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Ji kol 4 01, T80 F1 PEG200 ¥ 5 )i &5 VIR 2SR Hyth —We i s bk 9 0 1, #ZysHk 100 mg/g, kif2/hF 40 nm.
GC-SMDDS F 48 h WAEF I Rl KRR PR M RAF, 8 ARLEE 4 8T ol 4% M EL R e 8 A AT A 45 sy 2
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Preparation of self-microemulsifying drug delivery system and similarity
analysis on dissolution behavior of ginkgolides components
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Abstract: Objective Optimization of ginkgolides components (GC) self-microemulsifying drug delivery system (SMDDS) (GC-
SMDDS) and similarity analysis on each drug release. Methods Using equilibrium solubility to screen the oil phase, emulsifier, and
co-emulsifier; Taking appearance, the proportion of microemulsion particle size, Zeta potential, surfactants and co-surfactants, and
surfactant mixing ratio of the oil phase as study factors, pseudo-ternary phase diagrams were used to screen GC-SMDDS process.
SMEDDS of drug loading, particle size distribution, Zeta potential, and stability were evaluated. With the aid of the similarity factor
and the curve linear regression slope analysis, the similarity between the composition of the component and the rate and extent of drug
release was analyzed. Results Optimal prescription of polyoxyethylene and polyethylene glycol 200 mass ratio of 4 . 1, ethoxylates
and polyethylene glycol quality and bitterness total mass of 200 capric triglycerides ratio of 9 : 1, drug content of 100 mg/g. Particle
size under 40 nm, ginkgolides 48 h internal components from microemulsion to room temperature, high temperature, and low
temperature stability is good. The release quantity achieves the synchronous drug release with the similarity of 96.9%. Conclusion

The SMDDS not only can improve the dissolution of difficult soluble drugs, but also independently regulate the drug release behavior
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of each component so as to make the drug release maintain good consistency.

Key words: ginkgolides components; self-microemulsifying drug delivery system; drug release behavior; similarity evaluation;

biopharmaceutical; equilibrium solubility; pseudo-ternary phase diagram; similarity factor
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TSR I e 1 20 TORETRUI R 48, PR AL TH & 1l
o3 L PTHRN [ AR SR I i FEARLE , 7ROk
2RI R P AR 29T O ) Bt [ AR PR R L — 3K
PE o Al B 25 KA EF T N Wt il & 2=+
Z W RIS 2R, et 2 A0 R 254N
WARF R RS R, B E N AE L A0 %
TR R G R, M NAZE G R s Ao
i, A HWRFZ A Z ook AT, RBIZH 5
PR AL B 2% H

IRARAR 24 IR ) PR 8 247 ek R ke Ay i) 7] &3
WA R PRI L — o ARSI DU N
BEL2H oy MRN8, WP LA kot e
AR N B2 TG, b DA ATBLRE 43
B ZRVERLER Z3 A6 40 23 vh 45 o3 (PR 2 AR
R 25 I FEAN AT VP4 . XA A G2y 1
MRS 294 T A PPN SR 2% .

BAYINNE (ginkgolides) &R RHMEA EAHEY)
WA Ginkgo biloba L. F R Jo W (8 R 7, A2
YT ORI I B R (10 2 AT e oy 2 PO AR Ay
ik A O 2 5 AT W AR IS FH 55 PRI R AR I /IS e DR
TSP, HASPURTE S A B IR G
SEEGUR AR AT W R G TR Ry TR SRR AL H 4
Z I, XM ANSOER T (PAF) 5 ST PEIRSY :
1724 Ry A FEIEHL Ry 4 HONF,  WGE4E 25 a5,
28 3 AR A N A R 4L 4 (ginkgolides
components, GC) &5t LI IT R IR A7 N I
A (GA) 5WAWEE B (GB) FLLbi, HyuhiftH
®af, MH GA 5 GB MHBCELR, BE#F GB ikttt
()3, pTaein A Bk, BeEbya e (1 0 2~
1:6) 1) GA-GB 414 Kyl GC™. fHiF GC %
fiptE 2, SEGLOMRAHER Y, XBLS T HAE
ISR AN ] o ANSELG LL GC AR A B 25 it A7t
50, I BMFUREZ5 R4 (SMDDS) !k pi st 4

