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Inhibitory Effect of Protoporphyrin Disodium on Human Hepatoma
Carcinoma Cell Strain of SMMC-7721 Cells in Vitro
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[ Abstract] Objective; To study the inhibitory effect of protoporphyrin disodium ( NAPP) on human
hepatoma carcinoma cell strain of SMMC-7721 cells in vitro. Method: The maximum atoxic concentration (TC,) of
NAPP was determined by drug toxicity test on normal human hepatocyte strain of QSG-7701 cells. TC, was used as
the initial concentration, five different concentrations of NAPP were diluted by 10 times gradient dilution, and
applied to treat the human hepatoma carcinoma cell strain of SMMC-7721 cells cultured in vitro. MTT assay was
used for evaluating the proliferation inhibitory effect of NAPP. Morphological observation for SMMC-7721 cells was
undertaken via the inverted optical microscope and inverted fluorescence microscope after Hoechst33258 staining.
Apoptotic cells were counted and apoptosis index ( Al) was calculated. Flow cytometry was applied to measure the

apoptosis and necrosis rates of SMMC-7721 cells through Annexin V-FITC/PI double staining with apoptosis
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detection kit. Result: The proliferation of SMMC-7721 cells was inhibited dramatically after the treatment of
different concentrations of NAPP, and the A values were decreased significantly (P <0.05 or P <0.01). The
inhibition rate was depended on the concentration of NAPP and the treatment time to some extent. These were
visible in the optical microscope that cell number reduced obviously, cell density was thinning markedly, the
appearance of SMMC-7721 cells was changed evidently, significantly, many conjunctions between cells
disappeared, and cells became round and corrugativus or cellular shape turned slender like Fusiform shape. The
SMMC-7721 cell nucleus showed the typical changes of apoptosis morphology in fluorescence microscope, and Al
increased remarkably (P <0.05 or P <0.01). Flow cytometry showed that apoptosis and necrosis rates of SMMC-

7721 cells were raised to different level. Conclusion: NAPP can inhibit the proliferation of human hepatoma

carcinoma cell strain of SMMC-7721 cells and promote its apoptosis and necrosis.
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JE IR B 4 ( protoporphyrin disodium , NAPP) J& —
Fhoh A=) AL 2E AR 1,3,5,8-D0 H k-2 ,4-—
I HEN W6, T-Z N TR AN, th 4 AL IR 2 4 SR
FH 356 0 2 T 1) 5 B LR ) R B A 9, 7T i
Sl I H A I 2T R 2 N T AR B, n g A 1 K
AL . NAPP 2 — Dok ), H A &
JHF I it % 2k 0 AR R 25 A1 A 4 i 2 20T I, T R
SRR VR SRR S LA B — o 3%
MY, )2 A AR AR A0 h, B R
b ST A0 €5 3% 3k A Ak A il AR L At 2 A I I i 1Y
R R IR AR R T T i R
ZH 20 B A 4 i, R o NAPP 45 np bk Ak & ) Al 1
JiiEs H 2 Ry S R R AR L AR, [ A Ak 2 R A b
WAL 0 1 3K — 1 S5, K A Sy 6 BB S R
FHT g 36 97 19 06 3h 1 297 Bk B B ) T ik
L NAPP 25 R Bk A 2 4 7 B IO SEE P I
G S R D e E A WO E N Ry G VAR = D O T S 2 E A
PAGAR /N AE N IR I — 280 25, LAk, IR AT di
B, NAPP X | R B T R g S A g R
VI BT EER SR AR . B
NAPP [ 5 B9 B0 W 36 vk 247 T #F9e . HA %
NAPP XJ i 964 240 Jfd ) B 0 400 i 250 28 45 oK DL 3 4H 4
B o AHESEE K NAPP R H] 34K 50 15 532 19 A
0 bk SMMC-7721 40 8, #F 58 7 H AR Sh X SMMC-
7721 4 B AR A ) B3 T R T AR T B ORI R
HBEROERH#AT TR
1 &

