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HE AR W Z R (Sal) AY R T EIE 9is#s (AMPK)/ vi3Lsh4h &t E £ ¥Fa (mTOR)/Unc51 Ak 1
(ULK1 )4z 5 18 36 %5 45 1 & SWAS0 Zm ieAk RATIER A5 09 % vm . Foi% i ad BT 2 4% SWAS0 m it & i ik 32 5 AT #: AR RAR AL
RS AR R AL A AE A 20 Sal 4% 7] 3 (Sal-L, 50 mg/kg Sal )48 . Sal # #] % (Sal-M, 100 mg/kg Sal )48 . Sal & 7] % (Sal-H,200
mg/kg Sal)#a , Sal-H+AMPK #74) #] (Compound C,200 mg/kg Sal+10 mg/kg Compound C )48, A Kk 4&FF SW480 4m it & % 4942 RAF
A ATREL, FEER E B AR, AR R T R AR A A S B (AST)  RA AR ARG E(ALT) K-F 8RR, Ao M AT 4545
JFE A B BATIEE B ;HE 4 & YL Ik 20 22 % 32 % 4L ; QRT-PCR A& A B 28 2% # AMPK . mTOR ,ULK1 mRNA 4% ik 7K -F ; Western
blot - AT f 48 22 F B # (Beclinl \p62 )& & ZEBHAB X & & £ A R 5 Rt B A MR R AR P RIT #4508, T
% AST.ALT 7&-F .mTORmMRNA ULK1 mRNA p62 #ik £ 2385 (P<0.05);Beclinl AMPK mRNA % & & Fk % FH%(P<0.05); 5
A A8, Sal-L Sal-M . Sal-H 28 AT ## g 4 B . M £ & AST.ALT /K -F .mTORmRNA ULK1 mRNA p62 % ik £ % %1%
(P<0.05);Beclinl AMPK mRNA % & & % ik % %38 mm(P<0.05); 5 Sal-H 28481t ,Sal-H+Compound C 2B/ 345 5 4L B AT ik &
% AST.ALT 7&-F mTORmRNA ULK1 mRNA p62 %k ¥ %3 2( P<0.05);Beclinl AMPK mRNA B & & %k B EBAK(P<0.05), &5
18 : Sal Tt VAR KT #4578 T ., PR AP AR KT I, FALh) 7T 38 5 %% AMPK/mTOR/ULK 43 53l 3, A2 Sk ATk B A % o
FEAT: 4% X 3% ; AMPK/mTOR/ULK 1 43 53 % ; SW480 21 i ; 3% £, AT B
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ABSTRACT Objective: To investigate the influence of salidroside (Sal) on liver injury in nude mice with colon cancer SW480 cells
by regulating adenosine monophosphate-activated protein kinase (AMPK)/mammalian target of rapamycin (mTOR)/Unc51-like kinase 1
(ULK1) signaling pathway. Methods: Liver metastasis nude mice model was established by subcutaneous injection of SW480 cell sus-
pension, and the nude mice after modeling were randomly grouped into model group, low-dose Sal (Sal-L, 50 mg/kg Sal) group, medi-
um-dose Sal (Sal-M, 100 mg/kg Sal) group, high-dose Sal (Sal-H, 200 mg/kg Sal) group, Sal-H+AMPK inhibitor (Compound C, 200
mg/kg Sal+10 mg/kg Compound C) group, and nude mice not inoculated with SW480 cell suspension were performed as the control
group. Blood was collected from the abdominal aorta, the serum levels of alanine aminotransferase (AST) and aspartate aminotransferase
(ALT) in nude mice were observed. The nude mice were sacrificed, and the number of liver metastases and liver quality were detected.
HE staining was used to observe the pathological changes of liver tissue. The expression levels of AMPK, mTOR and ULK1 mRNA in
liver tissue were detected by qRT-PCR. Western blot was used to detect the expression of autophagy (Beclinl, p62) proteins and path-
way-related proteins in liver tissue. Results: Compared with the control group, liver metastases appeared in the nude mice of the model
group, the liver weight, levels of AST and ALT, the mTORmRNA,ULK1 mRNA, and the expression of p62 were obviously increased
(P<0.05). The mRNA and protein expressions of Beclinl and AMPK were obviously decreased (P<0.05). Compared with the model
group, the number of liver metastases, liver weight, levels of AST and ALT, the mTORmRNA,ULK1 mRNA, and the expression of p62
in the Sal-L, Sal-M, and Sal-H groups were obviously decreased (P<0.05). The mRNA and protein expressions of Beclinl and AMPK

