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[ Abstract ] Objective: The formulation of co-loaded docetaxel ( DTX ) and gambogic acid ( GA)
albumin nanoparticles ( DTX-GA-BSA NPs ) was optimized by central composite design-response surface
methodology to prepare DTX-GA-BSA NPs, and its quality was evaluated. The optimal synergistic ratio of DTX and
GA was screened by coefficient of drug interaction (CDI). Method: Nab'™ method was used to prepare DTX-GA-

BSA NPs with bovine serum albumin (BSA) as the carrier material. Design-Expert 8. 0. 6 software was used to
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design the experiment and process the data, overall desirability (OD) of particle size and polydispersity index
(PDI), encapsulation rate were taken as indexes. The particle size and Zeta potential of the nanoparticles were
measured. Individual and synergistic inhibitory effects of DTX and GA on the proliferation of MGC-803 and HGC-
27 cells were determined by methyl thiazolyl tetrazolium ( MTT) assay, respectively. Result: The optimum
prescription of DTX-GA-BSA NPs was as follows: BSA concentration of 5 g+L ™", water-oil phase volume ratio of
1:17, drug-loading ratio ( mass ration of drug to carrier) of 1:10. The average particle size of DTX-GA-BSA NPs
was 135. 8 nm and PDI was 0. 09, Zeta potential was —21.4 mV. The deviation between the predicted value and
the observed value of the model was small, the model had good predictability. For MGC-803 cell, when the
concentrations of DTX and GA were 0. 004, 0. 12 p,m01°L’1 , respectively (‘mass ratio of DTX to GA was 1:23),
the CDI value was the smallest and the synergistic proliferation inhibition was the most significant. For HGC-27
cell, when the concentrations of DTX and GA were 0. 004, 1 pdmol-Lf1 , respectively (mass ratio of DTX to GA
was 1:195), the synergistic proliferation inhibition was the most significant. Conclusion; The optimized
formulation of DTX-GA-BSA NPs is stable and reliable. The established mathematical model has good predictive
ability and practicability. DTX combined with GA has synergistic effect on MGC-803 and HGC-27 cells without

concentration dependence.
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B 2 mL T 4 mL 8BGO (BB A XS 4 7
30 kDa) 1,4 500 remin " E . 10 min, BIEW , A
MENAER B R 10 mL S ER K 2. L1 IR @
TSI AR R U 2 B (W, ) 5 05
Bt DTX-GA-BSA NPs 2 1 mL F 5 mL .04
R AH S 2 mL, i€ 10 min,4 500 remin "' B0
4 min, B FVEW 1 mL, 28 0.45 pm fffL U8 PR BE
Fe 20101 WUR A3k S e IR B T B 2
B (Wy)o AXBER = (W, - Wy, )/ W, x
100% i+%#. .

2.4 B ABOE-RON mE A O A g L Al
e T E 2 W) R BT R, BB BSA TR VR L 25
(2595 2R 0 ot & ) RN K i AR R B (KRR AT A
MRBLEL) S A AR, DORLAR (Y,) B2 43 M 48 4
(PDI,Y,) B B F“ IH—1{A" (overall desirability, OD)
DL R AT B3 (Y5) A PE R bR, R = R K1)
BRIt Iy o W T 2 AR bR A BN B G
kM d, = (Y,, -Y)/(Y,, -Y,.)UKOD-=
(dy xdy xdyevee- d) AT 2 AR R A B
Yok, e LR R L, R
Design-Expert 8. 0. 6 % 4b B3 1 v fif 15 52 55 44
i T 2 R ik 2 WP A, 2T
TR H R OD = 0.62 — 0.264 - 0.043B +
0.12C +0. 046AB - 0. 023AC - 0. 017BC - 0. 0524° -
8.995 x 10 B> - 0.089C> (R* =0.958 0, P <
0.000 1),Y, =57.78 — 1.424 +0.86B - 10.03C +
1.31AB - 4.38AC - 1.74BC - 1.36A> - 3.61B" +
2.07C*(R*> =0.847 8,P =0.004 4) ,0D [ 4 5 &M
TR 2,

