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Abstract: The aim of the present study to compare the hypoxic ventilatory response (HVR) char-
acteristic and the content of nitric oxide (NO), nitric oxide synthase (NOS) in carotid body (CB)
between yaks and Qaidam yellow cattle. In this study, health adult yaks and Qaidam yellow cat-
tle at altitude of 3 200 m were inhaled hypoxic gas of 13. 9% O, , which was simulated to the alti-
tude of 6 000 m; NO and NOS mRNA and NOS protein levels were detected in carotid body of
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yak and Qaidam yellow cattle living at altitude 3 200 m and simulate-altitude 6 000 m by the real-
time quantitative PCR, enzyme-linked immunosorbent assay (ELISA) and immunohistochemical
methods. The results showed that the slopes of HVR (AV:/ASa0,) in yaks and Qaidam yellow
cattle were (0.21£0. 10) and (0.50=£0.21) (L » min ')/% SaO, (P<{0. 01), respectively;
There were no significant differences in the expression of the mRNA and protein of nNOS,
eNOS, iNOS in CB between yak and Qaidam yellow cattle at altitude 3 200 m (P>>0. 05), in the
expression of the protein of nNOS, eNOS, iNOS in CB between yak and Qaidam yellow cattle at
simulate-altitude 6 000 m (P>>0.05), in the expression of the protein of nNOS, eNOS, iNOS in
yak CB between simulate-altitude 6 000 m and altitude 3 200 m, nor in Qaidam yellow cattle. The
NO of the CB in yak and Qaidam yellow cattle at simulate-altitude 6 000 m was significantly high-
er than that of at altitude 3 200 m (P<C0.01,P<C0.05), respectively. The content of NO in yak
CB was significantly higher than that of Qaidam yellow cattle at simulate-altitude 6 000 m (P<C
0.01). No significant difference in the content of NO in CB between yaks and Qaidam yellow cat-
tle at altitude 3 200 m (P>>0.05). The results suggested that HVR was blunted in Yak in Qing-
hai-Tibetan Plateau, and there was higher ventilatory response to hypoxia in Qaidam yellow cat-
tles, NO production in the yak CB increases during acute hypoxia, and the elevated levels of NO
may suppresses the CB response to hypoxia.
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10 Sk HEATFAR 4 (13, 9% O,) 38 K2 M » £ 0 ) ik ik
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LB U 3 200 m AR A M SR IR K B4R CB &

RNA,BEH ODyp o/ ODygo mm THAF 1. 8 ~ 2. 0.4
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KEAEY N AD WU & 1) 5 RNA W5 5%, IR &
i cDNA, IR ¥ e s PCR W) A7 T —20 C,
1.2.2.2 FENYIFIY Bt R NCBL % % Gen-
Bank, 43 % F #% 4 (Bos taurus , XM_ 015467111 . NM _
181037 .NM _001076799) B nNOS.,eNOS F1 iNOS
mRNA 541, 98 5 R4 51 9 it % AR Primer
Premier 5. 0 73 K7 91 £/ 5F X 58 35 11 47 5 1 47 1
SIS FE I WL 1. 51 B T A
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Table 1 Fluorescence quantitative PCR primer of nNOS, eNOS and iNOS of yak and Qaidam yellow cattle
S P31 (5'—>3") PP E /bp B U/ C
Gene Primers sequence Product length Annealing temperature
nNOS AGCACCTTTGGCAATGGAGACCC 168 60

GAGGAAACGCTGTTGAAACGCACC
eNOS GTTCCCTCGCGTGAAGAACT 199 59
CTGGTTGATGAAGTCCCTGGC

iNOS CTTGTTCTCGAGGTGCCCAT 174 60

GTCCCGGACTCCAACTTCTG

1.2.2.3 #6E & PCR AW : #2 I8 Hot Start Flu-
orescent PCR Core Reagent Kits (SYBR Green [ )
LB A5, 0 GAPDH A5 1 & S b i 55 TE i) sz Bz A
F. F4F PCR AR, U8 T ABI7500 PCR X
E3EFT PCR BB, ARG ABI7500 BBt 4 14 . A%
P B cDNA SE B WA 1 1 2 o B DA o 15 00 66 K]
H5WZS AN WY R 2.

