¢ # % Chinese Traditional and Herbal Drugs 35 514 28 73 202044 A <1845 -

« BFEH5TE .
HEEZ-F127/TPGS JE & 9K R AV FI & X H K R AR BA IR 3R

KEBEBL?, mEDLL, £ AL KR O mERT
1. AR EEZG K202 0%, TO)I RHR 611137
2. FERFEESETL 2R, bR 100142

i E: BE HIRHER (GL) -MHE 5 F127 (F127) /% 4 1% 1000 4E2E 2 B BEHIREE (TPGS) IR E4KKH (MMs)
(GL-F127/TPGS-MMs), PLefi3% GL B PR A3k SRR 0245 GL-F127/TPGS-MMs, LARH G2, 25
YRR R, BRF ST R T Y, A% F127 5 TPGS WILLFl. BEAVIMFREIRE. GL MHE. KAEE. Kik
A SRS A SRR EAS: DURBOE R R A (Ka) FIEMIRIC R (Papp) NTRINIEAR, SHIK BRUEAR B 1) i
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Preparation of glycyrrhizic acid-F127/TPGS mixed nanomicelles and its in vivo
intestinal absorption in rats
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Abstract: Objective To prepare glycyrrhizic acid (GL)-Pluronic F127 (F127)/polyethylene glycol 1000 vitamin E succinate
(TPGS) mixed nanomicelles (MMs) and improve oral absorption of GL. Methods GL-F127/TPGS-MMs was prepared by thin film
dispersion method. The encapsulation efficiency and drug loading of MMs were used as evaluation indexes. The formulation and
process, including the ratio of F127 to TPGS, the concentration of polymer and GL, hydration temperature and time, were optimized
by the single factor experiment. The morphology of MMs was investigated by transmission electron microscopy. The single-pass
perfusion model was established in rats to investigate the intestinal absorption characteristics of GL-F127/TPGS-MMs with
absorption rate constant (Ka) and apparent absorption coefficient (Papp) as evaluation indexes. Results The optimal formulation and
process of GL-F127/TPGS-MMs were as follows: TPGS 180 mg, F127 270 mg, GL 70 mg, hydration temperature 50 C and
hydration time 3 h. The prepared GL-F127/TPGS-MMs had good clarity and the particle size, polydispersity index, and Zeta
potential were (28.20 + 5.63) nm, 0.20 £ 0.06, and (—5.24 + 1.55) mV, respectively. The encapsulation efficiency and drug loading
were (97.57 £ 5.29) % and (13.13 £ 0.71) %, respectively. The MMs were spherical with distinct vesicle structure. The absorption of
GL in the jejunum segment was significantly higher than that in the ileum segment (P < 0.05). Compared with raw GL,
GL-F127/TPGS-MMs had a statistically significant higher absorption rate in the intestinal segment (P < 0.05). Conclusion The
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prepared GL-F127/TPGS-MMs could significantly improve the absorption of GL in vivo.

Key words: glycyrrhizic acid; nanomicelles; thin film dispersion method; encapsulation efficiency; drug loading; intestinal absorption;

absorption rate constant; apparent absorption coefficient; single-pass intestinal perfusion
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222 M Cis (AL Inertsil ODS-3 (250
mmX4.6 mm, 5 pum); JBIAA FEE-0.1%BEE K
W (75 0 25); ARFAE 1.0 mL/min; A K
250 nm; FHif 30 C; HEFEAAFN 10 Lo B EEAREL
PAH FR (i 1 5 A0 T 6 000,

223 PHEAVARECH] RS EFREL GL X 5 10.92
mg, HHEEEMRES, HIF30EKE A 2.18 mg/mL
(1) GL X il £

224 HHAMBEHRAES]  FEBI GL-F127/
TPGS-MMs 20 uL, HIAHEEER, #E (100 W,
20kHz, 10min), EZXZE 10mL, #%], EISHEHR
AV . YA A& A R R TR

