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Construction of Triptolide Prodrug Liposome Nanosystem and Evaluation of Its Anti-Pancreatic Cancer Ac-

tivity

LIU Mengmeng' , CHEN Hang'”, QIAN Jiecheng', FENG Lanni' , WEI Ruting' , CHEN Jianming' , WU Xin'**
(1. Fujian University of Traditional Chinese Medicine, Fuzhou 350122, China; 2. Shanghai Wei Er Lab, Shanghai 201712, China)

ABSTRACT: OBJECTIVE To prepare triptolide lignoceric acid ester liposome and characterize it,investigate its therapeutic effect
on pancreatic cancer. METHODS Firstly, triptolide lignoceric acid ester liposome was prepared by thin film dispersion method, the
single factor test and Box-Behnken response surface method were used to optimize the formulation process. Secondly, liposome form
was observed using transmission electron microscope, the particle size, the polydispersity index and Zeta potential of the liposome was
observed using Malvin particle size instrument and the initial stability of the TPL — LA - lip was investigated. Finally, the anti-pancre-
atic activity of TPL-LA-lip in vivo was evaluated by Panc 02 tumor bearing mouse model. RESULTS Triptolide lignoceric acid ester
liposome was prepared successfully, and the optimal process and prescription were determined. The liposome was prepared by thin film
water method, phospholipid was selected PC-98T, the ratio of drug to phospholipid was 1: 10, cholesterol to phospholipid ratio was 1:
10, DSPE-mPEG2000 was 0. 05% , and the preparation temperature was 55 °C. The liposome was spherical in appearance, the encap-
sulation rate (EE% ) was (98.30 £0.32)% , the loading efficiency rate (LE% ) was (8.33 £0.24)% , the particle size was
(105.60 +0.01) nm, the Zeta potential was ( —34.54 £0.17) mV, and had good stability. In PBS medium containing 30% etha-
nol, the cumulative release of prodrug liposome was 40.35% at 24 h, and it showed good sustained-release effect. At the end of the
pharmacokinetics experiment on day 15, the tumor bodies of mice in control, blank lip, TP solution, minnelide and TPL-LA-lip were
(849.45 +53.72) (880.45 +121.45) (602. 09 £56.80) (265.67 +23.12) (237.67 +38.30) mm’, respectively. The change rates
of body weight were 18.12% , 21.29% , -3.62% , 13.06% and 19.97% , respectively. Compared with the control and TP groups,
the TPL-LA-lip group tumor volume was significantly different (P <0.05). In addition, there was no significant difference in body
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weight between the TPL-LA lip group and the negative control group, while the body weight and organs indexs of the mice treated with
TP solution were significantly reduced, indicating the good biological safety of TPL-LA-lip. CONCLUSION The high lipophilic trip-

tolide lignoceric acid ester prodrug greatly improved the formulation druggability of TP, and the liposome produced had high encapsula-

tion rate and good stability. Prodrug technology combined with liposome carrier delivery of TP can significantly enhance the anti-pancre-

atic cancer effect of the drug, while reducing toxicity, providing a new idea and experimental basis for the development of triptolide pro-

drug nano drug delivery system.

KEY WORDS: triptolide; liposome; Box-Behnken response surface methodology; pancreatic cancer
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KUDOS 23 H]) 5 i B0 €35 22 48 (B : Agilent
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(£ Agilent 23 ] ) 5 i ig A% (B4 5. MX-S, 3£ [
SCILOGEX 7% ] ) ; Hy FAC1H I 34 3 4 3 s (B 5.
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98-1, I iff LOOYE 24w ) 5 St 5t i ¥ B AL (24 5.
Nano DeBEE, 3 [E] DeBEE /% ] ) ; ik JE Hf i # (Y
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BORBENG (TR, AR BE AR A R AT s =
s )i Tt ik 4 i It £ 1 k2R £ — 18 2000 ( DSPE-
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i TPL-LA K & 5P A | I ] 52 22 (RIS i rh L
A g A B i e 25 LB A P B
B 5T ) R BT AR, PRI 50 mL B R £R % vhi
(PBS) ik w5 /K fb, & T f i & h 3 3 K,
0.22 wmiEfET g 4 CRME M. A4
FIIR BTk

2.2 FTHEER

2.2.1 (%M RAMIEH: Agilent ZORBAX
Eclipse Plus C g1 (4. 6 mm x250 mm,5 um) ,JishAH
100% MeOH ,#:3:30 °C, 33 :1.0 mL + min ™", JEAE
17:20 pL, AT 218 nm A SR IIAE A
2.2.2  FESMEWRPIBCH] KT RE S B AR R R
Bt 10.0 mg TPL-LA % 10 mL & i, A& &

