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Abstract: The plateau pika (Ochotona curzoniae) has a strong adaptability to hypoxic plateau environment.
We found that the sperm-specific lactate dehydrogenase (LDH-C,) gene was expressed in plateau pika liver.
In order to shed light on the effect of LDH-C, on the anaerobic glycolysis in plateau pika liver, 20 pikas were
randomly divided into the inhibitor group and the control group, the sample size of each group was 10. The
pikas of inhibitor group were injected 1ml 1mol N-isopropyl oxamate, a LDH-C, specific inhibitor, in biceps
femoris muscle of hind legs, each leg 500 pl, and the control individuals were injected with the same amount
of 0.9% saline. The expression level of Ldh-c gene in plateau pika liver was determined by real-time PCR and
western blot. The concentration of N-isopropyl oxamate in blood was determined by high pressure liquid
performance (HPLP), and the activities of lactate dehydrogenase (LDH) and the contents of lactate (LD) and
ATP in liver were measured by biochemical methods. The results in Fig. 1 indicated that the expression levels
of Ldh-c mRNA and protein were 0.22 +0.04 and 0.97 +0.20, respectively. After 30 min of injection of 1 ml
N-isopropyl oxamate (1 mol/L) in biceps femoris muscle, the concentration of N-isopropyl oxamate in blood
was 0.08 mmol/L. In the liver of inhibitor group and control group, the LDH activities were 4 990 +290 U/g
and 7 360 +420 U/g, the contents of LD were 0.38 £0.05 mmol/g and 0.53 +0.03 mmol/g, and ATP centents
were 5.84 £0.83 umol/g and 7.78 + 1.06 pmol/g, respectively, as shown in Fig. 2a, 2b and 2c. The data were
analyzed statistically by one-way analysis of variance, and the results showed that the LDH activities, the
contents of LD and ATP in liver of the inhibitor group were decreased significantly (P < 0.01), and the
inhibition rate of N-isopropyl oxamate to LDH, LD and ATP were 30.19% +3.90%. 32.22% =#+8.70% and
24.94% +7.80%, respectively, as shown in Fig. 2d. These results suggest that the sperm-specific lactate
dehydrogenase gene is expressed in plateau pika liver, and the liver harvest at least 24% ATP from anaerobic
glycolysis for its life activities. As a result, the pika is able to reduce dependence on oxygen and enhance the
adaptation to the hypoxic environments.
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T 98 S PR R 3 000 m AL, iR
AR IR LR 2804 TR RsRmES (4
WAE 1999) . IRER BN AAE . SIS L
WENH AR Z) 5 (Beall et al. 2001, Hoppeler
etal. 2003, 45 2006). A iELE T 5
WA TR 1 25 308, A0 KIS B AR AR
B R, BT — RV SR MR,
AR A RIINLE], 12 m  sh i A 1
K. I H 2. RO, Sl hibsiE (B
KL 2001, MRAKLIAE 2003, B8 FR4E 2006,
Wang et al. 2008), 77T M5 A7 2 bk
WA Mg s H 2. ARBUN, Mgtk

