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Effects of camel blood polypeptide on energy metabolism
in mitochondrial and free radical metabolism in tissue
of rats skeletal muscle after exercise training

WANG Yan, LI Jie®

College of Physical Education ,Northwest Normal University ,Lanzhou 730070 ,China

Abstract: To investigate the effects of camel blood polypeptide on mitochondrial energy metabolism and free radical metabo-
lism of skeletal muscle in exercise-trained rats. The rats were randomly divided into 6 groups (n =10) : control group (C),
exercise training group (E) ,camel blood polypeptide group (P) ,camel blood polypeptide + exercise training group (PE)
taurine group (T) ,taurine + exercise training group (TE). The E,PE and TE groups were given daily treadmill training, the
P and PE groups were gavage with camel blood peptides,and the T and TE groups were gavage with taurine. After 6 weeks,
compared with E group,the gastrocnemius GSH-Px activity of PE group was significantly increased (P < 0.01) ,while ROS
was significantly decreased (P < 0.01). Camel blood polypeptide combined with exercise training can improve the antioxi-
dant capacity of skeletal muscle and reduce the generation of free radicals,which have better effect than that of exercise train-
ing alone.

Key words: camel blood polypeptide ;aerobic exercise ;tricarboxylic acid cycle ;respiratory chain;free radical

R A S — 2 BA 5 R ARG 1R 8 22 Ik
AW B B 2 E , GRS LR Y 27 A
WUIRE UK S P A . JREE R TR s |
FlE HA T2 A S S IX R RRIRE S Eh ), %
25 4 A A R AT B B 1t ) P B A J s T
L, B A AR s i AR B M o D
A E A B R AEAN S RIE73.2% , &S

Wik H 41:2021-03-10 132 H ] :2021-09-06
G R AR (31760295)
# MEVEH Tel :86-013919079404 ; E-mail :1ijie2005ty@ 126. com,,

T4 GRS . N R ABEER A
AT I ] £ 0 B i 22 K, S R (3 18 ) &
7 88.25% ,Ho b5 E IR 44. 82% , E b T A FE
M5 43.43% , A R FE R 19.15% , T B IR/ A
R 50. 9% , W 7 A HR/AE U 7 A R
103.20% , 37 56 B IL TR/ W T5 BIETR 42. 72% , 3 Bk
IR/ M AT 21. 7% | 7 #8 F WHO/FAO/
UNU HEF2 80 T it FL B0 0 4 11 S A b v . Bl
Z K 44. 82% (1) b 5 2k TR i & T fa R AR R AR
(24.43% )" F0 e i I B Ik (36. 87%) ™), B £



1902 KIRF=YIBF R 5T K

Vol. 33

FRASU AT AR Ry A 0 T 1 O DA & AR, ik LA
VERB s E AN ET R . 535b,123h 5 E TRk
RS ML RE 18 it BRL A 254 5 D BE R AR 1 &
FEVERT o PRI AT 5 4008 i b FE5E 1 22 Ik DL R 5
Griz sl g, BT 3¢ I 22 OV R R % LR i =
FRIRAEIN W EE D e M B IL A B A 5
B i 22 RAE Ay A 03 P RO T3 2l 8 SR AR Y
Rt =%
1 #R5FE=E
1.1 XWX HRSHE

faEEIENE: 2 H iR Wistar KL 65 H & 200 +

20 g, HA P EZ s sh Y bR Sh &
FEUE S : SCXK (H)2015-0002 ] , [5 5 b o ki 45 25 3
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Table 1 ~ Grouping and treatment of rats
5] Ab PR 1
Group Treatment
C HEE A FEA B K (2 mL,7 R/F,6 J) , ez sh
E HE AN T A ALK (2 mL,7 R/ L6 JA) i sl
p AN STIE N 2K (26. 79 me/kg HTE 7 K/JH,6 )
PE HEH AN 2 IR (26. 79 mg/ke tH 7 R/JA,6 JA) 18312k
T T AN AR (100 me/keg MR ,7 K/ ,6 JH) , iz )
TE A SEA AR (100 me/kg {47 ,7 K/ ,6 J4) i3I 4

