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Abstract: Objective To investigate the effects of two triptolide derivatives on the cytotoxicity of normal hepatic cells
and the proliferation and apoptosis of hepatocellular carcinoma cells. Methods Triptolide was modified by chemical
method and transferred to two new monomers with similar structures, TP-3—OH and TPO. In vitro cultured normal
hepatic cell (LO2) , and three carcinoma cells (HepG2, Hep3B, and SMMC-7721) were treated with DMSO or
different concentrations of TPL, TP-3-OH or TPO (25, 50, 100 nmol - L™"). Detection of LDH activity in the cell
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cultural supernatant was used to assess the cytotoxicity of these drugs to LO2 cells. MTT assay, flow cytometry and
Western Blot were used to assess the effects of these drugs on proliferation and apoptosis of LO2 cells and carcinoma
cells. Wound—healing assay was used to assess cell migration. Results Compared with TPL group, the LDH activities of
LO2 cells cultural supernatant in TP—3—OH and TPO 50 and 100 nmol - ™! groups were significantly reduced (P < 0.05,
P <0.01). Compared with DMSO group, the proliferation inhibition rates of LO2 cells in TPO 50 and 100 nmol « L'
groups (P <0.05, P<0.01), the proliferation inhibition rates of carcinoma cells (HepG2, Hep3B and SMMC-7721)
in TPO 25, 50 and 100 nmol - L' groups (P <0.05, P <0.01), the early and later apoptotic rates of carcinoma cells
(LO2, HepG2, and SMMC-7721) in TPO 100 nmol + L' groups (P <0.05, P<0.01), and the protein levels of
cleaved—Caspase—3 and cleaved—PARP in TPO 50 and 100 nmol + L' groups (P <0.01), were significantly increased.
The 24— hour migration rates of SMMC—7721 cells in TPO 50 nmol + "' group were significantly decreased (P <0.05).

Conclusion We obtained two triptolide derivatives with attenuated hepatic cells toxicity, and TPO, one of them,

inhibits proliferation and promotes apoptosis of hepatocellular carcinoma cells.
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Figure 1 Structural formula of TP-3-OH and TPO
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1.4.1 TP-3-OH Ml % %k F 4 TPL(100 mg,
0.27 mmol) YA T 20 mL WML ZE mhiA i (pH=4.0) 1,
JNFREE 48 h A, WHIERER; A PR, H
MRS . KB, JOKBRR AN T8 W46
J& 28 2 ok 4l AR A5 A A (TP-3-0H) 24 mg,
W 2N 25.0% ., TP-3-0H 43 T 3 N CaHu0s,
ESI-MS m/z: 377.159 8M-H] (B 1l 377.160 0) .
'H-NMR (400 MHz, d-DMSO) & 4.84(m, 2H), 4.54
(br s, 1H), 4.29(br, 2H), 3.83(br, 1H), 3.69
(d, J=5.4 Hz, 1H), 3.32(d, J=6.1 Hz, 1H), 2.94
(br, 1H), 2.68(m, 1H), 227(q, J=6.9 Hz, 1H),
217 (m, 1H), 2.14(br d, J=5.8 Hz, 1H), 1.97
(m, 1H), 1.84(t, J=14.0 Hz, 1H), 1.39(dd, J=
12.4, 49 Hz, 1H), 1.26(id, J=12.4, 5.8 Hz, 1H),
0.95(s, 3H), 0.88(d, J=6.9 Hz, 3H), 0.77(d, J=
6.9 Hz, 3H), "C-NMR(100 MHz, d-DMSO) & 173.7,
163.0, 123.7, 76.3, 74.8, 70.8(CH,), 68.3, 65.8,
61.6, 61.1, 585, 39.8, 353, 30.2(CH,) , 27.7,
22.9(CH,), 17.2(CH,), 16.1, 16.0, 14.4,

