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[(WE] B 759K YK EHITE H 3 C(protein kinase C, PKC) 11 i 7 %) 7 J& # J& (Sunitinib,
SUEI A OHEFEENAER. Ak #rd K B0 N4 IE (neonatal rat ventricular myocytes, NRVMs) 7E A [6] ¥k &
B SU,5,10 pmol/L)H#EATIEE . A 20 il = 1% iR % 1 (adenosine triphosphate, ATP) & it . LR i & (lactate
dehydrogenase, LDH) Bt £ F 26 k7 4 15 B8, 37 (mitochondrial membrane potential, MMP) . 4R J& W 2<4E 3% £ 1% PKC
#4177 (bisindolylmaleimide 1,Bis-1) \iE#E M B & PKC #il 7 (Rotterlin) 3 31 il Bk XF SU 51 & .0 L 20 M 35 o4 19 5%
W, HEPE C57 NERBENL AN 9 4 20, BV IE B % R4 . SU 4, SU+PKC #1141 57 19 JE 3£ 41 68 (chelerythrine , CHE) & 7 &
(0.375 mg + kg ' - d )X CHE @4 0.75 mg - kg '« d "D, #LHEE SU BB TS CHE, 425 3 A5
Lo I 2H 2, 4 B A o G O JIL 2 f 280 R 0 W 5% 5 0 IV R VO I 5 R B U 60 L AN L R 1R 5 A A
Western blot # Il & 4.0 JJLBE R fb PKC I 8 453% PKCa,PKCe LI K PKCS R AFM ., &R SUBH NRVMs 5
SR 5 I AL PR v ATP & & 3G LDH BEJif i | BEARLORL IR B 7, A% $e4E PKC I 5 Bis-1 Al # B
SU 5| & 1 _E iR ot 78 s e £ 3 8 PKC M 5 Rotterlin A% PKCe #1 IR AR AT HIBH SU 5|42 (19 L 34 45 30045 F5 19
2EAE . N T SU G O WLAR I S (R 07 W 6 &2 & ) IV RV AT M 2 38 R L R L0 DL I ok 1A 1 B
1 8 M i L S A S50 25 B A 5 R I 25 SRR 9 CHE JR » SRR IR I 5% 52 A 4 IV AN VG 335 P 34 S8 3% T v, e 4
5B oR , CHE B B 85% SU RS BRI 28 ok 728, Western #9 B 78, SU 4.0 IL#E MR 1k PKCe %k & B & T
i M B R b PKCS . PKCa 22 15 5 0 JC W 8 A8 1 ; w3 770 &= 9 CHE & 240 T8 Rtk PKCe 1Y 3 33k, HAR & = %t
IRZAIKF-, 8518 PKC #IHIRIX SU S8y MR B A W35 06, e /E v BRI T3k 20 PKC(E 22
PKCe W5 (1 33 B #4075 .
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[Abstract] Objective To investigate the protective effects of protein kinase C (PKC)

