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Abstract: The dialysis method was employed to load adriamycin into the micells formed by temperature
and pH sensitive polyhistidine-co-DL-lactide-co-glycolide-polyethylene glycol poly DL-lactide-co-glycolide-co-
histidine (OLH-b-PLGA-b-PEG-b-PLGA-b-OLH). The critical micelle concentration (CMC) of the copolymer
was measured with pyrene fluorescent probe method under different temperatures. The entrapment rate and
drug-loading rate were determined with dialysis method. The diameter, morphology and surface potential of the
copolymer micelles were investigated by corresponding instruments, respectively. The release behavior of
adriamycin from copolymer micelles and the pH sensitivity were studied. The CMC of the copolymers ranged
from 0.022 4 to 0.001 7 ug'mL™". The entrapment rate and drug-loading rate were 92.8% and 15.7%, respec-
tively. The micelles have a mean diameter of (61.7 £ 13.4) nm, and zeta potential was —9.88 mV. The in vitro
adriamycin release rate increased with the pH dropping from 7.4 to 5.0. The results indicated that the CMC of
the copolymers decreased as the raising of temperature, drug release behavior from the micells possessed
clearly pH sensitivity, and the copolymers may have a potential in targeted delivery system for anticancer drugs.

Key words: adriamycin; temperature / pH sensitive; block copolymer; self-assembly micelle

I pHEUR R G W) — 2B MW R st AR ™ R - B AR B A Kk i, DAL, T

(R3S o LS U PLGA-PEG-PLGA FL 5B W) HLAT Bt VE RS BB 2 R A AR 2 ML %

ICRYIHE KB 0] JE R APEG A 4h5e . PLGATREL
WcHs F130: 2009-01-05. o A% IR BRAR R A, 8 R e R AAT kg B I R T v
HEEUH: BRARRFRESRIIHE (30801456). &/EE/E'T’E E%_iﬁg—l:ﬁzmﬁﬁiéﬁgﬁzﬂi%*@ﬁg

SEINEL Tel / Fax: 86-24-23986306, e R o , . B3]
E-mail: chendawei@syphu.edu.cn 4: MK/%EHSC, Ehﬁ%gﬁ\j‘] %&Hé% E(J *E %%/EIE o ;j\:



© 794 - iz 44 Acta Pharmaceutica Sinica 2009, 44 (7): 793-797

SRR 53 25 K A8 AR T 0 3 5 ) JEL A VT A A AR Ui
BE, AR AR R FEAG TR, v AR S 2R 45 24
R, 0 AR AR R vy TR, (R AR B T
WU ARS S8 () IR HOIR S A AE, W) mT FH A TR R A ) 45 2
AU

pH RS B I A A R 2 MR 2 R T 25
29 (M EARB A HRTHE I IR Y, 2 R AL
A W T o R AT g s A, ey 4R
I pH BUKMEEA, BEMIXAHMARN pH AR 4k 1
k. AR T a5 P AEAE 1 AR L, 3 pK,
76 6.5 iifi, B4 pH BURME . IREE pH KA RS
AL AR SRR MR R R K AR AR, BRI, BT TS pH
BURIC IR YR . T AR [poly(L-histidine), PLH]™
EIEH AEFIAE R (pH 7.4) 40 T 458 T A I A7 75 i
TR E TP A AR T, XHEER) pH 2K
UK. AN, PLH BAT RN /EH, 75N A/ M ER
WG AR D) 99 IR PE IS Nl IE WL ey, T RL S N A/
B T A IS = A i A AR SO R, W n 254
10 0 i 9 R T H AT oI ) 4 SRR 2R 2R G W e i
i A AERT pH AR A N AN R, LEAR A T I R
ghit AR, R P B R A TR IR R AU
PLGA-PEG-PLGA LY 458 5] N A Z IR D
B RNEAR-RIARTILE LR - L _FE-RAR
B LR - H AR (OLH-b-PLGA-b-PEG-b-PLGA-
b-OLH), "W &G WA RGPk s, R A&
PLGA-PEG-PLGA L&tk Bt K U 110 7K 95 M R AR e
5 PLH ¥ pH BUME

