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Study on preparation of quercetin solid dispersions and its bioavailability in rats

LI Shao-jing, LIAO Ying-fen, YANG Hui-hui, WAN Chang-chen, LIU Yan-yan, DU Qing
Hebei Medical University, Shijiazhuang 050017, China

Abstract: Objective Quercetin solid dispersions (QSD) with hydrophilic carriers were prepared in order to enhance its dissolution
rate and oral bioavailability in rats. Methods QSD with different ratios of polyvinylpyrrolidone (PVPKj,), PEG6000, and xylitol were
prepared by solvent method or melting-solvent method. Dissolution characteristics of QSD were evaluated and compared with that of
the pure drug. Differential scanning calorimetry (DSC) and X-ray powder diffraction (XRPD) were used to examine the crystallinity of
solid dispersion, physical mixture, carriers and quercetin. Drug plasma concentrations were determined by high performance liquid
chromatography mass spectrum (HPLC-MS) after oral administration in rats. Results The dissolution rate of quercetin from its solid
dispersions was greatly enhanced. Dissolution percentages from the solid dispersion of quercentin-PVPK;p-xylitol in 1 : 5 I 1 weight
ratio were 40.63% and 68.58% at 5 min and 60 min respectively, while in the same time only 0.26% and 1.66% from pure quercetin.
The results of DSC and XRPD demonstrated that quercetin was amorphously dispersed in solid dispersion. Oral bioavailability in rats
of QSD was about 61-fold higher than that of pure drug. Conclusion QSD significantly improved quercetin dissolution rate and
bioavailability in rat.
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B SR K BRI 25 46 i, ORAIE 24590 0 B 20
BN, T AT A N 2440 P S A
W, SRR N AR S DR K R
FYUER Kso (PVP K30)+ H 4 —EF 6000 (PEG 6000)
AT B g 25 A 1) 46 W B2 28 [T 4 43 B #8 (queercetin
solid dispersions, QSD), LA M 57 25 1K1 R
A R, T B e R 2% 1 IR AR
1 #RI5{EE

Wit i = KGR ZRL, 5 2120141225, i
BT 99.5%, BRI ARHIA IR AR ML
FXTHEA, S 150914, FiEEL 99.89%, HUHR
W EE AW ARG IR A s PVP Ksgs WITTLAEREZG
AR PR A7 ; PEG 6000, R a4k T 4343 IR
AT RPERE, RERFEHUERARAF: &
i, aifkali, S5[E JT Baker AF]; HEE, (G4l
% H Dikma 2] HARGRE o Hrat.

KH3200B Y8 Ah-1] WA toe v, dbaistr
IR PR A 7] s DSC-214 polyma Y Z R4l &
AL, HEE Netzsch 275 Agilent1200 =1 250 AH
WAL, S Agilent A5 3200QTRAP™ A BET 2
FF2& 1 B8RS4, BCE ESTIE, 3EE AB AF;
PW3040/60 B! X-5f Bt RATHAN, far = Iagh L4
IR EIR A . MEME Wistar KRR, RREZ 250 g,
TACERNR i sh Py ok, YFRTES SCXK
(¥) 2013-1-003.
2 FAEEHR
2.1 WEREENE
2.1 bRAEMIZRHI S RS2 BRI B 20 I 4
20 mg, B 100 mL EHi+, IIATCIK Z B8 7 i
SEREZIE, HIEL 200 png/mL Ml Bz 255060 IS A% 2
& ERZAER 0.2 04, 061 0.8, 1.0, 1.2 mL
& 10 mL 8T, MKES, LM 373
nm AL ER S (4D, PUREIREE (O X 4 {Hik
ITERYERA, SAndEdh 2 728 C=18.26 4—
0.016, R°=0.9999, {5 4~24 ug/mL.

fiKs . "R EIRERFYEER 99.34%,
RSD A 0.96%; HWNK&HIKEE RSD 40N
0.13%7F1 0.52%; HEE M5 RSD M 0.85%. M
RIS RS TR R R AR B 2 K A
W, ANT-HZPIMGE .
2.1.2 QSDERME /77 FEEMIL QSD & H (4
AT 2 R 20 mg), B 100 mL B+, ik
CBEER A, B S mL H 0.45 pm flfLJE

