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HE.BH %%mfaﬁl’:/%wx%uim%(LDH);%ii%Lﬁcvﬂ%(Fu)%%%(cUr>ise/~\f‘<r R 3t A S 2m e oy 7
HAER ., FHiE BRI FAS R KL LDH RAAE | St Rt 7w AR, e 4L (TEM) X & A4T4
(XRD) % 3 Z A4 A (DLS )#m) , 2 i+ 20X 7 & (CCK8 )Ml 5 Fu 28 \Fu+Cur 28L& 44 K 7 A 48 3¢ 7721,
Hep G2 #= LM3 4m it oy 3% zi dp ) 4 A, B B 28 3K 70 &) -4 5t 7721 4@ el 6 4 T 2 &, Western blot 4]
At g R AR AR & BB Bol-2 & & 49 R A R T Caspase 09 &L L. R AR a94 K LDH RAFMA
B A5 4F03 — e, DLS %M 42 & L 4542 49 % 400nm, XRD 42 & Fu Z Cur @it K -F 7 XA LDH £ 14 ;
CCK8 4 R 7 , Mt T #4649 Fu 28 .Fu+Cur £84= LDH-Fu 41, LDH-Fu-Cur 285} LM3.Hep G2 = 7721 4m
JOEA Bk R s 4I4E R (P<0.05), A8xFTF 34645 Fu 28 .Fu+Cur A4 LDH-Fu 1, LDH-Fu-Cur £83¢
LM3 . Hep G2 #= 7721 % it B 7 F. 3% 6942 8 T2k mAE A (P <0.05),35 w g/ml 3% ¢ Fu érh:lm LA A LA T A
215 (87.0+4.7)%, v 325 Fu A4 (23.0 £ 2.3)%; Western blot #4225 £ B, 2 R RAF B 445 T8 7721 28
f2 Bel-2 KF, 451 41K LDH RAF A LA BT 64 F 98 2 ,;EHIL%'J?T%‘E%JTwJﬁBU}’J;iM% A A Bcl-2
M3 5] A2 F %% Caspase &4,
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Co-delivery of fluorouracil and curcumin by nano-layered
double hydroxide for inhibition of hepatocellular
carcinoma cells in vitro*

Wei Dong, Fu-chen Liu, Jun-sheng Ni, Peng-peng Li, Xing-gang Guo, Hui Liu
(The Third Department of Hepatic Surgery, Eastern Hepatobiliary Surgery Hospital, the
Second Military Medical University, Shanghai 200438, China)

Abstract: Objective To evaluate the effects of fluorouracil and curcumin co-loaded nano-layered double
hydroxide (NLDH) on proliferation and apoptosis of hepatocellular carcinoma cell lines. Methods NLDH was
synthesized by co-precipitation method. Detailed characterizations of NLDH such as its morphology, structure
and particle size were performed by electron microscopy, X-ray diffraction (XRD) and dynamic light scattering
technique (DLS). The function of pure fluorouracil, fluorouracil and curcumin, fluorouracil loaded NLDH
(LDH-Fu), fluorouracil and curcumin co-loaded NLDH (LDH-Fu-Cur) on cell viability of 7721, LM3 and
Hep G2 cell lines was measured by CCK-8 kit. Meanwhile, apoptosis kit was applied to detect apoptosis of
7721 cells in the aforementioned groups. In order to explore the mechanism of apoptosis induced by fluorouracil
and curcumin co-delivered NLDH, Western blot was used to detect the expression levels of apoptotic proteins
such as Bcl-2, Caspase-3 and Caspase-9. Results NLDH, with a size of 400 nm, presented a good uniformity
under electron microscope. XRD results indicated that fluorouracil and curcumin were horizontally inserted into
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the interlayer of NLDH. CCK8 results indicated that LDH-Fu-Cur more efficiently inhibited the growth of
7721, LM3 and Hep G2 cell lines compared with pure fluorouracil, fluorouracil plus curcumin, and LDH-Fu
(P<0.05). Similarly, LDH-Fu-Cur was more effective in promoting apoptosis than pure fluorouracil, fluorouracil

plus curcumin, and LDH-Fu, as was evidenced by the apoptosis rate of LDH-Fu-Cur which was