225 LEMEEER REEWN 1 mL“2.237 TN
GL % H i il &0, [ BEER 2 50 mL, K “2.2.4”
N H) GL-F127/TPGS-MMs. %% A I o A i 7%
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JI_ILJ @ 1 o
A /6L
B GL
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Fig. 1 HPLC of GL (A), GL-F127-TPGS MMs (B), and

blank nanomicelles (C)
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21.80~ 8.72 pg/mL GL X B S A, 3 i 2Edt ke 6
IR, ESRNS B T AR, THEAS RSD 43114 0.49%.
0.93%- 1.19%, FEMUIKEE L RLT,
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TPGS-MMs ik fiia i, S8 570701 04 24 44 64
8. 10. 12 h % “2.22” Wi Nk fhillE, 4558

GL &R RSD N 1.09%, R UMM EmifE 2
PR LF,

229 HEEMHRE B “2.247 TUFA GL-F127/
TPGS-MMs i S 6 f3, B8 5% “2.2.27 i
TEREZARNE, 1 GL FERE, L RSD K
0.32%, FEMTIEREG R

2210 NFEREIRRTE RIS IR E
(1] GL-F127/TPGS-MMs 9 113, 43 AR I 5 1) 2
HHAERKFMERNHREN0S D1 111 1501,
BAHIN 3 4, MAFEESE, @5 (100 W,
20 kHz) 10 min, &2 10 mL, $£5], % “2.2.2”
TR R &R AT 00, TEEOIRE R . 25 S
3 3 NIRRT ISP U 53 78 100.62%
99.55%- 100.65%, RSD 7344 0.52%-+ 0.55%-
1.79%, FWZI7iERIE R 4T .

23 HHK

2.3.1 FI127-TPGS @l iiide & e b7 HAh L 75
KT 2% (GL 60 mg, REWREIRE AN 40
mg/mL, KA 10 mL, KALEHE] 1 h, KAGEE
50 C), %% F127-TPGS AN [H] LAzl i fr il £ i A A
R LA RN, SRILE 1. 24 F127-TPGS
EEBIN 9 @1 215050, BRMAHRSHAGE
W RS, MBI 6 L 4 i, EER. HGEE
Bl K.

232 REVIFREIREMTRE [T HAmd 5
Je T2 44 (GL 60 mg, F127-TPGS ELl[E 2 M 6 :
4, KAWARFR 10 mL, ZKALEFTE] 1 h, KAGIRE 50 °C)
S AN [F) B A ot B R XS i o) % B AR 2R R 4k
ERI, GRNE 2. UREVREKREEE
45 mg/mL B, G35 Z AN P BE A -G ot Sk B2 3G
M3, HtEEFERAEY R EKER 45 mg/mL.
23.3 GL HEmMmE [Eeatry Hand sy & TE
%= 1 F127-TPGS ARt REHER A=
(xts,n=3)

Table 1 Effect of F127-TPGS different proportions on

encapsulation efficiency and drug loading of MMs (X £ s,
n=3)

F127-TPGS L (RS WAE Y%
9:1 77.59+ 8.50 10.12+1.11
8:2 7891+ 561 10.29+0.73
7:3 8237+ 6.62 10.74+0.86
6:4 83.58+10.42 10.90+1.36
5:5 81.77+ 7.22 10.67+0.94
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A CREMPREWREN 45 mg/mL, F127-TPGS
Hel 6 : 4, KWAEFL10 mL, sKABEFE] 1 h, 7K1E
IRPE 50 C), H5E GL A A FIE X T il 4 i o gt
RN R, GRNE 3. OEFMEZE
B GL RN K, 24 GL Hl &l 7 mg/mL
I, IR, #fiie GL Fl&8 7 mg/mL.
X2 RAVYRERENRREHZERYAGENEZMW
(xxts,n=3)

Table 2 Effect of polymer concentration on encapsulation

efficiency and drug loading of MMs (x £ s, n=3)

ROV RKE/ (mgmL ™) BHE%  WAE/%
30 80.26+13.97 13.38%2.33
40 83.58+10.42 10.90+1.36
45 85.35+10.44 10.04%1.23
50 8547+ 587  9.16%0.63

#*3 GLAEMNRREHRRHBHAEBNEM (xts,n=3)
Table 3
efficiency and drug loading of MMs (x £ s, n=3)

Effect of GL concentration on encapsulation

GL H#/(mgmL™") (EES A WA/ Y%
5 82.42+ 7.47 8.2440.75
6 8535+10.44  10.04+1.23
7 87.90+ 9.91 11.83+1.33