il i Design-Expert 8. 0. 6 £ A 43 M7 454 1 , £ £f
A R =0.847 8,P =0.004 4, 4% [n] 5 J5 & 1k 5]
3 (R AL T S B 1 0 4805 A 22, O FH AR e 9z (B
O, Hy#E 2 AP, OD [y F =25.34,P <0.000 1,
LM Z B R =0.958 0, 15 B 1] 15 )7 ik 31
E DO U [ VYRl 8 SO DREE (S DA =i UL P €|
XS OD ey A > C > B, 2 51 AB,AC
BC %f OD ¥4 0 A i3, k30 B XF OD [y 5% mi A
B HTIR AT R C* X OD AR B, Ui 4%
HRBPZEAEMNARK, I THMT &AL
2Z () B 52 M K ) PR AR Bt A S, AR [ Ty R 4
il 7 = 4ERON L WL T, S5 R & Y BSA s
W BE—E B, OD B 25 24 48 LU %) 385 fim i B AR 5 > 24 4%



5525 55 16 1) FEXEAFERE Vol.25,No. 16
2019 48 H Chinese Journal of Experimental Traditional Medical Formulae Aug. ,2019
%*1 DTX-GA-BSA NPs &b F TEMIEME S K H 7
Table 1 Central composite experimental analysis for optimizing formulation of DTX-GA-BSA NPs
N A B c RAR(Y)) PDI {5 R op
” BSA Bl WE/g L7 AL K PRI /nm (v,) (Y3)/%
1 20. 00 0.30 12. 00 231.97 0.354 55.04 0
2 12.50 0.30 4.00 186. 57 0.351 71. 40 0. 083
3 16. 96 0.42 16.76 205. 60 0.313 35. 80 0.234
4 12.50 0.50 12. 00 186. 17 0. 196 49.72 0. 606
5 16. 96 0.42 7.24 217.53 0.318 71. 80 0.163
6 12. 50 0.30 20. 00 173. 50 0. 205 55. 00 0. 665
7 5.00 0.30 12. 00 144. 87 0. 147 52.00 0.957
8 8.04 0.18 7.24 160.73 0.217 64.93 0.704
9 12.50 0.10 12. 00 169. 03 0.243 44.56 0. 596
10 8.04 0. 42 16.76 170. 30 0.209 44.50 0. 674
11 8.04 0.18 16.76 155. 30 0.128 53.40 0.938
12 16. 96 0.18 16.76 189. 63 0.299 32.30 0.344
13 8.04 0.42 7.24 166. 13 0. 285 70. 15 0. 480
14 16. 96 0.18 7.24 216. 67 0.315 68.52 0.174
15 ~20 12.50 0.30 12. 00 182.37 0.202 57. 80 0. 619
W15 ~20 5o HE i,
2 OD 2 K . o he .
® ERH M £ 5 () BT 2B 48 34 i . 7 Design-Expert 8. 0. 6 & {4 4k
Table 2 Variance analysis of regression equation of OD e R N
PR R b, 40 A B RO 1 B AL T Dy BSA T
ES 3 SS s F P . _ R .
HHJE S g L' KRR 170401, 254 1 0. 1
T Y 1. 280 9 25.34 <0.000 1 R s R —
(1:10) R T S5 it 8 1E y BSA it ik
A 0. 890 1 158. 64 <0.000 1 _ . g
S g L7 KRB 1701, 258 1210,
B 0. 026 1 4.57 0.058 3 — _
2.5 BiFiKE%"”  FREUFE —Hk GA (2 mg) 1 DTX
c 0. 200 1 35.36 0. 000 1
(1 mg) 45 3 oy, # 4 % ££ 40 77 il 4 DTX-GA-BSA
AB 0.017 1 2.99 0.114 3 s . . . e
NPs, 25 5 % B2 il 500 19 S0 WL o 34 5] 375 B IR BT 6 1%
AC . -3 1 0.78 0.398 7 . .
437110 W, 0D 4833 1.133,1. 154, 1. 119, SE- {5 1. 135,
BC 2.415x10 73 1 0.43 0.527 0 \ - N
§ OD FLS{H 5 B A 9 I 22 3. 7% , YW % T 2 R
A2 0. 039 1 7.01 0.024 4 P BB
2 -3
B 1.166 x 10 1 0.21 0. 658 6 2.6 DTX-GA-BSA NPs [ i
% 0.110 1 20. 41 0.001 1 .y Ly . ot B <D
¢ 2.6.1 Rife K Zeta W7 I 22 A BT L BT L EE R
% 2% 0. 056 10 L 3 Sl N ” M S W 42 (Y
5 % FH A8 AR 53 5100 5 98 DK R 1 ~F- 240k A2 ()
. 0-056 ’ AWK A =633 nm , PSE AL 173 B E 25 C) Al
s R 22 0.000 5 Zeta Hi i, 45 1 %4 DTA-GA-BSA NPs F ¥4 ki #%
B 1.340 19 135.8 nm, PDI = 0.09, Zeta HL iy —21.4 mV, [,

