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Preparation of microparticles of glycyrrhetinic acid complex TOGA-X4 and in
vitro release characteristics

TIAN Juan, ZHAO Rui, WANG Peng-long, FAN Wen-shuo, WANG Zhi-yang, MA Hong-rui, LEI Hai-min,
CAI Cheng-ke
School of Chinese Materia Medica, Beijing University of Chinese Medicine, Beijing 102488, China

Abstract: Objective To prepare TOGA-X4 microparticles with uniform size and good rehydration property and to obtain the stable
and reliable preparation process, and evaluate the in vitro release characteristics. Methods With the average particle size,
polydispersity index and rehydration as indexes, optimizing the process of antitumor active substance TOGA-X4 microparticles by
stainless steel rapid film emulsification method through single factor investigation to investigate the factors influencing the size and
dispersion of the drug microparticles and observe the morphology of the particles by scanning electron microscopy. With the
cumulative release degree of TOGA-X4 as index, direct drug release method was adopted to determine the cumulative release rate of
TOGA-X4 and the size of TOGA-X4 microparticles. The curve of in vitro drug release was fitted with different release model to
estimate the in vitro release characteristics of TOGA-X4 raw powders and TOGA-X4 microparticles. Results The optimized
preparation technology contained TOGA-X4 mass concentration of 5 mg/mL in oil phase, PVA mass concentration of 30 mg/mL in for
aqueous phase, the ratio of oil to water was 1 : 1, transmembrane pressure at 0.4 MPa, sucrose aqueous solution of 50 mg/mL as
freeze-drying protective agent , curing temperature at 70 ‘C; Compared with other in vitro release models, the logistic equation was the
fittest model to TOGA-X4 microparticles, zero order equation was the fittest model to TOGA-X4. Conclusion The preparation of
microparticles by stainless steel rapid film emulsification is simple, stable and reliable, which can improve the dissolution rate of
insoluble drugs and has advantages in the preparation of microparticles of poorly water-soluble drugs.
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HEIRER (glycyrrhetinic acid, GA) &—Ffi5%
BRI TR =8B, N s B R,
HAEPR. . DUFLF4Eb Ly s 25 2%
PEI2, SClRARIE GA X TR, i, =avE. §
Jii M 2 s SR A T AEIE R, IR B RIE
FA N0, H V2 [ A b2 L GA e b A
Wy, HEAT SR PEE ks L pT RS T, TOGA-
X4 2 —FH A GA PHEY), H GA 52 FERANH 1
BAPFE TR, Dl 2R OGS B L R A
SR I PUAT PR 5 1, (BE K R AR VA, TR AR S
ISHLELLH] % GA PEAY TOGA-X4 HIfdcki, LAA
Itk TOGA-X4 ¥ HHiE e, g m LAY .

1 UEEHH
1.1 &5

PUREAL RS, P ERE R R TR R H
fil; FLAE 0.5 pm AFEWAL, s 3-18N & &0
B, Wi THEA AR RS IR A F] s LGI-12 AR T
ML, AbETRA AN R Rk B R A~ 7] ; ZetaSizer
Nano-ZS 90 RN EAY, 96 S /R SUAEA R
/3]s Quanta-250 FHHL T B AEE, 32 FEI Al
Supras5 RSB FEMET, 8E Carl Zeiss
Jena A7]; SHA-CA /KITEIRIRG &5, 5 MMERAEAL
A MATF; Thermo HPLC UltiMate 3000, FEER K
tHRBHE (RED BRAH-.

1.2 ##

TOGA-X4, JbiiHBEZi KA S, RESH>
95%; P LHEE 088-20 (polyvinyl alcohol 088-20,
PVA), WP =4EEHI M BIR AR HEE. R &
B, fikal, Fisher AF]; NaCl, dbmft L) ; &
B2, HAMEEMA R HEE. 6. HER.
REME. SN, Bl AR R A A
T TR ERER AN, KB TG E R T T
2 FHES%

2.1 THRIAYHIE

A A A B LALLM 4%, DL PVA
IKIET KA, & TOGA-X4 BERR 2.8 175 R AR ,
HREFAG BOTG, RIS S HEY TOGA-X4
KL o
2.1.1 KAHMHIE  KSEFOE 6 g PVA I 200 mL
gk, WL IR AR 2 oI AR, A5 kg
o RIE, HEASHIE, WIRBE, fH, RERE
A 30 mg/mL.

