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CYP3A4  Pgp

Quercetin is a flavonol ubiquitously present in fruits, vegetables and herbs,
predominantly existing in glycoside form. Quercetin glycosides were known to
be absorbed as quercetin through hydrolysis in gastrointestinal tract. Quercetin
was reported to modulate CYP isoenzymes and P-glycoprotein (Pgp), a drug
efflux transporter. Our previous study found that quercetin significantly
decreased the bioavailability of cyclosporin, a substrate for CYP3A4 and Pgp,
in rats and pigs. St. John’s wort, ginkgo and onion contain quercetin and its

glycosides. This study aimed to investigate the influences of St. John’s wort,



ginkgo and onion on the pharmacokinetics of cyclosporin in rats.

Cyclosporin was administered orally and intravenously to rats with and
without an oral dose of St. John’s wort, ginkgo or onion in crossover designs.
Blood samples were collected via cardiopuncture and blood cyclosporin
concentration was assayed by a specific monoclonal fluorescence polarization
immunoassay. Everted gut sac was used to investigate the effects of St. John’s
wort, ginkgo and onion on the function of intestinal Pgp.

Our results showed that oral coadministration of St. John’s wort, ginkgo and
onion significantly decreased the Cy.x and AUC, of cyclosporin. However,
when cyclosporin was given intravenously, St. John’s wort, ginkgo and onion
did not affect the pharmacokinetics of cyclosporin, indicating that these
interactions occurred mainly at the absorption site. In conclusion,
coadministration of St. John’s wort, ginkgo and onion markedly decreased the
oral bioavailability of cyclosporin. The concurrent use of St. John’s wort,
ginkgo and onion with cyclosporin should be avoided to ensure the efficacy of

cyclosporin.
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I ntroduction

In recent years, quercetin attracted great interest of investigators because of its
various beneficial biological activities (Takahama 1985; Ohnishi and Bannai, 1993;
Alarcon-de-la-Lastra et al., 1994; Murray 1998; Davis et al., 2000). Quercetin is
widely distributed and predominantly present as glycosides in plant food, beverage
and herbs (Liu and Sheu, 1989; Hertog et al., 1992; Hertog et al., 1995; Griffiths et al.,
2002;). Quercetin glycosides were known to be absorbed as quercetin through
hydrolysis by lactase phlorizin hydrolase secreted by the small intestine (Daya et al.,
2003) or B-glucosidase secreted by enterobacteria (Ioku et al., 1998). Quercetin was
reported to modulate CYP 3A4 and Pgp, a drug efflux transporter, therefore, it might
affect the bioavailability of drugs that are metabolized by CYP 3A4 or effluxed by
Pgp (Miniscalco et al., 1992; Shapiro and Ling, 1997). Our previous study reported
that quercetin significantly decreased the bioavailability of cyclosporin (Sandimum®),
a substrate of CYP 3A4 and Pgp (Kronbach et al., 1988; Lown et al., 1997; Edward et
al., 1999) in pigs and rats (Hsiu et al., 2002). Furthermore, our rat model
demonstrated interaction between St. John’s Wort and cyclosporin (Yang et al., 2003)

as clinical findings in humans (Ruschitzka et al., 2000; Barone et al., 2000).



St. John’s Wort (SJW), a herbal antidepressant, consists of the leaves and
flowering tops of Hypericum perforatum. The alcoholic extract contains 0.1-0.3%
phloroglucinol derivatives (e.g. hyperforin), 2-4% flavonoids (e.g. catechin, quercetin,
rutin, kaempferol, luteolin, apigenin and quercitrin) and up to 6% naphthodianthrones
(e.g. hypericin, pseudohypericin) (Bilia et al., 2002).

