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AIRARD BB S (AR, HZ LA A R A D el m o b g, 2 & FRE NaCl,KCl,
Na, HPO, « 12H,0 5 KH,PO, f# L HIR A H 0. 01 mol « L™ PBS Z& ik (B R Eh 28 vh D) 5 & B AR
BAAL T ERE T 0. 0lmol « L 'PBS ZZ i Bl 0. 10 mg « mL ' #3E K PBS 2% thi W ; /& 1 PRI %
ZhRMESVE T PBS i IRV 2 918 1.0} 107°,2.0 X 107°,3.0X 107, 4.0 X 107%,5.0 X
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50 CHEZERR 7, Rt BE b i R Y IS L 4R 258 7% 30 min BR XRS5, MA 10 mL 0. 01 mol -
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T, W52 W B AR A bR v il 4R O RE A B 8 R AY RV B-TSL IR W LA 2500 r « min ' A FE 5 B O
20 min, B0 5 WD R IS 0. 22 pm GFLIE RS S SE AT 5 AR O BE I 22 L 31 B-TSL A5
1.5 FINEBEIE
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pemny GFL BB L 38, S8 A0 A O BE T E OB FE AR . 310. 15 KCAMRIE S IRED KA FEE LiRSR
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P
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buffer solution

................ R @Ultrasound in
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a0 ®) PBS buffer solution
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5 | o0l

TSL for Berberine
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Aqueous Phase

Water-in-oil emulsion

1 B-TSL &MUk
Figure 1 The synthetic route of B-TSL
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18 P A 28 3 i A 75 IS T A 7K B (W /O FLAR W . Tl AH vh &8 23 9 A 4 DA SR K Sk f s B Sz il B2
S A B3 20 X 28 5 A B 3R KM L T A 25 R I A L TR0 S8 0 o R 2 v e R s b LAk TR AR
SRy B B R0 T R P I A KA PBS 2 i DA T AH r ) I B 5 R T 4k SLAE Z 10 TE L B 4 T )2 A
I T — 205 A R A BB B0 T )2 e A8 B T HA WU T2 4589 1 B-TSL . P48t 1l | i 8 45 b
A B RLAR RN — 1 B-TSL =¥,
2.2 B-TSL MZEHRAE
2.2.1 B-TSL MRS B8 AR A9 T S0 45 AE 2 A0 B o M vk i A0 fee EDUR IR 22 38 g Jo 1k Ay [
R SR Bk R, S 5 AN R A 1 i R — AR e MR L B T A RO A L AR AR AR N 9 VR A i
AL BRI R4y 2 R B A A s AR T S O v A B R A RS RRAE U0 2 B TR R B )
g A 245 0 1 A M R A T) R B R R i K 2 W 1 A A T OO A R 6 A
25 5 W IR T RO L EL G AR kAR L R BL A ROKR S R B AR YA A TEM I3k 15
B-TSL ¥ M8 A TEM &KL 45 s 2 Brs .,
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Figure 2 The ordinary photo and the TEM photo of B-TSL

M 2 53 R AT DL A A 2 Y B-TSL O B LGRS R R PR L B-TSL PR B4R,

M 2 (g TEM B AT WL, B-TSL 43 #3404 B-TSL =z [u] 3% A H TR 1% , I8 BRATE $ & 0, IR 3R AR 413 A
Bl A — B R O 152 R W IR T L R BUAR A 45 S . WI2P Sk 3k A% 1 B A BE BT AR ™ 9 .
2.2.2 B-TSL WAL H5 BT A i RLAR /N2 5 i A AR W AR oA 3 18015 245 4 Wi i o 2 A TR
R BRBUAR AR N 5 2 B b, R B AR 0 G A Rl 4L A0 A RS, B AREE IR AL AR R A REKS 25
Wk R R AR AN, DRLAR AT R B SR AR e BE A VR R B L U M L G A5 R BELAS L B Bl A Y Y
W E R G BR S BUE BCRRATIT A, H B 38 5 R E 23 B 3O B8 A R RE A2 R/ A7 I 5, 3k Ao
ASCES 0 T A IR Bk 3h 25 6 808 s (Dynamic Light Scattering, DLS) , 3 i3 46 I 43 B A 15 16 1 R 5 UKL (19
At W32 20 5| S 0 BN OG5 4 % Bl L B 3E I B O B AR BBURL (9 R AR /NS 40 A . AR AR AT DLS ¥
Mg B-TSL KA, 25 R K 3 s,