(87.0 =

4.7)% with the fluorouracil concentration of 35 wg/ml while the apoptosis rate of pure fluorouracil was only

(23.0 = 2.3)% with that concentration

(P < 0.05). Western blot results showed that NLDH could significantly

down-regulate the Bcl-2 gene expression of 7721 cells and induce cell apoptosis by activating Caspase-3 and
Caspase-9. Conclusions NLDH presents as a good carrier for anti-cancer drugs such as fluorouracil and
curcumin and exhibits a potent anti-tumor effect, which make it a promising candicate for cancer therapy.

Keywords:

JE KRR (hepatocellular carcinoma, HCC ) {3/
TIhE & 25 5 6r, HALT RAEMIE RS 3
firt, B HCC 8 AR it T AR UIER A8
1M HCC Em ke , #i2 it 2 Jm il , 23k T ARHL
3o AEEE s FAUHEAT TR DIBR 9 b s,
A et B = R 52 288 TR R A= IR 97 XF
T LR EHE BAELENRITE L

—Aky 7259, AnFUR M E (Fluorouracil ,Fu) , 17
TEIRYT # A% R IR S Bl i o I R b R Iy
Z ST I G WAATEA I I Fh 2 2
) P BEAEAEAR LA T, 220 25 4 R VE FH 0 28 s s
SRR, AR, ARG 24 (R S IR A P R RS2
NI, P 2GR BhIm R B T AT 29 AU FAE
U LR OEE i R b 25 1 2 @R T /N B A AR X 2
4Pk, ZEEZ (Curcumin, Cur) 23R 5 T & 1 K4k
251, A BN 7 2R 20 A R ET, R
122 38 200 T AR A W0 (Y B RIVE H, T S0 5
WIESE W R BEA IR Pl i 5 2 E1E
FHE, R SCERFRE R RS RIT 2 S 2R g
B e A= R (R 22 8 R LA K 25 RN
FRBFPRAEA R, Qnfar 7843 R HE 22 3R 1R K D) e
FRERTE

YRR AL AR kg I Igg 245 4 0] B4 B ]
YUK AR B A TEZ 05 9K pH U i
FERURNE , DL S AB RS R BC A AT LS 3 50 K gt 50
B 1) 2 R BB AL, T AR B R IS FH 25U
BT PR 25 AR IR & (0, 3 T LSS BARS T 2459
PR (O R L, 2RSS A4 (layered
double hydroxide, LDH)J&—25 B A4 SUZBCIR G5 #4179
7RG+, LR Jow = 22 i A pH BURk:
SR, T2 B2 e3d . LDH M a4y 4 f ey, Al
TEHES W o sc e, wl Btk 2 v 25 O [ B8 1 Y 259 S
NG IAZ IR , T LI SRR ] LDH B 28 IR 95 g Al
SIRNA 7] J] T g i 254 RIS 97 12, i e i

nano-layered double hydroxide; hepatocellular carcinoma; curcumin; fluorouracil; cell apoptosis
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FETF SCHRHR A DA KT B S i 5 S, AR S 6 1)
JH LDH B2 SR W5 E | 22 18 3 9 KR AL, X
HilFAT—FRINRAE, R H 7721 .LM3 il Hep G2 4
JHL A SR | iff 5 40 K90 B 6 98 22 40 A 2R B4 i
FH X HAE FIALSI AT 5480

