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Computer Simulations on the Anticancer Drug Delivery System of Docetaxel
and PLGA-PEG Copolymer

Liu, Hongyan Guo, Hongyu Zhou, Jian*

(School of Chemistry and Chemical Engineering, Guangdong Provincial Key Lab for Green Chemical Product Technology,
South China University of Technology, Guangzhou 510640)

Abstract Molecular dynamics (MD) and dissipative particle dynamics (DPD) simulations were integrated to study the
morphologies of the drug delivery system self-assembled by amphiphilic block copolymer poly(lactic-co-glycolic
acid)-b-poly(ethylene glycol) (PLGA-PEG) and anticancer drug docetaxel. In this work, the solubility parameters used in
DPD simulations were calculated by MD simulations. In DPD simulations, the effects of copolymer concentration, copoly-
mer composition and drug content on self-assembled morphologies were investigated. Simulation results show that the mor-
phologies self-assembled by PLGA-PEG and docetaxel (Dtx) undergo the transition from spherical to cylindrical and finally
to lamellar micelles when increasing the copolymer concentration from 10% to 50% while maintaining the mass ratio of co-
polymer to drug as 5 : 1. In all cases, core-shell structures were obtained with the hydrophobic PLGA as the core and the
hydrophilic PEG as the shell. It is found that PLGA-PEG copolymer with the composition of PEG block ranging from 10% to
90% (the total number of the blocks of PLGA-PEG is kept as 100) self-assembles into spherical core-shell structures in
aqueous solutions without drug when the copolymer concentration is 10%. When the mole fraction of PEG in PLGA-PEG
copolymer is less than 20%, PEG is unable to pack PLGA completely. With the increase of mole fraction of PEG, the PEG
shell becomes thicker and the size of the core becomes smaller. In order to moderate the micelle’s drug loading efficiency (a
small PLGA core will load small amount of hydrophobic anticancer drug Dtx) and stability (a thin PEG shell may make the
core-shell micelle unstable), PLGA-PEG copolymer with the molar ratio of PEG to PLGA as 40 : 60 is considered to be the
best drug carrier candidate. Besides, the simulation results show that the content of drugs also affects the self-assembled
structure. When the drug content is under a certain value, spherical core-shell structures are gained and the size of them
grows up with the increase of the drug content. When the drug content is above that value, the spherical structures will con-
nect each other to form cylindrical structures. Considering the advantage of spherical core-shell structures in drug delivery,
the optimal mass ratio of docetaxel, PLGA4,-PEGg, copolymer and water is 5 . 10 . 90. This work is expected to provide
some guidance for the design and development of drug delivery systems.
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Gref Z"KFA T PEG JERHIIR BEILR M BENS B35 40
RGN TAEAR NIRRT (). PEG FEREM% AT 250
RELATC AL B 1T 00 R PR B A T 8 i SR L
FEEy SERAR P IS B I IR, O FLRETE B A T HEN
JIRa I R AN N F. IRk, AT PEG Fe ik B
SERY I AAESUE 20 AR 0 B, PEG M1
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441:%[21,22].
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60~100 nm [FJRL ¥, XK1 X} B 55 25 (ADR) 1), 4 %
N 25%~30%. Mo 5] PLGA-PEG % ADR, /i
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SR F AL MO e dLB %) Guo
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Figure 1 Coarse graining of the simulated system. a represents
PLGA-PEG,; b is Dtx and c refers to water
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Table 1 Repulsion parameters between beads

Dl D2 D3 E L G \

D1 78.00

D2 79.50  78.00

D3 78.02  78.87  78.00

E 8195 8843 80.55 78.00

L 79.65 78.15 78.83 8296  78.00

G 7898 78.01 7845 81.76 78.04 78.00

\ 2223 2883 1616 1140 1613 1493 78.00

© 2012 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences
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i & MELS], D1, D2, D3, L, G Bk 15 W Bk 1
] (K HE T 2504 2 78.00 BEk, W e 5 /KER 18]
(R )5, W X LBk oK PE LU 22, 1 E
BKT5 W B TFHMH R 280N SRS W ER TR
WHEF S5, WS e R FAHLES, B 2 BRI
FrLL, M0 DPD #5250t n 5610 i D1, D2,
D3 #4025 K 0, T E, L, G A ik BEE R
Y EA PR

