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Preparetion of tectorigenin self micro-emulsifying drug delivery system and
evaluation on its in vitro dissolution
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Abstract: Objective To prepare self micro-emulsifying drug delivery system (SMEDDS) of tectorigenin (TG), and investigate its
dissolution. Methods The formulation was optimized using Design Expert based on D-optimal design. The microemulsion’s
physicochemical and in vitro dissolution were evaluated after self-microemulsification. Results The particle size and Zeta potential of
the final formulation were (14.95 + 0.31) nm and (—12.53 + 0.80) mV after it was diluted by 10 times with pure water. The
microemulsion appeared to be spheres with homogeneous size, which can be observed through a transmission electron microscope. The
drug loading capacity was 20 mg/g, and the average content was (99.03 = 0.70)%. The results of in vitro dissolution study showed that
the accumulative dissolution could be close to 100% after 10 min in both hydrochloric acid solution (pH 1.2) and PBS (pH 6.8).
Conclusion D-optimal design could be used to optimize the formulations of TG-SMEDDS successfully. The TG-SMEDDS exhibits a
larger accumulation dissolution than TG. This formulation would be easier absorbed through gastrointestinal tract compared to TG. The
results of this study are expected to offer data support and reference for the TG’s formulation design and clinical application.
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A ERTIZ A BE M, (RS0 SRS RK
W TG MR 2, TRk o s il S 31K,
& T2 (BCS) 55 IV 2525, 0262
WA R S AR IR AR, 2 HiRE, BipiE A
(105 L AR WSS R e A SHL 7 200 A 1) R o 28 A
£, PEACNGIRNH P AEAE— S8 A 1 B, DALk
WS TG H AR TS 2 VR DGR, T 2 )
PR TG 33 TR 2 150, oo
R

H AL IR ER I B FLRE 25 2 4E (self micro-
emulsifying drug delivery system, SMEDDS) #&HiK
SRECE O, S EORES R IS YER, ahnlhe
TN 86 1) 0 0 1 R ) 45 10 [ v A Bt
SMEDDS 518 FLAIAH L R, i HAE P A
fiIG, Wl BORE R, T, B4 S
PR KR P AT e 3 10 AR R P R g i 12T,
RPN E TG WA LIFIF R E &k, FIH
ok LG v R ) 5 - R R 3% SR A ) D A9 AT )
B, ] D-optimal BElROLLALTT, X4
Hi Y1 TG-SMEDDS #EAT i 74T, FF45 R4 7 i
AN R VAT AT EE, 6 TG-SMEDDS 7844 4 ()
WO DU BEA T TO0 o 2V T SEVBES T Ay X 1 1 S
WS Wi AEMIOREE AR I 2 PR DR AL
T HE— 0 (B 29 A R AT 1) 5 A SR K
1 X5

85-2 WML I i FE A, H M R AN s il A B
A ]; KQS5200B M A s i, ElmiiiE B Es
FRAF]; LC-20AT =RGHAH-%% . CTO-10Asvp Ak
WAH-AEHAE . SPD-10Avp R AH-L 40 AT WLGAS:
MZE. AUW 120D HL7K°F, HA Shimazu 22wl
ZP-200 HR4%, TLARNGTHI LR ) s pHSJ-3F
RWRRETE, FHRP SRR R AR TGL-16
RSO, B REEAEY) s Zetasizer nano
WOLRIEAL, PL[E Malvern 24 w]; RO/DI digital 3¢
K=aith/KR%, HMBNERARAR; DV-C
B WA, 26 Brookflield 23w ; H-600 3% 5 i
T WEE, HA Hitach A#].