1 GC I, b LA R

ARSI ST GC I AR 245 570 2 M TR R R
SMDDS Fi#4, Hil4 GC B2, HT % GC
(PR ERI AR B, IFaE—2 504 GC ALk
TR 24 PR TCRE 24T AR 24 5 B 24 sk FEE ARABAAYE
ik Bt S A AR A UL 4y CHR A S5 A P
Wor) Z IR RGNS 5%,

1 {5

Agilent 1100 Ry AH (A, S Agilent £}
H7 /275 Malvern Zetasizer Nano ZS Z4KRi . Zeta
HLAT FIZE NS o3 1B A AT A, D By SR SO AT IR A
Al TR, f#E[E Mettler-Toledo A+ ; TGL-16B
EE G AN, Bl E RS CHA-S L
BARWEERE S, ST NELE AR
KQ5200 A A RAHVES, Bl A AR A
Hs WNIEIRA A, FE[E IKA VORTEX A H].

GC, GA. GB il 94.89%, 415N 30.47%
GA. 64.42% GB, HH' GA-GB~1 :2.15, H{L#
RGP A IR A A 484, k'S 110817; GA i
GB S ChE S 25 ke e, k520
h 100862-200608. 110863-200508), J5it 4 #7371
4 99.9%7#1 95.6%.

LI R N =8, Bl 2E R A R A F
VIR H M = (GTCC), WYLl X gtk
TAHRAR; K, B RAAER AR Fil
AL156 80 (Tween 80, T80), [El Zy4E [FI{k 74
A REACIHEER (RH-40), VLINVE M
AT 1,2-IN8E. R4 ZKE (PEG) 400,
BRI BR 2 75 PEG 200, HRE P2y (4
) SR A s PEG 300, [E 2540
AR AT .

2 AEEER

2.1 GA#IGBEEHH

201 A4 AgilentSB-Cyg 434 (150
mmX4.6 mm, 5pm); FBIAHAHEE-K (351 65);
FEIR 35 °C; ABURRE 1.0 mL/min; A3 K 225
nm; ZERIGHUNRIIZY; 28K OWE 105 C; %
IR EE 70 °Cs S ENLE 30 C; HAAHIM =
2.8 L/min, {3 & UL 1,
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Fig. 1 HPLC of mixed reference substances (a) and GC
sample (b)

2.1.2 WHSEIIEIE AR EFRE GAL GB
X 5.061 6.34 mg, BT 10 mL S, AR
AR IO RS i e B 23 0 - 506, 634 pg/mL
(R0 HEL S S, e

2.1.3 A RS RRIOE R GC E 25
mL S, DUHESE I ESR, #4, M 0.45um
TALUE R, EXEUEH, RIS GC AL i
214 MEXFREL I GA. GB X SR,
FIHEE HIAGRE 2. 5. 104 20 50 %, FcHlk—F&R
FAN TR IR 5 (VR A5 5o L VA . GA TR B 2
W4 253, 101.24 50.6. 25.35. 10.12 mg/L; GB Ji{
TIRFEST N 317, 126.8. 63.4. 31.7. 12.68 mg/L.
PR SAT, TR R O O o R 10
uL, Hl Agilent 1100 /=y 80RAH (435 G € W T AR, LA
WA THT AR T Ind S BERE BT Inm VEZEE R, #5[0]
HI7HE: GA Ind=0.996 Inm+6.980, R*=0.999 8,
LEVEJEH 10.12~253 mg/L; GB Ind=0.994 Inm+
6.851, R°=0.998 8, £kt 12.68~317 mg/L.
2.1.5 EERALE nlRE R e, b K3 A
AN ) Jo A P 0 R 29 il 7 GA 50.60.25.35,
12.65 mg/L #11 GB 63.4.31.7. 15.85 mg/L, #%“2.1.1”
TR ke, SR PRI B AR 5 IR, AL
M5E 5 d, VLS FP H P RSD 430514 0.96%1.5%-
0.78%; HI RSD 70514 2.8%+ 1.8%- 0.75%, %
RINT 3%, RZITIERG S R

