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Optimization and quality evaluation of ginsenoside Rg; self-emulsifying drug
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Abstract: Objective To optimize the formulation of ginsenoside Rg; self-emulsifying drug delivery by Box-Behnken experimental
design (BBD) and evaluate its quality. Methods Formulations were optimized using design of experiments by employing a 3-factor,
3-level BBD. Independent variables studied were the emulsifier, co-emulsifier, and the oil phase. The dependent variables were drug
loading and average particle size. Through the BBD software, the response surface plots were drawn and the polynomial of influence of
each factor index was obtained. Finally the formula optimization was obtained and the efficiency, droplet size, and dissolution rate of
self-emulsifying drug delivery were investigated. Results Optimum prescription was as follows: emulsifier [RH-400-Triton X-100
(1 ¢ 1)], co-emulsifier (isopropanol), and the oil phase (ethyl oleate). The optimum proportion was 3 : 1.475 : 0.5. The optimized
ginsenoside Rg; self-emulsifying drug delivery could fully emulsify in 5 min and the average drug loading was 917.53 pg/mL,
average particle size was 111.6 nm. The dissolution degree in vitro of the formulations showed that the release rate and level were
apparently superior to the conventional capsules. Conclusion The observed responses are in close agreement with the predicted
values of the mathematic models, and the BBD is suitable for optimizing ginsenoside Rg; self-microemulsifying drug delivery.
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Agilent 1260 %! HPLC ¥, FE[EZHEAE A
TU-1810 &AM ] WA BEvE, b nt A A AR
HITATEA T SB-4200 DTD #8H PIHVENL, T
B Z YR A AR AT s Mettler toledo K%
TRV, MHRFEIFER 28 A (RiE); Biofuge
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T 975 16 1R Ak T 20 BRI LG A7) 53 i BXCFL AR 7
[ RH-400-Triton X-100 (1 : 1)1 BhFLALF CRAEE)
AR IR S/ Thettrh, HITEMRME ) P HE 48
400 r/min § 37 CHIPERETHEIEIR, IS
Bl 2K, QRERBiFr 2 wEE AR, IR L.

B EIREC I 2 L, e hom A
NS BAF Rg kL2, W 0)8H: 10 min Ji5 78 75
PEFE (T2 400 W, #5240 kHz) 20 min, J504,
JRCE 24 h, 8000 r/min £5.00 10 min, WG,
R A2 8 Ry ARG (R,
22 TEEHFEMEIL
22,1 AZEAF Re; ME R MER: Bk

B985 10 pg/mL NS 21 Rgs % [ B BEAS
DL E R 2 N, 4R A o0 G EEIEAE 190~400
nm AT AN, NS B AF Res XS IR 5 R
BAKA 203 nm, EPE 203 nm 7RI E A
222 @il AREAR Hypersil Cig £ (150
mmX4.6 mm, 5pum); FBIAHAN LNE-0.05%ER K
WU, BEREVERG: 0~6 min, 52%ZJ; 6~15 min,
90%ZMiE; 15~20 min, 52%ZME; AR 1.000
mL/min; AP 203 nm; AFR 40 C; HEREE
20 L.

2.2.3 W RRERITECE] RS RRIAZS 21T Res
X} 10.02 mg T 100 mL &I, b H R R i A
2, FHEE R 15 min MR R LI, RO
HIRE N 10020 pg/mL NS Rgy Xf I
W, %

224 JREMEEM A 2227 TEORERMET 0
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W ERGE, MRS Res MMIE LT, il
KL 1.
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“2.2.37 T X IR A 4 mL, MUHRE 2 £, i
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Fig. 1 HPLC of ginsenoside Rg; methanol solution (A),
blank material solution (B), and ginsenoside Rg; in

self-emulsifying samples (C)



* 3502 ¢ X ]

Chinese Traditional and Herbal Drugs 3 46 % 3523 #] 2015412 B

(RN SR VAR, BERE 20 L,  DABERE SRR A
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X—1.2875, ¥=0.9992, 45HKH], AZEH Rgs
HERE BRI EAE 6.26~100.2 pg/mL SIS R
UG R

