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Study on Synthesis of Adriamycin-loaded mPEG-PHDCA and Their Application as Nanoparticle Drug
Carriers

WANG Congyao', SHEN Lijun', KONG Yi', WENG Jianhua', YE Xiaoli’ (1.Dept. of Pharmacy, Hangzhou
Xiaoshan District First People’ s Hospital, Hangzhou 311200, China; 2.Dept. of Pharmacy, Hangzhou First
People’s Hospital, Hangzhou 310006, China)

ABSTRACT OBJECTIVE: To synthesize Monomethoxy-polyethyleneglycolcyanoacrylate-co-poly-hexadecylcyanoacrylate (mPEG-
PHDCA) , prepare adriamycin-loaded mPEG-PHDCA nanoparticle and study its in vitro drug release behavior. METHODS:
Knoevenagel reaction and anionic polymerization were adopted to synthesize mPEG-PHDCA, and it was characterized with
'H-NMR. Weight-average molecular weight and polydispersity index (PDI) were determined by gel permeation chromatography
(GPC). Using adriamycin as model drug, complex emulsion-solvent evaporation method was used to prepare adriamycin-loaded
mPEG-PHDCA nanoparticle. TEM was adopted to observe its micromorphology; particle size and Zeta potential were determined
by particle size instrument. The content of adriamycin, drug-loading amount and encapsulated efficiency in nanoparticle were
determined by HPLC. The characteristics of drug release in vitro were investigated by dialysis bag method. The drug release in vitro
of it was compared with that of adriamycin. RESULTS: After characterized with 'H-NMR and GPC, mPEG-PHDCA was
synthesized successfully; mass average molar mass was about 6 000, and PDI was 1.13. Prepared adriamycin-loaded
mPEG-PHDCA nanoparticle was round ball-like granule and had smooth appearance, uniform size and good distribution without
agglomeration. Particle size, Zeta-potential, drug-loading amount and entrapment efficiency were (94.61 +3.91) nm, (—11.68 +
0.83) mV, (2.17+0.67)%, (79.54 +£4.66)% (n=3). Accumulative release rate of adriamycin-loaded mPEG-PHDCA nanoparticle
reached 85.38% within 48 h. Drug release curve was Weibull equation distribution (R°=0.979 4). The adriamycin solution was
released completely in vitro after 4 h. CONCLUSIONS: mPEG-PHDCA is synthesized with good drug loading efficiency,

biocompatibility and sustained-release properties. It is expected to be a new nano drug delivery carrier. m

KEYWORDS mPEG-PHDCA; Nanoparticles; Sustained-release characteristics; Adriamycin
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2.1 EHEHMEHER
2.1.1  FOSBESEIL O ER YA BT S EE 200
mmol FIH 3 2 8 240 mmol, B T 500 mL = Fikeifi
JIA 120 mL — 40 BEH1 20 mL Z B2 2.1, 1 000 r/min
FIE P A s RS N AT 300 mmol 454577 DCC Al 20
mmol #E 1L 7] DMAP 1) 60 mL — 58 e iR , AU A4
i FE 25 IR SN 24 hs i 100 mL Z€ 68 /K B 38 DCC, 4l
dﬁ,4&%&?(&,/@@%&@&2%‘{%%§E@, Gt R E
For W = F A, FIE AR R NaCLIA PR 2 1K, in
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45 L AliAE 3 YRS 154l 5 HDCA 148 5 5[5 14 ( 24 46.4
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'H-NMR(CDCl;,400 Hz) ,6(ppm) : 0.88(CH:—, 3H) , 1.26
(—C;Ho—, 26H) , 1.68 (—CH,—CH,—OCO—, 2H) ,
3.45 (—OCO—CH—CN, 2H) , 4.20 ( —CH,—CH,—
0CO—, 2H) ; mPEG-CA #Y 'H-NMR (CDCls, 400 Hz) , §
(ppm) : 3.42(CH,—0—,3H) ,3.50~3.75(—C,H—0—,
182H) , 3.81 (—OCO—CH,—CN, 2H) , 4.36 (—CH,—
OCO—, 2H) ; PHDCA f#] '"H-NMR (CDCl,, 400 Hz) , §
(ppm) : 0.88 (CH;—, 3H) , 1.28 (—C,;H.s—, 26H) , 1.75
(—CH,—CH,—0CO—, 2H) , 2.20~2.55 (—C—CH,—
C—, —C—CH,—CH—C—, —OCO—CH (CN) —
CH,—, 3.46H) , 4.27 ( —CH—CH,—O0CO—, 2H) ;
mPEG-PHDCA [#J '"H-NMR (CDCl;, 400 Hz) , § (ppm) :
0.88(CH—,3H),1.26(—C;Hx—, 26H) ,1.71 (—CH,—
CH,—0CO—,2H),2.10~2.55(—C—CH,—C—,—C—
CH;—CH,—C—, —OCO—CH (CN) —CH.—, 3.05H) ,
3.42 (CH—0—, 0.29H) , 3.50~3.75 ( —C,;H—0—,
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BEXUN A {HEE T mPEG-CA Tk
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FERTI 1252 820 Sl I, %835 R A2 L -V ) 4%
EY%WFH %mPEG—PHDCA—NPs ﬁﬁxﬂ%i%‘? 10 mg,

min )