1.2 EEil%aE

SIRSCHK' ' E 41 PE A1 TE 41K a1 T 14 6
fiAKF G IEE . 55 1 BE 15 m/min, 32 5l i
(6] 20 min/d; 55 2 J& . 3 FF 20 m/min, iz 3 i [5] 20
min/d; % 3 ~4 J& . & 25 m/min, 12 3l B [A] 40
min/d; % 5 ~ 6 J& . & 25 m/min, i 3 i [A] 60
min/d, BEJEYIZE 6 K, 1%k 6 J.,
1.3 BEU# R Ze bk 3R EX

BN R R E, = BARE T, 4% 1 ml/
100 g 7]t 5 A T 55 0. 4% 1) 136 T Fb 2 B0 RR e KRR,
J2 F= K EL 4 °C 3 000 rpm #.C> 10 min il 5 I
Ho [MIWTEVKEE Bl oy 2 M L, BRI DT | 7
LR LT, Y A B AR KT Uk WA VR B/
i, -20 CARIRIRAF R

K MR UREA I ,0 ~ 4 “CTiCE 10 min 247 il
A, —H8 53 HE R A% DR A A i 40 SCHR 50 3 21 4 4R B
R TRARIAR . LA Mk WL 0] & B e 59K,
T E L R TE R
1.4 Jitigtr R T iE

K18 61530 27 m/min'"" | 7358 4] W
Bt : ST ER AN b 00 1 3 B, BE % 2 B S ik
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FT AT S5 KO 07 ) SPSS24. 0 B AFEA T 4347 ,
PG RIRIEDS (v 2 5) Fo, R 207 22 43 W7 04T
ZHIA) 2 S LLHE, P < 0.05 W3R BEHELER,
2 ZR
2.1 BAKRUE, F78 0 E R M R HEHR A b %
SRR ALK AR T B2 6 S

REARFTEAARREREMR N, 5 C 4L, TE 4
2% TR 10.48% (P < 0.05) ,E.P PE f1 T 414
MR 3. 82% .5.21% .8.59% 2. 76% ,{H¥5 T
FVEFZES . EP.PE.T M TE 2H4H A JC B EHEF
6 J 5 R A7 B I A] | 2 2 L i R R A
I35 FLIR & i A5 AL AL o) 33 00 o 2 Pk 2 5, S R L3R
2,

#2 HEKRE.FIBE B MRS MR RSB E R (v 5,0 =10)
Table 2 Comparison of body weight, exhaustion time, hemoglobin, blood urea nitrogen,

blood ammonia,and blood lactate content of rats(; +s,n=10)

2 ] 6 JA 5 R E JIIBI 8] £ H 1ML MR A IREEINL

(: “ Weight after Exhaustion time Hemoglobin Blood ammonia  Blood urea nitrogen ~ Serum lactic acid
Froup 6 weeks(g) ('min) (g/L) (mol/L) (mmol/L) ( mmol/L)
C 228.50 +24.30 45.00 £9.545 98.30 £17.108 114.33 +13.06 9.87 +0.90 5.13+1.20
E 219.78 +£22.67 53.31+10.78 105.78 +14.52 148.41 +45.80 9.64£1.13 5.46 £1.07
P 216.60 +23.93 53.30 +14.76 99.56 +5.81 112.67 £16.86 8.40 £1.50 5.311.79
PE 208.88 +15.38 54.02 +12.66 99.80 +16.27 157.02 +72.55 9.77 +0.68 5.47 +£1.39
T 222.20 +£35.61 50.44 +11.51 97.10 £9.29 99.30 £19.63 8.52+1.13 4.28 £1.02
TE 204.56 +18.39 " 54.74 £10.06 101.88 +5.54 100. 16 +10.29 7.83 +1.08 3.95+0.91

5 CYl®, *P < 0.05,**P < 0.01; 5 E4E,5P < 0.05,22P < 0.01; 5 PlILE:, P < 0.05,°°P < 0.01;5 PE 41L&k, * P

<0.05,"%P < 0.01;5 THHE,*P < 0.05,%P < 0.01, FF,

Note ; Compared with group C,* P < 0.05,** P < 0.01; Compared with group E,2P < 0.05,%%P < 0.01; Compared with group P,°P <
0.05,°°P < 0.01;Compared with group PE, P < 0.05,”* P < 0.01;Compared with group T,*P < 0.05,*P < 0.01. The same below.