MeOH #B7E VA i, DL MeOH 2 45 B %I B, IR g IR
51,43 1.0 mg - mL™ ORI, T 4 CRAAE AL
R VSV A 2 I B 500 L TPL-LA-lip &
5 mLEgffirf, INAGE & MeOH 7 5 min 7L, &
REZE RS, B
25 1 R O A T R < 8 W2 1 i o 2 O
Hh F R S A TR R) vk A RO A
2.2.3 LBERPEFEE E2.2.27 R B
20 wL A HPLC 4%%2. 2. 17 Wi T (835 S5 251743
i 5 90 1, BB WA, R R SRR,
TPL-LA W BT, {5 82 B[] 4 15. 720 min, % 5 %
BB Ar AN k) TPL-LA FR I 7= A= T4, 6 W3%
Tkt R R

B
r T T T T T T T T T T )
0 2 4 6 8 10 12 14 16 18 20 22
C
r T T T T T T T T T T )
0 2 4 6 8 10 12 14 16 18 20 22

A -2 FNIRBHA; B - TPL-LA #; C - TPL-LA JIRFTfA.
A —blank liposome; B — TPL-LA solution; C — TPL-LA liposome.

1 F kW & K8 B B (TPL-LA) B9 % 8% A € 1% (HPLC) % B i & % I

Fig. 1 HPLC specificity spectrum of TPL-LA

2.2.4  ZMEORHR KEEWIBCA [ AR TR X BE i At
W, o B R RS B MR E O 5.0,10.0,25.0,
50.0.100. 0.,250. 0 F1500. 0 pg - mL ™" [l BRI .
I 20 L VR A S SO A, 52,2, 17 30
TR DURREWRE p(pg - mL™")
SR AR AR TR A AR bR, R TR R 1A ST
TPL-LA fnifith 4k .

ZERAT A, TPL-LA # 2 HPLC 300 € )5 , 11
B TPL-LA (Y& 1H J5 #2535 0y =7. 009 24 +
62.039 0 (r* =0.999 9), 45 % F B, TPL-LA 7

R 2 s 2024 B 5 715 59 4 10 1)

5.0~500.0 g - mL™' NERPER R BT,

2.2.5 KEEEEFEE SrECH BT R 5.0,
50.0 F1100.0 pg - mL™" % TPL-LA {5 %% 5 4,
2.2 17 WUR g A, T 1 d NEZHERES
W0k % W T AR, TH I H N RS R i SR
S AR HERERRE ., SRR ILE AR P E
3BT EETS , H AR 5 B2 AR B #E G 22 (RSD)
43510 0.59% 0. 14% 0. 79% ; H [f] K %5 & RSD
S35k 0.97% ,0.32% 1. 17% ., H P4 . H [A] K %5
BE R AT, 205 e 2 0 E 7oK o
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1 TPLLA BB EEME AR B ELEE. n=5kts

Tab. 1  Intra-day precision and inter-day precision results of TPL-LA. n=5,x s

Theoretical concentration Intra-day precision

Inter-day precision

/ug + mL~! Actual concentration/ g + mL ~! RSD/ % Actual concentration/pg + mL ™! RSD/ %
5.0 5.05 +0.03 0.59 5.16 0. 05 0.97
50.0 50. 11 £0. 07 0.14 50.25 £0. 16 0.32
100.0 100. 67 +0. 81 0.79 100.33 +1. 17 1.17
2.2.6 [l Jpopl EC A R E N 5.0.,50.0  (PL-100M) (B IIRENG (PCO8T) | A M K Wi IR

F1100.0 wg - mL™' ) TPL-LA ¥ W & 5 1y, %
“2.2. 17 U A3 A% A3 ) R O SR 8 5 0 1
AR R il 2t 38k B2, 5 S PR vk i AT 1
BOPERNLR, LR RNE 2, 3 DB T
S [E] W % A A #E 100, 0% ~ 102.0% 2 |]
(RSD <2% ) , % J7 ] LA R e 75 2K, T 24
Py i) & = E .

