202—211 ok % ¥34% Ho5i
20254 5 A ACTA PRATACULTURAE SINICA Vol. 34,No. 5

DOI:10. 11686/cyxb2024266 http : //cyxb. magtech. com. cn
A, TLIEH, B, 5F L RS WTUTRTRS L AR AL IR AR DR RIS R RE Y AL . Rk, 2025, 34(5): 202—211.
ZHAN Jin-shun, JJANG Hao-yun, WANG Hai-bo, et a/. The changes of serum biochemical indexes, oxidation resistance and immune property in pre-

and post-weaning lambs. Acta Prataculturae Sinica, 2025, 34(5): 202—211.

EFEHPEIELFENLER AL
MEREENEN

AN g2 L oT S 4E ] ek 1.2 ok e 1 1.3 1 2 A 5z 1F

b gL LES L BRI, HERLVEA AN ELERER

CL TP A8 Al B2 e 35 005 R F 5B, 3 5 4 (0 E SR RV P 48 TG SE R % T 7 5 3302005 2. H R A R =2 S W B2 SR =2 Bt HR 22 M
73007033, KR 2 BE s M RL 2215 8 M B2 224 Bt , K 300384)

FEE AT B TR ST WIS 0035 A A F8 BR 0B Ak R G vk BB AR AL, 43 BT 26 S LTI 78 1 8 kAR R S
T 6 2 % o7 AR A B IR AT o R 12 KL A e I T A AT A f R I O S 25 T 30 HOR HEAT ISR UY L S6 S I
Yy (B3 0 d) FNWT 55 3.6 1 15 d R A2 L7 T A AL 38 A LA S 3 ok B e A AL R G 9 M R S5 i A 1 7 o &5 2R
FU D) S0 d A EG, B 15 d 26 2 10075 45 TR 5% I (AL T) 36 7 52 35 W AR (P<C0. 05) , Wi 05 6 d 26 2 100 375 Bk ok
R MG (ALP) W5 AR (TP) & hik B 3 B AR (P<<0. 05) o BT 13 6 d 26 2 i 3 e AR [ B ( TC) & ik 0 3 70 T Mo fth 45 41
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SRR (T ) We B2 X 8 35 7185 (P<C0.05) . Wi % 6 d 26 2 i 3 e i R AR ZE K 1(IGF-1) e B W E AR F Wi 3 0 Al 3 d
(P<<0.05), M4 41 5 AR 2 (EPD W E G % 2 5 (P>0.05) . 3)5Wiwh0 dMIEL, Wil 3 d 26 2 if 7 bt S Ak fig
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B THE (P<C0.05) , Wi th 6 R 15 d 26 2 M5 e 3k 3R 11 G (IgG) #e B 8 35 7185 (P<C0. 05) , 1 45 4 ] S e Bk 26 11 M
(IgM) W EEM G B E 2 F(P>0.05), WFHOdIMFECD 4" THE A (CD 4) ¥ EM CD 8 THME 41 (CD 8)#k
FE 0 PO B B AR T A A AL (P<<0. 05) , Hoh Z 8 S /E Wi 175 6 d i, 17 25 2 8] CD 8 ¥k J8 D JE {8 38 2% 5% (P>>0. 05)
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Abstract: This study investigated the changes in serum biochemical indexes, and antioxidant and immune properties
in pre- and post-weaning lambs, analyzed the incidence of early weaning stress in lambs, with the aim providing a
theoretical basis for nutritional regulation of weaning stress in lambs. Twelve healthy Hu lambs with the same birth
date and similar body weight were chosen and weaned at 30 days of age. The serum of lambs was collected prior to
weaning (Day 0) and at 3, 6 and 15 days post-weaning for measurement of biochemical parameters, hormone
concentrations, and antioxidant and immune properties. The following results were obtained: 1) Compared with
Day 0, serum alanine aminotransferase activity of lambs at Day 15 after weaning was significantly decreased (P<C
0.05) and serum alkaline phosphatase (ALP) activity and total protein content of lambs at Day 6 were significantly
decreased (P<C0.05). Serum total cholesterol content of lambs at Day 6 was significantly higher than that of other
groups (P<C0.05). Serum urea nitrogen content increased gradually with post-weaning time, but blood glucose did
not differ among groups (P=>0.05). 2) Compared with Day 3 post-weaning, serum triiodothyronine of lambs at Day
15 was significantly increased (P<C0.05). Similarly, Day 15 tetraiodothyronine concentration of lambs was
increased relative to Day 6. Serum insulin-like growth factor-1 was significantly lower at Day 6 than at Days O or 3
(P<C0.05) , but epinephrine concentration did not differ among groups (P>>0.05). 3) Compared with Day O,
serum total antioxidant capacity, glutathione peroxidase and catalase (CAT) activities of lambs at Day 3 was
significantly decreased (P<C0.05) , but superoxide dismutase and CAT activities of lambs at Day 15 was
significantly increased (P<C0.05). Compared with Day O, serum malondialdehyde concentration of lambs at Day 3
was significantly increased (P<C0.05), but nuclear factor-erythroid 2-related factor-2 concentration at Days 6 and 15
was significantly decreased (P<C0.05). Serum heme oxygenase-1 concentration of lambs at Day O was significantly
lower than that of other groups (P<C0.05). 4) Compared with Day 3, serum immunoglobulin A concentration of
lambs at Day 15 was significantly increased (P<0.05), and immunoglobulin G concentrations of lambs at Days 6
and 15 were also significantly increased (P<C0.05), while immunoglobulin M did not differ between groups (P>
0.05). The immune cell CD 4" T-lymphocyte concentration and CD 4" T-lymphocyte: CD 8" at Day 0 were
significantly lower (P<C0.05) than those at other times, with the highest values observed at Day 6. The CD 8" T-
lymphocyte concentration did not differ among groups (P>>0.05). 5) Serum interleukin-18 concentration of lambs at
Day 3 was significantly higher than at other times, but interferon gamma concentration was lowest at Day 3.
Compared with Day 3, the concentrations of interleukin-2, interleukin-6 and tumor necrosis factor-a at Days 6 and 15
were significantly decreased (P<C0.05). Compared with Day O, the concentrations of interleukin-8 and interleukin-
22 at Days 3, 6 and 15 were significantly increased (P<C0.05), but the serum nuclear factor kappa-B concentrations
were decreased. Compared with Day O, the concentration of cysteinyl aspartate specific proteinase 3 at Days 6 and 15
was significantly decreased (P<C0.05). In summary, early weaning decreased the body antioxidant and immune
capacities and enhanced the inflammatory responses of lambs. The antioxidant, anti-inflammatory and immune
capacities of the lambs were recovered with the passage of time after weaning.