2.2 FAKXBRHENZEPK =R BB RIEEF
Lzl

5 C Ak, CS 1 MR P 4L FEAK (FRAK 6.
02% ,Jc i FE W22 5 ) Ab, A A ¥t a, Hih PE
1 TE 20 5 2 F+ 55 20.07% (P < 0.01) Fi1 18.71%
(P <0.05),E 4Fte5 13.63% ,T Tt 2. 45%
E¥ I REEZES; 5 E 4HM L, PE Ml TE 435
WEEES; S P UM, PE 418 & T+ 5 27. 76%

(P <0.01), TR EMZER; 5 PE 4I4HLL, TE
AR EMEZER, 5 TAHML, TE AR EEELS,
ZERILR 3,

5 CHMI, %4 o-KGDHC iE M I, Hrh
TE 2 &7} 15.32% (P < 0.01) ,E P . PE fiI T
2H A TF i 8. 18% 0.84% 9.39% H17.78% ,{H1Y
JTwEM2ZESR . E.P.PET fl TE 2141 8] JC & 3% 1%
25 R 3,

%£3 RAKBRHFILHE CS 1 o-KCGDHC FE M LB (x +5,n=10)

Table 3  Comparison of activities of citrate synthase (CS) and a-ketoglutarate dehydrogenase

(a-KGDHC) in gastrocnemius mitochondrial of rats in each group(; +s,n=10)

215 FFEIR A it -l 13 i It ity

Group CS(U/L) a-KGDHC (U/L)
C 1282.15£119.70 416.71 £20. 84
E 1 456.90 +96.21 450.81 £25.16
p 1205.01 £112.32 420.22 £42.00
PE 1539.53 £111.77**°° 455.82 £24.03
T 1313.59 +136.63 449.14 +18.76

TE 1522.03 £70.85*

480.55 £32.73 "~
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2.3 FAKRHEIN&RKPERERES & 6EE
A L2

5 CHME, &4 C 1 igtHIm, Hd E
PE W T (P < 0.01), 4555 17. 62% Fn
20.97% ,P T F1 TE 41503185 5. 76% 10. 55% Fil
11.62% H¥JE 8 F 2%, E.P.PE.T f1 TE 4
YR EE R, SRR 4,

5 C4ML,E.P.PET A1 TE 4 CIViE M &
EFHE 4TS 25.97% (P < 0.01) 15.36% (P
<0.05).28.96% (P < 0.01).26.16% (P <
0.01),#127.73% (P < 0.01), E.P.PE.T fil TE

A TC i E 5 R LR 4,

5 C AL, &4 CVIGHRR P AN, Hg
BT, Horp TE 41 | & T4 22.17% (P <
0.01),E.PE Fil T 4 4 5|7+ & 2.27% 9. 19% FiI
8.97% ,P I N[5 9.98% AL EHZS ., 5 E
HAH Lk, PE R0 TE @ ¥ F &, TE 48 #F F &
19.46% (P < 0.01),PE £ 7} 5 6.76% ,{HJC i &
PE2ES 5 P ML, PE M T LB ET & (P <
0.01) , 53 BIFFE 21.3% F121.05% ; 5 PE 414 1,
TE 453745 11.89% (P < 0.05), 5 T 4141t
TE HEFH (P < 0.05) Fhar 12.11% 455 0K 4,

R4 BEXBHBNSHEBESE [ VA VEERELE (x£5,n=10)

Table 4 Comparison of activities of mitochondrial complex enzymes [ ,IV and V in

gastrocnemius of rats in each group(x +s,n=10)

ZH 5 SHET SHEN &5V
Group C1T (IU/L) CIV(IU/L) CV (IU/L)