JEDERL, BUETR | mL & 10 mL &34, Ii/kE %,
RO EIEEETE 373 nm AINE 4 15, AR
7R, THEM R ZE1E QSD

2.2 QSDBHENES.

43 I FREU B 2R JEREZG 10 mg 8% QSD & & (4
LFHE R 10 mg), % (REZH) 2015 FiR
DU HY M B (0931) 55 3 (i), LL 900
mL ZWACHE RN, B (37.0+10.5) C, #%
# 50 r/min, 43%)F 5. 10, 20, 30. 45. 60 min
BUFE 5 mL (AR AR FRSEEN D, 4045 um
AL BB B I U 5 B 2R 1) 4 B, AR 2
TiE, TR R R A
2.3 QSD #l&

231 HANEHIS QSD KM R AN E A H I =
TR G, WRES, KBETER, BAE
T ERFY, 35 CHEETE 8 h, HUHEEEME
24 h, Fpigid 80 Hifi.

2.3.2 JERI-IEFNESIE QSD KA E K K
KIS, MRz 25 S S To /K SRR S N
WARRARLR S, IREWS, KBETHER, A
HAETEAT, 35 CHEE T 8h, B G = E
& 24 h, ¥ptid 80 Hifi.

2.4 QSD WA TFES K

241 FRARFPEFILLEIRIIFEIE DL PVP Ko AEK
&, 2SRRI 38 13 16,
FH]45 QSD. LA PEG 6000 BRACHEN Jykfd, 24
Y SEARIIECE 259 123 801 06, FARD-VAF
il QSD. 4% “2.27 TR E ARSI BAA HE,
SERWE 1 BN Wi R ERL G RIE R RN, FEK

—— i FE-PVP K3 (1 :6)
-a il Z-PVP K3 (1 :3)
—— iR -AHERE (116
—o— il R -ACHERE (1:3)
—— Hit ¢ Z-PEG 6000 (1 : 6)
—o— ifit ¥ Z%-PEG 6000 (1 :3)
—— 5kl
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Fig.1 Dissolution curves of QSD with different carriers and

drug-carrier ratios (X £s, n = 6)
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A ZRIRK, 5 min A1 60 min FEEERRE
0.26%7F1 1.66%. LA PVP K39+ PEG 6000 FIAKEET Ay
HAAHEH QSD AT LR S R IEHE, 4
AR, 259- 3K BE (10 6) B QSD ¥
HERRT299- AR L BIME (10 3) #Fs REZAR
QSD ¥ AT NEZM AN, PVP Kso NEA QSD
XTZP R A R AL T A 2 PhadAk, o
i Z-PVP Ky (11 6) #7451 QSD R Rl &
R 2 5 min BiA 52.80%, 60 min N 64.17%.
X} R 2% (1) QSD HHAT Ja A EE R A HL, UL PVP
Ko AEART) QSD FitkE K, AN i i, 1ML
AR WEBE A A ) AR BUAREYE R, 5 TS,
UL FETE PVP Ko HMAAHERE LA N QSD e
PE, BRI B E R TR B QSD
s s 2151115 11| N 3| S PP = R N T N
=, FEGRIFATIL R, fema)FI8CR, B
SELW BB 11 6 FIZIET, B2 PVP Ky
FUAHE i FH &
242 HAEHAKLHIRITEE L PVP Kso AN
RNEEEA, 25W-PVP K- A KERE 1 EL 4 73 5 A
1:5:101:4:2M1:3:3, FER-ERER &
AR SBUAR . $% “2.27 T B AR Ah EAR 2R,
S5 2 B o B 5 A B A RE R L A5 15
QSD )RR HZ T FE o LA 22 -PVP Kso- AN
(115D #l#%M QSD #&m SRR H R IR i
%, 5 min 1 60 min BV HZEN 40.63%FH
68.58%, Ml = mAIMEtE R, & T, PRtk —
X AT YDAE 45 5 TR P 5256
25 QSDXZE
251 ZaAfEIGE (DSC) 8T BURFIIAE
Z) 5mg, RERE, BANEHRE, DEHR NS
b, 2 X K -PVP K- ARHERE (105 1) #i