Key words: lambs; early weaning; oxidation resistance; blood biochemical indexes; immune property
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S S LU T R A B RE SRR SR 4 B R BN 26 SR A AR AE . SR, SRR R I S I 5 R
B 5 L R ] Ry X e A 7 A — R A 0 SR AR BN RN, 5 3 S ek R B R R B AT O BRI A
FUL AN R TR R R LR R, Y I O 25 2 f R s R B TET R I, B AR R TS e T,

SRR ERE Y, SRR TR AL, 2ESE 10 R 30 HIR Wi )5 10 d, 36 2R | H 4% 8 DUJCA HLER 7 (85 B

S TR L A R AR T IR AL (BRI L AL) o WEE S R B, 25 HIS W W I EE Y H R
PR W 355 T 35 R 45 H I W 25 o (EHL AR P SR LT AL 3 IAE B2 o A, 55 0 HRT 0 40 L, B 00 T 7 82 2R
A T P2 H R B AR SR, A WS R B, 3075 F1 180 d Wi W 1 2R H B A3 H B Y T
EER, IR R 2 5w ML X B 3R A B A A, 2 T R G i R A s R K R B RS TR
FRAEAE 22 5 o LY A2 AL 46 AR (9 A8 T AE — 8 B2 8 1 AR 05 S WAL AR 0 6 TR 00 o 388 45 B0F 5% 03 K 2 2 4 W g i 1
d KIS 114 F0 21 d i E AR AR 38 br 19 728 4k, i BB 4073 5 42 4 1 3 7L R 0 % 1 (lactic dehydrogenase, LDH) (4%
N %% 2 1§ (alanine aminotransferase, ALT) 3G . IfiL 7% JK £ (urea nitrogen, BUN) & & & & & T Wi 56y, Wi 0 )5
21 d B4R v v A M ERORN Il 2T 8 1 S v T TG . A R o I S0 SRS 2R DT 0 RS IV AR b A bR AR AL
BERWTFFT P & B, Wi AT 2 d 424 59 BUN L JE F#] 8% (total cholesterol, TC) . H il =& (triglyceride, TG) & & & T
Wil Js 1.2 13 ] , i 2.8 [ (total protein, TP) Bk [ (globulin, GLB) .4+ # 4% & Jif} (aspartate aminotransferase,
AST) .14 ig /& -18(interleukin-183, TL-18) F1 45 & Bk & 1 (haptoglobin, HP) & & W AH 52 ; Wi 5 5 3 JA) 1 1
Fi% ifi (alkaline phosphatase, ALP) 1 Jli & AL (diamine oxidase, DAO) & & TWihET 2 d" . BeAh, 0F58 &3,
FEHEAT 10 d (9 94K J5 W7 03 9 36 5 M9 TP . BUN L GLB | 11 8 11 Rl B (cortisol, COR) ¥ BE 5 A I 73 26 - 6
F2S AL TC Y e ) 25 R AR 5 30 d W7 W3 A 7E 55 31,32, 180 1 181 K COR /K F- &5 F 75 F1 180 d I 7% 46k
L 75 d W B AR RS 77 R 82 K ¥ COR K F- & T 180 d W 348 20 o A L 45 R W], LU o 00 5 it W 2 Ak 4
B T 4l 524 3 40 WK 43 %7 BB R A A KR B AR O o H R A OGS A R U DR 09 O 0 A R A AR A A R Y
5 e DL AGE o Al AR IS B 7R 8 G B 98 0 S 26 3 30 B W W G S Il TR AR B AR AR AR AR A0 AR AL R 9T A R L
T A% I 38 B 7 7S AR R, R T 20 3 R R A L T 4 1 R R A R AR B
1 #MR5FE
1.1 RKB&i+5455H