TG XFH 5, b5 A0201, D E=98%, KK

2R R AT A s TG-SMEDDS,  SE5K:

=AM, ftS 20141114, FAE 1.99%; fitS
20141115, #ZhfE 1.93%; b5 20141116, #HZiE
1.96%; TG ik, L= A6, fiks 20130914,
TR AL 98.5%; TR 4WE, GC IS i 4> 3

75.0%, #t'5 F126003, iz TiFIARA R i
Hil =g (labrafac, #L5 141469). N _FEH¥EIR
fig (Capryol 90, b5 144603). iy iR H s
(Masine 35-1, #it'5 141597). FERRE L W H
MifE (Labrasol, #it'5 144789). — 2 [ £ KEfik
(Transcutol HP, b5 143339), V& 52306 28w ;
A, fibS HS-131201, JONE W e
BRAR: KREh, A%, BRIGIE 2R R A
Al RE LIRTRE AL ERRI (Cremophore RH40),
P T A A B, RO R DA Ak 2 R
], AyHral; BB EE 400 (PEG 400), Jitfid
T AR A E ;s N =EE, R R KA 23R 5
AT ; HEE, 52 Honeywell Burdick & Jackson
AF], Okl
2 AEEER
2.1 TG-SMEDDS i#|&ITZ

TG-SMEDDS ARSI 0 BR: FREUAL T 2 (1)
FUAH . BUFLAGH SoAl T-hedi, S 4c A MG
NP5, WA SMEDDS; g a5 7825
SMEDDS H I AL 1 TG R G T4
i 20 mg/g), REFE R EN, 15 TG-
SMEDDS.
2.2 TG-SMEDDS E =l A AR E N K IIE
2.2.1 ORI B TG XIS &
BT 50 mL ST, INHEERAEIE e, WIS TG
JETRE A 485.4 pg/mL FRIX IR il 45
222 &M A Kromasil Cig 1 (250
mmX4.6 mm, 5um); A ANK (BERIH pH &
3.00 -FIEE (30 1 70); MR E 0.7 mL/min; A5l
WK 268 nm; FEE 35 C; #EFER 20 pL.
223 LEMEHEER G ESIEHE SR TG 1)
RN, I B S 0 ARORE J5 VD s R
WA, HEUEE TG JREIRE N 485.4
pg/mL IR0 B A AU, 4% “2.2.27 Tl 4
HEFERHATRLIN, EHCAEAREERMEN 3 skt & 1
B, 5REW, ERGRELET, TG HIRE N
W29 10.0 min, W RLF, SHIELX 259 TG il
ETLTHE.
224 RGUENPERE  EARCELAIEN, TG I
ISR >3 000, )2 KF4E 1.10~1.20,
IYESEE>1.5, TR RE i I K
225 AMKRFH KBEWDUREIKRE N 485.4
pg/mL [ TG ) b il & 0S5, 20 Sl R s
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Fig. 1 HPLC of specificity of blank solution (A), reference
substance (B), and sample (C)

BT JE Ty 48,54 24.27. 9.71. 2.43. 0.24 pg/mL
WRVIbR M TAER . HEFENE S5, LL TG JUER)E
(X XU TR RUME (V) BEATZRMERDA, #53)
Bk h 25 FE A Y=383 509 X+27 606, =0.999 7;
FWIHEA T TG 4 0.24~48.54 ug/mL 51514
THRUBUMEA B I PE R R AR e L 3 0 1 Fike
P HAE SR I, 45 FER BRI 1 ng.

2.2.6 XA T B TG-SMEDDS 44 0.5
g, FEEFE, B 50 mL 84, FHERREEZ
JE 5 AL

2.2.7  MEERRE SRS AL I 1 SMEDDS,
SR, e mEIREE TG X R, H
B R R BRI A . Py s IR A
243, 9.71. 24.27 pg/mL WAL 3% “2.2.2”7
TR (i 4 A AR 2 5 e U THIA, THEAS 2K,
rpey TR A L ST 2 TR 4y il Ay
(101.23+£1.89) %. (99.66+0.84) %. (100.14+
0.64) % (n=3). 1 d WELNE 6 &, IHHHW
FE# g, 198] RSD 43514 1.86%. 0.84%. 0.63%
(n=6); LM E 5d, WEHMKEHE, 435] RSD
IR 0.75%. 0.49%. 0.28% (n=5). FWIJ7iEHUE
i 55 IR 35 15 R Ao