L1 #iffitk  NIE HF4HIBk QSG-7701 4w . A
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1.2 5f  RPMI 1640 B3R (s EW E G H R
AR FE L S 09081602) 5 i 4 il i (BTN U Z& 5
AW oS A LS 090728 ) 5 mE M (MTT) (4t 5
M5655) ,1 g-L ™" fifk i iE (P1) K (L5 P4864)
Hoechst 33258 (4t % 861405 ) , — H JL W f{ ( DMSO,
ft5 D4540) JREAE (1EF (HL5 Te424) 8 R (#5
P3032) , 4555 2 (5 S9137),10 g- L' RNaseA J§
W (Boiled , it 5 R4642) , Annexin V -FITC/PI X #5 i
TR 3K R & (S APOAF-20TST) , ¥ A
Sigma 2\ ] ; JEL N Bk 44 ( Sigma 23 7, 4l =98. 0% ,
b2 258385) , {ii Fi B ] RPMI 1640 X5 32 W 75 it e
il T e B ok U B TR DA

1.3 &  IX7IFL #8550 B s ( H A
Olympus A ] ) 5 3 X H St 4% ( H A< Olympus
/v w]) s TDL80-2B A &5 A o AL (i &2 - Bh 2 3%
J7) 3 MCO-15AC 7 =3 CO, ¥ =M ( HA =¥+
AT ) SW-CJ2A B b TAE R (RILTHB K
WS AL A BR S ) 5 ZD-9556 YR IR (4 kT K
WA 1 1 A BR 2 | ) 5 BS224S 1 43 K AP (s
0.000 1 g, 38 Z F #r B} 22 L 2% A R 2 7] ) ; Anthos
lucy2 i HRAX ( 3 1 F] Anthos 23 W] ) ; Eipes XL #4 i
40 M 4% ( 35 B Beckman-Coulter 4] ) o
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2.1 4ifdEsE ¥ QSG-7701 41 ffg F#1 SMMC-7721
AL A 25 em® BEIRM, 8595 T % 10% JR 4 1M 3% A
1x10° U-L™"H % %K ,100 mg- L™ 5% 2 XK
RPMI 1640 SE &5 52, & 37 °C 5% CO, , it fiiE
JER R FRAE PR35 . B H ORI B U O 5% AN i
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WSO Ak % 5 K A ) A0 L I R B A i R R Y
AL E R 4 x 10° A/mL, g F T 96 LI F bk, 4F
fL 100 wL, 37 C 5% CO, {R RIS R N 85 5% 24 h, £
ISR IS W 3L 1640 £ 35, A B R R vk
& NAPP (1 000,100,10,1.0,0.1,0.01,0.001 mg-
L") B 1640 35359, 4L 100 wL, AWK E S A&
FL, [] B 152 448 %o B (5 1640 35 32 QSG-7701 4
JfL) A As 6 BROCAUN 1640 15 57 W, AN 7 48 ) .
NAPP {EH 48 h Ji5 , 4L MTT(5 g-L."')20 wl,4 h
Je W 5745 FL N WA, 2L in DMSO 150 pL, %% %
10 min, B FRAXAE 492 nm I 4 40 W 5E 45 FL WO B2
(A), I3 58 40 M A7 % 2 (% ) F B KOG 35 ik B
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2.3 N AT 4 B bk SMMC-7721 240 Jd B 40 440 4 R
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KBy SMMC-7721 41 i, /4 % 5 200 fif 2 i 179 40 i ik
JE R 4 x 10° A/mL, 50 F 96 fL 45 724, 4L 100
pL,37 °C 5% CO, 1R AR T K5 3% 24 h, 1 20 0 BE
5 W FEALN e R TR . RS 2.2 4 MR M S
SE AL R R N IE R AN M C B W S A
NAPP ¥ J¥,(100,10,1.0,0. 1,0.01 mg-L™ "), & fL
100 pL, &S BE 5 A5 AL, [F) B 5 40 B X B8 (&%
1640 1% 55 SMMC-7721 40 i) F1 25 (3 %k B8 ({3
1640 B F2 W, AN & 40 01) o 43 % T NAPP /EH] 24,
48,72 h J5 , 4 fLim MTT(5 g-1L."-"')20 wL,37 °C4k%:
iR 4 h W R LN, 5L DMSO 150 pL, % i
= 10 min, FHEEARALAE 492 nm P K AL 5E 4% FL
JERE (AR ) , 43 33 ) B[] AH B & B2 NAPP %
SMMC-7721 2 g (%) 35 78 410 6 22 F0 2 £ ) ok
(IC5y) o TCs, J2& 55 50 2H 7 15 20 M o X 40 19 50%
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x 100%
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BRI % = y 201 05 4 1 EBH L 100%
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PR 5 5% B 6 FLAR Y, BEFLIE R N 5 x 10
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TR 80% L b, WAL K R . AR R
2.2 40 H 7 S0 4 S 6 N TE E I 4 i B
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RALHWAR, A =20 CHE Y 70% 2 2 mlL,4
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AT i A Hoechst 33258 4t {4 ¥ (10 mg - L™")2
mL, 5G4 30 min, PBS Pk 2 3, G KT, &
R BB DO B AUEE R IR IR . 7E 9% B fUBR
T TEH 20 A% S TR A A R D, U T A i A%
L P HUIR SRR R B0 e G 15 8O . B 5K A i e
R TEGE T REHLLEE 5 AN HLET , 3 0 1 20 A 9L B
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R - tov e
T FEE = BT MEE + 15 % 45k