Fe—%E 0T, OD [ BSA Jig ok J3 A4 39 o i f ik . >4
BSA [ i i B — & IF, OD Fifi 7 il 4 8 LE f9) 38 v
B s oK AR B —E iF, 0D Bl BSA Jo 42t e J& 119
et 25 E I — s m), OD Bl K b A B L
F o TE 0 s 24 K i A BR L — S I, OD Bl 25 4% 1L
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E1 &BZTEX DTX-GA-BSA NPs &b 75 5 I 9 = 4E 35 1
Fig. 1 Three-dim
variable on formulation of DTX-GA-BSA NPs

surfaces of effect of each

llr

& 2 DTX-GA-BSA NPs HJiE §HEE$% ( x 38 000)
Fig.2 TEM of DTX-GA-BSA NPs( x38 000)

0.5% %111 5L 5-80) 199 mL H1,60 r-min ' 2] 3 $i

PEOEE (37 £0.5) C. 494 0.5,1,2,4,6,8,

12,16 ,24 h B W IEGE BT 2 mL, [F] B R A S5 52 (5] I

JERETA Bt 2 0.45 pum fAL 8 B, IBC2E U8 i

FE TR ZAH RO, WL 3, 45 5R & B DTX-GA-

BSA NPs J I B it B P, 24 b J5 23 Bl B2 ik
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72.8% i3l DTX-GA-BSA NPs Ji £ i H. A % 28 24
Wy R

100

R REIRE %
& & 3

3
(=}

0 5 10 15 20 25 30
t/h

3 DTX-GA-BSA NPs f{EM A& (v £5,n=3)
Fig.3 In vitro release curve of DTX-GA-BSA NPs(x +s,n=3)

2.6.3 DTX-GA-BSA NPs 1R 5 Wi 1 #a o 1t % ¢
1 % B9 DTX-GA-BSA NPs JE & Wik & 16 25 C Y
WA R WS, e BRI AR AN PDL R PFA 45 s, %5 %K
DTX-GA-BSA NPs Byfa e, WK 4. 4550 kK BLHT 5
J&l DTX-GA-BSA NPs fykif2 fl PDI # THa & , 2 5%
M58 5 LU P B B, 55 9 JH Bl 2y
YikiFUIRE . RBIAE 25 C YR E IR, DTX-GA-
BSA NPs {RE K AE S AN Fa &k BT,

400 04
I ®i4/nm — PDI
0.3
5300
@ 028
ﬁ200
0.1
100 0
1 2 3 4 5 6 7 8 9 10

5]

4 DTA-GA-BSA NPs BB RMAEHERE
Fig.4 Investigation of stability of DTX-GA-BSA NPs suspension

2.7 M

2.7.1 #Me¥EsE M AN H R4 MGC-803
AN B oAk 4l i HGC-27 41 i 55 3= 78 &
10% Jig 4= 1L 3% i RPMI 1640 3552, it A 37 C,
5% CO, 1 FI B Ry BE TR 48 5 95 . 24 h 45 5%
BU Yk, R 40 M A B 0. 25% JiE AR 1 AL 15
I3 ~4 A 4 MR AT IS 2L S0 0