1.2.3 nNOS.eNOS il INOS H H R L ¥ E

T FE IG5 9 W JRF CELISA ) UL P I 00 12 W 2 W 3
3 200 m AL 6 000 m [ 4E 4= I 48 35 A 8 4
CB 4441 nNOS,eNOS H1 iNOS % 1 (£ E R&D
v\l ELISA kit 358 & 1 A b 503 & R ) 2~
Al A BREG AR F U B A EAT . A AR I 2 i
3 AL.

12,4 Apedd gy o0 9% 3% 3 200 m FE4
SR AR E A CB 4 400 2 5 W BRI 2% vh L 11 7€
WL K B R ES Y AL R R 4 pm, B 50

B4, a4 &, 3 &5 5T nNOS,eNOS Al
INOS Z s BEbi ik g 2k SP ik gL, I3 4 1 £ ik
FiBAPEXT RE . T s 4 A U € B U0 ARV R
AR K MR R A W R B S TR o AR )
BELVBT 907 75 JE S sh W i v (B I 43 BT — it
(PR nNOS, eNOS Fil iINOS £ s fEdi ik, 1 ¢
200, DU 28 5D CEUKAR 4 C b R R h
ICHEYT o IgG HRP FRid M BE & B0 A RH14EY
F VW (SP R & w28 /D CDAB i 8 5
o, 2% 25 TR (6] PBS WUk (AE %0 95 3h ) 1L % A1 — Pt [a]
AV IRARZY G G K B B R, XS
MR 5 ] PBS AR —i.

JEBE N WMD) R B OR A R G R IR AR L 4
A BEIR R F A 45 5 kL Bk A CB 44U 5 kY
s B3k nNOS, eNOS Fil iINOS BHPEY] |3 s @4
R BT IR 2~ 3 5K, B A B 33t 60 gk . R
Image-Pro Plus 6. 0 & 43 B 84 (7 =) 53 #r Bf
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F 3B B X5 24 5 %5 5 { (Mean optical den-
sity, MOD) ,

1.2.5 St 1R 90 HO i ] SPSS 17. 0
PEEATGETE B A T 58 I8 R BT A4 25 98 AR LU BOR JH
SEREAR TR, ARERDLI B AR ERE (2 £ 5)
EL Y

2 # R
2.1 NOS E[E mRNA 74 3 200 m $E 4 FASLiA R
EE CBRIZER

YEA4 H S kA B nNOS H:[H mRNA &35 7K F
TSR R E 4 T eNOS.iNOS % F mRNA ik
K3 M TS R B 4R L 22 S AN 18 3% (P=>0. 05)
(F 2,

&2 NOSERE mRNAEBK 3200 m EFFLEREF CBRIEZER(2£5)
Table 2 Comparison of the content of NOS mRNA in carotid body between yak and Qaidam yellow cattle at an altitude of 3 200 m

(xxs)
21 5 Pz B — S AL A A G W B —E AL A G N o 8 — AL A S
Group nNOS eNOS iNOS
¥4k Yak 2.99+2.07 0.97+0. 54 1.5940.82
28Ik K ¥ 4 Qaidam yellow cattle 0.60£0. 24 1.2640.17 2.97+2.41
P<C0.05; % %, P<<0.01

LSRRI AR, + .

. P<C0.05 vs Qaidam yellow cattle group; * x.P<C0.01 vs Qaidam yellow cattle group

2.2 BMEESK(13.9%0,) TEFMEERESF
HVR b8

FEAR (BAR B AR TR AT GiFdK 3 200 m) Vi
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8.43) Yo M1(69.66+6.18) % (P>>0.05), Hfik4 il
AL B A (Ve B3I SaO, B B 46 5 {8 /Y
FEAE BRI PE 2H AV e/ ASaO,) 4351k (0. 2140, 10) Al
(0.50£0.21) (L » min ') /% Sa0Q,(P<C0.01),
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Rk B NOS #1 NO Lb 8
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2.4 NOS ZEAERFMEXIKRES CB FRIEHNFE
SEER

