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B E B HRAASHA LF Compound K(CK) A K R a9 4 T , 5 5 L ARINEZE Fo Z WiBiE R4 (Pyy) o T ik VAK B8
ReFo 2 & % E B C =B 1000 3£.34 82 85 (TPGS) 4 54t , RN IR A A R H& CKRA R R, IRBE OHFE BRAKF, LA
E R EAAL T K EHE-TPGS )bl KALIRAR . H BRI T TR & Aafe BB F S35 B ks
JE Fn fe 45 B RS Caco-2 ta JRABE R WP 84 Py 28 7  CKORA G R A AR 5 35258 4 1.0 mg, K 285 15-TPGS ¥ A 1: 1, ARALMRAR
A10ml, PRl RAI Rk 2R R ERM, FHEZA(110+2.69) nm, H25F 4 (4.321£0.19) %, (L35 4 (92.23 £2.76) % , 5 fit
JE A4 (469.21 £0.024) pg/ml, 150 h Bd R AE4 A (66.19 £ 0.027) % (n=3), CK &H 2 F= CK R4 A R 89 Py, 2 %) 4 26.20,3.78
(n=6), % HACHF & T L TAT, RAHF CRRAI R .
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Formulation Optimization and in vitro Evaluation of Rare Ginsenoside Compound K Mixed Micelles

QIAN Wei', YU Zhaohui’, ZHU Yunze'(1.Dept. of Pharmacy and Medical Equipment, Yangzhou Wutaishan Hos-
pital of Jiangsu Province, Jiangsu Yangzhou 225003, China; 2. College of Pharmacy, Nanjing University of
TCM, Nanjing 210023, China)

ABSTRACT OBJECTIVE: To optimize the formulation of rare ginsenoside Compound K (CK) mixed micelle, and to investi-
gate its in vitro release and apparent permeability coefficients (P,,). METHODS: Using soy lecithin and vitamin E polyethylene
glycol 1 000 succinate (TPGS) as excipients, CK mixed micelle was prepared by solvent evaporation method. Using drug-loading
amount, encapsulation efficiency and particle size as index, orthogonal test was adopted to optimize feeding amount, the ratio of
granulesten to TPGS and hydration volume; the micelle prepared by optimal formulation was investigated in respects of form, parti-
cle size, drug-loading amount, encapsulation efficiency, solubility, in vitro release; P., of colon adenocarcinoma Caco-2 cell mod-
el was also inspected. RESULTS: The optimal formulation was as follows as feeding amount 1.0 mg, the ratio of granulesten to TP-
GS 1:1, hydration volume 10 ml. The mixed micelles were spherical or spheroidal; the average particle size was (110 +2.69) nm,
and drug-loading amount was (4.32 +0.19) %, entrapment efficiency was (92.23 +2.76) % , and average solubility was (469.21 +
0.024) pg/ml; 150 h accumulative release rate was (66.19 +0.027)% (n=3). P, of CK crude drug and CK mixed micelle were
26.20 and 3.78 (n=6). CONCLUSIONS: The optimized preparation technology is feasible, and CK mixed micelle is prepared suc-
cessfully.

KEYWORDS Rare ginsenoside Compound K; Mixed micelles; Orthogonal test; Formulation optimization; Colon adenocarcino-
ma Caco-2 cell
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1.1 =8

Agilent 1260 & 4] = 20 AH €4 3% (HPLC) 4% | ¥ Joi 166 A
(LC-MS) & 4t (3£ [# Agilent 23 ] ) ; Zetasizer-Nano-2S 5
BLEE 43 BT A (B2 [ Malvern 23 W) ) 5 e %% 25 & AX (pe s AR REAN 24
AL AT BR 2N w1 ) 5 JEM-1200EX % 3% 5 B, 55 (H 7R Jeol 23 7 ) 5
RS-80 AU RE BRI (X s ORI 2 TCL L)) ; TGL-16G Y
BOMLC RIS REEAER) ) .
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CK (R s PR 2y Al k5 : 20141209, 4% : >90% ) ;
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AT Rg3 (H E &G 2 SR E DR B, #L45-: 11084-200603 , 41
J&:>98% ) ; DMEM K5 5% 5k (B at WL AR W R & A B
7)) ; TPGS (#1452 101241196) \Hank s “F- 5k (HBSS) ¥ A& (3£
Sigma /A Al ) 5 0.5% F 11 FLHEE 80 ( L& — 35, it .
20120907) ; HEE R gkl K A gtk , Gy o brali.
1.3 4hAa

