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Abstract: Objective To optimize the preparation technology of transcription activator (TAT) and polyethylene glycols (PEG)
co-modified tilianin-loaded composite phospholipid liposome (TAT & PEG tilianin CPL, T&PTCPL) and investigate its protective
effect on cardiomyocytes. Methods The composite phospholipid liposome was prepared by thin film-ultrasonic method. A three-
factor, three-level Box-Behnken experimental design was employed. The weight ratio of total phospholipid to tilianin (X1), the
concentration of DSPE-PEG2000-TAT (X2), and hydration volume (X3) were observed. The encapsulation efficiency (Y1), particle size
(Y2), and polydispersion coefficient (¥3) were evaluated to optimize optimal formula. In addition, hypoxia/reoxygenation model was
established with Na2S204 in HIC2 cells. Superoxide dismutase (SOD) activity, malonaldehyde (MDA) level and release of lactate
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dehydrogenase (LDH) and creatine kinase-MB (CK-MB) were assessed to evaluate the effect of T& PTCPL, meanwhile, the in vitro
release rate (dynamic dialysis method) and absorption rate of tilianin and T&PTCPL in Caco-2 cell were examined. Results The optimal
formula was as following: X1 = 20, X2 = 1.7%, and X3 = 3.2 mL; The encapsulation efficiency was (86.62 + 2.51)%, particle size was
(149.7 + 8.2) nm and PDI was 0.15 + 0.05. Compared with model group, T&PTCPL and tilianin groups increased SOD activity,
inhibited level of MDA, LDH and CK-MB leakage (P < 0.05), and the effect of T&PTCPL group was better than tilianin group,
meanwhile, T&PTCPL was completely released at 48 h, with a cumulative release of 88.65%, and Caco-2 cells had better absorption of
T&PTCPL. Conclusion The Box-Behnken design is suitable for optimizing the formulation of T&PTCPL, and the observed
responses are in close agreement with the predicted values of the mathematic models; Moreover, T&PTCPL shows a better sustained
release effect in vitro release, which promots the absorption of tilianin in Caco-2 cells and suggests that T&PTCPL may have protective
effect on myocardial ischemia reperfusion injury.
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1.27% 1.13%. 1.44%, FKUUEHEZE R LT,
2.2.6 EHEMRE  HUE—14 T&PTCPL 6 {3, 1%
fR“2.2.27 T T J7 v o5 ik VAT, FERIE“2.2.3”
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Table 1 Box-Behnken design and results (n = 3)

A TasH Xi Xo/% XsmL  Yi/nm Y2 Y3/% | RIS X1 X/% XemL  Yinm Y2 Y3/%
1 10(-1) 05(¢1) 25(0) 1045 0.1 66.24 10 20 2.0 1.0 1532 02 8524
2 30(+1) 0.5 2.5 1832 0.2 87.52 11 20 0.5 4.0 119.8 0.1 77.82
3 10 20(+1) 25 159.5 02 79.61 12 20 2.0 4.0 168.4 0.2 80.55
4 30 2.0 2.5 2164 02 91.72 13 20 1.25 2.5 121.8 0.1  88.25
5 10 1.25 (0) 1.0 (-1 1332 02 75.20 14 20 1.25 2.5 147.6 0.1 84.62
6 30 1.25 1.0 197.5 0.2 88.48 15 20 1.25 2.5 1235 0.1 89.37
7 10 1.25 4.0 (+1) 1713 02 73.69 16 20 1.25 2.5 1204 0.2 8691
8 30 1.25 4.0 183.5 02 9227 17 20 1.25 2.5 1193 0.1 87.85
9 20 (0) 0.5 1.0 113.5 0.2 82.60
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X2 (7=0.940 1); Y3=87.4+8.16 X;+2.87 X,—0.9

X3—2.29 XiXo+1.33 X1X3+0.023 XoX3—2.64 Xi*—
3.49 X22—2.35 X352 (7=0.938 6).
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BORECE UG, —IRI X (P<0.0D) W2, LA
KXo I XiXs (P<<0.05) &3, RPN HALE
MR R AE TR R, B —EMTHlE
Mo ZRELLEGR, e &% T&PTCPL KAt
7N X1=20.28. X2=1.72%. X3=3.21 mL. % &K
PriglE R B 1IE N X1=20. X,=1.7% X3=3.2 mL.