234 KALIREERIRILE  [EDE AT HARA 4 K T2
%M (GL H& 7 mg/mL, BEVIFREIRE N 45
mg/mL, F127/TPGS tufil 6 4, 7KALAAFR 10 mL,
IKAGEST B8] 1 100 53 790 28 AN [ 7K AL FE T R A A
RN ZE, GRE 4. KUMEEMN 40 CHE
2 60 CHF, il &R AR M3 256 ETHE TR,
KAGIRE 9 50 CHF, JR AR A3 3 K 8 24 & f e »
WOk A% 50 CHE il 25 I AR K AL I

235 7J<4JQH¢I‘EUE’JT%J‘£ Ab T B HoAth T2 %A1 351%
FAARIE AT, 23 128 SN [RIZKAIRE [8] T By i) 2% R T
WAL R Zi s, 4R WK 5. /KAREh 0.5
h B RESE AT B35 — W RORVET,  KALITE]A 3.0 h
IR T 1) 28 ) PR S ) 0 3 30 R R AR, WO
F4 KUBEMRROHERBAENEM (XxLs5,n=3)

Table 4 Effect of hydration temperature on encapsulation

efficiency and drug loading of MMs (x £ s, n=23)

KA EE/C 355 /% WA/ Y%
40 71.8949.90 9.68+1.33
50 87.9049.91 11.834+1.33
60 78214827 10.53+1.11

x5 KUHEXIRREFRLBGENEME (XxLs,n=3)

Table S Effect of hydration time on encapsulation efficiency
and drug loading of MMs (x s, n=3)

TRAGHS [A]/h BEER% A%
0.5 79.35+5.45 10.68+0.73
1.0 87.9049.91 11.83+1.33
2.0 90.49+9.49 12.18+1.28
3.0 97.57+5.29 13.13£0.71

3.0 h VE 9 il £ B AR KA IR TA]

23.6 LT K TEMHE A E GL-
F127/TPGS-MMs AL 77 K ffill % T2 F: GL 70
mg. F127270 mg. TPGS 180 mg, MMAT/KZEE 5
mL #8755 min {2 52 &R, 45 CUEREZEKR
B 2VE7), INANTIAE 50 CHY PBS (pH 7.410.1)
10 mL, f£50 CFhn#disKi 3 h, 1535,
R, B—MPPKEIR, 210 000 r/min /5 5
O 10 min BREFEEAYE, 4 0.22 um FfLIEMR)E
i, JEWEN N GL-F127/TPGS-MMs, VA& EE
file 3 #AEm, W aHE, g8, 4RErE
HHRN (96.89+4.19) %, #HZiEN (13.21£0.68) %,
FIZ L EE M R

2.4 GL-F127/TPGS-MMs RIZRA{E

241 Hiff. Zeta HfZ HU GL-F127/TPGS-MMs
W, A, W 25 C, HE 3
W, PR N (28.20£5.63) nm, LR
¥ (PDD) ¥ 0.20£0.06, Zeta Hif7 )y (—5.24+1.55)
mV.

2.42 GL-F127/TPGS-MMs MIEEME  KH&E
STHF RS (TEMD WSEYPKEAR 7R, B
i & ) GL-F127/TPGS-MMs V& R AN{EAR ™ I, 1]
TEARAEN G 5 2 RIDUKRER,  F RN T /5 M %2
AR T IR G5 RILE 2, P& r 48 K i SOk
R1E 10~30 nm, RATEETE, BIKE, 510
%1, TJWLEJME’J%/@ 4 o

2 GL-F127/TPGS-MMs Y TEM [E (X200 000)
Fig.2 TEM photograph of GL-F127/TPGS-MM:s (x 200 000)
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2.5 TREMW

¥ GL-F127/TPGS-MMs B E T 4 Cukfifit
10d, T3, 7. 10 K, WIRMWEIELS, W
JERiA% PDI A3 36 [ a4 & . 45 R 27K, GL-F127/
TPGS-MMs & 10 d, TEATCH B4R, Rt sr A
fER, FARHTLEETN, ERINE 6, Ui
YK RTE 4 C2M4 FCE 10d F2oE.

