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Abstract: Objective To prepare glycocholic acid sustained-release pellets (GA-SRP), optimizate coating formula, investigate its in
vitro release rate and pharmacokinetic characteristics in rats. Methods Glycocholic acid-loaded micropellets were prepared by

®

extrusion rounding method, and then GA-SRP were produced by fluidized bed technology using Surelease® aqueous dispersions as
coating materials. The weight gain of the coating, the amount of HPMC ES5, and the aging temperature were used as the factors of the
prescription, and the cumulative release rate of the sustained-release micropellets at 2, 4, 8 h were used as the evaluation indexes to
optimize the prescription of the coating materials of GA-SRP by Box-Behnken design-response surface method (BBD-RSM).
Characterization analysis was conducted on the microspheres, and a model fitting was employed to preliminarily explore the in vitro
drug release mechanism of GA-SRP. Healthy SD male rats were randomly divided into two groups: glycocholic acid raw material

group and GA-SRP group. Carbamazepine was used as an internal standard to measure blood concentration at different time, and
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pharmacokinetic parameters were calculated using Das 3.0 software. Results The optimal coating formulation for the sustained-

release pellets was determined to be a coating weight gain of 9.0%, an HPMC E5 amount of 7.5%, and an aging temperature of 40.0 C,

with cumulative release rates of 23.95%, 50.64%, and 77.94% at 2, 4, and 8 h, respectively; The in vitro drug release mechanism was

found to conform to a first-order release model; The relative bioavailability of GA-SRP compared to the raw material was 178.61%.

Conclusion The preparation process of GA-SRP has good reproducibility, with significant sustained-release effects both in vitro and

in vivo, stable properties, and significantly improved bioavailability, providing a foundation for the study of glycocholic acid sustained-

release preparations.

Key words: glycocholic acid; sustained-release pellets; Box-Behnken response surface method; formulation optimization; releasing

mechanism; pharmacokinetics
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ML, L TERBGHAHE AR AT JTHQ-100 Btk i
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1.3 Eh)
{5 SD HEMERR 12 X, A& (200+20)
g, ML T KAELDHARA R A FRME, VL
58 SCXK (32) 2020-0001. Fif 3h)sesisEm L
TR R 2R RS A BRI F B e, 3
54 3R JRI
2 FEEER
2.1 GA-SRP Bii#l&
2.1 HATRMSIE SRS HREES &
RAMEFR LRI, PRI 77 B 1 H 2 IH R 5 R 2
5 gERIR A2, 1 100 HiE, IAK GE
MAD HIHA s HHAF RN IBZ-300 B 2 1)
RETOL B AGE RIHLEIES HAL R, AES U (BE)
N 21.5Hz Filiid 1.0 mm EARGEILEH; BHl
PN B ENL A, P8R (%) 2N 34 Hz.
WA A9 10 min; HCH, T 40 CF4 4h, i
20~32 HIMA, 13 30%4 25 &AL R
GIVEN 58 TIOAL FPIRLBE B BE 23 AT, 25 R 1 s o
1 BABMANESHE
Table 1 Grain size distribution of drug-loaded pellets

or P R 4y A JR 520 A 55 %
<18H 0
[18, 200 H 0
[20~24) H 2.8
[24~32) H 96.3
=320 0.9

2.1.2  ZRROLMSIS  RARARTI % GA-SRP.
H A T7 BTN 22 23 27 4 2K 3 BUAR K # B
R B 15% M AR, B TH 1 B3
30min, i 40 HfiRI 5B BT . BERZTHOA
EE, BTRRANETER. AKX TZS5: 5
KNUAZ g 32 Hz A IO 0 52 R 1 0 age i in oK
B BRI 55 1K /10 0.10 MPa. S AR TR FE A 38~
42 C. WEREE N 1.5~1.7 mL/min. 8K H/G
ARALAAL T 10 min, S5 JGETHAF 40 CTE
1k 24 h,