C 306.22 £22.34 36.39 +3.23 50.60 +4.62

E 360.19 £18.74 " * 45.84 +3.10" " 51.75 +1.99

p 323.86 +24.59 41.98 +2.45* 45.55 +2.94

PE 370.44 +18.60* * 46.93 £3.12* 55.25 £4.27°°

T 338.54 +20.03 45.91 +3.01 * * 55.14 £3.52°°

TE 341.81 £32.13 46.48 £2.90* * 61.82+£3.98* *AL%

2.4 FBAKXRHFLEBHERGHEXIEROER

5 CAMIL, £ 8K EME UL SOD 1% ¥ 34 7t
&, Ht PE B ETHE 43.27% (P < 0.01) ,E P,
T F1 TE 2043 9 T+ 55 29. 17% .25.89% .22. 61% FlI
23.02% (H¥ R EHEZE R, E.P.PET A1 TE 4
TR E S SRR S,

5 CHMM, & 4K ML GSH-Px 5 #:3
Fhe, 2 PET FI TE 8 EFHE (P < 0.01) 43

SITHES 29.49% (16. 7% F119. 04% ,E F1 P 4143 5
Th 8.99% ,f12.56% A LR EEER; S E A
FHEE, PE 40 55 & T2 18.81% (P < 0.01) ,TE 207+
9.22% AR &2 S5 5 P AL, PE AT
MR FETHE (P < 0.05), 4351 7t & 26. 26% F
13.79% ; 5 PE 4iAHL , TE AL EM 25 5 T 4H
FHLE, TE A0 E M 22 57 450 L3R 5,

5 C M, REMEMAL CAT JEHERR P 41 TR

%5 BEKXBRMEFAL SOD,GSH-Px #1 CAT F#EAIELE (x +5,n = 10)

Table 5 Comparison of activities of SOD, GSH-Px and CAT in gastrocnemius of rats in each group (; +s,n=10)

20 51 R S A 3 AL il AW H ik A A il b AL S
Group SOD ( U/mgprot) GSH-Px(IU/L) CAT( U/ mgprot)
C 196.30 +£16.30 124.34 +10.04 320.97 +27.64
E 253.57 +18. 14 135.52 £7.09 364.57 +25.94
P 247.13 +68.86 127.52 +6.25 285.99 +£24.29
PE 281.24 +28.62* * 161.01 £13.30* *24° 390.94 +29.18* *©°
T 240.69 +10.52 145.11 £3.52**¢ 339.46 +49.21°
TE 241.49 +22.77 148.02 +7.30" * 369.09 +£28.16
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Ab, HAR A A T, Horp PE 41 B35 T+ 21.8% (P
< 0.01),E.T 1 TE 4457+ 13.58% 5. 76% Fil
15% ,P 21 F R 10.9% 0¥ E B EME2E R, 5 E4A
FHLE , PE I TE 24053 545 7.23% , Fi 1.24% (B
T FEEZER; S PAMIL,PE f1 T HIEETHE
(P < 0.05),4> 7T} 36.7% 1 18.7% ; 5 PE 41
FHEE,TE 2T RES5.59% (BB EMES, 5 TAH
AHEE,TE 44 EF 8. 73% ,(H L B EMEE S, 455 0L
%5,

5 C UM, &AM L ROS 52 i JiE ¥4 %
fI%, 8% E 4T /% 5. 73% Jo g P40, P . PE [T fI TE
MY TR, 5 TR 39.21% (P < 0.05),

89.89% (P < 0.01).85.09% (P < 0.01) Fi
63.15% (P < 0.01) ;5 E 441t ,PE F1 TE 408
ERRE(P < 0.01) , 4351 T % 89. 27% 1 60.91% ;
5 P AL, PE AT B TRE(P < 0.01), 45
W TR 83.36% F175.47% ;5 PE 41t TE 415
ZFT}264.35% (P < 0.05), 5 T #HAHLL, TE 20 &
(P < 0.05)FF5 147.08% , 455032 6 FiE 1,

5 CAMI, 4 MmN MDA & f 34 A%, H
H1 P PE FI T 20 5 3 FRE(P < 0.05), 43 5l F B
55.12% .57. 6% 1 55.95% ,E Fi1 TE 24y % F %
41.68% F146.85% B4 JC i #1122 % E P .PE.T
FTE ZH 20 (R JC b 1k 22 5 5 R LR 6.4

