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Abstract: Objective To prepare daidzein mesoporous silica nanoparticles sustained-release tablets (Dai-MSNs-SRT), and investigate
its oral pharmacokinetic behavior in Beagle dogs. Methods Hydroxypropyl methyl cellulose K4M (HPMC K4M) dose, carboxyl
methyl starch sodium (CMS-Na) dose and polyethylene glycol 400 (PEG 400) dose were selected as main influencing factors,
composite score of cumulative rate of 2, 6, and 12 h was used as response value, Box-Behnken design-response surface methodology
(BBD-RSM) was employed to optimize formulation of Dai-MSNs-SRT. Release model and release mechanism were also studied. Dai-
MSNs-SRT was orally administered to Beagle dogs (10 mg/kg), pharmacokinetic behavior of Dai-MSNs-SRT was compared and

relative oral bioavailability was calculated. Loo-Rigelman method was used for the evaluation of in vivo and in vitro correlation.
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Results Optimal formulation of Dai-MSNs-SRT: Dai-MSNs powder was 350 mg/tablet, HPMC K4M dose was 15.2%, CMS-Na

dose was 9.5% and PEG 400 dose was 2.1%. Sustained-release characteristic of Dai-MSNs-SRT was obvious and cumulative release

rate in 12 h was up to 94.87%. Drug release in vitro of Dai-MSNs-SRT was better accorded with Higuchi model, and release mechanism

was diffusion and matrix degradation. Pharmacokinetic results showed that Cimax of Dai-MSNs-SRT fluctuated slightly, fmax was delayed
from (1.53 £ 0.42) h to (4.26 + 0.44) h and 12 was prolonged from (3.26 = 0.56) h to (6.63 + 2.17) h. Relative bioavailability of Dai-
MSNs-SRT was enhanced to 1.88 times comparing to commercial tablets. In vitro release behavior of Dai-MSNs-SRT in pH 7.4

phosphate buffer saline was better associated with its absorption in vivo. Conclusion Reproducibility of Dai-MSNs-SRT was

favorable, Cmax fluctuated slightly and relative bioavailability was also enhanced.
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@R Beagle K, KJ5i&E 9.5~10.6 kg, MELEX
N, IR B S SEEG HL AR, YFRTHIES SCXK
(18 2020-0001. Fir A 345256 35 148 45 M 8 75 2=
S L BRI S P NS F IR E
YIS R2023- (1 H) -006, 576 3R S
2 FHESH#R
2.1 Dai-MSNs-SRT B9
2.1.1 Dai-MSNs il & R4tk BGE S0 0.5 g
T 100 mL AHLEA] (oK OEE-28E 20 2 1, i
A 1.0 g 7¥H MSNs ¥y REIHREIR, =K T
W S9E 12 h (3 600 r/min). K gk 78 K 9%
185k L H LA, RIFF Dai-MSNs . 4ifbidfE
RN 0.5% F ZFe AR RN /KA 50 mL B350k
%%, 14 500 r/min 20> 20 min (B50242 6.8 cm),
FE BIEWR, HUTEMEE BN 3k, 30 CTHilk
2d, VEIAGTE: 1d, BUHEITE Dai-MSNs #7K .
2.1.2 Dai-MSNs-SRT Hfil|# Dai-MSNs-SRT H
£ Dai-MSNs ¥ K 350mg/ i (B EH T EL 120
mg/F ). HL Dai-MSNs ¥y A, IIAALTT B SRk
kPR (HPMC K4M %5). #ifiR71) (CMS-Na %),
BRI (PEG 400) M iEiE 706 fa e st (A
iR 1%) SR, AMIHARMSAERE R E
0.65 g/fr, RS, HHE ) HI45 Dai-MSNs-SRT 2%
BF P 7IRERE N 45~55 ND.o B ERE L [EE ) 4%
(AEFEEHIT.
2.2 Dai-MSNs-SRT FESH TS EMNE
221 @ik @M~ Diamonsil Cis A (250
mmX4.6mm, 5pum); KK 248 nm; FEIE N
30 C; JBNAH N H EE-5 mmol/L M R /K 15 - FH R
(55 :45:02); R EN 1.0mL/min; HFEEN
10 pL. PR ISR LS S H Tt AMIK T 6 5000
2.2.2 FrRfEMIZRILH] ARG S O IR
20.40 mg ¥4 %2 100 mL &, IIAZ 80 mL H
W FE AR, IO\ AR AT S LR IR
FE2H 204 pg/mL % JEGE . SR VLB AH ARG
R B E A 10,2001 5.100. 2.550. 1.020. 0.255.
0.051 pg/mL B8 & H O M VAR, % “2.2.17 UK
P2 , LASE R IR N AL bR (O,
WA AR (V) HEATEYERNE, B EE R
Y=18.152 X+0.081, r=0.999 8, W W& & F Tt
0.051~10.200 pg/mL £&7% 5 R R i

2.2.3 Dai-MSNs-SRT it A e d B 15 A

Dai-MSNs-SRT W40 8 K, K% FREX 0.65 g B 250
mL EHH, IAHEEZ) 80 mL # A 20 min (IhF
H250W), IMERERFEMAFEER, #5. &
FEEE 0T 14 500 r/min B0 (BOFER 6.8
cm) 20 min, f# MSNs i€, B EiER 1.0 mL &
100 mL S, FANAHRRE 25, RIS I
224 LEMFEL HIUHMRES, % “2237 TUF
T A& BPERE S v, 5 B8 S o R IR
A1 Dai-MSNs-SRT sl fhid i, 4% “2.2.17 WiF
AR SR B 1, RPL B S.