inhibitors on the cardiotoxicity induced by sunitinib (SU) at the cellular and whole animal levels.
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Methods The neonatal rat ventricular myocytes (NRVMs) were cultured and incubated with
different concentrations of SU (1, 5, 10 pmol/L). The intracellular adenosine triphosphate
(ATP) level, lactate dehydrogenase (LDH) release and the mitochondrial membrane potential
(MMP) were measured. Then the effects of non-selective PKC inhibitor bisindolylmaleimide 1
(Bis-1), selective novel PKC inhibitor Rotterlin, or inhibitory peptides on SU-induced
cardiotoxicity were observed. Male C57 mice were randomly divided into four groups, including
control group, SU group, SU combined with PKC inhibitor chelerythrine (CHE) at low dose
(i.p. 0.375 mg+*kg '+ d ') and high dose (i.p. 0.75 mg * kg ' *« d°') groups. SU was
administered continuously by gavage and intraperitoneal injection of CHE was given. At 3 weeks
after administration, the heart tissues were harvested and mitochondria from ventricular
myocardium were extracted to measure the activity of mitochondrial complexes IV and V. The
transmission electron microscopy (TEM) was used to observe the mitochondria microstructures.
Western blot analysis was performed to detect the expression of phosphorylated PKC subtypes,
including p-PKCe, p-PKC8 and p-PKCa in each group. Results SU significantly reduced ATP
level, increased LDH release and decreased MMP in NRVMs in a concentration and time-
dependent manner. TEM showed that SU-induced visible changes could be prevented by non-
selective PKC inhibitor Bis-1, selective novel PKC inhibitor Rotterlin and selective PKCe
inhibitory peptide. Administration of SU significantly reduced the activity of mitochondrial
complexes IV and V in mouse myocardium, and TEM showed significant morphological changes
such as swelling and cristae fusion in myocardial cell mitochondria. Co-administration of different
dose of CHE prevented the decrease of mitochondrial complexes IV and V activities. Meanwhile,
TEM showed that CHE significantly alleviated the mitochondrial morphological changes induced
by SU. Western blot analysis showed that the expression level of p-PKCe was significantly
increased in SU group compared with the control group, but p-PKCS or p-PKCa had no
significant change. High-dose CHE significantly inhibited the overexpression of p-PKCe,
restoring it to the control group level. Conclusion PKC inhibitors have a significant protective
effect against SU-induced cardiotoxicity, which may be due to the inhibition of excessive
activation of novel PKC (mainly PKCe subtype).
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myocytes, NRVMs) , M5 PKC i il 551 =i #11 fil ik xf
SU S By LA 2 M 1 F Y 52 R, () i 7 4 4R
B4 K - IR Bk B nPKC W7 AL 30 6 57 i 3221 66
(chelerythrine, CHE) X} SU 5 2 19 .0 I 55 4 A0 =2
Wi, SR ST TKIs O JERETE Y 73 7 HL ] L 544 53 1
Bl 25 W R S B AR . R IR .
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1.1 AR HE 1~2 d 19 SD K L. BAE IEE C57
ANEL IR (20+E2) g, I [ T A6 A S Sh W bt VR
AfIE 5 . SCXK (3%) 2018-003, F % Wil E 22 ~
24 °C AR BEFE 4] 50 % ~60 % (9 44 F A 3% .
1.2 i

1.2.1 AR AAbBE HUSD KR 10 H LIRS T
BEHCH O IETR 1/3 B0 28 5B 43 o A T v Wl 1R 4k %
" (phosphate buffer saline, PBS) (Gibco, USA)
THVE KOS HA B RER 0.5~1 mm® K/PNZH S,
PBS ik 2 ¥, A 0.125% Bifils — 2 — VU 2. 12
(ethylene diamine tetraacetic acid, EDTA) (Sigma,
USA)5 mL,37 “CH#E B +EH L 5 min(50 r/min) ,
WA EW TR I (PAA, Germany) H . B E £
WHE &Y 58 5. W dl il B
1000 r/min & > 5 min F & I ¥, IK 2 40 i H
DMEM/F-12 ¥ 33 (Gibeo, USA) &, J] 200 H
PEM L UE R L AL 2L, B T EA (5% CO,,
37 ORGSR 2 h, WL B, BRI AR T 96 3 24 fLAR
R EE N 1X10° /mL A TR A SR .72 h )5
JIA SU(Meilun Biotech, China), SU 4253 & Ky
1.5.10 pmol/L, 435l F 24 .48.72 h K 40 g py =
i 12 It 1 Cadenosine triphosphate, ATP) & & , ¥L 2
Wi & B (lactate dehydrogenase, LDH) Bl i LI &
28 b7 R % B {7 (mitochondrial membrane potential,
MMP) 28 fk. b 5 GiF J9E 3% B M PKC 6l
(bisindolylmaleimide 1,Bis-1) (Alexis, USA) X} SU
MsZ I, SU 5 25V FE A5 1.5.10 pmol/L, Bis-1 ¥
Bk 100 nmol/L, M H 48 h J5 K ATP & &, 5
S5 P O S 400 L B R S MR L I 72 h R K
W LDH B, b8 E s PKC 0 1 50 =i 40
KX SU 24 19 52w, 3% F nPKC 3 £ 24 411 il 51
Rotterlin (500 nmol/L) (Sigma, USA), i £
PKCe # #l ik (500 nmol/L) ( AngTai Biotech,
China) (H: FL# Bk 2 %5 B8O, ff | Saponin ( TCI,
Japa) fEFT LA,