2.2 HREEEEMEFENWENL

221 KKK T FRIBOEE H 2 ER X R
i, PCE SRR LN 79 pg/mL () H ZUHER G
R, AN BT ER K 200~400 nm
AT, SR E 1, HZEERE 210 nm &b

200 250 300 350 400
A/nm

E1 HEEREIMIEE

Fig.1 Glycocholic acid UV scan chart
A BRI, BRI, 4 210 nm AE Rl K .
222 Rl ROk EE RX-Cis i (150
mmX4.6 mm, 5pm); ViaIFHN 10 mmol/L ZPR%%-
G (67 & 33), AR 0.5 mL/min; 3K 210
nm; A£iE 30 'C; #HFEE 8 ul.
223 AT SAR S R BB R X
M, T 10mL &R, hd s AR, HA 10
min, A RER, MPRERBZIE, 825, 5%
HIRE N 480 pg/mL FIXT R i & K IRXT IR
i A TR 10 £, 19 BTEIR N 48 pg/mL HIX}
HE A VTR
224 HEAMIEREE B GA-SRP & &, 4,
FEEHRENZ 0.050g, BT S0mL £, 0 EEE
&, @F 1h, BAZRER, MPEEREZE, &
2, 13 0.22 pm TALUERE, ERERIEME, B HEA
R
225 PAMERESIETRIMHIS FRECH] % GA-SRP [
HiRhE s, PL“2.2.47 T 71028 BV ORE i o
22,6 LEMEESE DOTERSIER. PRSI
FIEER TR, % “2.2.27 TR 3 &R g RN 2,
xR, mE2 A, EEZAEXLT, A
HRATIHZIHRNE, 2EERY, KM%
i R YRR .
227 LMERRFEE FEEWE “2237 HUNHRE
RHER T HE AR, R B RABE 71, N sl
PR BT 23R 2 43 ) 0.751.50..3.00+.6.00+ 12.00-
24.00. 48.00 pg/mL [ R F10f M SR 12 “2.2.27
T G S R e T A, LIOKT FE ) o Ak
FERREARR (O, WEHBAMASR (YD) Ll brifE il
4, HATEMERDA, R Y=3 626.30 X+
861.94, R*=0.999 7, &EFRUIHZEIHIRIE 0.75~
48.00 pg/mL Z6MER R R -
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t/min
B2 =Z=B%##% (A GA-SRP #a (B) FHEBETER
@ (C) #J HPLC
Fig.2 HPLC of blank excipients (A), GA-SRP samples (B)

and glycocholic acid reference substance (C)

2.2.8 FEEEEE KB “2.2.37 W6 M
WL 1% 2227 TR SR IESLHERE 6 I, it
HAAH S HRRIE AR H) RSD N 1.68%, FWiZAX#%
R % B R AT

229 FUEMEES FEEWIN22470 T GA-SRP
BRI, A ERI)E 04 24 44 6 8. 12h §%
M8 “2.2.27 UM G KRR, THEAH R
FRIGTH AL RSD A 1.13%, 45 538 4R S i Ae
12 h N et R AT,

2210 FHEEMEHELE FLIE <2247 TN 7 FATH
7% 6 1> GA-SRP Ll i, % “2.2.27 OUF ik
SAFIERE ST THEAS HZ R T & 4> 0% RSD N
0.36%, RFZHFEEGIHERLT.

2211 SOFEREIERE SR RSP IE H 2 H
REEIN 6 1 GA-SRP, 7r AlZH IR 5
FEmR&E 101 RS N H 2 H R HE
% “2.2.47 TUR 7 M| &AL A, %I “2.2.27
U i 2R R AT, THEAS H 2 IRER (1)~ 34
FEEICE J9 99.00%, RSD A 1.18%, 455 %K Wi% 5L
U HERFE R A

2.3 ROMNERUENE 5 ERENL

231 HEMHRAEBE BN RE SR
HEHRE 15mg BT 25 mL &, IAGEE IR
AL AR, R I E R B ZIRE . WO FIRVE TR
&g, H pH6.8 MRELZZMR (PBS) MilkE—E
WEE, THET 37 C/AKMH, #% “2.2.27 TiF g
ZMAEKIB G 04 24 44 8. 104 12 h 2> HIEEEN & ,
W HZHRRIET A, THEH RSD 4 0.10%, 455
R, HEEREFEBNTF 12 h HEREMER I
232 BBUEMNE BN EE ((PE
ZH) 2020 AERR U@ 0931) 55—k (R it
ATERAEN B R3], L GA-SRP (& & B T AR

o, BN 900 mL pH 6.8 PBS, 334 100
r/min, RN (37.0+0.5) C. DHERBOTEE
0. 1. 2. 4. 6. 8, 10, 12h BUFE 5mL, FfiA
A PN B R R A AR S mL. F 0.22
pm FFLUEEE S, HUERUETR, IR “2.2.27 BTN
WARAFEREI A, $% A A A [F I ) AR
T

n-1
BRIE=(CaVo+ ), CV)/W
i=1

Co 55 n ANEURESUREVREE, CooAs i ANEURE SR IR,
Vo NEEAFARFR, Vi RERHRETIUREAARTR, W bR &
24 HBERIIEZ GA-SRP BRKLEH
240 BAIGEMIEILE LIRS LA YR K
I B N R AR A, 2 SR K 3 E 4y i
5.0%. 7.0%. 8.0%-. 9.0%. 11.0%%} GA-SRP F124
YRR . 5 (E 3 R, MEHEAKIEE
(P3G, GA-SRP [JRE 258 2GRS B
FON 7.0%0F, B 2R B AT BRI, S5 AR AL
ATEAWIEDL, AR A F UL 5 R R
R EPRTE AR PN I BRI R R T 259 1) R
B, PAVEARIEEE 7.0%~ 11.0%3HT J5 8% %