A
WEH T
B
WHHIG
C
0 4 8 12 16
t/min

E1 FAtEHR (A AEHETMEMS (B) #1 Dai-MSNs-
SRT e (C) B HPLC [
Fig. 1 HPLC of negative sample (A), daidzein reference
substance (B) and Dai-MSNs-SRT sample (C)

225 FEEEEL B EIKRE 5N 0.051
pg/mL (fi£)+ 2.55 pug/mL (1) AT 10.20 pg/mL (5)
()38 S ORT R SR, A AESRIK 6 ok, T
W E OIS RSD 43514 0.69%- 0.36%-
0.28%, 45 FRFIZANAT RGURE % R I o

226 FaEME#E%  HL Dai-MSNs-SRT iR fiA i
BTEIE, T0.2. 4. 8. 12, 24h - HII0E,
B3 G I RSD A 1.26%, 45$ %W Dai-
MSNs-SRT il i i RAE 24 h WARE T R i .

227 BEEMES I “2237 WNEE, #&
6 1> Dai-MSNs-SRT ik, 23 el e ,
MASTE G FH IO R EU0 RSD A 1.56%, 45 R K
SIS E A NE R

2.2.8 MFEEIGEFEEE HU1S fr Dai-MSNs-SRT it
U A, FEERB A 0325 ¢ B 250 mL &)l
d, Hilg o, NIE. . w34, N
S R A 60 75, 90 mg, % “2.2.37 TR
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M AR A, I 92217 BUR IR 2.3.3 Dai-MSNs B R ENE  FRBCGE

WemuHnEE, 1HEAHE S E TR R
N 100.56%, RSD A 1.20%, 45 F 3R IHAERLFE
LIg=TR

2.3 Dai-MSNs #} R FRAE

2.3.1 Dai-MSNs HRif2fll ¢ BALHKME B Dai-
MSNs ¥ 7K%) 5 mg, HIAZEIEK 50 mL 34T 7 HL,
A, WUEREN AR ¢ AL, HUAS 1 MSNs K}
KFENENE . g5RER, 251 MSNs [P kiE R
(183.60+£9.66) nm, Dai-MSNs [ T35k 4748 hin &5
(227.89+19.21) nm, Fif25r46 WK 2. 251 MSNs
[ ¢ AN (=31.4440.77) mV, Dai-MSNs [ ¢
RN (—=13.6+0.6) mV, AL WK 3.

P g
o

/" Dai-MSNs

1 10 100 1 000 10 000
RifE/nm

2 Dai-MSNs RI#25 %
Fig. 2 Particle size distribution of Dai-MSNs

“% 11 MSNs [\ ‘.'-‘I‘ Dai-MSNs
I\

s =m0 se 1%
¢ A /mV
3 Dai-MSNs B { B %

Fig. 3 { potential distribution of Dai-MSNs
2.3.2 Dai-MSNs ff] SEM M %2 BYELZ) 1 cm f4
s T ME F, W 2 % “23.17 5K Dai-
MSNs JR&ER, HABT, W4 1 min, ET SEM
B TBOK 2 20 000 5 5 B AT A5 3] Dai-MSNs 4130,
AN RAR 2R ERH, 25 R 4.

= J R "f‘\ n D

_.'\ 500 nm

4 Dai-MSNs #J SEM & (X20 000)
Fig. 4 SEM of Dai-MSNs (x 20 000)

GFEIC (W) #4% Dai-MSNs JRE. F5%H Dai-
MSNs V& 2 mL F 12 500 r/min B0 (0242
6.8 cm) 20 min, WA G . TUTEF A 2 mL
1) 0.2% SDS ¥k ptik, 5 LidWE I, MEE
BZE (W), % Dai-MSNs JREW 2 mL EL#%
T, BREE (W), 1A Dai-MSNs [ 2 F
Wy E., R ER, Dai-MSNs [FaEFH (92.67+
0.74) %, #HZjEN (31.02£0.29) %.
BER=W1— W)W
B E =W — W)/ W3

2.3.4 Dai-MSNs R BHT 7T s U Jo)i
K25, 2 H MSNs ¥y R ¥R GY) (G HI6-
F1 MSNs ¥ 1 : 2) 1 Dai-MSNs ¥} K # 41T XRPD
A RIS FRERY 5°/min, R, A
JEFE N 3°0~45°, R ILE 5. 3 TR 6.2°.8.3°,
10.0°, 15.2°, 16.6°. 23.9°, 25.1°%54b i BURFE 5 A
AT, X LEHRAE 5 BT AT IR BR 59 XRPD
K AT A7 e, RIFK G H G AR S R R A 0
Dai-MSNs ¥} K XRPD Fil A& W3 & F JCHRFE & Y
TSI, 1 B3R S H O AR IR T RE O

Dai-MSNs

R G )

75 4 MSNs
N— e —_—

0 10 20 30 40 50
20/(°)