AALE T 2022 4F 6 — 7 7 75 1L VH 4 # N SRR I 4 A BRZS W) 10 S SR 98 S AT o 16 10 B 12 3 A= 1 [] A
] A AR T FL MR 0 A 5 AR 2 29 HIR B REMFL , 15 H T i #h 1, 30 H & AT W 5 . 76 W 73 if (O
d) W5 3.6 F1 15 d frk il FTHEAT B KR I, SR 5 R I, — 20 CCORAERFIN . JRFa 40, A R E, A oK,
Al ] % A 2 IR R 0 S L E BT o SR SR AN HORR T I 26 SR ORE U2 1 R OK (Zea mays) 63.50% , TLM
16.50% , M kF K1 6. 0096 , 3EATAA 5. 00, FKTIAE 1. 20%, K 4.32% , A K 1. 18 %, B MR 4045 1. 00% , S 4k
1°0.30% , IR EL 1..00%6 5 # 3% /K F 5200 {8 9 7 fL B8 12. 29 MI-kg ', HL#E 11 18.85% , ML K 43 7. 35% , MLk i
3. 4400, HYEVE IR AT 4E 28. 2400, RV VE TR 2T 4E 12. 54060 45 1. 4906 , 85 0. 7304
1.2 fFAigEIEARen 2
1.2.1  AA$8 bR FIdt A A $5 bR 09 I MLV 2B AL 48 BR AT AL 48 BR 255R W S 1% e 0T S B A ) TR A
Az 7 IR R AT R 0 2D R 1R & 0 B B AT R | S TE BB AR AL (Rayto RT-6100, PRI T #4E i B 4
ey A BR 2 w)) A I o B I 3 AR A dE AR A S B (TP) S IR B (TC) | %4 B (glucose, GLU) (K R A
(BUN) &t A N AW (ALT) 4 55 2 B (AST) a4 w5 2 B (ALP) W& M ;s Pr 8 b 8 b A3 5 06 H Ik 401k
Y 1 (glutathione peroxidase, GSH-Px) | i & 1k & #§ (catalase, CAT) #8 & b W I fb i (superoxide dismutase,
SOD) &M B Pt L B8 71 (total antioxidant capacity, T-AOC)F N [ (malondialdehyde, MDA) &% & .
1.2.2 R A9 PR GE 48 s 1l 2 I ¥ = A H R R R &R (triiodothyronine, T,) | VU Al R AR R 2 R
(tetraiodothyronine, T,) J# 5 2 #£ 4 K A F-1(insulin-like growth factor-1, IGF-1) fil'% I+ }i# & (epinephrine, EP1)
PL K Az € BRI A G (immunoglobulin G, IgG) | % # Bk £ A A (immunoglobulin A, IgA) . E B E A M
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(immunoglobulin M, IgM) Fl 4fi }fd K F 11 48 Mg/~ % -18 (interleukin-183, IL-183) | & 3K 5E Xl F -« (tumor necrosis
factor-a, TNF-a) . H 40 i /- % -2 (interleukin-2, 11.-2) . FH 4l }fd 4 & -6 (interleukin-6, 11.-6) F1 -+ #Jt & -y (interferon-
¥, IEN=-y) BR FF g B S0Pl A W 5 AR A B2 W) AR 77 1Y I B A 92 40 A 32 300 & A 0 5 1 48 i 4 3K -8 (interleukin-8,
IL-8) . 1 41 Ml 4~ % -22 (interleukin-22, 1L-22) .CD 4" T #E 40 Ml (CD 4 T-lymphocyte, CD 4) .CD 8" T #k X 48
Jf2(CD 8" T-lymphocyte, CD 8) .-t 2 2 & H fif§ 3(cysteinyl aspartate specific proteinase 3, Caspase3) ¥ K ¥ kB
(nuclear factor kappa-B, NF-kB) . #% A ¥ E2 A1 &K ¥ 2(nuclear factor-erythroid 2-related factor-2, Nrf2) A e ifi £
N4 -1 (heme oxygenase-1, HO-1) 5% Al b B 2% i 5147 R 7] 32 4t 1Y i 15 06 52 23 A il on) @ A i . Jir A7 4
i B A6 0 T 7 2 BROA R G Ul A 2R AT
1.3 HBERLEL 5