¢ # % Chinese Traditional and Herbal Drugs 35 49 % 55 21 3] 2018 11 A * 5065 °

*2 EABEAHNEZMHRE

Table 2 Significance test of coefficient in regression equation

Y1 )¢ Y3
HEI ———— . Y
B EF M FH  PHE EAab =S il F1H PH B FiE P1E
Y 16 687.76 12.94 0.001 4 0.014 12.2 0.001 7 748.16 11.89 0.001 8
X1 5623.30 39.25 0.000 4 0.002 6 21.68 0.002 3 532.20 76.14 0.000 1
X2 3894.03 27.18 0.0012 0.000 33 2.64 0.147 9 65.78 9.41 0.008 1
X3 259.92 1.81 0.2200 0.000 036 0.29 0.604 6 6.46 0.92 0.368 3
X1X2 118.81 0.83 0.3927 0.000 65 5.29 0.0450 21.02 3.01 0.126 5
X1 678.60 474 0.046 0 0.000 51 4.12 0.082 0 7.02 1 0.349 6
XoX3 19.80 0.14 0.7210 1.000X107°  8.135X10° 0.9307 0.002 0.0003 0.9869
X2 5461.39 38.12  0.000 5 0.003 97 32.28 0.000 7 29.23 4.18 0.080 1
X2 47.68 033 0.5821 0.000 11 0.87 0.3811 51.36 7.35 0.0302
X32 329.03 230 0.1734 0.004 85 39.48 0.000 4 23.35 3.34 0.1103
k7= 1 002.80 0.000 86 48.93
LRI 437.45 1.03 0.4682 0.000 66 437 0.094 1 36.16 3.77 0.116 1
ARz 565.35 0.000 2 12.77
= 17 690.56 0.014 797.09
2207
= b
£ ‘
= |
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1255/ ° 3000 ‘ o ok -
% “__—20.00 XymL o 20.00 3/m N—— 125
X% 5070.00 X 0071000 X 1.00 0,50 Xo/%
0.26 r,,.f—f—*""f"rﬁ““( | S § S
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E 1 Box-Behnken i%itH =4k &l

Fig. 1 Three dimension surface chart by Box-Behnken design
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1% MR A 1~2 9, 1 min J5, FEFERTRARK  H 0.05%HEEHEIL, 1HE L1 2 3 I ERBIEAT (AR,

o o SRR B 5 280 S LB RS, TS AT L
2 CPL 1 T&PTCPL 2[R ERA H 52 ¥ 58Af
AAHWEXTEEM, FAEEE/NT 200 nm, 4
m¥sy, W 2.

x3 IMESHMELER =3)
Table 3 Comparison of measured and predicted values
(n=3)

msEd PSR /am PDI 35 5/%
TE 147.4+11.9 0.15+£0.05  87.08%2.64
SHE 149.7+ 8.2 0.15+£0.05  86.62%2.51
%% 1.56 0.53

