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Abstract The purpose of this study was to study the effects of castration and heat stress on production

performance, rumen fermentation and blood biochemical indexes of yellow cattle. Eighteen 16-month-old
Junlian yellow bulls of similar weight ( (292.35+28.71) kg) with different degree of castration (Full-
castration group: FCG, hemi-castration group: HCG and sham-operation group: SOG) were selected and
divided into three groups, with 6 replicates in each group and 1 bull in each replicate. Then divided into
heat stress (July and August) and non-heat stress (September) periods according to the changes of the
thermal-humidity index (THI) during the experiment. Then the impact of castration and heat stress on
indicators of yellow cattle was analyzed The results showed as follows: 1) Compared with the non-heat
stress period, bulls in the heat stress period had significantly higher THI, respiratory rate and rectal
temperature (P<0.05). 2) During the whole test period, the castration and heat stress significantly
increased serum heat-shock protein 70, high-density lipoprotein (HDL-C), low-density lipoprotein (LDL-C)
and estradiol concentrations (P<0.05) ; while serum testosterone, thyroxine (T4), insulin, and free fatty
acids concentrations were significantly decreased (P<0.05) ; Besides serum glucose, T4 and LDL-C,
castration and heat stress had a significant interaction effects on other serum index (P<0.05). 3) The full-
castration and heat stress significantly decreased dry matter intake and average daily gain (ADG), and
there was a significant interaction effect (P<0.05). 4) During the heat stress period, the castration
significantly decreased crude protein, acid detergent fiber and Ca apparent digestibility, and serum total
antioxidant capacity (T-AOC) (P<0.05), but significantly increased T-AOC in the non-heat stress period (P
<0.05). 5) The castration and heat stress both significantly increased rumen pH (P<0.05), significantly
acetic acid (AA) , volatile fatty acid (TVFA)

concentrations (P<0.05); and both had significant interaction effects on rumen pH, NH;-N, AA and TVFA

decreased ammonia nitrogen (NH;-ND and total

concentrations (P<0.05). In conclusion, castration and heat stress in bulls can affect the secretion of sex
hormones concentrations and nutrient apparent digestibility, thereby reducing production performance,
which provide a scientific basis for feeding management of beef cattle during heat stress periods.

Keywords Junlian cattle; heat stress; castration; production performance; apparent digestibility; serum

biochemical indexes
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Table 1 Composition, and nutrient levels of basal diet (dry matter basis)
JEKE Ingredient P & /% Content B 7 K F Nutrient level % Content
* 2k Corn 30.25 L ¥ BE/MI/Kg NE, 5.67
/N %k Wheat bran 13.42 HMEH/% CP 11. 41
M Rapeseed meal 7.70 R YRR 4/ % ADF 35.29
% T I BE Active dry yeast 0.11 W% P Yk U 4 4/ % NDF 28.43
TR K Premix"’ 2.75 5/% Ca 0.62
BRI ES CaCO, 0.33 /% P 0.38
T B2 A AL NaCl 0.44
1P 44 Distilled grain 25.00
FH ¥ Rice straw 20. 00
&l Total 100. 00

T 1D FE R Al g 43 T v Al b 2 4 R 4 B < Co 0. 15 mg, Cu 10 mg, 1 0. 50 mg, Fe 50 mg, Mn 33 mg, Se 0. 11 mg,Zn 44 mg, VA 3300

1U,VD 330 IU,VE 251U,

Note: The premix is to provide the following substances per kilogram of diet: Co 0. 15 mg, Cu 10 mg, 10.50 mg, Fe 50 mg, Mn 33 mg, Se

0.11 mg, Zn 44 mg, VA 3300 IU, VD 330 IU, VE 25 IU.
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Table 2 The THI variation of barn during experimental period

i H 7H 8 1 9 A PH
SEM
Item Jul. Aug. Sep. P value
WEE/CT 27.21b 30.33 a 23.21c 0. 900 <20.001
FXFIRE /% RH 74.62 76.66 75.71 1.240 0. 829
1 I 45 $ THI 77.76 b 82.90 a 71.67 ¢ 1.404 <20. 001

L - AT B ARG B 3R 22 53 8 35 (P<0. 05)