K WPS Office 2019 #1784 4 3, FE ] IBM SPSS 21. 0 8 AT 5K 2 05 22 43 Bt (ANOVA) , Duncan [T
BT 2 R B R LU S SRR "R SRR, P<<0. 05 RIRZE R B E ,P>0. 05 KRR ERABE .
2 HRESW
2.1 BiWAT)E A F ik A ALIEAR ) T AL

LB Ys 0 d A EL, B 05 15 d 36 3 Ui ALT 3% 5 35 FE AR (P<<0. 05, 3% 1) ; i 95 6 d 25 - 13 TP & & 1 ALP
T PR (P<20. 05) L 1 TC £ 2t W 35 TH i (P<20. 05) o 262F 135 BUN A5 52t il 25 I 05 5 [R] 11 42 4K 1T 32 57 71
5 T 2% 2 AL 3 GLU JE 2.3 22 53 (P=>0. 05) . WASIKIG S5 SRR A, BT 15 3 d 5 25 B2 AL A X & 1 J5 A 77 ) i
e 55 AR .

®1 EMEIERFMBELIERETL

Table 1 The change of serum biochemistry indices in pre- and post-weaning lambs

miH WK 473 K54 W eaning days (d)

Trem 0 3 6 15
4 N % iF Alanine aminotransferase (ALT, UL~ ") 11.3241. 46a 8.87+2. 10abc 9.36+2.13ab 3.9940. 50¢
4 W HE S i} Aspartate aminotransferase (AST, U-L™ ") 31.72+4.98a 18.27+3.63a 18.2249. 18a 31.63+7.72a
B 1k 4 AR Bl Alkaline phosphatase (ALP, KU+100 mL ") 11.3843.21a 7.26-+0. 56ab 3.27-40.60b 6.1542. 56ab
745 % Glucose (GLU, mmol-L ") 6.94+0. 28a 5.80+0.51a 9.32+2.71a 6.46+0. 26a
MK Total protein (TP, mg-mL ") 91.27+8.92a 94.69+8. 82a 47.83+6. 84b 71.5047. 70ab
i IH [ 5 Total cholesterol (TC, mmol-L ") 2.86+0.37b 3.5440.27b 12.3342. 64a 6.1340.61b
JR % % Urea nitrogen (BUN, mmol-1.7") 2.20£0.19c 2.39+0.21c 4.4240.33b 7.20+0.95a

[R) A7 AS 1] 57 B & 45 Ak # R 22 5% i 3% (P<<0.05) . F[A] . Different lowercase letters in the same row mean significant difference among treatments
(P<20.05). The same below.

2.2 WA e A FmiFsE KT R

Wi s 3 dAH L, W% 15 d 26 3 T T v B B 3 e (P<<0.05,38 2) , Wi % 6 d 26 3 13 T B &+ &
(P<<0.05), Wiy 6 d 76F MiiE IGF-1 4 B 1 25 I8 T Wi 5 0 F1 3 d(P<<0. 05) , 1 45 2 0] EPT ik & T i 3% 22 7% (P>
0.05) . MAITKIG S5 AR Wil J5 23 52 0 25 5 HODR MR FBE & KA AR KR 1Y 4000 .
2.3 HimEi e A FEmiER A T