45 I B9 Caco-2 4L, Hh 35 R T A 2 24 2 e 24 3L A
2Rl Z Ming Hu fH A48
2 HiE
2.1 CKEBERRMT&RMLNL
2.1.1 IRAMEMEE R R R S & CKIRA I
H o AF BRI — 2 B Y 245 W R0 R ST IR BRI A A 10 ml
oK LB 28 K, B R 50 °CF 40 r/min iE%% 1 hs 2R JE
fin) H FR oA — 5 B A R0 PER TPGS, ZE AR IR &8 R0 1
by B S RIS A B TG 25 R B 2 RO BV ), AE e e 78 R
TSI o — )2 375 IR EE 5 P o) o A — 2 i A LR K
L1100 r/min 7K A6 — B 1] 5 28 0.45 pom BfL B8 ok 0 | 4598 0%
FLWE O 0 B BT, TS RS VR T, 15 CKOR A BRI
BT H .
2.1.2 T LN fERR R0 SER -, e 255
o 1220 B9AEBLT , BER 4R (A, mg) . K H IR IR-TPGS
BB EE (B) KA AR (C, mD M B EEIN &, KA Lo (3 1E
RRMATIRIE, LG R () B (w) BRI ) R
B b AT . ARE ST A b CKOIR A o 1) 52 Wi i
i E HAE A3 0 0.4.0.4.0.2, B AT (2) = (wid
WinasX 0.4 Woif Wi X 0.4 — dif s ¥0.2) x 100 , 77w, Fp 2R 212, w
NALE R d BRI KN Wi F I KR B, Wona HIRCK
A3, du W IEIFHPRIAZ
2.1.3  BEREE 43 B FREC10.0 mg CK, 34, 43l 4% i
P Tl as 3HbRE S e Hak 2 i A oRife.
22 CKRBERRMEIMERER
2.2.1 JEEZBLEGRAENE W CKIRABREIE SR E,
T — T s ARV T 2 A D (B W SE 4T 46 32, AR T JR
2% WS YL 5, FHIE AU IR Z 42 R , i E 10 min, A48
2l A W7 R T W AN R EB v A D ERp U = 2 S
I CK R A e RO S 28, 8] FH T SR SOREAR I SO0 52 TR A e
HARIAE
2.2.2  FHARAMAUIRMINE RAHPLC LM E CKIRA I
W CK & &, Ot Zorbax SB-Cis(250 mmx4.6 mm, 5
pwm) s Fi SR s 2 (A)-7K (B) , 86 6B (0~8 min, 40% A ;
8~35 min, 64.3% A ;35~45 min, 40%A ) ; ik : 1.0 ml/min; K
W 203 nm A : 30 °C 5 EFF R : 20 plo DASTHRHREE (0)
WAL bR W TET AR (A) AR, BEATERME T o b DG T et
VB, 25820k e  HONFI H RS 255 . T CK ki ok
R 22, T LR A 38 19 24 ) 2 02 DASSURT IR =07 7 T A B
WS, B0 R RO R 25, Wi AR K Y CKO L AT D)2
WEANTT, DR 0 0 2o A5 310 190 e SRV T (IR 43 ) i 254
B2t . 4% CKIR A BRI TR A L BEm B, B0 ik
B S R SRR R e A i 2 i . e AR g
(% ) =(mu/m:) x 100% 5 2% 25 8 (% ) =[mw/(me+my)] %
100% , JLrv my A EHAL I 250, me BB AR, me R FF
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LRI CK B 3ERHE: .
2.2.3  WEMREERIE  BGdE CKIR G R % Tk o
BT 2 mlAYZEMK R, BT 37 C AR EIRIR G s, DU
40 r/min#i&3% 24 h, HZEIRFWEETAT, FHZE0EL 13 000 r/min
(BO2FAE 12 em) B0 15 min, SRJ5 0.45 pm FIBFL IR BE
WRE PRI P CK G & i, T RA L . 19 P17 3k
224 FEUEFEEE RAIKIL, F R 100 r/min, I8 R (37 £
0.5) °C, ¥ AN B R 22 8 75 IS pH 6.8 1A 4LL % ¥k 900
ml, A 0.5% A9 5 LA 80,4 2 ml A CKIR A 1 A Bk CK i
B IMAZE T AS T KB AS & T AR Pl TR SR ik
. CKIR A AR A IURE R ] 43500 4 1.2.4.8.,12.,24 .48,
60.72,96,120,150 h, CK J5URH2 I UL (A1 43 512 1.2 4.8
12.24.48.60.72 h, BURE LN 2 ml, 7] BF 40 o S5 (AR i 3 e 05
WA, FERRGL 0.45 pm B TALIERE 8 , I 5E CK Ay & i,
VI BRI R 2 i 2. MR AT 3K
2.25 KAk Caco-2 AN ALY WIS R PE T4 X80 i 1 B
37 CHIIMTC I HBSS ¥ (pH 7.4) P4 Caco-2 Al L2 3
TR, B RSE R B, 37 2 B R SR AEANAF 5 28K 10 . BT
A HBSS R, T 37 CHERIEE 1 h, W57 HBSS il . X
F25H) M\ Caco-2 A i1 45 i Apical (A )] %) 3Lk [ Basolateral
(B E55E 42507 2.9 mUm 3 A A R e, IR B
M AZS (1 HBSS I (pH="7.4) 2.5 mI/EE R4E U0 ; XF T24
P BANE] AU %S A5 25075 2.9 mlnE] B MR R kLS
i, 45 (1 HBSS K 2.5 mlinE] A M8 et . $Enis- 244
RN 25 11 HBSS I 19 Transwell 55 784, B T4 38 Jy 50 1/
min (¥ 37 CHRFEIRT, 4504 0.1.2.3 .4 h R EUE 25 A
FIE O 725 W 5 400wl [T B f AH L 0 V25 o 000 v EL R
CK f) & 1,115 CK i 1 Caco-2 41 JItd 842 i) e W 1B 18 R B0
(Pyy) =(dQ/dt)/SC, 2 dQ/de Jp b 25 B Ak 3R, S o
BRI AR (4.2 em®) , C RS IR o P (EBRK 30375 2 1K
e AR T 3K
3 R
3.1 &FHEK