2.2.6 EELAE EEMR. . m 3 AR
(6.26. 50.1. 100.2 pg/mL), AZEH Rgs X5
W, AR LR SCTAT 5 IR, & “2.2.27 I
N S AR IAE T d RESE 5 d TATINNE , B
ANZ AT Rgs eI ATHE I RSD, 45 H RS % R
RSD Jj 1.52%. 1.91%. 1.67% (n=>5); HIia] RSD
79 1.93%- 1.87%- 2.23% (n=5).
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2.3 BBD it ASEH Rg; BAUBRAZRZLA
230 WIBALDTIRE AT S i
RS, W ANZ BT Rey fESR I HER] . Bhk
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) CRAEE A GHIR 288 Eefih 0.32 1032 ¢
0.26 : 0.1,
232 WSttt BAAL T AL, T
DA 28 % 82 I 55 SRR, 330X LA B A
WEN 3 A F: FAFILRH-400-Triton X-100(1 :
D, Al BiFUEH GrAEE, B) A Gk &
B, C WIHENFEREHATHESR, 1. .
i 3 AN BT . BN AR, s
EACEBACAE-1. 0 41, 56 PR KT K gtis
Wk 1; i, PRt AL HIFR R DR
(R ZEARAR, WA S5 A2 5 (YD) P RIAR (7))
o VE A R bR BT RN A, S5 A I R RO
Design-Expert trial version 8.0.5.0 #1770 #7, 218
FMRALII NS 24T Ry AR TS

PR 132 “2.1” IR v, kA 21T
Rg; AFLA) 15 41, 1X 15 414B4E 5 min W FLAL5E4S,
WE B 5Pk, 8RN 1.
2.3.3  EHWEENMBAENFW N Design-
Expert trial version 8.0.5.0 X[ 1 H{Rddtfr 43
Mro ZEEDIENBONAL 1 G2 IS4 5
® 2. R 2 WA, PR P{ER 0.001 7, /)
T0.05, ULHARIAY . RAULI P {EN 0.077 5,
Wi WA 0 B S DL HERA 1K), 255 KRB 1%
RN AT DL T A S 24 Rg ek, &R
B ¥ P4 0.000 2, /[T 0.05, BEBHBLFLAGFIN 2
MR B, 3 NRE R R

#*1 BBDRIt54£R

Table 1 Experimental results and values of responses for BBD

RES A/lg Blg  Clg #HZiE/(ugml) FRRAmm|iRES A/g Bleg Cg B E/(ugml ™) F¥kH/mm

1 3(-1)2(0) 03(-1)  1064.79 100.2 9 5(1) 2(0) 09(I) 1320.98 4264
2 40) 1(-1)09(1) 3 898.39 579.5 10 3(-1) 1 (1) 0.6 (0) 2 801.40 526.1
3 3¢1)3(1) 06(0) 1083.97 63.3 11 4@0) 2(0) 06(0) 1139.28 102.3
4 40) 1(-1)03(1) 165419 556.9 12 3(-1)2(0) 09(1) 833.71 99.8
5 40) 3(1) 09(1) 113730 350.6 13 4(0) 2(0) 06(0) 1173.98 102.8
6 5(1) 3(1) 0.6(0) 953.62 90.3 14 5(1) 200 03(-1) 112037 100.6
7 5(1) 1(-1) 0.6 (0) 2 174.19 167.9 15 4(0) 2(0) 06(0) 1303.20 108.8
8 4(0) 3(1) 03(-1) 104081 92.1
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Table 2 Statistical analysis of variance for experimental results (drug loading)

T3 ZE RV A H FfH PH | TTZERE I3 A F i F{H P1H
A 11254 503 9 21.94 0.001 7 A? 279 128 1 4.90 0.077 8
A 184 441 1 3.24 0.1320 B? 2499 460 1 43.84 0.001 2
B 4980922 1 87.37 0.000 2 c? 33727 1 0.59 0.476 5
C 1369 696 1 24.03 0.0045 | k7 285032 5
AB 61718 1 1.08 0.3458 AL 270 107 3 12.06 0.077 5
AC 512431 1 8.99 0.0302 | ZEiRZE 14 925 2
BC 1153159 1 20.23 0.0064 | k7 11 539 535 14