100 ~

80 1
60 1

40 { |/

BBV Y%

20 A ‘I‘.‘I /7

t/h
B3 FEREKEE GA-SRP AL
Fig.3 Weight gain release curve of drugs in GA-SRP with

different coating
2.4.2  FALAIHE ML AR TS 56 AN AT
B (3RS 1, %68 HPMC E5 ASALA), EAACHY
H 9%MAEAM b, FEEREFLI RS AT 240 2,
TR F K BUAR T ZE AW 0.5.0%47.5%+10.0%
X} GA-SRP HZGWIRETR RIS . 25 R ILE 4, A
ISINECFLAIRT, 2590 Reieete B 12 h R 5642,
BE & BRI E RGN, FWOUEBOmP, 4EBLF
BRI BURT EEEYIH) 5.0%0], YRR H
B oGE, DRt E#ESULAHELE 5.0%~10.0%
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Fig. 4 Release curve of drugs in GA-SRP with different

pore-causing agent dosages

AT IR 8RR

2.5 GA-SRP /7T ZEMk

2.5.1 BBD-RSM RE&#H A5 R ARG A &L
I AN 45 AR B, AbT7 A B . HPMC ES
FH B N2 AU 2 5 A O R R ) R R R
I, AW LLAAREE (X)), HPMCES Fl&E (X))
MR E (X3 AERRER, KT EE R
2. W GA-SRP 7E 2 h ZFUREHR (Vo) 1E 25% 7%

Fi, 4h BRBHCR (Ya) 15 50%4£ 4, 8h BFRE
BEE (Ye) 1 80% /e A o RALEE TS (V) T GA-
SRP BT H, HHHARN Y=1—0.25] X100+
| Y4—0.50] X 100+ | ¥s—0.80| X 100, Y {His/ MU
GA-SRP ZERE R LF . K BBD-RSM 4k GA-
SRP 477 T.&, #A4T 3 HEK 3 AL, Wikt
AR N 2,

252 [HEBRESI ST 20T ULSEEVES Y
N¥EFFR, 1EH Design-Expert 12 BAEx % 2 drit%
PFEATING, BIUE TR Y=7.461+131 X,+4.17
XoF1.19 X3—26.56 X1 Xo— 11.14 X1.X3+17.34 Xo X5+
32.34 X12+43.21 X22439.06 X532 [ [ AREAY 5 2243
Br (£ 3) A, R F=638.10, P<<0.0001, M
S T8 B YA AR B 1 B 2 2 KT (P<<0.01), AU
P=0.549 4>0.05 A3, RKIFZITENREE
PO, RIS Rz, BIALREE IS BRI OC
AHR2=0.998 8, R%4=0.9972, iitHIiZEAGEf#
TR A AL ) 99.72%, R 1% 7 FE REAR U Hu i R
AT A YRS PR R AR R . — IR I Xas

LHI X1 X XiXs XoXa FLIRIXG 2, X2 X325
Wi NAH Y S AR 5535 (P<<0.001), % BRI 2% Hi 3 47
Y BRI Xo>X1> X0

2 BBD-RSM iRIEEZKFE. KK EER

Table 2 Design and results of Box-Behnken experimental factors

RIS Xu/% Xal% Xal'C Yal% Yal% Ys/% Y RIS X% Xo/% Xa/C Yo/% Yal% Ys/% Y
1 7(-1) 5.0(-1) 40() 4463 70.01 91.75 51.39| 10 9 100 30 5473 84.80 92.16 76.69
2 11 (+1) 5.0 40 8.36 12.69 27.36 106.59| 11 9 50 50 50.23 75.17 97.70 68.10
3 7 10.0 (+1) 40 75.76 9521 96.58 11255| 12 9 100 50 73.22 93.68 99.50 111.40
4 11 10.0 40 43.72 7481 9798 6151 13 9 75 40 2566 5406 8391  8.63
5 7 7.5(0) 30(-1) 51.14 76.14 9149 63.77| 14 9 75 40 2113 4955 7799  6.33
6 11 7.5 30 10.30 20.49 35.00 89.21| 15 9 75 40 22.05 46.31 7593 10.71
7 7 7.5 50 (+1) 60.24 86.89 98.66 90.79| 16 9 75 40 26.29 5251 8259  6.39
8 11 75 50 48.04 86.41 9221 7166| 17 9 75 40 2297 4868 7812 5123
9 9(0) 5.0 30 7.95 1196 3235 102.74