AT DPD AU R F 8 2F 2 Materials Stu-
dio 4.4. Wl 1 K/NK 40r, X 40r X 40r,, BT H055
poep IEA 3, MARILEAT 192000 4~ DPD 21, x, y, z —
ANARER TS 1) 38R R AL A, R AL Cs W
4, FEROIBHy Wk 4.5, BERIEEEEN 4X10° 25 LA
TRUFR R 2P, BRI RS KB 0.057, b ¢
) DPD AR UL 6 Y. I B S I R) BT, = (141 £
0.)N, P [ps]. ABHMA R, =KD T H—AEKT,
TAEAN KA T IR A 0.03 nm®, sk 2 BN 2 110
SRR 0.09 nm®, I TERTIOBCEE N 3, Mkt
HATASE] R 414 0.65 nm, T UBA R & Tl K2
H 26 nm. HTFALH N,=3, # r=(88.0£0.8) ps, H
U ATV AR SRS T 2 24 1760 ns.

3 HRSIE

T2 AL HE ) BB AL, BRI A 4l oK
7 Ik 20 ) A I AE P R N 40 1 B R LA IR 25 11
JLERK, BrCAARSCHIRGT H I 3 B 2 5 45 1F T T 3Rk
EERIRICR IS A E AT T IR IE . S
TR UL K 291 dh B AL 4 M R s i), 5540
I FEH PLGA H S AS BRI AC e IR R R EL I 72 24 50/50,
B2 PTEEE PLGA-PEG #1254k &I 5 4
5%,

3.1 HEIRENEEY-AY BRI RN

TEKETF NN — € T ) PLGA4-PEGe F1Z5%),
TIEREM SRR A 501, SRR EYMZ
VIR, WEILRY) A AR5 ARk, BT a] SRAGH] %
WK R B AEIR . B2 AR A LR e K
W B EE, MEAILIRY R B e O LR YL
R FRE SR, B 2a~2f HILERYIEIIKEE 25 A
10%, 15%, 20%, 25%, 30%F1 50%. 43S WIIKE K
10% (Kl 2a)if, FLZW A L2588 R TV (BRI AZ 72
45K, b PEG h5%, PLGA F1Z5%) Dtx %, Bl L5
YA LR I Can &l 2b), A RS TR N, T HAH
RIINEE NI K s AR ep (UBL R ek /N Y N |
20% It AR R, BRI A (1) RS 4k 234 K 5 S50 48 )k
TE e ROAH EL R A TE AR €5 0, B PEG k8K 4 7%,
PLGA FIZiPAE TAERIE R A, 3L BRIk FE ol
25%F, FEARGE R BRI R, AHAR I AR 45 R4 AH H il
G, TR ALE 1, JLERPI IR BE AR 2L 1S K (Wl B 2d),
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JEAREHE BRI TFALINARGR /)N, SR -E W FE Ak Sl 1 n 3]
50%0F, JEAREEH LI FLIRTE 2%, 1331351 2R G5,
PEG 7E 2 RGN WE, 29915 PLGA A7 T 2R 45
R a) 2, X MR [ AL 4h b T VR R T 29 s R v
2. A ORIE 2B BROIR G580, DRk B R SR ) )
PR EER 10%.

@== represents bead E, C= represents bead L, @== represents
bead G, © represents drug

B2 KL PLGAL-PEGeo BRI T/RER T I TEAS; a=10%,
b=15%, c=20%, d=25%, e=30%, t=50%, 25453 2W11 it
BEHFEEN 1S
Figure 2 Morphologies of PLGA4-PEGg copolymer at different con-
centrations; a=10%, b=15%, ¢=20%, d=25%, e=30%, f=50%, the
mass ratio of copolymer and drug is fixedat 1 : 5
3.2 HEBYAMXBEELEWIIFIT

TEILRY) BABTE I gk b, LRI AL pigs )
HACTKEF W IR B A5 LU SRR E M A5, Ay
2 SRAE TR P IR 10% A ) ik B R f ik B S
RV B ARG g5, Hh LR Y E S BT RBR
4 100.

