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ABSTRACT OBIJECTIVE: To compare the anti-hepatocarcinoma effects of curcumin(CUR) and its derivative hydrazincurcumin
(HZC), and to explore the mechanism. METHODS: MTT assay was used to detect the effects of CUR or HZC (2.5, 5, 10, 20,
40, 80 pmol/L) on the proliferation of HepG2 cells. Flow cytometry was used to detect the effects of CUR or HZC (10, 20, 40
pmol/L) on cell cycle distribution and apoptosis of HepG2 cells. Western blotting assay was used to detect the effects of CUR or
HZC (10, 20, 40 umol/L) on the expression of apoptosis-related protein in HepG2 cells. The male SD rats were randomly divided
into normal control group (n=10), CUR control group (n=10), HZC control group (n=10), model group (n=30), CUR
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or HZC (80 mg/kg) intraperitoneally. Model group, CUR
protection group and HZC protection group were given
diethylnitrosamine (50 mg/kg) intraperitoneally to establish
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hepatocarcinoma model; at the same time, 2 protection groups were given CUR or HZC (80 mg/kg) intraperitoneally, twice a
day, for consecutive 12 weeks. During medication, the change of body weight and death of rats were recorded. Twenty four weeks
later, liver index of rats was calculated and appearance was observed; the number of cancer nodules was counted; HE staining was
used to observe the pathological changes of liver tissue and calculate the nuclear division index of hepatocarcinoma; the
proliferating cell nuclear antigen (PCNA) index was detected by immunohistochemistry. RESULTS: CUR and HZC could increase
the inhibitory rate of HepG2 cells (P<<0.05), and increased the percentage at Gi/G, phase and apoptotic rate of HepG2 cells (P<
0.05). CUR and HZC could significantly decrease the protein expression of p-JAK2, p-STAT3, Bcl-2 and Bcl-xl, while increased
the protein expression of Bax, Cyt-c, Caspase-9, Caspase-3 and PAPR (P<C0.05). Above effects of HZC were significantly better
than those of CUR (P<C0.05). The results of animal experiment showed that there was no death, no liver canceration and no
pathological changes in liver appearance and tissue section of the three control groups; there was no statistical significance in body
weight and its increased weight, liver index, nuclear division index of carcinoma or PCNA index (P>0.05). Compared with model
group, survival rate of rats were increased significantly in CUR protection group and HZC protection group, while
hepatocarcinoma incidence and the number of cancer nodules were decreased significantly (P<<0.05) ; body weight and its
increased weight were increased significantly, while liver index, nuclear division index of carcinoma and PCNA index were
decreased significantly (P<<0.05). There were some pathological changes in liver appearance and tissue section; cancerous lesions
with focal necrosis or cancerous lesions with patchy necrosis were observed. There was no statistical significance in the
improvement of above indexes in 2 protection groups (P>0.05). CONCLUSIONS: HZC could inhibit the proliferation and induce
apoptosis of HepG2 cells by inhibiting JAK2/STATS signaling pathway and regulating the activation of mitochondrial endogenous
pathway, which shows stronger anti-hepatocarcinoma effect in vitro than CUR. On the other hand, there was no significant
difference in the improvement of liver caner indexes in hepatic cancer model rats between HZC and CUR.
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Fig4 Flow cytometries of cell apoptosis in each group
34 CURE HZC 3t FHEEE K RAIHIEE A

341 KRE—MEA 2525010, 3% B4 K R E
SN S TIR NT ISl o b NI E R ML e D BE R Nl
Ko ¥k IEFE B AL ) e 22 S R S22 L (P>
0.05) ; DEN #1 . DEN+CUR 41 #il DEN+HZC £H K f ik K
I 2 ek AL AR T % 3 R Y B AL T CON 4
(P<<0.01), FFEHE %01y & /T CON 4 (P<<0.01); 5
DEN 4] H %5, DEN+CUR 20 #ll DEN+HZC 41k i _E i
R B, IR TR bR B 2% g (P<<0.05 3 P<
0.01). SEIGEEHET, 34X B K R IR WLAE T ; DEN
20 .DEN+CUR #H # DEN+HZC 4 ¥4 45 K RHIET, Hrp
DEN 41 K FUAF 1% R AIK ({1 60% ) , i 2 (% T CON 4
(P<<0.05) ; 5 DEN 41 [t 4% , DEN+CUR 41 #1 DEN+HZC
ZH R BUAETE 2 8 3 T 5 (P<<0.05 8 P<<0.01) ; 5 DEN+
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CUR 41 He#% , DEN+HZC 21 K B 1% K 3 i (H 25 57
Gt L (P>0.05) o £ 41K BTG 3 0T i M3
i TPIERE RO A 4 R LR 3.