& 1A 4 AT RUE L CB S B i ok i (8B
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nNOS.eNOS.,INOS # H 75 4 4 Ml 4L 5 K ¥ 4~ CB
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4= nNOS Fil iNOS # [ K- 3R 34 i 308 T 5235 R B
4, 2 B B (P<<0. 01) .1 eNOS % 11 /K F 3
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3 I E X 3 ) A S B 4 N R e 4 1
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x3 FUMRETEFMEEIREFHFEMEHR NOSF1 NO L& ( c+5, n=5)
Table 3 Comparison of the NOS and NO in carotid body of yak and Qaidam yellow cattle in acute hypoxia ( x -5 , n=35)

V4K 3 200 m 21 Altitude 3 200 m group K4 (13. 9% 0,) 4 Hypoxia(13.9%0,)group
21 51
G nNOS/ eNOS/ iNOS/ NO/ nNOS/ eNOS/ iNOS/ NO/
roup
(ng*mL™") (ngemL™") (pgemL™") (nmol*mL™") (ngemL™") <(ngemL™") (pgemL™) (nmol+mL™")

4 8.924+ 4,024+ 205. 36+ 20,15+ 9.59+ 4,19+ 312. 25+ 59. 74+
Yak 2.26 1. 40 29.35 7.51 1.41 1.27 53. 24 8.67" 77
BEIK K B4 7.15+ 4,69+ 218.15+ 9.58+ 8.29+ 3.09+ 250,02+ 26. 08+
Qaidam 2.90 1.07 16. 94 2.64 2.02 0.16 32.41 4,747

yellow cattle

ek R AR, » . P<<0.01: 53K 3 200 m 4 1L%, £. P<<0.05, £ £. P<C0.01
% %, P<C0.01 vs Qaidam yellow cattle group; #. P<C0.05, # #. P<C0. 01 vs altitude 3 200 m group

A~C. 4 ;D~F. Sk A#4 ;A D. nNOS;B.E. eNOS;C.F. iNOS;[l. /Nek. A . BR4i

A-C. Yak; D-F. Qaidam yellow cattle; A, D. nNOS; B, E. eNOS; C, F. iNOS;ﬂ. Globule; 4 . Globule cell

E 1 4E4MLEXARELS CB F nNOS.eNOS INOS EARIL (REBEHALFLE 40X)

Fig. 1 The expression of nNOS, eNOS and iNOS in carotid body of yak and Qaidam yellow cattle (Immunohistochemical stai-
ning 40X )

R4 BEEHMEEREFCBRNOSEQEHAEEE(2+5)
Table 4 The MOD of NOS protein in CB of yak and Qaidam yellow cattle( x + s )

20 5] R — S AL A A R W Rz B — AL A G BF A — R A A R
Group nNOS eNOS iNOS

¥E4 Yak 0.20£0.02* 0.18+0.02* 0.27+0.04
Lok K # 4 Qaidam yellow cattle 0.1640.02 0.1940.01 0.19-£0.01

HUGRARBAFULE, « ». P<0.01
* %, P<C0.01 vs Qaidam yellow cattle group
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i v TR R HLJE M4 HVR GR Bl H G g g 22
S U AR R DU B HVR 028 15 38 4 L I 345
S5 v JEUR AR B A HVR, {H A & E i fE A
Xt HVR I AR 38 4l 3 38, 70 37 i 0 X i 3k
3 658 mis 5t (R §%) th J i e A & > ik 09 % J& DTG
) HVR #E47 T I8, R i R4 HVR & T8
A1, A% H ST AR R R R R 2 000~
3000 m (FPiEHR) FT 4 000~4 700 m (5 HEHR) Hi X
FEOE AR S (1200 O, A 4T T W58 . 25 SR &
IR, e A R A ) 0 IS R R A R v 1 3R
SN T e v A 2 D S s A s A Sy v D NG R
(Rl Ak 5 A v A FE AR O . AR IR R IR
MMER(13.9% O JF  4E 4 SaO, T B () 72 B 1% K
TEIR AR T A H g0 i 0 5 0 i 7R 4R 4R N S
TR B A R A7 B 25 5 L BV A Ve 386 0 6 4 X6 (/)N
FUAARE A, B, AVe/ASaO, B ) 3 B 58
AN BETHE A T S8 3k R B A4 5 AR HVR,