1.2.2 LDH Btz LDH b 2L B &4 ik
IR ER - N R 5 2, 4- g 3 % kA R 2 A 1A T 7R

TR SR ORI L S A R B VS R AR AT L B R IR
L5 SR R v BCOE L. ) LDH & I3 7] & (g o
A TR D Ml FLUOstar Omega 42 H 3
Z I HEEE BRI (BMG LabTech, Germany) 7] LAl 2
LDH B,

1.2.3 ATP il 4 ok 59O 2 i L 2Ot
FE eI T B ATP $R 4L i, 2wk Rk
KGR Z AR T 5 B, 7E — 0 VR BN 58 O o
JEF ATP ¥ B E . SR A ATP A& W ik 7] &
(Beyotime, China) fl FLUOstar Omega 4= H 3 %
T GE B b ORI 35 2 B ATP & 4t

124 MMP W& R JC-1 QL @Ot R AE R
BRI MMP, JC-1 & —Fh 732 JH 46 D0 2 4 {4
R FL A ) 3R ARL DG R B, TR SR AR R HlL A A
JC-1 REALRARE T, R A, ™~ Eafm
DG s T8 LR A4 BB L 7 BRI, JC-1 AR ETE L
KLARFETT, ILET JC-1 S i, PP A a9, Jl it
e G0 (R 55 A8 S A I MMP 1 A8 4k, H JH] 21 % 9¢
S B AR X L 5] e Aty e 4R R IR 2 i Ak B e il JC-1
SRV AR, T JC-1 e TAEW (JC-1: Ry 57 2k =
1:10), PBSIEUEAN AL 2 3 , ] 40 M 3% 5% L thom A
I mL 19 JC-1 P AR, & T A S48 h e H
15 min, Kl JC-1(Beyotime,China) 5.5 {4 i 5
R HOG I B 490 nm, K HF 6 E 530 nm, &
JC-1 BAEWR, MO E 525 nm., K HOLEE N
590 nm, JH Image-pro plus6.0 Z 5G| %% 4H 41 14,
PG GRS K

1.2.5 BB BEL AL VD) Fr AR WL AR 4E L
0.125% B fF-EDTA 41k, PBS # ¥k 2 Wk, & 5
ALy s FEECTE 16200 LZE LT 1 T B S B F 2.5 %0 85—
BEF COMLAHESN HEHEDH,3 mm X1 mm X1 mm
K/NET A% EF) ;4 CliE 2~4 h,PBS 1§
PE 10~15 min, 3 W MWALHE & 1~2 h 5 H
PBS #& ¥ 10~ 15 min, 3£ 3 ¥, R F AR IR 5020 .
70% .80 % .90 % 100 %6 1) T4 i B 7K, 4 38, U R (R
f JEBE 50 nm) L i R S A U4 5 10 min, F7 AR R 41
Yet 5 min, 5 5T BT MER,

126 Bkt AR 40 B REHLY K
OXF M2 3 H WK (0.1 mL/10 g) ) i B8 s v 5 A=
BEER K (0.1 mL/10 g); @ SU 4. # B SU
(200 mg » kg™ ! o d71) [6] B B8 I A 5T AR B 3R K
(0.1 mL/10 @) ; @SU+CHE(L) 4 : % H SU [a] i}
M W 7F 4 CHE ( Cayman, USA) & #| &
(0.375 mg + kg '+ d H;@®SU+CHE(H) 4 . # H
SU [M] if B8 5 73 95 CHE & 57 2 (0.75 mg «» kg ' »
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d™h, B 10 B, EL4525 3 FJE . BOR o0k, %
3 LU AT T B, — BB 43 i B0 JIL oA A4 A il
SRR G IV ALV B 36 P 5 — 35 53 503 5
HL B U WL 58 200 i 4 B 0 R 2 A s — AR 230 = 2 41
PR E L Western Rl #5521k PKC WA 3R A
1.2.7 SRR MRS SR U
50~100 mg L A LU H% PBS 15 vk, 760K L 57
LA 10 f% 5 PBS ¥ 18 3 min, 600 g B0 10~
20 s FE s BVE . A PRA IR B 2ok A g i K]
600 g B.L> 10~20 s, F 45 L35 . A 8 R T e
S BRI VK _EAFBE 20~ 30 min, 600 g B> 5 min
(4 °C). FM YL, L3 11 000 g &L 10 min
(4 °C) AF BN UTIE LR, A 150~200 pL £k
RLAR SR W (557 TR 1 B 57D (Beyotime, China)
BLRAR, S L RARIE R EEE SN VA
i 5 & ( Genmed Scientifics Inc, USA)
FLUOstar Omega 4= H 3 £ 3 & B b5 (00 & H
Wk