2.2.8 FEMiE: B TG-SMEDDS (£ TG 24.27
pg/ml) £90.5 g, REFE, HlA w7
BTG 0y 24 4. 8. 12, 16+ 24h %K “2.227
U (% AP REFEREATINE , s TR AT
FIFL RSD 4 0.33%, 45 R B i s = i
2/DRERE 24 he

229 HEMRK W TG-SMEDDS (7 TG 24.27
ng/mL) £ 0.5 g, AEEME, “FATHIE 6 Mtk
W, TR “2.227 DUNEAIGREERE T, 45
BoR TG “F¥ a4 19.81 mg/g, RSD 4

0.45%, FWIHB LS.
23 TG EARRHR P FESTREERRIMLT
i

Sl R H I 8. Capryol 90, TN .
Cremophore RH40- JH & 15 K573« Masine 35-1.
BTy, Labrasol. PEG400 /% Transcutol HP % 5
mL B RIEFOE T, AL #T TG A, iWiE
B S5 min 5, TR FERKTIRG 72 h, {5
IS VAT o A5 E AT 12 000 t/min 5.0 5 min,
W B e EP B, FH P REAGRE o 4 AT I (033
SATFRERENE o TG AEA [RIFHE e R At 5 0 5 &5
For A (1.23140.044) . (12.28040.028 ) -
(0.232£0.004). (6.8924+0.152). (0.57540.035),
(0.23440.009), (0.762%0.018). (0.115%0.007)-
(9.968+0.045). (7.749£0.041). (29.797+0.287)
mg/mL (n=3), Y TG {EAS [FIFHRL P i il
ELF R, LR Capryol 90 1EAiIAH, Labrasol %
Cremophore RH40 14 £ i%£ 74471, Transcutol HP
1A B FLALF o

B L HkHIE, 7ELL Capryol 90 A iHi4H, Trancutol
HP J BhFL AL 57T, Cremophore RH40 & 5 5 H B 1k
L, RS2 Sk Y, FREGE R T
71| Cremophore RH40. Labrasol £4e#fH, HiE™
b i B FL 46 Trancutol HP JR2), 15 3IEAFLL
A CFLAH) S B FLA A B b (K) 20004 3 0 1,
20010 100 1220 10 3], RIRA TR S AR
il 1:9.2:8.3:7.4:6.5:5.6:4,7:
3,812,901 LS A N Al Capryol 90, =
N VAKX BT E% I /S BAE 176 2 SRR 1P 1Y) @
MG T 35 R Z8 HH U 137 B ER VR 380 AR AL 1 Tl 2
R ISR AR &AL B b, BAVAH S K
TRE FLH A T R 2 il P — oA . IR G FLAL
LG BRI iR 5 B 2 LU R A T idsL, 45 3R
WK 2 Pros. Oy = ok S Kol WA, el
FARRAR S BhFLAGGR], AHRD Ky (557K EC A
%41, Cremophore RH40 fg-5 5 2 LU A7 (11 vl AH JE
BT, B L BE ) LT Labrasol , i1k #%
Cremophore RH40 #5240 77 (N FLAGFIREAT 2
(R4 5 5 12 o
24 SHI=THEBESHESAEEE

FREUE 7 1) Cremophore RH40 M, Lid
B (Kp=8 1. 7:1.6:1. 521 41, 1:
4) [f) Trancutol HP J&%J, $&MIRGFLA0FH] 5 Al i
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HI1:9.2:18.3:7.4:6.5:5.6:4.7:3,
812, 91 MBI BN MIAH Capryol 90, =i
NHREDIBEFEALISA], WS LI &
rte LA FULAeA) BRI T Rl =
FHEL, g LIS 20 4 1) 43 B s il = JeAH K
o, JERCS IS AL 1R SMALIX . S5 Rl 3
P, ARFEFETEHE T s b 3 Tl 5 () AR AR AR 5
S LR . = oo AH B T A 3
B Wa 43 Cremophore RH40 17.4%~
79.9%, Capryol 90 10.9% ~40%, Transcutol HP
9.2%~57.2%,
2.5 Ak

i H S50 % T F Design-Expert 8.0.6, #EH%
D-optimal BT, BN H A5 SIE0 A J7 ke 1 T
AP AR R Bk o i Je 2 70 iR # (PDD
NFESLARAR BTSN, IRl Ra Rk 1 o, H
TR AR Ty T o
2.6 mMMAFHE