70
5% e 4 E-PVP Ko A (1350 1)
s —— i 2 K -PVP Koo ABHRE (1:4:2)
e —— M 2 R -PVP Kao- ABERE (1:3:3)
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drug-carrier ratios (X Xs, n =6)

Dissolution curves of QSD with different

%11 QSD. #it [ RK-PVP Kao-ABEEE (1:5: 1D 4
HRAY) MR AHEREA PVP Ky 34T DSC 43
Mro TAEZAE: FAHGEE 10 C/min, N, AS4E
LR 40 mL/min, N, fRIPSAEFIRE 60 mL/min,
FIHETEE 20~350 °C. DSC Bl 3 frx. #if 5
FIRRZEA 2 MK, 7110 CELAA 11K
KU, 7E 320 CHIIL 1 MRBIIIIERLIE. PVP Kso
e TEY, WA BRI RE, /£ 60~80 C
A 1P AN, FTEEE PVP Kso 5 W0,
IR IR T ) o ABERE B)0E B, 7E 95 C
A 1ARBUIERLIE . Wi 2 -PVP Ko AR RE4) 2
TR VIR QSD (1 T 457 H B ACHRE 2 F1 47 fik e

LR VA i B 2% R R, 3 PR A B A7 PR e it
ghr, TR 2R DL 8 TRARSS AR 1E

/_\_/7A
,_"'_AAAAJ\l_kggk_kkggggyy_gvgvg, B
e S .
E
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3 PVPKj; (A). QSD (M H-PVP K- KHEEE 1 : 5 1,
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Fig. 3 DSC curves of PVP K3, (A), QSD (quercetin-PVP
Kjp-xylitol 1 2 5 { 1, B), physical mixture (quercetin-PVP
K3o-xylitol 1 : 5 : 1, C), quercetin (D), and xylitol (E)

252 X-BHERMARATE (XRPD) 208 40 5l %) At
F¢Z-PVP K- ARERE (1:5:1) HI4% QSD. #il
¢ ZE-PVP K- ARBEEE (1:5: 1) WHEIREY. #i
e ARPEREA PVP Ky 4T XRPD W5E 734 T
VEZAT: 4R, %K 45 kV, 0 40 mA, I
fE (20) 5°~40°, H#HE 0.013°/s. XRPD Eif
WK 4 flizn. WitE 248 20 f8 10.8°. 12.5°, 15.9°,
16.2°, 23.9°, 274°FUKBERELE 26 1 17.6°. 19.9°,
22.2°, 22.6°, 24.7°. 31.7°45 HAFAE AT

PVP Ky %A AT, KA 2 N ToE AT %
Wi B2 = -PVP Kao- A WEBEY) IR A9 1 EE A A 4R
AT DL R R AR REBE R RRAE IS, ULRITE R &

i R R AR BE RTS8 DA RIRASAEAE s Wi R -



Chinese Traditional and Herbal Drugs 25 48 % %520 3§ 2017410 A

° 4232 tEX
A
| |
B I | I .
*——r-;T-?‘eL——i e A -}-{I-‘.v Ry ey
C 4 g N ~
it ey

I .

D A
— A A
e Nt o\ i/ \ A
S NA A aan)
N W

E \ A
Ottt et g )\
e Y M A A
e, | S S

16 2‘0 36
200(°)

El4 WEE (A KEEE (B). PVPK; (). ¥HERE
(MR E-PVP K- AR¥EEZ 1 5 : 1, D) 1 QSD (3 E-PVP
Ky-/R#EEZ 1 : 5 1, E) # XRPD Ei%
Fig. 4 XRPD spectra of quercetin (A), xylitol (B), PVP K;,
(C), physical mixture (quercetin-PVP Kjy-xylitol 1 : 5 © 1,
D), and QSD (quercetin-PVP Kjy-xylitol, 1 : 5 . 1, E)