2.3.3 X} SMMC-7721 #MadaT- sz m WA F
SR KR SMMC-7721 41 g, 4 %% 2A. 20 i B Ui 10
A EE 1 x10° A~/mL, #5706 fLARk, 4fL 1 mL,
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PR EEFR 24 h G sEALIN BT SR . NAPP 45 25 4R F |
e 2.3.2 MITR, [ A 4 Bk B AR &
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R 4L, 1 000 r- min ™' 8.0 5 min, Y 22 SMMC-
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3.1 X NIEH A4 Ak QSG-7701 4 Jifd i) 4 i 75 4
B 1 LA 1, 24 NAPP ¥ o 100 mg- L™ &
DU B, 48 A7 15 28 > 95% , i ) E TC, = 100
mg-L ™", Bl NAPP 7 gt ¥k B B X6 A IE & B 41 it I W
M
3.2 XA AN R SMMC-7721 41 ifd 38 58 () 5% Wi
M2 i LA, A4 A [HH 08K, B
Bl A NAPP e B (¥ 35 fin Fn 4 B (E) A 24, A {6 R
B SANM X IR s, 2 RA B EME (P <
0.05 5 P <0.01) , AR AS [F] A5 FH B[] F1 v B By %o
JO7 4] 441 i 358 G P 1 R 0] DU TR — R s 1R], BE
NAPP i B (14 385 0, 240 B 185 78 100 1) 2% Bl =2 38 5[] —
W PE Bt NAPP 1 FH ] A SE 4, 20 i 3 5 4 1 %
IRHE N, FBH NAPP XF A 98 40 B #% SMMC-7721
20 R0 %) 38 A EL A B S AR D O s — s
1 1B (8] 4K 81 80 N, 4831 B, NAPP fE il SMMC-

F 1 JEAMEEART A IE & BF 4 A bk QSG-7701
MR EEER (x+5,n=5)

LR R

2851 » AfH i A7 1 2/ %
/mg- L
25 0 1R - 0.093 +0. 006 * -
2 Jifa i ARt - 0.966 +0. 065 100. 00
JE N A 1 000 0.825 +0.089 * 83.85
100 0.924 0. 092 95.19
10 0.935 0. 086 96. 45
1.0 0. 947 0. 086 97. 82
0.1 0.954 £0. 076 98. 63
0.01 0.961 0. 088 99. 43
0. 001 0.964 0. 097 99.77

S R Y P <0.05,2 P <0.01(F£2[).

7721 4 ff 24,48 ,72 h J5 Y 2 B )k B2 1CS, 43 Sl
264,24 9 mg-L~',

F2 FERERINKSAER 24,48,72 h [53%F SMMC-7721 B8 AME BWE M (x £, n=5)

2 vk 24 h 48 h 72 h
20 5
/mg-L"! A MR/ % A MR/ % A M/ %
25 X R - 0.102 +0.010 % - 0.102 =0. 009 > - 0.096 0. 007 ¥ -
2 Jifg %o} 1R 0.720 0. 088 0 1. 146 0. 096 0 1.439 +0. 153 0
N 0.01 0. 668 +0.079 8.41 1.031 £0.062 " 11.02 1.184 +0. 060 » 18.99
0.1 0. 644 £0.053 " 12.30 0.947 0. 052 2 19. 06 1.092 0. 100 ¥ 25. 84
1.0 0.586 £0.047 2 21.68 0.785 +0. 063 » 34.58 0.910 £0. 086 * 39.39
10 0.509 £0.057 2 34. 14 0.649 +0.052 2 47.61 0.752 £0.056 ¥ 51.15
100 0.459 £0.053 2 42.23 0.575 £0.051 2 54. 69 0. 605 £0. 066 » 62. 10