F1 JSHMRARSHASILFATRHRNER

(x*ts,n=3)

Tab 1 Determination results of cycle distribution per-
centage and apoptosis rate of cells in each
group(x*s,n=3)

MRS ML, %

A2 G/G ) i Gy/M RL#, %
papieil 59.23+0.94 32141088 86310.13 151+0.11
CUR 10 pmol/L4  64440.54° 27.88+049° 7.68£0.15° 57120497
CUR20 pmol/L#l 68804117 2486118 63420117 20862063
CUR40 pmol/LA 7384083 2078071 53810207 45541122
HZC 10 pmol/LAL 69741165 20431158 783£0.19° 758014
HZC20 pmol/LA 739840907 19.8140.99°7 62150187 230705577
HZCA0 pmol/LA 813921667 1433£159C 42950247 619742207

T« 150 R4 HoA%, * P<<0.05; 5 AHIFI 2517 10 pmol/L 41 A, "P<
0.05; 5jAHIR 254 20 pmol/L 41 3¢, *P<<0.05; 5 #H W) e B CUR 41 [,
%:,7P<0.05

Note: vs. control group, “P<<0.05; vs. 10 pmol/L group of same
drug, "P<<0.05; vs. 20 pmol/L group of same drug, “P<<0.05; vs. CUR

group at same concentration, “P<<0.05
3.4.2  REUFIEINIL L &AL 3% BRZH R
JEREANUAAIIE R IAIEHE , G, TG A= 4515 sl
It ) s DEN 4 K FRUHF I D Ze ANHE 5%, (A Bk , R IATHL
TERINAS— B IR IR 255, A I 25710 52 451 RN
(5% fil G AE — R 0 B BT 2555 DI A SR P8 2 i, 25
V¥ 2 F CON 41 (P<<0.05) ; DEN+CUR 41 Fll DEN+
HZC 2 KB It o] D 1 s 45795, {55 DEN 41 o4
HEB/NAH KD, ZRAS % E L (P<0.05);
DEN-+CUR 41 #l DEN+HZC 4 5 45 1 8ot i, 22 3 8
Giit#E L (P>0.05) . AR ETFHESNILILE 6
3AXT B2 K FRI4 TG R & 2B s DEN ZH K R &
MR 100% , i 25 5 T CON 4 (P<<0.01) ; DEN+CUR
41 F1 DEN+HZC 41 K B8 & A 545 5l R 36.7 % FiI
20.0% , ¥ 5. Z % T DEN 41 (P<<0.01) ; 5 DEN+CUR 4
FbAs , DEN+HZC 41K BUHHE &A= R AL (H 22 R Jose 1t

FREX(P>0.05) 24K EATHEES BT kR
RIS SR 2 4.

pJAK2 D SHED G SR cne S s (28(Da
psats | D . - . oo
Bel-2 D @D e e e ww .  25kDa
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Bay T - e e e ww® e D,
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Fig 5 Electropherograms of apoptosis-related protein
expression of cells in each group

3.4.3 KGR B2 U2 R A% % CON
R BT U 5 R S , TSR IRBE , 240 A% 5 A 5

#2 BHEMBEPATHEIXEEREKEHEMER (xts,n=3)

Tab 2 Determination results of protein expression of apoptosis-related proteins of cells in each group(x +s,n=3)

