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R AR K S R B A B RS % RIS 210095)

W OE., AXBEATREEHAKAT-1 (IGF-1 )35 @%@ 3R X AT A T BR 4018 it £
¥ KRB G LI KIE A I A kR ISR — B Ak EAAULEG 49 BN EFE BE
kAR LR ) A B AR BUR AR R B e, A RRE R L e R B G e
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st R LR am e sa P a9 B R K amia - 3 4L, T BRAA 4L A 4 mmol/L T BR 4R, A ) A
L1784 mmol/L T BR4M+2.5 pmol/L My A £ K B F— [ 24k (IGF- [ R) 494 A, & B 28 A
AR A A2 4 DMEM, Pr A e i iX36 & 2 4 K, @ e 32 24 h 50 48 s ik B Tl 2 IGF- [
E MR m e s B R VA B A A A R A R ey ok ik . 4R &AW 1)0 42 8 mmol/L T
BRANZ0 GO/Gl A m ekl 2% 3 T 2 #2 4 mmol/L T 824141 ( P<0.05) , B 8 mmol/L T & 4k 48
2% 3T 0mmol/L T4 (P<0.05), 4 mmol/L T4 S et 2H 3T 0.2 4
8 mmol/LTE 4141 (P<0.05), 8 mmol/L TERA1 4L G2/M B a etk 6l £ F 1K F 0.2 Fe
4 mmol/L T B2 4440 ( P<0.05) ., 2)8 mmol/L T B2 4h 20 6% 2a ie &) 1 & & A2( Cyclin A2) mRNA 78
3tk ik F R EIKT 0.2 #24 mmol/L T B 4141 ( P<0.05) ,8 mmol/L T B 44 28 6% 4w B &) B & & 1R
Hitk# B 1 (CDK1 )mRNA #AAf 2K 2 R F/KT 0 2 mmol/L TER A4 (P<0.05),2 F=
4 mmol/LTEA MmN EEG DI (Cyclin DI )mRNA M A X TR FZH T 0 A=
8 mmol/L T B2 4448 ( P<0.05) ,4 mmol/L T BX 44 28 9 4m it &) B &% & AR MM i B 4 ( CDK4) mRNA
AT AR TR FEZD T 0.2 4 8 mmol/L T B4 (P<0.05) ,2 F7 4 mmol/L T B2 4h 28 & 2 it 8 7
FE ORI B 6( CDK6) mRNA A8 kA 2% % & T 8 mmol/L TH 441 (P<0.05), 3)
8 mmol/LT BR4AA 469 A& F L R BR 09 R AR BR & G /K B —3 ( Caspase-3) F» B & @I -2 #8
% X % & (Bax) %) mRNA #8xr (X 2% 5 T 0.2 72 4 mmol/L T B4448(P<0.05) , 4) T
42069 IGF-1 R mRNA A8t R & Ao 3 fo ik P IGF- | 3R E R % 3 T & JR 20 Fo 47 4] A 20
(P<0.05), TB4N4 Cyclin D 1 #2= CDK4 mRNA A8t & ik & 2 % 3 T xR 20 4= 4 ) F) 41 ( P<
0.05), WIHLTR, &K d mmol/L TRATARKEZFBE LA @l jtH 2@
IGF- [ 125 @ 3% R K FAER , LA TBRAMILHZ E LR A KGERMH L IGF-1 258 % %
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A AN A sh YR A A R AR B,
REBWEEHES W R 43 A - ke ffd e, i
BER DY E R LT MAEE, AR 7
43 Hbu T A R A A A R IE DA A 7 v 3 i
BT B A I 2 s Wi B I kB R BT
PEmsh P e R M4 R s W fd R R R
X, HE R E B E AR X R ST
fl e Y LS MG 58 5,0 8 A
X ZR A e o7 fl 4 o B DR IE /R 80T A 1 [ R
Tk A 4 R VERG WT BR ( VEA) KRR 8 B
B Ty RE Y 5 35 3 PR IR R 280 I U R AR
VFA, 4ER5 98 B RS I A PUAMERES . W E Lk
KBS0 B VT AR G, 40 A S 100 A 4
wE (G, 1) o R (G, .S BH G, )
oS (M 1) . Horb, G IR 40 R 0 & A
( Cyclin) D 1 Fi1 24t Jifd J& 393 285 (1 400881 P 3% ( CDK) 4
) mRNA #) K5 %35, HE 2 40 i J5 1) P ik A S
WP A S WA A 5 DNA K il 4 26 1
fifg 2o

