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Pharmacokinetics of Quercetin, Morin and Their Effects on
Digoxin Pharmacokinetics
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Pharmacokinetics of Quercetin, Morin and Their Effects on Digoxin

Pharmacokinetics

by
Hong-Jng Ho

| nstitute of Chinese Pharmaceutical Science
ChinaMedical College

Abstract

Quercetin and morin are isomeric bioactive flavonoids possessing many beneficial
pharmacological activities. The pharmacokinetics of quercetin and morin were investigated
and compared in rats. The dose dependency was studied by using two dosages for both
quercetin and morin, respectively. The serum were hydrolyzed anaerobically by incubation
with B -glucuronidase/sulfatase at 37  in the presence of ascorbic acid to release quercetin
or morin from their glucuronides. A simple, sensitive, and accurate HPLC method was
developed for determination of quercetin or morin in serum.

After oral dosing 50 mg/kg and 100 mg/kg quercetin, substantially no free form
guercetin was detected. The presence of quercetin glucuronides indicated poor absorption
and sgnificant inter-individua variaion.

After oral dosing 25 mg/kg and 50 mg/kg morin, the Cpax and AUCq. of morin were
increased by 26 folds and 36 folds, respectively, when the dose was doubled, whereas for

morin glucuronides, athough the AUCy: was increased by 3 folds, the early exposure

1l



AUCy.3 revealed no significant increase. The results indicated that morin displayed
nonlinear pharmacokinetics and suggested the metabolic process had been saturated at higher
dose.

Digoxin is a potent cardiac glycoside with narrow therapeutic index. It was reported
as substrates of both CYP3A4 and P-glycoprotein (Pgp) in rat. To investigate the effects of
guercetin and morin on digoxin pharmacokinetics, rats were oraly given digoxin (0.04
mg/kg) aone and coadministered with 50 mg/kg and 100 mg/kg quercetin or morin in
crossover designs. Serum digoxin concentrations were determined by FPIA method. The
AUC,; of digoxin were signicantly decreased after various coadministrations except in some
rats whose AUC.; significant decrease after coadministration with low dose of quercetin or
morin. Therefore, when quercetin, morin or food containing them was coadministered with
digoxin, for the sake of safty and efficacy, the serum digoxin concentration should be

carefully monitored.
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1 (Quercetin)

(1]

[2:5]
[6]
[2,6-10] [11-15] [16,17] [16,17]
[1]
(Morin) Chlorophora
tinctoria 1% Mori ramuLus (201
[21] [22]
prostacyclin  endothelin
flavonol B

OH [24-26]

[27]



(Digoxin) digitoxose

digoxigenin [28]
digoxin
(60 %)
CYP3A4 40 36 [29]
CYP3A4
P-glycoprotein (Pgp) cyclosporin  FK

506 (tacrolimus) taxol diltiazem dexamethasone erythromycin  protease

inhibitors [30.31] Pgp [32]
Pgp modulator vergpamil®3¥ (- Pgp
) Pop
quinidind® ( Pgp )
CYP3A4 (6] Pgp CYP3A4
modul ator

CYP3A4 nifedipind®?  felodipind®!



midazolam®  cyclosporin®®  terfenadingd®

[42]

CYP3A4 [43]

ng [44-46]

Pgp



( Quercetin )**

( Morin ) !

2-(3,4-Dihydroxyphenyl)-
3,5, 7-trihydroxy-4H-1-
benzopyran-4-one

33,4,5,7-
pentahydroxyflavone

2-(2,4-Dihydroxyphenyl)-
3,5, 7-trihydroxy-4H-1-
benzopyran-4-one

2,3,4.57-
pentahydroxyflavone

CisH100; M.W. 302.23

CisH1007 M.W. 302.23

1

2.

3.

314
UV A na{alc): 258
375nNm

( ) 997

1. 285290

2. UV A a{aLc):258 375
nm

3.1 4 20
1.06




flavonol

OH [24-26]

1 [6-10, 21]

LDL

LDL

C trolox mannitol

G, [11-15]

[22]

Ca™*-dependent ATPase

cytoskeleton [47.:48]



cyclooxygenasd*®*”!

(1)

prostacyclin'® Prostacyclin (PGl,)

P-glycoprotein
Pgp
ng [44,45]
[46]
[16,17]
[51,52]
Lipid peroxidation
[53]
[54]

Pgp



2
1. xanthine oxidase ™)
Xanthine oxidase
xanthine oxidase
2. phosphatidyL inositoL phosphate kinase [22]
Phosphatidylinositol-4,5-bisphosphate (PIP,)
(

PIP, phosphatidylinositolphosphate kinase

morin PP,



Digoxin Digitalis lanata

Scrophulariaceae

( digitoxose) (digoxigenin) @
< ~[55.56]
venous congestion
pulumonary congestion GFR (glomeruLar filtration
rate) congestive heart fallure
< >
1. digoxin
70 % 1~2 3~6

(28]

2. 25 % 6.3 L/kg™

(56]



3. creatinine [55]

40 36 129)
< >[28]
750 mg ~1.5 mg (P.O.) 500 my ~1.5 mg ( .V.)  500ng
~2mg( [.M.) 125 ~ 500 ng/day
0.8~ 2.0 ng/mL
< S [5657]

. Noncardiac signs and symptoms

a anorexia nausea vomiting

b. fatigue malaise delirium acute psychosis
neuralgic pain

C. halo vison green and yelow vison

. Common cardiac signs and symptoms

ariaL  A-V nodal ventricular
tachycardia
( 2 ng/mL) (0.8 ~

2.0 ng/mL)



hypokalemia hypomagnesemia

hypercalcemia diuretic-induced akaosis

S [5657]

. Cholesterol-binding resins  kaolin-pectin antacids  sucrafate

metoclopramide (oral) neomycin (oral) sulfasalazine

. Propantheline erythromycin tetracycline

propantheline  anticholinergics

erythromycin tetracycline

. Quinidine  verapamil  spironolactone  amiodamine  captopril

propafenone
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P-glycoprotein

anthracyclines  actinomycin D daunorubicin
epipodophylotoxins  taxanesvs °¥)

multidrug resistance

P-glycoprotein (Pgp)

1280

. mdr 1 [65]

[59-62]

(resistance)

1

[59-62, 69

( Vinca akaloids
doxorubicin  etoposide

MDRI5%62

1986 [©2
mdrl mdr3

ATP

Pop

Pgp



Flos Sragb°h o

le gun 0o s a e S o p h oppoanca L fien
[70]
C ( ) ( )
« ) ( ) C )
[71,72]
n n [73]
[70]
7~17
5
1/~217 3



[70,71]

1936
[71,72]
1.
[70]
2 [70]
(rutin C27H30016) 1 O -~ 2 8 % 2 O %
( ) (quercetin
C15HlOO7)
[70]

[70]

(73]

[73]

(73]

(73]
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1. Rutin (caplil ary stabil
efefct ) (71l

2. Qo etn

(71]

[70]
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(Quercetin, 95%) Sigma Chemica Co.(U.S.A))

(Morin, 95%) Sigma Chemicd Co.(U.SA)
(Rutin,95%) Sigma Chemical Co.(U.S.A))
Tetraglycol (GLycofurol) Sigma Chemical Co. (U.SA))
B -Glucuronidase/Sulfatase Sigma Chemical Co. (U.SA))

Kohusan Chemical Works Ltd. (Japan)
(99%) Sigma Chemical Co. (U.SA.)

Riedel -deHaen AG (Germany)

L (+)-Ascorbic Acid RdH laborchemikalien GmbH
& Co. KG (Germany)

Merck (Germany)
(LC Grade) Merck (Germany)
(LC Grade) Merck (Germany)

(LC Grade) Mallinckrodt Baker, Inc. (U.S.A.)
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( ortho-Phosphoric Acid, 85% )

6, 7-Dimethoxycoumarin

Ethyl paraben (99%)

Sandimmun ( Cyclosporin, 100 mg/mL )

Digoxin
Medium 199
Rhodamine 123 (95%)

16

Riedd-deHaen AG (Germany)

Aldrich (Milwaukee, WI,U.S.A)
Aldrich (Milwaukee, WI, U.SA))

Sandoz Pharma Ltd.

Sigma Chemica Co. (U.SA))
Sigma Chemical Co. (U.SA.)

Shimakyu’ s pure Co. (Japan)



10.

n.

12.

13.

14.

15.

16.

17.

(95% O, 5%CO,)

TDyx AnaLyzer

(12x75 mm)

(0.45u m, 13 mm)

(HPLC)

1)

Microprocessor pH-mV meter
Denver Instrument (Force —14)
Scientific Industries

Branson 5200

Shaker ZC4000

OA-SYSEVAP-112

Mettler AJ100
Eppendorf
Aspirator AS-1

Abbott, U.SA.