A5 p-JAK2 p-STAT3 Bdl-2 Bel-dl Bax Cyt-c Caspase-9 Caspase-3 PAPR
R4 163£0.07 145£0.04 155+0.01 1371£0.04 0.17£0.03 0.22£0.03 0.20£0.02 0.19£0.03 0.12£0.02
CUR 10 p.mol/L41 136£0.02° 14240.02° 14740.03° 1.01£0.02° 0.40£0.04 0.29£0.04° 043£0.04" 0.39£0.03° 0.33£0.05°
CUR 20 pmol/L41 L12£001° 1.3820.03" 0.94£0.02" 0.83£0.06™ 049+0.03™ 0354003 0.52£0.05" 049+0.04 0.51£0.03
CUR40 pmol/LA  0.77£003° 1.0240.02 0.79£0.05 0.61£0.04" 0.60£0.04% 037£0.05 059003 05720027 0.82£0.05
HZC 10 pmol/L4l 0.85£0.04 0.74£0.07°7 0.70£0.04" 0.59£0.03" 0.73£0.04" 049£0.03" 0.72£0.02°7 0.70£0.01° 108005
HZC 20 pmol/L4L 0.68+0.03 0.60£0.01" 0.52£0.03" 043£0.03" 0.85£0.05"" 0.68+0.02° 081004 0.82£0.03"" 1122004
HZC 40 pmol/L4 0.46£0.03""* 030£0.01"7 0274002 031£0.02"7 0.96£0.01"" 0.79£0.01* 091£0.06"" 0.94£0.05"  135£00777

0 SRR HeAS L * P<<0.05; SRR 2454 10 pmol/L 41 Fe 4%, *P<<0.05; S ARIFI 24597 20 umol/L 41 Fb 45, “P<<0.05; SRRV B CUR 40 Hed , P P<

0.05

Note: vs. control group, “P<<0.05; vs. 10 pmol/L group of same drug, “P<<0.05; vs. 20 umol/L group of same drug, “P<<0.05; vs. CUR group at

same concentration, “P<<0.05
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®3 BEXRFEER KREREE FFEHEHEN
HR
Tab 3 Determination results of survival rate, body
weight and its increased weight, liver index of
rats in each group

5 ; ZET T, ﬂﬁéﬁﬂﬂ%ﬁﬁ% %’ifﬁ%ﬁé'% ﬂfﬂﬂﬁ%ﬁ
by % (¥ts),g (¥ts),g (¥+5),%
CON4L 10 0 100 4089172 299.5+6.9 3752011
CURY] 10 0 100 4044175 2955+8.7 3.7820.12
HzCHl 10 0 100 4038152 204716.0 3.79£0.09
DEN4 30 12 60.0" 3338188 2314837 491£0.157
DEN+CUR4L 30 5 83.3° 38624707 28547577 40840127
DEN+HZC# 30 2 933* 3868452 28094277 4044008

15 CON 41145, “ P<<0.05, ** P<<0.01; 55 DEN 41 b4, 'P<
0.05,%P<<0.01

Note: vs. CON group, “P<<0.05, **P<<0.01; vs. DEN group, "P<<
0.05, #P<<0.01

A.CONH B. CUR#

C.HZC#

E. DEN+CUR 41
E6 &EKXRIFAEINR

Fig 6 Liver apperance of rats in each group

JIFERJE ML , LIRS s bk S i S IR HES T . CUR 4
R R BAT IE 5 /N 2 8L (E AT DL R B
(I SE RN IR FE ML . HZC ZH K BUH-ZH AT D e e i ik

F. DEN+HZC 41

FEZEG 20204 31 224

F4 BHARFESTHMMERERHENER
Tab 4 Determination results of number of hepatocar-
cinoma nodules and incidence of hepatocarci-
noma of rats in each group

415 n TFegEE 1 £ s) REMEOREI  WRER %
CON#{ 10 0 0 0
CUR4 10 0 0 0
HzCH 10 0 0 0
DEN# 30 17.17+1.08** 30 100°*
DEN+CUR 4 30 1336+2.17* 1l 36,74
DEN+HZC 4 30 11.8343.90% 6 20.0%

{15 CONZL AL, “"P<<0.01515 DEN 4 HLAR, “P<<0.01
Note:vs. CON group, **P<<0.01; vs. DEN group, “P<<0.01