TR R, AR HENR 0.36 g/kg BW 19T
MR A A] A kM L S S E R AR K JF Bz
1 AR 5 b R A 2 0 S R A A O T
HIARDE ) e I RS B ) o T R AN xR b
(R B A I E 2 W IR OR R 390 2 T R A
XHIRE b R A0 A A A AR B P T S — 2P R
Wy, WFSEUESE, i R T RN AT
REME e IR 8 1 2 R F Bl 7E (R AP 56 rh 200
WA RAEEAY, LRt iR, TR g -
KRB IFIE HEAEM, TR 55 R R EH
WANRSE IR AR 9T K R, A B 95 JE P
JINIE 2 0BG A I A AT A0 A AR K X 0T R 2
Ja AR s i i R S m AR A K N+ - 1 (IGF- 1)1
3 200 it 3 5 O AT E AR Cyelin D T 3K Al
Cyclin-CDK4 & &%) & 1, 1 10 it 4 ff 3 58, T
SR PTG I VA %) 15 5 2 1% 75 40 L, 50 0h 8 I
) IGF- 1 5,2 d N 4 B 3 58 B W ke, & i)
DNA fth B g £

1 E I FL s Y IGE- 1 AT LU i A 43 el
5543 W 7 2R T 22 B 4 210 40 At e A R R T,
IGF- I M5 R KW F- 1 24K (IGF- 1 R) 45
G Ja T LAOE i 2 4545 5 i S0l I K A G 2
Mfe 5 N A AL S =AM, G 55 sk 7, &
PRI AR E 20 B 1 56 40 0 20 B 0 T B AR ) A AL

7 AR A R 24 sh i L R A A SR GE
AR R, FEMR T MR A3 E -
Ak 5 5 IGF-1 (IGF-1 R FUJg B b iz 48 5
P2 D) A ST R, AR S g A 4 4 i ik
55 WFSEAS [R) Wk BE T IR 40 % R B b 1 4 i ) 4
FEANZE L8 T ) 5Z e, P FE— 2D IR 9T T IR A
IGF- | {5538 B U8 450 B L Bz 240 A 1% 8 () 4 L
il S A v o 3R T B E 4 i I 4 3
B 1L B A 2 3 W A e P RE AN 4y sh W
fat FE P (AR

1 #MRlEFRZ*E
1.1 BELEABRMNDBESESR

R TELE4 249 HIE, MBI —2, R E 430 R
11.3.12.9 11.2 1 11.0 kg A1 FA 25 2F T 40 i
R, R E LA 3 XIS M
Stumpff 8RS S R ST T R, B
REAELRNE .

D) GBS R S By E8 H M 6 £k #E
% Y D-Hanks IR 2 R mik, KR EH NAEY,
SR FRERTE 2~ 3 WK, e A 5 b 2 B 5% 7 1% 4t 17
FLIH

2) 1€ D-Hanks ¥ 07N O 43 85 T 5L gy
J1 BT TR 0SB 4y B BB R AL,
Wk s 5 i 4238 1 40 4 SR )5 ] D-Hanks
VSR 3 IR,

3) ¥ 97 ' 2 2U5Y /N BV Bl R HE TR ORI ER,
A 0.25% (1) 9 25 1 M ( Gibeo 24 7], 36 [ 71
37 T/KIEHIHA 30 min, HIL IR B LHZRI AT, 5
B% 5 min B4R, M HIHLI AT,

A)EE FRREABEE R 3 KA TP iE
BB 1A RV R BV ik, T R AT T R
A IEE LA, —BENEE LK
HATHALIT A 2~3 h,

5) 3 B GEAE K DR E W R
BT IHE M H , F D-Hanks ¥ IE ¥E 3 UK, T 4t
BEMRFRVE 3 1K,

6) T e & 0.25% I B4k 22 4k, B
BN A 405 20 10 v (R 3 2 W 158 200 i iy
TR ) | IR 5 min Y8 1 40 MO TS 1L

