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Solubilization of Quercetin, and Permeability Study of
Quercetin and Rutin to Rabbit Duodenal Mucosa
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College of Pharmacy, Dongduk Women's University, Seoul 136-714, Korea

Abstract—To increase the solubility of quercetin, which is a practically insoluble flavonoid of Ginkgo bi-
loba leaf, the effects of nonaqueous vehicles, their cosolvents, water-soluble polymers and modified cy-
clodextrins (CDs) were observed. Polyethylene glycols, diethyleneglycol monoethyl ether, and their co~-
solvents with water showed a good solvency toward quercetin. Also the aqueous solutions of povidone,
copolyvidone and Cremophor RH 40 was effective in solubilizing quercetin. Complex formation of quer-
cetin with B-cyclodextrin (B-CD). dimethyl-B-cyclodextrin (DMCD), 2-hydroxypropylt-f-cyclodextrin
(HPCD) and B-cyclodextrin sulfobutyl ether (SBCD) in water was investigated by solubility method at
37°C. The addition of CDs in water markedly increased the solubility of quercetin with increasing the
concentration. A, type phase solubility diagrams were obtained with CDs studied. Solubilization ef-
ficiency by CDs was in the order of SBCD > DMCD>HPCD)B-CD. The dissolution rates of quercetin
from solid dispersions with copolyvidone, povidone and HPCD were much faster than those of drug
alone and corresponding physical mixtures, and exceeded the equilibrium solubility (3.03£1.72 pg/mi).
The permeation of quercetin through duodenal mucosa did not occur even in the presence of enhanc-
ers such as bile salts, but the permeation was observed when the mucus layer was scraped off. This
was due to the fact that quercetin had a strong binding te mucin (58.5 pg/mg mucin). However rutin
was permeable to the duodenal mucosa. The addition of enhancer significantly increased the per-
meation of rutin in the order of sodium glycocholate <sodium deoxycholateammonium gly-
cyrrhizinate.

Keywords [ ] Quercetin. rutin, solubilization. cosolvents, cyclodextrins. duodenal permeation. bile saits,
mucin binding.
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P2, Winter $70) Alge} A MEFozRE Z3)
Byolc C-go) HNE-& UoF|= Clostridium spp. T
F& ekt
Ve o] ot olmfRol A8 el A
EH To] A= o ol59 Eulshed A
Fo AT Fa B A3 R 9= Qio)

upzkr o] AeME EelE ol =/4] aglycon®
7} ol G842 ol Atete 29 aglycono 2
ZARE "o o9 &S AT LA} vGA
44 2 olExe] FE0, 584 TEA T8 Yol A 9
B =g ZHsla AFRY2EA(CD)FP o] B
A Al 23t 7188l HEINNG =849 SAFH
o] BARMAE AZde HEARY 348 A}
ok, =3t A2AR Y of] v FElo] A%
AE& 2A3P) A8l E7) Ao|AF 529 F ¥ A
T HolAY Fo R B A= CDR 2 &

245 B HESAH

.l

o
or &

o1
F«\'-' oln

AEugy

AR X Al - AZA", FR(53E), 71904
B-AEZH~AEU(B-CD), UWA-B-AIZEZH2EH
(DMCD), 22148 dA 5 (GAA), SaZdiht
EE(SGC), HSAIEFAMIER(SDC), SE24H5A
FH4HUDCA), H41(Type I-S)(Sigma Chemical
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(HPCD, American Maize-Products Co., USA), B~
A 22 2EA LI RENY(SBCD, T YEEFY, Cap-
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(Cremophor RH 40) (BASF, Ludﬁgéﬁaféh, Ger-
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E5& AM-E
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Perkin-Elmer, Series 410, U.S.A)), %% 237|
(Jasco V-530, Japan), Valia-Chien F3A]2%
(Biocrown Glass Co.. USA), &2 A& #8743
(D-6072, Karl Kolb, Germany), £&A¥%x
(DST-300, Fine Scientific Instrument Co.,
Korea), ¥4 HF2(250-9U, Sigma Chemical Co.,
MO, USA) & AH&-3t%ch
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EAMoA 7% MF 25~3.5kgd AU New
Zealand WhiteA R4 E7E AME-8191 )

