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Abstract

The purpose of this study was to investigate the effect of morin on the pharmacokinetics of orally and intravenously administered paclitaxel
in rats. Pharmacokinetic parameters of paclitaxel were determined in rats after an oral (30 mgkg~") or intravenous (3 mgkg™') administration
of paclitaxel to rats in the presence and absence of morin (3.3 and 10mgkg~"). Compared to the control given paclitaxel alone, pretreatment
with morin 30 min prior to the oral administration of paclitaxel increased Cpa and AUC of paclitaxel by 70-90% and 30-70%, respectively,
while there was no significant change in 7},,« and terminal plasma half-life (7'/,) of paclitaxel. Consequently, absolute and relative bioavailability
values of paclitaxel in the rats after the pretreatment with morin were significantly higher (p <0.05) than those from the control. In contrast,
following an intravenous administration of paclitaxel (3.3 mgkg™"), the pharmacokinetic profiles of paclitaxel were not altered significantly in the
presence of morin. Those results suggest that the enhanced oral exposure of paclitaxel should be mainly due to the inhibition effect of morin on
the gastrointestinal extraction of paclitaxel during the intestinal absorption. Therefore, the concurrent use of morin or morin-containing dietary

supplement may provide a therapeutic benefit in the oral delivery of paclitaxel.

© 2006 Elsevier B.V. All rights reserved.

Keywords: Paclitaxel; Morin; Pharmacokinetics; Bioavailability; Rats

1. Introduction

Paclitaxel is an antineoplastic agent widely used in the treat-
ment of advanced breast and ovarian cancer (Wani et al., 1971).
Paclitaxel is very poorly absorbed after the oral administra-
tion because of its unfavorable physicochemical properties such
as low solubility and low permeability (Panchagnula, 1998).
Furthermore, the interaction with P-glycoprotein (P-gp) efflux
pump adds the barrier against the oral absorption of paclitaxel
in the intestinal mucosa (Sparreboom et al., 1997). Therefore,
paclitaxel is currently formulated in a mixture of Cremophor
EL (polyoxyethyleneglycerol triricinoleate 35) and dehydrated
ethanol (1:1, v/v) for the intravenous infusion (Panchagnula,
1998). However, Cremophor EL itself could be toxic and pro-
duce vasodilation, labored breathing, lethargy and hypoten-
sion when administered intravenously (Rowinsky et al., 1993).
Therefore, in attempts to develop safer formulations, many stud-
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ies have been directed towards a new oral formulation, such
as emulsification, micellisation, liposome formation and use
of micro-particles (Onyuksel et al., 1994; Wang et al., 1996;
Lundberg, 1997; Crosasso et al., 2000). Furthermore, given
that the poor bioavailability of paclitaxel would result from the
metabolism by enzymes or counter-transport processes by P-
gp in the gut wall, there were some attempts to improve the oral
delivery of paclitaxel via the inhibition of P-gp and/or metabolic
enzymes. For examples, several studies have demonstrated that
the coadministration of a P-gp and/or CYP3 A4 inhibitors such as
enaminones, cyclosporin A, verapamil, MS-209 and KR30031
could enhance the oral exposure of paclitaxel (Berg et al., 1995;
van Asperen et al., 1998; Meerum Terwogt et al., 1999; Kimura
etal., 2002; Woo et al., 2003; Salama et al., 2004). In particular,
verapamil and cyclosporine were the first multidrug resistance
(MDR)-reversal agents available in clinical trials (Ozols et al.,
1987; Gottesman and Pastan, 1989; Fisher and Sikic, 1995)
but the usefulness of those drugs is limited because the plasma
concentrations required to reverse MDR could result in cardiac
toxicity such as hypotension, congestive heart failure, and heart
block (Choi et al., 1997). Therefore, it is still highly demanded
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to discover the compounds that can modulate P-gp or presys-
temic metabolism without undesired toxicity in order to be used
in the combination therapy with oral paclitaxel.