B 5 XRPD £}
Fig. 5 Results of XRPD

235 FTIR ®fF HHGHIC. WEREEY GEE
HJe-25 1 MSNs #3K 11 2) 1 Dai-MSNs #y A i&
&, KBr [/ GEHPIR), ¥R 4em™, HKIEH]
400~4000cm™, A 16 X, SERILE 6. FHEH
JGLE 3 180.94 cm ™! (O-H HZAHRZNE ) 1 633.20 cm™!
(C=0 H4EIRBNIE). 1596.43. 1518.64. 1460.61
em™' (C=C 4RI, 1 239.27 cm™ (C-O fif
FifRzhig) LLK 888.27. 844.19cm™! CHH C-H
) 5 PR . VBRSBTS
T CRHIEE, R E 105 MSNs Z [A1{U2 ) 5
IR A . Dai-MSNs ¥y A i R 8 GAF T O-H 4
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Fig. 6 FTIR spectrogram
PR R E L ), TTREZ I 05 MSNs (1)
TR I 2 (AR AR T BEFh A P D BT 8, 2R B 2024 12 o
2.3.6 Dai-MSNs #FENE  BUL RN G HIT
JR R Z5F1 Dai-MSNs #ioKE T 10 mL Z& 18K,
25 CIHIRE 2 d, 14 500 r/min B0 (FO0FE
6.8 cm) 20 min, BRI E ¥ S A SO AR E .
SRR, BOHICERZ ] Dai-MSNs W fRFE
WA (4.1940.07) pg/mL Al (262.77+9.42) pg/mL,
IR R R 62.71 £,
2.4 Dai-MSNs-SRT BHE N E S %

KA L ATHE AN 1000 mL 75
TEIK, VR A RAE IR 2 37 CJ5 ¥ Dai-MSNs-SRT [7]
IHBGE A B, #3# 9 75 /mine 20 AIFE 04 1.
2. 4, 6. 8. 10 12h BUFf SmL, #Mi5SmL #&H
Ao 14500 t/min &0 20 min (0242 6.8 cm),
B i R e iR B, B S O A I ]
(1) BRI
2.5 BEZE#EE Dai-MSNs-SRT &5 TE
25.1 RN Dai-MSNs-SRT F&245 47 M I 5401
Dai-MSNs-SRT 114 Dai-MSNs ¥ K 350 mg/fi, ‘B
ZAHEHH RN 15%, PEG 400 &N 2%. CMS-Na
HEN 10%, 75854858 (HPMC K100LV
HPMC K15M 1 HPMC K4M) %} Dai-MSNs-SRT F¢
ZIAT NI . 455 LK 7, HPMC K100LV 15 A8
ZERP RN RE 25 B, 1 HPMC K15M 1 8 48
MRS RE 2518 20 12, Al BE2 T HPMC K100LV
FEXS 23 F B R AT, T I S J2 L e A F ¢
AN, RPN, HPMC KI15M MR 15 &4
MR, TE RSB 2 B E UK, WOR 2518 %
g, HPMC K4M FHXS 70T AR S, 3858
RORAINT e, 0% Dai-MSNs-SRT ‘B 2861k .
2.5.2 HPMCKA4M HE#%% Dai-MSNs-SRT H1 7%
Dai-MSNs ¥} K 350 mg/f, ‘& 44 kN HPMC
K4M, CMS-Na Fl&N 10%, PEG 400 F &N 2%,

100 -

80

60

—+— HPMC K100LV
-a HPMC K4M
—— HPMC K15M

40 -

RBUBEEY%

20 4

0
t/h
7 BEMBMNER (Xts,n=3)
Fig. 7 Study of different kinds of framework materials
(Xts,n=3)

53 %58 HPMC K4M H & X} Dai-MSNs-SRT F#2
17N . 4550 ULEE 8, Dai-MSNs-SRT B 24 K
B HPMC K4M F =38 i ik /), 1% 52 B HPMC
K4M FH Sk R 7 1t I J2 BEL s A FH K, (SR 24
AR /N2, 1] i, HPMC K4M &%} Dai-MSNs-

SRT BEZAT ARIECK, Ja8madk et .
100 A

80

60

40 —— 12% HPMC K4M
—a— 15% HPMC K4M

—4— 18% HPMC K4M

RRBETE%

20 A

0

0 2 4 6 8 10 12
t/h

8 HPMCK4M AIEMIERE (Xts,n=3)

Fig. 8 Study of HPMC K4M amounts ( X £ s, 7 =3)
253 JfEFIAZEEEE  Dai-MSNs-SRT H4 Dai-
MSNs #K 350 mg/ v, HEMELA HPMC K4M,
&R 15%, BifEFIHERN 10%, PEG400 H&EH
2%, 4 AFEEEANE @ (CMS-Na. L-HPC F
CCNa) %} Dai-MSNs-SRT B 2517 NI . 45 5 I
9, L-HPC 1 CCNa 1ENZ28 I i i 7AITHT 2 h
FAERBEIE, H 12 h BB BCREARCNT 85%),
Tl CMS-Na 1A Jif fif I %) Dai-MSNs-SRT 5 FE 24
B Ak, kY Dai-MSNs-SRT i fif 71l .