2.7.2  ZHAIGEEIDENALE SR MTT [k 4
Wi 5E DTX FI GA X} MGC-803 , HGC-27 4f Jifa 145 (1 B
Tl R I TR 0 A o MACE Ko S 00 i 9 4 A YA
WL BE LA I A 100 WL, Bl A, £ 15 0 400 i 2%
JEPHE 2 x10° A~/4L, 1 5% €O, ,37 CTFHFHE . Frdn
i BRL S 0 5 FLRS (96 LT AR ) L 43 i in A% A A [



525 B4 16 1)
2019 4E 8 A

RESEAFERE

Chinese Journal of Experimental Traditional Medical Formulae

Vol.25,No. 16
Aug. ,2019

WEERY DTX R (87 ) GA ¥5FR W 100 pL, 25 HA A
AT IR, BT HRE S R AL,
S nlkEFE 48 h Jg A MTT % 20 pL, 4kZ23% 5%
4 b, W RAL R IR, REAL DA ZH AR 150w,
EREIR FAREIRY 10 min, K EGFR LT 490 nm i
EWL GRS A, SR IBM SPSS Statistics 22. 0 %4 4b 3
BdE T R e (1Cs,) -

2.7.3 DTX 5 GA B R X A J8 40 i 33 5 i 30 71
ERNY g 2 B U, K DTX ¥k B B i ok
0.08,0.04,0.02,0.01,0.005,0.002 5 pmol - L™",
GA ¥ BF 6 BF % S 0.8, 0.4,0.2,0.1, 0.05,
0.025 pmol-L ™" 3% 2. 7.2 Wi F )7 ¥ 84k, 45 5 MTT
Fe i3 R, DTX Fl GA XF MGC-803 41 Jifd i1y 1C,, 43
124 0.023,0. 61 pmol-L ™", DTX Fl GA %I HGC-27
AN 1Y 1C4, 43 %14 0.015,0.25 pmol - L7, K8 2
P2 B x5 DTX A1 GA (% B ME W] B AN [H], H HGC-
27 A XF 2 b2 A o R R

2.7.4 DTX Fl GA B H X A 1 98 40 B 3% 58 04 P [
M ER T DTX X MGC-803 4ii Jiid () IC,, =
0.023 pmol - L', i #% Bt DTX ¥k B 4> % 4 0.1,
0.02,0.004 pmol - L™'; GA Xf MGC-803 4 ffl iy
IC,, =0.61 pmol - L™", # GA ¥ & % Wt 3,0.6,
0. 12 wmol-L™" i1 T DTX Xf HGC-27 4H i i1y 1C, =
0.015 pmol » L™", i & HL DTX ¥ B 43 % Ky 0.1,
0.02,0.004 pmol-L™";GA % HGC-27 4ifig iy ICy, =
0.25 pwmol - L', it M ¥ B % HC 1, 0.2,
0.04 pmol - L™" CKf LA 1 e B 1) 2 Fh 25 9 ik 4758 LD
o CARFRLE 121,32 50 pL) J5 43 3 m A 2 #h 8 %
SRR, SR MTT B €2, 32 6 00 HG 6T 4 Pt 394 76 iy 410
AR o >R HI G 24540 5.4 F 45 £ (CDI) Sk 43 A 259
BCA R B B R AR A, CDI 33 A X o CDI =
RHX%HJ%’J/(RGAEMEUIJ% x RDTXE&ZmlHé‘-j ) ’ it EP REﬂZmMé‘-j iﬂi
MAIZ52H A 525 A A B HAE , Ryq s WEEE 24
HAHZEHAAWEAE, 4 CDI>1 B, BB 2 Flizl
Y BAAFEYOME R ;24 CDI =1 i, B A saal i & hn i
;2 DI <1 i, A R AEH, 24 CDI <0.7 i,
HA B EBFREMN ",

