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2 BI85 %5 i3 5 A & R AR B BE Walker-256 #7798 K R P R ARH Y B AE A 69 MUH] . Fik: A 30 R A Wistar X
RAMRAT %, i8id Walker-256 20 j 4 B AR R T izt & 278 R SAER, RGAREZ I B o9 X Kok 3 48, sF B4l (B
KR, PBS F10), it A5 A 40 (1 g AR K R, PBS F70) A 47 %A LA [AT BB A K R, B4 4T 5Smg/ kg 47 %k (b4
2% Tween #9 PBS 7 /% )], % 10 2, i@l i i) BAUFe i F-4F 5 5 3+ 3 X RAF B R BCE 2 5 BRIR S 2 BRI X A &4l X R R e
LG P B OR T & G 6P i Fe 3 B4R 4T DCFH-DA X 7 & 447 LC3 I/ & A #= ROS # b ; & & fP i 547 & R A A8
#7& @& GOLPH3,GRASP65 #4 %.i% ; 2 #F & % PCR 4-#7 Bax . Bcl-2 #= Caspase-3 #) mRNA %k , G558 47 XA W25 b g AR 8
B & 2 AKX (P<0.05) , Bl 5 B A 283 5 BB 4H AR B 38 Ao 84K (P<0.05) , 47 44 At A5 B B AR A A 4K F 38 e (P<0.05) . APy AL R 40
454 48 SOD &M 4= LPO 4t % (P<0.05),CAT.GST A= GSH 7 M 4K (P<0.05), 47 % A4 4R 5 B A2 7 40 LPO 44K (P<0.05),
CAT.GST #= GSH # M 913 (P<0.05) . fif i 57 20 45 2+ B 28 LC3 /1 & & £ ik Ao ROS M T3 (P<0.05) , 47 &AM 4055 iy AE A
28 LC3 II/1 & & & ik F= ROS FHFEAK(P<0.05), AF B AL R 414 24 8 20 GOLPH3 ,GRASP65 #9%& & F ik 71 % (P<0.05) , 47 & 4
45 b 7 B2 21 GOLPH3 ,GRASP65 #) % & & ik Ak, (P<0.05), Jb 427 20 %5 33 #8 28 Bax #= Caspase-3 # mRNA 4 i& 9t & (P<0.
05),Bcl-2 mRNA £ A Bfk (P<0.05), 47 %44 2R3 0 A2 7 40 Bax #= Caspase-3 #9 mRNA & ik Bk, Bel-2 mRNA %k 3
(P<0.05), Z5i8: 47448 A & RAA BB R, #) 33 BALBEIR LM T P2 Walker-256 40 feL 5t 1= K AW 8 1
KEE): 4T AW & AR BB R s T 98 5 KR
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ABSTRACT Objective: To investigate the mechanism of ruthenium complexes exerting anti-tumor effects in Walker-256
tumor-bearing rats by inducing Golgi stress. Methods: Thirty male Wistar rats were used as research objects. Walker-256 cells were
injected subcutaneously into the right pelvic limb to establish a tumor-bearing rat model, then divided into 3 groups according to the
experimental purpose, the control group (normal rats, PBS intervention), tumor model group (tumor-bearing model rats, PBS
intervention) and ruthenium complex group [tumor-bearing model rats, given 5 mg/kg ruthenium complex solution by gavage (dissolved
in PBS containing 2% Tween)], 10 each. The volume and weight of the rat tumor were calculated by the thickness gauge and the
electronic scale; ELISA kit was used to detect the level of oxidative stress in rat visceral tissue homogenate; Western blot and fluorescent
probe DCFH-DA kit were used to analyze LC3 II/I expression and ROS activity; Western blotting was used to analyze the expression of
Golgi stress-related proteins GOLPH3 and GRASP65; RT-PCR was used to analyze the mRNA expression of Bax, Bcl-2 and Caspase-3