were obviously increased (P<0.05). Compared with the Sal-H group, the number of liver metastases, liver weight, levels of AST and
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ALT, the mTORmMRNA,ULK1 mRNA, and the expression of p62 in the Sal-H+Compound C group were obviously increased (P<0.05).
The mRNA and protein expressions of Beclinl and AMPK were obviously decreased (P<0.05). Conclusion: Sal can protect the liver of

nude mice by reducing the formation of liver metastases in nude mice, and its mechanism may be related to the activation of

AMPK/mTOR/ULKI1 signaling pathway, and the promotion of liver autophagy.
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GG 2R WHEIEZ —, ZZ2 TR ERERm, H
RIRFRIBAESEINY . G519 5 e R , X I IE T & A s , L BUs
2E03, R i — 2D AR 9T B 3 AL SRS A AR YT 2454 , X
UERAS e A 5 & IS5 BoA B2 o R R R
SREGYNT TURP A M NI AT IR T RO B Bt N, 41
S KH (salidroside, Sal) JE 41 5 K AU H VY , BA fRIP00 A
HSRGEIIRE PR PUMEIERY, AU Sal XA H
A 1 B4 S A R AR I VR VTS S A T AR
FEIRYT R — g, RARA SRR e RS B B
JAEEREVER™, (B Sal X5 R IV FIALA w6 JC s . WFsE &
A W S AE R AT A K SRR B UIAHDCE, B
TR R 7% AL 3 1 4 ( AMP-activated protein kinase , AMPK )/
Y EMME XL EH (mammalian target of rapamycin,
mTOR )/Unc51 ££3 A 1 (unc-51-like kinasel , ULK1){Z 5 i j&
YE Ry ML 18 W3E 2% , 745 B Ta YT T, T i B G
REBEZWHRWAERN Y. A5 8 7R3 Sal i
AMPK/mTOR/ULK 1 {5538 H 0f 25 173 46 SW480 £ £ U
ELyiNy- A e

| b i

1.1 ##

111 KIezhdp APasRiR  HEM: o R 60 H(BALB/c,
SPF 2,6 JEl#% AR HE 18-20 )il I i DUAR (b 50) A B ARG B
ANl A sh e O e s R AR (SPF) B8 (FHMHBEE
50-60%; L :23-26°C ; JEHH 12 h JEHE / BEEIEIA) IR, HF
ZLHLR T Co60 FE SR ARDEHFIHT F 5 IR K T i 27K . ATCC
AL dm A AR SWAS0, KAl E T RPMI-1640 5575
(10% FBS.100 U/mL H% % . 100 pg/mL 5682 ) #, BEHET
37°C 5% A ARBRET FEAE A TR AL AR USRI I X 4L
AR SWAB0 IR T/5 LLifF 5T

112 LKA E5XE  Sal I [ Sigma /A 7] ; AMPK )i 5
(Compound C) 1 | MCE A7l HE (i £ 1 F i £
A= YR A FRA T 5 792 R 2 5L 5% B Il (alanine transaminase,
ALT )i & R 114 2R 2 3 4% 7% W (aspartate transaminase,
AST)iR G0 R o 2R ) TR SR i ; TRIzol 371 Al RI-
PA Z# 2% w1 [ Thermo Fisher Scientific 2 7] ; 527 51857
B [ 55 [ FE B KA F] ; Seript RT 3877 & 4 [ Takara 2\ & ;
Beclinl ,p62 , AMPK .p-mTOR ,p-ULK1 mTOR ULK1 — $i .
HRP #ric 1l 2E 5% 1gG W [ Abcam 43 7] ; E1x800 HU B AR |
1855195-0G %I PCR {{ g H Bio-Rad A ] (3EH),