20 |-

260 270 280 290 300 310 320 330 340 350 360
Diameter(nm)

3 #5H TSL 5 B-TSL Bk I &
Figure 3 The grain diameter distribution map of TSL and B-TSL

M 3 AT UL 25 11 TSL MRLAR S AR T FBRAR A 287 nm PDICR & W Wt F8 50 h 0. 224
M 259 )5 B-TSL V¥R 311 nm.PDI K 0. 316, ST EXZ /M TSL ML, L&Y
J5 1 B-TSL kLA B G538 K, H PDI BB AR K, U IR AR 3 A AZ 58, F B2 i T — #8405 iR 8% R
A AL, R AR 8 K, 1 ] B 55— 8 43 iR AR BB f B B % R L A R R JEOR IR AR L (AR R AR Y
KA 53 A5 7228 5
2.3 B-TSL B Zeta BB 5 #7 il E

Zeta HUO R IR 0 AR R b FZ W AE M EZ S, BRAnREE 2GR hE
BOREHERGEFEIENT . Zeta AL 30 mV & 98 H 37 g 22 ORI A 00 14 (9 Foe dE ), TRt G 2R g o 1k
Zeta HLO N 22 S5 R WA XHE R T 30 mV ] LLIK i B iR =AM e . AR ARG ] Zeta H AL 43 AT
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Figure 4 The Zeta potential of TSL and B-TSL

M 4 AT U AL 25 ET A ) TSL B Zeta BN —30. 11 mV, A H 259 f5 . B-TSL # Zeta HL i
H—25.87 mV, JRIFAR Zeta HLAOL A48 XHE /N, B B-TSL £ 259 5 1 &R B9 R PE WS GO B L HLE ok
i B 25 Y 50 B-TSLAE& — 8RR E MR R, T B-TSL e TR Be & i T 8 & K am
NS R N N S ) R o N D N N R S T o (Tl [T N S SR VA A N =B i Nl T
AIAE HI 3080/ S 53 BE T R
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o K 5 O O T bR AR T 0T LR S IR BT IR B GIR YT R M T IR AE T A X B e
BB ] 40~44°C M DRI T BN A R 8 Hi A L 24T 2 T TSI A A A T R 5 o 7R AL R B A B
Wi TSL XS5 A2 FR A 1Y 58 1] 2 A2 B8 ), 38 T B B 25 Wy b 7 AR . A AR AT ] 28 Al B Bk e
B-TSL MYAHAS IR , 45 R A& 5 s,
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Figure 5 The phase-transition temperature of B-TSL

ME 5 7] L, AR, B-TSL AHAZE $435 # FF 4G T 313. 75 K, PR A B W (B B 24 317. 35 K, B-TSL #H
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A YR I A RS WO AT 2 — B AEE T B-TSL WA R, Bl B % g BRI Al AR AR R R S R 4K
310. 15 K % B-TSL B8 W5 F 2 A KA UL B B-TSL #F ARG L 76 7R IR 1E 5 0 R 0 248 X3
TRFFR e B ARSI, I T AR R AR 48 X3, R & F 310. 15 K, B-TSL i 4 3
1 N 245 ) B T AR R R L 20 U6 B B-TSL BLAT B A7 1 38 1 a2 1 1R BE L RE A% 35 $2 T 25 W 197 Ak
2.5 B-TSL M9#FHZ5 sk

2.5.1 P R UL ER O MR SR AN WCAR v IR 2R A ST AR LR 43 T ) B R A R A WA o
LuE 6 fros, [ 2Rl & 7 2 0 vy =0. 11232 +0. 0016 (R* =0. 9979, N =6,SD =0. 1920,
P<20.01),

