5 AFEFEEBD R 2, 3-DPG 5
Table 5 The contents of 2, 3-diphosphoglyeerate in erythro-

cyte of plateau zokor Myospalax baileyi in different seasons

LLANNE 2, 3-WERRH R

Vol FEA KL
Contents of 2, 3-DPG
Group Sample size
Cumol/g Hb)
% Spring 12 4.98+0.99"
. Summer 13 4.42+0.78"
K Autumn 8 5.80+0.86"

df=32, F=6.09

RPE R FIME + bRUE 22, [ —FIAN R LR 3 (E 2 [ R oR 2 57
W3 (Duncon’s K%, «=0.05)

Values are given as Mean = SD. Means with different superscripts are

statistically different in same rank (Duncon’s) test> a=0.05.

e AT EEEFOVMEEIWLEA SR
Table 6 The contents of Mb in cardiac muscle and skeletal

muscle of plateau zokor Myospalax baileyi in different seasons

O E A &R FRILEA & &

Eani FEASL Content of Mb Content of Mb

Group  Sample size  in cardiac muscle in skeletal muscle

(nmol/g) (nmol/g>

% Spring 12 1001.25+103.25>  781.85+100.98"

. Summer 10 726.50 £54.70° 672.15%108.88*

B Autumn 10 767.33+88.73 676.80+77.31°
df=31, F=24.06 df=31, F=4.99
RHUE P T hRfE 22, R — SR LA P S 2 1 s 22 57

2% (Duncon’s K%, «=0.05)

Values are given as Mean = SD. Means with different superscripts are

statistically different in same rank (Duncon’s) tests a=0.05.

7 AIRIZES R UL AR (NOS) W
Table 7
Myospalax baileyi in different seasons

—SH WA G )
Activities of NOS (u/ml)

Activities of NOS in blood serum of plateau zokor

il FEA
Group  Sample size p B STEE )

P

T-NOS 4B JJ iINOS
# Spring 21 36.23+2.86" 12.93+3.73¢
K Summer 16 46.59+2.24° 40.66+2.62"
K Autumn 8 36.61+6.32° 11.93+4.77°

df=44, F=43.93 df=44, F=284.49
A T IME + ARdEZE, R — S AR P 2 R R 7
B2 (Duncon’s fi%, «=0.05).

Values are given as Mean + SD. Means with different superscripts are

statistically different in same rank (Duncon’s) tests a=0.05.

3 0w

TEARE M=, By U T A AR =k
W& &= 5N 18.02% 17.04% - 18.43% Fl
0.22%- 1.46%- 0.81% (LEMEEE, 1979),
AERRA A EZEN AR, (H AR AR
AR B3 AR, SRR R ah ki pH.
Po,+ Pco, Ml SaQ, WA W MZ=75 2 5, ki
Po, Fll Peo, WA BENTFNES, HEFS RN
UK I pH 1 SaO, 't F K T =2 =R, X A)
RE 2= 0 0 OB H AR ), sl B dEAT K
WIS (BT A E), 19810, Kkl
LUK TR e CRERSER, BEE,
20060, SHEFIKIL pH A SaO, 1N M. ASCHF5T
SE R, B 2 AR AR R B B,
e R AR AR A DGR B SR b B R AR A T A
o PRI, WEZFEBIRKE, &l R
RBC. Hb WA HCT K B ER M, Xnlfe5A
[F) 20 gy i S 42 0 Vi 20 e R T A = PR AR AL
FHRo (EATE, m iy BUASE T & i 70 — 250
em IRALIIE T, X S (B TSR R
By, 1981), WREAL T AMERA (FE92 50 FE bW
RRX—IWG), G E TR, AFEERD>. B
SRUL IS 8 4 S B T e A, AR B
e, AR R HUART R FER, R BT
W B RBC Hb WM HCT /£ 2. K=
ZEPIR G, XA PRI A W] R S R R A
BRI 5%, A RITF TR, AN AR B AR AR
e AR TR B R LA U RN, 7™ EE AR A
TAALER G R C A G 2, R BESE O, DR 5 1R
AR, It ik e e A0 P R D RE I s i —
SEWPETE P, AR & A BB R]), AR T
IS S AR B 77 5 i e, IF Re i il (G4 5 |
B (1) 0L P RT A0 A, B AR AR RS ) 2 4
i (AR THEE, 1998 MK 5, 2005 Ooi et al.
20000, XFEYE LW, BHEFT IR
RZIEET IR, HAZ G 2l 2w, et
T RBC A1 Hb ¥ B AR, A AT A e 5
WA BT B8 1 10 75 3K, 75 b e A o AR Ak B
T 752 bR S A B AR, AT 5 S LA
VLT AN A H B A i £ B RIS T, R
HE =M RBC Hb W EAM HCT BF W m. [
I F T AR 2R A R, 5 DR O WURT B B UYL 2T B