Ginkgo is a popular herbal medicine worldwide. EGb 761 is the extract from the
leaves of Ginkgo biloba and is used widely for treating cerebral insufficiency in
clinical therapy (Maurer et al., 1997; Oken et al.,, 1998). Many researches have
reported that EGb 761 possesses beneficial activities including free radical scavenging,
antagonist of platelet-activating factor, inhibition of monoamine oxidase and
modulation on immune function (Ellnain-Wojtaszek et al., 2003; Porsolt et al., 2000;
Puebla-Pe’rez et al.,, 2003). Ginkgo leaves contain glycosides of quercetin,
kaempferol and isorhamnetin, terpene trilactones, carboxylic acids (ascorbic acid,
D-glucaric acid) etc. (Teris, 2002).

Onion is a daily diet and has been reported to possess bioactivities including
reduction of serum cholesterol, decrease of osteoporosis incidence, antithrombotic
and anticancer effects (Campos et al., 2003; Jung et al., 2002; Muhlbauer and Li,
1999). Onion contains quercetin-3,4’-diglucoside and quercetin-4’-glucoside etc. (Gee
et al., 1998).

Cyclosporin is an important immunosuppressant with a narrow therapeutic window.
Maintenance of therapeutic cyclosporin concentrations following transplantation is
critical to ensure adequate immunosuppression. Subtherapeutic cyclosporin
concentrations can be associated with an increased risk for acute cellular rejection,
while supratherapeutic concentrations can result in hepatotoxicity, nephrotoxicity and
neurotoxicity (Edwards et al., 1995; Sijpkens et al., 2001; Voiculescu et al., 2003).
Neoral® is the first microemulsion product which has improved immunosuppressive
efficacy due to a better oral bioavailability, lower pharmacokinetic variability, and
better dose-linearity in cyclosporin exposure compared with the former dosage form
Sandimmun® (Dunn et al., 2001). This study attempted to investigate the influences of
ginkgo and onion, which contain quercetin glycosides, on the absorption and
disposition of cyclosporin (Neoral®) in rats. Moreover, the possible mechanism of the

drug absorption involving Pgp was explored.

Materials and Methods
Materials

Cyclosporin (Neoral®, 100 mg/mL) was a gift from Novartis (Taiwan) Co. Ltd. and



properly diluted with water before use. St. John’s Wort standardized herbal extract
300 mg in each caplet was produced by Albertson’s Inc (U.S.A.). Ginkgo leaves
(Ginkgo biloba L.) were collected at Taichung County, Taiwan, in September 2001.
Onion was purchased from a traditional market in Taichung City, Taiwan. Quercetin
dihydrate was purchased from Sigma Chemical Co. (St. Louis, MO, USA).
Rhodamine 123 was purchased from Aldrich Chemical Company (Milwakee, WI,
USA). Milli-Q plus Water (Millipore, Bedford, MA, USA) was used for all
preparations. TDx kit was supplied by Abbott Laboratories (Abbott Park, IL, USA).

Preparations and acid hydrolysis of ginkgo decoction and onion juice

Dried ginkgo leaves (20 g) was boiled in 400 mL H,O on a gas stove until the
volume was reduced to less than 80 mL and then water was added to reach a volume
of 80 mL. One onion bulb (outer skin removed) was processed with a juicer and the
juice was collected for later use.

In a glass tube 0.5 mL of ginkgo decoction and onion juice were each added with
0.5 mL of 1.2 N HCI and 5 mg of ascorbic acid. The mixture was heated at 80 for
1 h and then allowed to cool and made up to 1 mL with water. Acid hydrolysis was
performed in triplicates for each sample. The hydrolysate was filtered through a

0.45-pm membrane prior to HPLC assay.
Quantitation of quercetin in the hydrolysates of ginkgo decoction and onion juice

The hydrolyzed samples were analyzed using an HPLC system equipped with a
Shimadzu SIL-10AD VP automatic sample injector, a Shimadzu SPD-10A VP
Wavelength Absorbance Detector and two Shimadzu LC-10AT VP pumps.
Reversed-phase separation was carried out using a RP-18 column (Cosmosil, 150 %
4.0 mm, 5 pm) equipped with a prefilter. The mobile phase consisted of acetonitrile
and 0.01% phosphoric acid and eluted in a gradient manner: 19:81 (0-7 min), 30:70
(9-30 min), at a flow rate of 1.0 mL/min. After each run, the column was washed with
methanol for 2 min, then returned to 19% acetonitrile and re-equilibrated for 5 min
before the next analysis. The detection wavelength was set at 370 nm.