— A HVR 138055 5 CB i 45 14 5% 4E fk ek
A5 47 5. Donovan 21 fifF 5% & B BN K FLU7E fIK &
IR R B ) SobE 38 SR, 1 SD K R B
B Y IE A L H BN R B TH FHAPE AT nNOS P
X3k RF SD R, R4 M h kiR gl 5 CB
SURZ AT OGS FRATT S I %) AT 9% 6 1T A 4 1284 4 i 4k
IS e TR o SB N N SR EEE SR S =i e SBTAV N
BN HVR, J340 T 20T Gk 3 200 m)4E
A 5@ SR (46.62+£13.99) Lo min ', i 3 K T 443k
KB (22,7618, 97) L » min ', 3% 1 7 fig 2 4
A Sk R m A A E AL HVR iR Z —.

AR AU R R TR EUIR S T AR A I 5%
fF. CB 2 3 200 50 J8 Ak 2 3z 2% & 8 5 8
HIE F A I S e MR BUR BRI . MR R T
SMEMREIE T KT 38 E A9 R il & 40 b 2 AR
A A 2 35 BT RIS SR I R e R A R R
10 S B 27 A O A5 . o T R R BB
M CB M2 )5 5 J8 WPy 22 G208 s A . 10 JA
S WP WA 38 5 AT R 2 [R) T 25 R L (LR IS 23 1 R
HEHEAT IR AE VD . K B AL 2 B 457 1) 450 % 1T R
CB LM 2 )5 7= A A F 0 I W 485 XA B I 76 4R
T NO G 2 4k 22 232 80w i E AR A &0 T,
NO & CB b2 8% 32 1ty S0 ) V85 2% . & E 8
IR 200 0L A0 5 A 280 8 T R %Ay M TR A Y A

SR R AL Y . Fung 250 BFSE & IR, 7E AR 4
R T KE CB oy JEE NO A i £, NO /Y s
A0 350 B ok Ak 2 R 3z A8 AR R . NOS i
b LAS & 1. i A= i NO. Valdés 257 338 . 78 5l
CB ' nNOS 1 eNOS #Z 5 NO B4 i {H eNOS
s NO B EZR G, I Homsk b 222 36 8. AWt
FEH L MR 3 200 m CH 4R ) L 4R A 30 B ik A
nNOS FE[A mRNA I [ £ kK NO & & 5
F ok A B4R LT eNOSLINOS £ mRNA F17 [
EBy O A 71| 5 RSB v N sl S (BN =~ 7 NI T
(P>0.05) ; fu 5 20 1k 1 I 58 45 SR R W 4E 4 CB
nNOS 5 F 48 AR # 4 (P<C0. 01), eNOS & H
KAV B AR T 238 AR B 4= (P<<0. 01) ,fH INOS &
PR R H i T 5438 R B4 (P<<0. 01) . B W1 4E
4= CB H nNOS ., eNOS 8 1 & i 55 i X0 7 210
WY TR AR A INOS B H & 2
DXl 14 SF- 18 0 % BE AR T 40k R4, 2RI A
(13.9% O, H EAUIEAR 6 000 m) 4B 4 Fl 583k A B
4 CB H nNOS, eNOS, iNOS 1% ¥ 4> 9 K T i 3k
3 200 m4L, AHR 8 bR 25 AN B2 (P> 0. 05),1fif
NO &N 8 E 5 TR 3 200 m 44 (P<<0.01,P<<
0.05), I H 78 2 M MK 4 (13, 9% O,) (5 4 i &
6 000 m) MR HEA 3 2 fk i v NO 5 5 b B 3
BTk R ¥ AR (P<C0. 01), A WL 2 M A 48 7T 5 350
FE4 FISE IR AR B4 CB =4 K it NO, HAEA4 U] i
ZTUREARES . L5 LR 2 IR E & T4
A4 CB s & i 1 NO BHIE T CB XK i Az L 7]
Bl THE4R 9 HVR,

4 &

TG e it T JE A 2 A1 U A B A L T S Gk
AR A X 0K A R R AR A v 18 38 RO s A PR
AFES CB A K 1 NO /] 4 il x5 % 40 4

L T
IR
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