7) WS R I T AR T 70 pom A9 0 AR A7 0t
U (AR R B L AE A 2 mL I ) 5,
7£ 1 500 r/min N 5.0 8 min YA LM,
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8) FHWEMR EL 22 w5 ¥ (PBS ) K WA 21 A4 20 i
DUVETE R 2 WK, FH o8 4 5 37 L o B Al L )5 0, 4R
S5 R 40 B 25 B 1x10° S/ mL, $E R 38 550
(BRI AN AN A 10% Wi 4 1L 7 L 100 U/
mL HFE R M 100 pg/mL #HR) , 5T 5% CO,,
37 CHFRA TR

9) i 1 h G BRI 2B T o — 53¢
IR AR SE B R RS IR B 2 YO A RS R
LY BT IR 48 h T, EHH A S8 & R
AR S 1EFF OSBRI 1 8535000 L5 d 5 40K
wIEE LS — B ROR A LR EEE
BB Il 1) o A RE S AT AT g A 2

1 XFEEERAMBENLSERE 120 h £RER
Fig.1 Growth condition of lamb’ s rumen epithelial

cell at 120 h after isolation

10) ¥ 4 M VR AE , FE 4l 2 280% ~ 90% B}, PBS
HE 2 K, AN 4 DU 412 (EDTA) 1 it & 4
BN 0.25% W IR ARG 1L 4 min, 2B W05 5
AL HE B TR AW IR A v s AR IR R
DHME IR K5 97 3 (DMEM) = 9 01 |, $% BRVR A7 20 BR ik
fETWARS,

1.2 TEREAFI IGF- I R H]HI 54 il e bl

TR ECH] M1 g T AR 4N ( Sigma 2
H L EE) %% T 11.35 mL B9 DMEM H | it 6 5%
W BESH 800 mmol/L YRR, 8 56 P-4 B 8 i
B

IGF- I R #1551 [ % F 7% 2 ( picropodophyllin,
PPP) | & W& Fic i . ¥ 100 mg A IGE- I R #1711 51
(Merck Millipore 24 7] , 3¢ [¥ ) % f## 7E 100 pL #Y —
AN ( Sigma 23\, SEE) RIS ATA 9.5 mL
() DMEM [ il LMk B 4 2.5% 107" mol/L A E:K .
% M Duan 270 B 5%, iR 56 B IGE- T R 1461 57 7
B Al 2.5 wmol/L AR

1.3 SMERIR IR 1T

T 20 G BE K2 80% J5 , B b g 0 OB R 4
Mg R EREZE 0.5% , YUk 12 h, (40 [ 251k
SRIGHG 2RI 53 R 4 41, 43 M 0.2 4.8 mmol/L
THEREN, R T t—WF5T IGF- 1 15 53 7 %5
TERENAE V98 B b R A e 3 A b VR R 4 i
30 3 4L, TRRANAL TR N 4 mmol/L T FRAN, 3
FIZH N 4 mmol/L T FR#4+2.5 wmol/L IGF- I R
PR (G T BRAIET 1 h in A IGF- T R #14
F) % BRI AFH ALY DMEM, BT A5 40 ff i
A AR, AL TR 24 h i UcEE 4 M T
AE IGF- 1 W BE | e £ 40 it Ao 0 441 e J 34 DA % 34
AT M I H B Rk
1.4 YBEERRE

A b R MR SR 24 h S, WL 1 mL A9 20
W E T -80 CIA, T IGF- 1 ¥ B2l &
FI A MR FRAE 1 500 r/min K &0 10 min, 3K
AR TCTE , ) B 76 20 M 15 3790 P i A B 25 1
P50 B A0 BT Ak ok, 2 R MR ULIEIR &5,
PBS(pH 7.4) Yk 2 Ik, —&B- 4 75% 1 &
P [ 72, 4 °C 3t G B2 FH - 200 it &1 309 A A ) 5 — 3
434 A TRIzol 357 H &, B F-80 CHAMFH T
RNA 425,