The precision and accuracy of the analysis system was evaluated by intra-day and
inter-day of triplicate standards within one day and over a period of three days. A
recovery study was performed by spiking quercetin standard solutions into the
hydrolysates of ginkgo decoction and onion juice of known quercetin concentration to
further assess the accuracy of this method

Animals and drug administration



Male Sprague-Dawley rats weighing 200 — 250 g were randomly divided into two
groups and fasted for 12 h before drug administration. SJW caplet was sonicated
overnight in water. Rats were given cyclosporin (1.25 mg/kg) with and without STW
suspension (containing 37.5 mg SJW extract), ginkgo decoction (8.0 mL/kg,
equivalent to 2.0 g/kg of ginkgo leaves) or onion juice (8.0 mL/kg), respectively, in
crossover designs. The control rats received an equal volume of water. Oral
administration was given via gastric gavage. Ginkgo and onion were administered
right before cyclosporin. One week was allowed for washout.

Another study gave an intravenous bolus of cyclosporin (0.8 mg/kg) via tail vein
with and without an oral dose of SJW suspension (containing 37.5 mg SJW extract),
ginkgo decoction (8.0 mL/kg) and onion juice (8.0 mL/kg) in crossover designs. SJW,
ginkgo decoction and onion juice were given per oral immediately after the bolus of
cyclosporin. The control rats received an equal volume of water orally. One week was
allowed for washout. The animal studies adhered to “The Guidebook for the Care and
Use of Laboratory Animals (2002)” (Published by the Chinese Society for the
Laboratory Animal Science, Taiwan, ROC).

Blood collection

Blood samples (0.3 mL) were withdrawn via cardiopuncture at 0, 0.33, 0.66, 1, 3, 5
and 9 h after oral cyclosporin and at 0, 0.08, 0.17, 0.33, 0.66, 1, 3, 5 and 9 h after
intravenous cyclosporin. Water was supplied at 2 h intervals via gastric gavage during
the experiment. The blood samples collected in vacutainer tubes containing EDTA
(Becton Dickinson, Franklin Lakes, NJ, USA) were stored at 4  and analysis was

performed within 24 h.
Quantitation of blood cyclosporin concentration

The cyclosporin concentration in blood was measured by a specific monoclonal
fluorescence polarization immunoassay using an Abbott TDx kit. The assay was

calibrated for concentrations from 25.0 to 1500.0 ng/mL.
Data analysis

The peak serum concentration (Cy.x) and the time to peak concentration (Tpax)
were obtained from experimental observation. Pharmacokinetic parameters of
cyclosporin were calculated by a noncompartment model for oral cyclosporin and a
two-compartment model of WINNONLIN (version 1.1, SCI software, Statistical
Consulting, Inc., Apex, NC, USA) for intravenous cyclosporin. The area under the
serum concentration-time curve (AUC) was calculated by the trapezoidal rule to the

last point. Statistical comparisons were made using paired Student’s t-test and p <



