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Preparation, Characterization and in Vitro and in Vivo Absorption

Characteristics of Daidzein Nanosuspension Capsules

YANG Xiao-ming, HUANG Zun, ZHANG Jun, ZUO Tian-tian, SHEN Qi”
(School of Pharmacy, Shanghai Jiaotong University, Shanghai 200240, China)

[ Abstract ] Objective: To prepare daidzein nanosuspension capsules, and to investigate intestinal
absorption and oral bioavailability by comparing with commercial daidzein capsules. Method: Daidzein
nanosuspensions were prepared by precipitation method combined with high pressure homogenization, orthogonal
design method was utilized to optimize its formulation. Daidzein nanosuspensions was characterized by X-ray
powder diffraction ( XRPD) , Fourier transform infrared spectroscopy (FT-IR), transmission electron microscope
(TEM), and indexes including mean particle size, polydispersity index (PDI), and Zeta potential. Intestinal
absorption study was carried out to compare the accumulative permeated amount of daidzein from daidzein
nanosuspensions and commercial daidzein capsules. Biodistribution of daidzein in gastrointestinal tract was
investigated, and oral bioavailability was examined through pharmacokinetic study by HPLC. Result: The in vitro
small intestinal absorption enhancement ratio of daidzein nanosuspension capsules was approximately 2. 49-fold
higher than that of commercial capsules (P <0.01). Biodistribution evaluation in gastrointestinal tract verified the
bioadhesion of the nanosuspensions. Pharmacokinetic study calculated by DAS 2.0 revealed that the relative

bioavailability of daidzein nanosuspension capsules was 294% . Conclusion: Daidzein nanosuspensions prepared
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by combined method can be applied to the production of capsules, which is beneficial to increase the absorption of

drug in small intestine and improve its bioavailability after oral administration.
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intestinal absorption; pharmacokinetics; bioavailability
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WMB, HAEERE®RESY A 1.0,2.0,5.0,10.0, K2 HBHHEN

20.0.25.0.50.0 mg- L -1 E"] ? @J{ﬁm—l E 2.1.1 Iﬁ? Table 2 Variance analysis of particle size

% S5 I A, DA B 2 O o R B A A A T 71 2K 58 ms F P

TR AR AT AR U 28 ¥ = 96 550X — 10 169 (r = A 270 773.307 135 386.654  484.614  <0.01

0.999 4) , £k P 1.0 ~50.0 mg-L ™", B 25 217. 087 12 608.544  45.132  <0.05

2.2 WU ITYN K IR B R % ¢ 2 300. 507 1150.254  4.117  >0.05

2.2.1 WEHEAKRRAMH & KRR RS,  h(Rp) $58.739 279,370

PVA J SDS fin A K v, 8 75 43 803 50 I8 BUK A 5 6
WE IS RSB R T 4 & DMSO B A
HUAH , B KT T8 A MR DR i A KA 875 )5
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PVA,SDS K K &7 G R i 2 43 B 22 K v, B4 i T
BT 5 R4 T i R 3 0, 45 43 Bk ) & 0 B AT TN
KR EH] (DDZ-NS/TD)

2.2.2 WHHITAHKRIRER LI
F68 , K T ONBE S Al PVA JyFa @ #, BRI 9 1y 5 0
ToCIERE2Y , B 0y 200 mg, SR H I 325 ) 45 8
TCYRKIR B, i 2 A R L. UKL AR R TE A
FEAR , R I IE 38 i 5 #E 47 4b J5 Fo B 0 8, LA F68 , R
TORHERE A PVA I A BRI R ARt
3K RIS HE R R 1, T 22 Hr Lk 2,

x1 BEEHTHRERFLFMENERKEDHF
Table 1 Orthogonal experimental analysis on prescription of

daidzein nanosuspensions

A QB , ¢ D AR

No. F68/mg j(;f:fé ivn‘: (1) t:m
1 0 0 0 1 782.5
2 0 15 15 2 672. 4
3 0 30 30 3 624. 1
4 20 0 15 3 472.8
5 20 15 30 1 453.2
6 20 30 0 2 375.2
7 40 0 30 2 323.9
8 40 15 0 3 298. 3
9 40 30 15 1 193.4

P 0L 434 AT, 4% e i 7 %ot 4 oK TR B 5 e 4
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.42 .
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218 200 mg,
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Fig. 1 XRPD(A) and FT-IR(B) spectra of daidzein(a) ,F68(b) ,

physical mixture(c) ,DDZ-NS/TD lyophilized powder(d) and DDZ-

NS/CP lyophilized powder ( e)