1.5 #HAA¥E % T IGF- 1 3R B i 3 F0 40 A B A
i

it FF 40 5% 57 8 IGE- 1 I 52 5] £ (g Bt
B TR AR 5 r ) A6 00 400 i 5% 3% W IGF- T ik
JEE o A0 ] ARG D R B (A e i MR A W
B Iy A8 BR 2N w) ) A6 00 41 Bt & 91, >R FH FlowJo
7.6 HEAT A T A 3
1.6 /2 RNA #REFN cDNA &/

{#i Ff} RNAiso Plus ( TaKaRa 2 &), H &) M 2)
W E Ll 4 S RNA, ff ] Nano-
Drop ND-1000 43¢ i1 ( Thermo Fisher Scientif-
ic ], D) M SR ARG B RNA Bk B A4l B
Fi A RE ) 2607280 nm TG FE (OD) i A T
1.80~2.10, % B RNA 4l & &, F 1.4% B 5 B -
FH S O S 1 il RNA 523 Pk fi & RNA R
TaKaRa #5550 &6 5. RNA (1 wg) [ 5% 5%k
cDNA,

1.7 5|#¥8y & B0 SL R % 3k € & PCR ( RT-
PCR)
{#i [ Primer Premier 6.0 ¥4 H 09 3 K #1
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P9 S 3k DR H Il - 3 - R B I ( GAPDH ) 1 51
Y, IF#E1T BLAST LeXt, A58 i F A i A7 5 1
W¥gh L sE s AR Y TRA BRA R A, 5197
120 Liv 27 ffi ] Q5 Real-time PCR 1X ( Ap-
plied Biosystems 23w, 38 [# ) Xf H 1Y % K Fl GAP-
DH 47, qQRT-PCR 7£ 20 wL J W A& £ Hidk
17,54 2 pL ¢cDNA,0.8 wL 51 () i th i 45|
Y £ 0.4 pmol/L) A1 SYBR Green PCR Master
Mix ( TaKaRa 2 ®), H &) AE BTG Y kL, R 2%
AR .95 C 30 s HiAEYE;95 T 55,60 T 30 s,
40 MEFR,95 T 15 5;60 C 1 min;95 T 15 s, FF
AR 3 AERE, HIYEMK mRNA X5
i 2 B Niwinska 2520 ) 27429 1%
1.8 HEH

fii ] SPSS 25.0 B4 #k 17 5 K & Oy 22 43 Hr
(one-way ANOVA) , 3>k | Duncan [kt 1T £
HIE, P<0.05 WESFBE,P>0.05 NEFAL
2% . {# ] GraphPad Prism 6 T2,

2 &% B
21 AREKRENTERAXES LK HEEESHB
=AU

WK 2 R, B T R AR vk B 1 T+, GO/Gl
WA S W4 i b 1 5 kAR B (P<0.05) . 0 FlI
8 mmol/L T TRAN4 GO/G1 A4 Lk 19 B 35 55 T 2
A4 mmol/L T HR#NZH (P<0.05) , H 8 mmol/L T
FRANAL i 2 55 T 0 mmol/L T FR&N4L (P<0.05)
1M 2 mmol/L T FREAZ 3 = T 4 mmol/L T FRHA
1 (P<0.05), 4 mmol/L T BRANZL S 1 41 Jfa kb 5]
BEET 0.2 18 mmol/L T MRANZ (P<0.05),
H 8 mmol/L T RN . Z KT 2 mmol/L T BR4M
4 (P<0.05) ., BEE TR E TS, G2/M Hi
240 L ) B2 R PR R AR ( P<0.05) , 8 mmol/L T R 4
HiE EEMT 0.2 14 mmol/L T4 (P<
0.05) .
2.2 ARREMTERNXES EREMM Cyclin F1
CDK mRNA 1313 iA = K%M

