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Abstract: Objective To prepare targeting nanoparticles co-loaded with gemcitabine monophosphate (GMP) and paclitaxel (PTX)
and investigate its in vivo pharmacokinetics behaviors in rats. Methods The optimal molar ratio of GMP to PTX was screened by
the Q value method. Calcium-phosphate precipitation-microemulsion and thin film dispersion methods were used to prepare the
1,2-distearoyl-sn-glycero-3-phosphoethanolamine-N-[methoxy(polyethylene glycol)-2000]-cRGD modified nanoparticles with
asymmetric lipid bilayers containing PTX and GMP (P/G-NPs). Transmission electron microscope, Malvern Nano ZS, ultrafiltration
combined with LC-MS/MS, and flow-through cell method were employed to study the physicochemical properties and drug

U#SHHER: 2020-09-27
EemB: EFXARRFESTEIIH (81760639); EXK HAFIEAELTIINNH (81603054); TLVGH HARIEHEL TN H (20171BAB2
15066); TP ARRIEEERBITE (20202ACBL216015); YTP94 FARRIFEEEBITH (20202BABL206157); ITIHEHE
JTRMATIE (GJI190666); YLFEHHE ITRMATH (GII190663);: LIHAEHEHN¥H HHEF[2018]41 5, 3KiE): TLIEH
M EHTJIAA (2017082 230D VLVEHHith 20 E T3 AA (2020028 5Kk4%); VLG R 25 K% “1050” ffﬁ)\?ﬁ (B3, 5KEED
EERN: BB (1995—), 2, WLAFFA, W7 NP2 RIBLat 8. Tel: (0791)87119661 E-mail: 1034248536@qg.com
*BIEMEE: & M (1981—), 5, WL, HI%, WA ROAZPEIIA . Tel: (0791)87119661 E-mail: sterlinghawk@126.com
ik i (1983—), Z, Hit, I, WA RONZYIERIRIE . Tel: (0791)87119027 E-mail: evens_zhang@163.com



«670 - ¢8 % 202028 $52% B3 Chinese Traditional and Herbal Drugs 2021 February Vol. 52 No. 3

concentrations of P/G-NPs after iv injection. Results P/G-NPs were prepared by the optimal molar ratio of GMP to PTX of 17:1.
P/G-NPs was milky white with spherical shape. The mean particle size was (85.7 £10.5) nm, PDI was 0.1440.06, and the Zeta
potential was (18.30+0.63) mV. The entrapment efficiency of GMP and PTX in P/G-NPs were (93.60 +1.20)% and (98.70 £+
0.50)%, respectively, and the drug loading was (6.300 +0.100)% and (0.800 =0.004)%, respectively. In vitro release of P/G-NPs
showed a sustained-release behavior with certain pH sensitivity. The AUC of P/G-NPs was six folds higher than that of mixed
solution containing free PTX and GMP. Conclusion The targeting synergistic nanoparticles co-loaded with GMP and PTX, two
drugs with different solubility, can be obtained by calcium-phosphate precipitation-microemulsion and thin film dispersion methods,
with good stability and pH-sensitive release profile, which provides support for better clinical application in future.
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Fig. 1 Schematic structure of P/G-NPs
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Table 1 Inhibition rates of P/G-Free on MCF-7 cells (n = 3)

YA GMP/ A KA YA GMP/ A ey GMP/ A
(umol-L™)  (umol-L™?) il 2R 1% (umol-'L™)  (umol-L™) il 2R % (umol' L™ (umol-L7Y) 1] 2R /%
12.0 10.3 75.9+18 3.0 10.3 68.8+£0.9 0.7 10.3 55,721
5.2 65.3+£2.0 5.2 427£25 5.2 740£1.0
2.6 51.2+4.3 2.6 35,5+£3.3 2.6 43.1£19
1.3 56.4+5.3 1.3 35.7+2.2 13 429439
0.7 60.7+2.6 0.7 28.2+5.0 0.7 29.2+4.1
0.3 485129 0.3 22.7+3.6 0.3 27.4+48
6.0 10.3 73.6£3.2 15 10.3 58.1+4.1 0.3 10.3 56.9+15
5.2 56.3+1.4 5.2 428422 5.2 78.3+3.0
2.6 50.4+25 2.6 34.1+54 2.6 70.3+3.7
1.3 435+44 1.3 39.3+4.2 13 71.5+20
0.7 45.7+3.8 0.7 30.5+3.8 0.7 29.0+6.8
0.3 36.0+4.2 0.3 30.1+5.1 0.3 27.0%£23
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# 2 P/G-Free 3} MCF-7 4 thEIHIFIER (n=3)
Table 2 Synergistic inhibition effect of P/G-Free on MCF-7
cells (n=3)