1.2.8 Western blotting ¥ O WIHZE Tk L2
SR, I A B 1 g 0 ) 77 (Solarbio science &
technology. China) (1 : 100) F1 #§ B2 Bg #0 ) 7|
(Roche, Switzerland) (1:10) i) RIPA & %% 24 i W
(Solarbio science & technology, China) % f#
30 min, %X )5 4 °C 12 000 g B> 30 min, B F#EE
H A & in A LDS-Sample Buffer ( Thermo, USA)
(4 DAE, H 8% SDS-PAGE % 1 v vk 43 8 25 14
(40 pg) R F ¥ & PVDF JE (Roche, Switzerland)
ELH SRR WK E AT 2 h, —$T 4 CHER (1:400
i B S IE BER S5 & i P, 64T — 41 (1:5 000,
Rockland Immunochemicals, USA ) %&H., H

Odyssey 40 4b B 1% & 4 (LICOR 9120, Li-COR,
USA) Kl 26155 . 4 8 [ 4k L GAPDH A
Zhrfh., LN —di g H T 5. pPKC & Tk
(Anbo Biotech, USA), p-PKC & #i & ( Anbo
Biotech, USA), p-PKC « ¥ /& ( Anbo Biotech
USA),GAPDH #i/4& (ProteinTech,China)

1.3 Geitzkdrsk W SPSS 20.0 G it #4440 br
4E . Adobe lustrator CS5 AR EE . &
OB BRI ST REAR ¢ KIS B T 2 T
SNK-q i 35 F 5 & W 5 /9 )7 2253 7. P <<0.05
ZRAGIT¥EX.

2 & S

2.1 SU X NRVMs W EEEMEH] AW R SU
(1.5.10 pmol/L) 5 NRVMs i & 48 h 41 il
ATP 7 i 5 B2 AR P el 2D, 5 X B AR I, 5.
10 pmol/L SU & % 4 /> ATP & # (P<C0.05),
72 h KN B LDH B B A SU ¥ 23S fin i W
WL, xR M .10 pmol/L SU & 2 4 fin
LDH Bt (P<<0.05), W& 1. 1 H 10 pmol/L
SU, ¥ 24.48 J 72 h 3 A~ [B] SR D 40 s N ATP
L, LDH B DL ) MMP 254k, 25 5% R,
SU 2 ATP & &t £ U] B ARk 35 % T~ X B 20, 41
157 s 11 £ TR e T B R (Y E PR e S A e =N
S(P<C0.05), W5 2;SU 4 LDH B & % 0 27
[0 =R = I RO DS I 1 AN R L1265 RO R [T
HAEHZRA ST E X (P<<0.05), L5k 3., SU
4 MMP 5 W] & B ARG 3, AR T X B2, 2 ) | B
[E] V)« B2 BAEH 2 R A ST E X (P<
0.05), WK 1.3 4,
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1 SUBBEARBEBEXHEXROENHEE MMP BIZZAE( X 20)
AR 24 hyB.XTBRZH 48 h; CXTHRZH 72 h;D.SU 41 24 h; E.SU 4 48 hsF.SUZ 72 h
Figure 1 Effects of sunitinib treatment on the MMP in cultured NRVMs at various time points( X20)

F1 AERESUMIHTERROCENHM
ATP 70 LDH B9 5 Il
Table 1 Effects of various concentrations of sunitinib
treatment on ATP level and LDH activity
in the culture medium of NRVMs

F 4 SUMEARFEREXHEKRROCEN
20 MMP B 521
Table 4 Effects of sunitinib treatment on MMP in cultured

NRVMs at various time points

(n=3,x *s)
45 ATP LDH
Xf B2 1.0040.04 1.0040.09
SU 1 mol/L 1.0140.03 0.92+0.01
SU 5 pmol/L 0.6840.08" 1.4940.07
SU 10 pmol/L 0.30+0.07" 2.52+0.20"
F {8 101.856 17.096
P 1y <<0.001 <<0.001