WK 3 iR, B T IR B B 0 T, 35
B ER 4 Cyclin A2 F1 CDK 1 ) mRNA A %} &
KRR (P<0.05) . 8 mmol/L T RN ZH
f) Cyclin A2 mRNA X} ik it i L T 0.2 F
4 mmol/L T W44 (P<0.05),8 mmol/L T FR4M
iy CDK' 1T mRNA #Xf k&8 B FMT 0 F

2 mmol/LT TRINAL (P<0.05) , Bl T IR 94 vk &
RIS EE LA Cyclin D1 . CDK4
CDK6 mRNA FHXJ ik it 22 Z IR Z b ( P<0.05)
2 il 4 mmol/L T RENALAY Cyclin D 1 mRNA #f
XA B EES T 0 f 8 mmol/L T 4I4 (P<
0.05) , H 8 mmol/L T REI4 & ZEXF 0 mmol/L
TR (P<0.05) ;4 mmol/L T EREN4H 1Y CDKA
mRNA X} £k B & T 0.2 f1 8 mmol/L T
FRENAH (P<0.05) ;2 F1 4 mmol/L T 2 44 4H 1Y
CDK6 mRNA X} %5 & 3% & T 8 mmol/L T
FRENZH (P<0.05) . ARIREER) T BRENXT 36 9 H
MY Cycelin B 1 Cyclin E 1 1 CDK2 mRNA
FEXT 2235 1 0 B 352 (P>0.05) .

THERWE Sodium butyrate concentration/(nmol/L)

1))
2
-
8
P<<0.001
100 ————
a
S 80{ gm S d -
=
g
5 60
o
2
a 40 P<<0.001
= —  P=0.005
=20 bc b 2
- = S aaa b

G0/G1

BRI R NG PR 2 F AR (P>0.05) , 4
[Al/NG TR 28 5 35 (P<0.05) . T,

Value columns with the same small letter mean no signif-
icant difference ( P>0.05), while with different small letters
mean significant difference ( P<0.05). The same as below.

B2 ARREMNTERNES ERAREHENEMm

Fig.2 Effects of different concentrations of sodium

butyrate on rumen epithelial cell cycle

23 AREREMTERAXES EREMAMEATHEX
E FE mRNA 13 REEHZNG

WE 4 s B E T PR BV BE 1 5, 25 F T
b K A 2 e 2 R 1Y K 4 2 TR A 1 K it il - 3
( Caspase-3) Fl B Ik L 40 ffdJgd —2 AH OGS X 8 H
( Bax) mRNA #H X3R5 & &M T 5 (P<0.05)
8 mmol/L T R#MZ i) Caspase-3 Fl Bax mRNA #H
P FIA R B EE T 0.2 fl4 mmol/L TN (P<
0.05) , ANFEMEER T RN EFHE L4
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B 2 R 1 R A 2 R B K i I - 8 ( Caspase-
8) Btk 4 i 98 —2 ( Bel-2) F1Bcl-2/ Bax mRNA

XS A =T E R (P>0.05) ,

THRMIRE Sodium butyrate concentration/(nmol/L)
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Cyclin A2 . 4l 5|5 cyclin protein A2; Cyclin B1: 408 )5 & 1 cyclin protein B1; Cyclin D1 4l Jfig J5 ]2 4 cyclin
protein D1; Cyclin E1: 08 1125 1 cyclin protein E1; CDK1 ; 21 Jitd & 11 25 P4 #PE i85 1 cyclin dependent protein kinases 1;
CDK2 : 21 JItd J&] 1 25 P A1 2 18l 2 cyclin dependent protein kinases 2; CDKA4. 21 JItd J&| 301 25 13 4 #i 4 S84 /i 4 cyclin dependent
protein kinases 4 ; CDK6 ; #Jll Jifd J&] 1] 25 (3 441 M 384 6 cyclin dependent protein kinases 6, ¥l 6 [A] The same as Fig.6.