®x3 WR{E Y EFERGFESTER
Table 3 Variance analysis of response value Y regression model

WERIE  CFIA ABE %5 FE P | RZERE CFOAT BBIE ¥ FiE PIE
(e 25531.30 9 2836.81 638.10 <<0.0001 | Xi? 4403.28 1 440328 990.45 <<0.000 1
X1 13.70 1 13.70 3.08 0.1226 | X2? 7 862.76 1 7 862.76 1768.62 <<0.000 1
X2 138.86 1 138.86 31.23 0.000 8 | X3? 6424.26 1 642426 1445.05 <0.0001
X3 11.38 1 11.38 2.56 0.153 7| %k 31.12 7 4.45
X1X2 2 821.73 1 2821.73 634.71 <<0.000 1| ZR3UI0 11.79 3 393 08137 0.549 4
X1X3 496.62 1 496.62 111.71 <<0.000 1| 4Rz 19.33 4 4.83
XoX3 1202.36 1 1202.36 270.45 <<0.0001 | &A1 25562.42 16
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253 ZHAEMA G RIARADT Zatras
(R 3), DR & v £ PR B i 1 A 3 A4
DR 20 5 S AEL RS2, S R LIRS 5. S5 2k A
Mg 7 TET 1] 6 T L I IR 5% K] 3 32 T A PR X i o2 AL 1
SOWARESE, SErmdlam e, T aksE, TR
U, 5 AR, [ E A AR, W

8

Xi/%

5 Y BE A 2 AR 2R 3G BN 5 36K
o KRR HAERS W NAE Y )51 2,
B X5 X0 KRN EES M, 3 x5 X% hH
ERIXT Y SR, Xo 5 X MAZ EAERXT Y 1)
MR, X1 5 X MEEEmLaTEE, RHME
HAERX Y FIREm /N

Xi/% Xo/%

5 ZRRXEERAX YN EEMES%E

Fig.5 Response surface plot and contour plot of interaction of various factors on Y

2.5.4 BBD-RSM A4 R LRI IIE WELZE
PE5r Y NE/ME, HH Design Expert 12 2 AFHT45
WA T2 AN E 8.907% HPMC ES H
B 7.349%. ZALIEFE 39.915 C, #AEL I
8 YN 7.296, 25650 5% S SERRERAE AT AT 14,
e e L2 RIS #E 9.0%. HPMC ES F
5 7.5%. FALIRFE 400 C. LM FEE 3K
WIGHATIONE, 25 RWE 6 fivr, 33 Yo Yas Vs
I3 AN 23.95%. 50.64%- 77.94%, Y N 7.37. 5T
DA B AR — 2, 1 B A Y 0 6 4 SR 0L & 1
I, %/~ (RSD<<3.0%), HA SRR FHHHE -

2.6 GA-SRP HJFRA{F

2.6.1 T AT (scanning electron microscope
SEM) M%< A SEM XF#ZhiitL. HARJEHAL
JIREYI AT ORI R, SR WE 7. AT, Bl
FLP R ERAT, TEARBARRTHOLRIHLRS, 158
i, AREHALRTEE. ORESE K, 2K

100 1
80 1
X
5 607
=
%
B 40
Bk
e AL
20 1 —— 2l
—— A3
0 v T T T v T
0 2 4 6 8 0 12

t/h
Ee6 mEILZWIEKE
Fig. 6 Optimal process verification experiment
TOURE DT I AT LB 2 B RS54, A BIAMEK IR
NG ZAEAKE .
2.6.2 A& B AR 4 21 453 (Fourier transform
infrared spectroscopy infrared spectroscopy, FT-IR)

A RE AV SN VSR N G AR R
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a- A b-BRERMA: o ARV,
a-drug-loaded pellets; b-coated pellets; ¢, d-cross section of pellets.
7 GA-SRP {J SEM M ELER
Fig.7 SEM observation results of GA-SRP