Flavonoids are the most abundant polyphenolic compounds
present in fruits, vegetables and plant-derived beverages such
as grape-fruit juice, tea and red wine (Dixon and Steele, 1999).
Many flavonoids including quercetin, naringin and silymarin are
known to modulate P-gp (Critchfield et al., 1994; Scambia et al.,
1994; Eagling et al., 1999) and have showed some effect on the
bioavailability of P-gp substrates such as moxidectin and dilti-
azem (Dupuy et al., 2003; Choi and Han, 2005). Also, Zhang
and Morris (2003) have demonstrated that morin could be a
fairly potent P-gp inhibitor by examining the effect of 20 nat-
urally occurring flavonoids on P-gp mediated cellular efflux in
MCF-7/ADR cells. Morin (3,5,7,2',4’-pentahydroxyflavone) is
found in the figure and other Moraceae that are used as herbal
medicines and exhibits various biological activities including
antioxidation, anti-mutagenesis and anti-inflammation (Francis
et al., 1989; Hanasaki et al., 1994; Fang et al., 2003). In
addition to the inhibition of P-gp, morin could modulate the
activities of the metabolic enzymes including cytochrome P450
(CYPs) (Hodek et al., 2002). For example, in human liver
microsomes, the formation of paclitaxel metabolites such as
C3’-hydroxypaclitaxel and C2-hydroxypaclitaxel were inhib-
ited by morin (Vaclavikova et al., 2003). Considering that the
bioavailability of paclitaxel is significantly limited by the presys-
temic metabolism and P-gp mediated efflux during the intestinal
absorption, morin, a dual inhibitor of P-gp and CYPs, may pro-
vide a therapeutic benefit to improve the pharmacokinetics of
paclitaxel in the combination therapy. Therefore, the purpose of
this study was to investigate the effect of morin on the pharma-
cokinetics of paclitaxel in rats.

2. Materials and methods
2.1. Materials

Paclitaxel was obtained from Brystol-Myers Squibb Co. (NY,
USA). Saline (0.9% NaCl injectable solution) was obtained
from Choongwae Co. (Seoul, Korea). Acetonitrile, methanol,
tert-butylmethylether were acquired from Merck Co. (Darm-
stadt, Germany). Morin and n-butyl-p-hydroxybenzoate (butyl-
paraben) was purchased from the Sigma Chemical Co. (St.
Louis, MO, USA). Phosphoric acid was obtained from the Jun-
sei Co. (Tokyo, Japan). All other chemicals were reagent grade
and all solvents were HPLC grade.

2.2. Animal studies

Male Sprague-Dawley rats (270-300 g) were purchased from
Daehan Laboratory Animal Research and Co. (Choongbuk,
Korea), and had free access to normal standard chow diet (Jaell
Chow, Korea) and tap water. Throughout the experiment, the ani-
mals were housed, four or five per cage, in laminar flow cages
maintained at 22 + 2 °C, 50-60% relative humidity, undera 12 h
light—dark cycle. The animals were kept in these facilities for at
least 1 week before the experiment and fasted for 24 h prior to the

experiments. This experiment was carried out in accordance with
the “Guiding Principles in the Use of Animals in Toxicology”
adopted by the Society of Toxicology (USA) and the experimen-
tal protocols were approved by the Animal Care Committee of
Chosun University. Rats (n = 6 for each treatment) were divided
into six groups as follows: Group 1 (30 mg kg ™! paclitaxel, p.o.),
Groups 2 and 3 (pretreatment with morin (3.3 or 10mgkg™")
30min prior to the oral administration of 30mgkg~! pacli-
taxel), Group 4 (3mgkg™! paclitaxel, i.v.), Groups 5 and 6
(pretreatment with morin (3.3 or 10 mgkg™") 30 min prior to the
i.v. injection of 3mgkg~! paclitaxel). Paclitaxel solution was
prepared by dissolving paclitaxel in Cremophor EL and ethy-
lalcohol mixture (1:1, v/v) and diluted with saline as described
by Varma and Panchagnula (2005). The oral suspension was
prepared with hydroxypropyl methylcellulose and diluted with
distilled water as described by Gao et al. (2003). Morin sus-
pension was prepared by mixing morin in 1.5mL of distilled
water. Blood samples were collected from the femoral artery at
0,0.1,0.25,0.5, 1,2, 3,4, 8, 12, and 24 h post-dose. Blood sam-
ples were centrifuged and the plasma was removed and stored
at —40 °C until analyzed by HPLC.