3.3 X AT 40k SMMC-7721 40 % 245 1Y 5% 1)
3.3.1 FELERME T WA 5T WK
F9 T 968 40 i Ak SMMIC-7721 41 Jif 52 G B A |, ELAT
N 240 B 7y B U 0 25 R AE . 40 M X B4 SMMC-
T721 A KA A A HES) B A R 2
SUAD A5 Y 70| A ==Y 2 1 AN D B A L N S B
T 25 5 2, B 2R =0, 1% 75 T 0 AL VR T A AN B
1M 2 AR v BE NAPP fE ] 48 h J5 , SMMC-7721 41l il
AR A2 3 B S A 0 e R e A R B R
I AR FRAS /N 4B R P 4 4 R R, Bl AR K R R
TE , 20 B T 3% 42 G A, 4 L T R 39 K, HE 2 B b L
Lo SMMC-7721 4 i b Bk , B 5 P9 B0 15 2 Jfl T
VoS i MR AT T A0 O A L4, A T JE R 4 B A 4
2 W REVEAR 22 JRE ) BE SR WCh AV 2 5 BB B I
TR . B NAPP YR B i 3% &, 40 ) VB F 3 i
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5, LA 100 mg- L™ st 400 i £ FH e B 2, 3040 0 i 2 44
fift AR R o B, NAPP RE WS B 410 ) A %8 40 i
Bk SMMC-7721 20 i A 4 Fn 38 4
3.3.2 Hoechst 33258 Y& {a 5] ' 5% 6 & Sl % T WL 2%
2 ff %t BB 20 SMMC-7721 40 A% 5 (4 39 2], i B
WL 55, 35 A0 SRR 8 5, T B I 1 vk e A
MW P T /MA s 2R W e B NAPP fE ] 48 h
J&i 45 4 SMMC-7721 41 Jf 8 25 24 A AR 3K, ¥ 30
AN TR BB A 0 T A A A A A0 R AR 4 D
iSRRG o o vk A kB, R B
WU I L 6T A YRR S R /NS B 4]
L SN BIAN =RN IR O TN R Y R R
00 5 A Gk, MRS Y A% S i R B
AL W R T /MA RS NAPP Y B 18w, 8 T 40
WhEZ 1% L) 100 mg-L 7' 4ik% ., WHE 1,
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A, 4R HR4H B, 0.01 mg-L ™" JF ARG 4H

C. 0.1 mg-L™"JEINKENZE;D. 1.0 mg- L' Einpnk
AL E. 10 mege L~ JEANIRERZL; F. 100 me- L~ J500N b 24
1 R B IS 1 F SMMC-7721 41
48 h FARMEITE( x200)

A8 e X A T M, T R LA B NAPP
YER 48 h J5 Al S 4.62% ~34.07% , H & NAPP
YT B, AL B TR R, R R R

N(#K3).
*£3 FEIREEINGSHIEF 48 h 53 SMMC-7721 Al §J &1
LR VR T
28 51 Al/%
/mg'L“l
2 g X B 0 2.81 0. 64
JE A ob i 0.01 4.62 +0.52
0.1 7.14 £1.09"
1.0 15.48 £1.90%
10 25.61 £3.93%
100 34.07 +5.16%

3.4 G A A AR SMMC-7721 48 fd 3 T F 35 58
M5z iR 4 ATLLE 5 40 ik B4 b AN [
e NAPP fE ] 48 h J5 , 4% 25 24 20 I T~ F1 K %€ 41 Jig
W G 46 22| 5 — s A R, LA 100 mg- L' 41 I

T-MINFE R e i, 35 52.70% , W] NAPP 7E{K 51 gE
i B S5 A 3 SMMC-7721 20 g 98 T R IR FE

R4 FERERIMAER 48 h /53 SMMC-7721 40 A ) 1= F1 34 38 % 59 5% )

4531 LW /mg- L TR T % e 3 98 T2/ % IFEE/ % T RIS/ %

20 i X i 0 0.56 0.43 3.87 4.86
LGN 0.01 11.20 1.39 2.80 15.39
0.1 0.34 0.92 27.00 28.26