1.2 77i&
12,1 FEBERBERENEERTHR K 60 HARKEENL
I3RS IRZL (10 FU) AL (50 J) o U xf A (K45 SW480

AR, AR S A0S 2 AR . 5 SWA480 21 A
(2.5% 10"7mL) f¢ FHEEFPERIZHEER, FFERBENTALT A
B K S BRGNS B LD R SR Sk I b 4 s 7 1k T 5 R
o, g g5l RAR R 0, Jrhox) iR R A
SW480 IR . WEHEE , WS 7 K, UK T4 A
BRT 0.5 cm Sy S bndE" s o 2 A R WA T I TR AL
I3 MAEAZE | Sal {7 (Sal-L)4 | Sal Hhiif (Sal-M )4 | Sal &
5¥) 2 (Sal-H )4 , Sal-H+AMPK 13 (Compound C)4 , £ Rifi]
S8 K 2% SRR 1, Sal-L 2] Sal-M 2] | Sal-H #1435 L 50
mg/kg 100 mg/kg 200 mg/kg Sal (DMSO JJpisit ) #EH 75
Sal-H+Compound C #H 7¢ Sal-H 4H KAl b ¥ 47 B & bk i 5t
10mg/kg Compound C(DMSO ShE i) i1, Hogx 25 41 LSk
TG AR KE S . DL SRR TR, E52 2 J8, H A
FEI SRR R ARSI E SRS

1.2.2 #EARUE R RBHENFE LIE , IT 2 REF IO A5 R 5
ALT AST /K- FIMGE , BUH IFIE L 2N AR RS R 08
B BT IR AL 20F Y50 — A, — 0 B e T R b
#47 HE e a5 55 — 0y W R A~ A7 T Western blot £ jil] |
qRT-PCR #:ll

123 FEERERSITFEBRBHEE HEELE, BUh
JFNELHER AT A TR B ISR IR A

124 RFEWM ALT AST 7k F  OKe4% 2180 B B 0,
4000 r/min #.0 15 min, B3R, $5 BRECN &Ud B F A
ALT AST /K-,

12.5 HE M FFALRBEFTL BUb 1.22 P s iral
21, R AR B 0 — 2R IBEK , SR A AE A i v, 28 HE L
TR TEC DT N AR SN2 o

1.2.6 qRT-PCR #&IBF£A 48 i AMPK . mTOR . ULK1 mRNA %
KKEF O 1.2.2 HERAT A LU R S A A A F T HR I RNA
i) TRIzol 7 7 , Bt £ RNA {i Fif Script RT {77 & & A cD-
NA, fii i 5ZAF PCR R R GE#4T PCR A, WA 254 94°C 5
min, SR 5 94°CAS 4 30's,57°CiB 2k 30 s,72°C ZE{H 2 min, F)5
72°CEAEMH 10 min, 3 35 MEIR . LLp-actin AP Z, 2% {5
AMPK .mTOR ,ULK1 mRNA Fik/KF-. i 5140 : AMPK |
W B ¥ :5-GTACCAGGTCATCAGTACAC-3', T el ¥ .
5-ACTACTCCAGGTACATCAGA-3';mTOR I W% 3| ¥ .
5-GATGTCAATGAAGCCCTGGT-3', T84 : 5'-~AGCACCT-
CAAACATGCCTTT-3;ULK1 I ¥ 5| ¥ :5-CCCAGCAA-
CATCCGAGTCAAGA-3', F 5|9 : 5-CAGGTCAGCCTTCC-
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CATCGTAGT-3"; B-actin |- {5 | ¥ : 5~AGGGAGAACCGTGA-
GAAG-3', T84 : 5-CTGGTCCGACAGGTAGAA-3',
1.2.7 Western blot # il B B 8 % & B Beclinl p62 X
AMPK/mTOR/ULK1 BEHEXELRIE  HFHEME P .
BCA B 1 i 5 151 8543 531 43 B i 28 rb B 1 o B 2 1 Bk
M, SRJFH 30 wg A E il 10% SDS-PAGE 432 3 7% 55
F| PVDF JiE_E o 5%A4 93 I 2.5 h J5 B 4715 Beclinl \p62
AMPK . p-mTOR .p-ULK1 .mTOR .ULK1 —$&E 2%, K5
JMAZHiAE 4°CFIFE 2 h, LA B-actin SN2, f# F ECL &l
RGOS b0 56 KB A3 Hh AR 1 3RA K-
1.3 Gitoh

K HI SPSS 25.0 A4 43 B S BB , LAIEL AR 25 (ot )
ORI EAE , Z A R AR R I 225087, LA snk-q e 38 AT
B L3, P<0.05 B, I\ hESAZRITEE L.