fiT#£ 2% (adriamycin or doxorubicin, ADM) & —
Tl 40 B DNA & i gg 299 . Bl 55 2= 70 I
PR EFZR T FLE. . B s e
WYY, (R TR T4 E, 592K
o3~ O IEER IR KR e AR L, HAF
TE /O JIE TP | RS A S5 T E AN R R NN 2 24 2
PE, TS I RN F R 9T R R T

AL LLS G % H L /pH U EE AU (14 ik B
HLRYIRH AR -RIRBRE LR -R L R RAR
A OB A (OLH-b-PLGA-b-PEG-b-PLGA-
b-OLH)™ "l g4k, AR 25 25 g #5780 24, 4 4% (0 25 i
BRIEGYIA, F5XT BT R 22 B2 10 11 5 B A
B B TVERRE ) AU SRR SN 24T A AT
T ARG .

M# 5 HE
XFI51L8 OLH-PLGA-PEG-PLGA-OLH (A
S [, R BB IE (45 508 o 1

516 634, P OLH kB34 7r 1 ikl 5 113);
T (Sigma 23], fit5:115328045005354, % H#:=97.0%);
SRR AL EEBERI AR AR, #t5 HF
070312, 5 >98.0%); FEHTLE (Lifgar SRHE K
HRR A O 4%E, fitS: 081008, #8715
3500), ARG K o Hrali.

P NIC T (HAREEA ], RF-5301 ),
AN LA YT (bRt A AT AR A ], UV-
9100); M ML B ME (HAW &, JEM-
1200EX #Y); i B2l 72 4% (36 [E Nicomp, PSS-380 /1Y)
zeta A7 521X (35 [E Beckman Coulter 23 7, DELSA
400SX 1),

I AR R IKE (CMC) B9 E  RH T (pyrene)
DGR AET B AWM E 1k B 3L Y OLH-PLGA-PEG-
PLGA-OLH [ At B ook FE . Wil skl — R B ) 94
5 Wk B 3L SR R AR, K LA AZ 2R 10 mL
fr iy, ALK 1.2x107° mol-L ™,
SrAIE T 250 37 F1 50 CoPRE A, FHIN e 9 e
i

HERROEE % GRS BT L H %
JRE o FREN — i it (1) AR R 25 25, 1.5 RS I\ = L i
Jod B ) T VK (DMSO), #EEHEFER R, A
BB ERY) 40 mg, HiFE S h, KHLEBIENE T,
WEGUA pH 7.4 BIBER 2 00 0ENT . 0T 1. 20 4L
6 F1 10 h S HOH (1) 22 pPl, AT 12 h J5 13 31302518
R o 0 30l 2 552 TR b SR8 2 0 T R B ) SRR 2
Hm

BHEMBFHEMNE  RHBNIEN LA
By = e B NTE o B AN R T i 2
RV RS 299, R e N e R v (1 B 85 25 1) o, A
LM R I & C o, MoE A A
RN . AN R 32 (W B KOO K AE 240
H1 481 nm, 1M ZRYI I RS K AE 223 nm, #
S SR KR BEAE 481 nm. A3 B T
S AN RV TR BT B 5 25 7K v A ROBC B, DA 2 3 K
BE(C) X BE (4) AT ERMERNIE, 7E 0.5~32
ngmL ™' WAFRUERIZE: C = 0.018 74 + 0.010 3 (r =
0.999 8, n=9). UtH{EILTEE N, Fi%E Z T 5ol
FEZ AV 2Pl 20 R R AF

R AN A X EAWE % (entrapment efficiency,
EE) M3k #j# (loading content, LC).

sz = P x100%
/8

Wi X 100%
Wi+Ws

W =




AR A B FR R /pH XUBRY B AR UL SR MR 1 il 6 £ 795 -

Ao W IR P 2P TR (mg), Wa AN Z54)
)i (mg), Ws A FLERWBARN & (mg).