N2AMEQ 2T &F - +89%F PEG 300,
PEG 400, DEG9] 55%E 0, 20, 40, 60, 80, 100% =
BalAA 2S5 Z4zhe] o 1.0 miol FAZ2AE 4
& o] LAY 8GR Y1 37+0.2°CE &
8P SaE Yol =2 w7lx] 72A17) o) W
3ok ohgell o] A& 134 0.45 pum FHHALE
2 oqFala M-S o4 5 S W g 99 100
WE a3y Med2 gAsted 37 375 nmol A &
Fr g sl A=24d EER(10pg/m) T3
=9} vlwsle] EFS AEIHT £ 3 &
4 nEA FEA F A2 SHEE FH3) 9
& 48-HF Kollidon VA 64, Kollidon 30 2 Kol-
lidon 90. Cremophor RH 409} %2 05,1, 2, 3%
5%2 WASAIA ZASt L Zhzte] f 1.0 mioll AZAH=
473 #HFE Yo P28 EFX) W 37+
0.2°CE FAstdaA gyl =28 w7tz 7242
o] Xttt thiel o] A 13§ 0.45 um HPr
HATEZ A3l HE od 5 BeS ¥ o
o] 200 pIE 50% g 5 miol 343l oA}
2o] 233 Lo FE A&

CDRO|| oist M2MEIS] 7128 AlY - CDF(B-
CD. DMCD, HPCD ¥ SBCD)E #zt 2o} 4 =
o] z+ CD9l $57} 0.4, 08, 1.2, 1.6 ¥ 2.0x10°M
flo] HEE 1 1.0miA vlolgddl ¥ F 4A
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Wt GBS A&t

SgtMo] otEs AN - Higuchi $779 #dl
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MEMES S2ESHE X MMM HX -
A=A} 3EYu|E, LB|E 9 HPCD 7+9) B84
EFEL 32 GAFE 42 1:10 FAuZ Gol &
oA FhEA E3lsle] A xpgsle] dEisiA diA
Aojejo) RAZYE nAMEAA = A=A FA
£ 111, 1'5 2 11108 FABIZ Do} SuiFdydl ¢
8 AzsAct®® 1:10 A=Ad-aEHE DR
29 S A2ME 100 mg 2E|E 1 g&
g2 30midll o]z, 50°CAlA APESHA7 2 80%
AE FHAIA pgsted AelstA wiA AlolEjol Huksl
At

ZRANY - 900 mIE APAez 3o HAH-
9=, 224 EFE(1:10 FA6D L aAEARI(1:1,
1:5, 1:10 FA8))ell th3) 100 rpm € 37+0.5°Ce] =
Aol tigterd £2A8Y A29 (paddley)ol wha}
|28 S gttt A8 A=A 22 A 10 meoll
NP3 & AUt 2ol BATh £& 744l 5, 10.
15, 30, 60 % 90 ¥vrit} oA mf oz 50mi4 s
o HEHJLEH 2 gt o bg 23 375 nmol A &
FEE 2739 A=ZAY EFA(10 ug/mD e F3
Tovjwsle £E3E AHESHTH