Note: In the same row, values with different small letter superscripts mean significant difference (P<Z0.05).
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Table 3 Effects of castration and heat stress on physiological indexes of Junlian cattle
W H KB EF Castration degree(CD) PIE! P& ? P value
Item FCG HCG SOG SV Pvalue  CD HS CD*HS
7-HS  29.28 A 30.78 A 31.38B 0.872  0.626
R A3 2%/ (YR /min) 8-HS  30.24Ab  30.18Ab  37.43Aa 1.316 0.024 0.562 <C0.001 0.435
NHS 15.46 Ba 14.13 Bb 14.19Cb  0.529  0.036
7-HS  38.84 A 38.74B 38.72 A 0.037  0.432
HRE/C 8-HS 38.83 A 38.92 A 38.85 A 0.018 0.110 0.790  <€0.001 0. 130
NHS 38.42B 38.51C 38.55B 0.028  0.143
HEFCG: A RRALHCG 2R R HAL 5SOG T ARLL o HS: AN NHS AR BN 7-HS - 7 7 07 800 5 8-HS - 8 A ARl . 1.4 A

B3 IS T 26 S0 3 20 I 22 S ) 5 Pk PAEL. 2: CD Z IR HLH R TR HS Z (] B9 L BE &% CD A HS B A2 HAE M o [RAT AR RNE 8 30R

FRRREE 22 5 W3 (P<T0. 05), [ B [ R 5 7 R 37 N [ FA 0 S0 20 22 5 i 35 (P<<0. 05)

T

Note: FCG:Full-castration group; HCG : Hemi-castration group ; SOG : Sham-operation group ; HS : Heat stress; NHS : Non-heat stress; 7-HS:

Heat stress period in July; 8-HS: Heat stress period in August. 1: P values indicate significant differences between different groups with

different degeneration levels in each month. 2: Comparison between CD, HS and the interaction between CD and HS. In the same row,

values with different small letter superscripts mean significant difference between CD (P<C0.05). In the same column, with different

capital letter superscripts mean significant difference between different heat stress groups (P<<0.05). The same below.
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Table 4 Effect of castration and heat stress on production performance of Junlian cattle

i H L BFLE R Castration degree(CD) PAi P1{E P value
SEM
Ttem FCG HCG SOG Pvalue  CD HS  CD*HS
7-HS 5.41 ABb 6.36a 5.72 Ab 0. 166 0.025
THBUR kg . ) . .
DML 8-HS 4.88 Bb 6.03 a 5.08 Bb 0.171 0.003 <C0.001 0.002 0.326
NHS 5.78 Ab 6.46 a 5.36 ABb  0.155 0.005
7-HS 0.38 ABb  0.36 Bb 0.49 ABa  0.025 0.002
-2 H O/ (kg/dD
ADG 8-HS 0.33 Bb 0.47 ABa  0.44 Bab 0.029 0.041 0.001 0.023 0.043
NHS 0.42 Ab 0.52 Aab  0.56 Aa 0.029 0.045
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(P<C0.05). 5 NHS A Eb, #4007 38 8 3% BRI T IR 4R
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0.05), 7E7-HS, & K#AM 2 L8 E EREMT
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ADF fl Ca M IH L F 2 5 AR F(P>0.05), 45
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REA o