3 0T 5 Wi N FE R g A k) F 20 o Lk
ATINATTREAUE A5 B [n] )3 77 e 2R 1 Je T 72
I

(Labrasol/HP)/%
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2 ERARZLFIS EHh=TTHE

Fig.2 Pseudo-ternary phase diagrams with different surfactants

Capryol 90/%

B3 =JuiaE R AL XiE
Fig. 3  Ternary phase diagram with microemulsion

existence region

Y N AR AR R, HLERIE R R 3 Ik
JrRE, TR AR AR R =-2 484.614 20 C—433.542 39
R+2 308.058 79 H+5 150.671 95 CR+6 272.652 81
CH—2 119.535 11 RH—20 486.593 26 CRH-+12
776.005 02 CH(C—H)+4 138.827 10 RH(R—H),
th C & iAH Capryol 90 JT &7 Jii 73 8, R Fonil
1657 RH40 Py B o040, H FosBhFLAL5R HP B
TS
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%1 TG-SMEDDS #j D-optimal ¥t A ERLE
Table 1 D-optimal design and results for TG-SMEDDS
J7%  Capryol 90/% Cremophore RH40/% HP/% WIREE /(mg-g ™) IR A% /mm PDI
1 10.9 17.4 71.7 121.96£23.21 478.70£2.29 0.787£0.009
2 25.5 65.4 9.2 4544+ 2.05 16.96+0.27 0.338%0.010
3 18.2 45.0 36.8 4177+ 1.09 16.71+0.41 0.095+0.093
4 40.0 17.4 42.6 48.69+ 2.59 478.45+2.12 0.351+0.007
5 10.9 79.9 9.2 44.64t 231 13.681£0.27 0.219£0.044
6 255 17.4 57.2 90.28+ 4.18 233.00%1.12 0.277+0.018
7 327 37.7 29.5 43.83+ 3.20 24.80+0.14 0.13540.019
8 18.2 29.4 52.4 92.80+ 3.17 21.561£0.48 0.293£0.011
9 40.0 50.8 92 4532+ 1.88 52.441+0.37 0.390£0.010
10 25.5 41.4 332 4486+ 1.31 19.424+0.44 0.19240.008
11 25.5 29.4 45.2 4993+ 2.27 63.05+0.37 0.21040.020
12 18.2 60.6 21.2 3630+ 1.16 15.94+0.14 0.093£0.046
13 327 29.4 379 5941+ 1.14 100.30+0.75 0.23040.010
14 10.9 48.7 40.5 40.53+ 1.09 14.641+0.44 0.15340.044
15 40.0 34.1 259 45.80% 0.85 56.17+0.27 0.179£0.023
16 32.7 46.1 21.2 38.88+ 0.24 23.73£0.20 0.169£0.003
17 255 534 212 39.14% 0.87 29.26+0.77 0.15540.028

i N AR PDLIN, Hog & [ml -7 #E 2 k
JRE, JFERAAN PDI=0.988 46 C+0.306 20 R+
1.958 73 H—4.445 46 CH—3.749 99 RH.

i N FE bR oD SRR, RIS RE R 2
RITRE, J7 R HAR N W =—-122.419 07 C+
39.323 90 R+245.167 79 H+337.929 94 CR—
406.222 38 RH.

Mg b, NIRRT TG WL S KN AL T
CLA ORI B AT e K32 . AR 51 B
ERE R ORI, MBI RGeS, TG %
fiff P B SO, AR ) A 7 AR R B B S AT i AR
DUGE, B S MR S RiAR & PDLIE K, Toik
WK BIFIRAR R . KL, AT a7tk
i, 3P PDI KAk I b A5 f /N hy e I 56 6 A FR s
TR P 5 R RS e Fabs, S48 i
LA T7 % 453 ¥ 4y Le 5374 Capryol 90 13.0%,
Cremophore RH40 47.7%, Transcutol HP 39.3%, il
MRZAL TR TG BB KA RRE ) 44.00 mg/g, # 2
HON 20 mg/g I, FREEMRIAEA 13.69 nm, PDI
3 0.114.