& (Weietal. 2006, THEEZE 2008),
M2 8 AR B I 2o B, AR a4 G4,
LEL AR R IR 2 AR (B P45 1991, %
HE 2008); MR BAMAEFE, 4k TH
SAEALUP R 2 (Avivi et al. 1999,
Weibel 1999, #W-7*45F 2011). 1 5t Bl %R
(Ochotona curzoniac) +&7 il i R RF A 11 1 2%
W, TR AE R 3 000 ~ 5000 m ) v FE H 5,
MR A B AR 9 0 18 NV % (Kilic et al.
2004, FFHiE4 2008, Wang et al. 2008, Zhu et
al. 2009, KIiiE% 2012, Gonzales 2013). A
[ A e o AR AR P A58 36 12 1) A2 BRML AT BT 22 5%
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R R AR TR LR RE N ESS, R ILH
— SRR S (AR AU R, L ATl R R R D
(Wei et al. 2006), EHNLH LA 2 A& 21K,
HRiREE D, FELCEA PR SR RE (Zhu et
al. 2009, Sun et al. 2013), T PR it S
( lactate dehydrogenase , LDH ) [d] T fif§ LA
LDH-B,. LDH-AB; fil LDH-A,B, J 1=, JIT ki
SEAERE ) (Cahn et al. 1962, Sun et al. 2013).
XS PRREAE, A J R S D TR
HORHE R AROURE o 3, AT TR I,
KRR AN (sperm-specific lactate
dehydrogenase, LDH-C4) JE KA AE H 52 4 A1
KErrp ik, AR BFL M. B AP
B 20t £k (Wang et al. 2013).
R 45 S P LT ot A2 2L TR 1ot S )
— P[] TG (Gupta 2012), 4k P i 5 A1 7L IR
(lactate, LD) Z[AJ%E4L (Smithies 1959,
Everse et al. 1973, Wang et al. 2013). #H4ik
FLIR i ZURE 3 AT 3 AN SE1, B Ldh-a.
Ldh-b #1 Ldh-c, Ldh-c #f0Rs 745 51 FLRR I
Sl 3L (LDH-C) Ak (Li1989, Lietal
1989), LDH-C 5 LDH-A 1 LDH-B A" 454,
JIT CAKE 74 S e L g 0 e e 1 4 e DL ] 905 DY
F Ak (LDH-Co) 1B AE1E (Blanco et al. 1963,
Gupta 1999). SEHTIIBFFOA R, KRS
PRI SR FE R (Ldh-c) FU7E B I LR RS
T Ik (Goldberg 1975), M 7 4441 fifg
ANk (Wheat et al. 1977, Goldberg 1985).
LDH-C, 54 A G, wikr Ldh-c FEHI/N
(Mus musculus), 52 R FoRs 7 1 7= A= f 4 =
1B, AHRS T ATP B8 B3 MR, K 1issh
e WE NP, SEUEMEAT (Odet et al. 2008,
2011). BEREEN 1o sl KW, LDH-Cy X}
PR PR P 235 R g 2 OO0 FLIRSE RN T 1Y) 60 224+
H ML AR P = T R Y BB R 1) 50 £ I, L
WA (Hereng et al. 2011), i3]
LDH-Cy A7 M T IR BE M EA T« R T ohi A
WP b PR 4 M 62, 28 S A P B A, K
T ATP & LI s Az g, (09K 1 rh

LDH-Cy f3% Sy ANy, K5 rrh ATP 2 A
125 fg ) 2% F % (Duan et al. 2003, Odet et al.
2008, 2011), BEWIKETIZEhH ATP T2
T+ LDH-Cy AL TG S2URH AR S WY (Mukai et al.
2004, Krisfalusi et al. 2006, Kim et al. 2007,
Nascimento et al. 2008). [k, B 14#EM, Ldh-c
7 AR A2 R RIS, AR TA8 Tk
SUBEREAA B REAT, DTk FE AL 2 40 ) 2 i i
Bt ATP, i)y i it Bl S AR IR AT x4
AR, 1 9 OISR A A5 1 35 1Y R

BT UL R BR Mr AR R, ASCOIE T
R AR AT 24120 Ldh-c 25K 7E mRNA Rl 4
KV RIE . N LDH-C,4 5 4 40 il 51
N-isopropyl oxamate (Wong et al. 1997), 57
FRHI TS = B A2 LDH-Cy B35 ) K
FLIR A ATP & 515, dF— R0 i i il A
T8 NAIREUR AR B o

1 MRSk

1.1 SEREY

e B SR AR A B T T AR e e N DA B XS
l (36°72'N, 101°28'E, ¥4k 3900 m). Fht
AR 62 kPa, HAE TN 182 gim®. FEA
20 M, 1A 150~ 200 g, BEHLI A 2 41,
4110 ., MERESE. 5 L AU ARHRAL,
S 1 ml 0.9% 4= BEER /KT B S S il — Sk AL,
M A-VE ST 500 uls 28 2 41304l VS 1 ml
1 mol/L 31 N-J: PR 3 R4 12 +: (N-isopropyl
oxamate, H1 il BTS2 ICHE R A R
1) T e R AR Sk, AR5 5 500 pl.
BT shili 3k Ja i 5 40 min, AR J5 20 e s
FRER KA, 30 min 5, ZhH 5%
EC SRR, SR MR 2R, 2
FE 7 B SRR AE ] EDTAK, Bk M3
K 2 ~3ml, 2.0 10 min (4 000 r/min) , 4%
B, 4CORAT JITA S AT AR B 7E KA I
AT o RAELRE T Il K B AR B M) (1 45 i
P4 BREE 5K (SE 5 3 ) 4 B 4% 141 (GB14923-
2010)) AT
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1.2 Ldh-c mRNA 357K B &