B3 AEKRENTEMNES EFEMA Cyclin F1 CDK mRNA 3t Rix 2800

Fig.3 Effects of different concentrations of sodium butyrate on mRNA relative expression levels of

Cyclin and CDK in rumen epithelial cells

THER#NIRE Sodium butyrate concentration/(nmol/L)

-
2
L
E] 8
5
i g 2.0 1 P=0.030 &Oﬁﬁ
ﬁ g 1.5 i _P0912  pe0727 P26
-%% 5 1.0
<.z
2305
E 2
g o 3 5
! ,Age o %\9%
CJ'DSQ Crb,‘éQ 60

Caspase-3; & 2 & R 1Y K2 & FR 2 [ K lili—3 cysteinyl aspartate specific proteinase-3; Caspase-8: & 2 bt & B 1Y K&
Z R T K fif i —8 cysteinyl aspartate specific proteinase-8;Bcl-2:B Wk EL 4N fij% —2 B-cell lymphoma-2; Bax : B itk 2 40 g R —2
A X HH B-cell lymphoma-2-associated X protein ; Bel-2/Bax . B ik [ 4 i1 85 —2/B K B 4 19 —2 AH B9 X FEH B-cell
lymphoma-2/B-cell lymphoma-2-associated X protein, &l 7 [i] The same as Fig.7.

B4 AREIREMTERNXES EEAMETHEXER mRNA 83 R %S00

Fig.4 Effects of different concentrations of sodium butyrate on mRNA relative expression levels of

cell apoptosis related genes in rumen epithelial cells

2.4 TEEIAXT IGF-1I R MAIFI L ENES LK
YMRE IGF-1 IGF-1 R mRNA #H Xt % 1% £ 040 i
¥ FE K P IGF- 1 iR ERY &0

WE s fiw, TRRENA RS L 541 IGF-
I R mRNA X} 35 5 F40 ML 3% 52 0 IGF- 1 ik

JE G 2 TR BR AL RN 5 2H ( P<0.05)  {H & X
HEZH RN 1570 40 22 6] IGF- T R mRNA AHXf 35
MM 2w P IGF-1 R L % 2 5% (P>
0.05) , #5419 E L2400 IGF-1 mRNA Hixf &
RETLREER(P>0.05),
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P=0.189

i
X 2 ﬂ”@g
fi%glﬂ *K(E_LO
[ =2

o
E<.§10 E<;1.0
<§£ <§o
ZEE Z%3
E X EXE (5
;—1“’_‘@0-5 ,_%')
LL'..D M.o
S 25
= 0 =

S

= 53820 Control group
TR Sodium butyrate group
m HEIFIZA Inhibitor group

IGE- 1 ¥
IGF- I concentration/(mg/mL)
o
==}

(=}

B 5 TERIWIS IGF- I R #IHIFIAEREE R MM IGF- 1 (IGF- 1 R mRNA
A REEMMAEIEFT R P IGF- 1 REHN R
Fig.5 Effects of sodium butyrate on mRNA relative expression levels of IGF-1 , IGF- 1 R in rumen epithelial cells
treated by IGF- I R inhibitor and IGF- I concentration in cell culture fluid

2.5 TERIAXY IGF-I R MFIFIAEMNEE LK WHIFIH(P<0.05), &4 E L4 Cyclin
YR Cyclin F1 CDK mRNA %t ik 255200 A2 Cyclin B 1, Cyclin E'1 ,CDK 1 . CDK2 Hi

WK 6 s, T4 E F R Cyclin D CDK6 mRNA MIXF #6358 T 2% 7 (P>0.05) .
I 1 CDK4 mRNA AHX 3k i i 3 w1 B4

= 5t {84 Control group
TER#M4A Sodium butyrate group
= 01177140 Inhibitor group

2.0 P=0.028

P=0.042 Ta
151 P=0.106 P=0.336 — a P09 p(776  pgern P=0.385
- T b b T 1 b T

1.0

mRNAM X %k &

mRNA relative expression level

0.5

0

WA N\ » N N ) N (3]
c~3°"‘°b c~3°“°9 qu\.\“o c@‘“@ oo o o

Bl 6 THERENXT IGF- I R #IHIFI4b32 098 B b 5 4R T 48 X B E mRNA 83 R X280
Fig.6  Effects of sodium butyrate on mRNA relative expression levels of apoptosis related genes in