2.7 TG-SMEDDS B9#15 R EiEM

2.7.1 TG-SMEDDS 4N MW IER AW H

1) TG-SMEDDS 4P 5 34— W 35 (004, R %l o
I3 5 FH Al KRR S, T N 22 7 a5 A B S ) A 1Y) L
F 2% 892 51 44 (4 10 min, BT )5 BB B T2
s (TEMD X HAOW ST L (BT TEM
SIRT G A 47 G0, ) B 15 2 R S L IR R 1T S E S
L, DI R BEH T IO S Mg, ANe T
AR RANGIHD, Frfdai Rl 4 Jros. w0,
TG-SMEDDS {E 7Kk o , T2 L 2 B BRIR,
WG, FWRSY, SR,

2,72 HREE. Zeta WAL PRI PDI HL 3
LA HIRESY (T8 20141114, 20141115,

!
Y
50 nm

4 TG-SMEDDS E5tEEEE (X200 000)
Fig. 4 TEM photo of TG-SMEDDS (x 200 000)
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20141116, FM “2.57 TN B AL b 7 6l 402
H o4 20 mg/g 1) TG-SMEDDS, JH4l/KFB 10 %,
i /f] Zetasizer nano JWOGKLEEACHEAT 44k 42, PDI
J Zeta FUAIINGE, dEE R, Ridt oA X i for il e
SR 5 Pron. WASRERIPE RN (43434
1.22) mg/g (n=3), Zeta A7 N (-12.5340.80)
mV (n=3), FIki2A (14.95£0.31) nm (n=3),
PDI 4 0.116%£0.013 (n=3). I HKLE RS
“2.57 IR LA AL 7 TN 45 AT R b, S5 R
fif B SPRIRAT K PDI (1) 22 [ 22 = (S DU — it
TUE)/ATAE ] 235900 1.3% 9.2% 5% 1.8%. 1 ik
ERATIL, 3 ANFRRR T 38 3E 5 B SE R A3
i, R TG VL T ERG B e, e Th v T
SMEDDS ¥ it 51tit.

a ‘c/":_

1 10 100 1000
Hi45/mm

o 50 0 50 100
Zeta Hif7/mV
5 #HZHEH 20 mg/g A TG-SMEDDS (LS 20141114)
Rk 10 ERIAES M (a) K Zeta FAIE (b)
Fig. 5 Size distribution (a) and Zeta potential (b) of TG-
SMEDDS (lot. 20141114) containing 20 mg/g TG after being
diluted by 10 times of water

2.7.3 3 4it TG-SMEDDS Ff i 15 il 4 i
AN T7 % 3 4l TG-SMEDDS (Hit5 201401114
20141115, 20141116), ZrHIHUEE, & 100 mL &
o, F AR R R BRI “2.2.27 Tk
SAFRIAT EBNE . I TG WE & s 1)
4> tb. TG-SMEDDS 15 5 il 52 £y bk 78 5 1)
(99.03+0.70) %.