254 CMS-NaflE%% Dai-MSNs-SRT H' % Dai-
MSNs #K 350 mg/ v, HEESA HPMC K4M,

H&E7 15%, PEG 400 FHEN 2%, 77l %A
CMS-Na F &%} Dai-MSNs-SRT B¢ 24547 N KI5 o

45 LA 10, Dai-MSNs-SRT B2 R [H#E CMS-
Na HEHGIMMEGIN, "HEZHT CMS-Na &
KB T K AHFE N Dai-MSNs-SRT P #5, M et
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100 1
80 -

S

5601

=

£ 0 —— CMS-Na

=

B = L-HPC
20 1 —— CCNa
0 T T T T T )

0 2 4 6 § 10 12

t/h
9 FEREFIFHEMER (X£s5,n=3)
Fig. 9 Study of different kinds of disintegrating agents
(X+s,n=3)

100 +
80 -
§
¥ 60 -
=
o
»‘;Tlé 40 4 —— 12% CMS-Na
Bk —= 10% CMS-Na
20 1 —+— 8% CMS-Na
0
0 2 4 6 8 10 12
t/h

10 CMS-Na AEMEE (Xxs,n=3)

Fig. 10 Study of CMS-Na amounts (X +s,n=23)
ZiWREI, A 0L CMS-Na i &%t Dai-MSNs-SRT #¢
TN MECR, 8 FE %L
255 PEG400 HHE*%% Dai-MSNs-SRT H & Dai-
MSNs ¥ K 350 mg/F, B 2EAEA HPMC K4M,
M4 15%, CMS-Na HIEN 10%, 7375 %A
PEG 400 [ &%} Dai-MSNs-SRT Bt 24547 1K) 540 o
ZE R L 11, Dai-MSNs-SRT ({25 # K% PEG
400 FHE RGN, 25539 PEG 400 F & X}
Dai-MSNs-SRT BZjAT AR, oG8 s 4k
ZEiAb.

2.6 BBD-RSM it Dai-MSNs-SRT 475
26.1 SEIWITHER P2.57 DU N B R LR,

100
80

BN

¥ 60

S

o

40 —+— 3.0% PEG 400

e

B% —a— 2.0% PEG 400
20 —— 1.0% PEG 400

0 : . . . ’ .
0 2 4 6 8 10 12

t/h
11 PEG400 HEMEE (Xts,n=3)
Fig. 11 Study of PEG 400 amounts (X £ s, 7 =3)

KL HPMC K4M & (X1, CMS-Na fi&E (X2)
F1PEG 400 Fil & (X3) %} Dai-MSNs-SRT 2417 A
MK, SAMENBEEE X X X EKT
WE W 1. W% Dai-MSNs-SRT 7E 2 h [ RFHE
B (L) 18 25% K4 (CRRBEBURBRINS), 156
h (1 BRUBICE (Le) 1E 65%/E4 CRUEE ),
FE 12 h IR (L) KT 95% CREZGEASE
). RHZEE VRS (V) PHYY Dai-MSNs-SRT BE2451T
N, HEARN Y=|L,—025| X100+ | Ls—0.65| X
100+ |L1—1.0| X 100, Y {Hj8/MXFE Dai-MSNs-
SRT R MLF. LL Y AmN{E, BBD-RSM fit
1k Dai-MSNs-SRT #b77, It 545 R LK 1.
# 1 BBD-RSM iiii&it54R
Table 1 Experiments results of BBD-RSM

RIS X%  Xo/% X3/% La/% Le/% L% Y

1 15(0) 12(+1) 1(-1) 288 553 883 222
2 15 1000) 2(0) 256 623 966 49
3 12 (-1) 10 1 343 572 92.1 20.0
4 15 10 2 267 632 929 56
5 15 8(-1) 1 234 5677 90.6 14.3
6 15 12 3(+1) 289 71.1 90.1 149
7 12 10 3 324 66.7 97.8 119
8 15 10 2 275 634 934 57
9 18 (+1) 10 3 19.5 67.8 88.6 14.7
10 18 8 2 208 62.6 892 124
11 12 8 2 30.5 689 954 98
12 18 10 1 249 612 865 124
13 15 8 3 223 583 923 12.1
14 15 10 2 272 62.1 95.6 5.7
15 18 12 2 239 70.1 899 11.3
16 12 12 2 35,5 723 97.8 20.6
17 15 10 2 26.7 66.7 934 5.0
2.6.2 MG ST Z 2 T Design Expert

12.0.3 AN BRI G, BRLEEVES Y ZIRZ 0
AT FEN Y=5.38—1.44 X, +2.55 X,—1.91 X3—2.97
XiXo+2.60 X1X3—1.27 XoXs+3.51 Xi2+4.64 X2+
586 X2, Hrf, R2=0.9940, R.;i?=0.9864, Rl
Ragi? BIKT 0.98, U SLI0 AR S8 A {E AH
KM . TSR 2, BUEEHA P<0.000 1,
RPN P=0.0805>0.05 (E4itHH#=E L), £MHi%
PR A{E R, AT AT Dai-MSNs-SRT 4b 77 T.E
WA BB F XL X o XXy XiXGs XoXGs
X2 X2 A X &I A R S L (P<0.01).
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Fz2 RENH
Table 2 Analysis of variance
WERIE P BB By FH P1H WERE CEAM AmE By F P

LAY 485.48 9 53.94 12951 <<0.0001 | X2 51.87 1 51.87 124.55 <<0.000 1
Xi 16.53 1 1653 39.69 0.0004 | X2 90.46 1 90.46 217.18 <<0.000 1
X 52.02 1 5202 12490 <<0.0001 | X3? 144.59 1 14459  347.15  <<0.000 1
X3 29.26 1 2926 7026 <<0.0001 | #k%E 2.92 7 0.42