R L B REET S5 45 R L3 2, 07 2250 HT
LK 3,

*1 HESKE

Tab 1 Factors and levels

¥ A(BRHE) mg BOKEIIBEIG-TPGS i 1) COKAEIAR) ,ml
1 1 1:1 10
2 15 2:1 20
3 2 1:2 30
P22 2 25 I, 45 TK 28 X CROTRA e AR ) Sl 5 322 v 2

KKK A>C>B, MR 345 HRERH, AFIC X CKIRA AT
Tl A B (P<0.01) . ZREHE, CKIRA B AR M HEALAL
75 1.2 AB.Cy, BIHOEHE H 2.0 mg, K & BRBEHE-TPGS 145
BN 21, KAGAFN 10 ml,
3.2 WFIZWIE

P31 W AL T il 4 SRR o 455 SHLRE A 48
A (110 £2.69) nm, SF3 4058 (92.23 +2.76) % , 14
PR (4.3240.19)% (n=3) , WLF 4,
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*2 EXHWEITEHER
Tab 2 Design and results of orthogonal test

75 A B C  DORE) Fiff.om (LR, % B, % GaF0
1 1 1 1 1 1511 72.56 LIS 30.76
2 1 2 2 2 181.8 82.46 2.69 47.14
3 1 3 3 3 144.7 60.73 0.79 22.80
4 2 1 2 3 2200 69.70 0.98 2292
5 2 2 3 1 2749 83.80 2.87 42.60
6 2 3 1 2 1279 93.53 417 69.58
7 3 1 3 2 1192 92.99 4.29 71.08
8 3 2 1 3 1722 75.85 1.84 37.06
9 3 3 2 1 125.1 70.23 112 3138

K, 33567 41587  45.800
K, 45033 42267 33813
K 46507 41253 45493
R 1294 1014 11.987

R3 FHESNER

Tab 3 Results of variance analysis

TERG T i Ffti(a=0.1) P
A 301.099 2 188.187 <0.01
B 1.6 2 1
C 280.197 2 175.123 <0.01
D(i%) 1.6 2
F4 WIERIGLER
Tab 4 Results of validation test
ik ife ,nm %, % B, %
1 109.2 92.24 432
2 110.8 9223 431
3 110.1 9221 432

3.3 CKRERRMESMARZE
CK R A B PR A Sk 22 B0 A BRTE sl 2 BRTE , DU AT fig
SRR T IG5 TPGS e [R5 FITE Bi/ M 25 #4 iK 254 CK
B RS R A RLAR 5341 4 31~1 000 nm., CKRA L
SR G P B P DL L R E A T LI 2