rumen epithelial cells treated by IGF- I R inhibitor

2.6 THEREAXT IGF-1 R MEIFILEHEE LK
WIAAA TS EE mRNA BN REEBH®E 3 iF ®

e 7 B, - AR H L ECAII Caspase-3 A s bR AR A KR E S A
Caspase-8 Bcl-2  Bax Fl Bcl-2/Bax mRNA HH X} & WAL OIRE G, A0 A 1 A s 2 A B B
KRICWE 2R (P>0.05) V18 A Al B 2 5 W 2 D 1) 7 A 38 R e 26 11 B A I
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)22 T A o B (GO TG .S
G2 W M 1) 1 Cyclin 1 CDK #35 Pk #2411
Cyclin A2 215 S 1] DNA & il f## 4 Fn o Y .
M G 3 A S #, Cyclin E T £t Cyclin A2
CDK2 &2 1F H!®' . Cyclin A2-CDK2 & & ¥ i it
TR A 3R Bl % €0 J5 ¥k 46 % DNA 42 il H A7 8 24
FIP*, Cyclin 254 I 3006 HAR18 CDK, 28 )5 i #
G T 24 L PN ) A e R SRS 4 Wl R Ak DA Bl AR B
PSR 1, W55 mRINA F %6 SR EIE ) fdi 4
JE R A 5 ) 3647 5 T SR A 40 ) 300 B A
PRt 0 ) P ( CKX) i AR 36 A 93 i 18 36 e, OO 4
Cyclin-CDK & & ¥ 1 1% 1% 32 %1 BHL A%, BH 11 20 i &)
W IE# 7284k, Cyclin D I | Cyclin D2, Cyclin D3
& Cyclin E 7€ G1 #i5IA B A M 1 e e, 78
T Y0 G S U B ST, A IE 41 i A 4 A

@ %20 Control group

&, MM Cyclin W FR S IR A5 B AF G1 )
O T YT T 5 Rk 0 - R 1 25 O == 574
% B A5 A0 M T A AR A s DDA oG R R
R R E B B Ay, A T R A2
Bel-2 Fil % 2 Bk & iR A9 K & & IR & 1 K R i
(Caspases) F & P8 #2070 YR ikGE W #ER T
Fi2 0 mT LA IGF- T 3 B 1 2 I Bz 20 it 348 A 1)
SR LT AFFE R, IGE- 1 g 2 Cyclin
D[ HEH A FLEKIET Cyclin D I -CDK4 E5W)
(0B 1, HE Sh 40 B R iz 2 5 e e = 10T 1R
T, NI IGF- T AT 75 S5 200 i J) 300 452 a7 (9% B 21 24 40
Jitl Cyclin D 1 2 (1 %35, 40 i A K & 1IF % s
BT BT DL VE IR — A T R 4N T BEE T
IGF- I {5530 4% 0] £ o VR f2 00 1 b Bz 40 i 386 5

TR Sodium butyrate group

1.5
P=0.250
P=0.586 e

1.0

0.5

mRNAM X ik &
mRNA relative expression level

Caspase-3 Caspase-8

B8 #4154 Inhibitor group

P=0.875

P=0.947 P=0.939

Bcl-2 Bax

Bcl-2/Bax

B 7 THERENXT IGF- I R #IHIFI4b 3B 0998 B bk 52 4R T 48 X 2 E mRNA 183 RiZ 2800

Fig.7 Effects of sodium butyrate on mRNA relative expression levels of cell apoptosis related genes in

rumen epithelial cells treated by IGF- I R inhibitor

A SCARA N B R 6 45 5 & B, 8 mmol/L 1) T
TR AL P05 2R L R A 24 h, B0 T 40 i
1 GO/G1 IR 4R L i), AR 1 4 S 400 S S0
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Mechanism of Sodium Butyrate Promoting Rumen Epithelial Cell

Proliferation in Vitro Based on Insulin-Like Growth

Factor | Signaling Pathway
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LIU Lixiang SUN Daming LIU Junhua”

( Laboratory of Digestive Tract Microbiology, College of Animal Science and Technology ,Nanjing Agricultural
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Abstract; This experiment was conducted to study the mechanism of sodium butyrate promoting rumen epithe-

lial cell proliferation in vifro based on insulin-like growth factor I (IGF-1 ) signaling pathway. Four healthy