1.4.2 TPO (14  HL 103.4 mg(0.287 mmol) TPL 5
1.75 mg(0.014 35 mmol ) 4- — F FE G Kemy e, & T
5 mL Jo/K 5 W ke s A 319.5 mg(3.157 mmol)
=W, VKBEL 0 C; BFINA 259.7 mg(2.87 mmol)
PURIES, THEEB R B 0, WP 2 h, H
TR R AN K IR K RO 3 S BE 2RI, UK
PR FEARBEHEAER 2 K, A I bR BOR ;
FHAR RN SAL B K A W 2 5 H e 26 IO P 9 R
K, BHIJCKBRRR S T, WEZRT; Sl
WZEERR B, A - LR IR (20 1~1: DAE
REFEH, A% 2T A IR Y (TPO)32.1 mg, UK
AR 27.0% . TPO 4 T XA CuHx0,, ESI-MS
m/z: 415.175 7 [M+H] (B {H 415.175 6) . 'H-NMR
(600 MHz, CDCl) & 6.54 (d, J=16.1 Hz, 1H),
6.23(dd, J=17.3, 10.4 Hz, 1H), 5.94(d, J=10.4 Hz,
1H), 5.15(s, 1H), 4.77~4.61 (m, 2H), 3.84(d,
J=3.2 Hz, 1H), 3.52(dd, J=30.8, 4.2 Hz, 2H),
270 (d, J=13.3 Hz, 1H), 2.32(d, J=18.3 Hgz,
1H), 2.18(d, J=26.5 Hz, 2H), 1.90(d, J=39.2 Hz,
2H), 1.59(dd, J=4.8, 16.0 Hz, 1H), 1.24 (m,
1H), 1.06(s, 3H), 0.97(d, J=7.0 Hz, 3H), 0.85(d,
J=6.9 Hz, 3H), “"C-NMR (151 MHz, CDCl;) 3 173.24,
165.52, 159.98, 132.46 (CH,) , 127.78, 125.63,

71.13, 69.98 (CH,) , 63.64, 63.40, 61.11, 59.78,
55.36, 55.09, 4040, 35.71, 29.86(CH,), 28.33,
23.47(CH,), 17.58, 17.08(CH.),16.76, 13.74.
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fL IX10° LR T 96 Lt . 25 AR & 10% G4 il
A DMEM K523, X RRZ I A% B (DMSO)
MR, LA UMK, T & (25, 50,
100 nmol - L") TPO, TP-3-OH AbHIAY AL . T
24 h 5, /NODIRFFR IR B, BEFLIMA T R
TR A H 0.5 mg- L7 ) MTT ¥ 100 pL; 1%
TR 4 b 5, FFEIEFRE, BLLINA 150 pL DMSO
VW, REOCE IR LGSR 10 min; R4S P75
WIS, R FHEEARUAE 490 nm LB K 45FL A WG i
(AE . T 203G FE A 61 4 (%) =[ (K FEZL Auso—
25 P Auso) — (TG ZH Auso— 25 FIEH Auso)/ G BBZ Auso—
24 Auso) ] X 100%
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TPO ZbFRAHAE 24 h )5, R 0.25% WIS EDTA JEE
THARUSCEAR; T PBS WEM 2 YR, 1] 300 uL
1 x Binding Buffer FAAML; RHATHMEMRIMA S pL
FITC Annexin V #i1 5 pL PI, 2 EEHEH 5 min,
1 h PR 3t = At A T

1.8 Western Blot {53l 98 123l % H ¢ 2 P14 & ik
BOW A K0 HepG2, SMMC-7721 g, LA%ESL
5x10° 4R 12 FLb . &M EE N 25, 50,
100 nmol - L' 1) TPO AZbANNI 24 h; WEEANMLS InA
SR, VKBRS RIS . R BCA ¥
M B HWEE S, A Loading buffer 3 100 °C
Ak 10 min & AR BHE R SS
SDS-PAGE #EfcHLUk, I M % PVDF i; {fi
TBST FCiil ) 5% BSA W T2 FEH 1 h, B
AR —HT 4 CTFWEE R, TBST ¥Evk; A
PUEM FWEE 2 h, TBST FREE; &5, A
ECL {22 KOG i B 2% &, IR FIBOL I A7 s
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T 24 h 4T RS R (%) =[ (0 h RIJRIEES-24 h X1
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110 Sil" By SR SPSS 16.0 it ikt
BT TR TR DAY« BRifE2E (v £5)
N BRI IE SRR AT AR 24
[i) Lt A58 R FH B K 2R 5 22 43 BT (One—way ANOVA) ,
W R L ¢ K DL P<0.05 M2 R gk
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) LDH WG R FEL, ZRIWAGIHEE L (P<
0.05, P<0.01), S5, 2 Pl BT A Pyu 4
M B FEPE A AR T TPL.

