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Abstract

P-glycoprotein (P-gp) actively pumps
out a number of anticancer drugs, such as
Inhibition of
intestinal P-gp function wusing MDR

reversing

epirubicin, from tumor cells.

agents may enhance oral

bioavailabil-ity of some chemotherapeutic

##

agents.

By a2

Our previous flow cytometric
study showed that Cremophor EL, verapamil
or trifluoperazine all increased the
intracellular accumulation of epirubicin in
In this study, the effect of
Cremophor EL, verapamil or trifluoperazine
as MDR

enhancement of intestinal absorption of

Caco-2 cells.

reversing agents on the
epirubicin was investigated in both everted
gut sacs of rats and human intestinal
Caco-2  cell

concentrations

epithelial layers. The

epirubicin measured in
everted gut sacs pretreated with either of
these modulators were significantly higher
than those in epirubicin control in both the
jejunum and the ileum. The addition of
these modulators significantly increased
reduced

apical-to-basolateral flux and

basolateral-to-apical flux of epirubicin

across Caco-2 cells. In conclusion, our
results demonstrated that Cremophor EL,
verapamil or trifluoperazine are potent MDR
modifiers of epirubicin. However,
Cremophor EL has the advantage of no
systemic side effects. Use of Cremophor
EL as excipient may increase intestinal
absorption of epirubicin and thus improve
bioavailability of epirubicin.

Keywords: P-glycoprotein,  epirubicin,
Cremophor EL, verapamil, trifluoperazine,

everted gut sacs, Caco-2
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The ability of malignant cells tc; develop
simultaneous  resistance to  multiple
chemotherapeutic agents appears to be a
major obstacle to the successful treatment of
clinical tumors.  Overexpression of P-
glycoprotein (P-gp) by resistant malignant
cells is considered to be one common
underlying  mechanism of multidrug
resistance (MDR)".  Inhibition of P-gp
function using MDR reversing agents may
intestinal

increase absorption  and

cytotoxicity of anticancer drugs. Some
lipophilic agents such as verapamil and
trifluoperazine were found to reverse MDR
phenotype in vitro by directly competing
with anticancer drug binding site(s) of P-gp.
However, clinical application of these agents
has been very disappointing, because of
their severe side effects in vivo at the doses
required to reverse the MDR phenotype.
Some pharmacologically inert surfactants
such as Cremophor and Solutol HS-15 have
been proven to be effective in reversing
MDR
concentrations

clinically®.

phenotype in cultured cells at
likely to be

Our previous flow cytometric

achieved

study showed that Cremophor EL, acacia,
Tween 20 and Tween 80 might have MDR
effects and

reversing increased  the

intracellular accumulation of epirubicin in
Caco-2 cells®.

EL, verapamil and trifluoperazine were

In this study, Cremophor

selected as model MDR reversing agents to

evaluate their effect on the intestinal
absorption of epirubicin in everted gut sacs
of rats and human intestinal epithelial Caco-

2 cell layers.
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As shown in Fig. 1, our flow cytometric
result demonstrated that Cremophor EL,
verapamil or trifluoperazine all significantly
increased intracellular accumulation of
epirubicin with the highest enhancing effect
similar effect for
Fig. 2
and Fig. 3 showed that the epirubicin

for verapamil and
Cremophor EL and trifluoperazine.

concentrations measured in sacs pretreated
with  Cremophor EL, wverapamil or
trifluoperazine were significantly higher
than those in epirubicin control for both the
jejunum and the ileum (P < 0.05, n = 3
animals in each group), implying an increase
in epirubicin absorption and/or a decrease in
epirubicin efflux.

To clarify the involvement of these two
factors, the effect of Cremophor EL,
verapamil ‘lor trifluoperazine on the
absorptional- or secretory transport of
epirubicin was investigated in Caco-2 cells,
Fig. 4 showed the transepithelial flux of 100
pg/ml Caco-2 cell

monolayers at 37 °C in the absorption

epirubicin  across
(apical to basolateral; a—b) and secretory

(basolateral to apical; b-»a) directions
plotted against time of incubation in the
presence and absence of Cremophor EL,
The flux of

basolateral-to-apical

verapamil or trifluoperazine.
epirubicin in the
direction was 2.3 fold of the flux in the
A net flux
of epirubicin was therefore observed in the

apical-to-basolateral direction.

secretory direction for Caco-2 cells. As
demonstrated in Fig. 4, the addition of
Cremophor EL, verapamil or trifluoperazine
all significantly reduced the net efflux of
epirubicin across the epithelial cells with the
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highest reducing effect for verapamil.
Because epirubicin is one analog of the
anthracycline antibiotic doxorubicin and is
known to be pumped out by Pgp, our in vitro
data thus supported the hypothesis that
Cremophor EL, verapamil or trifluoperazine
may influence the function of Pgp and/or
other active transport systems responsible
for the efflux of epirubicin in intestine.
[nhibition of P-gp function using these MDR
reversing agents by substrate competition,
ATP-depletion or membrane perturbation®®
may antagonize multidrug resistance, thus
intestinal

increase absorption and

cytotoxicity of epirubicin. However, the
influence of these modulators in the
transcellular and paraceliular permeability of
epitubicin  is also another possible
mechanism responsible for the enhancement
of epirubicin absorption.

Cremophor EL is a pharmacologically
inert surfactant and is usually used as an
emulsifying agent and solubilizing agent in
pharmaceutical formulations of vitamins,
immunosupressants, e.g., cyclosporin A and
It has been

shown to have MDR reversing effect with

anticancer drugs, e,g, Taxol.

the advantage of no systemic side effect®.
Thus,
potential to be used safely with epirubicin at

this surfactant has much higher

concentrations achieved clinically.

Further studies need to be performed to
make sure the mechanisms involved in
MDR modulating phenomenon mediated by
Cremophor EL, verapamil or trifluoperazine
and to evaluate the clinical benefit for the
combined use of epirubicin with these
modulators.

In conclusion, our results demonstrated

that Cremophor EL,
trifluoperazine are potent MDR modifiers of

verapamil or

epirubicin in both everted gut sacs of rats
and human colon adenocarcinoma celis
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Fig.1. Enhancement factor for 3 hr intracellular accumulation - Fig. 3. The time profile of epirubicin concentration (Epi) inside the everted
of 1pg/ml epirubicin after pretreatment with various MDR ileum sacs of rats {(n = 3 animals in each group) in the presence and

reversing agents for 30 min g absence of Cremophor EL (Cre), verapamil (ver) or trifluoperazine (Tri).
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Fig. 2. The time profile of epitubicin concentration (Epi} inside the everted Fig, 4. Transepithelial flux of epirubicin (Epi) across Caco-2 cell monolayers
jejunum sacs of rats (n =3 animals in each group) in the presence and in the absorptional (apical to basolateral) and secretory (basolateral to
absence of Cremophor EL {Cre), verapamil (ver) or trifluoperazine (Tri). apical} directions plotted against time of incubation in the presence and

absence of Cremophor EL (Cre), verapamil (ver) or trifluoperazine (Tri).