x5 EEMANHAHNAERFFIRUHELZHZME

Table 5 Effect of castration and heat stress on nutrient apparent digestibility of Junlian cattle under
Wi H £ AR Castration degree(CD) P PAE P value
SEM
Item FCG HCG SOG P value CD HS CD*HS
7-HS 60.46 Bab  58.19Bb  62.50 Aa 0.681 0.015
HEA/ %
cp 8-HS 58.64 B 57.92B 59.58 B 0.614 0.587 0.504 <<0.001 0.016
/ NHS  64.53A  65.20A  61.97B  0.678  0.134
7-HS 76. 34 Bab 78.68 Aa  75.3Bb 0.582 0.039
KN/ %
- 8-HS 77.82 ABa 73.10Bb  78.25Aa 0.755 0.001 0.22 0.006 <C0.001
NHS 79.81 A 76.94 A 78.27 A 0.463 0.123
7-HS 69.22 Aa 66.93Bb  67.44b 0.398 0.042
o e AT 4/ Y
NDF 8-HS 65.15B 67.02B 66. 45 0.491 0.335 0.43 <<0.001 0.003
NHS 70.67 Aa 70.16 Aa  67.25b 0.518 0.001
7-HS 49.63 ABb 57.33Aa 49.93b 1.358 0.003
W M VRV 2T 4/ % N
ADF 8-HS 46.12 Bb 51.33Ca 50.71a 1.017 0.042 <<0.001 0.001 0.019
NHS 52.23 A 54.82B 52.09 0.628 0.126
7-HS 37.14 Be 43.06 Bb 50.72Ba 1.891 0.001
55/ %
R ! 8-HS 32.13Ca 30.91Ca 23.53Cb 1.254 0.001 0.297 <C0.001 <<0.001
Sa
NHS 63.61 A 61.06 A 62.26 A 0.849 0.536
7-HS 49. 39 52.52B 50.56 B 0.911 0.421
/%
P ! 8-HS 48. 34 47.67 C 50.46 B 0.670 0.222 <C0.001 <<0.001 0.001
NHS 51.92 ¢ 59.22 Ab  63.96 Aa 1.813 0.001
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BRI H pH O NH,-N | 2 fl TVFA ¥ & (P<<
0.05), b F & m MCP ¥k & (P<<0.05);8-HS, &= £
#f H NH,-N MCP . LR JINFR . T IR FIl TVFA ¥
JIE R AR T2 2 SRR TR (P<<0. 05) , 1 2 £
PR EFEACNH,-N MCP ¥ K 2N He, B35 32
RN T BRUE BE (P<C0. 05) 5 FA N B B I , 42 25 i
R E pH A MCP W ¥, B 3% (% TVFA
R AR T R E M 2 H (P<<0. 05) , 1M 2 2%
Polp SR pH M T ER YR BE (P<C0. 05), I 3 %
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B e A S B EL R T3 M EE (P<C0. 05), H2f
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0.05) o 45 H R, & 3N 53 2 52 5 I T
HSP70 B, H 2332w 1A 4 10 340 3405 3 o
207 EBMANBNHEEFMFELIBERN
A
FH & 8 W], 25 S %t I 3 BUN VHDL -
C.NEFA M TG ¥k A B & AR (P<<0.05), 5

F6 EBMANHNAEREFEERBESHNZIT

Table 6 Effects of castration and heat stress on rumen fermentation parameters of Junlian cattle

i KB Castration degree(CD) P P{H P value
SEM
Item FCG HCG SOG P value CD HS CD*HS
7-HS 7.03b 7.27 Aa 6.33Bc  0.105 <<0.001
pH 8-HS 7.02 6.88 B 6.88 A 0.034 0.188 <C0.001 <<0.001 <<0.001
NHS 6.85a 6.70 Ba 6.48 Bb  0.047 0.001
7-HS 7.24 Ab 9.10 Ba 7.65Cb 0.278 <C0.001
AR/ (mg/dL)
NHL-N 8-HS  5.60 Bce 6.95Cb 8.99Ba 0.526 0.002 <<0.001 <C0.001 <C0.001
374
NHS 7.15Ab 10. 60 Aa 10.37 Aa  0.578 <C0.001
7-HS  4.75 Aa 4.15Bb 3.72Bc 0.154 <<C0.001
A &E A/ (mg/mL)
MCP 8-HS  3.35Bc 3.87Cb 4.29 Aa  0.145 0.002 0.061 <C0.001 <<0.001
NHS 4.87 Aa 4.50 Ab 4.46 Ab  0.070 0.017
7-HS 10.34 Ab 12.32 a 13.48 Aa  0.513 0.008

% /(mmol/L)