Trizol CInvitrogen Life Technologies) ¥4
HUHAZUE RNA, REIRER 1 A A0 s
Asol Aggo WG LUAR A, JEHN Agso/Aggo /1
T 1.8 ~ 2.0 2 I8 HIR &K T804 0.40 g/L [1)
RNA FEff, I 1% PP AR 1 vt Fse e ko) L
i, B4 pg &L RNA SKH First Strand cDNA
Synthesis kit (Thermo Scientific) 7%
cDNA. R % Ldh-a. Ldh-b F1 Ldh-c
JE[A cDNA 7%, 7 Ldh-c 5 Ldh-a F1 Ldh-b
Ak [\ 95 X B v R S T A ke B
RT-PCR. ¥4 Ldh-c JERHM L5155 0
5'-TAT CGA GAA TCT GAT CGC AGA AGA
C-3', FiF5I¥F5)h 5-GGG CAA GTT CAT
CAG CCAAAT CC-3', IXXJ 514k k41w
Ji B4 Ldh-c, 3738 v BEKFE 24 130 bp (Wang et
al. 2013). ¥ NS p-actin FEH K L5 147
%24 5'-CTC TTC CAG CCC TCC TTC TT-3/,
TSI 5-AGG TCC TTA CGG ATC
TCCAC-3', ¢ 14 i Be A 52 98 bp . 4% f Premix
Ex Taq Version i 78 (TAKARA) i It il )z
AR R AT PCR |, K r=#1PIHc Al SanPrep
FER IR G CETAEY TREB A TR A
FD [, RO REAT 10 RERREERRRE, e
PCR I N 1, 23R 1 <107 1%
1072, 1x10°3, 1x10"% 1x=107° 1x10°,
1 <1077 NBREIR I DNA, 1 brdEdR
. ## SYBR® Premix Ex Tag™ Il (Perfect
Real Time) (TAKARA) it BRI S N AK R -
12.50 pl SYBR® Premix Ex Taq™ 11, 10 pmol/L
ff) PCR £ %514 F. R % 0.50 W, 1l cDNA,
K2 BARRL 25 Wlo e Wigkft: 95°C 3 min;
95°C 30's, 60°C 30s, 72°C 30s, 40 M.
SIS S R A A N AR A LR R — 2K
BRI 4.00 g/L, FRfLEFERN 1 pl.
BIO-RAD connect A RAEFMHTE . 54F
i H I SERURT 2 L R B 5 SR B2 AL o
Aol BRASFEAN T E SR S LN S L
WIEZ L, RIA A H 0SSR E 5 R AH %

5 JE BT b Ldin-c 55 DR 0 423 B Hond TC 4 B A /K ST 1 S ) . 849 -
s
1.3 LDHC FEHRIEKFHM e

HUFHZUMA RIPA #0558 (HERY
WRIEE A 1 4), SRR, ] BCA VL
e R IR . B 40 g 5 3T SDS- A
I e FVK (SDS-PAGE), KR I HiL i 3|
0.22 PVDF fi5 I o ] 6%t 5 W54 A B i il
Ml 2h; 5—¥%i (i LDHC, Sigma 2 a]$Hi% 5
PR, 10 3000 #iks; $iL GADPH, Genetex
N T BTG, 10 4 000 FFOACHE &I
Ve KHEPR 196 (lEdifk, Santa Cruz
AF], 116000 Fk) HWIFEE 2 h, Pk, NV
JHl ECL %6k ##A (Thermo Scientific) #EAT
W, FBER %1 (BIO-RAD, USA) 1.
LR LDHC S H& WM KEHE S NS
GADPH 1K A 2 FL 7R %R i AR G 2
Lk Ik
1.4 MV AR RS e

SISO A1 770 2EL R0 25 5% FE L v D R AR 1 I 2
% 250 ul, 95°C /K 15 min #AEYE, A 250 ul
10%E 8 (I (1 250, F7~ 1 mg B 250 U
IR » FeorBidRA], 42°C/KIBHEE 12 h,
FEANNSARFL (500 pl) 10% =5 LIRVEW, =
P 7843847, 10 000 r/min 5.0 10 min, HX
IE A TCE R B A R
AMREINE I TSI AR . B At
[ 52 A 4 (4343 C18 (Platisil ODS 5 um, 250 x
4.6 um, Cat: 99503, USA). ¥izhtl: /K (A)
-FIEE (B) BAEEVENL (0 ~ 40 min, B: 10% ~
55%). Jiti# 1 ml/min, ¥R 25°C, KK
230 nm.