2.1.2 ARG RESEARIEL 0.5 g TOGA-X4 JF A

FHIE=fMMF, A 100 mL B8 206, #FEE
TR RO, HASHhIE, WIRBCE, fH, REK
F£4 5 mg/mL.
2.1.3 ORI RS B 100 mL % TOGA-X4
JHAH, N 100 mL PVA ¥, $R4E 2 0 #b5,
MR BN POEBE AR F, B, WAL,
R 3 R
2.1.4 [RGB IRSEIA 1 52 30
mg/mL PVA JEH, fiHERE 2 B RE CRRMR . 46
IKMERE, BLBES 4 Ik, GIFIERDTIE, AT
R, TR IRAT
2.2 RAIEN
2.2.1 KM BUERE TOGA-X4 HURLE T-H A
IKEfR, PRRE G MR B A B RTBETH
G OSSN KT VR
222 PR K Z RS (PDD HURWORLR
THHEE, b 2 mL 4k, HESEE5, Ak
B S ACHATRRI . IR, i T2
H R RN s PDT BB/, 1B fckE F R 42
A .
23 BERERLR

ANER AR PR B 7L A2 1) % R s R 2R i 2
AT AL, XSAYRREIRE . KA
KBS SRR S [ IR B R R SR, BAEY
Kife. 20 BERE PDI A1 K Mo FR bR AT SR 5

g2, EEEERIR,
23.1 ZWIREIRE#E TOGA-X4 ERERR LG

AR, YRR R YU ORLR AR
KN EBEREZ —. WEPTR IR 5524585 R
W 1R, BYREIREIE R, DR K,
{ERARIE /N T 2 um, L5675 RE I 4 0% Fokt o )5k}
IRZE, RIEZYEIREEN 5 mg/mL.

2.3.2 JKAH PVA FiEIKEHELEE PVA 1E AN
A HGH, nrRRRmyk 7, HIEARERES, o

®1 HYREBREZR

Table 1 Results of mass concentration of drug

W REARZ (mgmL ™) FHRAE/mm PDI
1 1028 0.187
3 1255 0.246
5 1273 0.219
7 1413 0.125
9 1594 0.112




- 1804 - ¢EH

Chinese Traditional and Herbal Drugs 25 49 % 3 8 #§ 201844 A

FaE e, IR PVA SR BT H SR, SR Lk
2. fE—EEIREIEE N, PVA EREF S,
BRI/, HARLAR$5 /T 1 pm, PDIZNT 0.3,
KA —, FFawmEsk, MIEmERE 30
mg/mL PVA & A7KAH

233 HKAHRRALLE Sl KARARRR B 2 520 Ak
Rrfthife KA e, Bk I T 552, %
WA R 3 Fon. AMEBIGR, R K.
KEC 10 LB, BrRsk kit i/, PDI &AL,
R K LR 100 1

#*x2 KIEPVA REREER
Table 2 Results of PVA mass concentration in aqueous

phase
JKAH PVA Jii B B /(mg-mL ™)

“FHIRL4E/mm PDI

20 780.9 0.273
25 686.6 0.219
30 680.7 0.180
35 646.0 0.268
40 572.3 0.175

&3 HKAEAFREEER

Table 3 Results of oil-water ratio

K Bk SRR mm PDI
1:1 461.3 0.235
1:2 506.1 0.248
1:3 720.6 0.259
2.3.4 THEEJIFEE RORH S, TR X

RORARAI RN 73 A BB 5 TR B0, Xt
PR Sy AT 5, B RUNE 4 s, £ €
JWHIN, HN, Rifeieh, BEbiESE 0.4 MPa
JESpApUN L

235 [MLIREEH S IR 2 R oKL IR [ A6 i
T2, FHHRI (K5, FRTEL, MK
18, WA I, R, RSN R

x5 BEHEEER

Table S Results of curing temperature

[ 4k T4k 4E mm PDI
=R 820.4 0.249
70 C 1 042.0 0.169

Mo (HFEBSOUEGRUESY, PVA SRS 2, Kbk
FAE 70 CTFHEATE .
23.6 HRENFERE  ATHEET, TOGA-X4
WORL K PEZE, A ELL A5, BRI E 2
SCHEFIE R KM, B AR S 45 R L 6.
RERERIR BIREAE 9 2GR TRk AR BN, B
KU RAF, EERE R, AEEREE, K
LR PERERE 9B 0], 0 H PR AT — 0
5, BEERMEK 7 Prn. BRFETEIREA 50
mg/mL B, Rifff/, PDI&H, SKMEMRRE, K
L BRI 50 mg/mL HEREAR .
24 TZWiE
g L, i R R L T % & TOGA-
X4 JHARF IR E S mg/mL, /KA PVA &K 30
mg/mL, JH/KE 101, WSHEET 0.4 MPa, TR
=6 BEIENER AEHA 40 mg/mL)
Table 6 Results of framework protective additive (dosages

were 40 mg/mL)
HHSHER) P KLA2/mm PDI

Skt

T 819.7  0.412 FRIERIHHIHS)