XXz 35.40 1 3540  85.00 <<0.000 1 | JFLLIA 2.29 3 0.76 4.86 0.080 5
XX 27.04 1 27.04 6492 <0.000 1 | ZaxtiRE 0.63 4 0.16

Xa X 6.50 1 6.50 1561 0.005 5 | &l 488.40 16

2.6.3 Dai-MSNs-SRT 4 /7 #fie  [fl & HPMC K4M
& (X)), CMS-Na H&E (X») 5 PEG 400 H&
(X3) F—NZ, 26 HAzh 2 RIEN LA Y il
MK, ARE 12, Y& RS2 FZRKRENE
e MR ES, RWEH BBD-RSM 14t Dai-
MSNs-SRT 4b 75 A B, BEE Y AR KAE, XIH
N 4~25, 13 Dai-MSNs-SRT {4t 77N HPMC

110 ) 165 25
Xo/% 9.0 135 X%

X% 15—

K4M F#H 15.17%, CMS-Na &4 9.52%, PEG

400 F&EN 2.12%, Tl Y 4.8,

2.7 Dai-MSNs-SRT T Z I IE K RN EIHAR
ROTAESLZERH %, % “2.6.3” TF Dai-MSNs-

SRT fiedd: b J5 #EAT 10 : HPMC K4M 84 15.2%,

CMS-Na &4 9.5%, PEG 400 FHE N 2.1%. P47

#l4¢ 3 it Dai-MSNs-SRT, %55 WK 13, £ iZkb

e

165 25 g
T13.5 Xi/% X3/% 15

12 ZRERSWNER=4E

Fig. 12 Three-dimensional plot of independent factors and response values

100 A
—— F 14 _
80 4 —= ZE2i
—— 34
60 -

40 -

FRUBIE Y%

20 4

0 2 4 6 § 10 12
t/h
& 13 Dai-MSNs-SRT #RMNEHELZ (X +5,n=3)
Fig. 13 Drug release profiles of Dai-MSNs-SRT (X £ s,
n=3)

TTEEMRE, 12h RRBHCRIA 94.87%. BB
R & 45 B ILE 3, Dai-MSNs-SRT Bl fE 5
Higuchi BAYAHC R 5L r fH =i - K Ritger-Pepps
B Dai-MSNs-SRT BEZjHL, 4 0.45<n<
0.89 I Y B S VA P FI/E AT, W3R 3 WHn, 2%
F n{H>H 0.760, WiH] Dai-MSNs-SRT B ZG /L1 e~
BCS i F AR A

#* 3 Dai-MSNs-SRT RFRUER & LER
Table 3 Fitting results of release model for Dai-MSNs-SRT

AR P& T r n
TR MiM»=0.077 t+0.083 09684 -
Higuchi Mi/M=0.289 2—0.089 09789 -
—k In(1—Mi/M»)=-0.224 t+0.176 0.9376 -

Ritger-Pepps In(M/Mx)=0.760 Int—1.894 0.994 7 0.760

IS TE], M A Moy 3 ¢ Aloolt] i EARBETRA s My/M. 9 ¢ I TH]
NIRRT o) &

t is time, M, and M, is accumulative drug-release at time ¢ and oo;

M,/M, is drug-release rate at time .

2.8 BT HIT 3 MFIBSIMNEALLE

b S OBV A N 1% SDS 7K
W AT % %2, LLUARIRIE 24 . 2% Dai-MSNs-
SRT 477, i 42 A% 25 1 MSNs il 25 3 5
JCERE T, U H LR I Dai-MSNs-SRT {/54%
“2.47 TN ILAER, WEAFIC 3 FIRARSNEZ
fEOL, SR ILE 14, EEFCEER 3 h BB
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100

— _
80 //ihm
¥ 60
:
»‘;T‘é 40 / —+— Dai-MSNs-SRT
B - G IR
20 — TR
[/
0 . Y | | | I
0 2 4 6 : - 12

t/h
14 RSNREZITAMELE (X+s,n=6)
Fig. 14 Comparison of drug release behavior in vitro
(X+s,n=06)

Rik 94.70%, FEZhieth. #wEFILERHA A Dai-
MSNs-SRT ZEFAFAEIA &, 76 12 h BRI 25
N 96.43%M1 95.06%. % “2.6.17 Wi N4 A W4T 5
AR, B G ICZR A Dai-MSNs-SRT 445 1F
SN 26.7 A1 5.2, 18 Dai-MSNs-SRT #4FE%%
BT HEGHICEZBRA .

29 RN+ MSNs 25

B Dai-MSNs-SRT 7£ 12 h I [6] 25 R 254 5

it 0.45 pm TUFLIEME, EUZRJEWRIZ “2.3.27 TUREE
VEM SR 25 JiiFP MSNs TEAS . S5 SR I 15, B2
A I H MSNs AMEATIEI%E, AIE B e 1) 22 B 1 B A Xf
MSNs = AU PER A -

500 nm

[ 15 SEM W25/ R+ MSNs (X 25 000)
Fig. 15 MSNs in release medium observed by SEM (x 25 000)

210 HEHEMR

2101 LR REUMTT% HL 6 K Beagle K4i's A
1~65, H5RMEME, X5 M. 3R 3 AN
JR, 51 A 1. 25 ig AT H G IR,
3.4 S ig B TH G HIGER N, 5.6 5 ig 45T Dai-
MSNs-SRT, %5257 & LA S 014428 10 mg/kg.
VeI A 7d, 552, 3 S W43 A #4247
A, WG o RFEEAEUM A8 04 054 1.05 1.54 2.0,