AOIXIE Hat &@Y = e HIHHE - E719
AR F7)& FUH AN F AFAN S ule}
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=g vt donor celldols pH 72 5
A8 EFAE 3.5ml W2, receptor celldoll=
pH 74 34JNEAZ A 35 miE B2 F37C &2
£ fA3PEAM TAIZE < magnetic star-head barE
600 rpm 2.2 mRtsled &30, 4 59 15m!
bl & Al el 2hz} Qo] WA mol nasict. o
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A (100 pg/ml) 100 wE ¥il 60 rpmeE EEHA
37°ColAl incubationdlAct. AA1Hez Ztzbel o
100 W& #3le] WREFAGIHAA 50 pg/ml in
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Hol A4S AAARY. o] o 20 W& HPLC
T3t FR] FEFH A M5 A=ARE o}
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50 ng/miZ 331, receptor cellol= pH 7.4 S3<1At
HEZ A9 PEG 400 22} E34(6:4 v/v) 3500 plE
Fo] 37°C &2& frxIstaAA 2473k B9t watslRA
FHAE S Y5t
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10°M 42174 5L 238 38tk = Cremophor
RH 402 2% FHA1A 5922 Jaigeh. AA1He
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T3 F3lE A7} A2Aee] Ho)xg A etz gl
ol X FEFE AES] A3l donor celloll HlzAgle)
€S-8 (1000 ug/mi) 175 W 2 pH 7.2 S3<Iat
AgFAT PEG 4002 E3A(8:2 v/v)oll EE4F
T FEAAMEEE 59 49 3325 WE Yol
ZAAFS 227t 5mMo] HEE &1 g2AEy
FEE 50 ug/mIZ 3. Receptor cellolE pH
7.4 SAAAALE N 2 PEG 4009 E8Y(8:2 v/v)
3500 pIE Hof 37°C &L FstdA 24417 E¢t
WEHEIAAM EpA1H S Bt
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FABIEA 817 Bk wukslY. AAH o2 E
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AzA= 2 Fglo] AEFS P}
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P o) wel ¥y FAHL olgst] Faae
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o}, Axeld 27 25 mm dialysis tubing ¢toll A=A
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2 9o EF 50m] G2 vlo|Fol] ¥HRETte] ) g
Bo| £83] A7|EE Yol £°ColAM w2 7PEA £5
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A& 100 pl FHsle] HPLCH 3t /21 A=A
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Felo] Falate] APAIPE Falg 10 mM A4
AEA(pH 6.5)9 1 mg/ml FEZE o] FH&
gF o 100 pg/ml TEZ AT A2 By
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o]Ad yHRuke] W &-EBo] $83] A7|=g 3l ¢
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HPLCHOI| 28t MZAIEl U REIQ| M - HPLC
(Perkin-Elmer series 410) 2 #&7l LC 90 UV #&
7], tlo]e] M2)=] Varian 4290 integrators AH&3}
o #HPo2E Guard Pak insert(Bondapak C18.
Waters, USA)7} #3t¢ Bondapak C18 column
(Waters, U.S.A.. 3.9%300 mm. 10 um)&, o] 540
ZE e - & - 2AEHY(58:42:24 v/v)& A&}

4 1.0 ml/min, 3% 375 nme] Z7A 20 WE
FAATE 4L ARrEIWOZRE YREFER
(FHallAh ol g AzAe w= FeEel sjanzns
Tt viz] 2 @ o 2 R FFsr)

tlo

A%

F<rl: Ut

4 AU b XS W=MEQ) BN

Bolre] &3=(37°C)= HA=A®oe] 3.03+1.72
Hg/miZ AHEE o] &%) of ¢ vkt =g 5
7IN7171 8 89 F PEG 300, PEG 400 2
DEGS] FE& 20, 40, 60, 80, 100% 2 W3tA17) Az}
Table Iol A1} 2o} PEG 300, PEG 400 &= DEGS]
Tt SVl el A2l §=r 343 &
agion £53 Sl falss 22 1ml %
0.405, 0.306 % 0.339 golict.