2.1.6 FEEMIRE B GC JERIZFES 6 4, F4HR
AR 2 TV IR AT, S5 R GA Fll GB (il
TR RSD 73734 2.25%41 2.92%.

2.1.7 FortEES  REEFRELUA— GC JRUR 2R i
61, T 0. 2. 4. 8. 12, 24 h HEATIE,
5 GA A GB IETRIAR ) RSD 4354 2.14%F1 2.72%.
2.1.8  [MCHRAE: RS FRELE — GC JsURHZGFE
91, 43oh 3 Al RRAL I B RN R
W (%% GA 4 1.40. 1.75. 3.50 mg, GB 4 1.37.
1.71. 2.68 mg), &l s e, SEFf 20 pL 64T
OHT, TEELRRT S AR %, GA PR
HEERICE ) 102.0%, RSD A 0.48%; GB “F-¥iin
FERIZE K 99.73%, RSD 4 0.35%.

2.2 RHEITEE

221 AHL FLAHRL BhELAEAIERE R
AF . Lk BhFLAER 2 mL B R R
o, AR RN GC, A 1 h G, A HR R4
W, 37 ClHELRE Y 48 h, fff GC 7/ A 2 ik A,
3000 r/min &0 15 min, K& FiE#R 0.5 mL,
FH RS RGBS 50 mL, 3T 0.45 pum fFLIERE, HA
PR PATHERE 2 51, WRAEEAERDATT R A GC
(GA 1 GB) WIwsfRSE. 450 WE 1. 4R 8K,
GC TEAN AT IR 2= AR, fES AL
I T8O MR FE ey, T AEBIFLALFRI PEG 200
WA B . DA% T8O A FLALF, PEG 200
JEhFLAF, WA T RH-40+T80+PEG
200 B K& il+T80+PEG 200 5 GTCC-+T80+
PEG 200.

F1 37 CH GC EREHHHAMRE
Table 1 Solubility of GC in different excipients at 37 ‘C

VT (mgL ) VERE(mg L")

R R
GA GB GA GB
PEG200 1626 2845 | 12-AEE  3.05 7.24
PEG300 1349 21.66 | T80 4.11 9.29
PEG400 13.02 2555 | RH-40 1.83 4.87
i 728 1314 | K&k — —
W= — — | GTCC — —

“—=7 VIR, AESEE B R

“—" peak area is too small, instrument does not score out

222 Ph=JoMEIRIEISE  fESE i R & I RH-
40 FER AR A A, H5 T80\ PEG 200 LA
TERCEL, DRI S0 35 280 52 S AH i GTCCo LUK
T DA K — 52 LR (R A FLALFIE Ry 3 AT, SR
TR E R IO = AR BN, R L B X sk
e, AR FLAL TR L] (Kn) A
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11,2010 301, 4 1IRA, SAMFFBIFAL
FIRRSPIRAE T, $21:9.2:8.3:7.4

6. 5:5. 6.4, 73, 8:2, 91 {EWIE NiRiE
TRAT, RIS ERRE 1 g, RHZK Eik SR A
FRIETG IR K, dskIf A s, I Origin 85 #
ety —JoEl, R A EMILX R, I
TR B P i WS I FE R S PE S TR I AL
(PRI, 0 R EA T WA B B AL 11 45 201 2 (1) ol o
), &%ﬁﬁmﬁ FIRFLAII AR T o 45 3 L
2, HrPyRAFULTH . AT 2 145 i BT R X 3,
MEFLIX, AR NFAIX . T —JoHH B TR Y
Ko ftih 401, HPFLEF T8O S EhFLALF PEG 200
bl 4 0 1 LXK, Wuk Kn=4 1