WKy B>C>A: BFUALA] CRAED >l
(R 2. Fg) >FL 4k [RH-400-Triton X-100 (1 :
IDJP

PLERE ZWEE TR V=1 20549 —
151.84 A—789.06 B+413.78 C+124.22 AB+357.92
AC—536.93 BC—274.85 A>+822.76 B*—95.57 C?,
IS R R SR, HAHDER M 4=0.975 3,
Ui TR AT 5, AERE T FUSLE UL HET TAR A St Rl
W, AT R BLSE IR SE I AT A BT A T AT
(K. BARUE SN 19292 5, KT 4, JEn[H
(7, Bt AT LA I 5 T, 45 B al )
AETL I I M S 45 3

P 2 7 1 i 1 T Pl S s A [ 7 AR B A
Z 1Y Rgs B T B2 S % . 25 1R,

Bt LA B LA T e, 3 SRR PR
JaTt s B SRR T, B R
B BEE BhFLAUAIAR T i, B RIE T

B S Th i
234  FHRFFEXFHRAAREN N Design-

Expert trial version 8.0.5.0 X[ 1 £ dadtfT 53
Mro ZENERMNVAE 2 CEERAR) KIS, 45
KWK 3. HE 3 PIEHERT &, TR P
230.052 6, KT 0.05, XYL E S, U
(K] P18} 0.000 7, /INT-0.05, 5 WAL % BL 21
RS A HERA T o B TR0 G A3 2 1) — ik [l
VAT FEHN ¥,=104.63—0.53 A—154.26 B+75.81 C+
96.30 AB+81.55 AC+58.98 BC—52.88 A*+160.15
B*+130.00 C*, X FRMI A 45 R iR, AR

& 2

HAE5 A, B. CHYEEASES%E

Fig. 2 Responsive surfaces and contours of Y; and A, B, C

x3 BEEEEASFER (FORE)

Table 3 Statistical analysis of variance for experimental results (average particle size)

Ji ZERYR FI5 A H F1{H P1H Ji FERUR FI5 H F1H P1H
FAY 480 322.1 9 465192 00526 | A? 10 324.5 1 0.899 93 0.386 4
A 22 1 0.00019 09895 | B? 94 695.5 1 8.254 13 0.0349
B 190 375.4 1 1659406  0.0096 | C* 62 396.0 1 5.438 75 0.067 0
C 45980.3 1 4.00787  0.1017 | %% 57362.5 5
AB 37 094.8 1 323336 0.1321 | K 57336.3 3 1460.798  0.000 7
AC 26 601.6 1 231873  0.1883 | 4Rz 26.2 2
BC 13912.2 1 121266 03210 | Q% 537 684.5 14
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#=0.893 3, $HI 0.9, PEWZHARIS RIF, M
IEVRERB (R =0.701 3, KUIIAA AT
JE— i, MEARE S S L =6.906 6, KT 4, &
ATEU, SRR — 2 I FE ). Bk, sk
AE Y, CPEIRAR) S R B SR AT
IRGF IR, A %07 R FL S IR S 50 R AT 43
M nl e 5 LSl 2 A i 22