0.05 was considered significant.
Everted rat gut sac study

Nine Sprague-Dawley rats were sacrificed for each study. The jejunum and ileum
were isolated. After flushing with ice-cold saline, each segment was everted and both
ends were ligated tightly to prepare a 25 cm long everted intestine. It was then
immersed in 50 mL of medium 199 prewarmed at 37 and preoxygenated with a
mixture gas of 95% O, / 5% CO,. After incubating under the same condition for 20
min, 3 mL of rhodamine 123 solution (20 pg/mL in medium 199) was introduced into
the everted rat intestine (serosal side). The transport of rhodamine 123 solution from
the serosal to mucosal surfaces across the intestine was then measured
fluorometrically (Luminescence Spectrometer LS-50B, Perkin Elmer, USA) as a
control from the mucosal medium sampled every 20 min for 100 min. SJW, ginkgo
decoction and onion juice were diluted with medium 199 and added to the mucosal
medium to give designated final concentrations of SJW (0.75 mg/ml and 0.38 mg/ml),
ginkgo decoction (GD) (0.02 and 0.04 mL GD/mL) and onion juice (OJ) (0.04 and
0.08 mL OJ/mL). The transport of rhodamine 123 was measured as described for the

control.

Results

HPLC/UV methods were developed in this study for the determination of quercetin
in the hydrolysates of ginkgo decoction and onion juice. The present methods showed
satisfactory precision and accuracy, the recoveries of quercetin from ginkgo decoction
and onion juice were 92.4 — 109.0 % and 100.8 —109.7 %, respectively. Table 1 lists
the quercetin contents in the acid hydrolysates of ginkgo decoction and onion juice,
indicating that the content of quercetin glycosides in onion juice was 2.5-fold greater
than ginkgo decoction. Figures 1 and 2 depict the blood cyclosporin concentration -
time profiles after oral and intravenous dosing of cyclosporin alone and
coadministration of SJW, respectively. Figures 3 and 4 depict the blood cyclosporin
concentration - time profiles after oral and intravenous dosing of cyclosporin alone
and coadministration of ginkgo decoction, respectively. Figures 5 and 6 depict the
blood cyclosporin concentration - time profiles after oral and intravenous dosing of
cyclosporin alone and coadministration of onion juice, respectively. Tables 1, 2 and 3
list the pharmacokinetic parameters of cyclosporin after various treatments. The oral
coadministration of SJW, ginkgo decoction and onion juice significantly decreased the
Chmax 0of cyclosporin by 90% , 58% and 64%, and reduced the AUC by 86%, 48%



and 74 %, respectively.

The blood profiles of intravenous cyclosporin with SJW, ginkgo or onion
coadministration did not display significant difference from those after receiving
cyclosporin alone and onion coadministration showed less influence. This indicated
that the distribution and elimination of cyclosporin were not significantly affected by
SJW, ginkgo decoction and onion juice.

Figs. 5 and 6 show the effects of ginkgo and onion on the efflux of rhodamine 123
in jejunum and ileum, respectively. The results indicated that ginkgo significantly
inhibited the efflux of rhodamine 123 from serosal side to mucosal side for both

jejunum and ileum, whereas onion did not show significant effect.
Discussion

Flavonoids mainly exist in plants as glycoside form, but the authentic standards of
quercetin glycosides are often not commercially available, therefore, acid hydrolysis
was conducted in order to measure the total contents of quercetin glycosides in ginkgo
decoction and onion juice. The strategy for protecting quercetin from oxidation
followed that reported in our previous study (Hsiu et al., 2001). The validation of
assay method indicated that the established method is reliable. Based on the results of
acid hydrolysis, the doses of ginkgo and onion administered to rats were 776.2 and
1927.2 nmol/’kg of quercetin glycosides, respectively. Quercetin glycosides are
realized to hydrolyze into quercetin in gastrointestinal tract and become absorbable.
Therefore, the ingestion of quercetin glycosides from onion juice was about 2.5-fold
of ginkgo.