(n=5,7 +s)
MMP
20 51
24 h 48 h 72 h
Xf HE 41 1.00+0.14 0.86+0.13 0.90+0.32
SU10 ‘umol/L 0.4140.09 0.2940.05 0.2440.06
2 (7] F {=81.097 P {<C0.001
e A [ F {i=1.470 P {=0.254
ZH[E] « B gl F {=0.166 P i =0.848

* P {H<20.05 5% 41 Fb# (SNK-q £ 50
x2 SUBBARMENFHERBROENMEE ATP B30y
Table 2 Effects of sunitinib treatment on ATP level

in cultured NRVMs at various time points

(n=3,x *s)
45 ATE
24 h 48 h 72 h
popiiEil 1.0040.08 1.0040.04 1.0040.08
SU 10 pmol/L 0.90+0.07 0.300.07 0.1540.03
2H [ F {H=327.996 P {5<C0.001
isf 253 (] F {i=55.974 P {£<0.001
A1) - I g F {=55.974 P {£<0.001

R 3 SUME AR R E X H & X RO =LA LDH K #2m
Table 3 Effects of sunitinib treatment on LDH activity
in cultured NRVMs at various time points

(n=3,x *s,mmol/L)

gl LDH
24 h 48 h 72 h
Xf B2 0.07+0.02 0.0740.01 0.14+0.03
SU 10 pmol/L 0.17+0.01 0.3140.02 0.4140.00
2 (7] F {§=127.257 P {1<C0.001
iof A5 (1] F {i=24.291 P {H<C0.001

ZH 18] « B JE] F {=8.068 P f£=0.006

2.2 JAEEEPEME PKC M Bis-1 XF SU 14 1) 52
M 7E NRVMs H1,Bis-1 (100 nmol/L)f SU (1,
5,10 pmol/L) ¥ & 48 h Il ATP & & . F 72 h
il LDH B & . S BEF Bis-1ATP % & Al
LDH Bt 5 X A 2% LHE it %8 X (P>
0.05), M il A Bis-1 fff 3 MV SU 41 ATP &
i LDH Bl i ¥4 2 3% B2 7K F- (P <<0. 05)
W% 55 B E Bis-1 XF MMP J¢ B 5% i (P >
0.05),Bis-1 5 SU Lz & v] 1 3% i 5% SU 3 H(
MMP TR (P<0.05) . L3 6., 5 §f i B 1l 4%
RBR,SU 5| BERIRIE S K 4E B ET, 284
KL ™ Az 23 0 T K B8 A b ek A . T L )
Bis-1 ) SU 4141 M rh Ze R (R K &2 1E B TR A (& 2)
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AT I ;B.SU 41 ;C.SU+ Bis-1
Figure 2 PKC inhibitor in improving mitochondrial morphological changes induced by sunitinib in ventricular myocytes
( X12 000)
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Table 5 The antagonistic effect of PKC inhibitors on SU-induced cytotoxicity in ventricular myocytes