2.3. HPLC assay

The plasma concentrations of paclitaxel were determined
by the modified HPLC method reported by Lee et al. (1999).
Briefly, 50 pL of n-butyl-p-hydroxybenzoate (2 pgmL~!) as
the internal standard and 4 mL of fert-butylmethylether were
added to 0.25mL of the plasma samples. It was then vor-
texed for 20 min and centrifuged at 5000 rpm for 15 min. Three
milliliters of the organic layer were transferred to a clean test
tube and evaporated at 30 °C. The residue was then dissolved in a
0.5 gmL~! zinc sulfate solution [zinc sulfate:methanol:ethylene
glycol (0.5g:100mL:1 mL)] and centrifuged at 5000 rpm for
Smin and a 50 uL of the solution was injected into the HPLC
system. The HPLC system consisted of a Waters 1515 iso-
cratic HPLC Pump, a Waters 717 plus auto sampler, a Waters
2487 Dual \ absorbance detector (Waters Co., Milford, MA,
USA) and a computing integrator. The UV detector was set
at 227 nm. The stationary phase was a symmetry Cig column
(4.6 mm x 150 mm, 5 pm, Waters Co., USA) and the mobile
phase was acetonitrile:methanol:0.05 mM phosphate buffer (pH
4.0) (45:10:45, v/v/v). The retention times at a flow rate of
1.2mL min~! are as follows: internal standard for 5.3 min and
paclitaxel for 7.7 min.

2.4. Pharmacokinetic analysis

Non-compartmental pharmacokinetic analysis was per-
formed by using Kinetica-4.3 (InnaPhase Corp., Philadelphia,
PA, USA). The area under the plasma concentration—time curve
(AUC) was calculated using the linear trapezoidal method.
The maximum plasma concentration (Cpax) and the time to
reach the maximum plasma concentration (7p,,x) were observed
values from the experimental data. The elimination rate con-
stant (K.]) was estimated by regression analysis from the
slope of the line of best fit, and the half-life (7;2) of the
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drug was obtained by 0.693/K,|. Total plasma clearance (CL)
was calculated by Dose/AUC. Additional estimated parame-
ters using non-compartmental pharmacokinetic analysis were
the volume of distribution (V) and the mean residence time
(MRT). The absolute bioavailability (A.B.) of paclitaxel was cal-
culated by AUC,;,/AUC;y, x Dose;.y./Dosep.o. X 100, and the
relative bioavailability (R.B.) of paclitaxel was estimated by
AUcpaclitaxel/morin/ AUContol x 100.

2.5. Statistical analysis

All the means are presented with their standard deviation.
The pharmacokinetic parameters were compared with a one-
way ANOVA, followed by a posteori testing with the use of the
Dunnett correction. A p value <0.05 was considered statistically
significant.

3. Results and discussion

The plasma concentration—time profiles of paclitaxel after the
oral administration of the paclitaxel (30 mg kg ~!) in the presence
or absence of morin (3.3 and 10 mgkg™!) were characterized in
rats and illustrated in Fig. 1. The mean pharmacokinetic param-
eters of paclitaxel were also summarized in Table 1.

As shown in Table 1, the pretreatment with morin prior to
the oral administration of paclitaxel significantly altered the
pharmacokinetic parameters of paclitaxel compared to the con-
trol given paclitaxel alone. Cpax and AUC of oral paclitaxel
increased by 70-90% and 30-70%, respectively in the presence
of morin while there was no significant change in the Tiax and
terminal plasma half-life (7,;). Consequently, the absolute and
relative bioavailability values of paclitaxel in the rats pretreated
with morin were significantly higher (p <0.05) than those from
the control.

The pharmacokinetic profiles of paclitaxel following an
intravenous administration of paclitaxel (3mgkg™!) in the
presence and absence of morin were also evaluated in rats and
summarized in Table 2 and Fig. 2. Overall, the pharmacoki-
netic parameters following an intravenous administration of
paclitaxel alone appeared to be comparable with those from
the previous study reported by Rai et al. (2005). After the
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Fig. 1. Mean plasma concentration—time profiles of paclitaxel after an oral
administration of paclitaxel (30 mgkg™') to rats in the presence and absence
of morin (mean £ S.D., n=6). (@) Control (paclitaxel, 30 mg kg’l, p.0.); (A)
pretreated with 3.3 mgkg~! of morin; (M) pretreated with 10 mg kg~! of morin.