49-day-old male lambs with similar parity and body weight were slaughtered to collect rumen epithelial tissue,
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which was digested with trypsin to obtain primary rumen epithelial cells. After the cells adhered to the wall,
they were divided into four groups, and supplemented 0, 2, 4 and 8 mmol/L sodium butyrate, respectively. In
order to further study the role of IGF- I signaling pathway in the promotion of rumen epithelial cell prolifera-
tion by sodium butyrate addition, the cells were divided into three groups, the sodium butyrate group supple-
mented 4 mmol/L sodium butyrate, the inhibitor group supplemented 4 mmol/L sodium butyrate+2.5 pmol/L
insulin-like growth factor I receptor (IGF- 1 R) inhibitor, and the control group supplemented the same vol-
ume of DMEM. All cell experiments were repeated 4 times. When the cells were treated for 24 h, the cell fluid
was collected for determinate IGF- I concentration, and the cells were collected to analyses the cell cycle and
expression of genes related to proliferation and apoptosis. The results showed as follows: 1) the proportion of
cells in GO/G1 phase in 0 and 8 mmol/L sodium butyrate groups was significantly higher than that in 2 and
4 mmol/L sodium butyrate groups ( P<0.05), and the proportion of cells in GO/G1 phase in the 8 mmol/L
sodium butyrate group was significantly higher than that in the 0 mmol/L sodium butyrate group ( P<0.05).
The proportion of cells in S phase in the 4 mmol/L sodium butyrate group was significantly higher than that in
0, 2 and 8 mmol/L sodium butyrate groups ( P<0.05). The proportion of cells in G2/M phase in the
8 mmol/L sodium butyrate group was significantly lower than that in 0, 2 and 4 mmol/L sodium butyrate
groups (P<0.05). 2) The mRNA relative expression level of cyclin protein A2 ( Cyclin A2) in the 8 mmol/L
sodium butyrate group was significantly lower than that in 0, 2 and 4 mmol/L sodium butyrate groups ( P<
0.05) , the mRNA relative expression level of cyclin dependent protein kinases I (CDK I ) in the 8 mmol/L
sodium butyrate group was significantly lower than that in the 0 and 2 mmol/L sodium butyrate group ( P<
0.05) , the mRNA relative expression level of cyclin protein D I (Cyclin D 1) in 2 and 4 mmol/L sodium
butyrate groups was significantly higher than that in 0 and 8 mmol/L sodium butyrate groups ( P<0.05) , the
mRNA relative expression level of cyclin dependent protein kinases 4 ( CDK4) in the 4 mmol/L sodium buty-
rate group was significantly higher than that in the 0, 2 and 8 mmol/L sodium butyrate groups ( P<0.05) , and
the mRNA relative expression level of cyclin dependent protein kinases 6 ( CDK6) in 2 and 4 mmol/L sodium
butyrate groups was significantly higher than that in 8 mmol/L sodium butyrate group (P<0.05). 3) The
mRNA relative expression levels of cysteinyl aspartate specific proteinase-3 ( Caspase-3) and B-lymphoma-2-
associated X protein ( Bax) in the 8 mmol/L sodium butyrate group were significantly higher than those in 0,
2 and 4 mmol/L sodium butyrate groups ( P<0.05). 4) The IGF- I R mRNA relative expression level and cell
culture fluid IGF- I concentration in sodium butyrate group were significantly higher than those in control
group and inhibitor group ( P<0.05). The mRNA relative expression levels of Cyclin D I and CDK4 in sodi-
um butyrate group were significantly higher than those in control group and inhibitor group ( P<0.05). These
results suggest that adding 4 mmol/L sodium butyrate promotes the rumen epithelial cell proliferation, mainly
through the IGF- I signaling pathway, it shows that the mechanism of sodium butyrate promoting rumen epi-
thelial growth is closely related to IGF- 1 signaling pathway.[ Chinese Journal of Animal Nutrition , 2021, 33
(3):1687-1698 ]
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