3.0, 4.0+ 6.0+ 8.0~ 10.0 h, & ZH L 22kt H 4LA1 Dai-
MSNs-SRT #4i11 12.0. 18.0 h HIfL . Bl &%)
0.5 mL, B THRREEOES, WhESs, 3000
r/min B0 3 min, H_EJZE R @ MR AR IRAT .
2.10.2  IMHFESHOALEEDS  FREEC ) R IR N
800 ng/mL 1] B-Z=My o M I, 1E AR, MK
FESE T 37 CARMBHIARYR, RS2 200 uL B &
OE S, A 100 uL WARHTHIEE 1 mL, 235k
Ji€ 5 min. 6500 r/min 20> 10 min. B FEHHAHE
FHBEOES, 40 CHEE FESKT, A HEE
200 pL i FRIERIAS, BEAF .

2.10.3 IAVRECH] R PEIT5 SR A B G
W)Y 1200, 600, 300, 150 50. 25ng/mL # &
T ORI, SRR & 200 uL, 40 C
B FRAWRT, MAZAMY 200 ul, #H 5 iR
WA S min, f50EIKE N 1200, 600, 300, 150
50+ 25 ng/mL IR SRRV . % “2.10.27 TR
PR G e bR 5 58 B cié iR, mEE (»n 5
WO O EIRE (X ZMERIAE 52 Y=0.077
X—0.064, r=0.9970, 455K, WG HILE 25~
1200 ng/mL Z& 14 5¢ & R 4F .

2104 LJEtER THMK KESFH BRI S
24 18 hy B EH G B iAW (25 ng/mL+ P
Fr) F7 d BeMA MR iR “2.2.17 BUR €k 24t
TR, 45 LEE 16, &5 53R 8K W IREY R A
TP G ok, TEta, 7d RRE TS
VI -

2105 FEMHELE HOEGHIUEBER A3 hii
WHER, T0. 2. 4. 8. 12, 18h e, HHEAEHR
G ICIETAR ) RSD A 8.04%, 2 B M3 FE i Aa 2

ERIUE
2106 HALHEMEEESE BREKREN

25, 300, 1200ng/mL I X HE S, S PRI
FERE 1 d WAL 6 W, IHHAR T g
THIAR A RSD KN 9.68%- 5.12%- 6.07%, 81 H
PRS2 B R s & IR R R 1 K, i
6 d, THHEAF 3 B H ol AR RSD KK 10.17%-
9.89%- 7.63%, Z5HL R H [EIRE % E R4

2.10.7 [FISCRFEEE HL 25 ng/mL (f£)+ 300 ng/mL
(). 1200 ng/mL (/) ¥ B o0 IR AR 3
Uy % “2.10.27 TR J7 75 4 M50 BRI i,
FEN 2 G AT oA, TH R S uilAR iR T Ik
JE, 5SERRIG ST AR LT B RS . 25 SRR IR
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A
bR
B
EEHIC
bR
C
WEH T
D
0 4 8 12
t/min
16 ZTAMEK (A). MEMNBLZIAR B). 7diEHREAL

*#m (C) fim##Em (D) B HPLC
Fig. 16 HPLC of blank plasma (A), plasma reference
solution (B), plasma sample after 7 d elution period (C) and

plasma sample (D)

Hy ERIT IR EE R R FRAK IR 94.60% - 93.84%.
95.97%, RSD KN 4.36%- 5.16%- 4.80%, 4
F WD T HERA P A e o
2.10.8 Zigh s RAZAEIF S DAS2.0 Xt
S8R T b, 29802t LKl 17, R2253)
SBPNE 5. WHETFIUER A 4 ES 0L
IS 8] Ctmax )~ IEWEHRTE (Coax)~ FHEW (1) T
JERAI ] (MRTo-) %53 S oA ZE Fiii i AH b
BASGHH%E (P<0.05), HA fn, BEMILEE
% (6.86%2.19) h, Cuax EME T, 11 BE M
K, fH AUCo- 1 AUCo- G155 3, FHXTAED)
PR FER A 1.21 1% . Dai-MSNs-SRT ) fmaxs Crnaxs
ti2~ MRTo-in AUCo- 5245 Bl i AHEI B A 4
TR L (P<<0.05. 0.01), X ARAEP0F] F A
mZE 1.88 ff. HMEH LR A, Dai-MSNs-
900

—— WETIRE

£ 700 e — g
@ WG LR
ED 500 =~ Dai-MSNs-SRT
@\ 300
=

100

th
E 17 Z4-Bfph%k (X+s,n=6)

Fig. 17 Profiles of plasma concentration-time (X £ s, n = 6)

®5 FEAHFSH (X£s,n=6)

Table 5 Main pharmacokinetic parameters (X s, n = 6)

ZH L EIA W EH TR WEH TR Dai-MSNs-SRT
Fmax h 1.53+£0.42 4.14+037" 4.26+0.44"
Crmax ng'mL™! 642.10+152.64 218.18+65.42"" 354.371+74.94™*
ti2 h 3.261+0.56 6.86+2.19" 6.63+2.17"
MRTo- h 4.111+0.62 8.07+2.40™ 8.35+2.32"
MRTo- h 4.58+0.65 9.89+2.87" 10.23+2.67"
AUCo- ng-hmL™ 1 849.84+446.11 2234.64+579.81 3475.41+787.03*
AUCo-w ng-hmL™ 2 037.541+488.79 2319.03+596.17 3549.26+887.52"*

5¥ G uREL: "P<0.05

“P<0.01; SEEFFILERA K. "P<0.05.