R 854.2  0.448 Jn/KHEI s HLE %)

T 1058.0  0.499 ¥R HHIFE)

H R 1896.0  0.937 #FH 54 R 4 HY 5
Te 27860  0.291 #FEEHHEYS)
FHEHERT 11900  0.783 @A EI KRR EIHE)
TP 17950 0.686 HiFEEIIKE RS EIIE
THT 38240  0.005 —

®1 EREREZRER

Table 7 Results of sucrose dosage

=4 BEENEE RERE &/ v
Table 4 Results of transmembrane pressure (mg'mL™") FrIfAE/nm PDI Bkt
T % 71/ MPa PR 4% mm PDI 10 1105 0.411  MKBEIZHISA
0.2 — — 30 773.3 0227  MiKBI4HS A
0.4 926.3 0.223 40 746.4 0292 hiKBI4HSA
0.6 981.4 0.269 50 704.2 0.244  MiKBI4HS A
0.8 1 168.0 0.283 70 869.7 0.010  J/KBI4HS A
1.0 1173.0 0.254 90 890.8 0252 MiKBI4HS A
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#1749 50 mg/mL BEREKIE, FEMLIRE R 70 C.
24.1 “FIIRAE N PDI 448 0L ARk 2k
1T T Z0AIE, 253K 8, “FHKif2 N (944.34+81.3)
nm, PDI 4 0.2940.06.

242 HKMHEEER TOGA-X4 ki KM%
REERWE 1 PR, FEMIE AN 5 1) % 11 TOGA-X4
WokE, InAGEE, RS, EAGAK
R, R R .

x=8 IZWIEER

Table 8 Results of process validation

e SEEIRE/mm PDI
1 892.5 0.228
2 902.4 0.352
3 1038.0 0.286

1 TOGA-X4 I EkMH
Fig. 1 Rehydration of TOGA-X4 microparticles

243 RUWEEFERER BUOEMAKR, PHTS
HE b, B B2 R R B PRI 4 120
s, FHAF BB WM RMIEL, TOGA-X4 F A
Eifoki =ML WK 2.

2.5 HPLC #&M75EREN

251 @mi%%M AR Kromasil Cig £ (250
mmX4.6 mm, 5pum); FsIAHNHEE-7K (90 © 10);
AR 1 mL/min; A6 35 °C; KMl 254 nm;
PR 10 uL. LEMEERERWE 3 s, WAl
G ZMET, TOGA-X4 I 5 HAh gk 35 28
Y, WETEXTFR

252 MR ARFEE B TOGA-X4 JiK}, FEHM
) 263.600 0. 210.880 0 168.704 0. 84.352 0.
33.740 8. 6.748 2. 1.349 6 ng/mL 1) R 5 bR UEVE R,
fE “2.5.17 TUEIEFAE T 5 E TOGA-X4 U
o Pl TOGA-X4 iRk AR (XD, W
NPAFR (V), efilbrEisk, BEETREN Y=
0.167 6 X+0.359 3, R*=0.999 5, ¥i#] TOGA-X4
7E 1.349 6~263.600 0 pg/mL K 3 5 B Y 42 1
KARRILT,

B 2 TOGA-X4 [EZ5# (A) K TOGA-X4 i (B) HY
SEM & (X20 000)
Fig. 2 SEM map of TOGA-X4 drug substance and micro-

particles (x 20 000)
NA-M

10 12 14 16 18
t/min

3 HPLC TREMARMLE
Fig.3 HPLC results of specific test

253 FEEEEL REERE TOGA-X4 N E &
T 10 mL 2, IHEEFEETE )G ER, 0.22
um FYFLEMEERE, A 6 K. R ERE A
U 1) PR B B TR] 1) RSD {E A 0.23%, WETHIAR 1) RSD
fHR 1.28%, Ut BAACHS (RS % B R 4

254 HEEMER FEEHI TOGA-X4 WG T
#110.04 mg, HFEERZE SOmL =IEH, FkE 145
i, 022 pm FUFLIEMESES, “FATHI 6 AR
W, ARUCHERERTIN, &5 R 7R 2% C w0 1Y) R B o [
(1) RSD {E N 0.12%, UEHARH) RSD {EH 1.97%,
VLB IZ iR E M R .