%6 HAKXREEAL ROS 35 BEF MDA S EMLLE (v 5,1 =10)

Table 6  Comparison of Fluorescence Intensity of ROS and contents of MDA in gastrocnemius of rats in each group(; +s,n=10)

215 TR SR [y
Grou ROS(cd) MDA ( nmol/mg prot)
p

C 1 416.020 +324.01 9.670 +4.54
E 1 334.910 +478.90 5.640 +4.06
P 860.740 +226.23 * 4.340 £1.75*
PE 143.200 +40.90 * *A20¢ 4.100 £3.53*
T 211.170 +78.39 * *©© 4.260 £2.26*
TE 521.750 +111.68 * *447# 5.140 £2.29

B 1 XEHBFA ROS HREEREBERR

Fig. 1 ROS confocal microscope photomicrograph of rat gastrocnemius
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3.4 TemMERAKIEENIIZRIT KR MG &R =
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Stz shilll gk AR R 45 iz sl i X e 4R v K R
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EAWIFERY], KA Az s A F T E#L o
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RN, HH o-KCDHC JE A i Tk, Horh R
A RERAS A s S GR BA B33, HACR R, Hak
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BT A TE 40 >PE 4 >E 41 >T 4 >P 4 >
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S,
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SRR, KOR EE T 77 12 2 e W 3 P = K
S B R A R 4 C T G PES b4t £
KR fire ek 1o K B U s Gk C T ~ IV
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amino acid , BCAA) fgIsl /i Ikiz 3l Ja R B A LR
Rk K™ Ca® FI Mg St T [, Bistia 3h Jm 2ok
KIhe, AR T KRz shae 1. AFRai R
NS C L IEVES A BT T, b B i 2 k2 & iz
il aiiz sl g B A BEM, £4H C 1 inE
e BRI PE 41 > E 41 >TE 41 >T 41 > P 41
> C 20, KRB FE g m R BUHEI LZORLAR e 4% C 1
TEVETT T, eI 22 BRES A s I R8O fefd . X vT
AESBEINZ I E & BCAA, S idi W LA IZ Bl %) RE
ARSI, N T =R R I B Rl I R S )
NADH % , ATl C 1 3% MR m A X,

AT T AR 5T 2 B IS iz sh
Zriie e K R E B LGB AR T I 4% C IV T 1
ARBFFRGIR MR, £ HEORARIF IR BE CIV G M
FIE, CIVIEE s By PE 2H > TE 4 > T
H>EH>PH>CH, RUSTHTFBIyn] 3%
PP EE CIV IS, b 38 1 22 Ik 45 5 iz sh Il 2
ROREAE. CAHITRRY], LobL AR 55 9% 2 &
{2 ( mitochondrial respiratory chain supercomplex , mito-
SC) mito SCI, + 111, + IV, JEMf L 3h YLk i v £z 4
w0, HALAZHZU mitoSC AR, C 1T ILF-42
EBAEAE T mitoSC 111 32 B EE(EHE mito SCI, + 111,

+ IV F AR TR 2 k4 45 8
YIde s 1T C LGk, i T B B LG R I 1 5 i
R A RBAEALE, T fRAE CIVIG M5 2145, C
[ 5 CIV &M 42 5 T ABIA 5 mito SCI, + I, +
IV I 2 G,

AT 45 R, CV IEPE bR b 7T 58 1 22 IR
R (TR EEES) S, R4 CVIEHEY
T, B LA AR 45 5 iz sh Il 2k HA 2 122
5 A BRIR S, A sl ik 3 = T IR 2 IS &
iz gl A Az sl 2, B i 2 kS 532 shill 25
2 T Al e I 22 K, B Al kb T A i R
T RaiAb R IE M K, 454 CV iG22I
FFRHTE >PEH >TH>SE4H >CH>PA,HE
W1, AN 45512 Sl 2R e 4 i PP B C V) T 4
T AR AR AlE B 2k, AR IR 45 s sl
SRk et O BE i 2 Ik A iz sh Il 2k, ]
e SN Gaa sh Il Rt m TIFsE C 1 . CIVE
PEEEME TS B S B R , CIV A A2 2E F i Y 48
AR, 30 REAR i Lo A B e 43 TS C VI
PEA G, DA ARG R, 3E 1 2 k45 5 iz 3h I 25 F1
AR PR 25 518 S IR AE 4 v K B s LSRR T
FEDIRE Ty T, RO, 58 A DA 4 Zepr A
WP A4S D BE , 45 s sl S22y,

