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(HEE) BH YR IEATEMAR 73 0938 5k M 88 T %] & A8 73 307 5 X (geniposide cubic liquid crystal gel, GE-CLC-G),
H 3 HAAT RAE KR AT TR DLH 38 20 B B (glyceryl monooleate, GMO) i 2 AT £, % Fl i N iE# 4 GE-CLC-G,# it = 7T
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#%5 (polarizing microscope,PLM) /I X 474 1 (small angle X diffraction,SAXS) % = & #E4T R AE ; K % B Franz 7 #0h , %%
GE-CLC-G 518 F# 2k F iy A 4% k48 M 5 Kl DHR-2 8 4, 3T W GE-CLC-G PR FH KT m L MR, LR ik GE-
CLC-G & 77 B L4 GMO:F A 7.8k =64:3:33, 1M F H# 2 & , 1% 12 5 7| (A B — B=1:1),60 Ci € 3 min,25 CEE4H %
H B3 d, FIFM GE-CLC-G & & 7 W i JBOIR 4 B 4k sy L0748, 2 930 240 8 K E T (Pn3m) & 4 44 7= & 4R F 4 B9
2B H(9.94+0.02) mgg, KA BR A, AL H R ITHEE & 1% B 7 GE-CLC-G 24 h ZARE K T Q(%)Fnk L R ¥ Js
25 T AR 5 5 8948 F H 3F A R AR 5 Al 89 GE-CLC-G, i & F# %k W ,GE-CLC-G J& T 3 R ik, 4 4 85 M 47,
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Preparation, characterization, and in vitro evaluation of

geniposide cubic liquid crystal gel
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(Abstract] Objective To prepare geniposide cubic liquid crystal gel (GE-CLC-G) and characterize and evaluate it in vitro,
so as to enhance the transdermal performance of the water-soluble geniposide (GE). Methods Glyceryl monooleate (GMO) was used
as the substrate material to prepare GE-CLC-G by injection method; the blank cubic crystal area was screened out by ternary
phase diagram; the prescription and process conditions of GE-CLC-G were optimized by single factor method; the HPLC method for
the determination of GE content was established. The product was characterized by polarizing microscope (PLM) and small angle X
diffraction (SAXS). Modified Franz diffusion cell was used to compare the in vitro transdermal properties of GE-CLC-G and GE

ointment, and DHR-2 rheometer was adopted to compare the rheological properties of GE-CLC-G and GE ointment. Results The
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optimal prescription and process of GE-CLC-G were as follows: GMO: anhydrous ethanol: water=64:3:33, 1% GE dosage, 1%
penetration enhancer (azone: propylene glycol=1:1), vortex at 60 °C for 3 min, sealed and avoiding light in a constant temperature
box at 25 °C for 3 d. The obtained GE-CLC-G was colorless and clarified gel-like semi—solid; it was a cubic phase and its internal
structure was a double diamond (Pn3m) lattice; the content of GE in the measured product was (9.94+0.02) mg/g, with a large drug
load, which corresponded with the characteristics of cubic liquid crystal. The 24 h cumulative transdermal rate ) (%) and transdermal
rate constant Js of GE-CLC-G containing 1% penetration enhancer were significantly higher than those of GE ointment and GE-CLC-G
without penetration enhancer. Rheological studies showed that GE-CLC-G was a non-Newtonian fluid, with good bioadhesion and
more stable structure. Conclusion The preparation process of GE-CLC-G is simple, the product appearance is fine; PLM and SAXS
can be used to characterize cubic liquid crystal gel, and the content determination method is easy to operate, with good exclusiveness;
the in vitro transdermal performance and rheological properties of GE-CLC-G are significantly better than GE ointment.

(Keywords) cubic liquid crystal gel; geniposide; ternary phase diagram; in vitro transdermal penetration; rheology
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2.1 HEFELENENFTEERAR

211 g B35 Hypersil GOLD aQ Cig
(250 mmx4.6 mm,5.0 wm); WA LK (15:85)
K K 238 nm; ik 1.0 mL/min; A3 35 °C;#F
i 10 pl,

2.1.2 X R SRV TR AR S I VR B B MR I R 1Y)
Wil AHEFRBWE T HhrfER 0010 0 g, BF 10 mL
PR A EEEZS 5 5 min, AIF 1 mg/
mL B W 0.9 mL BE, INZE 10 mL AR
SR I FEE 25, RIAVRBE R 90 pg/mLL (A% R
WA, REEFREL GE-CLC-G 0.100 0 g, % T 10 mL
PRESEIE AR BEEZ, #7 5 min, i 045 pm
TALUBREE B VA R . 50 7 VR R B IR ) 45
T5 i, Tl AN T T A PEBERR , He i S iAW i
il & kil g A B PERE S A