Wik 3 pior, a #1439 4 PEG B E R ICHUN 10, 20,
30, 40, 50, 60, 70, 80, 90 [¥] PLGA-PEG JLIEWit) H 41 %%
SERIARI ). PEG 1B IR R IR 43 0w A PEG 5
FLICHOE IR E RO S E B, TR E
HHICRBCN 100, FrLLE 3a 2] 3i th PEG ik BLTIEER
IHY R 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%
H190%. 1 PEG kBN EEI/R 734k 10% (K 3a)F1 20%
(K 3b)if, ATLAMEER] PEG HAR 5845 7E PLGA JE K 4%
AR, AHE BT PEG [P AN 2 LR K [ PLGA 784344
%, S PLGA HiH/KESm, TAREN HAEZ%)
HratA &R e 3a 3 3i AT RIBES PEG & 11
I, ek Z 1) PEG fW2E/E PLGA K41, 4 PEG ik
B E IR 2 H0R 30% (I 3¢), 40% (& 3d)IsF, PLGA A
4wk PEG (W32, B/ PEG K55, PLGA NS
ghky, (AL PEG 72l B LA, dE—D1bhn PEG
)75 &, PEG 722 EEHI N, 4 PEG Hk B 1) R /R 734K
h50% (K 3e), 60% (K 30, T4t F b B, M
H PEG #%E¥HEAEMENE, PEG EE/REA
60%[FIRY JE—2L K25 Dix 55K 5B PLGA £33l
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60% IR RIE I 21 A R ARG 8 M Y. S 5%, PEG JEE
IRk N2 S8 PEG JREHE— DK 3g,
3h, 3i), (2l TR R —Er), itd PEG
RGN, PLGA MI& EEl MK, BB PEG 74
BRI )T 1T PLGA A%t ss Bk /), e 282 &
A RSRR N, IXRE LR SE IR R AN B ). DR,
PEG 722 K JEW A ANER), NFHAERNE G %
(1) PEG FRIEIE A R e PERI AT, PEG 85 BUK KB 23 i
PEG BEBLHIIRT:. b T2 E SR AR et &
AR PEG iR BEIEE IR0 HCh 60% it & LR M)
A PLGA4w-PEGe I, JFIT43 21 25 W84 me 7 HE AR
.

g h i

B3 ARk B IR Y B 24 R 45FFIT ], a 31 1 AR PEG [
IRGIEAINA 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%F1 90%
Figure 3 Sectional views of self-assembled morphologies at different
PEG compositions. The molar fraction of PEG from a to i is 10%, 20%,
30%, 40%, 50%, 60%, 70%, 80% and 90%, respectively

3.3 YR ENERY-AYBHEREMEIZN

il 3¢ PLGA-PEG S7KHBELLA 10 90, MAA
AR Y, MR B AR R AR IR, 25
Fan 4 fios.

WK 4a, 24254 . PLGA-PEG : /K il 5 :
10 90 I, fRFR AAIBIERL T —AERIRG ), o1&
Wikl sa 47, WIS RZER A1 UL PLGA I, PEG
hde, A TR MEZN, HHY
PLGA-PEG : JKIf))iis bt ly 8 210 2 90 I, 4 4b Fior,
R RMAR BN LB ERR L e 854, (HJ2 T 20
$4Z%, 1 PLGA FIZyWte itz RSP KR, 1149 PEG 7%
AR A2 250 . PLGA HI IR BRI R (1) 4 1
SbATE AR R K, A R R ik
BRI R, 24259 © PLGA-PEG : KIFJiTE L
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B4 AREZHE RN PLGAW-PEG H AR/ . AR P2y
4 PLGA-PEG : /KFISTE L3 a=5 110 1 90, b=8 10 : 90,
c¢=10:10:90,d=14:10:90,e=18 : 10 : 90, f=20: 10 : 90
Figure 4 Morphologies of PLGA4-PEGg copolymer with different
drug contents. The mass ratio of drug : PLGA-PEG : water: a=5 . 10 :
90, b=8:10:90, c=10:10:90, d=14 : 10 : 90, e=18 : 10 . 90,
f=20:10:90