S5 0 d A L W05 3 d 26 E 17 T-AOC (GSH-Px 1 CAT 3 ¥ 8 35 B R (P<<0. 05,3 3) , M Wi 5 15 d % ¢
CAT & P ) & 25 T+ 55 (P<<0. 05) o 53 0 d AH B, Wi % 15 d 26 7F 13 SOD 36 PE KT 0% 3 d 76 3 13 MDA Ve
¥y 53 FH 8 (P<<0. 05) ; W % 6 1 15 d 26 F 118 Nri2 v B i 35 B IR (P<<0. 05) s i 3 3.6 F1 15 d 76 F 1ML ¥ HO-1 ¢
JE ¥ 2 T (P<<0. 05) , HorP i3 3 d 26 2 1fi 3 HO-1 e B fe i o MASIR IR 25 SO, 105 3 d S MR AIGS6 2R LA
PUAALRE Ty, B 2 BT 0% ) 1] 1) 28 A AL AR BT A A RE T A BT T
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R2 HMEIERFOERRRESTL

Table 2 The change of serum hormone concentration in pre- and post-weaning lambs

i H W5 KL W eaning days (d)

ltem 0 3 6 15
= LR IR R R Tritodothyronine (T, nmol-L ") 3.66=0. 28ab 3.1440.29b  3.6340.40ab  4.48=+0.27a
DU A IR IR )5 &R T etraiodothyronine (T, nmol-1 ') 130.51+10. 11ab 116.42+9.17b 150.53+9. 15a 144.98410.91ab
JBE 8 25 B4R K F--1 Insulin-like growth factor-1 (IGE-1, pg-mL ™ ") 1.45+0.07a 1.49+0.11a  1.184+0.08b  1.26+0.08ab
% I )it % Epinephrine (EPI, ng-mL ") 10. 34740. 79a 8.04+£0.88a  8.9840.77a  9.89-0. 64a

R3 HMEIERFRELENNETL

Table 3 The change of antioxidant capacity in pre- and post-weaning lambs

Wi H i 75 K W eaning days (d)

Ttem 0 3 6 15
RPLEALEE 1 Total antioxidant capacity (T-AOC, U-mL ") 16.36-0. 92a 12.89+1.08b 17.43+0. 84a 18.94-+1.18a
it AL S8 Catalase (CAT, U-mL ") 34.60+2. 65b 26.20+2. 44c 40. 514 2. 09ab 42.3542.03a

5 e H Mk 4 AL 1 Glutathione peroxidase (GSH-Px, U-mL ') 326.23+16.33a 277.71+11.82b 327.14+17. 86a 309. 9813 68a

ALY B AL B Superoxide dismutase (SOD, U-mL ") 103. 31+6. 16b 98.37+5.68b 113.44-+6.65b 135.2547. 30a
N % Malondialdehyde (MDA, nmol-mL ") 5.5240. 26b 6.53+0. 22a 5.7140. 34b 5.4440. 25b
B F E2 4 5& [ F 2 Nuclear factor-erythroid 2-related factor-2 291.60=£1. 30a 289.6140. 83ab 288.27+0.63b 288.11+0. 60b

(Nrf2, pg-L.™ Y

LT 25 11 48 -1 Heme oxygenase-1 (HO-1, pg-1.™") 24.91=0. 06¢ 33.38=0.11a 33.07=0.08b 33.17+£0. 06ab

2.4 WAl e Ak R ke Tk

T 05 3 d 2 2 L TgA v B i IR T W05 15 d(P<C0. 05, % 4) , Hifh 45 40 1] & 3% 2% 5 (P>0.05) ., 550
dAHEL W% 15 d 36 F 1035 1gG e 3 T (P<<0..05) . Wil 6 F1 15 d 76 2 17 1gG R 35 & T Wi i 3 d(P<<
0.05) SWis0dHM L, Wit 3.6 F1 15 d 36 2E 175 CD 43 AT CD 4/CD 8 ¥ 18 & T+ (P<<0.05) . Wilh6d ¢
M3 CD 4 9 & 2 5 T Wi s 15 d(P<<0. 05) , i 45 41 1) IgM At CD 8 ¥ Ji W O 8 3 22 7 (P>>0. 05) . WA IR 4%
RT3 Gy R BE T 73 B 1] 1 S K TR T

R4 HPEIEEFENFREERENTL

Table 4 The change of immune indices of serum in pre- and post-weaning lambs

i H IBF 47 K W eaning days (d)