744 DEAFE Table [olA19} Zo] F2Agle)
o] &A=E /MY ZEeME, Kollidon 30,
Kollidon 90 2 Cremophor RH 40& 242+ 0.5, 1, 2, 3
4 5% = H3lAA £33 =8 3% 23 Kollidon 90¢
Kollidon 30 Kollidon VA 64 < Cremophor RH 409
To 2 §IEE FIMNALH 5% 78 F LaFe
Z}2} 134.3, 168.5, 308.8 2 569.2 pg/miel it

Table 1 — Solubility of quercetin in various vehicles
and their cosolvents with water at 37°C

Conen. of Solubility (mg/mI)

solvent in

water (%) PEG 300 PEG 400  DEG

0 0.003 0.003 0.003

20 0.324 0.352 0.617
40 1.14 1.46 2.92
60 20.1 23.0 30.3
80 1354 128.1 88.9
100 405.3 306.0 339.1
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Table I — Solubility of quercetin in aqueous water-
soluble polymer solutions at 37°C

Solubility (pg/mi)

Concn. of
polymer  Kollidon Kollidon Kollidon Cremophor
(%) VA 64 30 90 RH 40
0.5 22.8 21.1 30.2 55.6
1 60.8 35.8 334 125.6
2 106.1 79.5 56.4 2421
3 163.8 114.1 974 376.4
5 308.8 168.5 134.3 569.2

CDMJ| M2AIEIS] S840l Ojkl= I& - CDF
7} AzARe 4840 uXE JEe doprnzt
37°Cel A B-CD, HPCD, DMCD % SBCD9 375
EE a3 A $AEE £33 A9 Fig. 1M &
o] HAE2Ade] £3%7} 549 FolA o] CDFY
FE7t F7gel we Ad¥ ez o). Higu-
chi $7¢] $3=AE] £F0) g2d HrE F529
A 4% CDF EFA P (EEA A 22 371
X Z7lol tiadl 7184 BEAE s B &4
=71 Aoy ZuislE ) 4EE vehidch ®
CD%ol we #A=4€e 7H83las= SBCD>»
DMCD )HPCD ) B-CD9] &0lem, 2.0X10°M ¥
%¢] SBCD, DMCD, HPCD 2 B-CD &aA] A
B¢} g3 %7t 242t 303.6, 112.3, 92.3 £ 136 pg/
ml el e, o) Z}z H=MH d59 §3=(3.04
pg/mbel vlEked oF 100, 37, 30 ¥ 4.54) 4% Aol
o} Fig. 19 $3l= 4E2RE 7§ AHEYFEK)
ZH Table Il YehiR o 7148t ade] a7
StH xR F7] o2 YNt F CDRE W

)

Solubility of quercetin (x 104 M)

o= —~—_—=0
0.0 0.4 0.8 1.2 1.6 2.0 2.4
Concn. of CDs (x 102 M)

Fig. 1 —Phase solubility diagram of quercetin in the
presence of various B-CDs in water at 37°C.
Key: O. B-CD, ®. HPCD, A: DMCD. A:
SBCD
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Table Il — Apparent stability constants (K. for the
complexation of quercetin with modified
CDs in water at 37°C

Modified cyclodextrins K. (M
B-CD 219
HPCD 1570
DMCD 2080
SBCD 4990

44 29 71ego F-83HA ol &5o] o} ® o
oAl e} 2o 84 el aglycone] 7}t
£33l % CD FEAS| ARHo T o4 5 qltin
Aztect,

HEME DMl 2RRY - A=Y 85
& 3371 22} Kollidon VA 64, Kollidon 30 2
HPCD 59 =84 g9 111, 1:5 2 1:10 FAHZ
IABMAE fuiF PR oE Axse o ©E R
22 EFEY $E34LS HESA Figs. 2~4914
9} o] B8l TPEL IE gxo v|F] A2 P
£EEL 43 FUANAOY nARA N QM=
¢ W23 ¥ 288 JehIUT 29 F59)
ofg 3}o] Ao whet T 11 xpo) 7} BaE| Q). #)
2 AHE Kollidon 5 HPCD 7t¢] 1:10 FAH]Y
THENMAE 908 F 4E 950] 3.3%9] §FES
Jehd ¥hA  Kollidon VA 64, Kollidon 30 ¥
HPCD¥ zzt % 76%. 87%. 91%°] %58 Vel
Rk AR E FF GEo) vlg) oF 308 AFER
£E5&T7F 4R Aoy, DA RS BF A=A