in real time. Results: The weight of the tumor in the ruthenium complex group was lower than that in the tumor model group (P<0.05),
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the weight of the tumor model group was lower than that in the control group (P<0.05), and the weight of the ruthenium complex group
was higher than the tumor model group (P<0.05 ). Compared with the control group, the tumor model group had higher SOD activity and
LPO activity (P<0.05), CAT, GST and GSH activity decreased (P<0.05), the ruthenium complex group had lower LPO than the tumor
model group (P<0.05), CAT, The activities of GST and GSH increased (P<0.05). The tumor model group had higher LC3 II/I protein
expression and ROS activity than the control group (P<0.05), and the ruthenium complex group had lower LC3 II/I protein expression
and ROS activity than the tumor model group (P<0.05). The protein expression of GOLPH3 and GRASP65 in the tumor model group was
higher than that in the control group (P<0.05), and the protein expression of GOLPH3 and GRASP65 in the ruthenium complex group
was lower than that in the tumor model group (P<0.05). The mRNA expression of Bax and Caspase-3 in the tumor model group was
higher than that in the control group (P<0.05), and the expression of Bcl-2 mRNA was lower (P<0.05). The ruthenium complex group
was compared with the mRNA expression of Bax and Caspase-3 in the tumor model group. The expression decreased, and the expression

of Bcl-2 mRNA increased (P<0.05). Conclusion: Ruthenium complexes can regulate the Golgi stress response and weaken oxidative

phosphorylation to promote Walker-256 cell death to exert anti-tumor activity.
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L1.1 (G HMANEIE AR il ks 505 = (Ru[phen]2Cl,)
£ HyO/ETOH(1:1) H 2 i A& BET 4% & 0, RIBRVEFRIFTR NS 9
BRI &Y, I — AU MR LT R AR . B9 ol P
P Wistar K5 30 2,148 180-220 3, NBS st B RHEY TG
R RIS K S i SR e B nT 45 il i B 18] (22+2°C ) 12
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1.1.2 Walker-256 far g K BRARE! KRR LI 4R Walk-
er-256 (W256) F T 7 fapfgg K BRURE A . 3 2ok JE S PN B 4 S 1
4 E 5 R, 1F Wistar It KR 4i4F Walker-256 2, F K
29 107 4~ Walker-256 4l iz v 5 1) 45 R BUAA B 2 A 4k

w0 A A R A ST
113 RWEHARTFT  SLRKRSHN 3 4, 0 A
RUZHFETZ B 4 10 o FEE T Eeph IR Al )S 1 RITIR
IRITIRIEE 13 Ko B ET8 B WS IBAE A 2 % Tween [f) PBS
T BT S IR E R B S me / ke, il IR 2 o X IR
FFRIR Y 2 B2 M1 S AFH PBS 185 TEIRITINER 13 KT,
JA ShPIRREE, T B IRERAS A T2 AR M 2= 547 o
XT B St 2 SR AT, U R T L SURAETE -80 C LIS i
—5HT
1.2 LWHE
121 PREAERMEM  7ERERIS 8d.10d A1 12d, XFK AT
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Joi— RN 45 AR BRI T s A0 SRR o, AR B e SO R R
AT e B A A R R R A A AR
122 ERNENRESENE AT & A H 53K,
FARFRLL 12 e b, 4 "CLL 5000xg 250> 5 min, SRR
P KR ELISA iR & (X A LB = KRR A RRA )
VA 4> BRI 3 AL SRS (CAT) BB ALY I (L (SOD)
B WEH B -S- R ME( GST) 1 2 LA SR JE A A Bk H Ik (GSH) Al
Bt &k (LPO ) 7K ¥ .
123 BEEBRENE LS H ARG A R 4 SUR T
WX RE2E ) rh o3 28 BB 1, R S LUK B 10~15 % SDS/ RN
BEMisE s (SDS/PAGE ) , %4 %) PVDF Ji& |-, Jfl TBS-Tween %%
% (20 mM Tris-HC1,150 mM NaCl.0.05 % Tween-20) H1 1)
5 Y%liNg AR WA, KIS et GOLPH3 —41(1:400) 1112
Hi LC3 VI 44 (1:400 ) F14i; GRASP65 i 44 (1:800) — & iE &
TEACHR FARELL 10 -4hiE f A TBST Uik 3 Ik, H 5L 1:
40000 77 FEfY) HRP I —HifE = FIEE 1 h, FH PBST Pkik
J& , i R 3 Ak 2 % 6 (ECL )R B AT B3 .
124 ROS # M4 4 i FH 2% 645 4 DCFH-DA i | &
(S0033, I ifg 38 2 KA AR FRAA T ) X s &) e A7 3 1k
FAU(ROS)KEI , {H DG e BRSSOl £ 4R i 2l
(BRI 488 nm, & 1K 525 nm),,
1.2.5 RT-PCR 81 Mo A 78 TRIzol 37 57 3¢ L) 4
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HURNA. T4k cDNA i 20 L JZBE/R B 500 ng RNA I ey PRI 5 Belit#5 J TA9{HSEM. P < 0.05 Bk K H
e VR IARL A 0.5 mmol BRI SRR TFIR | pmol  ATSEHERE X
oligodT .10 U RNasin 15 5 ik B A A . IIHER IR L35 R