% 6 GL-F127/TPGS-MMs R F2EM (X +5,n=3)
Table 6 Storage stability of GL-F127/TPGS-MMs (x t s,
n=3)

EQEHT 4842 /nm PDI

I#)/d
0 2820%5.63 0.20%£0.06 97.57+5.29 13.13%0.71
3 29.12%6.13 0.18%£0.03 98.41+3.12 12.25%+0.65
7 27.45%2.11 0.20%0.09 96.01+1.18 12.651+0.31
10 2583%4.46 0.15%£0.06 94.05+2.07 12.95+0.28

WER%  HHEY%

2.6 KEREAKREPFERII
2.6.1 EWREF GL ) HPLC 52

QO 3% HE it VA YT 71 < s %25 R GL % A 10.92
mg, P B EE, 15 EKEH 2.18 mg/mL
[ GL %f JE it i 259 o

(2) SR RG] . PREX GL-F127/TPGS-
MMs i&E i, F K-R IERIEE, Bofl & GL RERE
N 150 pg/mL FIHER IR -

(3) LJEt: A K-R #WhALH] GL-F127/TPGS-
MMs 175 H IR AW, 73 B ERFE & 1 mL,
NG =R EE, BEEERRREGWE, e85 S
mL, £ 0.22 um ALIEMEIET, %M “2.227 T
RS KARAT T, BRL IEFITE AR T X GL
(R 5E T4

(4) MR RFEL. FEEWIL GL X S i %
i, F K-R VRS PR HC 1 1k 87.20.43.60.21.80.17.44.
8.72. 4.36. 2.18 pg/mL [¥] GL ¥R, HEFElE. LA
GL WA (V) X RERE (X #HATLERIA,
3 GL WIkrUERh £ 7 F2 N Y=9 481.6 X—4 597.9, 2k
PEEFE 2.18~87.20 pg/mL, »=1.0000, Z¥xF
K47

(5) R DS (A ETLIR 23 A e ) i &
W N 53.60. 21.80. 8.72 pg/mL [¥) GL X I 5%
W, A RECEHERE 3 R, DT RIETE AL,
RSD 73514 0.45%. 0.67%-. 0.58%, %M #K5%
FE R

(6) FasEthikys: B “2.6.1 (2)” Wi FHIMR
VAW, B (37.010.5) CHEEAB PRI, 25
F 0. 2. 4. 6. 8. 10, 12 h BUFEERL, % “222”
TR i 2l e, 458 GL WA RSD A
1.55%, B S v v A e 1t R 4T o

(7) IOrERIER RS R %5 A I O IR
(") GL-F127/TPGS-MMs [IHERK 9 435 4 B IIAXS
BRSSP EMEN 05 T 1.1 1 1.
1501, BALEIN 3 4, I\ HEEE &L, #8775 (100
W, 20 kHz) 10 min, EHZ% 10 mL, 25, %
42227 GUN SN E, THEIIFEREIER . 458
WA 3ANFREIRE T -3 BICR 235908 100.54%
100.24%-+ 99.85%, RSD 474 1.32%+ 0.67%-
0.98%, FEZI7iE R ZE RIT.

2.6.2 HafigERisLs  HEME SD KR (SZEGRTAE
12 h, HAE E B, KEREEMREE, %
BIFIENE 3~4 em, BB (BB 15
em JF, BB NEE M AT 20 em 4b), g5FLARETC,
F B HIEL 10 em FRus )L, S5 i) C ks
ANERERR AR, HT#E 37 CHA
FEER/K, 2 mL/min PREBER M B, a2 S
AR K . A AL T L0 AMT R LA B SR AR I
RERRARIE AR . I TIAE 37 CHI K-R AW (FREL
Sk 7.80 g, EALEH 035 g, BRIREASN 1.37 g, B
R AN 032 g, EALEE0.02g, HAHE 1.40 g, I
KEFZ 1 000 mL, BIR[#53] pH {E4 7.4 ) K-R
W) LL 0.2 mL/min #9315 min “FEFHEL, 2
Ja FH I AHRM A 0.2 mL/min P4 30 min,
FRIE R R RN BP BT HER, [T
SR HE R, B 15 b SRR 1 USSR /N,
SRIGRRGE SR, BEIFSET A A 60 min. 5550 HX
R RO Z S 1 mL, NS & 1) B,
RN R 5 J5 , SEARZ S mL, £ 0.22 pm il
FLUEBEERL, ME R GL MBERE, K
MBI, MONACATH CALBT R B, &5 B
(1) N A2 K s,