KimbLe
Diamond
Alltech Associates Inc.

Perkin ElImer (U.SA.)

Shimeadzu LC-6AD (Japan)



16.

17.

2

3)
(4)
)
(6)
()

@D
2

@D

2

3)

Sprague-Dawley

2.5 mL Syringe ( 0.55%25 mm)
1.0 mL Syringe ( 0.45x13 mm)

Cosmosi| packed column

5C18C AR I
Waters, (150x4.6 mm)

SS/Pk

Shimadzu SPD-6A (Japan)
Shimadzu SCL-6B
Shimadzu C-R6A

Perkin Elmer Series 200

Autosampler (U.S.A))

: 2~ 3 kg,

:200~400¢

(0.9xL 70 mm, 1.5xL 120
mm)

Terumo (Japan)

(0.2 p m,13mm) Alltech Associates Inc.



1. Buffer solution ( pH 5.0)

0.IN 267.8mL 0.IN ® 100 mL
IN pH=5.0+0.1
a 0.82¢ 100 mL
b (d = 1.049) 0.6 mL 100 mL

2. 3 -Glucuronidase/Sulfatase

B -glucuronidase/sulfatase (110350/4194 units/mL) 50 mL

5.0 buffer 50 mL -30
3 C
C0.60g 2.0mL 300 mg/mL
4.
quercetin 500 mg 1000 mg tetraglycol
10 mL 50mg/mL 100 mg/mL
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morin250 mg 500 mg tetraglycol 10 mL

25mg/mL 50 mg/mL

quercetin 20.0 mg 10.0 mL
2.0 mg/mL
morin 20.0 mg 10.0 mL 20
mg/mL
rutin 20.0 mg 10.0 mL 2.0
mg/mL

6, 7-dimethoxycoumarin 10.0 mg



10.0 mL 1.0 mg/mL

B.
ethyl paraben 10.0 mg 10.0
mL 1.0 mg/mL
C.
6, 7-dimethoxycoumarin 10.0 mg
10.0 mL 1.0 mg/mL
8.
digoxin 50 mg tetraglycol 5.0mL
1.0 mg/mL

(0.04 mg/mL)

9. Medium 199
955 medium 199 2.2

1000 mL pH 74%01 2-~8
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10. Rhodamine 123
10.0 mg rhodamine 123 10.0 mL 1.0

mg/mL medium 199 20.0 ngy/mL



Sprague-Dawley 350 ~ 450 g 16 ~ 22
24
B.
50 mg/mL (165
nmoL/kg) 100 mg/mL (330 mmoL/kg)
25 mg/mL (83 mmoL/kg) 50 mg/mL
(165 mmoL/kg) (blank)
5 15 30 60 90 120 240 360 480 600 720
1440 0.8 mL (9860 x @)
15 -30
C.

( ) HPLC
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( Column) Cosmosi| packed column

5C18C AR I
Waters, (150%x4.6 mm)

( Prefilter) SS/PK
: 370 nm
: acetonitrile -0.1% ortho-phosphoric acid

(28:72,viv) pH=23

6, 7-dimethoxycoumarin
1 mL/min
( Column) Cosmosi| packed column
5C18C AR I
Waters, (150x4.6 mm)
( Prefilter) SS/PK
: 250 nm

: acetonitrile -0.1% ortho-phosphoric acid
(28:72,viv) pH=23
ethyl paraben

24



: 1 mL/min

()

a
150 nL 100 nL
glucuronidase/sulfatase (B -glucuronidase 110.35 unitsmL, sulfatase
4.194 unit/mL in pH 5.0 buffer) 15mL C (300 mg/mL)
20
37 ( 100 rpm) 4
265 L ( ) 20
9860 x g 15
-30 50 m_ HPLC
b.
150 L pH 5.0 100
uL 15 L C (300 mg/mL) 20
265 mL ( ) 20
9860 x g 15 -30

S0 mL HPLC
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()

quercetin 0.19 0.39
078 156 313 625 1250 25.00 50.00 mymL
100 L quercetin 900 mL

0.02 0.04 008 0.16 0.31 0.63 1.25 2.50 5.00 ngy/mL

150nL 100 nL (PH 5.0)
15 L C (300 mg/mL) 265 L (
6, 7-dimethoxycoumarin 2.0y g/mL) 20
9860 x g 15 50 mL
HPLC
B.
morin 19 39 7.8 156

313 625 125.0 250.0 500.0 1000.0 mg/mL
100 L morin 900 L
019 039 078 156 313 6.25 1250 25.00 50.00
100.00 mg/mL 150 mL 100 mL

(pH 50 15m C (300 mg/mL)
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265 mL ( ethyL paraben 10.0u g/mL)
20 9860 % g 15

HPLC

()

(1)

HPLC

(standard deviation S.D.)

CV.)

(2)

(3)

quercetin 25.0, 125

(mean)

(coefficient of variation

6.3 my/mL

9 2.50, 1.25, 0.63 ng/mL
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(

)

morin 500.0, 125.0

31.3 ng/mL

50.0, 12.5, 3.1 ny/mL

HPLC

noncompartment model
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WINNONLIN



Sprague-Dawley 250~350¢ 8~ 16
24
(100
mg/kg) (50 mg/kg) (100 mg/kg)
(50 mg/kg)
B.
(blank) 20 40 60 90 120 240 360
480 0.8 mL (9860 x g 15
-30
C. digoxin
TDx AnaLyzer FPIA (Fluorescence Polarization
Immuno Assay) digoxin



WINNONLIN noncompartment

modeL paired Student'st - test



P-glycoprotein

A.
Sprague-Dawley 150 ~ 250 g 8~ 12
1~2
sacm 5cm
30cm
25cm
50 mL
medium 199 50 mL 200 mM
medium 199 50mL 400 mM
medium 199 0.5 % DMSO
37 ( 50 rpm)
( B5%0, 5%CO,) 20
rhodamine 123 3.0 mL (20.0 ngy/mL)
B.

0.8 mL
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rhodamine 123 (blank) 20 40 60 80 100

C. Rhodamine 123
rhodamine 123 (1.0 mg/mL) medium 199

2000 1000 500 250 125 100 50 25ng/mL

485 nm  excitation 546 nm emission
D. rhodamine 123
E.
SPSS  ANOVA rhodamine

123
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(1)

1 5¢0 6L

1.15
(2)
1.omL
6 OmL 14 0L
100 L 1060

6, 7-dimethoxycoumarin  10.0 ng/mL)

mL HPLC

(3)

HPLC

( Column)

( Prefilter )

100.0 mL

3 7 9860 x g

20

Cosmosi| packed column

5C18C AR I
Waters, (150x4.6 mm)

SS/PK

. BL

100



: 370 nm
. Acetonitrile -0.1% ortho-phosphoric acid
(19:81L,viv) pH=23

6, 7-dimethoxycoumarin

1 mL/min
(4)
rutin 16 31 63

125 25.0 50.0 100.0 200.0 ngy/mL 100 L rutin

100 mL ( 6, 7-dimethoxycoumarin  10.0
mg/mL) 20 100 mL HPLC
()

HPLC



(mean)

(standard deviation S.D.) (coefficient of variation C.V.)
HPLC
rutin 1.0 mL 100.0
mL 6 Qr_ 141
9860 x g 15 100 mL 10m18L (
6, 7-dimethoxycoumarin  10.0 ng/mL) 20

100 mL HPLC



2~3Kkg
24
B.
30 mL ( 8.7mg/mL)
(blank) 5 10 15 30 60 90 120 180 240 360
480 1.5mL (9860
x @) 15 -30
C.
( ) HPLC
( Column) Cosmosil packed column
5C18C AR 1l
Waters, (150x4.6 mm)
( Prefilter) SS/PK



: 370 nm
. acetonitrile -0.1% ortho-phosphoric acid
(28:72,viv) pH=23

6, 7-dimethoxycoumarin

1 mL/min
()
A.