KA

THIAH

[) BNyl AH VR 2 LA A EL AN TR ) W5 05 ] 58 R
Bk, 3T RGUFLINEE ) o 85 3 A TR A Tk
FUFCRLEE R 1090 2080 30 7 W3R LAAS RIVE
ISR UT (W
223 GC AILATT SEAENME DUt
Kn=4 11 NFEAE, Hl5AH S A LA L
1:9.2:8. 3703 MNEEAN 100 mg 7%
B, AR —E &K GC, FilL Mi#Es
Wi, ARG IR 0.1 mL, HIXWEKFREE
10 mL, V&A1 G RifRA Zeta AN, FFUEEHHE
48 h Ja A AT IS, 45 2.

w2 pron, BEGWH RSN, B3k
bz 8, BMFLRAR AT 10~100 nm, I

JKAH

0.75

B2 fA=xHE
Fig.2 Pseudo ternary phase diagram

#R2 FEzZABRMIALTT 100 mg) IMARERE GC HE 100 55

BELILRIR. Zeta AL INRFESS LLER

Table2 Comparison of microemulsion particle size, Zeta potential, and appearance shape with different GC to microemulsion

prescription (100 mg) after diluted by 100 times

AR A B FL A K2 /nm Zeta HLA7/mV PN
FLALF Omg 8mg 10mg Omg 8mg 10mg 0 mg 8 mg 10 mg
3:7 127.80 13890 1662 —10.70 —13.10 —11.70 FLAMA. ANEH FLE6, NEH AR, RNiEH
2:8 53.93  82.16 87.97 292 -1140 -9.12 . EW I 1B I 1B
1:9 1559 1733 2329 -5.13 -7.96 —6.33 . &Y I 1B I 1B
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Zeta HIAZIGZAEGHEY) /N T 30 eV, R ARRR P
Ufo T AMFLEE HECE I, A I B
(PR R 2R, WS ARG LR 3 0 7 1,
FioRE J (AL oM FL AN I, DRI 3 2 7
(1 L A8 13

REAREN, K SRR, R PR . P
PLAH SR SRR 109, AR ko
T 208, HEFMAHS A I AR 1
9. fEZJEHISER ORI, M ETT N Kn=4 1 1,
WA SR A IR A 109, MR BN
() B EFLIBRAAR D BUA R, DRI e AL &4 Ty
9 T80 5 PEG 200 Jiistb ol 11 9 I, Kz a
49150 mg/g, (HILIN R /K & 2o agiAfT i o
2 2 UGG I T 100 me/g 1N, Z9)AH
XEAGE, THE 48 h AT, w2 oy
100 mg/g. PrLAffE4ab )52 T80 5 PEG 200 Jii & L
4.1, T80 F1 PEG 200 5 GTCC Jiikttt (9 : 1),
AN 100 mg/g.
2.3 REIFM
231 SN AT RS GC A LI,
3 HIEL 50 1004 200, 500 f5 7k LAk )G, Mgt
APMIEES, A5 R NRNEE I I FLI T, WG iR
WEFLE, HEOETLATH R E.
232 Riftlh Zeta UAZIE  HAb Tl % GC A%
FLHIH,  FIRGZEKHRE 100 £, TRATFAL G I & R
12 M Zeta HAL, S5 RGIFRIRAR A5, KR
SEPRMEIIAE 40 nm BLF . JRAIFUAL G I AL R
—5.12~-4.89 mV, e, Wk 3.