2.6.3 HdEAbEE CRAFEE, $&AXTHERIGE
REE (Ko FRMBICRE (Papp) 120

Ka—[1—CoutQouw/(CinQin) 10V

Pappy=—0In(CoutQout/ CinQin)/27rl
Oin A1 Qou 4 T J9 3 NI FISCEE VR 1Y R R4 00 75 5 4
SN 1 g/mL T RARER), Cin A1 Cou 73 14 3 3 11 AN
IR GL BT EIREE, | ARG ERIKE, » A
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WERRBLI N AR AR, O JMERATGIE, v MR
fK) AR

2.6.4 AFEZEBT GL MR WCRE B SD KR 24
R, BN GL B 2 I 2H . GL TR & 1 17 4
GL-F127/TPGS-MMs = [l UL & GL-F127/TPGS-
MMs [EI4H, BH 6 K, EiHlS GL ERE N
150 pg/mL f] GL 8 £ GL-F127/TPGS-MMs J#
TR, d “2.6.27 WUR ik, WU R BO#AT

SEG, BF 1S APBREORE 1 IR, JEEL 4 k. FESE AR R
JE AT HPLC W5E, 115 4 RHUFER) Ko FH Py 1H.
B . S5 WE 7, GL BB WA GL-F127/
TPGS-MMs &7 W icise i, K22 GL (M5
MRS ER A7 ;. GL-F127/TPGS-MMs 7£%5 i ff) K, Al
Py SIS ZEREEE (P<0.05), W
GL-F127/TPGS-MMs fedm GL (W, HFE=
R HE AT 2 2 -

£ 7 GLEERH GL-F127/TPGS-MMs ZEAREIIZEE RIS H (Xx+5,n=6)
Table 7 Absorption parameters of GL suspension and GL-F127/TPGS-MMs in different intestinal segments (X £ s, n = 6)

v E)7; Eal7/
Ffi KJ/(X107%s7h Papp/(X 1075 cmrs™) K/(X107%s7h Papp/(X107° cmes™1)
GL V&K 2.1940.63 2.88+0.98 3.16+0.77" 4.26+1.02"
GL-F127/TPGS-MMs 3.384+0.93* 3.78%1.29 5.09+1.42" 6.19+1.11**

SREpALE: "P<0.05; 5 GLIESWALE: *P<0.05

*P <0.05 vs ileum group; *P < 0.05 vs GL suspension group
3 g

HAT, HRGETIRRRITHERS 2T, H
5& GL WRPEKR, 1EARER T 5T RS, S5
HIGEBEMETE . BREMAKER I BA R
2 1o 2 WDAE RSB A7 1) R B S5 RUAE U IRER 25 R 4
WS 2 , T R T v 1 7R A L TRV A ST
IREKIRHAE R TR HIE . i A bEiERE
S8 VAR T 5 — R I & 177

F127 A BT RGEENE AR TR 7 & 24
W iE N s EUZ, TPGS BAEHER 7 & 2544
AR 23231, ACHIE 5 R FH 5 25 L #4544 F127/TPGS
REEHR, JEEE GL AR HIRR . R Al
TELERER, P& H MMs RN, AR
5], “FHIRIE R 28.2 nm. EHHE R RIS
Bi5), A%, TENE, R F127 5 TPGS JERLT
BRILIR G

BER SRR R, ITE A SRR, e
WS ER 7 A 7K 43, 328 RS HE AR AR L 10 i o R VAR FEE 1)
B AN E N EZ Il ARPS I o7 Qs A M T AT S
HAFLR, Wi x40 R AR — e R AL
WS, AT 3 BT R AL 2 38U S BB A . 0
75 SO} A Iy LT T, R EOR,
HEVERR D Z D IR IE, e SLIRHRE
P o WUATREUER F B B0 H FRI AR TR IEP7,
FER B R E AR I HE R Se 5, USRI AR R &
(0.2~0.3 mL/min) % 3 — 17 Bedb A7 5w L, X 1
BERRE AR /N, HARme 2640 5 DRSS 245 )5 254

fil () B A B e, RSO R E, S ABRAE R
UF A G PERT, sag 48 R, GL-F127/TPGS-
MMs TEZ ) Ko Fl Popp KT KL, HZER:
AA BEM, W] GL-F127/TPGS-MMs & &4z 5
/NS GL IV .
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