T2 TPL-LAWFHERE. n=5,x+s
Tab.2 Results of average recovery of TPL-LA. n=5,x =5

Theoretical Actual

. . Recovery RSD
concentration concentration
/% /%
/Mg'm]fl /Mg'm]fl
5.0 5.12£0.10 101.79 +1. 95 1.92
50.0 50.39 0. 36 100. 66 +0.73 0.73
100. 0 100. 17 £0. 11 100. 08 +0. 11 0.11

2.3 etk A% (EE) R # 4B (LE) oy =

K% B 0. 2 mLTPL-LA-lip A ] 28 47 1) €
JEHE,1 000 v+ min ' B0 3 min S5, WCEE PR
TR B 0.2 mL 8 4E K, AH R AR B0 Ve 3
W,2 B ARG I Ve T &=, H
MeOH 75 % % B I 2 45, B HPLC & s I 7 vk
1% TPL-LA {9k B2, 15 TPL-LA ()3 25 25 4 [T ik
P FE 25 25 ) BT it my, 5 53 46 %6 W B 0. 2 mL TPL-
LA-lip 2 AH [FAR B & , F MeOH 75 150 B I
FE 15 TPL-LA ) B Wk BE py RN my o
I TPL-LA-lip % | mL BLE0R T, U T8 R F
#, Bl m, TPL-LA-lip iy EE 5 LE (%3} & WL A
K1~2,

EE(% ) = (py —py)/py % 100% A1)
LE(% ) = (my —my,)/m x100% ~(2)
2.4 BEEEHZ
2.4.1  WRIRFPERYTRLE  ARIEERE B 2

[ AL 7 : B 10.0 mg + mL~" JHEERE 1.0 mg - mL™" |
DSPE-mPEG2000 1.0 mg - mL™' 2§ ¥ & &
1.0 mg - mL™", 55 [l Bl 25 W g 4 25 5 00 % g
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(HSPC) /& 4l 8 B IR i s ( EPCS) X} g BiiK EE 1)
o, SCER AR LI 2A, PCOST Bifg X254 B A
LB, HAR AR AR 5 PDI ¥ 4/0N Pt i He
VE Al 45 Mg B A i B i o
2.4.2  ZyfRILGITREE AR HE AR B 5 S0,
[ & 4b Jr: # f§ 10.0 mg - mL7'; fHE
1.0 mg - mL ™" ; DSPE-mPEG2000 1.0 mg + mL™';
27 1.0 mg - mL™ ARG/ BRI Ly
1:5 . 1:10,1:20 .12 30 Z% 1 % B o 1A i 42 53 A Je
EE 52, 25 5K DL I8 2B, BliE 245 5 L i 3 K, EE
BAUIRMET, Y2508 s3] 1210 B, f5 BT iRk
o AiZE EE &, HEAR G TRE. BEsEiEL
91210 VE AL Jr &
2.4.3  JIH[EEE S0 LL 0 AR A ] Y i
£ % R E 4 7 95 A5 10.0 mg - mL™" 5 fIF [
1.0 mg + mL™"; DSPE-mPEG2000 1.0 mg + mL ™' ;24
Yok 1.0 mg - mL™" 5 8 JIH [ /W A IR LA
1:2.1:5.1: 10 ,1: 20 ,1: 50 Z& 444Xt B ot fA b 4% 43 A1
B EE W52, 25 R UL 2C 2 g B A m A R[] i/
BENR FE B 1210 ), EE B &, RiAg o0 A A, JF H.
Bt 5 5 i L A sl 2D, EE RiAR 200 B R
B (PDI) T RRE o SO JE 31 e/ w36 g B A9 Ay 1
10 YRR AL T & .
2.4.4 DSPE-mPEG2000 {4 F & ik M 42 4H 7]
14 7 A5 05, 52 A5 WA 10. 0 mg - mL™" 5 0
1.0 mg - mL™' ;25 & & 1.0 mg » mL™';
DSPE-mPEG2000 4 0.0.2.0.5.2.0 4.0 mg - mL ™' 4%
4 XF B T A L A2 43 A e EE (520, B 2D 2%
RATH, B DSPE-mPEG2000 Hj & (% 3 fin, Bg
BiR EE 855 ETHE TR B, B AR &t
B &I, Y A — & DSPE-mPEG2000 [, 1
T ORE BT oAk i BE R W B M. i DSPE-
mPEG2000 i & 5 0.5 mg - mL™'if, EE ¥ 5,
PR E A FH 0.5 mg + mL~" DSPE-mPEG2000
FHR A
2.4.5 il #R BT RE AR A R A SR
W 22 2k 2024 425 155 59 55 10 38