2 R

2.1 Sal 3t &AM R—AE R

Xof 2L R SRR DR S i e, A A L b e, TR A itk —
PIIEH o AL AR BURS M8 BN BRI Rl 2 Tk B I
HEK KR B2 i/ 5 26 Sal-L . Sal-M , Sal-H J&¥7 ) , B BURS AR S
A FTHUGEE o Bt K A R A A BRI 22 | R0 I b o A
s, Hodr ) Sal-H £ b 238 . Sal-H+Compound C ZH# i & &
/b KSR A5 55 Sal-H 20 /A, B30 b B 55
2.2 Sal 3JFEARRMBHR ALT,AST 7K F 1 20T

AR RULTE H ALT \AST /K- EL 55 AR 21 50 0) HR 21 (2
ZpA (P<0.05);Sal-L 41 .Sal-M 21 Sal-H 418 R4 i) 2 %
I, A1 24 554 B3, Sal-H 4 11 %5 H ALT AST Rk 2
2 (P<0.05);Sal-H+Compound C ZH#5 Sal-H £H i} 354 fii ( P<0.
05), W1,

1 FARRMEFR ALTAST /K FHbLE (v 5,0=10,U/L)

Table I Comparison of ALT and AST levels in serum of nude mice in each group(xt s, n=10, U/L)

Groups ALT AST
Control group 5.14+ 0.52 6.45+ 0.65
Model group 14.86+ 1.49* 17.85+ 1.79*
Sal-L group 9.85+ 0.99° 13.54+ 1.36"
Sal-M group 7.61% 0.77% 9.55+ 0.96*
Sal-H group 5.68+ 0.57 7.24% 0.73%¢
Sal-H+Compound C group 9.76+ 0.98° 12.37+ 1.24¢

F 141.995 130.406

P 0.000 0.000

Note: Compared with control group, *P<0.05. Compared with model group, *P<0.05. Compared with Sal-L group, °P<0.05. Compared with Sal-M group,

4P<0.05. Compared with Sal-H group, °P<0.05.

2.3 Sal M EZBARRITEBENE FHEEENEN
F AR RSB I B e - AR AR 21 50 3o R 4R
BERN (P<0.05);Sal-L 21 ,Sal-M 21 ,Sal-H £ f5efsi A4 I 2%

FRAIK, 4102254 B 1, Sal-H 41 MK &35 (P<0.05);
Sal-H+Compound C #%% Sal-H 20 i 214 /11 (P<0.05), W.3E 2,

®2 SERRIFEBEYE FHRESEE(xE 5,0-10)

Table 2 Comparison of the number and weight of liver metastases in nude mice in each group(xt s, n=10)

Groups Number of liver metastases(n ) Liver weight(g)

Control group 0.00+ 0.00 1.11+ 0.12

Model group 13.85+ 1.39* 2.08+ 0.21°

Sal-L group 10.24+ 1.03° 1.62+ 0.17°

Sal-M group 7.22+ 0.73% 1.39+ 0.14*

Sal-H group 3.28+ 0.33% 1.18% 0.12%¢

Sal-H+Compound C group 8.68+ 0.87¢ 1.77+ 0.18°
F 335.707 53.566
P 0.000 0.000

Note: Same as Table 1.

2.4 Sal 3 ZERRITHELAKRIEFHIRE

Xof FRZH AR BRUA D B Sl I I 4 S A 2 P AR AL IR
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RIS A HAGOIR IR A, 2RI AR, T/
M-SR ; 22 Sal-L Sal-M  Sal-H Y7 J5 , LIRRHHR %

WAz, LA Sal-H 21 # h 1. 3 ; Sal-H+Compound C Z14K 4R 7] Il
Jihes 230 i SR B B AT , AN B A% [ 45 , %% Sal-H 2H BH g s . LI 1,

B 1 SARBRIFHELFEETH(HE,x 400)
Fig.1 Pathological changes of liver tissue of nude mice in each group(HE, X 400)

Note: A. Control group. B. Model group. C. Sal-L group. D Sal-M group. E. Sal-H group. F. Sal-H+Compound C group.