St. John’s Wort (SJW) was reported to reduce cyclosporin bioavailability
significantly and cause graft rejection (Barone et al., 2000; Ruschitzka et al., 2000;
Yang et al., 2003). In this study, marked decreases in cyclosporin absorption were also
found when onion and ginkgo were coadministered. SJW contains polyphenols like
quercetin and its glycosides, including rutin, hyperoside, isoquercitrin, quercitrin, and
other napthodianthrones (hypericin, pseudohypericin), phenolic acids (chlorogenic
acid) and the phloroglucinols (hyperforin, adhyperforin) (Kopleman et al., 2001).
Quercetin glycosides are the common constituents contained in ginkgo, onion and
SJW. Therefore, we speculate that quercetin and its glycosides were the potential
causative agents for lowering the blood cyclosporin level.

When cyclosporin was intravenously administered to rats, the oral coadministration
of ginkgo and onion did not significantly alter the pharmacokinetic behavior of
cyclosporin, indicating that distribution, hepatic metabolism and elimination of
cyclosporin were not affected. Accordingly, the interactions between oral cyclosporin

and ginkgo or onion can be inferred to occur at the absorption site.



Many reports indicated that flavonoids modulated the cell multidrug resistance
mediated by Pgp (Di-Pietro et al., 2002; Vaidyanathan and Walle, 2003) which plays a
role in the barrier function of the intestine. Because cyclosporin is a substrate of Pgp,
modulation on Pgp might be a mechanism to explain these interactions. In this study,
an in vitro study using rhodamine-123 as a specific Pgp substrate was conducted on
the everted rat gut sac to assess the effects of ginkgo decoction and onion juice on
Pgp-mediated efflux. The results showed that ginkgo significantly inhibited the
function of intestinal Pgp both in jejunum and ileum, whereas onion juice resulted in
insignificant inhibition. The down regulation on intestinal Pgp cannot solely explain
the reduction in AUC of cyclosporin caused by both ginkgo and onion. Alternatively,
it may be speculated that other effect like immediate activation of intestinal CYP 3A4
might overwhelm the inhibition on intestinal Pgp, A recent study demonstrated that
the contents and activities of CYP enzymes significantly increased after treatment
with ginkgo can explain our result (Sugiyama et al., 2004). Moreover, dangerous
interactions of SJW with many drugs including cyclosporin were reported to be
associated with pregnane X receptor (PXR), a nuclear xenobiotic receptor (Watkins et
al., 2003; Moore et al.,, 2000). Our previous study demonstrated that SJW
significantly inhibited the function of intestinal Pgp (Yang et al., 2003). The inhibition
of Pgp may prolong the access of drugs to CYP3A4 and increase the opportunity for
drug metabolism (Cummins et al., 2002). The inhibition of Pgp by SJIW resulted in
more cyclosporin available for metabolism by CYP3A4. Because ginkgo and onion
share common constituents, i.e. quercetin glycosides with SJW, therefore, we
speculate that ginkgo and onion might be like SJW in activating PXR to induce
CYP3A4 expression, and resulted in increased metabolism of cyclosporin.

Our previous study had found that quercetin significantly lowered the oral
bioavailability of cyclosporine in rats (Hsiu et al., 2002). However, quercetin is
present in onion and ginkgo mainly as glycosides, which is indispensable to be
hydrolyzed by intestinal enzymes or enterobacteria before absorption by the small
intestine (Victor and Winter, 1987). Many pharmacokinetc studies of quercetin and
rutin indicated that the conjugated metabolites of quercetin were the major molecules
present in the circulation and no quercetin was detected in rats and humans
(Schwedhelm et al., 2003; Hou et al, 2003). To investigate the effects of quercetin
sulfates/glucuronides on CYP3A4 and Pgp should be more important than quercetin
and rutin themselves for elucidating the underlying mechanism of these
herb-cyclosporine interactions. Further studies are needed to clarify the mechanism.

In summary, ginkgo and onion markedly decreased the oral bioavailability of
cyclosporin. We suggest that concurrent intake of quercetin-rich herbs or foods with

cyclosporine are better avoided in order to ensure the efficacy of oral cyclosporin.
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Fig. 1. Mean (% S.E.) blood concentration-time profiles of cyclosporin in 6 rats after
oral administration of cyclosporin alone (e ) and coadministrations with St.
John’s Wort (o ).