2 RS T 770 (R WM RN AS S PR AT — o 5
Ifii BBD W] LA &4 56 [A] (A8 BAE FHAIZR G AR
WA 2h 5 S BONAE, MR T P 4 e o
(s ae 2 s X bk, LR Ry dE VA, Xk
2yt AR YRR B MEAE XSS R, #f e i Ty
AR LR
2.3.5  fRALKE TS RAE RIS I B HE AL
ks 9 BB LAk 771 [ RH-400-Triton X-100C1 © 1)]13 g.
BT CRNEE) 1.475 g Ayt GHR 4BE) 0.5
g, 1% “2.17 WURNTikdile& A2 4F Regy AL
F, TN E 25 998.74 ng/mL. AR TR AL Ty,
4% 3 LA S BT Rgs AFULHIR, 2 510w 22
SRR, AR AR 0 928.56. 904.40.
919.64 pg/mL, “FIJEEZ1E N 917.53 pg/mL, 133
RiARgE B9 92,7, 129.8, 112.3 nm, “FIkitz
O 111.6 nm,  ECSE )48 2h 555 4802 B TOUU 4 25 A
1% e A7, FLSARS TOEYI & R 4F, R i Fi
e
24 ASEH Rg BEFMULFREIFMN
241 AZEA Rg; AFMECREIE R UL
77 B FLALF] RH-40 F1 Triton X-100, BhFL A7)
PIREFIM AR 485 T 250 mL Betrrf, B FEIR
Wi PEREgs b, #F 400 r/min. 37 CE&AF F iR
A), FREUAL DT B AR BN Bdia R, T
0. 1. 2. 3. 4. 5. 6. 7. 8. 9. 10 min HUFE, Ji
EER. 78 700 nm (259 KAk A 55000 kb
WHEiENE (D, 4 THEAFLN (IS
I 452 TR, WL T 75 A T 2 R T P
JHCE 24 h WLEEHIZK Ay J2 R TG TBE A 0 o AR S5
gERArA, Ak E M AS 2 Rey HFLFILE 5 min
NI TEA, TaK 2 R AIUTsE, AZLAIFIE
HE Ny 89% (n=3).
242 FAMEAS B Re IR pH 1 &4k
AL T AF B NS 24T Rey A FLAI N G0
W~ BB, aERLE . T AS 2
1 Rgy FFLANE pH {E-F¥IME N 6.22£0.03(n=3).

243 FMWE NS B Rg WRR WA H
50 mL ZiAq i) Al ACK B LF I N 2 847 Res HEL
FIH 2~3 M HEATHARE, ] N4Plus HBA0M0RIRLEE 43
FEA, BL 500 nm FUFRAERE A (L5000 Ak HE i,
7E 90° 1 THEIR BEALAS o SX 10 I, APk
BRI IR NS BAF Regs 4bT7 CFAT 3
41 BHATRARIE S5t 45 Rk 92.7.
129.8. 112.3 nm, Z7rHURE 4 1.950. 1.460.
14120 ANPFRIRAEA 111.6 nm. BARILE 3.

10 10 200 310 410
Hi42/mm
3 ASEH Rg BIAFKEN
Fig. 3 Size distribution of ginsenoside Rg; self-emulsifying
drug delivery

244 NSRBI Rg HEENE % “2227 WiH
(a1 2 A, R EC I B FLARRE 20 £, e FLAG S
HALFI T AS B Res . 4558 3 fitm 7y pE
WPl (917.53+43.13) pg/mL.

245 NS Rg MbEREESS ik
TR LA T EOE D, WD, BT ER
(25 C) A, EEMEL20d. 4iREY], NS
AT Rgy HFLAICE 10 d WERFFETEIZ, H 15 d
i, WEEEM. XnRe 5 NS B Res HILA AR
A, He KA B A ) A T S B AN AR
HKo PRAS B Rgy HILFIN 2 EHRAT

WA IC 7 1 £ ) B FLA T B0 B 4 000
r/min R0 1 h & 8 500 r/min [FIH53 250 20
min. £5 BN, NS Ry H IR LR RS
B, AR, REtker.

A IC 7 £ 1) B FLA TR0 T, %
SAET 4 CUKFEA AR (RIED AT 60 CHUFE (=
W) 10d, ESMEIET 1. 5. 10 d BOFEIE %
b, 4R WE 4. 4R ER, A2 Rg H
FUAIE 4 CHAMT, BYCRS PRk B
3, 1M 60 CHF, 5d s E T 17.4%, Hl
ANBURCE T =il A EE BV R ORAT
2.4.6 ANZEAF Rg; AN SR KA (hE
Zi) 2010 FERR B S XC B R T . LA
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F4 REMSEMEIRER n=3)
Table 4 Results of low temperature and high temperature

experiments (n =3)

JBCEAAT W/ SR

T AZRH Rgy/(ugmL™)

4 C 1 EIHZEY 89.26 930.17
5 BEE 89.02 930.88
10 #EEW 89.15 930.75
60 C 1 EIHEY 87.12 930.17
5 WHZEW 87.59 768.26
10 EEWY 88.14 750.22