2.1.3  BIEMIALE O IR AR AT TR
FIMERE AT AS 10 pl, 322,117 300 F a3k 554453
PrllsE | 45 3 H B GE-CLC-G P HABARIRHE 71
Bl E To T, BERZ O R IR T R A, Jr s By
KT 1.5, BRI AR EIITE 4500 LUE, LK 1,

2.1.4  ZPEXRRMFEEE  SrnREEFE AR IR A
VW — AR, 43 B T R R GR 2 R 11.25 225,

45.90.180.360 pwg/mL X} IR LT , #562.1.17 T {4,
TR A AN, T SR T AR AT I T AR M
S ELRANE M) . V=14 282X-28 964(=0999 6),
HEFH AR AR 11.25~360 pg/mL NZEMEE R
RAf

2.1.5 MEERE BUTEWEY 11.25 45,180 py/
mL (0T B SRR, T2 A3 4 1 d N EsE
HERE 5 U T H PRGSO [ P ) A0 2 1
WIELEE 5 d, 7 H %R, 25 53R, H N
K53 B RSD 43514 0.83% ,0.55% .0.61%, F [k %
& RSD 43920 0.94% 1.35% .0.61% , 7 X #3452
JERAF,

2.1.6  FasE s R el e, TS
0.2.4.8.12.24 h #“2.1.17 3 F &3 5 1F PERERS
W, i ST B, RSD HA 0.43% , 2 WA LR 5 7 T
16 24 h WEREYE R

2.1.7 EEMRKE KEFRE0.1 ¢ GE-CLC-G,
Fie<2.1.27 T £ 6 AR A S TR, #2117 T T (5
T SRR TR, 25 SRR WIHE 5 Wk FE 1Y RSD {E
0.86% , RWNIZ T ik E G R AT,

2.1.8 ARG ORSEARIC9 7 0.1 g CANE
1Y GE-CLC-G, 735l 2% WBCHAE: it & F2 1980 %
100% | 120% W NG+ H % B , 4% “2.1.27 100 R J5 ik
A 3 Oy, BEREIE A IR S5 RRIINE
T EEIANEE DA 99.49% , RSD H4 1.80%,
22 GE-CLC-G HIHI&

ARSI LA GMO R L JFb R, SR A il &
GE-CLC-G; il GMO-ET-/K =JeAH ¥4k )7,
il 28 25 137 77 VR A RS, I3 o IO B AR s Sk
(polarizing microscope, PLM) W%, i1 Hi 25 (A ST 7
TR DX 5 P L R R PR R VB KR BE
TATVERT ] F 2 Xt il 25 T 20 A5 5 IR LA S B Ak
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angle X diffraction, SAXS) X} 7= §h R AF , i e 15 1] %
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ROAS ) e AR A Ak GRARD TR 2 g(wiw) BIRE
i, BT 60 C/KVIREE T I FF AR IN# 2 60 °C,
PR AR ZZ A2 N 27K, SN E 3 min, B
JEE S REE T 25 CHEEAETCE 3 d BiFE . GMO:
ET=1:9 M5tk 1,

R 1 ZFTAIFREERLFIET(CGMOET=1:9)

'y GMO/g ET/g Kig
1 0.02 0.18 1.8
2 0.04 0.36 16
3 0.06 0.54 1.4
4 0.08 0.72 12
5 0.10 0.90 1.0
6 0.12 1.08 0.8
7 0.14 126 0.6
8 0.16 1.44 0.4
9 0.18 1.62 0.2
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BIRE 7 S 25500, e H 20 5 T7KO ek Ak Jy
HIBEF PRSI K s iR R K AE