910 110 © 90 I (&l 4c), B TILIRYIFIZ5 ) S LA
K, FEUERARER B 425 TE 2P R Ui H I Bk
REZ TG, TR R T AR 1) 454, Hh PLGA
FIZGPIMAIRR R T 135855, PEG T2 R0, 25
SEYREEIG N, W IR S5 R B AR R A ), A% IR
B 4d, 4e). A% TN — @ F2 R 5 (K
4DPEG 5% /2 AL LLIE A AT IR 45 40 fu, 2 1 3 B0 43 24
). PLGA H7K¥fik, BT Z5a arLdt NN, 1T RE
23 5 AR R A 1 BT 7K Bl DX oA A AR ELAR T RS B A
o, P A R AR AR RS L BROIR 5 R LG %
AR AR G5 R 525 ) e ok oA 74 Ak N e 4t L AT 7 3]
TR, RIS PLGAL-PEGe 57K 15 B L [ 52 Ay
10 290 InF, BRIR 25 WAL A4 5 1K) B K 254 ot & 73 22
7 0.07 (Kl 4b, [ 5b); Al PEG 2 HAT & B
AR IEBROIR 25 P AL s A R RS E 1, B2 N2
10.05 (Kl 4a, K 5a).

a  sectional view

e
sectional view

b

B 5 ARAYEE R AUESWRIEE LHImE. 49 :
PLGA-PEG : /KIFE /35 a=5 110 1 90,b=8 110 1 90
Figure 5 Spherical morphologies and sectional views of PLGA4-PEGe
copolymer with different drug contents. The mass ratio of drug :
PLGA-PEG : water: a=5 .10 : 90,b=8 : 10 : 90
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AR HFEHORL 1~ 3l 7 24 AU 7 0 s 259
ZVVRERESILEY) PLGA-PEG 1K F& 1) A 413 KA
PR IBC T BT TIRR. SCrp 8 T IR YK
. LA AN 2i e AL A R, S
BT AR L.

TH LA AT DL W 5% 5], PLGA-PEG LR WfE
i R 2 VO R A2 B 1 4138 T8 i Fe g f, R s K )
PLGA kBt W%, /K10 PEG B E, 2 MEERS
% 30 3 K VR HIE N3] PLGA ¥t N[ 58 Sk Ji
2 $38 PLGA-PEG 52 P92 BEAE /KB P B AN 7]
(1 A RS b, WS KR s B RCERIR . AR
JEARFLEER . SRS R, XA (1) A 4L 5 MIEAR
USRI N, AEBRAGKRIE T, ANFYLET PLGA-
PEG HIRWIFREE BORIRAZC L. % PEG HRBL I
IRHUINT 20%0, PEG AN AL LUK PLGA 58 & 25 ok,
WE% PEG kB /R BN TN, PEG 7okt )= M
PLGA W RTBRRER/N, Oh T 4 g i i 25 2 5 O]
AR DL BN 290 5 R R AE K Ao 1, R I
PEG kB BE IR 0 80 60%0 ) PLGA-PEG HLA7 #i4:
MZEAPERE. 9IS 0T A AL g /AT 52, >4
NP DR, kR ST ERRAZ e g5, BAE—
SETU I, B 290 RN, OR 2R i RSE 88 .
MYy XA I, B 2R R n, arsg
FIBRIR 50 HAHE B MR IR, il Rk g JmT 4,
T2 PH R B AR SL SR AL PLGA4-PEGe,
2. FERY). KA 5010 190, AT
YERT A sk R ST RS E SRS
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