DTX Fl GA B &k I A5 5 MGC-803 ,HGC-27
ML BRI 48 b J5 09 MTT K DU &0 0L 3% 3. 45
KB CDI ¥y <1, BB 7E — o MR B2 IC LG Y0 Fl N, DTX
F1 GA I F X MGC-803 , HGC-27 4 Jifu 4 B4t [l 4
A 529k BE AR . X MGC-803 41 Jig, 4
DTX F1 GA Bk FE 43514 0. 004,0. 12 wmol - L', R
DTX 5 GA By &k 1:23 i}, CDI & /)N, [F] 3% 7

PO B 3. X HGC-27 4 ffl, X4 DTX Al
GA [ JE 4351 0. 004 ,1 wmol-L ™", Bl DTX 5 GA
A S LG 12195 B, B[] 48 5 400 0 4 ) et 2

£ 3 DTX 1 GA # A E A X MGC-803, HGC-27 A i 1% sH &9 4

H1EA

Table 3 Inhibitory effect of DTX and GA used alone or in

combination on proliferation of MGC-803 and HGC-27 cells

DTX GA DTX GA R

/umol ™" /pmol -1~ cor /umol-L™" /pmol -1~ cor?
0. 004 0 0.2415 0. 004 0 0.565 7
0. 004 0.12  0.089 8 0. 004 0.04 0.8206
0. 004 0.60 0.738 6 0. 004 0.20 0.8276
0. 004 3.00 0.5888 0. 004 1.00  0.099 6
0.020 0 0.379 8 0. 020 0 0.316 3
0.020 0.12 0.8005 0. 020 0.04 0.7879
0.020 0.60 0.5375 0. 020 0.20 0.787 3
0.020 3.00 0.2805 0. 020 1.00  0.1632
0. 100 0 0.967 5 0. 100 0 0.307 5
0. 100 0.12 0.7405 0. 100 0.04 0.9836
0. 100 0.60 0.888 1 0. 100 0.20  0.929 3
0. 100 3.00 0.7398 0. 100 1.00  0.178 0

7E D T MGC-803 41 ,» ¥ F HGC-27 41l ,

3 it

AT R B A -804k 40 K K Ak
JrT G £ ) DTX-GA-BSA NPs KL A% /N (B
PRI, FLRE 2B 28 254 B, DTX A1 GA B Al 45 2
RGMGEEME T —FIB A ORI . 7R MR RE I
3 5 A A 2 i S 56 G B DTX # GA %) MGC-803
AR, HGC-27 41 Mg B A P [m) 54 48 400 0 £ H L >R H
CDI 3 # DTX Fl GA Mk & 1 FH i B[R] M, 28 3 i ik
2] DTX 5 GA 1 e U R AE FH . J5 200 gk
ZERF5E DTX-GA-BSA NPs (114 &bt 6] $it 5 98 09 47
B DTX L GA DU SR £E P ) Lb 4] 36 20 A 98 K
$i ik — P DTX-GA-BSA NPs 1 DTX I GA )
PRSI Rl B N 8 g6 40 I A 5T BSA i #5411

AT I B2 B R (FDA) it HE
DGETA ININ A ASE LR S RE R b RSN =i
I 49 KR 25 25 B — AN B F S . W I B R
FIAT AL LA (HSA) A1 BSA, BUHAT A= WA 4
i A T A A G B R I 3 D A o
MR Z N F KRB 4525 25, BSA 5 HAS M
oL, R4 HAS b BSA B i i A&, AR A< AH X

- 109 -



25 B4 16
2019 4 8 A

[l S5 58 77 7

Chinese Journal of Experimental Traditional Medical Formulae

-
FEE

Vol. 25,No. 16
Aug. ,2019

B OB BSA L A 5E R ] Nab™ i i % BSA
QUKL AEGE T 5 BSA HKRL Y 7 vk v K B R
PRI AL 27 S, P 23 0] 2 % BSA 7 A AT i
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