2.2 TP-3-OH. TPO *} LO2 4} K JIF % 20 e 3% 5ili
Mg 25 1. S5XHIRALE, TPO H. mik
JE(50. 100 nmol« L") ZH 1) LO2 £ it 344 78411 il 2% B {2
THE (P<0.05, P<0.01), TPO{K. o, WmHEE(25,
50, 100 nmol-L™")ZH /) HepG2., Hep3B., SMMC-7721
JHF 965 4 BE 3 58 10 1 5 24 B 8 v (P <0.05, P<
0.01), HEIGYHIMMEH; TP-3-0H H1. &

3009 [ wheat
| ]
B o 41
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Figure 2 Cytotoxicity of TPL, TP-3-OH and TPO to LO2 cells

(x =5, n=3)

W B 2H 1 Hep3B. SMMC—7721 JHFJ 20 Jfa 154 5 417 ) %%
H—ETHR (P<0.05). Z5HFKH], TPO X HepG2.,
Hep3B. SMMC-7721 JH-J 4t il 5A7 B 5 364 4 410 i) 4
H, 11 TP-3-OH I /E AN

2.3 TPO *} LO2 4 K s nieion ridsgm) - 45500
K3, &2, SHIE4IAIEL, TPO i (100 nmol L)
ZHI% 102, HepG2 Fll SMMC~7721 ZH LAY H-401 . Mt
A TR BT (P < 0.05, P<0.01); TPO ik
(50 nmol - L)L) LO2, HepG2 Fl SMMC-7721 4
If ) SRS 20 B R TR B T (P < 0.05, P<0.01),
ZEREN], TPO 7S HepG2., SMMC-7721 T4
HLA T

2.4 TPO X} JHF5 A1 08 02 30 5 RH G B8 171 3 3 18 3 i)
SR ILIE 4, SXFEAIM L, TPO Hr . BRI (50,
100 nmol - L") SMMC-7721, HepG2 4Hfifif1Y cleaved—
Caspase—3. cleaved—PARP K H ik i & [ (P<

®1 ABBREAERZER(TPO), EAENEE =/ (TP-3-0H)Xf LO2 4R K FFE MM IE M E RS0 (x 5, n=4)
Table 1 Effect of TPO and TP-3-OH on LO2 and HCC cells proliferation(; +s, n=4)

a5 I ol 1) A 1%

LO2 HepG2 Hep3B SMMC-7721
X HRZH - 3.0=2.38 1.0=1.0 1.0+ 1.0 20+1.0
TPO (& 41 25 120+ 4.6 28635 18.7+32" 193+£35
TPO H¥fk B4 50 26.0 +12.4" 520£95" 383+7.0" 353+25"
TPO [k 4 100 48.0+9.5" 77.0+12.8" 657 +8.1" 69.0 6.6
TP-3-OH fikik &4 25 3.0+25 2721 57+25 3.0+ 1.0
TP-3-OH e 4 50 10.0 + 1.1 4335 9.0+3.6 83+ 15
TP-3-OH @5k ¥ 41 100 70+28 11.7+76 157+5.9" 127+25

T SXHIRALES, P<0.05, P<0.01
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Annexin V

3 WHEEE N PRL(TPO) Xt LO2 K HepG2,
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Effect of TPO on apoptosis of LO2, HepG2 and
SMMC-7721 cells

Figure 3

0.01), 45N, TPO 1S SMMC-7721, HepG2
JFF 9 A AR T B A TS A

2.5 TPO *} SMMC-7721 JF % 41 MLiT 75 66 I3 1455 i
S5 S, XL AR, TPO HifkE (50 nmol - L")
41 SMMC-7721 411 24 h IR BIEIE, Z5

BT FE X (P<0.05), 4558F£H, TPO REMLHNHI
SMMC-7721 HHEE2m e it 5% .

3 iTig

ARSI R I, TR (TPL) HAT) ™
Z B AP AE, HX FLR R . I
JH9E . B . S5 AE 60 Z RN R A i A
PUMIRE R, B T —AhuiE Y. Li 55
5 £ W, TPL 7€ /& &b 7T 9 il HepG2. Hep3B.
SMMC-7721 % s A st g, (R AT 7E/VR
K, TPL HA M A AR R 2UE R E R,
HAEFIE T . TPL 34 3458 1A P SN 4 itk
ST . S-FURMERE . KPR W UM
Alsaied Z"'WF5T £, HH TPL 5 RN AR A%
2y, PRAMAT R DR AR T, R AT 4 /NN B
SRR, IR O, HAE AR T TPL s & ik
JE R4 25 . UL TPL ASH B A B PR /R,
XA AT 25 BA B RAE ]

AR TPL HA MR TR TIR, (AR
JH B SRR R T LI R, BRI A
HEFEHC R M T LA A R 24 L B0 [ kDL R 2
MGG, Bk, PR3 @R EE R TPL A7 APk
h TR R, B AN 22 T R