2.5 Sal 3 & AR B BFAL s AMPK mTOR ULK]1 mRNA &
=AU

FAB TSI AMPK mRNA k7K - AL
A BE T (P<0.05);Sal-L 41, Sal-M £ Sal-H 21 &5k 40
WS, 208 25 A B, Sal-H 415 i o B3 (P<O.

05);Sal-H+Compound C 41 # Sal-H 41 i & F [% (P<0.05),
mTORmMRNA ULK1 mRNA #ik . #ERIZH &0t B 20 & 223 m
(P<0.05);Sal-L 41 .Sal-M £ . Sal-H 21 4Rz 2 5 2 R, 4[]
2544 B F M, Sal-H 4 [ A% £y 2 3 (P<0.05) ; Sal-H+Com-
pound C 2% Sal-H 4 i 4 (P<0.05), L3 3,

%3 REBRAFALHF AMPK . mTOR,ULKI mRNA FikbbE (x+ 5,n=10)
Table 3 Comparison of AMPK, mTOR and ULK1 mRNA expression in liver tissues of nude mice in each group(xt s, n=10)

Groups AMPK mRNA mTOR mRNA ULK1 mRNA
Control group 0.85% 0.09 0.18% 0.02 0.22+ 0.03
Model group 0.24+ 0.03* 0.95+ 0.10° 0.88+ 0.09*
Sal-L group 0.42+ 0.05° 0.76+ 0.08° 0.66+ 0.07°
Sal-M group 0.61+ 0.07* 0.58+ 0.06™ 0.46x 0.05™
Sal-H group 0.78+ 0.08>¢ 0.24+ 0.03> 0.28+ 0.03>
Sal-H+Compound C group 0.57+ 0.06° 0.49+ 0.05¢ 0.57+ 0.06°
F 115.946 221.815 173.674
P 0.000 0.000 0.000

Note: Same as Table 1.
26 Sal 3t & HFE R A L F Beclinl,p62 & B &

AMPK/mTOR/ULK 1 @B HE£E AR IL RN
HAHRRITFAZH AMPK Beclinl 8 /K- AR 2 30 %

M B E R % (P<0.05);Sal-L 2H . Sal-M #H . Sal-H ZH 45 #iFIZH
BEIN, 254 8 EME, Sal-H 4 88 hnte b 23 (P<0.
05); Sal-H+Compound C #H#% Sal-H #H i & F [%(P<0.05), p62
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[ .p-mTOR/mMTOR . p-ULK 1/ULK 1 3k 7K « R 445 % B
ZH RN (P<0.05);Sal-L 44 .Sal-M 44 . Sal-H ZH A5 i RIZH
FERWE, 4254 B TE, Sal-H 241 AR 3% (P<0.05);
Sal-H+Compound C 21 %% Sal-H ZH & 36 (P<0.05) ., WL 2,

x4,
——————

AMPK

p-mTOR

mTOR

p-ULK1

ULK1

p62

Beclinl

B-actin

-7'3

A B C D E F
B 2 &EBFHELE S Beclinl \p62 /BN AMPK/mTOR/ULK] EEEH
1% ( Western blot)
Fig.2 Expression of Beclinl, p62 protein and AMPK/mTOR/ULK1

pathway protein in liver tissues of each group(Western blot)
Note: A. Control group. B. Model group. C. Sal-L group. D Sal-M group.
E. Sal-H group. F.Sal-H+Compound C group.