BRRRBIKIR. TSR zeta BAIRINE K3
AIGHUN I (DLS) W B iR AE . A FH i 5 H
T REE (TEM) MERIRKRMIEE . T zeta HLAI
SE AU E BRI zeta FELA .

FERBGIRIMERI R pH BUMER  HIENE
il 2 BT 27 R AL IR, KW 3 a2 IR &
1.5 mL T&EHT4EH, 40 5% T 100 mL pH 7.4, pH 6.8
FIpH 5.0 IREA i, 37 C FEMRBEFE, % 30
rmin”', ERECBE AR 3 mL, [F AN 78 2 AR
ST R SR T IO o SR A 3 D101 B I S R TR I
), TR SRR SR I R It 2k

#ZR511E
1 CMC Bl E

BE A — AR TR 82 59 IR 3 0 B 2R T, f
Hb G BEAR EAR A A SERURK, R Sk e 3L R Y o
TR R CMCB 12, K 1 AT, RS
WRPERA N, WORM KK AELRE, 374 nm KA 375
nm, 393 nm K8 % 394 nm. HILRYIKE (gL ™)
B A B AR bR, LAEEAE 375 nm fil 374 nm %6650
FERILCAE (I375/1374) D ARAR AT B (1) il 26 4 37 Ak %)
W (R A A A BV AT SR HE SRR CMC. JLERWIAE 25,
37 #1150 'CF ) CMC fE 7374 0.022 4. 0.005 12 Fl
0.001 74 pgmL™', EREFH, HIRYEKEBIE B
JBE R BIAT Sy B A B I S R, B R
CMC fHFRAR, TERE Inte e MR . JF H, b3t
B CMC Sk T oAt pH USR] 238 4 20 % -
B4 "W (polyHis-b-PEG) 1) 10 pg-mL™" BIFIZEF,

1000

500

Intensity/ au

Wavelength/ nm

Figure 1 Excitation spectra of pyrene as a function of copolymer
concentration. The arrow represents an increase in the concen-
tration of copolymer
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Table 1 Influence of kinds of solvents on the encapsulation of
adriamycin (ADM) in copolymer micelles

Solvent EE/% LC/%
DMSO 87.3 9.84
DMF 75.8 8.65
Ethanol 49.8 5.86

EE: Entrapment effictency; LC: Loading content

Table 2 Influence of ADM amount on the encapsulation of
ADM in copolymer micelles

ADM/mg EE/% LC/%
4 94.3 8.62
8 92.8 15.7
12 74.1 8.48

DMSO volume was 1.0 mL
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Figure 2  Polymer micelles’ size (A) and ADM polymer
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Figure 3 TEM photograph of blank micelles (A) and ADM
micelles (B)
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Figure 4 Release of ADM from polymer micelles(A) and ADM (B) in vitro