*P<0.05 "P<0.01 vs commercial tablets; *P < 0.05 vs daidzein sustained-release tablets.

SRT [ Cmaxs AUCo—: M1 AUCo I TE1E B EME 2 7
(P<<0.05), KM BAEHTE K.,
211 RAIMEXMEITEN

Loo-Rigelman %15 Dai-MSNs-SRT 14 P Il i
#(F) M,

Fa=(X000)==prt ko [ pr+- () Vel [ pde

(X2 RPN ZGE, (Xa) R ¢ IR A 255, ko RoREh
P IS T BRIE R T HL, o o ¢ TR LZ5KRE I:pdt ®
7 ¢S] Y I 2R FE h 26 R AR, X RN IR AR, Ve
NN E

LA sl BAVBETICR FoO B AR R SRRk A e
Wik, HHON 75 vmin), Fa NRAZEAEZME RS,
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PP Dai-MSNs-SRT fAAAMHAKE. 45 R WK 6,
Dai-MSNs-SRT #EA A1 5t A % 250 K/
N pH 7.4 BERRELZE T >pH 4.5 BSIR-B RN 20T
W >7K>0.01 mol/L FHERVEW, RKWIWRH pH 7.4
IR ER PR U Dai-MSNs-SRT R4 MNEE UK A4
PRSI 1L o
7 6 Dai-MSNs-SRT FRSMEXMIFNEER (n=6)
Table 6 Evaluation results of correlation in vivo and in
vitro of Dai-MSNs-SRT (n = 6)

A EVEppE: r
0.01 mol-L ™" ER MR W Fa=1.805F—11.226 0.8659
pH 4.5 BERR-BEFRANZE M Fa=2.016 Fi—15.174 09124
K Fa=2.340 F;—14.589 0.8970
pH 7.4 WERR Eh %Mt Fa=2.171 F,—12.368 0.979 6
3 g

KRB IE IR AR H AR 2R 10, A
il T2BONE I, AR 5580 Tl A
7= ISR K PR 1 B2 k4% 1] Dai-MSNs. Dai-
MSNs-SRT B2 A 85w FIEH, 98
YEFH AT RE 5 228 Fr o B A 771 CMIS-Na FHURE 24 13 22 1)
7] PEG 400 B FRBZ@EEA RN, AT Dai-
MSNs £ R 258 218 8 M ifE T a5
Dai-MSNs-SRT ‘B 224 BHZ8i i /K A oA 5603,
il Py 7R INE RT B IR BT 4N KR 25 ) = AR R A A 02,
1M Dai-MSNs FH T LSRR =, Rl bk i) 22
J It Dai-MSNs Z5 44 A

N T f# Dai-MSNs-SRT JRRIE K R 2
HAEALT7 H N — 5 20 3 55 o 5T 6T CMS-Na,
L-HPC #l CCNa 54T 7 %%, KU L-HPC Hl
CCNa {7t o] = A B B ORI R, 1M
CMS-Na I REIZ A E, AlHE5 CMS-Na K
J AT T I 2 A S8, DT BTV Bk SRR IR
%o {BJ5 KK I Dai-MSNs-SRT 7£ 12 h BERBCR
IKT 85%, WAEALTT v 5] N Id 5 R 24 3 22 1 715 71
PEG 400 KAt 2% . [tk Dai-MSNs-SRT 4k
779 CMS-Na Fl1 PEG 400 A &%} Dai-MSNs-SRT
T RRIECR, 1R RN 3R 22 (1) B Al E 455 Box-
Behnken i W 1] 2 f 0 2 T W& i .

¥ H MSNs HABGRIIHEE 1, BRI 24
YRR R 0, AR A R BT B
MSNs il & E S H R, JFHBEE G EuE R
575 Dai-MSNs-SRT 1&SMEEZ1T . 45 R 7R Dai-
MSNs-SRT B T3 G e fr, wRe

1T~ Dai-MSNs i 8 - A 1 38 S5 o RE it
Bl BHIRE FH B0 5% 38 &8 Jo i 45 i Dai-MSNs
JE AR BN S, WO S HE . )
FIFH . B 24 24 B s JERER0L, |7l S s AT el
B 1IHOR3 K, SHORFERN 150mg, HF
g R A 22, AR SE K T H IR 1 X Dai-
MSNs-SRT (3 B H T 84 120 mg/Fi).

i AR, Dai-MSNs-SRT [ Cunax P 5
M FE B FRAIC,  1X 2 BT B 2260k HPMC K4M 18
KT R R B A 2, i #% T Dai-MSNs 2188
A R, T EK A (6.63+£2.17) h, A BTN
M W 4R 24525 . Dai-MSNs-SRT AHXT L RAE 7
R R 1.88 %, HAEMIER & TG H It
B, WA T Dai-MSNs 215 1 S o
fif R, FITF 23R I MSNs AR 5l #iil| i
TH AR PER, RT3 s & ok e e R IR
AL s 2R A 790 T e s A 24 4 S v 25 TR A 23231,
TG UG e & S B AVRE R T Dai-MSNs-
SRT, {H Dai-MSNs-SRT &P ML 253K &% i T 3 54
TR ST, IX A RE A T MSNs S8k 1 35 S o0
R TR ER, 0] T 299 P BEfR, AT 0
T 2R AR

AFFFIAE T Dai-MSNs-SRT il 4 T 2 AT 4T
PE, TZGERE P AT BRAG Conax VBN IR E 52 R A
5, HARES AT RME, FEFmAFR. Bk
AEFEHATRESS, VRPN R R ARG, P
Dai-MSNs-SRT #f 78 % £} .