PVP K- ARHERER 2 QSD T rh i i 2= (1 4FAE
WEETH O, AEACHE B R RFAE VAR SM7AE, SR BHTE QSD
iz 25 LATG S8 TEAFAE , T A BEBEAT SR 2 AR .
2.6 KRAAZENFELE
2.6.1 SZETR MEME Wistar KRR 12 H, R E
21250 g, MMl A24H, FH 6 H, 1% 40 mgkg
&, 55 ig 45T QSDUH I R -PVP Kao- A HEEE 1
501 Mt R IFERZG KRB, ig AR 1 mL
CEMRZZR 10 mg). QSD ZHAHUIMLA A A 5. 10
15, 20, 35. 60. 75. 85. 95. 110. 180. 300. 480
min, #5722 A B (8] 5 54 104 154 30.
45, 60. 75 min. KEARALEUM 0.5 mL, & T A&
1k EP &, 4 000 t/min 20> 5 min, 4> &M%,
-20 CIRFF.
2.6.2  IMHFEAGEE G BUAFIIMIE 100 uL &
1.5 mL S008I0\ e B E M YRR VA TR (3
pug/mL) 5uL, ¥AJiE 30s, MIABEER ZEE 400 pL (2
7, 3£ 800 pl), € 1 min, 2 500 r/min &0 10 min,
WA R E e, ZA0 TR, BT 100
ul FEE R, W E 30 s, 15 000 r/min &5.0» 8 min,
B F 35 20 pL j3EEE .
2.6.3  FEAE

(1) a2 ik i Hypersil BDS C5 (250
mmX4.6 mm, 5pum); FENHNZHE-0.05% F K
W 0~14.00 min: 20%~80% . & B & W i »
14.01~24.00 min: 20% &P ikt ; AR &

1 mL/min; HEFEE 20 pL. FRRESRECH 4 797

(2) JFig A B EBIE BT (ESD;
2 RN BT (MRMD #H4TE BT KRS
TR W R (IS) A4 500 V; BT
JRIRE N 650 C; 46 (Gasl, Ny) JE /120 275.80
kPa (40 psi); fiBR (Gas2, Ny) JE /14 344.75 kPa
(50 psi); LA (N K14 172.40 kPa (25 psiD.
F 58 BT 10 B 75 R T 26 A i e miz
301.0—150.9, £ HJE (DP) N-70 V, filif# it (CE)
N-30 eV; T FHEERE CNAR): m/z 251.9—155.8,
DP N-37V, CE N-22eV.

2.6.4  HTITIRERAE

(1) PRk SLMEVa R B R 20 R
FE 53515 0.165+ 0.275+ 0.550. 2.750+ 5.500- 27.500-
55.000. 165.000. 275.000 ng/mL ] £ 51 ML AL,
% “2.6.27 M “2.637 TUNERAE, DA E R TR
FERREAERR (X0, HitB 35 AR TAR ELAE A
kR (YD, FfR/ N AT R R, 1545
HERIZRT7FE A Y=0.023 3 X+0.059 7, R*=0.998 4,
CERERI, M ERAE 0.165~275.000 ng/mL k5%
ARRIF.

(2) TJEME: fEARTWFMT, WEEMAE
FR) A B IS 1) 295300 9 10.39 min A1 8.88 min, %5 [ L3¢
HH PR R A S AN T M B 2 A AR R

(3) FEHESHEREE: FEIMERE. B &
3 FhFEIKIE (0.275. 27.500. 165.000 ng/mL) Ifil
KFES, FMEIRE 6 - FATHE N, % “2.6.27
Al “2.6.3” T NHEAE, ESHI%G 3 dHHME. HE
B3 H WK RSD 1 2.23%~7.10%; H Ik %
J RSD 7£ 2.50%~6.46%. Hitlz =A%, F. & 3 Fh
i F R JEE I 2R b PRI AR T RIS 2 3 102.4%
104.8%-+ 99.00%.

(4) FasEME: BOHIM R =18, .y & 3 M
W (0275, 27.5. 165 ng/mL) I FES, 435 F
PLR &R A7 : IR BCE 4 hy IR UE 24 h.—20 C
ERFSE R 3 K 20 CHAE 40d. 4 “2.6.27
A “2.6.37 TR HAE, W FE & P 2R T IR,
JL RSD #/NF 10%, R i 17 Lid %
PR E I R .