3.6 Tein % Bk K iz 3hilll x4 K R AERS AL S 4L B
AR R

CA BRI, o B R AR A A iz 3T 42 =l
IRIBT AL RE J1 , A 46z Bl mT v K BRUEB% UL SOD
Fl GSH-Px 93 ¥, b 52 BCAA A7 FI] T 41 48 Ak il T
PR3 B LA AUARZ S5 B 3R . AT
RN, & H MWL SOD & PE 4 Ty, Horp3g i 2
REE Gz sl BA B2 S &4 SOD Gk
R BT A PEA >E 4 >P 4 >TE 4| >T 4
>C 41, Ui, & T 15 B3y ml 42 = K EUHERZ L SOD
T, Hoh e i 2 ks A s sh s R i, ©A
5T R, BCAA BEE I/ IR it 84k S i, 7
B i g ARHRSTSE R R, 44K
JHER L GSH-Px 3% V¥t var , b g i 2 k45 & is
SN A RETRES A 12 sl SR A Bl b 70 2R i iR
ARERZER N ZKEGEshI4E 2 EST
LR 18 eme) | EZ R R R N W A N R R e 28
iR i 3% = T PRl kb SR 0 I 22 K, 45 41 GSH-Px 1% 4
HEENEIUT A PE4H >TE 4 >TH >E 4 >P 4
>C 4, i, 45 1 W F B 3 ol 2 & K BUHE i L



1908 KIRF=YIBE R 5T K

Vol. 33

GSH-Px 1% 4, #0525 4 iz o Ul 25 76 48 o B s L
GSH-Px {5V 75 T BLASF B Al kb7 Fn Baliiz shilll 2k
HIE Il 2 R4l A iz sh IR i

E ARV, iz sh | 2R BENS 2 /3 75 45 K LA
P CAT 15, AHFoE 455 WoR , BR SR 4l h 78 58 1l
Z K CAT {EVEA TR (T 25 57) 4h A&
H¥TbE, Horh 5 i 22 Bk 4h Gz shil 2 BoA 8k
25 5% DU 2 IKES £ 32 Sh I 25 B4l b 8 4 R R i
3 T Al AN FT Y A £ K, CAT 36 p s S04 it
FRHPEASTEAH >EH>TH>CH>PH, Uit
B+ RIS B iz sh I e 32 i B L CAT 36 1y Tl
B Bl B I 2R B Al G R R g i £
ket Gz s Uk e, DL EWFs R e i e
KB WP AL BE ) J7 1, B8 1M 22 Ik 45 42 sl
SRR, HALHITRE S TE M2 K & BCAA
%, XA R E A BFITIN A, BCAA i o 46 3 % 14
TR A B, BOMALIR SOD 254t & ALY 4 B LA
THBRZ Sl A 1 A H g
3.7 mMEMEEHIIGHEEHERERTS
L& F= 4 iy R M