0.6

=0.1123x+0.0016
R?*=0.9979
N=6, $D=0.1920, P<0.01

0 1 2 3 4 5 6
WEE (X10-°mg-mL1)
Kl 6 B R 05 S IOBh o it 2k

Figure 6 The standard UV-absorption curve of berberine

2.5.2 B-TSL WAL 33 AR YR S50 00 75 1 W% BE AT 38 i B 5% 258 A ROBCAT o il £ A5 3 ik 4L
Pt e BRI A A R (D i B-TSL it
) = )

X, C,o NUETTEE RN BWE;C,. VEHEIFEEEROEE, 1555 BTSL MaEER
74 % W /IN TSk A 25 0 A R X AT RE 0 AR R S SO A T R B 2, DA 4 A R TR A
DA 1) B 3% 2R B Ok T B T P 0 B R S i G0, A B S A B St N, E R L B-
TSL (4 3 F A8 7k 2] 52 B 0 F 2K, 880 1 00 2 A 0 R 6, 3 23 , AN 2R kg S s I P vl — 7 4 0 DA 3k 1Y
52 R TR A B R ik
2.6 B-TSL &5 BRAMR

I 7 A A1 7 o S 30 A B RE St 9 WO BEA 8 i i H A 3] 310, 156 KCONIRIE R IR ) M 317. 35 K(AHZAZ
TR I BB 2515, B-TSL £ 310. 15 K 55 317. 35 K fy B2y gk tn & 7 s,

H 1 7 AT, 10h Z 07,317, 35 K /9 B-TSL S22 # R U] & T 310. 15 K,317. 35 K & T ,10h
if B-TSL i 2R R B LA T 95.46 %, JF H 12h Z 5 B IR ;B4 310. 15 K &4 F,
B-TSL B GHE R 18, I BLE 72h B RBUBE R A 59. 05 %, 38 23 B8 43 7 ol %1, 4145 19 B-TSL #£ A
PRIEH 310. 15 K 250 i IR (ot 35 i 2 09 ke 140 28 0% L 36 1 o 4 25 10F A0 D9 19 7 et 10 0 55
B RN IEH 42U A5 T 5 00 24 N8 0 R B 3k A T A v 1 AR DX L 12 I AR R A T K 0 B 1 B
FERCH R R T YR ITROR
2.7 B-TSLMBHAZHNESH

RIR B R G JE T MR 2 R 40 . M L 76 25 S8 25 W D\ 2Rk eh i ke 1 [ B L 6 O B 48 1Y
JE A AR Bt Ak T horb i 25 W A R, BT LA T B MR B 25 A5 R ] Ritger-Peppas J5 FEN H

X 100% (D
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Figure 7 The cumulative drug release curves of B-TSL at 310. 15 K and 317. 35 K
A .
M,
Krf, M, o5 B RIPRECE: s M.y oo I RITREIE: s K 88 80 BEACR B n 2RI R RTAIL ) 19 2y
TESH e R E]) . X T — Bl Syl f s,

=Kt" (2)

M, B

M =1l—e™ (3)
A b MIE M ERE R, T s foead e,

M, 1 "

M. kt+A

A A A — W8 5006 259 REVRIE A L,
FEB S22 o M A 38 (2) L (3) L () T5 R EAT AR Rk 181 51 20 B 5 IR X L mloRE L3 05 R e Ak
M,

ln(Mm ) =InK + nlnt (3
M,
ln(l*MT)Z*kt (6)
L =kt +A P
M,

S K 310015 K 5 317. 35 K A9 B-TSL 7£ 10h 5 /9 BB 2 i £k 4T (5) . (6) (DL MERIE 15 5]
MERB R, HARGE B 1 iR,

xR1 PAZFFEUMEGHEXLRY

Table 1 The correlation coefficients of fitting kinetic equations

MR B (correlation coefficients R )

puE: ki

— 2 F12 e SIS Ritger-Peppas SIVIES
310. 15 K 0.952 0. 845 0. 996
317.35 K 0.767 0. 686 0.919
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AR R R BUEME A, FoR i 4 5z BRI S, M3 1 A1, Ritger-Peppas 2 R {H & K, H
S5k il4 BRI, N IL Ritger-Peppas BRI BEH AR I8 iR 19 B 72 . 18 H Ritger-Peppas FE 8 %}
310.15 K 5 317. 35 K Bg AR A B 245 i kAT L& L AR B A BB S 400 3k 2,