anssy > % e
;% O ~3? f;r. . ﬁ

K "
&fﬂ g & zg- i .’» zoou-'
B2 Z3[ CPL(A) #1 T&PTCPL (B) 7£ TEM AR

Fig. 2 Images of morphology of blank CPL (A) and
T&PTCPL (B) under TEM

2.7 FEHRI1Z. PDIF Zeta BLAIAUNIE

PR B AU )7 ) % T&PTCPL, ZEUE/KFREG
{8 F NanoS90 MO RLEE (G & & Wi br, £E,
T&PTCPL K #4842 A (149.7+8.2) nm, PDI N
0.15+£0.05 Fl Zeta LN (—43.8+£3.2) mV, Z5H#
DK 3, MWK 3 HHATELE tH T&PTCPL RSN
B A s, FFaaukslmaieg, Zeta HALL A
£ 30 mV PL_EI, mIRy -3 A A0 B R A, R
FoE MR
2.8 W%%%%%
2.8.1 H9c2 ZMMufEs%  HOc2 ARG 77 5 At
37 CH15% CO,, DMEM k:;7#3EF41FE 10% FBS
1% 8 R BERE R W PT. AMILEE 80%~90%HH,

10 100 1000
HifE/mm
3 T&PTCPL BIKIZ[E
Fig. 3 Particle size of T& PTCPL

B 2~3 KA1 IR HOREA K 4t i T 5 8
S
2.82 F. H9c2 4 I AL  HUN A
H9c2 4Hff, et T 96 FLEFFRM, BFL 8 X 10° 41
M, £F4L 100 uL, 37 ‘C. 5% COy 261 T 4k 4lhs %
24 ho FRFEEEFRW, xR, BRI HE]
AL HEA] . T&PTCPL FiAbEEA, B4 6 MEAL.
o, XPHEAH R IE R RE 7R 7% HOc2 4iiff; AR
PN IEF R IR, QAR I 24 h R IR IE N
1 mmol/L NayS;04 5577 1 h, R 5 B 1E 5 15 75 3L 4k
ZEWEE 2 hy HA]T A T&PTCPL THALFEZH 43 53y
1B B IR AL C I (1) H 8 F7 AT T&PTCPL ¥ Tk £
12h, ZJaHAFERIBIAIA
2.83 ZHffEIEEREAI 96 FLARIEFRANM, BESLIN
A 10 uL CCK-8 ¥V, ZMFE 4 h, w)a, (EEFPR
A CBERTTRHY 30 min) 450 nm A %40 4 (B . %
P HEA AN R P 35 2R 2 S D R Y CCK-8 ¥
WRHRAR R AR A R, BB B 2 B IRAL,
THE MRS

HHMAETE R = (A s —A

SRR 4 Fon, SXTIRA LR, B R4
MfAEREE T (P<0.01). SHAIAMEL, H
i1 JEUR 24 4 A T&PTCPL ZH (40 A7 1% 2 8 2 T
& (P<<0.05. 0.01).

F4 WHREER (Xts,n=6)

Table 4 Cell survival rate (X £ s, n=06)

"If\'!)/(A s — A "}*H)

2H 5 5§ /(mg-mL™") M IAFTE R Y%
pagis - 97.62+2.41
it - 55.24+3.73%
FH %] 0.1 70.58+3.30"
T&PTCPL 2.0 85.67+3.86™

*P<0.01
*P <0.01 vs model group

HxiRAtEg: #P<<0.01; SHITIAEE: "P<0.05
#P < 0.01 vs control group; “P < 0.05
2.8.4 AALIRFRATIN R B HAM 0.25%)RAEH
%W%lms%%3ﬁnﬁﬁ%“%ﬂﬁmﬁﬁﬁo

a3 A I %%%/9 For W 40 i ) 2 ik
MDA & & & SOD & . 73 AIWCEE %240 _F s W,
ﬁ##@ﬁﬂAﬁ%%/%,#@%%L@ﬁ$
LDH ! CK-MB BjitiE. 458k 5 frn, 53
HAHEL, BT ZH ) LDH A1 CK-MB B M2 MDA
MEREEA S, M4UiEAN SOD HTEMEKF B2
TP (P<0.01). HBIRIZA LR, & R 2G4
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#*5 [RHEIZ5F0 T&PTCPL X HIC2 LHRERY S LIRtn E LIBHFRIUSZIE (X £ 5,n=6)
Table 5 Influence of tilianin and T&PTCPL on MDA, SOD, LDH, and CK-MB in HIC2 cells after oxidative injury (x £ s,