2.3.2 TR EITES KRS (I A&
P18y 290 DK VR S Y RN HL R T B2 VS ) 3 R R S T A
B S 0 PR, 5 2 min S5 UEARR T 2 WA,
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FEkL THRaE o AR IR BRL T 1 Zeta W {31 45 %4 {8 4
IRFE 20 mV DL ERAERE R G ke BRI A >
9 BB T2 T 0 PR SDS, LU B R T 00 5 L T
S35 R AR R S R TR A AR TR
KM Zeta LA B —26.8, —27.2 mV, fF5 5
R, HR TR G 8998 K R B R B2 5 2 4 Bl f
T6HA 525 5, U 4% 4 K R SRR TR g T2
AR 5 TR Y T

B2 DDZ-NS/CP(A)REEZFTHMERRK(B)H TEM( x25 000)
Fig. 2 TEM of DDZ-NS/CP ( A) and rehydration solution of its
lyophilized powder(B) ( x25 000)

2.4 BT T IR IR B 1 /N o TR SR IR AR
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BERR — S BN 0.32 g, R A BN 1.37 g, A 1L BT
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AEFE i IR S R BN, BT IR 2 10 em 19 &
o, K-ROE R 52 b Uk 22 i A7 3k B vk v s
LR FLE — i TR B AR I, IRl A0 4L 4 o —
Ui Ji 1 mL (4 VR S 45 O K-R 8 52 RE O 32 2 4k
L B LR g A C &L i O
oA FTH R A A B . RN TE AR JC IR SR R A
FREm A 95% AK,5% A T T YW
e, BORE B R] 5 % 2 R 5,15,30,45,60,90,120 min,
HURER Y R 5 mL, B UIBORE 58 56 I 102 A ACHH [R] 442 FR
) K-ROE SR, IBORE 48 56 1R 4 45 4L 00 I 4 1
IR, BCH KB 5 98 B, 1A BT O I i
(1A

2.4.3 SN BRE S R WES AR R
Bl M2 1 TR 5 B R B SLH s RSN N g 2R
OB &, 25 R UL 3, TF 5 6 vk 1 A5 1 98 KR
) B 55 BBV T S 1) 0 K TS B 3R e 8 ) AR A1 /N
i B A B (10.93 +£0.42), (8.77 =
0.25) pg, 7029 g B L4 [ (6.29 £0.28) pg]
M) 1. 74 A5 F 1,39 4, PRAR45 AT ¢ K g R 30 2
Folr [ ) 3 0 AN K T B R i 2 A T A B AT T I
RANEYMEAREEZS (P <0.01), B9y KR &
ik S R = A i ORGP ALY R

1271 & DDZ-NS/CPJ %
+ DDZ-NS/TDJK:#
* TEREH KT
2y
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B&
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FEiEMEE (xxs,n=5)

Fig. 3 Cumulative permeability of small intestine in vitro of

daidzein from commercial capsules, DDZ-NS/TD capsules and DDZ-
NS/CP capsules(x +s,n=5)

2.4.4  (RANNHWSCRRE R RAS B A A1 /)

I BB A AR P, =dy/d, x 1/4 x 1/C,

R=P, i/ P ziemm) R A TR B B

AR(P,,) Mg BER (R) , X A S /N g 1 1

WAL, €y 9 25 W) 00 46 R, Q AR SN/ i R

BUgE S o, ¢ S IEa], dy/d, S 25 W) B R Sk /N i o i
. 44 -

A, SRR W O U, DDZ-NS/TD fiit %% &
DDZ-NS/CP iz 4 19 P, 5 %} (2.44 £ 0.25),
(4.37 £0.59),(6.08 £0.89) nm-s ', i Bl ¥ T 1
Jo/NG 3 o B8 S HE ¥ S DDZ-NS/CP Jig 4 > DDZ-
NS/TD g4 > i w8 G ou e, H 2 Fh g Hil o 2
YA K TR B T e 58 5 i B v O T 2 N S A
W A REEZESR (P <0.01), &R T
RPN W) R 2 Lt ), 315 DDZ-NS/TD Jik 4
DDZ-NS/CP JEHE() R 4352k 1.79 i1 2. 49 ; J5 7]
RE A2 A0 K TR BRI AR 1 285 W ke I RLAR 1 K Y KL
T b 1 AR g K TR Bk T AE AR E AR P S X /)N
¥ %85 REE 0 285 B2 o 3 5, DT SEE K T 24 W) AE W 1 Y
ViR N DD DR HE T 25 W R M i T 2 B
R, IR ¥ A 00 99 K TR 8 ) e 4 E A7 ) 22
5.