& 2 Ritger-Peppas I E G H L LR
Table 2 The curve fitting results of Ritger-Peppas model

AbH 2H K n R
310. 15 K 0. 207 0. 376 0. 996
317.35 K 0. 689 0.176 0.919

R ¥E Ritger-Peppas BN XF T BRAYPG A, 24 <0, 43 B, 25 Y B F2 8 T4 B ol s 24 n >
0. 85 B, 25 Bl ack 72 I8 T Mk 5 24 o (AL T 799 8 Z DB, AT A0 A o 9 ol A9 100 1) 28 I, R kg S R 00
FETH

MFE 2 ATLLA L 7E 317, 35 K 449 B-TSL B2y /7 B 1Y n=0. 176<C0. 43, K It , X — B 25 i F2 A 9
B, WM 317,35 KAEALT i il GRS ot 14 4 T AR AR I B2, R BT B HE 51 A2 45 B A% H A e 8 R 4y
H H T Bl B P 0 o 2 T aE A A i T SO Jr 2SS AR N TR O R L 3X 5 Ritger-Peppas 15
Iy AT A R 4 R — K,

# 3 B8,310.15 K B9 B-TSL B2 5 B i n=0. 376, Ft 44 CHY n {H K LI 0. 43, X — IR JF
ZAER L RS 0T A P B R R T R A2 BN BT RS K A ki 2, AL n (B SR /N T 0. 43,3
AT BE A IEAT RSN 28 B SC B0 B, G 5 B ohy 3 1A T Hh BB AR 43 1 HEZ A8 w5 A 10 1% B0 L 4 58T o8 3 1 B0
RIFFELLA R #BaIE X2 T AR BR Sk,

3 it

AR SCAE SCHR LAl b o B %4k, R R 5 Y G BT I 8 B-TSL 729, & 51 R AE D 3R B A Ak
5 BT LA T R A ) 6 B BE R B AR = 8. P8 B-TSL MR £2 311 nm, AR IR E 317. 35 K, AL %
74% . B-TSL MRS BE 2515 DLAF & Ritger-Peppas B, A SCA M b Al B 36 10 28 & 74 & W B-TSL. &
AR S £ 35 T L R T ARG, SR T A St SR U I SRS T O A 7 i A 2 R 2
PEREFAR A KM 5T 245 A ik B-TSL A & J& 592 B H B A —E S M.
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Synthesis of A Intelligent Drug Release Controlled Material and the
Study of the Drug Release in vitro

XU Shuang-jie, GUO Ming”*, SHAO Yan, WU Rong-hui, ZENG Chu-chu
(School of Science, Zhejiang Agricultural & Forestry University, Lin’an 311300, China)

Abstract: In this paper. dipalmitoylphosphatidylcholine (DPPC). hydrogenated soybean phospholipid ( HSPC) and
distearylethanolamine-polyethylene glycol 2000 ( DSPE-PEG2000) were used as raw material, use of reverse phase
evaporation method to prepare a new type of intelligent drug controlled release polymer material which encapsulates the
active ingredient berberine of traditional Chinese medicine coptis (berberine thermosensitive liposomes). The morphology
and property of the product were characterized by Transmission Electron Microscope (TEM), UV spectrophotometer
(UV), Zeta potential and Phase Analysis Light Scattering (ZetaPALS) and Differential Scanning Calorimeter (DSC). The
release rule in vitro of the product was studied as well. The experimental results showed that the thermosensitive liposomes
with a particle of berberine were synthesized successfully. Confirmed that the size of the product is 311 nm, the phase
transition temperature is 317. 35 K, the effect that the temperature-sensitive liposome encapsulates the berberine is good,
the encapsulation efficiency was 74 % , in witro release kinetics model of the berberine thermosensitive liposomes accorded
with Ritger-Peppas equation.

Key words: Controlled drug release; Polymer material; Liposome; Thermosensitive; Drug release in vitro
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