2 &
T3 S 2 A cDNA A U BT =40 . B B3k RR
FE B B B S 2.1 §TEREINE PR A FR N
1.3 Gt 44 TR A 2R R R A T 2L R (AR /N (P<0.05 ), (32 1),

A 3 A B Prism 5.0 FPFEAT o i B 5 22 0 A
F | KRIEFFRED(cm’)

Table 1 Tumor Volume Detection in rats(cm?)

Groups n 8d 10d 12d
Control group 10 0.001+0.001 0.001+0.001 0.001+0.001
Tumor model group 10 3.76+0.34 5.49+0.71 7.38+1.05
Ruthenium complex group 10 2.15+0.21 3.25+0.46 3.73+0.51
F 12.283 13.167 9.238
P 0.024 0.016 0.007
22 STHREWINEI LK RUZA B0 ] BRA AR F A IR AR (P<0.05) , £ 145 65 Wy A 35 g A 1
BT W A1 A PR A R 21 b T P IR (P<0.05) , BbRiBie 2R AN (P<0.05), (6 2).
R 2 KRMEFEERT
Table 2 Tumor and Weight Detection in rats
Groups n Tumor Weight (g) Weight gain (g)
Control group 10 0.001+0.001 64.75+5.28
Tumor model group 10 23.17+3.68 27.44+2.61
Ruthenium complex group 10 6.34+0.44 58.23+5.14
F 11.308 13.625
P 0.021 0.006
2.3 TR NN RHR N £ LPO [#(I% (P<0.05),CAT.GST Al GSH it 7} (P<0.05),

Jieb 93 A5 TR 21 4 %6k B2 SOD 1% 2 A1 LPO F} 55 (P<0.05),  (%3),
CAT .GST #11 GSH iF AR (P<0.05) , 5745 4 M 2H 4 i iz A 750

R 3 KRMEFEERT
Table 3 Tumor and Weight Detection in rats

Groups n SOD CAT GST GSH LPO
Control group 10 1.15+0.04 386.29+24.63 226.32+15.04 215.67+18.47 65.28+4.19
Tumor model group 10 2.36+0.35 215.73+8.62 147.28+7.66 125.28+7.34 194.37+7.25
Ruthenium complex group 10 2.23+0.31 354.14+18.75 197.49+12.58 184.44+15.38 126.54+5.88

F 12.735 11.283 9.582 10.629 13.442

P 0.012 0.003 0.035 0.026 0.017

24 STRAMNERENNESH BN T FR AR (P<0.05), (K] 1, 5).

P AR A A5 0 HB 2 LC3 IVL 26 F1 235 F1 ROS IGHETHR 2.6 $TREWIMRS REM SR K
(P<0.05), /2% -& WAL B AR B R 4] LC3 TV 35 H 3215 Fl ROS i A5 AR 4 5 %of B 2 Bax 1 Caspase-3 [ mRNA ik T
TETPEREAR(P<0.05), (% 4). 15 (P<0.05),Bcl-2 mRNA FIAFEAIL(P<0.05), B 458 5 Wy 4 i
2.5 STREVRERS /REN MR JRI AR 7 2 Bax i Caspase-3 [ mRNA 223k 1IK, Bcl-2 mRNA