1 #HERZE

1.1 SKIEH#L

FN/KABEREEMG(NO;), - 6H,0, 4 4li] JL/K filfiR
FRTAI(NO; )5+ 9H,0, 7B &ii] . & 48 fk 4 (NaOH , 43 #T
4fi ) K — F L3 R [(dimethyl sulfoxide, DMSO) , 434t
I (LR T2 = 237w /A I =L TP W O N S M R ]
STV A BRA T, 1640 J 0 /NE I JHEEE - 2
D4 2.z (ethylene diamine tetraacetic acid,EDTA).
T 40 M 350277 & (cell counting kit 8,CCK8) &
PTG G e IR AR R R SR A R E]
FURBENEN H KERCEMARA R, ZERWH
B fiz TR A0, 7721 .LM3 Hep G2 #1 LO2 4 fitd £k I3
H BB LR, [R5 R 2 A i Bk 2 e v R R
17, i A ik [ 31 Cell Signaling Technology
(CSTHYAH],
1.2 WXRFRE R

LDH )& MR 5256 4 A I LAl . FREX NaOH
0.272 g T 40 ml fr =% fbhk CO, B +7K, T=
FUBe i b AU T 240 1415 min, 10 ml 5 fi#
0.796 g Mg(NO,),-6H,0 F1 0.372 g AI(NO;);+9H,0
PRI A = T Beifirh, 60°Cok i bR, L h 5 S
OISR BR A kA CO, 58S F/KIEUE 3 . JH 40ml
0.15 mol NaOH ¥ i, JH: 75 fifk 380 bk s IE 80 IR s
BEMEE R, EE LIREOIEMRE . = ORI
60°CoKAETRESHE 1 h J5, BR CO, LB FI/KIHVE 3
i ,70 ml BrRCO, K FI/KE &, HUE T/KHRE |
100°C .16 h Je & il % 4, £ BT /K i UE 3 Rl
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LDH-Fu(LF)#1 LDH-Fu-Cur(LFC).,
1.3 @R BRI

i FAIEE LF F LFC (TES , hASBOLEU
A IR X ST ERATT SRS R Z5 48 529003
TCHCEE I 8 AR R 2 24 1 o 0501 I A SRUDR g
1265 nm Ab J 228 ZAE 425 nm &b 5 25 Py b o il
2, RRPEARAE M 2 AR S 52 S MO 2 B (op-
tical density,OD ) {E 3153 AR AR L .
1.4 “HAEEEFE

7721.LM3 . Hep G2 }% LO2 4555 T & 10%
INEE LT B 1% AY 1640 K53k, 37°C .5%CO,
K%, AR AT L E FH % EDTA MG .
1.5 EsEIMFEHLLE

7721.LM3 Fl Hep G2 Zuflisfbfe &, M T
96 Lk , HeFh g H 25 4 %5£L 5 000 4 Fr 4 L5 %
UMK 50%KT, AR Fu B9 Fu LF \LFC J
Fu+Cur 41, 4L 100 w |(Fu & & 4351 4 15,2025,
30 Fi1 35w g/mL), 37°C .5%CO, 4l it 1% 46 N 15 57
24 h, W e LV IR 3k AWk 2% vhids i (phos—
phate buffer saline,PBS)¥&EVEAIN 2 G MAF 10%
CCK8 [t s g kL. 37°C .5%CO, M T 555, s
B Y], BRI 450nm JU5E OD &, HRAENT IR
A AMATIE R, B4 3 ANE fL. LDH 2
SRR RV BE (1) LDH Bl /R F1E % LO2 JIF k4
JiL, 2RI 1
1.6 BLTXW

7721 R ARG B R T 12 fLAR, TR
10 AN 1AL FrdiMi AL 60%HT , 46 1 ml
B IR AL B AL B AR Fu R BERY Fu LF \LFC
K Fu+Cur 2 (Fu ¥R JFZ 435024 25,30 1 35w g/ml,
LDH SR Uiz = LFC XI5 i LDH ¥ BEPF 4 LDH 1%
PRIHTRLN) , 24 h e TH RIS 20, I TC P PBST Ut
A 2 VR, 0B YA TR SR AR 1 -
R I7- FHLHE K D(annexin V-allophycocyanin/
7-amino-actinomycin D, Annexin V APC/7-AAD)
[ 22 W 500 | F A ARKIKIMA 5l APC FT 5l 7-
AAD, Tt Ui ARG
1.7 Western blot &l