AR T A Cp e vy 1A =
Co* Vo /Ay, 1, Cov Vin Ay 230l sl 51
PR PR B . BEREARRURIE TN, Cov Voo
Ao 53 ARG B3 Th IR A B L RN
WETRT A o L P AR T R A C =
Co* N -V, i, NALHE ISR EIEL R T
MR FRREAE L, VA e S AR 3 s 4
BT B R AR T 4 b, DR g D Bl A I
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HHZT A0 L 2l 44% (Wi et al. 2006), LAV
h 56%.
15 FARRBEETE ) RIBRA ATP S 21lE

FLIR 7 5t S LR i A ME oI = PR
H 0.90% 2 3 ER /KUK 20, HE SR
J31:9, 4°C 5000 r/min &0 10 min, B
o F HEFLIR 7 1 I o 1) G R0 LR I S
A& G @A AR PR 2 7))
Ui, R AN AN AR (LD) &
MIFLR MR (LDH) 577,

ATP & &llE . RHHEDCER - R IREA
ML ATP &, $2 M ATP & (LR
DREVEARARAFD BEHEEE. HEURH
WG P Rk A 2%, EEEEMN 1
© 5, 4°C 12 000 r/min &.0> 10 min, B 5.
DL ATP & 57 15 24 25 1 0 B2 () LUAE R R 4
2l ATP (AN 5 (umol/g) .

1.6 FHIFRIN FLER B SEE ) R FLRA ATP

PR FLIR W S S ) S FLIR A ATP 5
HIEIRE T AR, MR = (FE
X REAE I - IR IAED 145 O A
BIE.

1.7 HERGEvoih

FlJH SPSS 220 4k, R
Kolmogoroe-Simirnov Al Levene 73 51 K 4 ¥4
MIIEZSTER G Z R e Bs & L&A IF
HA W, RAREFE %587 (One-way
ANOVA) . T4 R LIFEME + b=

(Mean £SD) JEX KR, P<0.05 hZRHEA
ST RS

2 &R

21 RERAFHALRS Ldh-c EFERIEKF

P PCR VA MVER (A Sl EIE SE 50
i (KD, w2k Ldh-c KL 7
MRNA I F/KFRH RIS, AHRRIE K7

B RIWPHIRRTHHEITE Wi 0.22 +0.04 i1 0.97 +0.20.
% 0.3
M ke
< £
200 E =
Ldh-c E o 02t
100 = Eg
= g
200 =R A
P-actin o E = :
100 R
[} =]
3 0
e Ldhc mRNA a
Uﬂ"l 'E 15
e
25
&5 L0
ic - - -
- hﬁ—l E 0.5
GAPDH “iie <ames AES GEEe - T e < i 5 0371
= z 2
35 o

LDHC b

B1 HERATFALH Ldh-c BEKREAF (h=8)
Fig. 1 The expression level of Ldh-c gene in plateau pika liver
a R R ARATAZ Ldh-c 25K mRNA JKFRIZIL; b ml ARITALZ LDHC S /K TIIRIE. a Al b B Ze il Rk BT 235 & R

AMTFHLFEA T+ Ldh-c mRNA Fil LDHC & [ P LA

a. The expression level of Ldh-c mRNA in plateau pika liver; b. The expression level of LDHC protein in plateau pika liver. In Fig. a and b, the

electrophoretagram represents the expression models of Ldh-c mMRNA and LDHC protein in each liver tissue samples.
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2.2 R BRI AR

MWLAEESS 1 ml 1 mol/L #7151 30 min
Jei s I FH i SBORH CoL T v AS I o 3 H i vk
J& 4 0.08 mmol/L.
23 RERAFARPARESE. IRHER
WhHATP 58

O 35 201 v D B S A 2R e L TR I A
(LDH) tbi& /1. 3L (LD) & ATP &%
BEHWEETH (P <001, K 2a~c). il
FR Ry R R AR LA LDH EeiE 77 A& LD Al
ATP & & HMEIZ 70080 30.19% =+ 3.90%.
32.22% +8.70%71 24.94% +7.80% (& 2d).

10 r a

Hk

8 [

LDH i% Jy
LDH Activity (U/mg)

FHH

Control group

EE Bl
Inhibition group

O T

ATP 7K
ATP level ( umol/g)

ELIBHBIEE

Inhibition group

THHA
Control Group

i
4T

it 2
Inhibition rate (%)

3 e

AR SRS A b b R H 2, R
K CREGIESE 2012), JF41400 FLIR I AU
(LDH) [ THLL LDH-B,. LDH-BsA H1
LDH-B,A, & T, LDH-H V.55 68%, LDH
Eid Ao/ Gl &4 1985), 5t W vy s S A T
RAEA AR E AT 2 — (2, A
SEHT AT AE IR, e B AR 4
ZUh A Ldh-c JEPIF6i% (Wang et al. 2013).
ELieiit ot 45 22, N-isopropyl oxamate X,
1% i & [7] T LDH-C4. LDH-A, Al LDH-B,

07 b
06 I
05 |
04 |
0.3
02 |
0.1
0

#%

LD content (mmol/g)

T
Control group

T2

Inhibition group

100 d
80 -
60
40 F . T

” B
0 . .

