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Study on Preparation, Characterization, and Anti-tumor Activities of Docetaxel Nanoparticles

ZHAO Shuangl’z, JI Yubinl, WANG Xiangtaoz, GUO Yifeiz*(].Life Sciences and Environmental Sciences Center,
Harbin University of Commerce, Harbin 150076, China; 2.Institute of Medicinal Plant Development, Chinese Academy of
Medical Sciences & Peking Union Medical College, Beijing 100193, China)

ABSTRACT: OBJECTIVE To prepare docetaxel(DTX) nanoparticles and study its anti-tumor activities in vitro and in vivo.
METHODS The DTX-G2 nanoparticles were prepared via the method of anti-solvent precipitation combined high-pressure
homogenization. Dynamic light scattering method was used to measure the particle size and scanning electron microscopy was
used to observe the morphology. Drug release in vitro, the membrane toxicity and the cytotoxicity were studied. Anti-tumor
effect in vivo was investigated on 4T1-bearing mice using Paclitaxel injections as the control at the dose of 10 mg-kg ™.
RESULTS The particle size of DTX-G2 nanoparticles was (356.8+6.709)nm with polydisperse index of 0.147+0.02 and a Zeta
potential of (—14.4+0.07)mV, the drug loading capacity was (62.3+1.9)%. The nanoparticles exhibited schistose morphology in
SEM. The accumulative release achieved 80.4% in 192 h. DTX nanoparticles presented no hemolytic activity, could be utilized
via iv administration. MTT assay displayed that DTX-G2 nanoparticles had stronger cytotoxicity against 4T1 cells than solution
(ICso, 2.374 pg'mL™" vs 5.664 pg-mL!, P<0.05), the uptake ratio of nanoparticles was enhanced significantly(20.46 vs 11.01,
P<0.05). The anti-tumor efficacy of DTX was promoted in vivo comparing with Paclitaxel injections (75.7% vs 52.4%, P<0.05).
CONCLUSION The DTX-G2 nanoparticles present high drug-loading content, good stability, higher cellular uptake ability,
and enhance anti-tumor efficacy which is expected to be a new drug delivery system in clinical trials of DTX.

KEY WORDS: docetaxel; nanoparticles; 4T1 cell; pharmacodynamics
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Fig. 1 Molecular structure of DTX (a) and polymer G2 (b)

1 UFESHHR

Purelab Classic 25 &2 /KX (9 E ELGA A #));
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ABRAF]); KQ3200DB 2 4% i 75 i i e 2 (L
T P A AR AT BR A 7]); IN-3000 PLUS = 35 AL
(N R AR AR AF]); Zetasizer Nano ZS
T ks B A/ HEAT A (P [ Malvern Instruments 2 7] )s
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SHA-B /KIS {E IR R 7 2% (% 3 1H L SL 3 AR T )
LGL-10B AW T ML AL DU R RN ACE A IR A
F]); MCA-15AC 20357 #6(H A Sanyo A #);
S-4800 37 & S 714 B 7 B AL (H A Hitachi 2 7]);
UQuant BFr{X (3£ [H Biotek [ &% A ).

DTX(At MG EMEH AR AR BED
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2 Hk
2.1 DTX-G2 49KHL i)l &

K R U0 GE B A R R Y &
DTX-G2 gk ki. # 10 mg DTX % 2.5 mg B &YW
G2(Zi# N 4 © DILFERFET 0.4 mL DMF H, 78
—EIRE N ERMIEA 5 mL XAiKh, SR JE W
4iKENT 3 h BE DMF, &aiisox, 53
DTX-G2 4K . LLRAE e bR, il B R R
S & I R e T o, R . R
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211 AFEEEF XM ELE  EREEREA
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T VE AN A R VE R % DTX-G2 4Kk, F /R
W EASCI 5 G K RE (RS R ELAE , T Sl 5 45 R .
2,12 AERNEFIREZRFES R A
W SBIRECN 5 IRINAAE T, 2370 E TR
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o7 FE SN 58 AL R AR R LA, SRl s 45 2
2.1.3 AR¥RREES (R Lo s
WE TR 25 CRIZRMET, 200l ¥ e ¥ i
WHCN 0, 5, 10 k& DTX-G2 4kki, F /R
7 FE AN 5 R (R AR AT LT, T el s 5 5
2.2 fifR. HALRITEAS I % %2
221 REFEAL R E R T2 %
DTX-G2 49Kk, WKHE )& GHUH (dynamic light
scattering, DLS)JiE ¥, F 5 /R STk FE A & 44K
KRR FNEAL, SPATHRAE 3 I, idslbE 4R .
222 PHHEBSEMME B DTX JREZ K&
DTX-G2 #KK kT4, FHS [ e T8k, it
% 6 min(E % 30 mA HLJT), SEM R s kN
30 mV WYKL I TEAS
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4, 37°CWE, 2HI7E0, 2, 4, 6 hDLS I ki
17, MELRLAR 1A T A ToUTTE BUZE .
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2.4.1 %M %A HPLC #H7T DTX & &
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4.6 mm, 5um); VBNAHN 35651 0.1%LR-4
AR 2Ry KK 230 nm; Y 0.8 mL-min';
HEREEN 20 L FEEECH 30 C.
2.4.2  brdEdig I H B BT R E A N
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() DTX X B8 5, HPLC gAY, DA
BURYNAARR , i S B R AL AR, 28 PE RN 913 DTX
Pt h 2% o
2.4.3 DL [{JI5E B3 mL #] 4 4F# DTX-G2 44
Kk, T EHRES DTX M G2 s fiw wy, #
F 3 mL HE 523 R R BRI Y6 Bl 9, HPLC
€ DTX IR E, THEFP KR DTX KI5 & W),
SPATHRAE 3 e DL(%)=Wo/ W X 100%.
2.5 RAMETKR
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168, 192 h HUFE 1 mL FF 5B Re AN . 5 B TBURE
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B, tHE RN, ShiRmih4.
2.6 LM MR R 52
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& FiEEERA M E AR, H 0.9%4 H KLk
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SRR 4% A S, B 0.9%EF K 4%
ZL20 M B S AR UR G N X IR, W4k S 4%
21 40 i 2 IR AR TR A O BRI I, DTX-G2 4K
W28 0.9%4 B Eh /K SR FUR & 2 A Xt
MR, 37 CH#HE 3~4h, 5000 rmin"' B.L» 5 min X
i, FESFRACEE 540 nm AL EE(AVE,
T IR (%) =LK 4 EH-2AXH R 4
- 4 (E)/(FHMESTIR 4 - 4
18) X 100%.
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Tab. 1 Screening of preparation techniques