274 FoEtk%E¢ I TG-SMEDDS £ (% TG
9.71 pg/mL)I& &, 73 H 58 = i JICE 24 h Ji—20 C

JRCE 10 d B RE S RS e o B E T VAR “2.2.87 T
g S ICE 24 h JE 8 RSD 4 0.55%(n=3),
=20 CJICE 10 d J5AHXHmZ (RD) 4-0.82%, &
] TG-SMEDDS =il iU & 2 /D ReAs e 24 h, —20 C
R /AR E 10 do
2.8 TG-SMEDDS {F5MAHEHR
281 ZMEXARFEL KEBI TG JaikiEN
48.5 pg/mL K0S S A 2 VU&=, FH pH 1.2 FRhIRWY
WK pH 6.8 TERR SR G2 o3 J WRE o R FEE R
0.12. 0.24. 1.21. 2.42. 4.85 pg/mL [ R 5%} I 5
W, IR 92227 IR AR E, DAY
HPAEE (V), TG PRk e ARAR R (X)) T4
PEMNE, 432 pH 1.2 ERERSE M (P br v ih £ 7 2
HY=96231 X—1960.8, r=0.999 9; 735 pH 6.8
IR Eh 2 1 (PBS) T (AR HE I 4 J7 B2l Y=96 302
X—1 8224, r=0.999 9. FKH TG WAL Fimk
JELE 0.12~4.85 pg/mL H BRI L E & .
2.8.2 TG-SMEDDS 7E AR i (% AT b 2% 5%
K5 TG IR EERIFTT e BRI ) 2% 7 3253
7% TG-SMEDDS #$¢/e %, 17 6 #y, fiRpRik
TP E TG Y 7 mg, MALKHR: HFREGEE TG
JERI 2R e, SPAT I 6 4, T RERIIR TR TG
217 mg, NSLHIF & ChEZ) 2015 4F
Ji USSR 5% 0931 ¥ A FEIE 25 —3%, DL pH 1.2 #:
FRVSW N pH 6.8 PBS ) HIVE MU A ot, BE
100 r/min, KN (37.0£0.5) C, 435F 2.
5. 10, 20. 30. 60. 120. 240 min K HUFE 10 mL,
AN AR b oA 78 S5 SR AR RS A i, 7RI
0.45 pum THALIEBERL, 572 5 mL WIUEM, HUELUE
WAL “2.2.27 TR SAFREAEDE v B
. DUPURE I ) 9 AR AR, SRR H 3 A A
il g, g5 R 6 Fir.

H &l 6 1wt thZenT ., TG-SMEDDS 1t 2 7t
S IS8 AT AR AN (] YIS B P, 10 min (1 53
R R 5 (97.88+£0.12) % M (93.38+
5.69) %, ZERILHEIFEX (P>0.05). 2 Fifi
I HIBLAEL TN TS o (R P PR KN i v 1 55 B R B
Bi, Pl Bz H i 4 25 5 mT LTI TG-SMEDDS
28 LR T e 1 v R R R L, B
IS AR W25 9A . AR T 2994 S KN i
W

TG JFBFALE 2 B P S8 HMER 240 min
I TG JsURHZ47E 2 B o i) SRRV th 22 73 sl R
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1201
1001 IS L E
ﬁﬁxﬁ:;:i” '
2 807 E
i - -= - TG-SMEDDS pH 1.2 #hiV&
& 007 | —=—TG-SMEDDS pH 6.8 PBS
= ‘ —~TG pH 1.2 ¥k
R 40 ‘l ——TG pH 6.8 PBS
204 ——
e e -
0¥ . .
0 50 100 150 200 250
t/min
Bl 6 TG-SMEDDS K TG [RHZ57E ARG B rYA H ih &k
(n=06)

Fig. 6 Cumulative dissolution percentage of TG-SMEDDS
and TG in different dissolution media (n = 6)

(14.45+4.44) %% (23.88+1.18) %, HZEFHA
GilEE X (P<0.05).

76 2 B 5t rh TG-SMEDDS I3 H s 2% fz 20
BRI TG kL 256 1 %, TG ek 2 1
Tk e KV 22 R MR S 00 IR AR, iy 3
WL R TG J5URN 2 iR S5 1 A P R0 A A
11.19%. 44 FIREE R, K TG il £ 5 TG-SNEDDS
Je ¥ A R AL R O, A8 IR AR R
A AR,

3 g

FUtbiE O/w B B AL B o LA K I
B, R SRR IE 1 AL B A e R & I E
I BRI AT, ST LA e 4 R
HETERA G 1IARAE, SRIMAHT ST IR R FL AL
%] Cremophore RH40 £ (25 /H4RIT-HF) U™
A SCER ZE RS, R H KRR D IR 2ot &
(LDsy) >16.0 ghkg, AP, Ml %
TG-SMEDDS (¥ #5A:FL 451 o

FE = TOAH BRI FE T, A T Py ARG
SCHRJE H IR T O AL DI A L P AR A
BhFUALF T A R ) U2, Szab ah R ], AR
i A F 465 Cremophore RH40 A7 4E, BYiHIAH LY 5]
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