P, B 2 Ab 75 : B g 10.0 mg - mL™"; I & %
1.0 mg - mL™'; DSPE-mPEG2000 0.5 mg » mL™';
23 1.0 mg - mL™" 5G4 TR E A
40 45 .55 .60 C X BTiARiAR 531 e EE (5200 , 45
RILE 2E, 4 #8il BEBARI, TPL-LA-lip k42

A1 PDL i K, 78t BRI ok, 378 P AR s B I B2 1
b, TPL-LA-lip Rifz 434 Fil EE WHE AT E AT G
Rl & TEREOR . HEIEFNRE L T RES
T BRI 2 A AR IO 55 °C AR Sy iR T A 1 e A
FilE o

100 & 100 L 100+ &
05 9 f/’_’_&“} os|
< 90 ° 90 — ° 90—
g 8 8
85 85 4 85+
80 80 80—
75 T T T 1 75 T T 1 75 T T T T 1
PL-100M PC-98T EPCS HSPC 1:5 1:20 1:30 1:2 1:5 1:10  1:20  1:50
Phospholipid types The ratio of drug to phospholipid Cholesterol to phospholipid ratio
100 D 100 E
95 //\‘\‘ 95 k//§/§\i
e 90 e 904
8 8
85 85
80 80—
75 T T T T 1 75 T T T 1
0 02 0.5 2 4 40 45 55 60
p (DSPE-mPEG2000)/mg-mL"! Tr/°C

A~ BRIRFDSEXT i f TPL-LA-lip 35520 s B — A RIZG0E Ll & TPL-LA-lip G5 3R B0 ; C — /R[] [ FE -5 BN LC G106 # TPL-LA-lip £33 15205 5
D - A[f] DSPE-mPEG2000 FH &%} il % TPL-LA-lip 3t 3 {5200 ; E — AR BEXT i 4 TPL-LA-lip g B it 3 2 (5 m
A —the effect of phospholipid types on the EE of TPL-LA-lip; B — the effect of drug and phospholipid ratio on the EE of TPL-LA-lip; C — the effect of cholesterol to phospholipid

ratio on the EE of TPL-LA-lip; D —the effect of DSPE-mPEG2000 dosage on the EE of TPL-LA-lip; E — the effect of preparation temperature on the EE of TPL-LA-lip.
2 ARWERXME AT R AR A(TPL-LA-lp) @ HE W . n=3,x+s
Fig.2 The effect of various influencing factors on the EE of TPL-LA-lip. n=3 ,x s

2.5 Box-Behnken " 7 7 3% 7 AL ) 7

2.5.1 WHREKFE LERRBEAELTT TZRHREE
a5 b, R Box-Behnken 251 1] 2 % 4k 75 it
— A, B EHR(1.0 mg - mL™") LU

%4 TPL-LA-lip 4 7 % Box-Behnken " 5 T 3% % 1% T & 4
Mg R %
Tab.4 Box-Behnken effect surface method test design and cor-

responding results of TPL-LA-lip prescription

i H (X1) R 182 55 8% i 1 0 (X2) 1 DSPE- N
mPEG2000 it (X3) A R R 534 14 BE S5 X X x_
N o R B 1 -1 -1 0 76. 15
iﬁij(ﬂg?’/l\%%,ﬂ:u EE R PEA $8 458, X TPL-LA- 2 1 -1 0 93.70
lip Zb 75 147 =R = A ge i 1, s sk I 3 -1 1 0 72.31
3RS, ' | | o s
5 -1 0 -1 76. 40
6 1 0 -1 94. 87
#& 3 TPL-LA-lip 4 7 #9 Box-Behnken % it & & K F 7 -1 0 1 76. 40
. . 8 1 0 1 95. 60
Tab.3 Box-Behnken factors and levels of TPL-LA-lip prescrip- 0 0 L . .50
tion 10 0 1 -1 88. 65
— 1 0 -1 I 90. 52
Levels actors 12 0 | 1 88. 62
X1 X2 X3 13 0 0 0 98. 56
-1 1:5 1:5 0 14 0 0 0 96. 12
) ) 15 0 0 0 96. 45
0 1: 10 1:10 0.05 16 0 0 0 94. 90
1 1:20 1:15 0.2 17 0 0 0 95. 60
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#£5 TPL-LA-lip 4 7 #y Box-Behnken % it -vf 5 8 77 3= 09 B V3 7 2 o4 46 %

Tab.5 Results of regression variance analysis of Box-Behnken design-response surface methodology of TPL-LA-lip prescription