TiH g il iR /mm PDI LA /mV
oo BT 671.9+123 0.320 -9.95
R s

BAEME  366.247.46 0.157 -13.9

4°C 370.3+14.7 0.164 -11.9

TVEIRE 25C 366.2+7.46 0.157 -13.9
32°C 390.3+11.8 0.178 -12.7

0 848.6+22.9 0.241 -11.2

BN5iRY € 5 366.2+7.46 0.157 -13.9
10 394.7+13.0 0.212 -13.5

24 DL R 2K, DTX-G2 94K i i 4% i 72
T: ¥ 10 mg DTX % 2.5 mg BE&W G2(Z5# L R
4 1 DIFEMT 0.4 mL DMF 1, 25 C4%M T %%
M A N S mL X4k, 4k8:H 7% 10 min,
SRIG R BN AE(Mr=8 000~10 000)H, FIx4l
K(1 LY&EHT 3 h B2 DMF, S/ 1 K, &%
JEYIR 5 IR, 155 DTX-G2 40K
3.2 kAR, HALFITEAS )25 %2
32,0 RRFIEAL 4% R R L I % T2
DTX-G2 #KHi, HEI/R RGNS DTX-G2
g K KL B kL 42 8 (356.8+£6.709)nm , PDI fi N
(0.14740.02), BN A(-14.410.07)mV, K245
WL 2, 7] LR R AT BN T, S HBN 5.
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Fig. 2 The particle size distribution of DTX-G2

nanoparticles
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a b
3 DTX E % (a)fn DTX-G2 41K #1(b)#h SEM ¥/

Fig. 3 SEM images of DTX bulk powders (a) and DTX-G2
nanoparticles (b)
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Fig. 4 Storage stability study of DTX-G2 nanoparticles at
4 ‘C(n=3)
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Fig. 7 Membrane toxicity of DTX-G2 nanoparticles
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Fig. 8 Cytotoxicity of DTX-G2 nanoparticles towards 4T1 cells
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Fig.9 The concentration of DTX in 4T1 cells (n=3)
Compared with DTX solution, "P<0.05.
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ATLLE Y, DTX-G2 GARRINS 4T1 farded /I b 041
R E R T PTX SR (75.7% vs 52.4%,
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T SR AT DUIA 3 B A f o e R AR R R .
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1 LA B i 1 5 IR A e A s Y, T
125 B T 4 PR 0 ) ek 8 AR K BRI

T2 AHAATIHBEDRAIIBEEHN=S, x+s)

Tab. 2 The tumor inhibition rate of 4T1 bearing mice (n=8,

Xxts)
2531 BRI RN
AR K 2.28+0.71 -
PTX V5 1.09+0.59 52.4
DTX-G2 4K 0.55+0.17 75.7

JRE i e St A B AR KV PTX 1 5 K. DTX-G2
YKRLE AT 47988 /N BRI R AR K it 26 LI 100 7T
LA, SeIegb aimt, AR E 3R K 4/ RO R R
WK Z, PTX FHHHRA R, 1 DTX-G2 g4k
L 2H /I B JR A A 48 K A 2B 3 R AKORT PTX ¥ SR
HEFERAL, M BEIET DTX-G2 9Kk A
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Fig. 10 The tumor growth curve of 4T1 bearing mice after
the delivery (n=8, X ts)
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