-
N

E
2 10}
@ oV
o 8t} /
5 6 T A T
A — A
3 6t 7,‘ 3 A
9
[ A A
§ 4r / A
L
: s
5 ,hes—8— 8 —8 .
0 20 40 60 80 100
Time (min)

Fig. 2— Dissolution profiles of quercetin-copolyvidone
solid dispersions in 900ml of water at 37°C.
Each point represents the mean+S.D. (n=3).
Key: O: quercetin alone, ®: 1:10 physical mix-
ture, A: 1:1 solid dispersion. A: 1:5 solid disp-
ersion. V: 1:10 solid dispersion



64 AT - Hest

12

€

o 10}

Q

<

o 8 - s

£ -V Y

g { = /Y

s sl ov

g (Y

s 4t

s ] __Aa—&

2 v __A———A

0 =

o o = = )Q s e
) 20 40 60 80 100

Time (min)

Fig. 3-— Dissolution profiles of quercetin-Kollidon 30 sol-
id dispersions in 900 m/ of water at 37°C. Each
point represents the mean+S.D. (n=3).

Key: O; quercetin alone, ®: 1:10 physical mix-
ture, & 1:1 solid dispersion. A; 1:5 solid disp-
ersion, V' 1:10 solid dispersion

g9o) I8 5(2.74 mg/900ml) ol £&50] 3}
F3HAHE {819, HPCD %+ Kollidon 303}
o] DARAA(1:10)9] F$= AT H¥3o) £
sto] AP o= MA3] &slaFo] Alzkel Aol &
A 228t} Badawy 5°"¢ danazol® HPCDS
FAYIE 1:3, 1:5 € 111002 3t THES A=3)
o B xA HEo] o) AAHHE HES 7 1
30ME AR dol AU, 1:5914E FAA ]
3ol FEHoF u|»AE R, 1:1000A % da-
nazol®] BF v]g-dslso] u] 423l ol o} &5
£571 ZUHASE B FArt

ols} o] HPCD®be} TAEAIA7) =2 8E8S
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Fi

ig. 4 — Dissolution profiles of quercetin-HPCD solid
dispersions in 900m! of water at 37°C. Each
point represents the mean*S.D. (n=3).
Key: O quercetin alone, ®: 1:10 physical mix-
ture, A 1:1 solid dispersion, A: 1:5 solid disp-
ersion, V. 1:10 solid dispersion

Table IV— Degradation of rutin in duodenal mucosal
and serosal extracts

Rutin remaining (ng/mi)”

Time Mucosal ext. Serosal ext.
min) — T p e A
. Quercetin . Quercetin
Rutid  formed  RWM  formed

30 9471061 " 9854137 -

60 10.4+122 - 9.53+0.58 -

) 885%1.15 - 9.51+0.42 -
120 8.92+1.17 - 9.03+0.66 -
180  9.59%+1.42 - 8.95+0.82 -
240 8.62+1.34 - 9.05+0.20 -
360 847+0.26 - 9.09+£0.67 -

The initial concentration of rutin was 10 pg/ml.
¥ Mean*8.D. (n=3). ¥ Not detected