1.0 5.20 9.36 28.30 42.86

10 10. 30 8.57 31.90 50.77

100 11.70 11. 00 30. 00 52.70

4 itig 100 mg- L™ J LR I, CTE # 40 BR QSG-7701

98 0 5 2 % TR 5 00 YR T B A O L 4 4 R
A S 3 A0 M A T 1 24 B O R 3T 1 G
BE L 53— T R ) A kO B R R
TR IA Y 196 B 1 2597 1% (PDT) R 3 )
SEPTIE(SDT) Y B ST B AR £, {0 NAPP %5 nfoff
03 1 40 A% 2 I 8 0 400 A £ T i A L AR A
e ASHT 5 R VA S B 3 69 AN 5 40 0 Bk SMMC-
7721 AN MIBEAT LR, LL NAPP HEAT BLHET B, R 4
NAPP 7Ef 51 %F SMMC-7721 40} 4 1 4 40 il B2 75
PR

ABIFE H S8R AT MITT 3 00 4T 40 0 9 4 55 3, &
B NAPP XA IE  JF 40016 % #E AR/, 24 NAPP e &

Y AF 3 R I > 95% . ARYE NAPP X QSG-7701
20 s g de R TC B MR B (TC, ) B BERG BEA S AUk B2 A
FHF N 928 40 gtk SMMC-7721 40 g, i F MTT 52
B WA A5 45 25 20 A (A 55 40 Bl X IR A L R AR (P <
0.05 5 P <0.01), [A]4% F et 2% 45 245 2 ) 77 200 i 5L
BN A X B 4L B s b, LR 25 NAPP B (1 3
FIAE FH I [ f) S 4, AR IR B J | 22— 5 Y 51
N TR A A1 280 1 o

HR BT M8 25 90 97 2000 O b o 2 — , B4 A

R, A AL S A A R ) e Icso <10
mg - L7", Jf ELAT 20 M0 7 1 0 3R] B ARG R L R

0 &40 35 80% LJL,W%IJZE#WT“{ZMI\XT?[HHWQ
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FUVERY . ARG, NAPP AR I T 1Kk 40 85 3% 19
P98 40 M bk SMMC-7721 4 g 72 h J5 49 1C5, 9 9
mg- L™, 35 5 40 i 2 5 60% , H Mt AT L 5 NAPP
TEPRAM KT SMMC-7721 A4 40 i 2 A — 52 1 R
EH .

i e K, FRATT & BIL4h 245 4 SMMC-7721
M TS R AR T B R AR Ak AR 2 41 i 8] Y 12 T
BN 1100 N 1 W= S 0 S TR N Qe | P 2
Hoechst 33258 4 {6, %¢ ' 5 1ol 55 W 4% & B, SMMC-
7721 4 H RN [ R B A R T A A A A A
TG /IS, M5 /0, A% 1 4, A% e €0 5 Tk 4 A B &
BB WY 5L W O A SR U R, B
W TOE R TN B O T g, A5 R[]
WS NAPP ARG AT W Tt .

WAL PR IE (PT) J& — AN 8 375 2 5 98 200 it B 1) A%
(I8 NS TTIN o W i AN i w1 N A I =
T 2 B 5 % 1 o 1 R 1 U T e s 30 R IR BE 40
PI A Re it A 40 Mg o9 4 40 M A% 21 %% . 1] Annexin V
Je—Fh Ca® " HRHIE B B I 45 A 2R 1, A S E
5 R R T o R B B A0 A AN A A B el B B
CUnwNg Wk 22 2 W2 55 ) = 55 R ) 454, JF I FITC 4
i Annexin V E S 58 G &, A U =X 48 B4R AT
Ko G T g . K Annexin V 5 PI T
T, g P DK TE 5 4 B 5000 T L i 0 O T R IR E
AR DX o FE R o AR IR ST 28 i 2 40 A SRS T & A )
W BE NAPP 25 I T 1 IR B 258 45 48 M % BE 26 ) g 7
B, HAE B — AR M, L 100 mg- L' 4 o

ZE B R, T 0L NAPP 78 {4 4h X A BT 9 40 Ml bk
SMMC-7721 20 ffd HAT — 2 04 410 1 38 5 42 8 9 7~ A
INFERIVE L, 26 300 — 2 09 B b g 3 1, (0 LS &
SMMC-7721 21 i 8 1= F1 3R 38 () 43 F AL i iF 75 2 AE
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