AF M2 H L FE 1. DEN 20 K BRIP4 2R 4 i 1 E
GELCREEE ) NI RY AN o i i W €
KANASGE R AL 5 A A S50 2k A 2
T A% 53 545 5T 9 43 s kT 3 22 . DEN+CUR 41
K R 2H 20T D5 JHF 52 A0 4R 10 JC 7 40, {H5 DEN 44
Eb 4 0] DL kb Ry R IR FE A /D 1% 4y 245 . DEN+
HZC 1K R AU 25 T IEH W /INT 214, AT D gkt
B RBERIRIRIE . 5 CON 4] He%: , DEN 4 .\ DEN+CUR
21 Al DEN+HZC 41 K B8 240 I A9 A% 29 S48 2035 1B 2%
Ft# (P<<0.01) ; 5 DEN 4 b %, DEN+CUR 41 fil DEN+
HZC 21 K BRUH968 200 M 00 422 43 2448 503 1 2 R AR (P<
0.01) ; 5 DEN+CUR 4 % , DEN+HZC 2H K 5 4h
ML 53 5446 B A P REAIR (B 22 R e ge it (P>
0.05) ., 454K BRI 2 B 27 i 3 R DL IR 7, e 240 i
W 2R BRI 25 R L3 5.
344 KREUFHZIPCNATEEL 34X BEAL K R4
HE A B /D H BE PCNA BHPEGI I ; DEN 2k RUFF4H 40
21 A 52 B S %) PCNA PHAPE S 0 IR G, 3R 41 it o0 24
FI1IE 5 HE 3% s DEN+CUR 4 #l DEN+HZC 2 K BUITF4H 4
PCNA [HPE 4L a4 DEN 41 g /> . 5 CON4I %%,
DEN ] . DEN+CUR 2l Fl DEN+HZC 2 K FUF4H4H PCNA
RRHY B 2 7+ (P<<0.01) ; 5 DEN 41 kb % , DEN+CUR
ZH F1 DEN+HZC 2H K FUI2H 41 PCNA 38 503 B 35 A%
(P<<0.01) ; 5 DEN+CUR 4 [t %% , DEN+HZC 2 i 2H 41
PCNA #8803 B BRI (B 22 S L it % 2 L (P>
0.05), 40K FEUFZHEZ PCNA FHME Y (o 5 1 0l 8,
PCNA $5 BRI Z5 R W2 5.
4 g
R — R R AR = i R, B RA R A
K JEIE Z R R AR T 22 AL BRI o e, B AR 25 il
BEPS S FL ™, CUR HAT B 6 4, (H AR K i i
il 5 ARG 1 22 , SEBR T IR YT IR A RR™, T
CUR [y LM A7 A W HZC B W3 | i K s A
PEPERE A, A I & P, HZC Al 1 I STATS
T fi ) — ZR G R A I R AR RS M ) FL R 2 i
FIXEEE I S AR T, P sk B, AN 5% i 1k

China Pharmacy 2020 Vol. 31 No. 22 < 2747 -
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FEEL.
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7 BAXRFHERRFEZDME (HE L&, x400)

Fig 7 Histopathological micrographs of liver tissue of
rats in each group (HE staining, x400)

®5 BHEKXFRIEMEMZS RIEHA PCNA 5 HHE
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Tab 5 Determination results of nuclear division index
and PCNA index of hepatocarcinoma cells in

rats
419 1 ByhaEH(x £5), /10 HPF PONAFEHL, %
CON4l 10 025+0.03 0
CUR# 10 033£0.03 0
HzcHl 10 031£0.02 0
DEN4] 30 13.56£049" 677
DEN+CUR# 30 56440277 8
DEN+HZC 4 30 5254023 156"