7721 AHMEIE AL RO S RN T 6 bR, 2915 7
A1 Lo 45 LDH \Fu LF .LFC J% Fu+Cur( 4541
Fu &y 25w g/ml, LDH & LFC AH X} 37 () LDH ¥ ),
R BRI o 4 R A A 1 S SR B e bk R
(bicinchoninic acid,BCA)¥%E &, /04 S AET 10%

SR TN T e 388 B B AT T ZbE SR FR AN - SRV s Ik
i (sodium dodecyl sulfate-polyacrylamide gelelec-
trophoresis, SDS-PAGE ) ik , 2l —Ji £ (polyviny -
lidene fluoride, PVDF )% /155 I P = i 1] 1 h,
43I Bel-2 Caspase-3 ., Caspase-9 FlH jhiik -3-
T % i 2 i (glyceraldehyde-3-phosphate dehydroge-
nase,GAPDH)—#it 4 CIF B &G A Zht , = 4%
FE 1 h, in ARG 58 k2% & 56 (enhanced  chemilumi-
nescence, ECL) & JGH , B THER USRI OISR 45 R
I SR
1.8 %it®EHiE

K] SPSS 18.0 Geit#i A aE AT R /b, e
BEAIEL + bRifE2E (x £ 5)Fom , WK Z K2
A3 A, P HE 48 SNK (Student-Newman-Keuls )72,
P<0.05 H2ERAGITE L.

2 #R

2.1 HARMPBRRIE

FR A S 00 2= Hiy A LA, B 45 LF Fl LFC, 45
R, LF BB —RIE S IIARIES (ILE 1A),
1Ml LFC 3 2 e 4 284k (ULIE 1B ) s XRD Al
FH T VPAG R BERE RN 22 ¥ 240 LDH Y7 =X, 2541
MR 003 i1 006 FRIEIE( UL 1C) ;s shA ROk
TN E LF SP22E4220  (94.0 +£5.5)nm, LFC -1
42 4(200.0 + 6.4)nm( W& 1D), 278 LDH HA R
) FRRLERI LF (9 20 £1(003) & A 7E 11.28° , i
i fE#HE d 4 0.78 nm;LFC () 26 £ (003) &H:AE
10.64° , fhTE(AIEE d oA 0.84 nm, U2 LDH HUZ MY
0.48 nm, Fel 4[] HE 4 E  H2 30 JUR 5 e 22 B R (1)
R R, 2050k 0.34 1 0.32 nm, #2782 K -
#idf A LDH 20, 5/ RIE R, LFC FRMFIE i
FARSG AR PR LR MRS AR T A4Y)
Y RET ; LF H Fu Y2824 54 (19.56 + 0.32)%, LFC
t Fu Al Cur By #k 25 43 il o (18.32 £0.27)% F1
(15.64 +0.25)%.
2.2 FrEARaRIEsEIN S Te