Bl CKRAKRESEEE
Fig1 TEM image of CK mixed micelles
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:1 1 10 100 1 000 10 000
P ,nm
2 CKBERRMHEZEDME
Fig 2 Particle size distribution of CK mixed micelles
34 CKREERRMBME
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Tk R A 102.67% , HIN L HIEIRSD #/hF0.21% (n=5) ,
FFE S MEZSK . CKIRAIH (CK R H CK ¥
435 468.69 ,469.21,469.72, 35.21,35.17 . 35.24 ug/ml, -
YB3 5]k (469.21 £ 0.024) | (35.21 +0.010) pg/ml, % 5
CK JEURF25 L, CKOR A 0 o Y 8 it 13 R K38 Jn L vT /B 5 TP-
GS 5K E AR K 25 2 [A1 52 2% A HAR A 26
35 CKRERRMEINEME
CK JFURH I CK IR A ISR AR SN it 26 DL T 3
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Fig 3 Drug release profiles of CK crude drug and CK
mixed micelles in vitro

H1 P 3T, CKSORE G 7ERCPUI MR Fh BRI A B SR, T
CKIR A e R R B U ARARE o CKUSUREZY 12 his Y 2R
PRI SRS T 70% , 10 CKIRA A 150 h B iy BBl
1(66.19 £ 0.027) % . &5 RFH, CKIRAG KA AA — e
B TE RSB II B G RERAE , FT RE 2 1R T CKAY g S A0 AL
B EE A , B Ok T RSSO A
3.6 Caco-2 fifnkizitIa 45 R

I J5 Caco-2 2 I A L LR A= W] IR A2 A, 0745 4% 4
TR i A v 5 RS BEL{E RSD #5/NTF 5% (n=3) , W UKL ZY
R Caco-2 JIMBAYSEHEVE . - FE425 4 h it CK IR
B IEANT Caco-2 A IEFEZ HsZmm, 45 L3R 5.,

#®5 CKERZIH CKIRARRIMAESE R (n=3)

Tab 5 Cell permeability of CK and CK mixed micelles (n=

3)
N P, X 10" cm/s
Fh P =Y Prgis/Pagscn
CKJ5HI24 1.05+0.16 27.54+2.83 2620
CKIAMH 3.16+0417 11.93+1.50 378

5 CK sk 2 A, * P<<0.05

Note:vs. CK crude drug, “P<<0.05

H 265 Won , 5 CK R LS, CKIR & IR A—B 11
P i E IR (P<0.05) , N B—A ) Py, AL (P<<0.05) , 4P
HE LR (P 5-oa/ Py ) S FEAIR(P<<0.05) o AT AT, CKIR A
HAREAT S R CK MR AEAR R k] 1 L4 Mk
4 g

TR B e AR R i /K M 2 ik v AR 78, LA S - e
Koy, MEVES 25T LAAEIE AR 7K NS N A o TRLUE, IR AR —
FIAT AR S e 25 T AU G R0 . R R I L G
IV BB — A~ B TR R 43, Ak 2 A0 R I 1 Bl 1k 1 2
Wy H 28 S W ; 9 B CK i) C—OH n 5 g & Bt &4 fl TPGS
PG K PEEE BT RE R A AEAZ O, NI S B P 25 W e A= W Ay ot
HRT T LA B K AZ O RO K FE KRR . TPGS &
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— il B T R TS R, B B SRR 5 5 R,

VER—FhRERI P-gP Ml 5], X F A7 7E i 2% P-gP SMERI 251,

HATMRSMERE . T AL, TPGS FIR IR BEAR A

WA BRI NS A B CKIRG IR, 2K TPGS A 4L

it P-gP HME R S IR NRHBAF 9 A U AR A S 25 -

SERSE L R [F A AT CK i th AR 21 1A R0, 1

HE TR

ABIFTE R AV 70 44 23K 1 FH R TPGS AR &2 B

J R % T CKIRG R, KRR T CK IR RIEARE, L

CKSURL 2 B R EE RGN T 1243 5 9 ELI 2545 2 A TR -G UL

PN BT AT SRR E B TR . 7R DR RCAF A AL

SR AFOLT | 50BN 1 402 3% 1 35 1, FLRE

e RIS MR IZ5 W) . DRIHGIR G IR R T AR SRy AR IT ¢ CKC Al

F— AR AR, HAWFTE AT LA KO IRl 70 i I A Btk
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