LDH LD ATP

Bl 2 BRI R R R AR LR AR L S M LTS ) K IR ATP SR (n=10)
Fig. 2 Effects of N-isopropyl oxamate on the activity of LDH, and the contents of LD and
ATP in plateau pika liver (n = 10)
a. IR e St B S I 2 2 FLIR T U LS UM b, RIS s B AR S LD SRR, c. AR e e B SR A 2R
T ATP B RSN d. S0 s R BT T SR AU (LDHD Hei& i X FLER (LD) HI ATP it 3MiHI%, ++ P <0.01.
a. Effect of N-isopropyl oxamate on the activity of LDH in plateau pika liver; b. Effect of N-isopropyl oxamate on the content of LD in plateau
pika liver; c. Effect of N-isopropyl oxamate on the content of ATP in plateau pika liver; d. The inhibition rate of N-isopropyl oxamate to LDH, LD

and ATP in plateau pika liver. #* P < 0.01.
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I 2 K 435324 0.01..0.40 £10.80 mmol/L
(Wong et al. 1997), #i] N-isopropyl oxamate
Xf LDH-C, HA BRI HMHIAE A, 1%t LDH-A,
F1 LDH-B, FI4MHI1E H % /N (Wong et al. 1997).
7E 0.10 mmol/L ¥ EET, N-isopropyl oxamate X
LDH-C, HIIHIZILE] T 70%, 1%} LDH-A,
F1 LDH-B, %A 5401 (Wong et al. 1997). A
SEREW], g s AR SIS 1 ml 1
mol/L f¥] N-isopropyl oxamate i, 30 min J5 IfiL
W N-isopropyl oxamate ¥ & >4 0.08 mmol/L,
e D Bt A T2 2R e LR ot S LU v O S LR
ATP & g # T %, N-isopropyl oxamat X = Jit
B O P-4 2R 7L IR ot S L 3 ) S FLIR T ATP
OB A R 4y i 2 30.19% . 32.22% FlI
24.94%. TAEIZIKBEHIFIZAT T, oEaiit
B2 % LDH-A, 1 LDH-B, filFim A
22 FHNH, AEX) LDH-C4 BTG SR i
70%/: 47 (Wang et al. 2015), X645 RILR,
5 1 ml 1 mol/L ) N-isopropyl oxamate M4
T e BRI 2 40 70%1) LDH-C, i
W77, A LDH LAR[R TR ) %A 50
WFFERNT, w5 BB B UL LDH 3% ) I
rh LR P A0 T TR DX 23 A ) v i B

(Myospalax baileyi) (XIJ[F & % 1985, Sun et al.

2013), Wk M AEAEER, (F I AE AR 2338
WL I 2 BT (Zhu et al. 2009) . A il
BRI A Ry FLIR & T B e Je — 2, X
Al R Y LR N A R LR 2R
LDH-A4 F1 LDH-Cy. B 3N 1 2= 51 45 SRR W,
CLTA i R A KIS, LDH-Cy B Ky {4
0.030 mmol, LDH-A, ] Ky, {E >4 0.170 mmol/L;
LFLEE N I, LDH-C4 ) Ky {84
2.00 mmol/L (Wong et al. 1997, Hereng et al.
2011), =5 LA LDH-Cy 119 Ko 4 3.43 mmol

(3R, ] LDH-Ay AR LDH-C4 1M1
T T INEER SR A R, UK AN
FLIRIR L i), LDH-Ag BNG 1125 50 4401,
1M LDH-C, W% J1 A 9l m e BEFLIR A, A
FIT A TR AR S Y BRIV TR AL,

U AN B3 ATP, (B T B I AR 1 5
AT AN ATP PP = AR JEH B (Hereng et
al. 2011). B, FRATIAY, Ldh-c 75 i LA
Frrh ik, B9m 7 AP 20E A A S i e
AR AT ATP [1RE

IRV e D B AR A DA SR I 1 2%
T, {H LDH-C, ik b A1 2B ) oA I
fifg ot R A AR A BRI 4 ATP, 3XH] REAS
e B AR VBN T AR AR o AR R AR, 1
58 T ORI LRI B ] 6

Z % X W
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