A

188 IK S, ﬂw pHZE9. OEXEVJBE%

pk ;76 1 000 r/min # 3 5E+E T B Zb KA Z 0 AR

L, e gk Sk 30 min, TR E AL (Wow) ;455
FLE F 40 CUEHEZEBR LA WL R AR K, 2 H
i K E A E 10 mL, 3 B LT @R TR R 1
mPEG-PHDCA-NPs B2 3% , I AU R3O0, AFE
2, AP EE R il 4525 11 mPEG-PHDCA-NPs JRE W .
2.4 BTE?E’JQEME

TR BRI BT B 2 11 1 1, A
%Z%Tb ODS % (250 mm*4.6 mm, 5 pm) ; a4 : &
#-0.02 mol/L iz — 2B (M5 pH=3) (30:70,V/V);
Vi : 1.0 mL/min; A7 : 25 °C 3 Bk < 233 nm; AR
15:20 pL; R[] :5.14 min, PAETEFR () AL FR
Jo R FE (o) AR A b, 22 Tl et 2k, oo 2 3 A o o
e B Y 2 PETE Bl A 0.5~50 pg/mL, [\ )9 )5 #E N y=
85.38x—10.87 (r=0.999 8,n=6) , KM R 4 0.1 ug/mL,
FERPR R 0.5 pg/mL. 50.5.0.5 pg/mL Pl % % 1K H
AN H 8] RSD #)/NF 2% (n=3) , F & P56 0 1t A1
I RSD K 1.26% (n=3) , V-3 A5 %y 96.9% , RSD ¥
INF 2% (n=3) , 24 h a2 M 50 H 04 i LAY RSD o
1.49% (n=3) , IFFG Ir ik FEisk .

China Pharmacy 2018 Vol. 29 No. 13 - 1783 -



2.5 #HFEZEH mPEG-PHDCA-NPs { R £ M

2.5.1 KifE K Zeta WL MU/ 54 P B &K 19 mPEG-
PHDCA-NPs JR ALK T4 5 it v, 28 18K B WOCRLE
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#9(94.61 +3.91) nm, Zeta B/ 5 (—11.68 +0.83) mV
(n=3). #FI% % 1Y mPEG-PHDCA-NPs Hki 42 434 &
JREES
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Particle size distribution of adriamycin-loaded
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mPEG-PHDCA-NPs 2 [RI BRIk , 1015, KN 2T,
O3 BRI R 2 B A DR % e A RIS . BT R R (1)
mPEG-PHDCA-NPs )37 5 H 55 € LI 5.,
2.5.3 AUHE MG K% 1 mL 2T RN
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em) 5.0 30 min, B IE W 2.1 T L]
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Fig 5 TEM of adriamycin-loaded mPEG-PHDCA-
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2.5.4 RAMNBEZGFEEE DL pH 7.4 BRERER 2% bl Al B
A BT, R FH g A 1k 5 %% 4B 2 & ) mPEG-PHD-
CA-NPsRIMEEZ R o 43 31| BB 5 28 7K VR 28 o) 5
Z () mPEG-PHDCA-NPs JE 2 & & (T a P& X N 1
mg) BB, & Je 3t 15 B T 200 mL B
FrH BT 37 CCHERK R (60 r/min) HHEIR IR , 77
¥ 0.25.0.5.1.2.3.4.6.8,12.24 .48 hEUFE | mL, R
I AE A R A,{Eﬂ%mﬁiﬁqﬂﬂ”ﬁ%ﬂﬁﬁi
T BBRZIR(Q) , RN IR, T4,

85— 28 )% Higuchi AL |

ML u tﬁﬁm Tl 6, Mx%

—o— [ FOK K

—o— HWE % 1) mPEG-PHDCA-NPs i i
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Fig 6 Accumulative release curve in vitro(n=3)
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Tab 1 Fitted drug release curve equation in vitro

B T iR — By Higuchi f57 Weibull f 7

W2 2K 0=0.143 31+0.303 In(1-0)=-0.498 9-0.360 3 0=0.419 31+0.089 6 Inln(1/1-0)=0.814 5lnt—0.161 5
(R=0.6907) (R=0.8882) (R=0.896 7) (R=0.9652)

I Z R mPEG-PHDCA-NPs IR B ~ 0=0.017r+0.321 2 In(1-0)=-0.053 5t-0.407 9 0=0.145 61*+0.136 6 Inln(1/1-0)=0.658 2Int—1.315 4
(R=0.563 6) (R*=0.8292) (R*=0.8332) (R*=0.979 4)

FH 11 6 R , B2 R /KIS AR BRI Jot h R 2 AR R,
4 Wi 25 O AR TR, BB 381K 5] 95.32%
% P55 X i mPEG-PHDCA-NPs i B & (0B 251 7 0 7] LA
Gy R BB REWIA, FEAR IR, 3 h Py i BAURE
25380 42.25% , 3X F] fig B T EB 2 245 4 W AE N DK R 3R
A SSCREHCRE PR, T i f R 24 h R P A, 2R 18 RR2Y L 48
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h N ERUR 255N 85.38% DI )y R st 0, 2 b 25
ZE 1Y mPEG-PHDCA-NPs 7E W R £ 2% il rh B 257 5
74 Weibull J5
3 g

BRI KA F0) Ar 12 W G 97 S e 8 S5 0 ok
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