FrEBEIN, WO T MRS S R A 4LSUR) AU
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REJ). 7EEZE, BRI R RS9 VS 30 B B R B,
B FAE T, BN SR, Y
AT RS, ARRPFICINGR, 2 g AR e, A
U e B BT T TP AR S N, AR
HEE LT (EMEE, 1979). XM EK M
BTN, 0 R IR R R I RBC
Hb WA HCT M. A& KW, MiEHE
7 friy J B BRI T AR B ) R,
T-NOS #l iNOS #5 1 e #E#ew,  HApdh =9 —% 4k
A (NO) HAY kMG I ae (Fagan et al.,
1999), 1A ML S i -

R B 2 Bk Il 5 O Po, 22 P38 Z)A
70.19 mmHg)+ KI5 FHIK ML SaO, % CFI4
h86.68%) BEm TR AR (Po, 2 FIAN
30.07 mmHg, SaO, % FIZ4 43.54% [ 5
4, 1994)) ALK AR (Po, 2 P20 24.10
mmHg, SaO, Z V4K 19.53% Cf b5 5%,
1994)). 1 B vy J iy SRV AR VR AR AR i — Ak
(R, (AR R S AR 2, Lk
WIEANGRAE,  [A) I 42 7 v B By BROD LA R AT R R 1)
SRECA AR HFEMLE . oS s s ik, 7
— S Y0 [l A I 20 2 ORI 20 5 I BB s 4L
A HAARUER /N, LB AA  BE aR. AHR, W
Ry an st m, g ARR R, S5
TR RGO, MRt ) 3G, i vOE SRR R B
55 [ b X e J SR AR AN K 1 BRAE AR G, s D B B 9
SRR TR RAR S B R R TS (RRA R U
TSI AN S, ORGP AT R IR R 0, R g
T M IE A A ) CEALEEAE, 1979; HE %
25, 1994). AEALTRAT 2, 3R H IR 48
M) 1L 21 B R Ml 4 S A AR AL R TR . 5 A
AL, 2, 3-ZWEEE H b R xS i 210 8 1 ARG R
AR R Ty, RICL AN 2, 3-WER H MR %
BTy T S el T (A N AN = & B sk
B MR, AN 2, 3-RERR H MR & i
i, Bk i S v R B i i . A SR A A0 T
B, ML AEALTRBGEERRBEZ . SR
DX B FR AR AR LG, e BRZE 4 B 2, 3- IR
HmR & W TR A AE, 1984), H ki
TERAMR Y R R ER S CRIINEREE, 1994), XA
ICH R T L0 8 e 4 A4, i BAA R T ar
RAMEALS R Hk, &y B3l kol 5 i ik
1NN OF SV NP (=S D2 R = P | R W - S PO =)
PIRAN R 2L B BN (BRESSE, 1998). A

SCWFFLEE AR, e SO LA #E LA ik
JEWZE e, HEEREm T RARANER (3
BHL BEE, 2001 BRESE, 1998). XA
AT WUAAH S i A R4, i BAR) T4 L
A EAVNE N

gr b Pk, B R U B 1 = AR A LA
T T N ARSORT AR AR B 1 B, v 4L
M. ML AWE. LML, gl n 2,
3- IR H R A AN S AR A S K
AT PEARA,  HIR AT 40 T B i O R S 1k
RS B2 B R OK, T P A O AR FE 11
W I WA GRS & R R B AR
re TR AR AR 20 T, B I 4 43 P R af Ao R R AR
e T e i o 4 20 s R I SR ARG, ) ik i -5 e ik ot
MAAMIFIRE 22K, A S AR 2 e Js i B il
WAMMEH 2. ML E AR R (RN, 40
AN 2, 3-BERRH R G EAL, AR K
ik, ODHURE BN & AR &, AN R T
MR AENR S5 G B i 2 AR, TR AR BIR
Ao 1 HAR T AU Rk, R
PR FHEAN A
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