VIBREY) oy BIECH G AR JFRL 254 K 5 1 i 4F
eZPRER, 1 1RARE, B8, B HR
RRFRER 25 MR R BEAT I E o 3 I 1) 4 ok
RS KBr A, FEi5 KBr LA 1 1 100,
TELLAMT R B (5 FL VR A 2 5 Jig 28 AN AL AR T R
o SRR TEAE B AR B 2T AR A R AT S E . UK
A 400~4000cm™, yEFERN 4em™t, FHIIK
016 W, i FEHEIEAER . FT-IR 20 #r4s B LK 8.
mTHEERERZ (% A PESKEN
3, RLILAE 3404 cm™ A 1 %0&, v O-H 1)
gERshE, 7£ 3 105 cm™! 404 N-H KIH4E4R3)
U, 2935cm™ 4N C-H HIF4ERsNE, 1733 cm™!
AR R FE R AR A, 1 650 e Ab I AR
— //””\

D "\~ W N

W
M/ %\«f
r\x/ﬂfj/PthmmW\/

4 dOO I 3 600 I 2 OIOO I 1 600
viem™!
8 HEMEREMZ (A). MRFHERER B). ¥ER
&Y (O MHIABERH RN (D) & FTIR
Fig. 8 FT-IR of glycocholic acid raw material (A),

microcrystalline cellulose excipients (B), physical mixture
(C) and glycocholic acid drug-loaded pellets (D)

TEMR S, 1565 cm™ &bl N-H 2B IRBHIE, 1220
cm ' AbSN C-N HEEHRBNBUIENT, 1043 cm™! by
C-C. C-O MIH4itRashi .

R AR AT 4ER (2t B) 7€ 3330, 3417 cm’™!
Wb FE MRS I N AR 4E R - O-H JE AT i 4 R
IS IEDS], 7T 2 906 em! Aby C-H H4EHRS)
I, 1 646 cm™' AL AR YEEE 5T WP /K 43 1fi 2
(R s, A7 F 1432 em™ Ak O-H 25 B3RS 1%,
1165 cm™ 4bKy C-O SRR RSN, 1059 cm™
AbK C-O M RRIH 4R g o

YIFRAY) (HIZE C) 75 3 405 e AL FE 14
N HZNHER JFoR 2 AR SR AT 4E R O-H (4
PN, 2 928 cm! b A H A HERFI T SR A 4E 2 1
C-H W4itRzhig, 1 735 em™ ! A H S HER R 5L
HRFAENE, 1 653 cm™! Ab N H ZUIH BRI I RF (E UG
1565 cm™ A HZHER Y N-H ARSI, 1163
em ! A NI AR 4E B C-O ST RRAF 4R 504

HRMMREZ MM (ML D) 1E 3 407 cm™' &b
(1 58 Ay H U IE R SR} 24 A £ 4 2 4Rk O-H
AEIRBNE, 2929 cm ! by H R MHF A 4T 4 3
() C-H 43Rz, 1 736 em™! A A HENERE TR
FERFIENE, 1650 cm! AL H 2 IHBREE R 1E UG ,
1564 e AN HZREER ) N-H B IRBIE, 1166
em ! A NI AT 4R F I C-O KT RRIF 4R 504

VIEIREY S HAWALZEd, 7E 750~1 000
em ! RIS BE DTS , T RE AR T AT 4E R AR MR AL 1Y
WSS K BLBE, Bk, R T 290 H R IR R R A
WEEIOT, T U R BB A AR A, AT H IR IR0,
BATYSRAZAE B AR F it 4 4 R R AR O, 13 P
RS A WA NFAETAER, WNIEE-EA
AR
2.6.3 X &k RATH (X-ray powder diffraction,
XRD) 73t R H SRR R} 24 | (0 21 4 2 4Rk
VBRI FIE A IR R EEAT XRD b, WlE
At mESREL 40kVs WK 2°/min; B FE: 0.02°;
FHER]: 5°~80°, AR JFEEl. XRD 458
Kl 9. HEMmERZ (iigk A) 7E 8.76°. 15.72°,
16.22°, 21.08°4b 1 I HR A7 5 0, FLAth Akt HY IR E A
TS, RO H RN JFERL 25N AR SR FiRH
M 4R (2R B) tONShRSEH, 7E 22.56°4b 1)
AT s PIER A (2R © FIER 2GR
(2 DO IR E T H 2R £ 4E 2 AT
U, E B AR AE TR H I R 1) i B A S
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&1 (C) FHEBEREZMA (D) B XRD %
Fig. 9 XRD pattern of glycocholic acid raw material (A),
microcrystalline cellulose excipients (B), physical mixture
(C) and glycocholic acid drug-loaded pellets (D)

2.7 RSMERZHEIR

HHT, VU S22 R0 25 MR Ty Lt R AR 2
BARY (1) FHRBHEA: O=a+bit; (2) —2
B O=ax(1—e™); (3) Higuchi /7#2: 0=
as;+bs1"2; (4) Ritger-Peppas /i #2: O=kt". U,
O NERREAER,  JIFERE, a1\ axv a3 ¥INHE
B, bis bos b3 5 k BIREZ 4. T Origin 2019
WAk, K250 FARRE I A], e bR A AT
W&, GRNE4.