®2 WHEBEABRFEREE(TPO)X LO2 K HepG2, SMMC-7721 LA MESIEM (x £5, n=3)
Table 2 Effect of TPO on apoptosis of LO2, HepG2 and SMMC-7721 cells(x +5, n=3)

a1 eE/ LO2 HepG2 SMMC-7721
ZHIN _ N — — — — —
(nmol-L™)  FUMANMIIHT-5%/% WeHIANMIIAT= /%  SIAIRT %% WEMANIAT %% BRI TR % WA TR %
okl - 1.93 £0.49 0.83 £0.40 3.63 + 1.06 2.20 £0.36 2.31+£0.85 2.60 + 1.05
TPO i 4L 50 5.93+1.40" 1.80 £ 0.61 16.63+3.67 3.30 + 1.06 6.66 + 1.53" 493 +2.63
TPO F¥IEA 100 14.16 £ 4.59" 347080 35.56 930" 1213+221° 1873 £4.55 8.80+3.58"
T SXHRGIEE, P<0.05, TP<0.01
A B Hep G2 C D
TPO/(nmol - L") Ml cleaved—Caspase—3/B-actin TPO/(nmol - L) SMMC-7721
XRS50 100 20n cleaved-PARP/B-actin XFHEZH 25 50 100 Bl cleaved—Caspase—3/B-actin
PARP -- 110 kDa i PARP _ 110 kDa 61 cleaved=PARP/B-actin
cleaved— ] 154 = ] ok
PA W | 89 kDa %% cleaved— ) iy
7 =44
Caspase—3 43 kDa ;D;?: 10 e i'_%‘ wk -
* ks é
10 5 < 24
cleaved— 0 I
Caspase—3 - 17 kDa b
0
TPO/(nmol - L") B-actin -

TPO/(nmol - L")

H: A HepG2 FEFAHLIKE; B. HepG2 W T ESAICTE 40T C. SMMC-7721 ALK E 3 D. SMMC-7721 J T3 fAH S F 400, xR

H#, “P<0.01

B4 REBREAHFARD(TPO)X HepG2, SMMC-7721 HAMIATEREXEZEORIEIFM (v +5, n=3)
Figure 4 Effect of TPO on apoptosis signal pathway of HepG2 and SMMC-7721 cells(x +s, n=3)



PR 5 6 R 202201 A 3355 1 - 19 -
IS
o ¥
H
~=
N
v Q
) . AN % < 2 ) 3 ot 3 @%‘j’%
a. XL 0 h b. TPO HKFELL 0 h . WHRAL 24 h d. TPO HfJ4 24 h &‘-&
TE: XL, P <0.05

B 5 FWHEBEAHEFZE(TPO)X SMMC-7721 HMEREE AR (X50; & +5, n=3)
Figure 5 Effect of TPO on SMMC~7721 cells migration(x50; x s, n=3)
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I8 F TPL AbBRAL, 15d BAX 2 i Y B 4 X6} T 40 il
() 2 % B B AIKF TPL. 3@ 4 MTT 5255 45 31 TPO
TP-3-OH X i 4l e 3G )2y, 4558 & 3 TPO X
HepG2. Hep3B. SMMC-7721 JT-J& 40 Jifd H A7 B 3 384
FEINRIVERT, T TP-3-OH B HI/E A IH o E—
A i i A0 AR A1 Western Blot S256#835 TPO X}
I T A SVER . &8 TPO A5 HepG2.,
SMMC-7721 fHE4 AT, JEfE i Caspase-3 Fil
PARP 87 ], i QIR 5250 38 & B8 TPO B 12 417 il
SMMC-7721 AR ER . LRSI E TPO A
IEEHERRAL, HAEARSM S I P AR SR PR R AU i AT
FEAEHT, AT 30 e 40 A A A A, R Rt L
T, MeAh, ABFFEL K IR TPO XF LO2 40 i i 3 il /e
FHES T g 20 B il AE T, $&7R TPO Pl e BA
— 7 1 M 2 B BRI RAE A (R R R g —
HIBFTEIE

ZE LR, AR A AE W TR AR T 2 B
B TPL AT AR, JFiE R RSP T2 56 & B rh—F e
& TPO HA 0 e A M 34 5, f E 0 T A b A
YER . TPO 275 Al AR TPL FH T Mg S 28 R K
TR H B R IRYT, ER WA
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