255 FREMFESH KB TOGA-X4 TR T
WiEETEMT, EAEER, 022 um fFLIERE

TOGA-X4 JF ¥
TOGA-X4 ki
T




1806 * L& X ]

Chinese Traditional and Herbal Drugs 25 49 % 3 8 #§ 201844 A

i, F 0. 2. 4. 6. 8. 100 12, 14, 24 h HEREKG
W, 5 R EREEEERIRE R RSD EH
0.55%, VAR RSD fHN 1.55%, BT
e MR
2.5.6 IFEMEIUEFEEE B TOGA-X4 kL 6 17,
TIN—E 2 TOGA-X4 5y, #HE e, et
WA, 76 “2.5.17 TUEGEAE T I mEA,
HHHEFEE, TOGA-X4 FHIFIE A 98.95%, FH
RSD A 1.04%.
2.6 RIMERBINE
2.6.1 B EECHI AL S (R EZ) 2015
SRR DY P U 8004 (1 75 v R R A R

1% e SR R A 1 B IR 6 22 PR ORI
I, pH6.5): MR 5481345, S5EME045g,
T B EREN S g, 7K 400 mL, A 30 min,
FHRE IR ORI pH 2 6.5, FI/KHREZE 500 mL.

1% e B BB AR Tl 2 6 % 1R CRE TR I
I, pH7.4): TR _—54H3.45¢g, AAMNE 045 g,
T IR SEEREREN 5 g, MK 400 mL, & 30 min,
F 2 mol/L E A BAWOA pHEZE 7.4, F/KF
FEA 500 mL.
2.6.2 “PENAARENE RidE TOGA-X4 FkE
TR A, PATERAE 3 4, AW, BT
fHIRKBH (37.0£0.5) C, 100 r/min $%3% 72 h,
0.22 pm FIFAFLIEE R, EUEE )8 1 mL, $42.5.17
T SR E A, TR A R, g
TOGA-X4 [ EREA BT T o ()P 1V i FE
(32.0540.38) pg/mL, FERERT T L A P-4 7 e
FERN (31.3940.89) pg/mL (n=3).
2.6.3 RAMBEBUE RN N B GEY, R
FREL TOGA-X4 5K 3.00 mg Al [E] %55 &1 TOGA-
X4 ORI TR T =M, SPATERAE 3 . A
500 mL BRI . B F/KBHEERS SRS, T
(37.0£0.5) ‘C, 100 r/min #E¥%, T 0.5, 1. 2. 4.
6. 8. 10. 12, 16. 24, 48. 72 h BX L& 1 mL,
FALRIANTE 1 mL B RN . BUH R4
0.22 um FLIEREIERE, BRI, BT 37 CKif
fRiE, HPLC ME&E, tHHERPBBEE, Sk
L, B L 4 BR .
2.6.4 BEZFFAEVEMT S Origin 9.0 #AE! %} 2
PR B . TOGA-X4 ki AE R TOGA-X4
IR 2R IEAT T /BN 1. — W) J1% . Logistic
57151 Higuchi /72L& .

100 -

80 |-

—o—TOGA-X4 ki CREBAN B 1D

60

=X

L\i —m-TOGA-X4 J5# CREBUN B 1D

% 0 —%-TOGA-X4 ikl CBEMUAT R D

BT —a—TOGA-X4 iy CBAUR D
20F

20

T S N B N |
40 60 80
t/h

4 TOGA-X4 [ FIRAIFER N R R A s
Fig. 4 Accumulation releasing curve of TOGA-X4 drug

09

substance and TOGA-X4 microparticles in dissolve medium

TOGA-X4 J5Fy ek o TOGA-X4 1 2 FRE i
A0 I H R TS 2R B A AU A 5 SRR 9 R
AR R 7141, TOGA-X4 WORIAERTRA R 1
HRR SN TS AL A B FE FE AR IR Logstic J5 72>
— % J7 ¥ >Higuchi J7FE>FH TR, ERH R
1 RSB U AU A B R E AR N Logstic 77
FE>— 7 >Higuchi FFE>F 5 2; TOGA-
X4 R FEREAT T 1 AR SRR U B & e A
IR N7 72 > Logstic J5 2 >Higuchi J5fE>—
PITFE, TEREA B 1 A RSN OB R UL A B 72
FEMR IR N F 2 J7 12 > Logstic 77 12 >— 7 i8>
Higuchi 77#&.
3 Wig
3.1 AERMEZLE