n=20)
A F & /(mgmL™) MDA/(nmol-mL™") SOD/(U-mL™) LDH/(U-mL™) CK-MB/(ng'mL™")
A - 3.75+2.16 92.53+26.31 4539+ 7.64 2.42+1.25
it — 9.38+2.81% 33.65+ 8.23% 184.62+42.18" 6.52+2.81%
FH &1 0.1 7.33+1.58" 54.82413.90" 151.48+18.43" 4.8740.79°
T&PTCPL 2.0 4524136 80.81+17.38" 7472+ 552" 3.3240.93"

HXRA LR #P<0.01; SBIALLE: P<0.05 “P<0.01
#P <0.01 vs control group; "P<0.05 "P<0.01 vs model group

A T&PTCPL 4] LDH 1 CK-MB [{)B il & 2 MDA
MEREE N, M4RANE SOD JEMEKF B
FFe (P<<0.05. 0.01).
2.9 RINERISLIE

KRB IENTIE, 53 ) B 61 [k 24 A
T&PTCPL R EW % S mL, 433 & T it K& b
ferh, WsdLAs, TR b, BT 50 mL EHT
B, 37 CIEE/KBIRG, ¥3£ 100 r/min, 437
F 0. 0.167. 0.333. 0.5, 0.75. 1. 2. 3. 4. 6. 8.
10, 12, 24, 48h ZH 1 mL & T EP &rh, 3 &
AR FES AN, 4022 um AL IEREE
Ik, SR B HPLC 52 HH #i4 J5UR 24 7 1 T&PTCPL
TRE, FERYE a1 A2 B i R A RER R
[ 2FUREBCE =CPL B AR X501 2 B 2 (1) 6
P E/CPL FE i h H & & & (AR R AES BN
AEHEETD ], et ZERRhL, WK 4. H
# 1 FURLZG7E 6 h FEARE IR e 4, RAVREIN 95.53%,
M T&PTCPL 5% 48 h FEARIKGEA, RN
88.65%, FILH REFHIGRNE, HEMIILJFE K AT g2
TCPL ', DSPE I AKUZ 544, 545 74 5 infa
S, M RS 238 B
2.10  PRINIRUTSELE

Caco-2 4HMITE 5% CO,, 37 “CHEIRZ M1 U746
CHXHRRE 95%) W 3557, K H & 10% FBS ] DMEM

&
=
£ 55
Hj‘w; ~ B R 2
* 15 -+ T&PTCPL
0 10 20 30 40 50

t/h

4 MEEHERZER T&RPTCPL HIRIMNERBIZ (n=23)
Fig. 4 In vitro release of tilianin and T&PTCPL (n = 3)

SEAREFRIE . MEREFRIMTTRETR, BRRE I IR,
Kk &5, B 0.05%ER N L, %, #
FRTE 12 FLARCP 8%, UMK N 1X10°
ANmL, FRgi A Kk G T SEi .

R 7% AP Caco-2 40, SEIGRTIEH 37 CHY
Hank’s %t 3 I, WJEET 5% CO2. 37 C4I
B4R TRIRIE 30 min,  DATEBRAN AR N E A T+
YLD . K AN [F) R ) R TR 24 3 i A
T&PTCPL IR &M/ Al IR 4k, & T 37 C
TERAR R 120 5, AR 25, JEH 37 C
(1) Hank’s OB G 56 3 K. SNG IR, 2850
At yE, HPLC y%M5E 25 R U &

MF 6 FHRTLUFE H,  H i k) 24 [ A 2k
FE B 38 hn H s E R R U B R A AN B R, T
T&PTCPL H FH &0 1 (1 R WS 3 It A 29903k 52 1A 4
MG, [EN, T&PTCPL H ) &l I IR 3
T AT RZS (P<0.05),