Ttem 0 3 6 15
KRR 1 A Immunoglobulin A (IgA, pg-mL ') 177.62414.73ab  139.734:13.40b  166.6010.43ab  190.62410. 89a
g 3R 11 M Immunoglobulin M (IgM, pg-ml ") 1522.15499.55a  1303.41499. 14a  1526.23479.49a  1549.32465. 07a
P BR R 11 G Immunoglobulin G (IgG, pg-mL ") 76. 224 3. 46bc 67.97-+4.05¢ 80. 62+3. 22ab 86.31+2.23a
CD4" T#kM40/CD 4" T-lymphocyte (CD 4, ng-L ") 122.7943. 73c 256.2143.26ab  263.6145.29 248.1242.13b
CD 8" T#E4IHCD 8" T-lymphocyte (CD 8, ng+L ") 63.81+4. 84a 55.32+4.70a 53.80+2. 5% 56.644+3. 84a
CD4/CD 8 1.99-20. 10b 4.97+0. 38a 5.034:0. 26a 4.57+0. 26a

2.5 WimEEEAFREBAGTN
S5Wrlh 0 dAHE, Wi s 3 d 36 2F M IE TL-108 ¥k B B 36 F i (P<<0. 05, 3 5) , M Wi &% 6 A1 15 d W] g 2 B AR (P<<
0.05), Wit 3 d s yh IL-1p v B 1.3 = T W05 6 F1 15 d(P<<0.05) . S W5 3 dAH L, W 5 6 F1 15 d 26 2 I 1y
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TNF-a IL-2 F1 1L-6 ¥ B 2 5 2% T B (P<<0.05) , MW % 0 d W JC & 3% 22 3 (P>>0.05) . S5With 0 d A, W93 3.6
F15 d 26 2 1L 35 TL-8 A 11-22 ¥k 3 34 18 3% T (P<20. 05) , 1 IfiL 7 NF-kB ¥ B WA S o 5 W7 405 0 d A EL, i 43 3 d
R ML TFN-y 2% B (P<<0. 05) , Hfl Wi 20 ) JE | % 2% 5% (P=>0.05) . 5 W50 d A L, Wi 45 6 #0115 d 26 3¢ 1fi
1# Caspase3 ¥ Ji il 3 B AR (P<<0. 05) , Wi 5 3 d ) 7t & 35 22 5 (P=>0.05) . MASIXIR &5 Rk F Wil 3 d J5 726 F 4t

H2 HE 7 i I [8] 14 S 4 T 422 7

K5 HMEIERFRARENNETN

Table 5 The change of anti-inflammatory ability in pre- and post-weaning lambs

it H

Item

W 5 KL Weaning days (d)

0

3

6

15

[ 41 i £ % -18 Interleukin-1p (IL-18, pg-mL ")

1 40 8 /- % -2 Interleukin-2 (IL-2, pg-mL ")

14 20 it £~ 2 -6 Interleukin-6 (IL.-6, pg-mL ")

4 41 it £ % -8 Interleukin-8 (11.-8, pg+L.~")

140 A 2 -22 Interleukin-22 (11-22, pg-1. ")

Jif 988 S8 38 4 F -« Tumor necrosis factor-« (TNF-«, pg-L™")
T3 -y Interferon-y (IFN-y, pg-mL ")

[ % R K 1 3 Cysteinyl aspartate specific proteinase 3
(Caspase3, nmol-mL ")

¥ M F kB Nuclear factor kappa-B (NF-«B, pg-L.™")

637.73£36.68b
634.57+£29. 84ab
140.6146.07a
174.014+2. 28b
251.74+£0.30b
172.53+8. 22ab
515.75+40.51a

102. 8746. 15a

120. 9540. 10a

790.81+£23. 56a
706.05£49.07a
145.5444. 33a
407.17+1. 22a
255.53£0. 37a
179.74+7.62a
406.41=+30. 83b
95. 99+ 3. 45ab

23.58=£0.09b

528.88£32.78¢c
533.80£36. 14b
117.1945.93b
408.72%1. 30a
256.21+0.33a
152.1348. 53bc
506. 69£27. 94a
86.67x4.28b

23.5240.11b

533.81+£39. 37¢c
513.45+43.29b
112.3846. 31b
406.96=0. 90a
255.50£0. 24a
141.6045.47¢
569.00+=27. 12a
84.66=x3.01b