HEFEAM G S5 R, AR EE T B4 LDH X 1E
B HNEAHA LO2 A4 ML FF 1% %% >80%, #2/~ LDH E
Y1 ek R (LI 2A) o A FRalifd) Fu 20, 9K
FIRXF LM3 Hep G2 F1 7721 A R AT 40 0 R 194
AN [ BE 3 BE A ) 2500 ( LI 2B ~ D), AR
AfLLE ) LFC 45 ¥R B N 40 B A7 36 R /N F Fu 41,
HAEE W (Fu kA 35 wg/ml),LFC 41 7721
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20 i 1) A7 76 2R <10% ( WLIE] 2D ), LF J2 LFC 4141 Al
FEE R BE A 25 BE R IT  R o SRERBT IR T
TR T 225307 LU ESR BE (R S (8 A PAER B, P |
R K IAEF PIEA by, P)XT LM3 Hep G2.7721
N AF I R 22 SRR, 25 R o |, 7R 45 72 1Y) 5% 4
FVEACETT A FNHR X LM3(#=732.12, P,=0.000;
P, =460.09, P, =0.000) .Hep G2(F; =604.87,P,=0.000;
F,=1487.48, P,=0.000) /1 7721(F, =3401.73, P, =0.000;
F,=4497.85, P, =0.000 ) 4fi JfL A7 175 3 A A A FH L
ZSFA G 2E R S, HA 5 B B A7 AE 58 22 300
(LM3: F=119.75, P =0.000; Hep G2:F=110.61,P=
0.000;7721: F =651.89, P =0.000)., 4% V& i [i] LM3.
Hep G2 1 7721 4iMufA TG L, 2 R A G I #E
M. SNK 2 HARSS SR Bon , bl 250k B 3 s
AL B AE N, 35 w o/ml ZH 25 A0S A0
FENE AT HAb L ; SNK 23 H A5 5% LM3 . Hep
G2 N 7721 AHAEAFIG 525 S b AT 2 18] P G L AsE , 445
PR, 3 Fh i Fu+Cur 5 Fu.LF 5 Fu.LFC 5
Fu.LF 5 Fu+Cur.LFC 5 Fu+Cur.LFC 5 LF Fi#H]q]
ML AE G R LR, 22 S B G it2% 3 L (P <0.05),
P8 Fu+Cur LF .LFC #¢ Fu HJ [k LM3 Hep G2
Ke 7721 AIAETE R, T LFC 40 , B LFC 414 1

10 20 30 40 50 60 70 80
20/ ffi

C

fhZHXTF LM3 Hep G2 Al 7721 4 g HA B B 1 3%
BEAMEIVE . B3 R 7721 A EAT T — 508 .
2.3 ATXEE

MR T 25 R B T LUE Y, e LFC W4
() LDH ¥ X 7721 A i35 S I8 TR 4K, (L
h 9%, 7~ LDH A& et RIF LFC & WET
B 40 B 0 TS R T Al Fu 4 LFu R R
35w g/ml it Fu .Fu+Cur .LF &% LFC X (1 P8 1354y
Mk (235+2.3)%.(40.0 +3.5)%.(74.0 + 2.5)%F1
(87.0 +4.7)% (VL& 3), RIEUHT KRG 7 22
IYMTHCEC TS . L%t 7721 AR T R A R
M), Z5 A, AN R Ab B B X 7721 R R TR 1
BESAG B X (F=18.27,P=0.000), i} ¥ %
WEAYBEEHSFAMOE T RAEER, &
SNK 12 Fe A, 75ty 35 o g/ml ZH A2 37 40 i 3 1 %% dx B
. (P<0.05), AR 7721 40 f5 40 A 1
RIL R A G5 L (F=52.56, P=0.000),
N R AT R R E R A SR LA
(i) T JE ] TCAE 258000 #HE—20 R ] SNK 2% 7721
YRS T ] PG He g, 45 SRR Fu+Cur 5 Fu \LF
5 Fu.LFC 5 Fu.LF 5 Fu+Cur.LFC 5 Fu+Cur.LFC
5 LF W] 7721 0 IET R R, 2 A G

1.0 e = |LF
08" i

06 I

SHE

0.4: I \ e

02| gf e

10 100 1000 10 000
42 Inm

D

A:LF HLB5& ;B LFC HL4 /& ;C:LDH LF .LFC XRD #&ill; D:LF .LFC DLS 4l
1 LF % LFC BIRIE
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AT, A5 - SRR W EIR 15 25 B 3R AR B R s 40 i B

5 (P<0.05), W4HE] 7721 4Ef TR IR E R B G
P22 X, Ui Fu+Cur LF LFC % Fu #REEfEE 7721
YA T M LFC A 98 T2 5 , B LFC At
XS T 7721 A A W AR UR TR0
2.4 Western Blot #&ill

Bel-2 JEAA AN i T A BN FEAN AR 2 A
AT, T LA AU 6% 50T, T Bel-2 W LA |
T i Caspase i ft., A1 S 4 MM T . Western blot
K25 5 @ 7R, LFC 4H Bel-2 A A4 B 5 T4, [7)
i Caspase-3.Caspase-9 # AL B i FiE (ULIEl4),
PR LFC HAT BRI IE I8 T80 .