2221 KIRBEMFZLEE HBT GMO WYY Rl iz
J9(45+2) °C,ET ¥l K 784 °C, 435I E 40,5060,
70,80 CEF S5 MN/KIRIE , LAIBERE i SR ULHIR Sl F5
PR AT 5% A5 TR BERY 25 (37 IR A eI X I,
il GMO:ET: /K L9l 64:2:34  HE+FH BY M A&
4 1.0% JjE 4 min, 458 &ITE 40,50,60.70.80 °C
TS A BEIE , HAER A3 501 R A D | P Ve
BIEEY A EFeR aasiR, ##—-PER
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1.2.3.4 min JRERTEIXTEER S A 52 m, 45510
7N, IRIE 3.4 min B H KR AT 45 - PRI AR
HIE U ST T3 W e TG (0 7 T 25 B 6% 3 min
VE R IRt ]
2223 HEFHMARNFHEL [HE GMOET: K=
64:2:34,60 C/KIY, i€ 3 min AUSME T, HA20.5% |
1.0% 1.5% .2.0% 3.0% A e FH AR, LIgE
JEE AR AN PLM () 3RAE R FE Rt 548 . 45
AT HIMAREN 0.5%H1 1.0% ) EE RIS T 5
B, 7E PLM IS 5, T 41.5% 2.0% 3.0%
FIBEIE , L2 55 ARk, 6 B AR, LA R 8, PLM
AR AR EE IR N1.0%
2224 GMOETIKEAEBIGE 76Tk
25 ST 5 YR AR I DX 3 B B IX S A8 9 Ak
398 GMO:ET: 7K A 45:5:50 54:6:40 ,63:7:30 ,63:3:
34 .63:2:35 64:4:32 64:3:33 64:2:34 64:1:35, [HE
60 C/Kifr,1.0%MHEFH MA S, %€ 3 min, L
PLM SAXS XJfill & (977 S AT RAE, 85 R on Ak Jy
LAy 45:5:50 ,54:6:40 63:7:30 ,63:3:34 64:3:33 64
2:34 64:1:35 W)™ §h ¥ R 7 5 R AR R , HLAh L A1)
FFENA 7= 5N 2R, DA AN 4]
WEIE ] AT ) SO T 1 PR R
b, 20 LU 0 37 7 TR e ™= iy, S5 R
GMO:ET: /K iy H ] LA 64:3:33 A AE, #1753 19 GE-
CLC-G ™ g E ] o, 071 & S .
2225 BRI LHEMLZE RHAKRDY
Franz 4 B #EA TS M 2 5250, LA BB 7 1 (On) |
BERBBER(Q%) BEEF (Js) B EH(ER)
AERR X AR B T AR AN B A

(1) R R A Bz ok 19 Ach B . AR J5 2 A (180 +
20) g MHEME SD KB, CRRIRRES S HEA T B A2 7
FHA BRI SE , IFBR 25 B T IR AZHE, B 1K
Bk PR B 0 RS B K T UKAR R R PR T

(2)ARHNF Bz S5 - A PO R Y Franz 3 80
75250 B R BB 1A K Bk 1 22 F Franz 78, 3
P(32+1) CHEIRAKW, f BRI A2 o
AT LAY AR BRER K | AR N A3 B A
0.2 g TAHMNFEMIEEHEABRI[1%A T 2% %
Fili | 1908 P9 B (1:1) 2% 08P B (1:1) | BORE
i, BT T3 . 43511F0.5.1.0.,2.0,.4.0,6.0.8.0,,
10.0,12.0,24.0 h B 30, R #b 70 55 4
PR IR A 422 0 ¥, FE 0 0.45  pum folFL 8 B g
HPLC D ENE T & &, L BB EE (Qn) B
AEbR BB (1) A bR, 2 REUB B I, IF
NI On BB BER(Q%) HBREU(ER).,

2 CiVi

Qn:l = IA

Q%=(QxAIM)x100%
ER=Js/J,
o Qn g o BTE] N B TR 28 B BARE FY i (g
em™) ; Ci TR i A ] SRR S R B2 (g/mlL), Vi
T ERICRFEARA (mL) , i o S0 N EURER R A WA
RE BT AR (em?) s MORFES P INE T H & 5 ER
BB, BURBUB BN b B B L i L ik
B, A RRER R B EE A Js(ng-em™-h™), J, B
AR FNTZ ) A B, B8R WK 2 &4,
(3) B A B JER Wi B S« 35 B SR 2 R U
P Y B K B HCR RIGE B AR 41, A= 3
K PEESE BIRE RGN A 1 mL AR BRER K 503, B
FTAZEARF B H B A 30 min, B0 15 min (550
2426 cm, 12 000 r/min) B & ,0.45 wm ffL
DR AT 8 HPLC 50 8 HE 1 5 o, 11080 i Rk vy 7
L, TELER 2,
PRNE K SEBG FR, BR 2% AR A1, oAl 2 5
1Y IE K PERE W B AL TR IR B R A, =
1% s (1:1) Ry i, BB & R

2

'

)

W=

K2 AEMEEFIXT GE-CLC-GC Z KB EEHEIT

feB Qu/(pg:cm™) Q24/% Js/(pgeem™-h) ER B R B R g
A E 7 258.83+3.34 21.33 11.36 1 2.530.11
1% il 466.74+3.89 38.57 18.81 1.66 10.11£0.24
2% A B 266.89+8.04 21.49 10.27 0.90 3.34+0.44
19 58: 79 B2 (1:1) 730.762.74 60.23 29.94 2.64 21.34+0.15
295N B (1:1) 711.33+7.43 59.94 29.34 2.58 5.76+0.09
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B 4 GE-CLC-C EARRMRESFMEATHEMBEML