2.6.5 EHEALER KRR AR PR FR I 29K R - )
M2k LT S AR Rl Rz 2 i 24 94 B - ek [] £cai

FIF (DAS SLHZAREN I F2F ) 34T AR5 =AY
PG, EAE S, SRR 1. HE S L1
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Fig. 5 Plasma concentration-time curves in rats of quercetin and QSD (X %5, n = 6)
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Table 1 Pharmacokinetic parameters of quercetin and QSD in rats (X £s, n = 6)

P b fmax/MiIN Crax/(ngmL™") MRT,_,,/min AUC,./(ng'mL™"min)
Wit &= 30.18+0.11 3.46+ 0.03 38.42+ 9.20 13295+  30.92
QSD 11.671+2.89 164.22444.65 167.20458.42 8131.35+1276.88

SEILT L, iR 2R SRR 24 7 DR BRAA PN ) I 2494k FE R
WA, HlA QSD J5 RE 3 1 s 251 R IS AR
B, GRUERTTE] (o) ZERH, VEIRE (Coa) 25
RPN ] (MRTo.,) ZEK, Z5-f fh 2k i
(AUCq.o) K. DA Rz 2 5 25k it Bl 55, QSD
(RAERTAE PR BE SN 6 116.10%
3 Wig

E FH 223500 52 Wi Bz 2% T 24 AR A 23 B 1)
BRI, I H A R FE 2R TR T B I F K- AL
FNR GV AF pH EE R ECE S 2R 1 & 1 77
(I, R AR I 3 8 S [ - PR T i v
Wi Rz ZR K AR L VR, DAAKCOR HH A I 0 25
RIXAFFETHE K

DSC il XRPD &%} QSD #7440 % 5 14 F
T B ARSI S B R AN AR ) LR S i 2
DSC Bk o H A R 25 A R, i BH A 25 DA
ToETARASTELE, 1 XRPD #ill4 5 5 DSC A—
0, VBRSPS B 2 1 AR R
X T] e 2 R RAE DSC MR A 2, #i i 210
T IERLE) PVP R, (25T TG E T, DRI J4 ik
UV 2K, TSR XRPD A A i A G A,
It CATE P BE R G ) v A SR AT AE M R 35 10 o A R AL
g , A58 BH BBk ] DSC A5 B AN RE AR 45 5 24
YITE QSD A TEIRES, I 454 SR F B
SEA A HTIE AE R

XRPD £ R 2= AE QSD 1 UG E TR
BAEAE, ATLLIAA QSD B Z R Emia B HLH 2
Wiz 2 o B A BT B T, 3N T A R AR, B
K TR RE, IR KIEPEEE PVPK,y (£254)
RHWKINE, R s T 24 iR

PVP K 2l % QSD # H /K E &k, {H2E
TAAE B, AN SRR i, SCikgR g™
AHEEE AT 7E QSD HHE 3G ¥, ASLG i £ 1) QSD
(Wit J2 =-PVP Kyo- AFEEE 105 0 D ffatkie kK, 5F
#fE, 5 HH PVP Kso il 451 QSD (Hit B2 #-PVP Kj
1:6) Mk, BRVEHREAEEEER, Mgk
DAACHH RS R 25 A1) 25 10 QSD (M Z-AHHEE 12 6)
(R HH B SR 35 RIS, T ILFE QSD (M 25 -PVP K-
ARBERE 10501 FoxfHdm RFUE 2R ZEH
(172 PVP Kso, AHEEEHIVEF 2340 QSD Ktk .
DSC #1 XRPD FJll i 25 SR B RE/E QSD H
T LLRACIR S AEAE DRI T ACHE B O SR A AT
AEZ QSD i T3 hm i) Ji AT o

TR R AR RN I 253k B AR, AR
LR T HPLC-MS i, HEAHE R REBE,
RER BRI 24590 52, W6 R AR N e Bk . fE A
WEAF TR A O IE-HER- KRG, N H R ] i
Wi Rz 25 AW T BE NS, (H P A i i R W 2 2 1k
A&, HERIELIE RSy KHIESE, 2550t
J B 2R 2 R B ELAS R 0.05%
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