KW GMP/ A0 GMP/
(umol- L) (umol-L™?) d (umol-L™Y) (umol-L™?) a
120 10.3 0.893 15 10.3 0.798
5.2 0.840 5.2 0.578
2.6 0.631 2.6 0.488
13 0.782 13 0.528
0.7 0.813 0.7 0.475
0.3 0.636 0.3 0.473
6.0 10.3 0.873 0.7 10.3 0.772
5.2 0.747 5.2 0.876
2.6 0.608 2.6 0.571
13 0.581 13 0.568
0.7 0.599 0.7 0.462
0.3 0.497 0.3 0.449
3.0 10.3 0.834 0.3 10.3 0.869
5.2 0.572 5.2 0.908
2.6 0.491 2.6 0.85
13 0.509 13 0.696
0.7 0.455 0.7 0.459
0.3 0.405 0.3 0.441
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HR, K OEERRY 2 U5, K433 1) GMP-Cores
WIS DT, BT-20 CUkKFEF AR

2.2.2 PIG-NPs [P)ifill £ R FH S 0 s oy 20,
#]% PIG-NPs. ¥f GMP-Cores 548 (GMP 5
SRR RN 17 0 1), SIS 500 5
BN 71:1, & cRGD Z K BEIEIR &
(DOTAP. DSPE-PEG2000. DSPE-PEG2000-cRGD
ik 35111 L HEEM T 'R U, i
HRAEREEAIER, HAEE SRS R
— 45 30 min,  DATE 3R BE R T TR & 24 1A I I
. DIKRKA T, 60 C/KIGHFE 30 min,
VeMLAE TR, AR AR T 200 W TR TRk
75 2 min, 32| TREET 0.22 um JEEER, JF
fE(71E 4 Co

23 BUMRER

231 GMP FIEAZEEMINE R = HEIYZAF
R AL (LC-MS/IMS) Ml E GMP FIEAZ IR & &

(1) i 244 (il kv Welch Materials 44 (50
mmX2.1mm, 1.8 um); NN L ME-0.1%H ER/K
W, BREEBEL: 0~1 min, 50%Z.fiE; 1~2.5 min,
55%.ff5; 2.5~3 min, 96%ZJi§; 3~6.6 min, 10%
s RURE 0.28 mL/min; B3R 3SIRE
25 °C, FFEAAEFA 10 pL.

(2) B ok ft: PIHEAXAE 2 B8 1 i S M A =
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T RN EE 43 7 D miz 342.0—~301.2 R m/z
368.1—>174.1. GMP 5 AR IFIfl 8 R = 53 74 15,
16 eV EAZEEAI AR DOX (158 B4 BT I B8 T N
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B2 GMP-Cores (A) #1 P/G-NPs (B) B TEM
Fig.2 TEM of GMP-Cores (A) and P/G-NPs (B)
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Fig. 3 In vitro release profiles of GMP and PTX from

P/G-NPs in media with different pH values (n = 3)
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Fig. 4 HPLC of blank plasma (A), plasma spiked with PTX
and DOX (B), plasma spiked with GMP and CEC (C), and
plasma spiked with PTX, DOX, GMP and CEC (D)
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)R B3 2 43 519 0.05. 1.00. 10.00 pg/mL KIS
WL 3 AN IREIREE RS, SPAT I 5 R A
AT . AR EIREAER 1 d AR 3 %, 4l
THEEAZEER GMP [ H NS % B2 AHFI 759 R
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HIERE 2, 458 0% 3, SRERNZTEAN.