23.46=+0.06b

3 itit

TC S 2 W ALAAR B 25 04 W e R FH R AR 37 100 A — > T 24 A, 5 ot A1 e W 4R PN O U 1 ) Rl v
AR IR B 25 SR, LW 5 J5 56 6 K 43 7™ H 5 W 25 2 X i 2 i W USRI AR, B S A BT R . MR P R T A A
KA B AR B K 0t £ 4 S BUM T TP W EE FR AR, BUN &5 5 B IR I 35 DT AL IR L MR AR I %, 26 (1 & OoR
T3 T 25 s DU 33 B oA 2 10 0 2 A R S PR B ALT A AST S22 — 4 2 5 LA R 11 50 A 35 R 40 00 R 2 15 25 1 B
FEAEFSS B IR AR ATAE S 5 ALT M AST 36 P FEAR i JF E A A [ 82 5 05 2 g R B & 1 T FE AR
R LE R Wi 56,15 d 25 M 7E ALT FMAST 36 M VTP & & XK T Wi 45 0 d, i BUN 5 2 AR Sz, i3 B 7 109 U
W5 5 6 R IF Iy 43 7™ H5 R W 36 S 0 26 1 T R WSO R AR . Y 1 T WO AR B AR B ALP TR SRR AR . XTSI
WEFE AR, 5 W AR B T35 55 2 KM T ALP 3 M S A 7R T 09 5 AR 8 Ik i BRI A 4 R 5 A
Lo 2 B 10T T 45 2 5 v Jig 3 WM, 7R RT3 S 6 RS IRIR K . BRIA BLSE IR ST R L BT S 1.2 3 R A 1l v
TP & AST M 83 & F Wi s, 1 TC A GLU & 2 WAH B, AR 56 45 5 5 HOR ), vl g 5 20 R oR [l 45 ¢

FODR I 8 3R A0 3% T, 0 T, RE AR 2 S W ML R (1 5 DNA A B, 35 5 AL AR 0 66 At AR 5, 3 i e S 0 B I 1)
OIS HRARGE S FLAT A T AT R S 4 d, I TR T MR R R AR 9 d S T, A i BT
AN, W% i 2 2 i e T, B i R R R L7 AR B AR Wi 1,3,5, 7 d i T T KPS T Wi R,
14 d R BN WK AR5 R S IR BT s AL, IGF-1 A% 32 o S SE R 19 5% Ak % 3 & A i &
B AR, 0T A G A K B I A A W T R TR AN R AR 1 sh i A KL YRR U R 7 A R
WA IGE -1 3 K A 40 ™, A RIS 1 22 B, S 0 W 0% 6 dl 26 2 1M 3 TGF-1 300 20 6 b 35 PR AT, SR T BB 0% 15 d A3
P m . Pk, WA S5 5O A, G E W05 15 d AT RE 43l ik 32 m ALK T, T, F IGF -1 303 40 W ok 32 i HL IR
Fr W 5T ) WBCRTAR 3

T-AOC 2 7 sh W WA ST B AL 05 10 B35 5 2 — , GSH-Px . SOD 1 CAT & [z W HLIAHL S AL fig 11 10 &
B, MDA EHLIR N [ B35 5 I & AR o S SR A 2857 0, e AT A8 K S A R e L R B 4R Ak i T B9
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g1 BERRAEIRT S L B, 5 60 HE W W2 SE A L, 30 S T I 25 2 1L T SOD Ml GSH-Px i 7 ¥ i 35 [
5, 17 30 A1 60 H % Wi 43 5 4 d 76 2 1L 7 SOD A1 GSH-Px 7 1 & 3 (% T Wi air , A0 45 S S5 AL, X 0],
S0 VT 7% RIS ) 4 i G SR LR DTSR R SRR AR . ZEAR IR T TS 3 d, 26 T T-AOC .GSH-
Px FI CAT I M B , MDA & 3 F i, 1 B & K 73 J5 B ] 09 2E 4 26 SF 17 T-AOC .GSH-Px fil CAT 36 P I+ &
MDA & fi FEAR . 2% W Bl 25 26 2 W7 0% 5 1) (0 48, ALK BT A0 B 0 A3 I 3 38 . Nrf2 J2 — P 40 i ¢ 480 16 17 384 1)
BRI R IE RS BLT ON2 fE7E T 40, 2% Keapl B A 1K1Z ZALBMIRE R, 78K 11 5L 0% v A%
(reactive oxygen species, ROS)HI T , Nrf2 RAELEM M H 5 Keap ] i BB IF UG W2 Ak, 45 & RN 5 3h 7
X B9 4T Ak SR T A4 (antioxidant response element, ARE) %5 )3 2 Fiif HO-1.SOD .GSH-Px fl CAT %5 2/t
AL R A F IR ARG RT3 2 2 I Nef2 e R AT B S DR o KR R A A0 R A A A
RSB W R AN . HO-1 & —Fl 11 AR e 22 B , 1] 78 22 FiOR [5] A9 07 S0OR0BCT 8, 40 455 45 Bl (e S Ak sn) An i
REA R NAIR I 45 B A, 25 2L R 5 3 d U5 I3 HO-1 7K % 5 35 T al B -5 HAR 20 4 K 7 T8
Ak,