ST R, 6 Ja b 45858 i iz 3 K BRUHE S AL
- OHA: R BB AR T 28 xt R R . Bk
Z KPR ARRE 15, 15 o 8 b 7 70 22 fiff iz Bl 1R
500 AR SE Rl TR, 4 T BT B AT R AR O
FUHERA L ROS %o B . B aliiz sh Il 4500 1o 3%
PEZE AL, BaliRh FE5E 1l 22 IO A B8R | #h 7258 1l 22
K& G iz shll g fAh Fo 2R R 25 Az shill p 3 A
B EPEZE S AR G2 sl R B KT L aliis
SISk, N FEBE I £ B 25 5 iz sh Il 2k A sl b sE 4
R TR 0 E KT gl b 7 e i 22 K, #h T A i R 45
18 I 25 5 35 T B ALk D TR AR R N B I 22 RS
%k 254K B L ROS 558 B i 1% 2
FF AN PEH <« TH< TEH < PH< Edl< C
3R, ERRAR K BUHERA L ROS J7 IfT , 36 1M 2 Ak 45
Hizshill G R efE, BAMFREN, AEEhhE
AR B 2H 41 MDA K-, 4 i ik B AT B 9% 55
TR, AT DL ALAA MDA 7K, AR FH 7 4% 48 0
iR | A Bt TR A A2 A S R R T A BRI % UL MDA
g, AWFEES IR BN, 45T T B TR R
JHERA L MDA 5 &, H kb 58 38 1 22 K25 642 sl
Yk PRAiANFEIE I 2 KA AR 2 B R &
40 MDA F it f AR ST R PE 4 < T4 < P 4]
<TE# < Edl < C4, v, FEREAL K BUHERS AL

MDA & £ 77 1, 3¢ 1M1 2 k45 & iz sh Il ZRc R s
HALH R] BE S AP FE 4 R /R RS il 2 RS, 518 3l
YIgp3gam 1 MR LT A ARG A5G, DL EBFTEER
W1, 80 R R LAR FT ™ A | AR o aod 4
7 1, BE I 22 R4S s sl RO it

BEif 22 IR iz sl Zk n] 3 e i ik LAk A =
FRIR G R IR R D) RE , 32 = B B LI T A AL RE ST, I
A A0 AR RN T S A, HASCR AL T R
AN FEBE I 2 IR Al Bl R

HO < R E R B 2 M A B S T IS
ZlE XK IERZE 27 BRI TE 52 R AR SE S AL B8 R
FIEARAE B

&% 3k

1 Zhang H,Yao J,Zhao D,et al. Changes in chemical composi-
tion of Alxa bactrian camel milk during lactation[ J]. J Dairy
Sci, 2005 ,88 :3402-3410.

2 Liu YF,Liu Y, Xu DZ, et al. Study on hydrolysis process of
polypeptides from camel blood optimized with response sur-
face methodolog[ J]. Food Ind (& /i Tl ) ,2017,38(3) .
152-156.

3 World Health Organization. Food and agriculture organization
of the united nations, united nations university. Energy and
protein requirements; report of a joint WHO/FAO/UNU ex-
pert consultation| R]. Geneva; WHO,1985.

4 Wang NL,Xu YM,Liu Y,et al. Study on amino acid compo-
sition and antioxidative activity of fish skin oligopeptides
[J]. Food Res Dev( & W5 5FF %) ,2016,37(2) :31-
35.

5 Wang NL,Xu YM,Liu Y,et al. Study on amino acid compo-
sition and antioxidant activities of deer blood oligopeptides
[J]. Food Ind( & &4 Tlk) ,2015,36(10) :22-23.

6 Li J,Peng LN. Effects of carnitine on respiratory chain and
metabolism of oxygen radical in mitochondria of skeletal
muscle after exhaustive running in training rat [ J ]. Acta
Physiol Sin( 4= Fi224%) ,2013,65:631-636.

7 LiJ,Huang CY, Wang Y. Effects of training with different
loads on the respiratory chain in mitochondria of liver and
skeletal muscle in rats[ J]. J Shanghai Univ Sport( VAT
e ) ,2020,44(10) .68-74.

8 Wang QR,Li XF,Yang ZY , et al. The effects of soybean pep-
tides supplementation on serum biomarkers in distance run-
ners[ J|. Chin J Sports Med ( Hf [Eiz sl 4% ) ,2004 ,23
(1):33-37.