3 3

S5 AR T il A8 R 98 AR ER — ORI AT
FEN, 25 R T RS — B — b JCRE IR (s , 3 5 7 i 1 A
BRI, BB R AELER RN A 5 & 20 A AU FAR DI
2 H HTME—PARTA T T B A 15%~20% 8 1S A%
EM e UIFE R S A ROAYT T . Sal JRLL SRR
Yy, IE I AT A T BT A PO A0 W PR &
FERITVEFRU, Sal Bk B T LAFI ] — RS a4,
WG, BEAh , RDUE USR5 & B Sal BT LA 438 40
A A 5 SR T 2R SRS UE B Sal 3 nT DL 2L A
AN MIIETE AR ZE T . FET LU SCHRBIEST , W Sal A S
Rt . (EA — 32092, Sun KX 48 ™ 5% & # Sal il i
JAK2/STAT3 3 fif ¥l EL WA Ji 7= SW1116 4G5, B
T FE226E 7. Bt b, Sal it A B i P08 Ve 3405 P27 4
A PP g 5655 | & R P00, 8 BT DRI FH Y, ARBIFSE
R RAR RZ Sal-L Sal-M  Sal-H 3657 ) , e 40 sk > ,
JHPE e AST (ALT ZKF-RRAIG, 76— R b 2RI B e 2
PRIFFIVERT AR EAARAE IR i ASTE 2

FI G — iR IR AL IS 2 B0 S g
A 5, FL PR T A0 R O A 5 Ak AR R A A g
T, 95 200 S S AOSE FTE AMPK {55 /285 mTOR ki
BUFTZ—, & AWER A SRR, 7T il & mTOR (1 2o
et N30 5 ULKL 24940 5, R 1 330 ULKT &2
FWERRAL, 51 A WER, AMPK J2—Fh A 41 B A4 ks, T
Ay g 0 o ST, 400 7 200 R0 R 8 A K, DA T A S
i 1 B Hh R P VR R, 0] mTOR ke RSN K i B

% 4 KHAFALRH Beclinl p62 B AMPK/mTOR/ULK 1 & 883 A FILRIEL B (22 5,n=10)
Table 4 Comparison of Beclinl, p62 and AMPK/mTOR/ULK 1 pathway protein expression in liver tissues of each group(xt s, n=10)

Groups Beclinl/B-actin p62/B-actin AMPK/B-actin p-mTOR/mTOR p-ULK1/ULK1
Control group 0.88+ 0.09 0.15+ 0.02 0.79+ 0.08 0.22+ 0.03 0.34+ 0.04
Model group 0.21£ 0.03° 0.91+% 0.10° 0.18+ 0.02° 0.86x 0.09° 0.98+ 0.10°
Sal-L group 0.48+ 0.05° 0.71% 0.08° 0.34+ 0.04° 0.64+ 0.07° 0.75% 0.08°
Sal-M group 0.66+ 0.07* 0.53% 0.06™ 0.58+ 0.06™ 0.42+ 0.05* 0.54% 0.06™
Sal-H group 0.72+ 0.08>¢ 0.22+ 0.03 0.73% 0.08> 0.25+ 0.03> 0.36+ 0.04™
Sal-H+Compound C group 0.51% 0.06° 0.43% 0.05° 0.54+ 0.06° 0.59+ 0.06° 0.62+ 0.07°
F 121.696 211.000 146.581 174.851 126.441
P 0.000 0.000 0.000 0.000 0.000

Note: Same as Table 1.

AL R AT 22l HAT 3 A I, 4 Zhang Y 229
WFE A A HERR IR 8 2 AMPK/mTOR/ULK1 34236 H Wik ik
TR A e 40 M B 4 A AT RS o Rl Bu H ARPIRFSEIE
A4 i ad i AMPK 33k, T4 mTOR ULK1 iR
FEIKF A 45 B9 DLD-1 ZHLEPET TR o ABIF S & BAR T
HARRUFHZUH AMPK mRNA K4 33k | {8 Beclinl
FK P, mTORMRNA (ULK1 mRNA | HWEHE ] p62 RikHE
T, W R R BRURPAEAS £ T 55 41 ) AMPK/mTOR/ULK 1

T RRAIS F WA 56, 48 Sal-L Sal-M Sal-H J&¥7 5 , LiRTEPR %
ARG BRI 5 15 B 2 f, I Sal BT RE M L 7E 1L
AMPK/mTOR/ULK 1 3 #% {2 i Ji 40 M 1 5, 38 17 e 310 A 4 I
HIVE o SHESTETZAEM , L AMPK ##i|%] -Compound C 347 1]
SRR, 455K Compound C 5% T Sal X4 BRI 1 £
PR, BEIGIE T L i ¢4

Z5 1P, Sal il AMPK/mTOR/ULK {5538 i, ¥k
A BRUFF AR 25 B 20 T e, R4 R SR o
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