G g2 R R 1 RE A% S W 0 4 1 G i 0, S B BOIN D) G s Th B RGO, WS Kk B, 5 KT AR Ll A S HE s 2R
WG 1 d I TgA & 4k 5 3 MR A L B S 1 Th ST BT K L (H X T 305 1~ 14 d I TgM & 508 B e A
TG 25 B S AL . SR AT SE T 2 .4 A 8 d ML TG & & B R T Wil {0 IgA & LB E 2= R ¥k 4
e A W A AN BT A 05 1~21 d I T8 1gG & R e & 2 5" ARRE LIRS LR AR, 0T 85 s dh B oK [F A 56
CD 4 A1 CD 8 41l fifd G % 5 bt T Ik 4 41 A 17 38 0% RN G 38 25 7K SF- L 24 CD 4/CD 8 T i 28 B BIL A F 32 M BB 5™
AR TR AT 1, 26 2 TR 0% 5, ML 23 30 5k B0 CD 4 53 20 i S 3 o e e PR e o 485 SR R, Bt 5 2 2 L 301 oy 4
S B T) ) HE K, BILAAS PTG 2 30 Aok 1 5 S AR e 92 R0 200 L 0 3 A i v L AAC 1) S 2 T i

TL-18E R A2 48 BN (9 42 0 b A 35, T ST 48 9 A0 05 11.-6 F1 TNF -, T A S 6 PR WL IR 403 B 38 23 51
TL-1 11-8 Al TNF -a 45 40 it K 143 00 , - VA1 AH 5 40 I8 7 B 2 IR 2 1k 0% 0 ARG 25 Ok B Wi 05 3 d S8 2 7=
B4 L T, i A T 4 B (] ) S A TR BILIR ™ AR R R ROS 23 Bl TL-2 9 3635, I IL-2 RB A5 {1 T 40 i 3G
A6, 87 U SR AR D OK O FEAR IR I v B 2 2 WG S R IR] Y AE K TL-2 Y B % T R AIC, 1T RE S ML AR R
ROS BB JI 5 A ¢ o 7F SAE alUJB L L hy rp, TL-22 RE A% 3 B IR RO'S £ = R 0l 6 28 M /MR G Ak, B JH Nrf2/HO-1
PUAA b 3 Rk i 41 ST RE L A R4S R AL LRI SR B A A R AE R WA SRR E LR
Je AL TT BB 23 38 3 YOG TL-22 8 4% Nrf2/HO-1 30 3 R 28 i f A0 0 8. TFN-y BA HUs 35 40 b I A0 s I8 5 S5 4
JI, LA 9 200 B S P2 T B AR R N, T 200 3% A 2 B T2l TR Ny £ 72 AR /0, B i, AR 328 6 v 7 300 0 )5 3
d 26 2 M TR N-y #e B e A%, T BE 5 PR G s ThBE R (A 55 . Caspase 32 A1 T- M PATH , IEH 500 F LG
P B i O A7 AR T I b B TNF A 558 T 32 AR 55 38 48 1 G Caspase 315 FANAET-"" 0 AR, 2524 1M
15 Caspase 3 Fll TNF-a 75 5 Fiff I 405 J5 b [A] A9 2E 4 52 8 WA 3 o 2 W1 Bt 25 K7 0% Jis Bk 1) 190 4B K, L 4% AT i 3l 3t % A1
TNF-o K] Caspase 3 FUIE , oF 107 400 ) 40 ML 0R 7= 10 W7 5 0 d 25 3 117 Caspase 3 & fi fie i, Al fig L F 22 DA
TG B IEE AR o 16 Ak I A% 5G S R 7 NF-kB 89515 5 R M 7 TNF-o Al IL-18 55 19 F 3k, 51 R HLIA A 4L
JO7 5 W L T HO-1 B8 BH IE NF-B B 09 575 S ML, 128 17 5 3040 M 5 32 908 A AR 40577 WA IR IS R & L 7%
F W5 i NF-«B & & RG] g S HUA HO-1K i %,

4 it

SRR 2 e R AR RO R AL DT AR BE J) , SRS G e ) T W {EL I T 3 I e 1 S, HLAR T A AL
AE T B R BE 1 AN 05 AT i 48 58
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