200 mL 100 mL
gL ucuronidase/sulfatase (B -gLucuronidase 110.35 units/mL, suLfatase
4.194 unit/mL in pH 5.0 buffer) 20 mL C (300 mg/mL)

20
37 ( 100 rpm) 4
320 L ( 6, 7-dimethoxycoumarin 2.0 ng/mL )
20 9860 x g 15

-30 S0nL

HPLC
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200 mL_ pH 5.0 100 mL
20mL C (300 mg/mL.) 20
320 m_ ( 6, 7-dimethoxycoumarin 2.0 ng/mL)
20 9860 x g 15
-30 50 mL HPLC
()
guercetin 0.19 0.39 0.78

15 313 625 1250 25.00 50.00 ng/mL
100 mL quercetin 900 L

0.02 004 008 016 031 0.63 125 250 5.00mymL

200nL 100 L (PH 5.0)
20 mL C (300 mg/mL) 320 mL_ (
6, 7-dimethoxycoumarin 2.0 ng/mL) 20
9860 x g 15 50 mL

HPLC

()



HPLC

WINNONLIN noncompartment model



-glucuronidase pH50 37

@
(6, 7-dimethoxycoumarin)

: 01 % (28:72, viv)



1.0 mL/min 12

Fg.1-1 y=0.29x +0.01(r=0.999)
0.16 ~ 5.00 ng/mL peak area ratios
CV. (%) 06~26% 13~
2.7 % 20 % (Table. 1-1)

81%~82% (Table. 1:2) LOQ 016nymL LOD 4.9 ng/mL

( )
( )
2
(ethyl paraben)
:01% ( 2872, viv)
1.0 mL/min 13 Fig.1-3
y=0.02x -0.01(r=0.999) 0.39
~ 100.00 my/mL peak area ratios
CV. (%) 01~-19% 02~41%
20 % (Table. 1-8) 70.1% ~ 75.9 %

(Tablel:9) LOQ 0.19mymL LOD  0.09 my/mL

( ) ( )

a4



(1)

(50

mg/kg n=5 100 mgkg n=6) Fg. 1-2
100 mg/kg
50 mg/kg
WINNONLIN
Table. 15 ~ 1-6 (50 mg/kg)
(Crad 49 + 1.0nmol- mL™ (AUCy,) 29061 *
230.6nmol min mL™ MRT  707.3 + 56.7 min
(100 mg/kg) Cra) 95 £ 1.6 nmal
mL™* (AUC,,) 4818.0 + 385.0 nmol min mL™
MRT  740.3 + 38.4 min (Table, 1-7) 50 ~ 100

mg/kg
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(2)

(25mgkg n=6 50

mg/kg n=6) Fig.1-4 ~ 1-5 WINNONLIN
(Table.
1-16 1-18  1-22) (AUC,.) 168.0 + 41.0

6272.5 + 1359.0 nmol min mL™*

(Crna) 31 + 08 849 + 21.0
nmol/mL? 057 + 154 2711
+ 62.1min MRT 715 + 142 2733 + 67.0min

(Table. 1-17 1-19 1-23)

(AUCq,y) 961.1 + 405.2 2851.1 + 878.1 nmol

min mL™ (AUCo.20)
2468 + 11743 3230 + 109.8nmol min mL™ Cne)
185 + 7.2 209 + 6.2 nmol/mL 161.2

+ 46.6 305.0 + 826 min MRT 1575 + 50.7

343.7 £ 99.3 min

85% 30% (Table. 1-20



~ 1-21)

morin

(3)

50 mglkg 100 mg/kg

25 mgkg 50 mg/kg

(50 mg/kg)
50 mg/kg

50 mg/kg

glucurony! transferase

glucuronyl transferase






15

IS

| . ! I

1T 1T 1T
0 510 15 20 0 510 15 20 05 10 15 20

(a) (b) (c)

Retention time (min)

Fig. 1-1 Chromatograms of quercetin (Q) and 6,7-dimethycoumarin (interna standard ; IS) inrat
serum: (@) blank serum ; (b)) spiked in blank serum, Q: 8.3 nmol/mL ; ( ¢) &fter ord
adminigration of 50 mg/kg querceting, Q: 3.1 nmol/mL.



Table. 1-1 Intra-run and inter-run analytical precison and accuracy of quercetin.

precision accuracy
Conc. Intra-run Inter-run Intra-run Inter-run
(u g/mL) mean = SD. (CV.%) mean = SD. (CV%) relative error(%) relative error(%)
5.00 502 = 002 (09) 507 + 006 13 +04 +14
250 250 = 001 (0.6) 255 = 004 (13) +00 +20
125 126 *= 001 (09) 124 += 002 18 +0.8 -08
0.63 062 *= 002 (25) 060 = 003 (13 -16 +48
032 031 *= 001 (1.8) 033 = 003 (1.8) -31 -31
0.16 015 = 001 (2.6) 014 * 003 @.7) -63 +125
(n=3)

Table. 1-2 Recovery (%) of quercetin from rat serum.

Conc. (W gmL) Mean( ) + SD.
2.50 81.93 + 0.01
125 81.68 + 0.01
0.63 8111 + 0.02

(n=3)
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Table. 1-3 The concentrations of quercetin conjugates ( nmol/mL ) in serum after oral adminigtration
of quercaitn (50 mg/kg = 165y mol/kg) to fiverats.

Rats a b c d e Mean + SE.
Time ( min)
5 1.0 1.8 3.6 6.6 8.0 42 + 13
15 1.0 1.4 2.4 2.6 3.2 21 + 04
30 0.9 1.4 2.2 1.7 31 18 + 04
60 2.0 1.4 2.2 1.7 2.2 19 + 02
0 14 22 2.2 15 1.8 18 + 02
120 11 25 1.9 15 1.8 18 + 02
240 1.9 35 16 1.4 1.9 20 + 04
360 1.3 1.8 2.0 1.4 25 18 + 02
480 15 2.7 2.4 0.9 1.8 19 + 03
600 2.8 25 3.7 2.2 1.9 26 + 03
720 2.0 1.9 3.0 2.1 15 21 + 03
1440 2.7 1.9 2.2 2.3 0.4 19 + 04

Table. 1-4 The concentrations of quercetin conjugates ( nmol/mL ) in serum after oral
adminigtration of querceitn (100 mg /kg = 331y mol/kg) to Six rats.

Rats A B C D E F Mean + SE.
Time(min

5 6.2 6.0 34 13.0 12.8 13.2 91 + 18
15 3.8 35 34 71 4.8 7.8 51 + 08
30 2.8 2.4 2.7 4.0 5.7 25 34 + 05
60 3.6 2.1 2.7 4.4 3.9 2.7 32 + 04
0 4.6 2.2 1.8 5.0 35 31 34 + 05
120 5.2 2.4 34 5.0 3.9 3.2 39 + 04
240 4.6 3.9 25 6.3 4.3 4.2 43 + 05
360 5.7 33 2.7 6.3 45 1.4 40 + 08
480 2.6 1.6 2.0 4.0 2.2 2.8 25 + 04
600 4.7 2.3 1.9 2.7 2.1 2.7 27 + 04
720 1.7 1.8 0.8 25 2.0 3.2 20 + 03
1440 7.4 2.4 4.8 35 3.8 3.0 42 + 07




Table. 1-5 Individual pharmacokinetic parameters of quercetin conjugates in serum after ora
adminigration of quercetin (50 mg/kg = 165y mol/kg) to fiverats.

AUC,. AUMC

Parameters (nm((:)lr}]r?L) (-FI—T:I% (nmol mi;; mL) (nmol min?/ mL) lz/ImFler;l)—
a 2.8 600 2929.7 2408071 821.9

b 35 240 31210 2124163 680.6

c 3.7 600 3569.5 2584923 742.2

d 6.6 5 27464 2170875 790.4

e 8.0 5 2163.7 1084640 501.3
Mean 49 290 2906.1 2074534 707.3

+ SE. + 10 + 134 + 2306 + 261092 + 567

Table. 1-6 Individual pharmacokinetic parameters of quercetin conjugates in serum after oral
adminigration of quercetin (100 mg/kg = 331y mal/kg) to Six rats.

Com T AUCo, AUMC MRT

Parameters  molimL)  (min)  (nmol min/mL) (nmol minmL)  (min)
A 74 1400 6283.0 5285655 8413

B 6.0 5 43677 2342046 688.3

C 48 1440 3668.6 3197214 8715

D 13.0 5 5578.4 3536662 6340

E 128 5 45458 3190897 703.9

F 13.2 5 4464.3 3138025 702.9
Mean 95 483 4818.0 3449950 7403
+ SE.  + 16 + 308  + 3850 + 401167 + 384

Table. 1-7 Comparison of pharmacokinetic parameters of quercetin conjugates after oral dosing
50 mg/kg (165u moal/kg; n=5) and 100 mg/kg (331u mol/kg; n=6) quercetin to rats.