LA A A A i) % 3] S AR R P e T
A% FLSE ), A S 7 P BB AR R L AL
Hl4% TRRY —, UKMELR, IKIREEED
SIHIERIR GA PHEY) TOGA-X4 kL, 24530 SL6 R
UERA e AoRr B BB B IR . T %
MIFLBRLAR I &) B M, ANRAN RS AN B
JEIEE R, YRR R, EREFMHRR, BARL
f 7 i i 5L
3.2 RRAHIFITZER

W RRER, RIEAMTAEKREN S
mg/mL, G T 2GR I K 5| I I AN AN
XTSI ATy, TRk fRAR g K, Bk
DRI 225 Ak E S AR 38 R TokE ) % A . PVA IR
J74 30 mg/mL B, HBE T PVA BRED, Rzt
PR ESR o KEE A 11 1, B> T 2R
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Table 9 Results of mathematical model fitting of releasing curve

B B RN A T7 1 (pH 6.5)

WA -
THCkE K
EHFTIE 0=0.633 6 1+65.4307, R*=04528 0=0.2354t—0.471 0, R*=0.9980
—RIiE 0=88359 7 (1—e %60, R*=0.7592 0=-2.6019X107" (1—e'072%), R*=0.2429

Higuchi 518 0=7.07451"*452.216 5, R*=0.7052
Logstic /7 1%

101.786 6, R*=0.998 6

0=2.45541"7—55581, R*=09713

0=(34.599 3—101.786 6)/[1+(#/3.720 )61+ O=(-0.427 6—1.427 1 X 107)/[(1+1/5.364 2 X 107)"°°?] 4

1.427 1X107, R*=0.9970

R 2 KA A S U5 (pH 7.4)

WE T \
kL By
FRITE 0=0.600 7 1+62.908 3, R*=0.4610 0=0.2259t—0.800 7, R*=0.999 0
— R tE 0=284.4829 (1—e *¢77%", R*=0.7722 0=-21.973 5 (1—e"%73%), R?*=0.9957

Higuchi 5 0=6.658 4 1?450.440 0, R*=0.7137
Logstic /7 &

97.880 0, R*=0.998 7

0=2.34561"7—5.681 0, R*=0.9632

0=(28.974 5—97.880 0)/[14(#/3.097 2)*73 ]+  0=(-0.545 6—1.946 0 X 10®)/[(1+#/4.573 8 X 101938 0]+

1.946 0X 10°, R?=0.998 9

&K, $em TR, SREE SN 0.4 MPa i, S
RS, AN AL B PR 7 5, KR
KNGt BAH 50 mg/mL FEREFIIIART
AR NIRERAR, SRR KM . ZSEI TR T
NP RALAE IR R, (H IR R KA
WA HARH, SRl B A Wit S %2, It
T2, DUHATS BRI 335 — . w421 TOGA-X4
kLo
3.3 BRI HRAERE

i ZH AR HE B, A pH (B T IEH 2 EH.
KSR pH A (pH<<6.5) #BKT F Hl IEH
A (pH 7.4) Mo et shuxt L HIF 78 il 726 4K
IS BB, 4% pH (951N 6.5 F1 7.4 1)
2 P ERE P AR R RS K. pH
6.5 Fl pH 7.4 [IBEIRZE M EL W DI E TOGA-X4
SRS R YIRS B R B
1%+ R FEEREN, I 500 mL B R, RlIA
IS, BUERERBN TN & 1% ks
TR R IR 8 1P R VA TR
3.4 TOGA-X4 frhi K JZ R B AR IMNE R 14 B 3

% 9 WA, TOGA-X4 fCkifE 2 FiRE A R
R 25 BT 28 75 & Logstic 3 /1225 12, TOGA-
X4 JFRTE 2 RN B I Zi R it 2 75 & %
RN IR HE 4 R ZE v %1, TOGA-X4
Jb & AN AR IR LA ) R BOR f R S 2R ) {2
T RN, RRBRCR R ER . TOGA-X4 il

RLAERE I 5T 1 AR TS 4 SR8 TSRt v TR

S0 J5TIL, R A iR 28 2 vl FR R TR i 5 B R T

ATIEWAS, BA pH BUsE, xR AR

—EREL A, BRI F X AR AR S IR

ML 7 A HEAT R EIGAE, LMSH ATEES5 18
BEAt,  H SCHRARIE , A 0 L A FH A )

FURLAR AT R MR SR, DR AE Ja B 7T,

EES AN AT TT, SRR A 5 FEE P

KA, NPUREAL I BT RO SR BB

SE
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