9  Yin JJ,Zeng SK,Zhang CH. Anti-fatigue activity of collagen

peptide from scale of tilapia( Oreochromis niloticus) [ J]. Nat



Vol. 33 F MR BT 2 NI B IR U LR A R AT B WL 2R A el AR 52 i 1909

Pro Res Dev ( K8k =¥ 5 5 7 & ), 2003, 25 1587- 15 Li J,Wang B. Effects of training and iron supplement on ser-
1590. um iron, hemoglobin and function of mitochondrial respiratory

10 Hu B, Chen YZ. Fatigue-alleviating effect of peptides from chain in skeletal muscle of rats[ J]. Chin J Sports Med ( 71
porcine blood [ J]. Food Sci ( & fhiFF22),2011,32(11) B E¥4eE) ,2013,32.793-797.

300-305. 16 Wang Y,Bo H,Zhang Y. Research progress in regulation of

11 Wang JY. Effects of oyster polypeptide on mitochondrial func- exercise on mitochondrial respiratory chain supercomplex
tion of skeletal muscle inexercise-induced fatigue rats[ J].J [J]. Acta Physiol Sin( 4= ¥224%) ,2020,72:205-219.
Anhui Univ:Nat Sci (Z#0 K% %: HFI) , 2020, 44 17 Greggio C, Jha P, Kulkarni SS, et al. Enhanced respiratory
(5):93-99. chain supercomplex formation in response to exercise in hu-

12 Ding H,Zhang Y ,Zhao YG. The response mechanism of mi- man skeletal muscle[ J]. Cell Metab,2017,25:301-311.
tochondria during exercise-induced skeletal muscle adapta- 18 Calbet JA,Lundby C, Boushel RA. Integrative conductance of
tion[ J]. Prog Physi Sci( 4= I R}243E ) ,2018,49 (1) :28- oxygen during exercise at altitude[J]. Adv Exp Med Biol,
34. 2016,903 :395-408.

13 Pereira F,Moraes R, Tibiri¢a E, et al. Interval and continuous 19 Farhat F,Dupas J, Amerand A et al. Effect of exercise train-
exercise training produce similar increases in skeletal muscle ing on oxidative stress and mitochondrial function in rat heart
and left ventricle microvascular densityin rats [ J]. Biomed and gastrocnemius muscle[ J ]. Redox Rep,2015,20(2) :60-
Res Int,2013.752817. 68.

14 Li J,Yang J,Zhao LL. Effect of different load exercise train- 20 Wu WL, Chen N. Progress in understanding the mechanism of
ing on mitochondrial tricarboxylic acid cyclein rat skeletal exercise-induced fatigue and its regulation by soybean pep-
muscle and its mechanism[ J]. ] Wuhan Instit Physi Edu( #; tide[ J]. Food Sci( & fiFl%) ,2019,40(17) :302-308.

DURFABEcA) ,2019,53(5) :88-94.

BERBEANERARFEENE FRK

FAEEN S HEREAE A A 3 ETHA G, BAEFEAE J2 23R AR AL T30 1 B o R e A iR
TN LBz Forh S BRI B F i B8 (GLUTS ; i SLC2AS 9ifith) 521z, I i B O S IR AL P2 B 1 - TR
RbE A h R R BB R AR RAEZR AR S HERL R A A AT 5% , (EAE3E Hh 3R Sl i L85 21 A4 B DT HIL
TIATEEE

oK A 56 [ UK FREZR R BE 22 B 1 Samuel R. Taylor K P BA & B 16 SROBE T 4 e i 18 240 L PO 77 175 5
SN AR PP A AT K . BB R RIREINY R T R T8 A R AR, N TR R R AR /N B
EIRMOBCRAC I o PEBRAEAI AE rP , 1-lT SROBE 00 <) P4 T TR DR Tl P L2 S5 A A DL i R A A 0 o )
T 5 DR T il s A AR P A 8 P4 SRS P 977 1 5806 A A T o s 2R T ORI MR TR/ B 5 S 1) i 4 o5 77 I
WM A= I o 224 SRR W SR HAT S i A A A 2 2 200 M A7 135 O BE 7, B8t 17 X0 v O P £ v SR i
o BENEJHE RSP UL o AHSCHIFSE & RAE Nature) 2435 I,

A T3 4E41% H :https ://www. nature. com/ articles/s41586-021-03827-2
JESCHRAE ; Dietary fructose improves intestinal cell survival and

nutrient absorption