Source Sum of Squares df Mean Square F P
Model 1145.35 9 127.26 102. 17 <0.000 1
X1 687. 65 1 687. 65 552. 06 <0.000 1
X2 16.33 1 16.33 13.11 0.008 5
X3 0.20 1 0.20 0.16 0.697 2
X1X2 1.00 1 1.00 0. 80 0.400 0
X1X3 0.13 1 0.13 0.11 0.753 2
X2X3 0.95 1 0.95 0.76 0.4113
X12 312.35 1 312.35 250. 76 <0.000 1
X22 79.97 1 79.97 64. 20 <0.000 1
X32 15.13 1 15.13 12. 15 0.010 2
Residual 8.72 7 1.25
Lack of Fit 1.11 3 0.37 0.19 0.895 1
Pure Error 7.61 4 1.90
Cor Total 1154.07 16

2.5.2  KIRIAYEEST RO VR AR Design- B9 EE WOl 8.3, BEE X1 A% 0 EE W27 &

expert F{F22: il AR R = A W) 17 TR 24 45 e 2K ]
(& 3) TRUA i, 25015 He (X1) X TPL-LA-lip I {4

EE/%

EE/%

EE/%

7 JIEL T 5/ i i 4 G 451 (X2) F1 DSPE-mPEG2000 75 £
(X3)%f TPL-LA-lip JRBRIA Y EE SFZMRAHRE/ N

B:X2

0
A:X1

1.00 EECG

0.50

X8

-0.50

0 A 1.00
A:X1
EE/%

EdE3

B:X2

B3 TPL-LA-lip & H & H R M E K ARG HF 8 = fevp B A0 s & A
Fig.3 The response surface of EE as the function of levels and factors of TPL-LA-lip prescription
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2.5.3 mAELZMwEMEBUE (AR
Optimization [{¥] Numerical 35, L5 EE% Jy ) &
S AE B E I AL DT N 2GR EE R 12. 67, JIH [ i/
WeNg-~ 9.79, DSPE-mPEG2000 fH &4 0. 15, &
TR A de A AL Ty HEAT R B A £ i 45, A i BT A4k
fLE M (98.30 = 0.32)% (n =3) 5 Fi il
98.90% 3 ) , # 21 M (8.33 +0.24) % , FFE A
RVACIE

2.6 g URERAE

2.6.1  SMLLGESTHESE(TEM) MEEER FHUE
it TPL-LA-lip Jif 75 W ik Hil D59 2 18, fi JIig 5 14 39 e 3]
AP, B 2% BEESPR AL 3 min, HARI TS 7E

Intensity/%
oo
1

1 000

Size/nm

B4 TPL-LA-Lip Wk 2 947 (A) § Zeta ® G (B) K&
Fig. 4 Particles size distribution( A) and Zeta potential map of TPL-

3 TPL-LA-lip B¥ & RREM R

X il 4 B TPL-LA-lip 3 0CE T %I % IR T
R E PEREAT T HRIT, 700 T 55 0,30 .90 K HLH ,
I3 1 g kAR PDL A EE il 5 A WL ki 4% PDT A
EE 1324k 0) 8 % %% TPL-LA-lip BYFE P, 458 0L
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Days Appearance  Particle size/nm PDI EE/%

0 Transparent 109.34 +1.32 0.15 +0.01 98.73 +0.97
30 Transparent ~ 109. 07 £0. 55 0.14 +0.01 98.62 +0.91
90 Transparent 108.63 +1.82 0.15 +0.01 96.99 +0. 94
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Fig. 6 Panc 02 pancreatic cancer model-antitumor effect evaluation in vivo( x20). n=6,x s
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Tab.7 Antitumor effect on Panc 02 pancreatic cancer model of ICR mouse

Group ICR mouse beginning/end Mass change/% m( Tumor) /g Tumor inhibition rate/% Relative tumor growth rate(T/C)/%
Control 6/6 18.12 0.52 +0.230 - -
Blank lip 6/6 21.29 0.49 +0.210 - -
TP 6/6 -3.62 0.28 +0. 145 46. 15 75.91
Minnelide 6/6 13. 06 0.11 +0.034 77.55 42.23
TPL-LA-lip 6/6 19.97 0.08 +0. 0461)-2) 83.671):2) 36.52
T SRR, VP <0. 055 5 TP 741, 2 P <0. 055 - - JLUtall.
Note: 1) P <0. 05, compared with the saline group; 2P <0.05, compared with the TP group; — —none of this item.
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