Table 2

Pharmacokinetic parameters of paclitaxel following an intravenous adminis-
tration of paclitaxel (3 mgkg~!) to rats in the presence and absence of morin
(mean £ S.D., n=6)

Parameter Control Pretreatment with morin
3.3mgkg™! 10mgkg™!
AUCo_oo (nghmL™1) 4150 + 854 5680 + 984 6011 £ 1059
CL (Lh~Tkg™h) 0.75 £ 0.17 0.54 + 0.09 0.51 + 0.10
Viss (Lkg™1) 11.8 + 3.19 8.10 £ 4.09 7.98 + 4.42
T, (h) 11 £ 2.1 82+ 15 82+ 1.6
MRT (h) 64+ 1.2 6.8 £ 0.9 6.9 + 1.0

pretreatment with morin, the clearance values of paclitaxel
tend to decrease and consequently the systemic exposure
of paclitaxel slightly increased but there was no statistical
significance compared to the control. Therefore, the intravenous
pharmacokinetics of paclitaxel was not affected much by the
concurrent use of morin in contrast to the oral administration
of paclitaxel. Those results suggest that the increase in the

Pharmacokinetic parameters of paclitaxel after an oral administration of paclitaxel (30 mgkg™") to rats in the presence and absence of morin (mean + S.D., n = 6)

Parameter Control Pretreatment with morin

33mgkg™! 10mgkg™!
AUCq_o, (nghmL™1) 777 £31.4 1040 + 169" 1337+ 151"
Cinax (ngmL~1) 38.246.82 66.6413.0" 73.0+12.8"
Tonax () 0.8+£0.3 0.5+0.2 0.6+02
Ti/2 (h) 14+1.6 14426 17482
CL/F(Lh~'kg™") 38.6+1.63 28.6+6.06" 22.7+2.70
Vass/F (Lkg™") 0.8140.11 0.56+0.15 0.5440.21
A.B. (%) 1.940.1 2.54+04" 324047
R.B. (%) 100 132 168

F: Bioavailability.
* p<0.05, compared to the control.
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Fig. 2. Mean plasma concentration—time profiles of paclitaxel following an
intravenous administration of paclitaxel (3 mgkg™!) to rats in the presence and
absence of morin (mean + S.D., n=6). (@) Control (paclitaxel, 3 mg kg’l, iv.);
(O) pretreated with 3.3 mgkg~! of morin; (A) pretreated with 10mgkg~" of

morin.

oral exposure of paclitaxel should be mainly attributed to the
enhanced absorption of paclitaxel in the gastrointestinal tract
via the inhibition of P-gp efflux and intestinal metabolism by
morin. Woo et al. (2003) have demonstrated that about 54% of
a paclitaxel oral dose is extruded to the gut lumen by P-gp and
only 3.5% of paclitaxel dose is eliminated by intestinal and first-
pass hepatic metabolism. Previous reports also indicated that the
inhibition of both P-gp and CYP3A4 increased bioavailability
of paclitaxel in rats by only 20% in comparison to inhibition
of only P-gp, and thus intestinal and hepatic metabolism seem
to contribute relatively less to paclitaxel absorption (Woo et al.,
2003). Moreover, studies using mdrla(—/—) mice have directly
demonstrated that P-gp strictly limits the uptake from the
intestinal tract of paclitaxel administered orally (Sparreboom
et al.,, 1997). Therefore, the major factor leading to the low
bioavailability of orally administered paclitaxel is considered
to be the active efflux by P-gp within the intestinal tract.
Accordingly, the enhanced oral exposure of paclitaxel in the
presence of morin, while there was no significant change in the
intravenous pharmacokinetics of paclitaxel, could be mainly
due to the increased intestinal absorption via the inhibition
of P-gp by morin rather than the reduced elimination of
paclitaxel. Based on the AUC, the effect of morin on the oral
exposure of paclitaxel tends to be greater as the dose of morin
increases, implying that the morin may interact with the P-gp
in a competitive manner. This result appeared to be comparable
to the previous report by Zhang and Morris (2003). In their
studies, the cellular P-gp level showed no significant changes
after preincubation with morin, suggesting that morin may
interact with P-gp directly either by competitive binding to the
substrate-binding site or by binding to other drug-binding sites
(Zhang and Morris, 2003). Given that a large number of drugs
are substrates for P-gp, the concomitant use of morin may be
widely applicable to improve the pharmacokinetics of many
P-gp substrates in addition to paclitaxel.

4. Conclusion

Pretreatment with morin significantly enhanced the oral
exposure of paclitaxel in rats, while the intravenous pharma-
cokinetics of paclitaxel was not affected much by the concurrent
use of morin. Therefore, the concomitant use of morin or morin-
containing dietary supplement may provide a therapeutic benefit
in the oral delivery of paclitaxel.
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