EllE AL E3H4) Aol 3] A=A nAR
FAdol AX7] W8] AR Az F&
nEAeke] TARAHAAA = AEARe) vg A}
HAE A R F8A S0 ol o3 &5 &
A9 Ao HztEg =¥
A0|XIE HAERY S FEIQ| HAMHE - HoIA
F Aate] A 9 AE &N FR(10 pg/ml)
2 29} 643 T incubationdtHA AAHow T
glo] REFa A4 7P A2ARY 4 SN
t}. Table IVollAe} Zo] 6A17H71=] F819] A&
© A9 W3yt ggler ole R APE F =
aglycon¢! FAZAMEL M HEHA i} o]z 2
o} £ E79} Aol W] Baj & ol ohs) v
7 kA3 Aoz Aty
aEy FeR ol aigAel FHe H|FA R
Eajloll tial A= rhamnodiastasecd] 23 A=A
rutinose2 7IeEagcy 2usYn,? Hay 5%
& Bl Aspergillus flavus7t SRS AR s
glycosidase® AA gt} B o3l & Algte] Zhy)
AFFo28E P-glucosidase 4L 74X Bacter-
oides fragilis7} F-u¥|o] FHlo] 7lRa=HE Aol W
&2k ®* Brown™# Tamura 57& S o=
Hl=H A= bacterial glycosidase©l 213} aglycon.2
APty Y3 Yoon 5¥€ naringin 2 pon-
cirino] 2AZANNE diFEo] gaEA] o3 ZhaA
ol 2J3) clAbg& Haslch. Kim $2 Abgel 3
WAt 2.2 5 E ol2i gt vl 2] dirlel] Fedsh= Bac-
teroides JY-6 &8 #2l3Ich.
oldel RIER E o FE ) Aol gl 4ol
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H2AMEIQ! AOIKIE MR - HolA% due
23 Az Ao 3ol n]X)E= CDFY 9FE HES
Az}, Azl A#e Folk oFE wEd HEaAlR
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oJm xAME 4ol dot T} AojubA] &gt
o} o)A 2842 ¢ Cremophor RH 40(2%)
2 HHS Aol % 8N ARF A2ZAPD S Fohe
E1351%) 949ttt Cremophor RH 409] #7tel 2§t
434 BRE A28 Eayo] J&s FA X3}
gk 53 E3EAA24 GAA, SGC, SDC ¥
UDCAG mM)58 E&4doly Zeidziaitde
A7He Aol 5 8AIZE AAF A2A DL FhE A
E3lstA] Rapda Fowo] o2 AMETE o
= A2 ARl HolxF Hate] HolZol Z3tA F3
¥S EeRdth

Havsteen& A7 Fold giiFe] Edddol=
7} 2 aglycon®] FHZ AdlA FE4IH 74
& gAso] AVMEE Sl Ao g FE F 3
o YRE oA g Aolgha gout ot 2
A7) B3} A1g Ao Aute Arjoltt 1ot
TEAW BA] zlol2 Qlald] AEAdle] Rl 7}
S uAE 5 glone ggde) By e
e AEs 2 gevt dokn AzEn®

HAzo AN wE 5o HA 9o Fadd F
Aslo] AT EE Aoly g4FF, 7|AH &4 H
FOoERE HIsHE AT A kB aslR F
Foll A o] 7% dka, I S Tolld FEF

Table V—Effect of enhancers on the permeation of
quercetin through rabbit duodenal mucosa
which mucus layer was scraped off

Permeation rate of quercetin (pg/cm?®”

Time

(hp) Quereetin o0 sge SDO
05 - - - -

1 — —_ — —_

2 — — — —

4 — — — —

6 023041 -  486x042 -

8. 528+063 494+032 105£23 -

10 9.26+105 895289 12.625.6 6.05+3.01
24 274415 405354 349339 6.3%0.1

“ Mean=+8D (n=3). ® Not detected.
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Fig. 5 — Effect of enhancers on the permeation of rutin

through rabbit duodenal mucosa. Each point

represents the mean+SE. (n=3).

Key: O: rutin alone, ®: GAA. A! SGC. A:

SDC. v: UDCA
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Fig. 6 — Disappearance of quercetin (O) and rutin (@)
in the mucosal phase where the serosal side
was blocked with aluminum foil. Each point
represents the mean+S.D. (n=3).
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Table VI— Binding of quercetin and rutin to mucin

Binding of flavonoids

Flavonoids (ng/mg mucin)®
Quercetin 58.5+8.2
Rutin - 374+49

* Mean+S8.D. (n=3)

F2 2%-go] 30.9 g/mg mucino| Q= Ba*9} v
WEH g 74 AT S ER RAojt) webd #=
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