A A R FRIRLRE/pH XU B 21 2R ftk B SR I AR ) o 2% £ 797 +
i 928 4 o v RE %, T e bR 40 M P R 24 [6] Omelyanenk V, Kopeckova P, Gentry C, et al. Targetable
4@{1‘3&, ifﬂﬂ%‘lﬁ%iﬁ%{’ﬁ HEF«}EQ 4| E@,E’(j H I o ﬁ’ﬁﬁ[%% HPMA copolymer-adriamycin conjugates: recognition, inter-
Jﬁ*/l,g@ﬁ;yl\%%ﬁiﬁng] 4B Fﬁm’ ﬁ&ﬁﬁfmﬂj E%EZE(J nalization and subcellular fate [J]. J Control Release, 1998,
R pH U 25 G 2237
[71 Lee ES, Gao ZG, Kim Dongin, et al. Super pH-sensitive
multifunctional polymeric micelle for tumor pH. specific TAT
AN
é—é':“f- exposure and multidrug resistance [J]. J Control Release,
A SIS AT KRR W], 3 ik i 5 K ] B 2R 2008, 129: 228-236.
ﬁiﬂﬂg/pH XX f Egﬁ%ﬁ&;ﬂg%#@ﬁg%%ﬁilr&ﬁ], i [8] Eun SL, Hyun JS, Kun Na, et al. Poly(L-histidine)-PEG
ﬁ%lj\ﬁﬁf}]/ﬂ, A RIARTE 61.7 nm £ . WEH KM block copolymer micelles and pH-induced destabilization [J].
= 52 2 b o N J Control Release, 2003, 90: 363—374.
2P0 R R B RE o, A SNRE UM pH AR S IG U, ) ] ole biodeatadab
. .y N N [9] Qiao MX, Chen DW, Ma XC, et al. Injectable biodegradable
O B A RGF 0 pH BUBCRE 2555 11, @A 1F 1% ,
o A . temperature-responsive PLGA-PEG-PLGA copolymers: syn-
A A2k JeF1Z M B i 2
6% ity 2 E@‘Hﬂ ﬁ - éﬁ?ﬁkﬁi ° jt%: = *j BHE) - /TL‘}E/H: tH thesis and effect of copolymer composition on the drug release
Iﬁ‘ @?éCXIEJ%%E‘J ﬁ‘ﬁjj > gﬂiﬂ@** %ﬂ] M‘\V\] *%J‘—EE from the copolymer-based hydrogels [J]. Int J Pharm, 2005,
TEREH o ARHEAE Ay i K 1 470 P8 245400 1 40 i 48 1) 294: 103-112.
ALk R4 AR 0 N iy = o [10] Yin HQ, Lee ES, Kim D, et al. Physicochemical characteristics
of pH-sensitivepoly(L-Histidine)-b-poly(ethylene glycol)/poly
References (L-lactide)-b-poly(ethylene glycol) mixed micelles [J]. T
) ) ) Control Release, 2008, 126: 130—138.
[1] Jeong JH, Kim SW, Park TG  Biodegradable triblock
[11] Lee ES, Kyung TO, Kim D, et al. Tumor pH-responsive
copolymer of PLGA-PEG-PLGA enhances gene transfection . . . .
flower-like micelles of poly(L-lactic acid)-b-poly (ethylene
efficiency [J]. Pharm Res, 2004, 21: 50—54. .
glycol)-b-poly(L-histidine) [J]. J Control Release, 2007, 123:
[2] Tyagi P, Li Z, Chancellor M, et al. Sustained intravesical 19-26
drug delivery using thermosensitive hydrogel [J]. Pharm Res, [12] Han SK, Na K, You HB. Sulfonamide based pH-sensitive
2004, 21: 832-837. polymeric micelles: physicochemical characteristics and pH-
[3]  Shim WS, Yoo S, Bae YH, et al. Novel injectable pH and dependent aggregation [J]. Colloids Surf A, Physicochem.
temperature sensitive block copolymer hydrogel [J]. Bio- Eng Asp, 2003, 214: 49-59.
macromolecules, 2005, 6: 2930—2934. [13] Kim GM, Bae YH, Jo WH. pH-induced micelle formation of
[4] Hao TN, Qiao MX, Li Z, et al. ~Progress in the study of pH poly(histidine-co-phenyl alanine)-block-poly(ethylene glycol)
and temperature senstive biodegradable block copolymers [J]. in aqueous media [J]. Macromol Sci, 2005, 5: 1118—1124.
Acta Pharm Sin (25275£4)X), 2008, 43: 123-127. [14] Liang WQ. Biopharmaceutics and Pharmacokinetics (4:4/)2}

[5] Patchornik A, Berger A, Katchalski E. Poly-L-histidine [J].
Am Chem Soc, 1957, 79: 5227-5230.

5 20H) %) [M].
Publishing House, 2003: 113.

2nd ed. Beijing: People’s Medical