Crax AUC,, AUMC

Treatments (nmol/mL.) (nmol minymL)  (nmol - min*/ mL)

PO (50 mg/kg) 49 + 1.0 2906.1 + 230.6 7073 + 56.7

PO (100 mg/kg) 95+ 16 48180 + 385.0 7403 + 384
Difference ( ) +90 +70 +4

* p<0.05;** p<0.01
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Fig. 1-2 (a) Mean (+ S.E.) serum concentration-time profiles of quercetin conjugatesin rats
after ord adminigration of 50 mg/kg (® ; n=5) and 100 mg/kg (O ; n=6) of quercetin to
ras, respectively and ( b) the semi-log diagram of ( a).
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Fig. 1-3 Chromatograms of morin (M) and ethyl paraben (internd standard; 1.S.) in rat
serum: (&) blank serum; (b) spiked in blank serum , M: 167.0 nmol/mL ;
(c¢) after ord adminigration of 25 mg/kg morin, M: 27.5 nmol/mL.
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Table. 1-8 Intra-run and inter-run anaytica precison and accuracy of morin.

precision accuracy
Conc. intra-run inter-run intra-run inter-run
(u g/mL) mean £+ SD. (CV.%) mean * SD. (CV%) relative error(%) relative error(%)
200.0 2015 + 03 (0.2) 2023 = 06 (0.3 +0.7 +11
100.0 1024 £ 02 (02 1025 £ 02 (02 +24 +25
50.0 506 + 02 (0.3 509 £ 02 (05 +13 +19
250 251 £ 05 (19 21 = 05 (19 -09 +04
6.3 63 = 01 (11 63 + 02 (27 +05 +0.2
16 14 = 00, (14 14 £ 00, (41 -10.9 -89
(n=3)

Table. 1-9 Recovery (%) of morin from rat serum.

Conc. (u gmL) Mean( ) + SD.
50.0 70.1 + 0.0
125 75.9 + 0.0,

3.1 71.7 + 0.1
(n=3)

52



Table. 1-10 The concentrations of morin with its conjugates ( nmol/mL ) in serum after ora
adminigration of morin (25 mg/kg = 83y mol/kg) to Sx rats.

Rats a b C d e f Mean + SE
Time
(min)
5 56.6 6.2 21.3 2.4 2.7 27.5 195 + 86
15 21.2 3.8 14.2 2.7 14.1 20.4 12.7 + 32
30 13.2 21 1.9 32 45 12.2 6.2 + 21
60 52 2.2 2.3 0.9 4.0 8.4 3.8 + 11
90 3.2 0.7 1.1 0.8 1.7 5.8 2.2 + 07
120 24 0.6 1.0 1.2 1.6 5.4 2.0 + 0.7
240 1.2 ND 0.3 ND 0.5 25 0.8 + 04
360 1.5 ND 0.5 ND 0.3 15 0.6 + 03
480 1.1 ND ND ND 0.5 12 0.4 + 0.2
600 0.8 ND ND ND 0.4 0.6 0.3 + 0.1
720 0.4 ND ND ND 0.6 0.5 0.3 + 01
1440 0.4 ND ND ND ND 0.5 0.2 + 01

ND : not detectable.

Table. 1-11 The concentrations of morin ( nmol/mL ) in serum after ord administration of 25 mg/mL

morin to Sx rats.

Rats a b C d e f Mean + SE
Time
(min)
5 6.3 0.9 2.6 1.2 2.3 2.9 2.7 + 08
15 1.8 0.8 2.6 1.5 45 21 2.2 + 05
30 12 0.5 0.8 0.7 1.8 1.3 11 + 0.2
60 0.4 0.5 0.6 0.3 0.8 0.7 0.6 + 0.1
90 0.5 0.5 0.5 0.5 0.4 1.2 0.6 + 01
120 0.5 ND 0.4 0.6 0.9 1.6 0.7 + 02
240 0.4 ND ND ND 0.4 0.5 0.2 + 0.1
360 0.6 ND ND ND ND ND 0.1 + 01

ND : not detectable.



Table. 1-12 The concentrations of morin conjugates ( nmol/mL ) in serum after ord adminigration
of 25 mg/mL morin to Sx ras.

Rats a b C d e f Mean = SE.
Time
(min)
5 50.3 5.3 18.7 1.2 0.4 24.6 168 + 7.8
15 19.4 3.0 11.6 1.2 9.6 18.3 105 + 31
30 12.0 1.6 1.1 25 2.7 10.9 51 + 20
60 4.8 1.7 1.7 0.6 3.2 7.7 33 + 11
90 2.7 0.2 0.6 0.3 1.3 4.6 16 =+ 07
120 1.9 0.6 0.6 0.6 0.7 3.8 14 + 05
240 0.8 ND 0.3 ND 0.1 2.0 05 + 03
360 0.9 ND 0.5 ND 0.3 15 05 + 02
480 11 ND ND ND 0.5 0.6 0.4 + 02
600 0.8 ND ND ND 0.4 0.5 03 + 01
720 0.4 ND ND ND 0.6 0.5 03 + 01
1440 0.4 ND ND ND ND ND 01 + 01

ND : not detectable.



Table. 1-13 The concentrations of morin with its conjugates ( nmol/mL ) in serum after ora
adminigration of morin (50 mg/kg = 165y mol/kg) to Six rats.

N\ A B c D E F Mean + SE

Time

(min)
5 585 1478 1261 253 216 1105 816 <+ 220
15 1087 711 1568 136 119 875 749 + 229
30 1419 1206 1077 139 72 777 782 + 230
60 580 521 342 49 36 363 315 + 94
90 309 310 430 61 29 249 246 + 69
120 %2 183 304 31 22 226 171 + 49
240 106 102 114 33 21 30 68 + 18
360 53 40 71 28 13 28 39 + 08
480 26 26 31 16 13 21 22 + 03
600 18 18 17 13 14 14 16 + 01
720 27 21 15 11 22 13 18 + 03
1440 13 15 13 10 16 11 13 + 01

Table. 1-14 The concentrations of morin ( nmol/mL ) in serum after ord adminigtration of 50 mg/kg

morin to Sx ras.

N\ A B C D E F Mean + SE

Time

(min)
5 390 1320 1077 187 202 1043 703 + 204
15 1017 677 1160 128 94 786 644 + 182
30 1180 1039 872 85 54 612 640 + 196
60 229 283 239 40 21 214 171 + 45
90 119 172 206 53 23 167 138 + 40
120 95 147 189 30 16 119 99 <+ 27
240 33 49 51 27 14 23 33 + 06
360 18 24 30 20 11 22 21 + 03
480 15 20 21 12 11 18 16 + 02
600 13 15 15 11 12 13 13 + 01
720 12 14 13 11 16 10 13 + 01
1440 11 11 12 ND 13 11 10 + 02

ND : not detectable.



Table. 1-15 The concentrations of morin conjugates ( nmol/mL ) in serum after ord administration

of 50 mg/kg morin to Sx ras.

N\pas B c D E F  Men £ SE
Time

(min)

5 19.5 15.8 18.4 6.6 1.4 6.2 113 + 31

15 7.0 34 40.8 0.8 25 8.9 106 + 6.2

30 23.9 16.7 20.5 54 18 16.5 14.1 + 35

60 35.1 23.8 10.3 0.9 15 14.9 144 + 54

90 28.0 13.8 13.4 0.8 0.6 8.2 108 + 42

120 16.7 3.6 115 0.1 0.6 10.7 72 + 28

240 7.3 5.3 6.3 0.6 0.7 0.7 35 + 13

360 35 1.6 4.1 0.8 0.2 0.6 18 =+ 07

480 1.1 0.6 1.0 0.4 0.2 0.3 06 + 02

600 0.5 0.3 0.2 0.2 0.2 0.1 03 + 01

720 15 0.7 0.2 0 0.6 0.3 06 + 02

1440 0.2 0.4 0.1 1.0 0.3 0 03 + 01




Table. 1-16 Individua pharmacokinetic parameters of morin in serum after ord adminigtration
of 25 mg/kg morin to Sx ras.

Crax Tmax AUC., AUMC MRT t2

PArameters  moimL)  (Mn) (nmol min/mL) (nmol min/mL)  (min)  (min)
a 15 150 759 3655 81 776

b 45 15.0 245.2 18846 769  80.0

c 29 5.0 286.7 27700 %66 1225

d 6.3 5.0 2382 30027 1260 1522

e 0.9 5.0 51.0 6544 M1 o971

i 26 15.0 1109 4480 04 477
Mean 31 10.0 1680 15200 715 957
+ SE. + 08 + 22  + 410 £ 4873+ 142 + 154

Table. 1-17 Individua pharmacokinetic parameters of morin conjugates in serum after ord
adminigration of 25 mg/kg morin to Sx rats.