#3 GC BIANHRE 100 FaYTIIRIZF Zeta BRAL
Table 3 Size and Zeta potential of GC microemulsion from
diluted by 100 times

ENGERY SFERAE/nm 14 Zeta AL /mMV
1 38.70%+0.12 —4.89%0.23
2 35.304+0.20 -5.02%0.10
3 38.80£0.51 —4.89%0.12
4 37.10+0.47 -5.12%0.08
5 33.4040.22 -5.22+£0.12
6 35.904+0.24 -5.21£0.19

233 Famtitee e s GC AL S
B, 8T 25 C GEED. 40 C CHIERD. 4 C
(UKFED =20 C (UKFH) WA 2+ 4. 8. 16, 24,
48 h [ MEHMIEAS, RICiih, HEEZE

BN 2o T IS 1) s 43 i BORE I HPLC U453
i GC (GA+GB) #AF Wl ks, 3 H L
RSD {H/N T 3%, VLB BRI A8 e 1k A7
2.4 GC-SMDDS HI{KINEH 94

2.4.1 GC-SMDDS %525 B GC-SMDDS i i
P 601 (0.05 g/ki, 21 GC5mg/ki), HEL6 KA
I GC RIS (A1 GC 5 mg/kir, #% (hEZ )
2015 HERR BT X C v HH B e v AT
Mg, 435ILL 900 mL 0.1 mol/L 47K Ay v iAo,
Bed Ay 50 r/min, KN (37.0+0.5) C. 7
50F 30, 60, 80. 100, 120. 140. 180 min HtFf 5
mL, [FJI b 7 )il B [ AR PRt A oo 4 P )
FEMZ 0.45 pum TUFLIENEES, HUSLIEM3% HPLC
ZAENE, F%% GC-SMDDS %, i GA M
GB 7t GC ikl 255 GC-SMDDS i th i<k,
Kl 3.

1007 o Gc-SMDDS 4 GA
| =te=GC-SMDDS ' GB
80 | ——GC JFkI 2 GA
| =—=GC 7kl 24+ G

60 -

40 -

BRI %

20 +
26 V 6b . 160 V 140 V 180
t/min
3 GA. GB 37 GC [R#Z55 GC-SMDDS HiFH#
ik
Fig. 3 Drug release curves of GA and GB in GC and
GC-SMDDS respectively

242 Ao BEBCRALE T AE 2
(I R SRS RE T, 2528 TR R M f AL
PRI S L B 2 e AR [ Ak vl s ) i 2 PO A
IFREE, SRHEN VP AL 7 . T 255 R 2 o fax)
ARG ARSIETBAT IR0 o 1T 45 ]
SEH AP R R, O E FDA MK EMEA
YRR VAN A AR IS ALRE IR T VA AR . v 5
JHEMR
£=501g{[1+ 1/nZ": W, (R,—T)* %X 100}
i=1

R, 55 T, 53 AREE S LRI SZ AT I 1] £ ¢ P2 SRARR I
e, n PRI R AN G AEARSER T R, 5 T, 0 R GA
I GB TEI ] 5 ¢ ) RERE R

WAL T T 258 3 it GC-SMDDS
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(v RS, W) A AL VP GA Fil GB
I AUREE, b WK 4, RS GA
5 GB 7t GC-SMDDS H AR £ 5 4 96.9, A
AP 7 fo BT 100, ¥ H e R AR DR P i vy
DAt ] LA HY GA A1l GB {E GC-SMDDS H [l
ORI ARALL, AL R 96.9% .
#4 GAFGBf, EUETENE
Table 4 f, similarity factor of GA and GB

n R, T, (R—T)

1 0.234 232 0.237 113 8.298 72X 10°°
2 0.511 826 0.444 799 4.49259x107*
3 0.662 570 0.665 391 7.403 62X 10°°
4 0.752 139 0.802 845 3.68521X107
5 0.830 104 0.840 602 1.102 16X 107
6 0.841 025 0.894 540 2.864 19X10°?
7 0.853 081 0.901 480 2.34211X107