3 g

AHFFRI FE H 2l CPL $R, kg H
B VA IR 22 (0 ) . L 3 R (S A (R 1 1
HERPRAR BIHES, L2532 A7) Bk il A -5 VR
A CrBR 2 N ASE S X)), $0H] T H & A

xR 6 ATRIREBRERKZR T&PTCPL £ Caco-2 ZHAIHY
WZE (n=6)

Table 6 Absorption rate of different concentrations of
tilianin and T&PTCPL in Caco-2 cells (n = 6)

FH 8] 45 24 o F R W2/ %
(ngmL™) HI#FF k25 T&PTCPL
50 17.82+2.64  66.13+£3.31™
100 17874232 71.59+2.85™
200 16.52+2.55  77.82+3.48"

5 & R A R P<<0.01

*P < 0.01 vs tilianin group
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HRSE, AU T EEHER A e,
INT FIBEAF OGS FE P RS, TR R 4T
VLR AR I G0 5 F A, T e FLIE R, O
H, T2k H & E ) B R SRR S A B
AU, MNTTIR BB S A s IR AR EE AR T
RO ER -

WA TR, BT R R R E R T
AR FEARRY . Hodr, W AR %, W R
HEEIEW, HbTRA R RS AW, R
DRI SRUTIE, SRS E %, Bk
BOR BRI B R (B2, 4Bl Ed K
I, A IR AR BT B R AR AN B, 4B
WEARY, WREEECK, 5 RS AW NR NG oA AR R
LB G, faErz. RN, ©£%% 7 DSPE-
PEG2000-TAT 11 FH 5% 52 & T g A Joid s 2 A0 5 1)
S0, B TAT HEHN, BAEEFAHEEE L
FHeass, (Hig, “FERiEA PDI [FFE R LA,
M B Al i M o A (0 B e PR IZ T B . b4,
JOEL ] P 52 Tl I I I A 1) ) % b A T 3 P
FPIVE R, AT (AR AR I BE LA A [ 2 R B R
AR A, B REESE AL, AT e
AR i sh e ), BRARHGRaN I, SR8 N
[T g g L 73~ S R 2 [ e, 7 1R 25080, [RIR
VS0 B P E ST I, ol 1l T L 23— R PR A 4
ok, ERIFEM BRI, % R ) s R AR
Wb, BT RLAR A B R B N B
A, PEAROE IR E B S EA AR, SRS
52 A R P B4R A ) 4% i A R b R AR S
I, TERSs dr e AR R 2o K, E AR
R AR5 5 o B 2R B B e I 4R 126

HAr, SAMFTCHRE, HEFE OIS 2R
Bt B — R E BT ARSI L NaxS,04 Ak
AR AL 2B PR R/ R AR R R, E i 52 [
AN B 0 R 25 A T&PTCPL X0 ULZH o 453
15 J5 4R B3 71+ LDH A1 CK-MB i H 8 S W4 i 52
PORERIERR, LLEXT SOD 3. i &AL ig i
MDA (142 B 55 S B 20 Hf S A 453 3 72 8 i A 1) 5
Wi, X Eb B & J50RF 25 F1 T&PTCPL %f H9c2 4 i
SR/ R AR . ST KRB, T&PTCPL 1%
R T HEHRERY), BAEENPAIEE). #
DAL 32 B HE ST A A i ol Ak i 3R T L R A
T EAKIEREESIH PEG MZIEAE /1K) TAT, H
B, KIEI R DSPE-PEGao I, {# CPL )

FRE AR 2] T o . KAEF CPL (3R TH HAL 48X HE
AR, R[] R U TR R 3N, #e ks CPL
GRAERE. RBNIE, FRN, EARIMERER
W, R BT SR AR . 1T TAT AME AT DLERGE
VG FRAARES B NP P, [RS8 1% 2 5 45 K
INREARF AR, 7F Caco-2 ZHAESZEeh, St
T&PTCPL % H & E W B A R et fEH .
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