GA-SRP IR HMRE OB 40, & Bl A BE A I
N HBE TR > Ritger-Peppas #7% >Higuchi #&
B> RIREN . BAHER S — QRO RS
i, R2EHK, 7 0.9906, AJLAHENEARBALE
T A OB RO R B R — BT X T
Ritger-Peppas 77 F2 B 24t £ HORE 2GR E TR 2L n (H15
X <045 I, 24P BTBLH]A Fick 48K
RE; Y 045<n<<0.89 B, Z3WIRTEHLEIN non-
Fick 8, RUNZYY HONE S8 It FEA: 2
n=0.89 I, ZJPIRTEALEI B G . A E R n
E29 0.707 04, AL, HEMARFUHIREEGIRE AN
253 BOR i 2R k3L R g A2

#*4 GA-SRP BIGIEMALER
Table 4 Fitting results of drug release equation of GA-SRP

Y WA R?

TR Q=8.324 12 t+7.504 12 0.9407
—ZRIR Q=125.08039 (1—e 012568t (0,990 6
Higuchi Q=31.19374112—11.38316  0.958 4
Ritger-Peppas Q=17.570 66 t0-70704 0.9730

2.8 KABHEMRR

2.8.1 %M KM Shimadzu LC-2010AHT %!
Sy A v AR LT 3 i Ay TS i RX-Cis (150
mmX4.6 mm, 5 pm) #; FiFAHN 10 mmol/L 4
B K VB T- 25 (67 & 33); RBIE 0.5 mL/min;
R K 210 nm; AR 30 °C; #EFEE 30 pL.
2.8.2 A SVATR IO ECH] RS B BB 2 R X
M, T 10mL &, I & W A, &8 10
min, BOARER, MAEERBZE, 825, 190
FIREN 400 pg/mL [P0 FESAEA . L R i
a AT, SRABRMRE T, 155 & B8
AN 3.125. 6.25+ 12.5. 25.0 50.0. 100.0- 200.0
pg/mL FRIGE HE GVATR

2.83 WHREMBMIBECH] KB ARIR 1 P56
miE R T 100 mL S, IdE s RS, @S
10 min, A RER, NHRECERZE, #2,
B R EIRFEN 50.3 pg/mL ) A bRfE 2. B EIR Y
PR &0 1 mL 2] 100 mL 2=, RS ZIE,
B2, BREIWRE N 0.503 pg/mL ) A FRIER -
2.84 RN TR MEE SD KR 12 A,
RIFE (2004200 g, FEHLY A2 4, B 6 H,
BURTRAYIEE R 120, AREK. 14 ig HEH
LR RLZ (452578 140 mg/kg), BETHEUIL 25 535
0.5, 1.0. 1.5, 2.0, 3.0. 4.0. 6.0, 8.0. 12.0.
16.0. 20.0. 24.0. 36.0 h; 2 4 ig H ] GA-SRP
(2557 E 140 mg/kg, PAHZNMHER T, B 5251
9 0.5, 1.0, 2.0, 3.0, 4.0. 6.0, 8.0. 12.0. 16.0.
20.0. 24.0. 36.0h. ZrAIRAEELM 0.3 mL, EHFE
IRIHEEOE S, 5000 r/min B0 GHOF4E 5.9 cm)
10 min, WHCEEMIK, 20 CRAE, F7.
2.8.5 [MAAEACEE RS EDOCR MRS 100
uL BT 1.5mLEP B, MIAWNARER 10 L, wiE
7E% 1 min, HIFFEE 500 uL, W HERZT 2 min, 10000
r/min 2.0 (0242 5.9 cm) 10 min, HU_EJE R 500
ul, 740 C RS, FRIEH 100 pL HEE
B, WHEEZE 2 min, 10 000 r/min 0> 10 min,
B _EEWR 30 uL, % “2.8.17 T N (il 46 FHERE 73 4T o
2.8.6 THIMBMFERAIET TV ERR ig H2500
HWC AR B Af A A2 I o R 2% B UK R 2 A i 3
100 uL & T 1.5 mL EP &, M FEEFEW 10 uL,
WHERE Y 1 min, HIEEE 500 uL, JRHEE 2 min,
10 000 r/min &L (BSOF4% 5.9cm) 10 min, HL L
B 500 L, T 40 CTFEAMRTIEN, 5REH 100
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ul FEEE %, Wi 2min, 10000 r/min &0 10
min, B EJEW 30 pL 7E A2 H IR FE b .