Perameters (nm%i??rle) (Ir:; ?13 (nmo'lb\ Urg ?1} mL) (nmo'lb\ Urrl\i/I ng; mL) Iz/lml:ler; (rtr%i/r21)
Rat-a 2.4 30.0 115.3 4908 42.6 60.4
Rat-b 9.6 15.0 555.4 116478 209.7 280.2
Rat-c 24.6 5.0 2358.9 739340 3134  259.6
Rat-d 50.3 5.0 2078.1 573583 276.0 2519
Rat-e 5.3 5.0 179.0 6544 36.6 31.8
Rat-f 18.8 5.0 480.1 32070 66.8 83.0
Mean 185 10.8 961.1 245487 1575 1612

I+

SE. + 72 + 42 + 405.2 + 13275 + 50.7 + 46.6
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Table. 1-18 Individud pharmacokinetic parameters of morin in serum after orad adminidration
of 50 mg/kg morin to Sx ras.

Parameters (nm%rf?L) ('rl']:; ?13 (nmo'IA\ Uni ?1; mL) (nmo'IA\ Unl\;l ng mL) lz/lmllqr;g (r%ﬁl)
A 118.0 30.0 7842.8 1565466 1996 2210
B 132.0 5.0 8918.9 176836 1983 205.4
C 116.0 15.0 9648.2 1926388 199.7 2038
D 18.7 5.0 1914.6 420615 219.7 201.0
E 20.2 5.0 2383.3 1448396 607.7 581.2
F 104.3 5.0 6927.2 1489126 2150 214.2
Mean 84.9 10.8 6272.5 1171138 2733 2711
+ SE. + 210 = 4.2 + 1359.0 + 286112 + 67.0x 621

Table. 1-19 Individua pharmacokinetic parameters of morin conjugates in serum after ora
adminigration of 50 mg/kg morin to S rés.

Parameters (rWCC:)r'n/a rxn|—) (IT:'];; (nmo'lA Urrci:?l; mL) (nmo'lA Urr|\1/i|n("?/ mL) Izﬂml:lerg (:ﬁ{é)
A 351 60.0 6103.0 1327699 2175 1894
B 23.8 60.0 3342.6 867292 2505 2438
C 40.8 15.0 4165.7 6999087 168.0 1484
D 6.6 50 8215 617281 751.4 640.0
E 2.4 15.0 639.3 337096 5273 463.7
F 16.6 30.0 2334.7 322688 138.2 1448
Mean 20.9 30.8 2851.1 695341 343.7 305.0
+ SE. + 6.2 + 908 + 878.1 + 153044 + 993+ 826




Table. 1-20 Comparison of AUC.; (nmol xmin/mL) of between morin and morin conjugates after ord
adminigration of 25 mg/kg morin to ras.

Rats a b c d e f Mean + SE.
Morin + conjugates 191.2800.@645.26316. 2230 5900 11291  + 4395
Morin conjugates 115.3555. 2358.20078. 1179 4801 %611 *+ 4052
Morin 75.9245.2286.7238. 2 511109 1680 + 410
Morin conjugates
Morin + conjugates 0. 60 0.69 0.89 0.90 0. 78 081 078 + 010
Morin
: . 0.40 0.31 0.11 0.10 0.22 019 02 + 010
Morin + conjugates
Table. 1-21 Comparison of AUC.; (nmol xmin/mL) between morin and morin conjugates after oral
adminigtration of 50 mg/kg morin to rats.
Rats A B C D E F Mean + SE.
Morin+ conjugates 139451282611 %813. 8736 .310 2 292669 91736 + 21065
Morin conjugates 6103.30342.46165. 7821. 5% 3 P3BAE7 20011 * 8526
Morin 7842 .8918.D648.12914.263 8 369232 62715 + 13586
Morin conjugates
Morin + conjugates 0. 44 0.27 0.30 0.30 0.21 025 0.30 + 003
Morin
0.56 0.73 0.70 0.70 0.79 075 070 + 003

Morin + conjugates
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Table. 1-22 Comparison of pharmacokinetic parameters of morin after oral dosing 25 mg/kg (83u
mol/kg; n=6) and 50 mg/kg (165u mol/kg; n=6) morin to ras.

Crnax AUC, tie Cl/F MRT
treatments (nmole/mL) (nmol - min/ mL) (min) (mL/min) (min)

I+

0.8 1680 + 410 957

I+

154 1264 + 486 715

I+

PO (25 mg/kg) 31 14.2

PO (S0mgkg) 849

I+
+

18.1 62725 + 13590 2711 + 521 295+ 862733 + 67.0

Difference ( ) +2639 +3634 +183 -7 +282

*p<0.05;** p<0.01;*** p<0.001

Table. 1-23 Comparison of pharmacokinetic parameters of morin conjugates after oral dosing 25 mg/kg
(n=6) and 50 mg/kg (n=6) morin to ras.

Crax AUC,, tys CI/F MRT

treatments (nmole/mL) (nmol  min/ mL) (min) (mL/min) (min)
PO (25 mg/kg) 185 + 7.2 9611 + 4052 1612 + 466 878 + 328 1575 + 507
PO (50 mg/kg) 209+ 62 28511+ 8781 3050+ 826 731+ 252 3437 + 993

Difference ( ) +13 +197 +89 -17 +118

Table. 1-24 Comparison of the ratios of AUCo+ (nmol min/mL) of morin conjugates and morin to
the total AUCo.; of morin with its conjugates after oral administration of 25 mg/kg
(n=6) and 50 mg/kg (n=6) morin to rats.

Low dose High dose Difference ( )
Mean =+ S.E Mean + SE
Morin conjugate
Morin + conjugates 078 + 0.05 030 + 0.03 -62
Monn 022 + 0.05 0.70 £ 0.03 +218

Morin + conjugates

*** p<0.001
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(digoxin)
( Fluorescence

Polarization Immuno Assay; FPIA)

( ng/mL)

WINNONLIN (loncompartment model)
(1)
1. (100 mg/kg)

(0.04 mg/kg) (AUC,,) 14586
+ 208.9ng min mL" Cra) 9.7 £ 0.9ng mL™

MRT 1744 £ 6.2 min
(AUC,,) 11234 + 169.5 ng min mL™ Crad 6.1 +12
ng mL™ MRT 1856 + 121min  paired Student’ st - test
AUC;

23 % (P < 00) Coa 37 % © <
0.01) Fig. 23 Table2-5 ~



2. (50 mg/kg)

A. (n=3) (AUCy,)
908.5 + 173.9ng min mL™ (Cha) 3.3 % 06ng
mL™* MRT 2616 + 9.7 min
(AUCy;) 1365.6 + 166.0 ng min mL™
(Crad 4.4 + 06 ng mL" MRT
2402 £ 175 min Fig. 2-1
Table.2-1 ~2-2
B. (n=8) (AUCy,)
1520.1 + 104.1ng min mL™ Crad 7.4 %07
ng mL™ MRT  186.0 + 10.3min
(AUC,,) 8154 + 132.8ng min mL™
Cra) 4.3 + 10ng mL™ MRT 1865
+ 9.3 min Fig. 2-2
Table.2-3~2-4
paired Student's t- test

(AUCo.)



AUC, 50% (p 0.1) Cox 33%(p 0.07)

AUC, 46% (P < 0.001) Cra
42% (p < 0.01)
unpaired t-test
@)
1. (100 mg/kg)
(0.04 mg/kg) (AUC,,) 16216
+ 99.9ng min. mL™ (Cra) 7.5+ 08ng mL™

MRT  186.7 + 5.8 min

(AUC,,) 807.6 = 148.9ng min mL™ (Cra) 3.3 £ 0.7ng
mL™* MRT  203.0 + 83 min paired Student’ s t - test
AUC,, 100 % (P <0.01) Cprax 56%

(P < 0.01) Fig.2-6
Table2-15 ~ 2-16
2. (50 mg/kg)



(n=4) (AUC,.)
988.2 + 197.5 ng min mL™ Crad 34 +05
ng mL™ MRT  214.9 * 20.3 min

(AUC,,) 1603.7 + 410.0ng min mL™

(Crad 7.6 = 27ng mL™ MRT
203.3 = 25.0 min Fig.2-4
Table.2-11 ~ 2-12
(n=5)
(AUCy;) 1280.0 + 257.2 ng min mL™ (Crnad)
54 + 1.2ng mL™ MRT  200.8 + 13.9min

(AUCq,) 7159 = 214.9ng min

mL™ (Coad 27 +07 ng mL*
MRT 2034 £ 154 min Fig.2-5
Table.2-13 ~ 2-14
paired Student's t-test
(AUC.,)
AUC, 62% (p 0.09) Ca 124% (p 0.167)
AUC,, 44% (p 0.052) Ciax 50% (p



< 0.05)

unpairedt - test
Pop
CYP3A4 (substrate)!®®

136l Pgp CYP3A4 )

AUC;
(75
Pgp
resistance protein) >
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Table. 2-1 Serum digoxin concentrations (ng/mL) after ora adminigtration of digoxin (0.04
mg/kg) aone to three rats (group A).