14



—
2

€ 1000

=

> —@— cyclosporin alone
\c/ —O— cyclosporin with St. John's Wort
=

<)

o

)

o

3]

>

o

—

o

c

8

S

=

c

o]

)

c

8 100

-

o)

o

m

T T T
204060 180 300 540

Time(min)
Fig. 2. Mean (% S.E.) blood concentration-time profiles of cyclosporin in 6 rats after

intravenous administration of cyclosporin alone (e ) and coadministration
with St. John’s Wort (o ).
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Fig. 3. Mean (% S.E.) blood concentration-time profiles of cyclosporin in 6 rats

after oral administration of cyclosporin alone (e ) and coadministration with ginkgo

decoction (o ).
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Fig. 4. Mean (% S.E.) blood concentration-time profiles of cyclosporin in 6 rats
after intravenous bolus of cyclosporin alone (e ) and coadministration with
ginkgo decoction (o ).

1000 ~
)
gﬁ —e— cyclosporin alone
g —O— cyclosporin with onion
=
=
15}
2
wn
2
2
« 100 4
S
=
g
g
=
[}
Q
=)
S
[&]
<
o
2
m

10 A
T T T T T 1
204060 180 300 540

Time (min)
Fig. 5. Mean (% S.E.) blood concentration-time profiles of cyclosporin in 6 rats
after oral administration of cyclosporin alone (e ) and coadministration with
onion juice (o ).
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Fig. 6. Mean ( S.E.) blood concentration-time profiles of cyclosporin in 6 rats
after intravenous bolus of cyclosporin alone (e ) and coadministration
with onion juice (o ).
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Table 1. Comparison of pharmacokinetic parameters of cyclosporin in 6 rats between

oral administration of cyclosporin alone and coadministration with St. John’s Wort.

Parameters . Cyclosporin + St. Difterence (%)
Cyclosporin alone
John’s Wort
AUCj241 338128.7 + 48379.7 43773.5 + 4560.5 86 +3*
Tnax 46.7 +4.2 176.7 £ 45.7 292 + 103 ***
Crnax 932.4 £ 855 95.6 +£10.8 90+ 1 **
MRT241 360.2 +29.1 412.9 +20.8 18+9

Data expressed as mean + SE

AUC (544 (ng min ml'l) : area under the blood concentration-time curve from time zero to 24 h.
T max (min): time to reach Cy.

Cumax (ng  ml™) : the peak blood concentration.

MRT.24 1 (min) : mean residence time.

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

Table 2. Comparison of pharmacokinetic parameters of cyclosporin in 6 rats between
oral administration of cyclosporin alone (1.25 mg/kg) and coadministration with

ginkgo decoction (2.0 g/kg).

Parameters Cyclosporin alone Cyclosporin + ginkgo Difference (%)
Crnax 169.4 + 35.6 65.2+7.9 -58 + 6*
Trnax 30.0+45 36.7£3.3 33x21
AUCq.sp 26024.4 +4011.3 12737.0 + 1306.4 48 £ 7*
MRT.sp, 1146 £4.6 134.1+£35 18 £ 6*
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Table 3. Comparison of pharmacokinetic parameters of cyclosporin in 6 rats between

oral administration of cyclosporin alone (1.25 mg/kg) and coadministration with

onion juice (8.0 mL/kg).

Parameters Cyclosporin alone Cyclosporin + onion Difterence (%)
Crnax 331.1+69.0 98.7 +16.5 -64 + 6*
Tmax 40.7 £ 3.7 48.6 £4.0 21+10

AUCq.9p 67039.9 + 15417.2 16068.2 + 3758.7 -74 + 4*
MRT .91 226.3+5.3 1309 +£18.5 42 +8
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