AA 8-HS 8.19 Be 11.98 a 10.87Bb  0.583 <C0.001 <<C0.001 =<<0.001 0.029
NHS 8.52 Bb 12.04 a 12.70 Aa 0.672 <<0.001
7-HS 2.18 A 2.42 2.45 0.100 0.525
A /(mmol/L)
PA 8-HS 1.42 Bb 2.14 a 2.10a 0.134 0.026 0.001 0.007 0.603
NHS 1.78 ABb 2.40 a 2.22a 0.103 0.015
7-HS 0.35A 0.41 A 0.37 A 0.047 0.322
TR
8-HS 0.21 Bce 0. 34 Ba 0.28Bb  0.018 <C0.001 0.013 0.012 0. 486
BA/(mmol/L)
NHS 0.20 Be 0.32 Ba 0.30Bb 0.015 <C0.001
7-HS 12.57 Ab 14.96 Aa 16.16 Aa 0.545 0.002
S5 R AENR W R
8-HS 10.14 Bb 14.38 ABa 13.42Ba 0.659 <C0.001 <<0.001 <<0.001 0. 001
TVFA/(mmol/L)
NHS 10.93 Be 13. 14 Bb 16.23 Aa 0.798 <<0.001
7-HS  4.93 4.95 A 5.01B 0.052 0. 856
TR/ R H A
A/P 8-HS 5. 30a 4.33Bb 5.05Ba 0.154 0.005 <C0.001 0.035 0.001
NHS 5.15b 4.54 ABc 5.48 Aa  0.177 0. 005
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Table 7 Effects of castration and heat stress on endocrine hormones and HSP70 of Junlian cattle
i L BFE Castration degree(CD) SEM P P{H P value
Item FCG HCG SOG P value CD HS CD*HS
PR 170/ 7-HS 250.57 Aba 219.14 Aa  150.40Bb  12.648 0.001
(pg/mL) 8-HS 289.65 Aa 214.60 Ab  259.44 Ab  12.406 0.025 <C0.001 <<0.001 0.003
HSP70 NHS 207.67Ba  175.34Bb  177.75Bab  6.788 0.043
7-HS 138.22 Bce 204.09 Cb 231.23a 14.212 <<0.001
227 /(pg/mL) o -
T 8-HS 111.48Cb 219.29 Ba 223.73 a 20.133 <C0.001 <<C0.001 <<0.001 <<C0.001
NHS 155.91 Ac 262.61 Aa 238.12Db 17.289 <<C0.001
o 7-HS  59.80 Aa 47.16 Bb 42.25 Ab 2.508 <C0.001
W B2/ (pg/ml)
E 8-HS 50.37 Ba 42.49 Bb 32.15Bc 2.602 <C0.001 <<C0.001 <<0.001 0.001
’ NHS 63.19 Aa 58.90 Aa 36.11 ABb  4.266 <C0.001
=l R g R R/ 7-HS 5.78 5.87B 5.53B 0.182 0.582
(nmol/L) 8-HS 5.47b 5.70 Bab 6.91 Aa 0.290 0. 047 0.004 <<0.001 0.002
T3 NHS 5.78 ¢ 8.48 Aa 7.36 Ab 0. 346 0.002
7-HS 169.54 Ab 162.23 Ab  180. 87 Ba 2.720 0. 004
FOR IR 25/ (nmol /L)
- 8-HS 135.28 Bb 143.85Bb  168.96 Ca 5.816 0.015 <C0.001 <<0.001 0.107
NHS 164.05 Ab 175.41 Aab 192.22 Aa 4.854 0.024
-~ 7-HS 82.83B 83.47B 87.30 AB 1. 347 0.418
g 8-HS 114.56 Aa 90. 25 Ab 93.15 Ab 3.619 <C0.001 <<0.001 <C0.001 <<0.001
COR/(nmol/L)
NHS 89.93B 84.77 AB 82.40 B 1.519 0.106
B FIRE R RZE/ 7-HS  44.16 Ab 51.72 Aa 56.28 Aa 2.075 0.021
(pg/mlL) 8-HS  43.37 Ab 53.19 Aa 43.00 Bb 1.737 0.006 <C0.001 <<0.001 0.003
ACTH NHS 28.15Bc 40.92 Ba 29.54 Cb 2.238 0.003
B EREAERKKEF-1/ 7-HS 205.95AB  212.81B 208.78 5.794 0. 396
(pg/mlL) 8-HS 179.47B 184.85B 215.49 7.720 0.079 0.051 <<0.001 0. 020
IGF-1 NHS 212.95A 246. 46 A 219.08 6.533 0.083
7-HS 13.00 Ba 10.11 Cb 12. 66 Ba 0. 567 0. 044
i &R /(mIU/L)
INS 8-HS 13.13B 14.15B 13.71B 0.485 0.236 0.030 <<0.001 <<0.001
NHS 17.74 Ab 22.75 Aa 21.94 Aa 0.841 0.003