FBAR FAVEEHYFARFEFZFTR

SE 3k

[1] Laddha A P, Murugesan S, Kulkarni Y A. In-vivo and in-
silico toxicity studies of daidzein: An isoflavone from soy
[J]. Drug Chem Toxicol, 2022, 45(3): 1408-1416.

[21 #beSR, BRBER, VFiA, 55 KEH oG O E R
R FLHERE (0] EFRAIEIE A, 2017, 44(12):
1093-1097.

[8] ERHER. B H ORI & I 00 bk o A AL 8
RAP R T S S A REBOIRAS SR [J]. BRIG R, 2013,
34(11): 1493-1494.

[4] 5k, XA, TR, BT ML o T X7
IRV R RSB IRT B BB AA LS (7). Th2 2
HIRZHE, 2023, 34(2): 214-221.

[5(] MaYR, Zhao XY, LiJ, et al. The comparison of different
daidzein-PLGA nanoparticles in increasing its oral
bioavailability [J]. Int J Nanomedicine, 2012, 7: 559-570.



= 4710 » PER 202478 B55% B 148 Chinese Traditional and Herbal Drugs 2024 July Vol. 55 No. 14
[6] whff. B GH O A 70 B e R L o 1 o 1691-1701.
5 [D]. MA/RIE: ARAbARIL K, 2013. [16] BAEEE, ™8, WIS, BRATEHZ WS E R R 4k
[71 QiuF, Chen XY, Song B, et al. Influence of dosage forms TR 7). Rk, 2022, 44(1): 13-18.
on pharmacokinetics of daidzein and its main metabolite [17] ZERHAS, FAL B8 TIONZEE 8 A T &
daidzein-7-O-glucuronide in rats [J]. Acta Pharmacol Sin, AT A 1), A E BAR N F 2524, 2019, 36(22): 2805-
2005, 26(9): 1145-1152. 2809.
[8] . FETYOKREFERIEZH TRER S % & IT [18] rmafid, &AW, ZERK, . G I D f A I R
#ir [D]. kg BigEE R, 2017. & SAWAMEN (1] T EBEZ AL, 2019, 50(11):
[9] Yang G, Li Z, Wu F H, et al. Improving solubility and 1296-1303.
bioavailability of breviscapine with mesoporous silica [19] xiwe, Jije, ERIAT, 5. SEEMEAY S AL AR
nanoparticles prepared using ultrasound-assisted solution- KL BAR AR BAE XS TRETBOE Z 152 [J]. 299
enhanced dispersion by supercritical fluids method [J]. Int PRI 5T, 2018, 41(10): 1775-1780.
J Nanomedicine, 2020, 15: 1661-1675. [20] #fE%, B, TRz, 5. LB Eay Lt
[10] #<tl, B, SRR E SN FL A ibhE I FL A ARG RORL 1 ) % A IR ZGBh 226 AL (0],
KR & S AR W25 3h =0 9T [J]. R, 2023, Fi24, 2023, 54(13): 4157-4167.
45(8): 2464-2471. [21] #&%egw, xEZ, KRR, . T AU E I
[11] REA. BCHT 3R [ R 7 B BRI B R G208 1 i 1) 45 FRTE B SR SR B SR [J]. 28R, 2023,
KAGENZPEAN (7). TREZY, 2022, 53(17): 5321-5329. 58(4): 1049-1058.
[12] =RE, AR A, MWig7E, %, FikolE 78 5 a8 Kk [22] TR4%. AR ACEEGNARORLTE B R 1 T R T B R R i ]
IR B RGBT (K 46 S AL T A (9], R IR BE 27 = [J]. UL, 2017, 37(4): 71-74.
&, 2018, 38(18): 1893-1897. [23] FkFEHE, ZEear, MRez, 55 DURIIE A& B RERE )
[13] XBiads, kSO, HKAE R, SRR KR BRI R il ) £ SR T IR LR - F2 2 TR IL IR Kok B 1 iR 255
e RSSO (0], TR, 2020, 51(20): SR [J]. FREEZY, 2023, 54(14): 4481-4492.
5128-5136. [24] fh2, SAELEL, BHIE, & GURLAYHIFIAN 875
[14] K47, B 0¥ B AR E 2 RO R ZE W [D]. 15 KA B 2 EIT STk AT ) RS WE S 4T (7], 9T
IUBH: TLPHZEL R, 2007. F, 2022, 45(7): 1413-1425.
[15] Zhao Z Z, Wu C, Zhao Y, et al. Development of an oral [25] =757, 2AM, i, & SEIERRKIR ST 1 6]

push-pull osmotic pump of fenofibrate-loaded mesoporous

silica nanoparticles [J]. Int J Nanomedicine, 2015, 10:

% RAE L HAARNZA B A [J]. FEZ, 2022,
53(13): 3980-3990.
[Frixsmit  #4Lak]