H [k %5 B RSD<<15%, 144 71K,
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Table 3 Precision of PTX and GMP plasma samples (n = 5)

YA % £ 1% GMP/ Fh % B2 1%
(ngmL™)  HE  HA (ugml?)  HE  HA
0.1 1.3 91 0.05 141 77

2.0 79 66 1.00 130 81
20.0 68 4.2 10.00 96 54

254  $REUESEE BOHR SR EE 739008 0.1, 2.0,
20.0 po/mL % R E 3 NIRRT IR AS I I
HRES, RS54 0.05. 1.00. 10.00 pg/mL
P& By s 3 MTEIRE R GMP LZRFES, 4%
BB “2.5.17 TR 479200 5 e EAZEE . GMP [ TH]
A CA 5o

K PRBUERZ A GMP W I8 fod &, ] H R
WRITESR, 5, HIMBERERIIKE, 521
A0 RSV, B R S R A TR ), %
MR “2.5.17 T T #p4F, 3B SEAZBERWEE 4 1y 0.1,
2.0, 20.0 pg/mL. GMP FJ3R 43524 0.05. 1.00+
10.00 pg/mL (PR HFy = 3 AN TEIRE IR &, W
EEIZEEA GMP IETIAR (A w)o THEEAZEEA
GMP HHEEFIACR (BEEURIRCR =A sl A me), P
175 K. &REW, &, P AR SANREIRENER
R BE AR B R 7 86.4%~95.5%, . . fik 3
AR E R GMP R E [ R I T7E 80.3% ~
94.4%, FFEAYIRER K .
255 ZightEsel SD KR 12 K, fRJfi&E (200+
20) g, BEHLO N 2 4, SEIGHTAAEAAEK. $4IE
16 mg/kg GMP F1 2.0 mg/kg AZEEIFIEE iv 4>

S PIG-Free (H2IEHIE I EN GMP kT4
EEEESHRH ) PIG-NPs, 35l F42)5 1. 4. 7.
15. 30 min 2 1. 2. 4. 8. 12h, KEHRAESH KM
Hif 0.5 mL, JECE TR S5O 4L 6000 r/min B50 5
min, B EiEIZIR “25.17 TR kAR, AN
E K GMP [IZ5REE, #E2 PK solver 34k
R, 2GR - R 2R & 5 R, 23S s
RN 4.

150
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Fig. 5 Plasma concentration-time curves of PTX and GMP
after iv injection of different preparations (n = 6)
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# 4 PIG-Free #1 P/G-NPs R 12E250 GMP WZZhFSH (n= 6)
Table 4 Pharmacokinetic parameters of PTX and GMP in P/G-Free and P/G-NPs (n = 6)
P/G-Free P/G-NPs
ZH L:¥yvA » -
YA GMP E YAl GMP
Crnax pugmL™t 5.10+1.76 93.381+18.87 17.04+£4.22" 140.80 £ 25.228
tmax h 0.016 7 0.016 7 0.016 7 0.016 7
tu2 h 2.33+0.38 3.04+0.93 7.71+0.44" 4.46+0.768
AUCo-t min-pug-mL™! 114.53+13.53 2 265.791293.34 684.97 +99.93" 10 324.06 =1 801.59%
MRTo-t min 59.25+4.13 92.45+11.25 197.28 +£17.08" 210.68+16.328
CL? mL-min ! 0.017+0.003 0.007+0.002 3 0.002 84+0.001 1" 0.001 5+0.000 48
VP Lkg? 1.49+0.31 1.22+0.35 0.7440.23" 0.34+0.118
MATERRZE  b-RWH B 5 PIG-Free HHEAEF AL "P<0.05; 5 P/G-Free 21 GMP EL%: $<0.05

a-the total plasma clearance b-the apparent volume of distribution
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P/G-NPs (AUCo-v) [JTHIFRLL P/G-Free & 6 &%, ~F
Y E et (MRTo-0) #00 2.3 f%. 5 PIG-Free #H
v, P/G-NPs HXAZEEAT GMP 1 V, {H BH . F#I,
439N 50.3%F1 72.1%, ¥iRH5 P/G-Free it
P/G-NPs A SZHUE I KRR AR, IX Sk
PEG2000 1&/fifil g HH5%, PEG A FE4NKAL R 1H K1k
T R B 221, my g i i B s B, 3B AT
BN AR BE IR N B A R A 3R, 590
KRLAE IR 2R 6 P AR E 1 I A2 i o
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