2.5 BT ICAUOR IR B R R 9 o A KR ) EG Y
PE B K BUBEPL % 4 o 8 51 o0 )5 24 4 Fl DDZ-
NS/CP e 44 (n=5), BRI ITHBE AL
(10 mg-kg ™", LA # & AF o3, F ), 200 F 15,
45 minfll g 5 . A A E b E E Ui
B BUNE BB A AR (H s s
), Ve B2 6 22 Wl (PBS,pH 7. 4) )T VE,
UEARIE T R FR S BB, R A U5 SR A
Ferh B TG, IR 2.1 R A & 4
BT UV B TH AR A 4Urh B T oo i i 4141
FrE i b fE . 45 R R BB T o I 25 41 fn DDZ-
NS/CP R HE AERE B 45245 )5 15,45 min (RN 259
B B KRBV HEF B o E > + 248 > =
W s 5 8 G U R 25 A LA, AOKIR BN A B T IE K
MU HITEE M+ 48 b py W B (P <
0.05), W3 3, Ui HI 94K IR B B A B AR 7 5k &
A A5, 0 B B 18 2 LA — s 1 AR W R R, T RE
S T A0RE 55 2 TIRG R 1R) 09 #5 F A L 08 N %
A Sy AN, AR J7 R E I PVA AT S B
ERGUH TS S B YHRE ., WEES BT
(1) B 2 0 5T A B0 DR AR AR A K, B G T T
BB 25 7E 15,45 min (%) 5T 5 43 5050 0 o (0.37 +
0.06),(0.26 £0.03) wg-g ' Al HE & R 4% BE A1/
1% &% {1 25 i 1 Ry i 1 W AR A T S 3

2.6 BT TN OKIR BN e 1) 254080 ) A
2.6.1 @5 Diamonsil Co 7% (4. 6 mm x
200 mm, 5 pm), yii 3 A EE-/K (55 2 45), i 3
1.0 mL-min " K003 K 260 nm, JEFER 20 wl,
2.6.2 FEMALEL HOKE MK 100 pL, A i
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®3 BEHRLEHZ DDZNS/CP REEBHEFHNEGY S H
BER(x+s,n=5)
Table 3 Distribution of daidzein in gastrointestinal tract after oral

administration from daidzein and DDZ-NS/CP capsules(x £s,n=5)

-1

ne*g
L
20 51 . H Eti={ 7] Z= W
/min
WO IC R 15 3.22+0.22 1.93+0.17 0.37 £0.06

45 0.56 +£0.04 0.33 +£0.07 0.26 £0.03

DDZ-NS/CP 15 6.74+0.17 3.01£0.73 0.91 0. 10

i 45 3.45+0.45

A2 10 mg-kg ™',

1.67£0.24 0.83 £0.11

200 pL, iR jiE , I E & 11, F45 5 12 000 r-min ' 5
> 10 min, B 3 9 2E A 00 2

2.6.3 pRufEMr gl B2 HRHE S5 i kO B,
HE AR AR T e R Z A ke B A
F3 000 r-min "' B0 10 min, B R, 525 A ML
o A F K 100 L, AR [6] 5T o ok 32 1Y
B IO IR A M 100 L, A5 o VR O 0l Ry
0.025,0.062 5,0.125,0.25,0.5,1 mg-L ™' {5
HIC L2 %) IR VA, 5 2. 6. 2 TR 7 BE R AR, DL BT
AT T VR O R A b 0 T RO AR B, A5 A U
M2k ¥ =66 955X +1 410.1(r=0.999 3) , 4P
0.025 ~1 mg-L°",

2.6.4 B Ji2Ear T KRR BENLAE 42 DDZ-
NS/CP B A & G H UK BEH (n =5) ,FRE
JE U 45 25 (10 mg-kg ™), Ay By 1k i i 5 [, B 4%
U 28 JHF 23 AR T O 0 T 1 0 A R FH R Bt 7 B A
%, MEHB TS 5,15,30,45,60,90,120,240,360,
480,720 min 28 R ME B 1ML 2 500 L, T8 K B 45 1
WETAEXAHEEE O S, F 3000 r-min ",
4 C B0 10 min, WG EVE 1L JK & F - 20 C KA
WARTF o e bR 7 i Ab TR R I G 4 4 25 - il R
UL 4, f ] DAS 2.0 BB TR 2 8% 5
B, Wk 4, 253 58 R G T IR ¥ B, DDZ-
NS/CP Ji5e 9 1) 11 M W WO B 12 8 1, AR A 9 ) )
JEIR BN T 294 % ;7% K B4 P A7 B8 I [ 2 4 15 B 44
DK VR A2k ) Ji 2 o - VA R 25 0 1 11 IR AR R R B
A B AR R

2.7 DDZ-NS/CP g fasE %8¢ ¥ DDZ-NS/
CP g & T e ik M b [ (25 +2) C,
FHXT W BE (65 £5) % ] 4T 3 A~ H iM% %,
3T 0,1,2,3 H BURE, ULEE AN UL IR 5 A6 T 4 K

600 + DDZ-NS/CPJKEE
+~ TEEREHTKE
7_.] 450
o0
=
B 300
¥
R
=
150
0
0 3 6 9 12

t/h

B4 KREROBRARESFTHFEMERE-FHEIMHLE(x2s,n=5)
Fig. 4 Plasma concentration-time curves of different daidzein

formulations after oral administration to rats(x £s,n=5)