2.4.3 A o REBONE FEAR U ) 73 A JEad

F%5% GA F1 GB W 2k 35 2 sear B AT A ik
AL BT GA Wi H IR 2t 5 24 y=0.004 6
x+0218 1, BEE N 0.004 6; GB ¥ H £k £y
Fi ol y=0.004 0 x+0.258 5, &% 4 0.004 0, @it
RE (E 4 ¥, GA 5 GB % GC-SMEDDS H!
W REE SR AIE 0.004 0 F110.004 6, 7EJEAL5rH 1)
GA %Lt GB s i BELF, il 4% GC-SMEDDS Ji&5
GB MR 25 INE 20 GA 1) 13.04% 1%, Wi #e2y
TR EE RS, Bl GB 5 GA IR R ARBUEE
FIE 96.9%. XULIHIZRGRED B F 1501
BRI, TS P RIRE 2 .

- = (GC-SMDDS # GA)
100 — %M (GC-SMDDS 11 GB) |, —( 004 6 x40.218 1
——GC-SMDDS ' GA -
| ==t GC-SMDDS "' GB i
—e—GC Ji Rl GA
| —<—GC J5ikl i+ GB

80

60 -

BRI %

20 4
20 60 100 140 180
t/min
4 GC FE##5 GC-SMDDS # GA 71 GB BHITAR
LB AR R R INEE S
Fig. 4 Drug release behavior of GA and GB as well as
analysis on linear regression slope drug release acceleration
in GC crude drug and GC-SMDDS

3 e

F AT 2 EUIREIF R 2 DA E5 00 152
WS B, S H BRATASFR bR 8o A R85 ) 2R
PR HCR A — e e m IR R s v i . 4R
MEEF A, $& P 2GBTS 2 41
3R RSy BV T IR I P g e b, LA T
R B o T 25 S EBIE YY)
JIRMT H o e rp AN ) R, 312 EE A 7
TR I IR AT A o AR B O3 B OTRE 24 TP ORAIE B
SR Bk, PR, DUHIA SRR RS P
[ L RL I ()

ARSI IR GC A2 E ), R B
PORTAE A K HEIRIAC S 5 7K A 2 TR AR TR R
Ko SREA GC #2hEAl. SMDDS Hlja 5 H
WA AR /N T, SN 2R AR
fig RN, ZE gAY P A, Hoh LAk
AR TR ), BECAR /N bR A B i Bl 1
gy Easid sz, LA GC MBS IE M &
S0 2RO S A RS I 24 e B T b R
IR AT 259, 38K 5 44k J7 R AL FLAL .
LA AT 4 B e 259, Bh LA F T ik AN FL
TG, AT 3 [ A LI S Th I, 3 ¢
RSN, BRI R T gk ) S W g v g, 3
LR E PP,

A SEI6 R FH O = 0 P2 A 8 8 5 4 I K i o
MRS . T GC k., A5 5K
(A, AbTT R 2t o SMDDS [T AR £

S, DR A A T W SR IR 28 L B =G
FERIEAT IR 2], i GC-SMDDS 4b 75 H 1)
Ko (B o I FREA R 25 3L, XL Rift
Zeta AT SRR, e by b s AH S A 3010
FURT LA o 308 3 A 7 28 24 e Ak g R R M S5 1
JE R

EHU B A MBI T Ge-
SMDDS H' GA #1 GB 2 Rl sy R 24T it AT AR
FEor#r, AR RHR AR LA B 96.9%.
TN 2 o R 2 i b AT G PEEl ), AT Rl
L, &I GB B2 IEELL GA £ 13.04%, 1]
H1 GC-SMDDS H] HAT7 GA 1 GB R 25470,
e AT P9 TE B DR R IR R

H AT, K250 25/53 )5 70180 A2 LB i A7 808K
YR ECE RSO B H Y, X 2 A A R
PR )R B T 2 BT AN R Fabr AR O A5,
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