287 LEMEH BURRAT A MEER. i
A+ HR AR B TR+ AR R A+
MR, % “2.8.17 TiT GGk AFEAT & B ALY
B, S5RILE 10, 75 BREaEAET, HEAERS
Whr (REPEF) AR & AR R i I B R i, 1R
BEINF1A] 43 5904 8.763 min A1 15.773 min, LI o
FIRAT-HH ZHER B 5E -

t/min
10 ZFAMEK A). TAMLK+HSEE+RR (K5
7, B) MBAMR+ARE (FEHEF, C) & HPLC &
Fig. 10 HPLC of blank plasma (A), blank plasma +

glycocholic acid + internal standard (carbamazepine, B)

and plasma sample + internal standard (carbamazepine, C)

of rats

2.8.8 ZMXRARFL HEEICKRTHIMEK 100
ul, A0 HZUH R BRI 10 pL, BCH o 2 T
H & HRR SR 373 0.312 5. 0.625. 1.25. 2.5,
5.0~ 10.0+ 20.0 pg/mL FIIZRFE S, FARFa i At
SR VAT AR, DU SE AR S R 25 R R
AR (XD, HEMBERS R 5P g m AR th g
RNPALRR (Y, R IR R/ i AT v R,
B EHITREN Y=0.207 9 X+0.009 5, R2=0.999 5,
ZEREN], HEIEERTE 0.3125~20.0 ng/mL £k 4%
AR, R NRAN 03125 ug/mL, AJjH L K RAA
P S IE R (1 R

2.89 FEEESUEREESR  WHMC T, SRR
WRE (0.5, 2.5, 15 pg/mL) K HEIERER ML RE S,
HoRte “2.8.57 TR LT, SFEMERH
PEESEHERE 6 Uk, ESE 3d, FEHW. HIMK
EEEHENE. SRR, K B m3 A EK
FE B H M RSD 205108 2.79%. 2.87%. 1.58%; H I
RSD 735N 2.88%- 2.12%- 1.88%, #EHHE />IN

(93.89+2.62) % (98.36+2.83) %. (99.29 +
1.57) %, SRR IZIIEFEREE . HEFEY R
2.8.10 FRoEMEFELE Rl EAK, h m R
(0.5 2.5, 15.0 ug/mL) FIHZAHER M I FE 5, 4351
TEHRAENE 2 hy AHJE 4 CHCE 24 hy ik
PEIN 1 IR GRRMEPA 3 IRF1—20 “CIiCE 30d ffase
P, SERNE 5. SEREOR, MEFEMTELL &M
N 1¥) RSD $47E 5%LAPY, 328 H ZUIH R if 2% 5 b 78
R TR I R .
x5 TRAPEEG TREHERER

Table S Stability results under different storage conditions

st . RSD/%ﬁ i

0.5 ugmL™? 2.5pgmL™? 15.0 ugmL™
HIAE2 h 3.11 1.71 1.29
4 “CjE24h 3.27 357 2.54
RAMEER 1R 1.36 1.25 1.23
RAMEER3IR 1.74 1.81 1.69
-20 CjE30d 3.12 2.61 0.54

2.8.11 FEEEMCE UK. L mBEIRE (0.5,
2.5, 15 pug/mL) I H ZH I I8 Vs, 4% “2.8.57
TR 7T Ab B, e sRIETAR (4); RIS A
KECHIS, By mEWRE (0.5, 2.5, 15 pg/mL)
[ H 2 I ER T BRI TR G AR R S TP, kg
R (B). SRR, (& . "B HR
JHPER B $E X RIS 43 53] A 98.48%199.01%+97.82%,
RSD 7354 1.76%- 2.43%-. 2.35% (n=3), WHrH]
PEHLEIUSC R A 98.46%, RSD N 1.17% (n=9).
2.8.12 RNZFELINEE R HU“2.847 TR 2 4H
MRS, FI8 “2.8.57 TR ikt AT M3 i Ak
L, FEHR “2.8.17 TUN (i S bR I, il o)
Al ig HEHIRJF k25 5 B il GA-SRP [ 2 41 SD X
BRI -4 24 0k - (Tt 2, 45 R LI 11, e AT
w1, SHZUERIER 254, A1 GA-SRP ik
WV ( Conax) B R FAK (P<<0.01), FEWEIS ] (fpay)
K (P<0.0D), BAGHHE . EREH,
251 GA-SRP J&i, H 2R 7R K R A P IR SCRA 3 B
P2,

iz DAS 3.0 Ffx H 2 N R 2 5 H il
GA-SRP E KRIEHNZiaN =S HOTIHE, 4R
WL 6. AT, HZAMRIEKIZAE (2.172£041) h
HIL Coaxr H Cox A (9.93140.53) mg/L, JHEF
T (np) N (5.04+1.84) h, Z4-I il £ T A
(AUCo-) N (50.12+4.26) mg-h/L; i GA-SRP 7£
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—=— HEERR 2
—e— GA-SRP