AR BIEHCR AN BAEEO W BT 1% 2%
RIRFA AL B0 2 s WAL T 2% U : 8 % (1:1)
4, MFE IO EVE 2 B R LR R 1%
RN B (1) e, ko 1% AL, 255
FEE P 19% % BN B (1:1)/E A GE-CLC-G 142
B,
223 ke HRROLEE T2 KA Ty, GMO:
ET:7K=64:3:33 , /KIFHIRLE R 60 °C, K % FREUL 7 &
GMO, KBl 4, FrE e SN 2 = IR, DLAR:
P WE=1:1 BB, ik J7 &1 ET F 1% 7
2 FRFE W AIRS) VE Al . S3FRE 19%HE+
T, AL Ty i 2l K K IEAYE KA, K
FHA KB INAE] 60 CI5 , 42 #OBmAHZE 18 in A
FKARFFIATE 3 min, SERE %, BT 25 ClEEA T
WOGRAE 3 d JF S GE-CLC-G, “FATHAE 3 4,
AR P2 S X T W, PLM 1 SAXS EAFH A7
T3 W SR TEEIE , DA B AE 1 5 5 R (9.9420.02) mg/g,
FIZMAL T LR ATAT,
23 FIMEEFE GE-CLC-G BH &

SR 223" TN, BR 19023 70 b HAR
PRAEAHIE], A5 A I B FI GE-CLC-G.,
24 WFERENFE

SR FHRSEUZH i 30 L ST A T H B b Iy B T
ORI A AR AN AR 12 50 AU AR O (TRTRR
“BeFHHE) .
2.5 GE-CLC-G HIMEK . pH &

3 LA GE-CLC-G Aot 73 175 B 11
AR VA pH HH 6.70£0.02,

2.6 GE-CLC-G HIRTE

2.6.1 PLM £l HUE it GE-CLC-G, ¥4Ik T
BY R b BB AR BT PLM Mg
JGAFE BT, 45 R BN 7 5 W A W AR, TE AL
Prot g, 53 oG m RV &, DLIEIS,
H1, WA H O ST 7 W

5 GE-CLC-G fm¥tBHERE (x200)

2.6.2 SAXSHHM  HUEE GE-CLC-G BARE S ith
o BT SAXS Rl E A 2 1x10° Pa,7E 25 C
T 10 min J5 I E (X BFOETR A CuKa 48 5T,
A=0.154 18 nm, % 40 kV,E R 50 mA) , Pt
6] 10 min, LR A N8R -T2 AGE SR BUHE
B FRRECXTRE S s e B REEUESREE (1)
XU A (q) TEFIRIFS SAXS [El3 WL 6, R
SGL A 4b B BT | MR8 AR 2R 5t 1) L AR S P 0
i o SEA RS IR A EE I SR H S ey
A5 BT, FE R R U EYN acarasagiass
V2 V3 VA V6 V8 EEIRIAZS TR
EIHE TR A BE Y A 7 R R R R R T
(pn3m) , S SEI N 11.246 nm, INARE T H A TE
BT Wt B A B P R A
2.7 GE-CLC-G ByKIME R

PRI GE-CLC-G A IMEE 1) GE-CLC-G
WETHHES 0.2 g, #5“2.22.5" W F )ik 7 i
SIS A R Y B S, R AT T A 3 43 R LE
3 FHE - H A BRI ARSI e PERE . ARERIT, =
HHBIBE R (Js) N 29.94 1136 1607 wg-cm™-
h™';GE-CLC-G 24 h 1Y) RENE 5 & (Qn) 21 N A IME
BRI GE-CLC-G 11 2.8 i HEF 1 HCE 1 4.9 1%,
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TE : A=28 ISEJ7 WIS s B-HE T 57 07 I BRI

1K &b 3% Kz P BE : GE-CLC-G> A g B 7 8y GE -
CLC-G>HE FH 5 ; H GE-CLC-G 114 i JIkits B3 5
T BRI, L3R 3,

2.8 GE-CLC-G HZTFMREE

2.8.1 ZMEREHMIK 4 GE-CLC-G FItE
FAF S &, DHR-2 J ARG THR IR A4 ,
IR 3 M (25.040.1) °C(32.0£0.1) C(FZRLIR
J&) o % H Oscillation—Amplitude MR 45256 W 25
B R 0.019%~20.00% , A 45 R UL E 7, B
NEMERGRIX TR DU B R G ANBERY T
ARTARk,, 715 GE-CLC-G 7E(25.0£0.1) °C.(32.0+
0.1) CHRMIR T BN S JE N 11.1~195.6 Pa,

6.5~62.6 Pa; HE 1 HCH 1Y N 73 Bl 43 51 o 0.2~
13.1 Pa,0.2~9.3 Pa, WIFHIEEE T, N JEE M
GE-CLC-G ME AR G MR THRFIHE. L
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S IIVERI R
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