TS (g AR 235181 900 mL (¥
0.1 mol/L HC1 (#E3L'H ) & pH 6.8 PBS (Fifilji%
WO WA, HE 100 v/min, JEE 37 C, #
NS BAF Rgy AFLAIZ 0.5 g B AR, s
JBEA 0.1 mol/L HC1 (900 mL) & pH 6.8 PBS (900
mL) AT, A 100 mmin, $HE (37+£1) C,
T 5. 10, 20. 30, 45. 60 90 min I} 1] SHHLH 5 mL
W, TR AN SR SRR RS 1 L. HPLC 3552 IR
IR, THHRBRCE . LA R AR, B
FEBCR N HPARR, 1R, 45 R 4.

90 ¢ _
—— HFL5 0.1 mol/L HCI

- —— H 3L PBS
——% iK% 0.1 mol/L HC1
[ =2 K% PBS

BRI %
£

W
S
T T

5 ‘10|20I30‘45|60|90|
t/min
El4 ASEH Rg; EARIRTIF YA ik
Fig. 4 Stripping curves of ginsenoside Rg; in different

solvents

gE R, 2 PSR pH A IR b NS 2
T Res 7L 10RE 25340 58 RO #0028 KTl s IR
T, FERPIIAT (pH 6.8) M RSB 1 ¥ (0.1
mol/L HCD " PRSI S, aE— P s, RILE
BT A B FULR ) 2 min, TR 4
min, J& 75 SRR BT RSO R A A Rt —
5%, 0 HFUEIFICE 90 min A2 A7 AR H .
3 e

PR T EARR %, P2 REm AL,

T BT Z R RIS 24, 0k D28 A] R AH AR
AT T, A2 REA S HiHETFZ
(1) 1 FLACAR T 97 B R A B 7 2 mT LIRS, S
A5 1M Box-Behnken R0 VA AT BA ve Ik 1EAZ 6 H
Regh M AER R AP S, B A XA
Py DR 25 S A 201 45 R0 e 0 i 74 1y e ™, A5 6
TR, DLk ALy, AR PSRy k]
R T B ARSER A T BBD WAL T A S
AT Rgy LI T, HSHE S TRIMEYI & R AT
SOV THI TR MERf . A AL BBD AT AR R LA RER
TR S5 R AEME R P ik Ty Ak b
WA )2, BATRAFIHE N D).

HAMEZ RS (self-emulsifying drug delivery
systems, SEDDS) HHZy#. WAH . v P 7 )
LTS AL 3 — IR G, HIRJE 75 1 i (i
37 C) MRIGEN T, B H Y BURURL A AN 1)
O/W L Chife<<s pm) UM 245 i K EEAHE L
Bk, FEWNAMSARAG . e R bR A
LI IS B AT Ry AILAIMN A ALMSEY
FtE . MRIR A pH . ~FRIRAR SR AR S A 8
HIE . e R (RO, B A
5. AREURCE . mRURCE RS SE T I T VR
gE BRI S 4 CL BEKA T IRAT
A PSS 7L R AR AR LB /N 344, E 100 nm
fida, RiARsyAu )@ Ta oA, TARSNE B2 S
45 FRW] 2 FhAS[F] pH A IR TEON it b N2 581 Res
1 3P 7] FR) % 24 e JEE R R 52 0 W 408 K T e R T R
P, AT Rgy HILAEASUL IR
UL S P RRE TBOR 12

DAB B ARIAR % B4 by, Ry A
S H ) e NS AT Res Wi L ik 24
VIR TREAT S i A 2% KRG PR R4S A PRI AL
RN, WK ABOR, Rtk oy,
AR BRI R S AR M R, %
PRI 0} 5 24 B 1) T S L IRV AL VRERf R, TR
B IRZER, A DR ER . HAb
WFARER L RSN S A Oy 25 SR bn i N A
B, RSN, A2 .

Z I, X H BBD % H T AZ 21T Rgs AFLALH
FIRAETTARA AE FTAT IR, BB A (R S S S5
MEAEAHTT o AL HI NS 24 Ry H AR
ARG, WHNTRIEN BN, FARE L&D E Y
I, FUFRRAR N TAA),  HAATERPRAT A 2K, Fa
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