M5/ (ugmL ™)

0 é IIO 1'5 2b 2|5 3‘0 3‘5
t/h
11 HEEERERZT GA-SRP §9F 5 11 2455K & -A i8]
Bz (X+s,n=6)
Fig. 11 Mean blood concentration-time curve of
glycocholic acid bulk drug group and GA-SRP group
(Xts,n=06)

&6 HEPERRFERZF GA-SRP WAMESH
Table 6 Pharmacokinetic parameters of glycocholic acid

bulk drug group and GA-SRP group

S A7 HENERR R L 24 GA-SRP
AUCo-t mghlL? 50.12+4.26 89.52+7.98"
AUCo- mghL™? 50.70+4.40 97.204+9.68"
tue h 5.04+1.84 8.20+1.03"
tmax h 2.174+0.41 4.0040.00"
Cinax mgL! 9.934+0.53 7.01£0.31™

SHEBRERE R TP<0.01.

**P <0.01 vs glycocholic acid bulk drug.
(4.00£0.00) h I Conaxs F Crnax N (7.01£0.31)
mg/L, tip N (8.20+1.03) h, AUCo- A (89.52+
7.98) mg-h/L, 45 F M, GA-SRP 7E K AR P I
RIS, RN I g, AR
PEEE 178.61%, wJE|ZREHR.

3 e

A SERSAE FH B R B & 3RO, ki
il B, RSN ER. Rt meEd.
[ R P85 R DA R W e v A AR o i e AR A i
BAESRIIRE, T2, e 7 E
()28 T2k . PRI TR =R A PR G 8 24 kL
HATERAA, BEERAFRPEAANE. HMALE
TS, D 25 H BE 8 R AE 12 h 2R GA-
SRP.
ARSI e MR N 220 7K 3 U A E A BRI L,
WA REAS By A B BRI AN AR E 7, MR T s ATy
MR RIK B R G0, DA TR ZEA S MNA N 22

FIFIFRE AR, Hg b, Z9Y0RBOE R AT Lok
ALY BT, (HSPREEE R R R, AR
ARIGE, TFEEE 12h R, B, %
I IS B LR — 2D R AR

A5G K BBD-RSM R 56 381 §ifi 28 A A% Ak
J7, A S B R, R S . T
GYHT, WA TS DR ZOGE AN 1R I (] 55 25 P R TR I 5
Wi, 17 T B LA T T o A& A1) 4 1) GA-SRP
R e RN ER, AN AT Tl A=,

HHT, S2RE RO IR 25 ML F ZE AR AR
VAR B AR LIE R BRI OR, P A1 ()R BE Ao
JE R IR A - P I RETP . K GA-SRP [1) R
BT A R ERBEROTRE . — R
Higuchi /7#£LA X Ritger-Peppas H A2 THLS, 45
R GA-SRP FIMESMREIAST & — WREROTHE, &
B GA-SRP H 25 A SRR TR 259 BIORN B 223
AL FEE MR . e BRI, HEH
P SR 2R SO R it 2k P VA sy, ELAR I B TR
SRR MIRIRIGIT ERE, WhERE 75 L
Y575, MIELZ N, GA-SRP IMZGKFE FTHEEE, 7
4.0h ILFNE(E, HIEERL, BB EZERK, G5
U RRE MR - 5 H 2L R 254 B, GA-SRP 1
AR AW R BE AR T 2 178.61% o AR 25 -1 th £ A
PURIL, H 2R 524 5 SR il AL a8 B g
%, FEMIXAT e S4B IE A . 25 bR
A, ARSI E 1) GA-SRP B8 K H 2 HER
BEUEZR, PR Crax K frmaxs (EILZ5RE TN
SRR, G T R I 24 9 P R b T i 1 A ) SRR
RS, RN T 29907E -], SEEl T RAFRY
R

HAT, T ok B I IR AT AT 50 2, %
HAF S B AR AR . Ft, RS2t
THRAMBRF M KA EER L, MUONES:
R = 258 % 50 B9 5E T IR SR, 184 GA-
SRP [H R ARHE T A 71 BIEHE SR -

RBRR FHHGHEHFEAREEN B E
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