*4 KRBRABAREEZETHAEHERNAHZESH (2 £5,n=5)
Table 4 Pharmacokinetic parameters of daidzein after oral

administration of different daidzein formulations in rats(x £s,n=5)

E e A T T DDZ-NS/CP Jii #¢
Cpo/ gL 259 +31.3 544 +49. 3"
T\u/h 0.25 0.25
CL/L-h~! 4.5+0.1 1.1+0.1
AUC,,, ,/pg-h-L~! 445 £52.8 1310 £99.3"
F./% - 294 +1.37

TSR T TR ) P <0. 05,

TR B S e N 259 520 e 1) 3 5 A O & B SRR
G5 Rk B 0 d B DDZ-NS/CP RN AW i) 8
0 SR 4> %0 (99.32 £0.68) % , ki 42 (193.2 =
20.3) nm, HELE1,2,3 4~ H BURE AR B 3 G0
R A B Bk (99.64 = 0.36)% , (99.45 =
0.71) % F1(99.12 +0. 88) % , ki 424> (227.2 +
32.8),(231.7 £27.6), (230.6 +28.3) nm, DDZ-
NS/CP i Ko Fo N 2590 0 A AR #E 3 4 A Pk
PR AR B A BB AR TE 2 1% W, B JE kAR
WAL 5% 3 K, 36 W] DDZ-NS/CP Jig 4% () £ &
g d O
3 g

R LT, MEVE T 24 1 A R R S 6
3 A R 5 38 A0 R0 e ok 38 BB T A 2 vk
JE XA R IR T RAEAYA RN A
R XU o ASHIF 5T LAME 75 14 25 9 v 5 1 o0 S iF
FERT G, Ay i T R s A s A R R O B IR
FH B Rk B i) 2 R AR T, SR FH 0 3 42 3K v T 1 Bt
FOR W2 1 8 AT J0 94 KR BN i 2, P HH R
JouE JCREE , A R A2 v, Bk E & 5
24y ity W BF 4 B )Ry (FDA) W kT as 1T £ A R A
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7 3CH 1 1 A Bt 6 T 4 50 Y o £ B e 4 T
2 BRI W IR B 5 52T £ 4 WU BUE S IE AN
FRARHEAT H FEIRUE , 25 07 22 40 B Wk 45 DR )
L TG4 K TR R 2 O (G R A R Ol F68 > K
BUBENE > PVA, 5K 2 1E TR 48 b b i 45 3R — 2, (1
Horp Y F68 I HA B2 S (P <0.05), Ut
B K T O W R AT PVA X 43 B 3R 14 R0 4% 43 A7 52 i
K B AL UKL R PR R A5 o

A G X B G AT A KR IR B KR T R T
(19 TR A T B R T i A2 ) YR B R AT B AL R A, £
REBRGHETISHTEEENAKRIRER WS
Zeta UG AR I BN Bl F W40 K 3R
BERE TR, &R &gk T X g =
HICH R TR0, LI SD KRR, % 4 T 8
L TR K TR A A 4 A R S I 1 Wi L i N A
W43 A 0 RR AR R R S S A B R TR T
I 12 55 AP 20 B o 6 1) 9 5 T 40 K TR B
PER PRI I O B . 45 R Sk B A5 i B B T T
FEA L, 2 AP A H A G T g KR BN i 22
B L T AR R S I A A5 T ) R TR
LB BOL T 2, 1T B B T 156 FH 7 i 45 1 48
KRB FRARH N, 5 IEUR 25 A0 L, B T TN K
TR AR 1R AR P9 5 XT 7N B %66 5 i) 28 BfF 2 134
S, T T 25 W7 g A U B N D 1] B4R T 25
9 % 0

0 e 99 3R T 4 ) 40 K TR R S R T R
LR ), v RE S | R AR M 22 A0 B B B K By )
G120 ATl i TEM K 8o b 5 A3k A (8] i il 1] B
il 2515 B KR IR B R AT 8 5ig 5%, i — B 5
F D PUVE VL 5 15 Fe X 5T B AR 156 R % 1] o B[] %of ek
YRR B R AR K 2 43 B B E - . IF H gk
TRAE T IR S T Wl 10 o A 2 B2 08 1] HE— 2 )
IR = N S 3 /=Y /N 1) 7 =0 R |
2 T T — A o A R P A SR B R Y 43 A i
TTRSE o ASHIF 5T U B X e T 6 8 5 oo 0 AL o
il 5 20 KT B 7 R B g A R R T T i gk 2 R A
YR B, DT 0E 2% 6 s R 2 5 8 RS R
REAE = R A Ja DL B G T J0 40 oK TR B R Ry i A o A%
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