NHS A Lt , #0348 w1 R 4R 17 HDL-C \LDL-C
FTBUN ¥ B (P<C0. 05), i} F FEAK TG A NEFA ¥ &
(P<<0.05), AN A NHS, #0352 1 35 #2555 1
% HDL-C F1 LDL-C ¥ J¥ (P<<0.05) , & & P& {ik
BUN,NEFA ¥ J¥ (P<<0.05) ., 7-HS, A [a] 2 #f Ji
Y 5 25 B v 13 TG Mk B2 (P<<0..05), T 8-HS, ¥ 1
FFEAR TG ¥ BE (P<<0.05) . 1E 7-HS M1 8-HS, 4x 2=
F W4 HDL-C #1 TG @ A8 T2 2 3541 (P<<0. 05D,
1M LDL-C &3 & T2 22384 (P<<0.05) . 4530,
FAGEHE T R A WU B 0T AT, i B0z 2 4 il Bl I
PR AR 3 S I HE RN S0 PR 2 B R

2.8 EBMANHNBERFMFREMLIERN

=10

t 2% 9 AT, A AR AR R B Il Y MDA
T-AOC.T-SOD Fl GSH-Px ¥ J¥ A i % 5 4F 500
(P<<0.05) . 5 NHS # o, #4038 81 4 1 v
T-AOC. T-SOD 1 GSH-Px ik J§ & & F& Ik (P<<
0.05), IfilL & MDA & & & in (P<<0. 05, H 5
EHWAEMIL,7-HS & L # KW 4 T-AOC . T-SOD
M GSH-Px ¢ £ 1 % 42 & , M 8-HS & £ # 4 4
T-SOD 1 GSH-Px i & i 2 BE AL ; 407 F0H B )
AN TR 25 SRR FE ¥ 0 4R = 1T T-AOC F1 GSH-Px
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Table 8 Effects of castration and heat stress on blood biochemical indexes of Junlian cattle

i [ J 3L FE Castration degree(CD) Pl P1H P value
SEM
Item FCG HCG SOG P value CD HS CD*HS
7-HS 4.21 3.96 4.15 0.056  0.409
& B/ (mmol/1L)
GLU 8-HS 4.01 4.09 4.10 0.057  0.816  0.923  0.059  0.777
NHS 4.02 4.02 4.04 0.042  0.970
I E 7-HS 2.45Bb  2.83ABa 2.57Ab  0.065  0.012
(mmol/L) 8-HS 2.84Ab  2.95Aa  2.54 ABc 0.062 <C0.001 <<0.001 <C0.001  0.003
HDL-C NHS 2.60Bb 2.79Ba  2.46Bc  0.052  0.004
(5 i G 7E 1/ 7-HS 0.46 a 0.31Bb  0.37Bb  0.018  0.003
(mmol/L) 8-HS 0.54a 0.39Ab  0.44Ab  0.020  0.001 <0.001 <<0.001  0.900
LDL-C NHS 0.49a 0.30Bb  0.38Bb  0.028  0.003
W G R/ 7-HS 0.106 Bb 0.155a  0.148Ba 0.009  0.023
(mmol/L) 8-HS 0.154 A 0.161 0.162B  0.007 0.919  0.001  0.046  0.020
NEFA NHS 0.111Bb 0.174a  0.223Aa 0.021  0.019
7-HS 0.29Aa 0.18Bb  0.15Cc  0.020 <<0.001
Hh =8/ (mmol/L)
. 8-HS 0.19Bb  0.14Cc  0.24Ba  0.012 <C0.001 <C0.001 <C0.001 <<0.001
NHS 0.33Aa  0.25Ab  0.32Aa 0.016  0.031
7-HS 4.02Bb  4.39Bab  4.52Ba  0.099  0.046
R Z A /(mmol/L)
BUN 8-HS 4.70Ab  4.80Ab  5.48Aa  0.129  0.001 <0.001 <C0.001 <C0.001
NHS 4.55Ab  3.70Cc  4.91Ba  0.207 <0.001