1 2 3 4 5 6

Bel-2 | w— e — a— = | 26 kD
Caspase 3 e —— 32kD
GAPDH 46 kD
Caspase 9 | " mmmmw S G Su— "—. 36 kD

1: X HR41;2:LDH;3:Fu;4:LF;5:LFC;6: Fu+Cur

4 Western blot #&il

3 iTtit

g e s ELE AR B e, R B SR 3], £k
G YITE AT TR R R A SR AT 25 1Y) B
RIVE I H S 800 B AR el R 3 i i6 T I R B
R Z R AT 25 WK o T AE TR 1 2 AN
HZERS, &5 rh 2 AT R B s R, B4
PR HVEAE AR B A A e L AR S L 2 il 45
LDH B 28 U 15 WE FH 22 B 3R TR R 2, A 22
FOKWEE2E AR EE (AR I , 70 05 R H AT

LDH /2 —2 A7 pH UM BUZ R RS 1
YRR, R HA R | s AN BIOR IR 2k 2 it
R 92 0, ARSI 25 A — 2., 28 LFC
HFu A Cur iR 2h 53l =i ik 18.32%7F1 15.64% ,
[F] i 250 o g/ml LDH X T 1F % fFJIE LO2 4 i i A
WS A EIVE R, s UL A e k. IR
Y TR IA 7R, LDH 1R %5 5 % MDDCs 21 fifd $5 1R,
AR I Zeta HAV R 1E HL, 25 55 9 £ FL A4 e 4
JIARE,

A SCHRHR A , 565 0L P FUDR W I 1 22 15 3R B f%
S EYHE G e R R AR S g, Bl SRR

i WE K F DR W WE R 22 B 3 ) HILAROIR 5 50 L% T
7721 R TCEA S R FE A SR i LF R LFC ¥
B i A EFE A R, HLLFC B Bk T LF, v g
VA45T LDH MRRIRVE R A SCHRIRGETS ), 40K
A B AR 2 1 0 P e 200 A R T, T 40 K 2 A A B L
HRREAERE, RIBE AR S g An i 52 1, i SE B 254
FE IR PN Y SR AE | 35 3 B G T R AR

PR 25 SR AR B 114 JRUPR M WE | R0 PR 1 1 A
L RHUMIR A0 B e B A FR A5 S 4 i gi 1
K, M5 A LDH J5 ) LF K LFC 3%} IR ZH A B B Y
PRI TROR, H LFC B 5% T LF, XA —J5
I B~ LDH RIRIE i nTRE S £ R ML, &£
BRI KR 25, BA 2 G
PR, SCERTRIE R , 2B R RS 2 T I Bel-27K
ST Bel-2 275 AR T ) EE LA AR &
HERGE, AT LA 4R SRR3R FE T, NI Bel-2 LA
RO AR T8, FEARSCEG T, Western Blot £l
S5 WK, LFC RERS W35 T M Bel-2, MIM#LHG Cas-
pase {51 i , S S T .

g5 LTk A AL BRUR M E S R 1
RS A A KT A, 3458 10 ] B PR T 2R
AR B SCR , AL T R85 LDH 4K 44
BHAFRRYERE M 220 R () 2 PG A G, L
FHLHI AT BEE FIH Bel-2 KEAE R T, 2R
MU AN 28 TRUIR e i 22 9 28 S IUE 8 Th 24 1
2580 FH R b P25, S IR R A iB T S At
JELB
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