#: 5 CON4LEL#, **P<<0.01; 5 DEN 4 He 4, “P<<0.01
Note: vs. CON group, “*P<<0.01; vs. DEN group, “P<<0.01
AHF5E % B, CUR F HZC ¥ 0] 43 %4 31 i HepG2
YRR A A, PTE ILRE A T Go/G M, 9175 T A i & 26
T, AR SRR BRI, L HZC () FiERY B R T
CUR. A 1 i HAEHIBLA , A5 6T 20 B r ] T G 2R
M (p-JAK2 .p-STAT3 Bcl-2 ,Bcl-x1,Bax ,Cyt-c ,Caspase-9 ,
Caspase-3,PAPR) [ 3R IA AL HEAT 74D . AR PITJ& 0
JAK/STAT {55 538 ¢ 14 2 18 ] BB 5 B0 2 B B FIVRRRE K
A AL B TAK2/STATS {5538 i O 9l 12 IE S MR YT
NI 55 R o3 T HERR T TS AR JAK2/STAT3 {5 %5
10 P& AT LAY 6 & A AR SR RE RSB A 1 iRk, AU
PUIH T8 (40 Bel-x1,Bel-2) MR T8 H (40 Bax) Fl1£E
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E. DEN+CUR £ F. DEN+HZC 41
B8 HHKRAALPCNAAMLEBNEHE (RE
AN ERE, x400)
Fig 8 PCNA positive staining micrographs of liver tis-
sue of rats in each group (immunohistochemi-
cal staining, x400)
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Y FH S, 40 M P p-JAK2 | p-STAT3  Bel-2 il Bel-x1 2 [ ()
FRik K4 i B#AIG , Bax . Cyt-c . Caspase-9 . Caspase-3 il
PAPR [ R K 7KV 7He , #878 CUR FTHZC 4k 31
YT R AT 40 D JAK 2 F1 STATS iR Ak /K - , 188 1305
P52 47 R 38 % Caspase 2% 25 11115 S HepG2 41 ifd
1=, fE i Cyt-c Bt LA J Caspase-9 . Caspase-3 . PARP jif
b, JEIT 75 Bel-2 Bel-x1 18R (125K 2 & T
i1 H., 5 AR BE Y CUR oA, HZC W FiR Ik 1Y
SR E (ERBARITFE L) XL REY,
HZC Al 5 346 JAK 2/STATS {5 5308 B S 19 A P 28
A %1755 HepG2 40 IH T, RIEIRSMTIMREAER
HAEM5T CUR.

ARG RE— 18 i S S5 L # T CUR 5 HZC |
B ER . DEN & —Fhai KBy i, © ATk
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AL N SEAE N BT A S RERE . %A & T
PLid i 207 DNA 2546375 & s, HOHF S K U IR 40
JHf G €0 1A G AR T J TR 1 ok 72 55 N9 1) K A o R A
I, HZC J2—FBi B A CUR i A9, Seai B 9k e i H
HTE LN KB SR (1C5 =520 nmol/L) R #l il 4= 3 3l ik
PN B AR SRS FE AN S R AN R AT 0 Arif MR
W I, HZC 98 2% 11 e U AR R VR T e T
HFEFAMEMT T . AL DEN 75 5 8 v K BUF
AR I HLAE T CUR HIHZC AR N 35 1E FT A
Mo ZERIR, ETERBUAN LT A 81k Han T
CUR HIHZC {097 5 R BUA 5T i J 1 5 FAF TG 38 24 4
DEN 20 i3 Tt i , I 250 8 e Az AR AN IR g 45 5
B i 2RI , 2 SV B A= AR A ] el R Y
AU VERT  HZC 1 E3RAE ] B b CUR BB {H 22
IG5
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%3 B4R BORE % FH T DX i RO BN R
A IR T e M R A AR UG S, A
PCNA Ehy S5 W20 Jif 38 FEDIR A5 AU AR BE 14548, — i
TN S B BR 57 D) e 200 L 1 34 5 R 7 B BR L 43
AR 3 B ARG W R R R B ) kAR TR T R
e, B UFFEIESS, PCNA 76 7793 41 i A% v it 2 55 B
I SRET, S PCNA 3K 110 {2 35 1 o 3¢ W JHE2H 220 1)
SEAE . AR WFSE S5 R R, DEN+CUR 41 Fl DEN+
HZC 21 04 -9 4 LA 73 3445 BORT PCNA 45 803558 DEN
43 2 AR, o DENHHZC 21 FiRHEFR I T B
B DEN+CUR H W B H2E 7RG it 2m L. XK
B, CUR I HZ.C T~ Tl 1) fE Uok 553 JH- 98 A 8 A Bl 4 i 1)
HagE R OB P R R I B R
2E A, 5 CUR Fe48 , HZC ZE4MH] HepG2 4 i 184

B AN S L T A JAK2/STATS 55 1 ¢ A1 8 7 2%
LR oA R B Ay TR SR A T, AU
SRS I R A s (AT IR BB R U N, 5 CUR T
B HZC W& U R FE bR B S AR T CE ] i H 25 55
TG o R, ZE# A IR R RE - R BT 77
5 Ot ey L AR ) R AR AR ELH N, e B BB
SR PR IS 0 T REA K 250 B T B 4 1
UL, P Y ICTEAUE N TE 73 MO L, DA TIT 52 W0 245585
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