(n=5,7 *s)
20 51 ATP ¢ 8 P {H LDH ¢ 18 Py
pogikil 1.0040.04 1.00£0.09
0.240 0.822 1.316 0.213
Bis-1 100 nmol/L 41 1.02+0.13 0.94740.09
SU 1 pmol/L 41 1.0140.03 0.92+0.01
1.964 0.100 0.664 0.700
SU 1 pmol/L~+Bis-1 100 nmol/L 41 1.17£0.07 0.7940.01
SU 5 pmol/L 21 0.68+0.08 1.4940.06
4.966 0.008 8.688 0.001
SU 5 pmol/L+Bis-1 100 nmol/L £H 1.3340.21 1.01£0.15
SU 10 pmol/L 41 0.300.07 2.51+0.20
11.379 <0.001 9.676 <0.001
SU 10 pmol/L~+Bis-1 100 nmol/L 41 0.95+0.07 1.60+0.11
2.3 EFEME PKC ] 550 8530 1 kX SU 35444 19 52 F 6 PKCHIHIFIRES SU t.0 = AL BE MMP B9 30 &1
My  Rotterlin 5& nPKCs 3% £ M f # 57) , BRI % & Table 6 PKC inhibitor in alleviating sunitinib’s inhibition of
Rotterlin(500 nmol/L) 40 ATP % & . LDH i B ik MMP in ventricular myocytes
" (n=5,r%s)
wA MMP HE5 X ALK ER LS I E X T
(P>0.05),SU 41 ATP % it fil MMP {5 {% T %I & Al 2h sh eh
N . X B AL 1.00+0.12 0.86+0.13 0.90£0.32
4 A BE T B, HE 4] 4
41.LDH iR R T X IE4L. SU+ Rotterlin 4177 Bis-1 41 0.9140.12  0.69+£0.19  0.8040.17
SEAXTPL SU 5|2 iy L ik 4% T 48 Fr 19 A2 b (P << 41 ] F {{{=18.875 P ffi<<0.001
0.05), L3 7. ZEMBEFTFLF Saponin(200 nmol/L) iy} F{i=1.245 P {6=0.298
ZH[H] « B I F {H=1.748 P {E=0.134
M 452 4]
RGNS F?KCE K500 nmol/LY AL ATP SU 41 0.29+0.05 0.29+0.05 0.2440.06
& LDH BB EfM MMP ESX AL KRER SU+Bis-1 4 0.7740.02 0.9440.10  0.7140.07
TG %3 L (P>0.05), SU 4 ATP & & f 411 F {1 =383.168 P {#1<<0.001
T, Fisf A5 1) F{i=11.138 P {i=0.001
MMP HE2H, LDH 197 A e,
AT X HY AL 553X ZH ]« N F {i=5.311 P {i=0.014

SU+PKCe+4 1] & F Xt SU 5801 4 T 45 b1 1Y
AR (P <C0. 05) , 1 H L AS Bk X SU #4918 FH G B 2
B (P>>0.05), W3 8,
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® 7 EEM PKC #HIF Rotterlin 3t SU HEMERMER
Table 7 Antagonistic effect of selective PKC inhibitor

Rotterlin on SU-induced toxicity

(n=5,x £ts)

20 51 ATP LDH MMP
X2 1.0040.08 0.9940.08 1.004+0.12
Rotterlin 2 0.91+0.07 1.1940.33 0.92-+0.01
SU 41 0.2940.03*  2.5140.20"  0.2940.05*
SU+ Rotterlin 21 0.74+0.02%  1.2240.12%  0.8140.01%

F {4 92.064 69.193 62.315

P14 <0.001 <0.001 <0.001

IR AEL T SU Ja /N BoC LA i 4ok 4 3 2110 G
FIRD 8 00 58 1) 5 L5 B 8 K M 7 [] 1 465 3 A [) 57
it CHE J& . 2% 4 2R M A7 A [ 72 i 1k &2, G o
SU+CHECH) 41K & ¢ W] 2. . il 741 15 37 o m] DL (]
3.
#9 CHEX sUSBUNROIEN &S EHFER
Table 9 The preventive effect of CHE on myocardial

mitochondrial toxicity induced by sunitinib in mice

*» P {H<C0.05 53 H4LILE £ P <C0.05 5 SU 4l L% (SNK—¢
765 56
R 8 PKCe MBI SU S B H O E M F M
BHIER
Table 8 Antagonistic effect of PKCe inhibitory peptide

on SU-induced toxicity in ventricular myocytes

(n=3,7+s)

28 51 LRIEEEYN LRIEEEYV
papicEil 1.00+0.17 1.00+0.20
SU 4 0.59+0.05" 0.3140.07"
SU+CHE(L) %41 1.6540.13% 2.38+0.47%
SU+CHE(H)Y4 1.764+0.09% 1.65+0.05%

F {4 64.350 35.200

Py <0.001 <0.001

(n=4,x £s)

20 51 ATP LDH MMP
PONiEEEE] 1.00+0.05 1.01+0.03 0.98+0.09
PKCe+ 1.00£0.08 0.98+0.06 0.95+0.10
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Figure 3 CHE in alleviating sunitinib-induced mitochondrial morphological changes in mouse ventricular myocytes( X5 000)
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Figure 4 Antagonistic effect of CHE on sunitinib-induced up-

regulation of phosphorylated protein expression in mouse

ventricular myocytes
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