R EBMRANHEMNEHESRF NBFRRLIEROIME

Table 9 Effect of castration and heat stress on serum antioxidant indexes of Junlian cattle

I { FAFEE Castration degree(CD) P P14 P value
Item FCG HCG SOG SEM P value CD HS CD*HS
S ek RE T/ 7-HS 4.16 Ba 3.36 Bb 3.37 Bb 4.160 <<C0.001
(U/mL) 8-HS 2.96Cb  2.84Bb 3.37 Ba 2.960  0.002 <C0.001 <C0.001 <<0.001
T-AOC NHS 8.30Aa  6.21 Ab 4.23 Ac 8.300 <<0.001
7-HS 10.09 9.35C 10.18 0.168  0.055
N [ /(nmol/mL)
MDA 8-HS 10.37 10.70 A 10. 28 0.082  0.098  0.218  0.001  0.013
NHS  10.00 9.72B 9.72 0.074  0.191
S E AL A T/ 7-HS 102.12 Aa 99.15Bb 97.29 Be 0. 740 0.001
(U/mL) 8-HS 96.31Bb  98.06Ca  94.22Cc 0.580  0.001 <C0.001 <<0.001 <<0.001
T-S0D NHS 104.26 Aa 103.04 Aab 101.77 Ab  0.433  0.029
B H I i AR 7-HS 125.40Bb 116.83Bc  146.00Ba  0.226 <<0.001
fii/(U/mL) 8-HS 99.52Cb  107.18Ca  85.22 Cc 2.282  <C0.001 <C0.001 <0.001 <<0.001
GSH-Px NHS 150.68 Ac 154.51 Ab 159.34Aa  0.935 <C0.001
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W BE(P<<0.05) , %f MDA ¥ JiF % % &~ I 3 (P>
0.05) . 45 FRW], AN FBEAR T P4 b A Ak g

F AL A A AR RE 0 2 oK BE B A OV B
WA 2R PR BE T BB AR .

3w

3.1 EXBMAMNHHEREFEBIERNZME

PR IS il R B I A PR 2 AR AR AR THI
JEVE A S ) AN SRR B I LR A, m T T2 R A
AbF N BB ARWEsE T, 9 H 44 THI K
71.67, R4 Ab T AR ;T 7~8 H A& THI 43
7776 82,9, K W N AR Ab TR, IS (N AR
BLAAR 7™ $8 T IR 38 2o 32 e I A0 3 ok 335 Jin #L 44
BE RS T HEBIREY, Sk S iy —
Bo WEGERW, BUAE 2 A2 I 00 T BT AR
15~35W% /min"™* . AHF5E o, 8 H #ny it , 2 ]
0 AR P A O R T R A8 Bl B A
B, AR T8 T R I R AR T AR & SR R R
2R A BN TR B IR TR TR AL 5 BN BT BR
Jo AR BRIN T R AR PR R AT Ak T R R
L -
3.2 EXBMMNHHEREFERKEROZME

¥ DML ADG 43 51| J2& S i HLAA fiE 5 46 A F1
A K P RE Y AR AR L Yazdi U YBESE &I, A 2R b
TR B, & S EWURE G BT B B
I DMI, M FEAR I 2 ADG™, 5 #4007 303 35 43 3¢
WL IH Ak 22 1 AR LA S H TVFA NH,-N #il MCP
WS REAL— B, DRI MR 7r i 2 A 4
AKEARY AR RS LR R E R
ADG, M L #2255 KB ¥, 5 Bretschneider™ | 2=
FHAEHEE — B0, T RE S O R B R LR RE
PG5 6 ST, X R AR AR KA B R