JirhJRg 45 180 20 %5 %t B 4H GOLPH3 .GRASP65 YR HF kTl FikTHE(P<0.05),(36),
B (P<0.05), £ 4 A W AH B R A 7 2 GOLPH3 .GRASP65 fi)



- 4420 - MEYES R

biomed.cnjournals.com Progressin Modern Biomedicine Vol21

NO.23 DEC.2021

% 4 BREEEKEST
Table 4 Analysis of Gorky Self-ophagy Level

Groups n LC3 1L ROS activity
Control group 10 1.27+ 0.14 3.58+ 0.46
Tumor model group 10 4.73+ 0.58 18.45+ 2.39
Ruthenium complex group 10 2.54% 0.22 7.26% 0.72
F 9.618 12.564
P 0.014 0.007
SR AMIAT OGP B AHRIE T 2 FMERAE B A R SR
GOLPH3 - - —— F 3 BE 3K TEA AR AR BRI BLAR A, Al Y ROS FIPA 1)

GRASPES W S -
— — —

XHEE FRERRA FTEREYA
B | B DS AT (A BB, BT, CAT R )

Fig.1 Protein imprint analysis(A: Control group, B: Tumor model group,

B-actin

C: Ruthenium complex group)
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b 55 8 R B UIAR G , DRI s R A 085 A 7T i
FLRRZE 155 DA DG A 1 WA DE),

AR ET 456 W%t e 4 21 55 A B PR T AR DG R B
JoTHE R S MR A T IR 9T, W < BT 45 ek 28 DG 2 B T AR
KFEPH R HE R #e ik, Bax Bel-2 il caspase 3, AN -1 2
5HXS Walker-256 Fa it Huiim b v, A0 T2 e 4 A e
HEANRAE T B3R A%, 5 3R Zhang YCUH] Mihajlovic KP4 4H
KEER—Z A0 AT — 5T T GOLPH3 £ik%f OGD/R
R B RS AR 38 (0 AR 1 B 5 A Ak
LC3 140y T S5 4 i g 20 B 1) W AR, 25 2R R iy 41
U AWK T R BT 48 S IR IR T s R SR N0 S A
I, G54 S Mg Mg 2 PR 5T 3 A L TR PRI FE T - Walker-256 i
19K 2R B A B SRR, i i T A B AR
Pio S350, 51T Mg Z A0 BT 4B X B B AL IR S W BAT
PETVER, 765 AT R0 2 SR 21 1 SR A R KT A2 Al
WEHI T 3 — s, BTG YR Tt 1 IFIELH 2L Y GSH,
GST F1l LPO 254 AL 07 AR SCTRAR AT, 245 R B 551455
YT R R AR X R AR K

% 5 GOLPH3 #1 GRASP65 Rik &
Table 5 Expression level of GOLPH3 and GRASP65

Groups n GOLPH3 GRASP65
Control group 10 1.04+0.02 1.12+0.04
Tumor model group 10 1.96+0.18 2.13+0.21
Ruthenium complex group 10 1.17+0.06 1.26+0.11
F 12.754 10.689
P 0.002 0.018
% 6 RT-PCR 43#fr Bax,Bcl-2 #1 Caspase-3 mRNA FiA7kF
Table 6 RT-PCR Analysis of Bax, Bcl-2 and Caspase-3 mRNA
Groups n Bcl-2 Caspase-3
Control group 10 1.15+0.08 1.95+0.17 1.04+0.03
Tumor model group 10 2.14+0.22 1.18+0.09 1.97+0.20
Ruthenium complex group 10 1.26+0.13 1.72+0.15 1.16+0.08
F 11.729 13.026 9.355
P 0.005 0.013 0.028
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