Time
(min)
20 40 60 90 120 240 360 480
Rats
e 2.6 1.4 1.6 1.9 1.9 3.7 31 1.2
f 0.9 1.9 0.9 0.8 0.8 4.1 18 0.9
g 0.7 0.6 0.6 0.6 0.8 1.6 21 0.9
Mean 1.4 1.3 1.0 1.1 1.2 3.1 23 1.0
+ SE + 0.& 0.4 0.3%0.40.40.8 04 £ 01

Table. 2-2 Serum digoxin concentrations (ng/mL) after ora adminigtration of digoxin (0.04
mg/kg) with 50 mg/kg quercetin to three rats (group A).

Time

(min)
20 40 60 90 120 240 360 480

Rats

e 2.3 2.2 3.1 3.0 3.0 4.2 25 16
f 3.6 2.8 1.7 4.9 5.6 3.6 33 15
g 1.9 1.5 1.4 2.3 2.3 1.2 35 2.6
Mean 2.6 2.2 2.1 3.4 3.6 3.0 31 19
+ SE + 0.%0.40.%50.&81.& 0.% 03 = 04




Table. 2-3 Serum digoxin concentrations (ng/mL.) after oral adminigtration of digoxin (0.04
mg/kg) aone to eight rats (group B).

Time
(min)
20 40 60 90 120 240 360 480
Rats
a 8.3 7.1 6.3 4.6 3.8 3.2 15 13
b 10.25.2 6.0 5.4 36 4 . 2 27 2.0
C 8.6 8.8 6.8 5.5 4.2 3.2 22 14
d 1.5 2.3 2.0 2.3 2.0 44 2.7 13
h 6.2 5.9 5.3 3.4 4.7 4.1 24 2.3
[ 6.9 6.7 6.5 4.2 4.0 3.7 25 15
] 7.2 9.5 7.4 3.8 3.2 2.3 16 10
k 6.2 6.1 3.8 3.2 2.6 1.5 11 0.5
Mean 6.9 6.5 5.5 4.1 3.5 3.3 21 14
+ SE + 0. 0.&8 0. 20.40. 3% 0.4 02 = 02

Table. 2-4 Serum digoxin concentrations (ng/mL) after orad adminigtration of digoxin (0.04
mg/kg) with 50 mg/kg quercetin to eight rats (group B).

Time
(min)
20 40 60 90 120 240 360 480
Rats
a 6.1 7.3 4.4 4.2 3.6 2.0 12 0.7
b 6.1 5.6 3.3 3.7 4.3 1.5 25 14
C 8.6 5.8 4.6 3.3 3.0 3.3 07 0.5
d 0.9 0.9 0.5 1.2 0.8 1.2 0.8 02
h 3.3 3.3 1.8 1.9 1.3 1.8 04 1.0
i 4.6 3.4 2.2 2.4 1.4 1.6 07 0.3
] 1.2 1.4 1.1 1.1 0.9 1.8 09 0.5
Kk 1.1 1.7 1.5 1.5 1.5 1.2 07 0.5
Mean 4.0 3.7 2.4 2.4 2.1 1.8 10 0.7
+ SE + 1. & 0. & 0.5%0.40.50. 2 02 = 01
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Table. 2-5 Serum digoxin concentrations (ng/mL) after ord adminidration of digoxin (0.04

mg/kg) aoneto nine rats.

Time

(min)

20 40 60 90 120 240 360 480

Rats

A 6.3 6.7 4.8 5.9 4.0 3.4 27 2.2
B 13.68.7 8.2 6.4 4.9 4.4 41 3.0
C 11.99.7 7.4 6.5 5.4 3.4 21 1.9
D 7.2 9.5 7.4 3.8 3.2 23 1.6 1.0
E 6.2 6.1 3.8 3.2 2.6 1.5 11 0.5
F 12.69.6 9.3 6.9 5.3 3.0 20 11
G 8.3 7.1 6.3 4.6 3.8 3.2 15 13
H 10.25.2 6.0 5.4 3.6 4.2 27 2.0
I 8.6 8.8 6.8 5.5 4.2 3.2 22 14
Mean 9.4 7.9 6.6 5.4 4.1 3.2 22 16
+ SE + 0.% 0.6 0.& 04 +£+0.3F 0.3 03 £+ 03

Table. 2-6 Serum digoxin concentrations (ng/mL.) after ord administration of digoxin (0.04
mg/kg) with 100 mg/kg quercetin to nine ras.

Time
(min)
20 40 60 90 120 240 360 480
Rats
A 5.7 5.2 4.0 4.1 5.6 3.4 14 14
B 6.0 8.4 4.8 4.7 5.3 3.8 15 1.0
C 11.38.0 5.5 5.0 4.9 43 2.0 15
D 8.0 8.9 7.3 3.0 2.3 1.5 12 0.6
E 4.1 3.8 2.2 1.9 1.5 1.5 08 0.6
F 9.0 8.0 6.4 3.2 2.7 2.2 10 0.6
G 0.6 0.3 0.2 0.7 0.3 1.5 06 0.2
H 2.4 1.5 18 1.7 1.5 3.1 22 11
I 2.0 2.5 1.9 1.8 1.2 2.2 10 0.3
Mean 5.5 5.2 3.8 2.9 2.8 2.6 13 0.8
+ SE + 12 + 11 £+ 08 £ 05 = 07 = 04 £ 02 £ 02
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Table. 2-7 Comparison of pharmacokinetic parameters of digoxin in rats after receiving digoxin adone
and coadminigtration with 50 mg/kg quercetin (group A ; n=3).

Drug rat .
adminisered  parameter e f g Mean+ SE. Difference
AUCo. 1207.1 913.7 604.6 9085:173.9
(ng minymL)
Cmax
3.7 4.1 2.1 3.310.6
L (ngml)
Igoxin Tmax
Hone (min) 240 240 360 280+40
MRT
(ir) 250.9 252.7 281.0 261.6%+9.7
AUM ¢ 302876 230913 169866  234552+18037
(ng mir/ mL)
AUC
. 1389.5 1640.4 1066.9 1365.6+166.0 +50
(ng mn/mL)
Cmax
4.2 5.6 35 4.4+06 +33
digoxin (n_?/mL)
with (rh“ﬁ)‘ 240 120 360 240+69 -14
quercetin MRT
. 229.9 216.4 2744  240.2+175 -8
(min)
AUMC

(g mir?/ mL) 319439 355013 292741  322398+18037 +37
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Table. 2-8 Comparison of pharmacokinetic parameters of digoxin in rats after receiving digoxin adone
and coadminigtration with 50 mg/kg quercetin (group B ; n=8).

Rat
Drug . . .
administered a b c d h [ j k Mean + SE. Difference
parameter
AUCo, 15266 18344 17200 1267.2 17482 16829 14092  963.3 1520.1+104.1
(ng min/ mL)
Crmax 83 102 88 44 62 69 85 62  74+07
(ng/mL)
digoxin T max
o B 20 20 40 40 20 20 40 20 53+27
'EAmerT) 1686 1948 1741 2439 2020 1909 1610 1523 186.0+103
AUMC  oio0 357328 301072 300014 353158 321344 226854 146756 28411925100
(ng minY/ mL)
: . . . . . . . 9 8154+1328 -46
AUCo, 11991 13223 12376 3874 6497 6951 5321 4999 46
(ng min/mL)
CmaX * %
i 73 61 86 12 33 46 18 17  43+10 -4
digoxin T
with - 40 20 20 9 20 20 240 40 61£27  +15
quercetin
'EAmerT) 1569 1927 1544 2197 1841 1656 2221 1965 1865+93 +02
AUMC

(g mird mL) 188134 254820 191086 85107 119637 115136 118168 98221 146289+20729 -49

“p<0.01; " p<0.001
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Table. 2-9 Comparison of pharmacokinetic parameters of digoxin in rats after receiving digoxin
aloneand coadminigration with 100 mg/kg quercetin. (n=9)

Drug A B c D E F G H Mean + SE. Difference
administered parametd - ’

AUC,,
(g mnL) 17138 24133 19909 14092 9633 10467 15266 18344 17290 1458642089
C
o 66 136 119 95 62 126 83 102 88  097+09
digaxdn Tmax 40 20 20 40 20 20 20 20 40 4
done (min) 273
'EAmenT) 2005 1973 1678 1610 1523 1533 1686 1948 1741 174.4+6.2
AUMC
ng mindmL 343655 476136 333980 226854 146756 298364 257422 357328 301072 304619:30693
AUCy. o

(ng min/ mL) 1531.0 16469 1888.8 11388 689.3 12144 3296 9937 6784 1123.4+169.5 -23

CmaX * %
o 57 84 113 8.9 41 2.0 15 31 25 6112  -37
digoxin
with (Tn "f?f) 20 40 20 40 20 20 240 240 40 76£31  +181
quercetin
'zﬂm?rf) 1798 1706 1759 1413 1762 1440 2411 2417 1996 1856121  +6
AUMC -
ng mindm 275210 280896 332160 160804 121482 174841 79466 240164 135380 200055:28459 -34
" P<0.01

Table. 2-10 Comparison of pharmacokinetic parameters of digoxin in rats after recaliving digoxin
with 50 mg/kg (Q50 ; n=8) and 100 mg/kg (Q100 ; n=9) quercetin.