AHEGE SO BT, RN AR ADG B
BEAR , 3R W] 25 35 S 0k — 20 B AR DY A A0 0 08 0 1 A=
FEYERE o S R O ROV AR N AR TVFA WK
R AR, B0 IR S kL oA B 4R AR 1 B R
[F) B 2 A 8 AP AL A% 52 i 7 43 36, 00 ) WL 1R 2R 3
VAN R NI T 1 A R A S S T R = S e S
8-HS ) ADG & It Z AL, R LA — 2
JE b e 6% e 4 25 FOn N B S . T RE R
PR 2 2 30 IR A AR 1 0 0 S TR, ML A AR R R
A AR

3.3 EBRMANHNBEEEFFIRUWELEN

A1)

A2 5% 4 2 LT AL R A7 08 R I TR R 45
i G % VR B S, AS BIF S BN B S R T
CP.EE.NDF ADF.Ca f1 P £ MH LR, 58 H
NH;-N.MCP fl TVFA ¥ & B —%(. Shafie %"
F 5% & B, A BE 0 & T 35 Cit g8 1 R R W T
B, TVEA R 80 B A, AR TR E &
I, DT 52 M 52 43 RO AL 2 . AP v, KRR 57
O3 WL TH AR5 W A/ R K S SR oY A5 R —
o oR AR ST R PN U 2 AR 1 S W AROK B
B, R AR R R R, LR AR R T R
[] B, ML P 38 2R A 43 i 2 5% i 93 1 & T, HL v S2 R
P 2R 9 AT, I 2 B2 AR AL A S 1 5300, 385 0 E,
SIS PRI, 2 SRR S B R B K T T
TE 28 H AN, AT AR IR 3 R IH AL %
3.4 EXBMANFNHEREFEE LB

T pH 23 52 TE BEBCEE 5 A5 0 O E Y 0
JE5.8~6.8" ARHFITH, BN K B E TR E
pH, 5 TVFA ¥ i FE K — 2. 8 B NH,-N 1 MCP
e FE fig 6% S R HORS B (1 AR T B AR S A
S PR SRR T R R S CP R ik
R —3 PR EM, R E E2E HRA
Y1 R A, T R 1Y) B R IR T AR LT dE s OK L B
BB 0o AR ST BN U AR T R O
R F1 A/P, 5 pH B F+ 5 & NDF \ADF #1 CP & W4
L BEAIR— 3 3R B BN 98 25 400 e ' R I

ARG, ks B ER SR E pH, L
NH;-N . MCP #1 TVFA ¥ J¥ , 5 He %7 B 57 45 1
— 8, WAL, MCP ¥ i RE W% Fa e 9
VRRE B B, HLJE A R A R AR R 2k A
WM A 2 B3 5 5 e AL A4 S R R E B 3 0 L 5 e 9
OB R T 2 P A ML A i
i, X NH,-N MCP 22 5% A i 2, — & 2 B 22 i
P A 4 3O B R T S RIS B R 2
PO R BEATAESC H AN D PR 2 BN I AR T
Jo B AR s L2 B ML S R 43 6 A, B
il 09 A, A R A R e T
3.5 EHMPAN I HE RS MiE HSP70 fE &R

& #R B 52 1

HSP70 J& H 2 1Y 73+ HE AR | e 08 45w ALK #A0E
REPES S HUIR R R A COR BE 9% 12 & HLAR I Bt
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A B o T3 SRR R P e T B, ACTH
RE NS HE 7 s W HLAR B AR T8 L 42 " COR 40l ™,
W58 & B, $A 0 3 25 B I ML AR 9 3 o T3 R T4 &
i, T HSP70  ACTH A COR ¥ JE ™, 5 AR B 5%
G5 —3, IGF-1 &5 my ML E 729 AR i, At
50 B W) AR K INS RE 05 E Y GLU A g B AR AR
P AR S PN Bt AR T IS IGF-1
INS i B, BEARHLA R (OB, TR AR A 4 ADG,
5 Herbein 25V HF 57 45 F — 250, 72 0 #4007 382 0 41
BUR AR, DL AL ™ # o ARS8, 4 44
# T HSP70.E, . COR ¥R B | BEAIL T 520 . T3, T4 Fl
INS ¥ B 4 1F T HLAA B 105 A B s T 2 5 34 g 25 4 v
T E, M ACTHMREE , 3RWI 2 53 R 4= AV 4 i =2
Fil , 4 R AL o BN SO, 2SS AR 1 i v
HSP70 ¥ J# &% E2.COR Il ACTH ¥ Ji i #2755,
2 T3 IGF-1 N INS #e 5 W 3 R . R 0] &3
I HR N B AE AR ] AT RE SR 2k PR R F HSP70 5%
M) AL A AR5, 32 7 5% 0 P 2 10 A K g

3.6 XBMANENHEFTFNFTENLIEIRD

A

IV A= ARG B e sh P AL A B AR 1 A R
ARBEE S AHIEFE B0 AR B LT G LU e
5510507 58 A5 I oY 45 SR — B, AT RE R AL MAORE S A
PR LUK HT A LY, HDL-CHILDL - C 2 W fl 5
B BN R 1, ME VR AR A8 A IR D A R, DA T £
E L R HDL-C ¥ B . iE NEFAJZE TGH
Gr R, e 8 S WAL g T A I R i s 3 51
15009 s BUN W BE RE % 2 i B 1A 28 11 53 A% it 15
L ABIESE T BN S B AR I HD L -C
LDL-C¥ETH&E MRS T HEIE TR NEF A
W P B AL Wl 2D ML U 7= 3200 C P RIS b
R A 5 B 75 B U N e B AIG, 5 0 i a5 i 5
5 —3.

WF5T K B, 1A 2 25 325 5 g AL AR 2 1 9 A I
R, AR BRI TCRRE S . ARBFserp & L3
ETHR TIME LDL -CHBE BRI T NEF AWREE,
ST HLARRE AR . ek A B E TS T HDL-C
R, R B B P A A T 40 I B2 T 3 S A D7 3k
BEVIR . AR AN EON , R4 R H B ER T
HDL-CHRE KT NEF A, {H 3BT
7 T BUN MR . 26 B AR 25 34 A1 S 1
G305 FAR A AR L B SR T LA R B A .

3.7 EBMANBNEEEFMFRENLIBIRN

A1)

SR S RSIE 7L IR N AW TR k=R P A=)
SRR AN NI IR 7 = 1 R 0
WY, KN T-SOD B AT Bk H H A&, GSH-Px Al 41 il
AR MDA SR A e BE 0 o Sk,
F2 e LA b SR A 45 AR T AR g b, PO 9 G
FHREART MLV T-AOC K T-SOD fil GSH-Px i i
PE, 8% T MDA & &, RN AR N H A 2 08
it A A 58, EPLAR Y B A B SRR RE ) T BE 3 AR
PUA I AL, 5 Wang 25855 BIF 98 25 B — 3,

WF5E R B, LB B AR B I HLAAR B 8 ALK
) A ARG VG I3 AR AR R UE s SR AR K
AR, T-SOD Ml GSH-Px i I 1 i Z Ik , MDA
S E AR BRI R B, B A A s A
& 3~5/ A, 1% GSH-Px 1 MDA & & 28 1k .
W T B0, LA 03 22 /K1 3 ok 14 0, i 6% 4 5 HL
LN TR 2 = R N 1/ B I | 5 D I @
PEE T AP AR T, T AR BN O, 4 s RN
e L BTN A B AL TS AR Y R W AEAE 2 L HE T
HS, & L#H B ERS T AFPERE ), X s gh R
554 Fo 3 A MR Ay G 2 OG0 POV IR
BT E Ak BE T A7 7E 58 BN L AT RE A PR Ok B
W T HUARE SR A B LRI =L A
HHIEEIR N

4 & it

1 FR N o IO I 2R P IR i T
e, LT VLA AL BE ) SO B VA & K, DMIAN
Fr 53 B WAHAC R FEAR, T FE R ADG .

2D B A A RN A, W IR SR S 1, 3
E, 73 , 52 W LR A, 10 95 A e, DA e IR AR
FEERE o

30 35 3 B AF 2 BRIV EA L ) A R R O WA A
TE H AR ROV, v 42 25 35 Wi A 24 HSP70 43, 410
i R kT e AR L SR A BE T AR 2 UL
e, BET REAR A A A = AR, TR R — TR
2 B 4 2 Bl o B BT R W R4 O O 2 iR
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