AUC,, Crnax AUMC MRT
(ng min/ mL) (ng/mL) (ng min?/ mL) (min)
Q100 Q50 Q100 Q50 Q100 Q50 Q100 Q50
Mean 11234 8154 6.1 43 200055 146289 185.6 186.5
+ SE. + 1695 + 1328 +1.2 + 10 + 28459 + 20729 + 121 + 93
Difference ( ) -27 -30 -30 +0.4
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Table. 2-11 Serum digoxin concentrations (ng/mL.) after ord administration of digoxin (0.04
mg/kg) adoneto four rats ( group A).

Time
(min)
20 40 60 90 120 240 360 480
Rats
a 1.5 2.3 1.9 2.3 2.0 4.4 27 1.3
b 2.6 1.4 1.6 1.9 1.9 3.7 31 1.2
d 2.0 1.7 1.4 1.3 1.4 0.8 05 0.1
g 3.3 3.1 2.6 2.9 2.8 2.9 16 0.9
Mean 2.4 2.1 1.9 2.1 2.0 3.0 20 0.9
+ SE + 04 + 04 + 03 £+ 03 + 03 + 08 + 06 = 03

Table. 2-12 Serum digoxin concentrations (ng/mL.) after ord administration of digoxin (0.04
mg/kg) with 50 mg/kg morin to four ras ( group A).

Time
(min)
20 40 60 90 120 240 360 480
Rats
a 14. 713.5 7.7 6.7 7.3 4. 242 2.1
b 4.9 4.2 4.0 4.9 4.4 4. 88 1.6
d 2.0 1.4 1.5 0.6 1.0 1. @1 1.3
g 8.5 7.3 5.6 4.4 3.5 2.13 0.7
Mean 7.5 6.6 4.7 4.2 4.1 3. @9 14
+ SE + 27 + 26 £+ 13 +# 13 + 13 + 09 £+ 07 = 03




Table. 2-13 Serum digoxin concentrations (ng/mL.) after ord administration of digoxin (0.04
mg/kg) done to four rats ( group B).

Time
(min)
20 40 60 90 120 240 360 480
Rats
C 9.0 6.3 5.2 4.6 6.5 3. 38 15
e 0.9 1.9 0.9 0.8 0.8 4. 18 0.9
f 2.4 1.6 1.9 2.1 1.2 1. 98 0.5
h . 9 6.8 7.0 5.7 4.4 5. @9 19
[ 3.0 4.4 4.3 3.3 3.6 2. 14 0.8
Mean 4.0 4.2 3.9 3.3 3.3 3.37 11
+ SE. + 14 + 17 £ 13 + 09 £ 11 + 06 £ 03 = 03

Table. 2-14 Serum digoxin concentrations (ng/mL) after ord administration of digoxin (0.04
mg/kg) with 50 mg/kg morin to four rats ( group B).

Time
(min)
20 40 60 90 120 240 360 480
Rats
c 1.2 2.1 1.6 1.7 2.4 4. B4 2.4
e 2.3 2.9 2.22.2 2.7 2. 48
f 0.4 0.8 0.6 0.9 0.2 0. 92 0.2
h 2.3 3.5 2.0 2.1 1.6 2. 07 0.5
[ 1.6 1.6 1.1 1.1 0.8 1. D7 0.3
Mean 1.5 2.2 1.5 1.6 1.5 2. 23 0.7
+ SE + 04 £+ 05 £+ 03 £ 03 = 05 + 07 £ 06 £+ 04
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Table. 2-15 Serum digoxin concentrations (ng/mL.) after ord administration of digoxin (0.04
mg/kg) done to eight rats.

Time
(min)
20 40 60 90 120 240 360 480
Rats
A 8 8.8 6.8 5.5 4.2 3. 22 14
B 4.9 6.8 7.0 5.7 4.4 5. @9 19
C 6.2 5.9 5.3 3.4 4.7 4. 24 2.3
D 8.3 7.1 6.3 4.6 3.8 3. 245 13
E 7.2 9.5 7.4 3.8 3.2 2.36 10
F 96 . 6.7 6.5 4.2 4.0 3. 125 15
G 10.2 5.2 6.0 5.4 3.6 4. 27 2.0
H 3.3 3.1 2.6 2.9 2.8 2.496 0.9
Mean 7.0 6.6 6.0 4.5 3.8 3.6 2.25
+ SE. + 08 £+ 07 £ 05 + 04 £ 02 + 03 £ 02 = 02

Table. 2-16 Serum digoxin concentrations (ng/mL) after ord administration of digoxin (0.04
mg/kg) with 100 mg/kg morin to eight rats.

Time

MY 59 40 60 90 120 240 360 480
Rats

A 0.7 0.7 1.2 1.1 1.D.8 05 04
B 0.4 0.4 0.3 0.40.2 0.5 03
C 5.7 4.9 3.7 3.4 3.6 2.&1 17
D 4.3 3.4 2.7 3.1 3.1 2.27 13
E 3.4 2.8 1.5 2.8 2.3 2.10 07
F 3.0 4.4 3.3 2.9 2.4.8 11 06
G 4.7 4.8 2.7 3.6 3.5 2.47 10
H 1.8 2.0 1.6 1.4 1.6 1.9 12
Mean 3.0 2.9 2.1 2.3 2.2 1.B1 09
+SE. + 07 + 06 # 04 + 04 + 04 + 03 + 20 + 02
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Table. 2-17 Comparison of pharmacokinetic parameters of digoxin in rats after receiving digoxin
aone and coadminigtration with 50 mg/kg morin (group A; n=4).

Drug Rat .
adminigered a b d g Mean+ SE.  Difference
parameter
(ngAerr‘:,‘tmL) 1267.2 1207.1 4089 1069.7 988.2+197.5
Cmax
(ng/mL) 4.4 3.7 2.0 3.3 3.4+0.5
d;gg’;“ Inr:;; 240 240 20 20 130+64
'\(Aﬁn; 2439 2509 1636 201.0 214.9+20.3
AUMC
(hg mirf/ mL) 309014 302876 66891 215000 223445+56430
(rgAl;:.:r?,*mL) 25705 18917 650.6 1301.8 1603.7+410.0 +62
Cmax
(ngmL) 14.7 4.9 2.1 8.5 7627 +124
digoxin T
with (nr:;; 20 20 360 20 10585 -20
quercetin
'\(/'rr?n; 175.7 2192 2658 1524 203.3%25.0 -5
AUMC
(hg mirf/ mL) 451698 414628 172925 198406 309414+72034 +39




Table. 2-18 Comparison of pharmacokinetic parameters of digoxin in rats after receiving digoxin
aone and coadminigration with 50 mg/kg morin (group B; n=5).

Rat
Drug . .
administered c e f h i Mean £ SE. Difference
parameter
AUC,.
(g mimmL) 17514 9137 5903 10724 11721 1280.0:257.2
Cmax
o 90 41 24 70 44 54412
digoxin T max
o LS 20 240 20 60 40 7642
'\("men{ 1717 2527 1944 2016 1837 200.8+13.9
AUMC 200606 230013 114766 307655 215340 251874+47015
(hg min“/mL)
AUC,.
(g minmL) 14419 8352 1683 7052 4280 715012149 -44
Cmax *
o 47 29 09 35 16 27407 50
digoxin T
with LS 240 40 90 40 20 86+40  +13
quercetin
'\("m'?n{ 2627 1770 1900 1843 2030 2034+154  +1
AUMC

8

. 5 377846 147808 31965 129987 87067 155135+59387
(ng min“/mL)

" p<0.05
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Table. 2-19 Comparison of pharmacokinetic parameters of digoxin in rats after receiving digoxin

Drug Ret .
administered A B c D E F G H  Mean+SE Difference
parameter
AUC_:O“ 17290 19724 17482 1526.6 1409.2 16829 18344 1069.7 1621.6+99.9
(ng min/ mL)
Cmax 8.8 7.0 6.2 8.3 95 6.9 10.2 33 75x08
(ng/mL)
digoxin T
max +
done (min) 40 60 20 20 40 20 20 20 30+5
MRT
(min) 1741 2016 2020 1686 1610 1904 1948 2010 186.745.8
AUMC
) 301072 397655 353158 257422 226854 321344 357328 215000 303729+23293
(ng min mL)
AUCo_t * %
X 3473 1645 1369.7 10926 8221 8209 12322 611.2 807.6+1489 -100
(ng min/ mL)
Cmax * %
(ngml) 12 05 5.7 43 34 44 4.8 20 3.3+0.7 -56
digoxin
with Tmax 60 360 20 20 20 40 40 40 75t41  +150
. (min)
quercetin
MRT *
(min) 201.0 2513 1995 2013 1898 1728 1903 2179 203.0+83 +9
AUMC >

) 69787 41338 273194 219882 156010 141812 234436 133145 158701+28414 .48
(ng minY/ mL)

aone and coadminigtration with 200 mg/kg morin (n=8).
"p<005: " p<0.01

Table.2-20 Comparison of pharmacokinetic parameters of digoxin in rats after receiving digoxin with 50
mg/kg (M50 ; n=5) and 100 mg/kg (M 100 ; n=8) of morin .

AUC, Cinax AUMC MRT
(hg  min/mlL) (ng/ml) (ng min®/ mL) (min)
M100 M50 M100 M50 M100 M50 M100 M50
Mean 807.6 715.9 33 2.7 158701 155135  203.0 203.4
+ SE. + 1489 +2149 07 + 0.7 + 28414 + 59387 + 8.3 + 54
Difference( ) +11 +18 +2 -0.2
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Table. 3-1 Transport of rhodamine 123 (ng/mL) from serosa to mucosa surfaces across
the everted jgunum (control group, N=3).

Rats
. a b C Mean + SE
Time
(min)
0 0 0 10 3 + 3
20 0 0 15 5 + b5
40 104 106 104 105 + 1
60 248 299 240 262 + 18
80 384 445 356 395 + 26
100 548 630 483 554 + 43

Table. 3-2 Transport of rhodamine 123 (ng/mL) from serosd to mucosd surfaces across
the everted ileum (control group, N=3).

Rats
, a b C Mean + SE
Time
(min)
0 0 0 0 0 + 0
20 42 30 0 24 + 12
40 244 138 48 143 + 57
60 373 355 152 293 + 71
80 470 485 258 404 + 73
100 578 586 370 511 + 71
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Table. 3-3 Transport of rhodamine 123 (ng/mL) from serosa to mucosa surfaces across the
everted jgunum in the presence of 200 MM quercetin (n=3).

Rats
, a b c Mean = SE
Time
(min)
0 0 0 0 0 + 0
20 0 0 0 0 + 0
40 57 85 33 58 + 15
60 142 271 181 195 + 39
80 252 351 340 314 + 31
100 325 458 499 427 + 53

Table. 3-4 Transport of rhodamine 123 (ng/mL) from serosal to mucosal surfaces across
the everted ileum in the presence of 200 MM quercetin (n=3).

Rats
, a b C Mean + SE.
Time
(min)
0 0 0 0 0 + 0
20 0 0 0 0 + 0
40 42 53 17 41 + 12
60 144 158 89 130 + 21
80 234 273 199 235 + 21
100 328 286 254 289 + 21




Table. 3-5 Trangport of rhodamine 123 (ng/mlL) from serosa to mucosal surfaces across the
everted jgunum in the presence of 400 MM quercetin (n=3).

Rats
, a b c Mean = SE
Time
(min)
0 0 0 7 2 + 2
20 0 0 17 6 + 6
40 28 88 82 66 + 19
60 99 184 170 151 + 26
80 162 324 248 245 + 47
100 199 426 311 312 + 66

Table. 3-6 Trangport of rhodamine 123 (ng/mL) from serosa to mucosa surfaces across
the everted ileum in the presence of 400 M quercetin (n=3).

Rats
, a b C Mean + SE.
Time
(min)
0 0 0 0 0 + 0
20 0 0 0 0 + 0
40 20 22 0 14 + 7
60 105 100 41 82 + 21
80 236 187 96 173 + 41
100 237 344 149 243 + 56
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6, 7-dimethoxycoumarin
1.0 mL/min
Fig.4-1
y=0.02x-0.02(r=0.999)
peak arearatios
0.7~59% 14~79%
(Table. 4-1) 90 %

LOD

my/ml 0.78 mg/ml
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Fig. 4-1 Chromatograms of rutin (R) and 6,7-dimethoxycoumarin (interna standard; 15):
(a) spiked in methanal , R: 25.0 ng/mL and ( b) in huaihua decoction , R:
26.1mg/mL.
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Table. 4-1 Intra-run and inter-run analytica precison and accuracy of rutin.

precision accuracy
Conc. intra-run inter-run intra-run inter-run
(0 g/ml) mean + SD. (CV.%) mean * SD. (CV%) relative error(%) relative error(%)
200.0 2005 = 01 (0.7) 2013 = 02 (149 +03 +0.7
100.0 1012 = 02 (20 1026 +* 04 (39 +12 +26
50.0 500 = 01 (14 501 = 02 (28 +00 +0.2
250 249 + 02 (40 »8 = 04 (79 -04 +32
125 126 + 02 (56) 128 * 02 (59) +0.8 + 6.7
6.3 62 = 01 (40 65 = 01 (39 +16 +32
31 29 = 01 (59 32 £ 01 (59 -65 +31
(n=3)

Table. 4-2 Recovery (%) of rutin from water decoction of huaihua

Conc. (u gml) Mean( ) + SD.
100.0 94.2 + 0.1
50.0 915 + 0.1
25.0 92.7 + 0.1

(n=3)



(1)

C B -glucuronidase 37
4 (6, 7-dimethoxycoumarin)
:0.1%
(28:72) 1.0 mL/min 12
Fig.5-1 0.16 ~ 5.0 ngy/mL
y=049x-0.02(r=0.999) peak area ratios
2
(blank) 5 10 15 30 60 90 120
180 240 360 480 min
WINNONLIN
( non-compartment model ) Table5-2
Cra) 0.8 = 02nmol. mit (AUC,,) 197.0
+ 49.6 nmole/mli (MRT) 224.4+16.8min

Fig.5-2
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Fig. 5-1 Chromatograms of quercetin (Q) and 6,7-dimethoxycoumarin (interna standard; 1S)

in rabbit serum: (@) blank serum; (b) spiked in blank serum, Q: 4.2 nmol/mL ( ¢)
after oral adminigtration of huaihua decoction , Q: 0.6 nmol/mL.

95



Table. 5-1 Quercetin glucuronide/sulfate concentrations (nmole/mL) in serum after ord
adminigration of 30 mL huaihua decoction to seven rabbits.

Rabbits

a b C d e f g Mean £ SE.

Timeg(min)

5 0.80.60.4ND O.2ND O. 2 03%01
10 0.80.40. 40. 3ND ND ND 03+01
15 0.80.40. 3ND ND 0. 2ND 02+01
30 0.50.31.00.30.30.50.3 05t01
60 0.60.30.60.3ND ND 0. 4 03x01
90 0. 70.31.30.30. 31. 2ND 06+0.2
120 0.70.61. IND O0.30. 70. 3 05%01
180 0.90.30. 70. 40. 50. 20. 3 05%01
240 0.80.50.5ND 0.30.40. 3 04z01
360 0.60.31.5ND O. 40. 2ND 04+0.2
480 0. 60. 40. 30. 40. 40. 3ND 03+01

ND : not detectable

Table. 5-2 Individua pharmacokinetic parameters of quercetin after an oral dose of

30 mL huahua decoction.

Parameters ~ Crnax Trmax AUC (0.1) AUMC MRT
(nmde/mL) (min) (nmde:- minmL) (nmde- min>- mL)  (min)

a 0.9 180 325.2 74644.3 229.6
b 0.6 5 177.3 41128.8 231.9
c 1.5 360 418.9 103655.3 247.4
d 0.4 180 68.8 15981.5 2325
e 0.5 180 154.6 43860.3 283.7

f 1.2 90 172.2 35733.8 207.5
g 0.4 60 62.0 8592.0 138.6
Mean 0.8 151 197.0 46228.0 2245
+ SE. + 02 + 44 + 500 + 12515.2 + 168
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