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Abstract

EHBREHRKERER

The effects of a series of pharmaceutical
excipients, including Span 80, Brij 30,
Tween 20, Tween 80, Myrj 52, and sodium
lauryl sulfate with increasing HLB values on
the epirubicin absorption/exsorption and
transport kinetics were investigated in both
the human colon adenocarcinoma (Caco-2})
cell line and the everted gut sacs of the rat
jejunum and ileum. The possible use of
these excipients as multidrug resistance
(MDR) reversing agents also was examined.
Epirubicin uptake experiments using a flow
showed that the
enhanced  the

cytometer selected

excipients  markedly
intracellular accumulation of epirubicin in
Caco-2 cells in a dose-dependent manner.
These

apical to basolateral absorption of epirubicin

excipients significantly increase
across Caco-2 monolayers and mucosal to
serosal absorption of epirubicin in the rat
jejunum and ileum. Moreover, the addition
of Tween 20, Tween 80, and Myrj 52
substantially reduced the basolateral to
apical efflux of epirubicin across Caco-2
monolayers.  The study suggests that
inhibition of P-gp or other transporter
proteins located in the intestines may be
involved, at least partially, in the reduction
of epirubicin efflux. In conclusion, the
therapeutic efficacy of epirubicin may be

improved by the use of such low toxicity



excipients as absorption enhancers and

MDR  modulators in  formulations.
Keywords: epirubicin; excipients;
surfactants; Caco-2; everted gut sacs;

P-glycoprotein; multidrug resistance
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Overexpression of the P-glycoprotein
(P-gp), product of the MDR-1 gene, is
known to be one of the well-characterized
mechanisms of multidrug resistance
(MDR)Y"”. In our lab,

MDR-reversing agents, including non-toxic

a series of

surfactants, have been proved for their

enhancing effects on the intracellular
accumulation of epirubicin in Caco-2 cell
line®. In the current project, the effects of
a series of pharmaceutical excipients,
including Span 80, Brij 30, Tween 20,
Tween 80, Myrj 52, and sodium lauryl
sulfate with increasing HLB values on the
epirubicin absorption/exsorption and
transport kinetics were evaluated in both the
human colen adenccarcinoma (Caco-2) cell
line and the everted gut sacs of the rat
jejunum and ileum. These excipients are
widely added to pharmaceutical formulation
to facilitate the
acceptability and functioning of the dosage
form. They can be used as disintegrating

agents,

preparation, patient

agents, diluents, suspending
emulsifying agents, and solubilizing agents.
The relationship between HLB values of
these excipeints and the degree of their
MDR

investigated.
Z-BRAWR
As illustrated in Figure 1, the results show

reversing effects was also

that all the selected excipients markedly

enhanced the uptake of epirubicin into
Caco-2 cells in a dose-dependent manner, as
measured by flow cytometry. With Caco-2
monolayers grown in Transwell filters as a
model, the measurement of transepithelial
(TEER) and the
transport studies across Caco-2 monolayers

electrical resistance
were performed. As demonstrated in
Figure 2, the reduction in the TEER after the
addition of Myrj 52 implies that Myrj 52
may affect the paracellular route through the
opening of tight junctions, and they may
also reduce the cell integrity of Caco-2 cells.
However, the recovery of TEER after
removal of Myrj 52 was consistent with its
reversible effect on tight junction widening.
The similar trend was observed for other
excipients used in this study (data not
shown). Figure 3 shows that Tween 20,
Tween 80,
increased the apical toc basolateral absorption

and Myrj 52 significantly

of epirubicin across Caco-2Z monolayers.
The substantial decrease in the basolateral to
apical efflux of epirubicin was also observed.
Some other excipients used in this study
displayed the similar trend {data not shown).

Surfactants are though to enhance drug
absorption via both the lipophilic and the
hydrophilic pathways. They may disrupt
the lipid arrangements in cell membranes
and increase the water content of the
membrane proteins.

Our study suggests that such membrane
perturbation caused by these excipients may
result in a change in the fluidity of Caco-2
cell membranes, and thus inhibit the activity
of membrane-spanning proteins, such as

P-gp®.



These excipients may also inhibit protein

C (PKC) activity,
phosphorylation of P-gp, and modulate P-gp
mediated drug efflux®. Our study implies

kinase reduce

that inhibition of P-gp or other transporter
proteins located in the intestines may have at
least a partial role in the reduction of
epirubicin efflux in the secretory direction.

The dependency of the epirubicin
enhancement factor on the HLB values of
excipients is graphically presented in Figure
4. It is shown that the cytotoxicity of
epirubicin formulated in different excipients
increased to reach a maximal value and then
decreased as the HLB values of excipients
These data

maximal effects on the epirubicin uptake

increased. suggest that
were characteristic of excipients with
intermediate HLB values ranging from 14 to
18. As a result, the optimal net efficacy
with
polyoxyethylene chains and intermediate
fatty acid length. Tween 20 and 80 contain
a sorbitan segment between polyoxyethylene

was observed for excipients

and fatty acid groups. However, Myrj 52,
which includes no sorbitan segment in their
structure, still kept the optimal enhancement
efficacy. Excipients with medium fatty
acid chain length may penetrate the lipid
bilayer easily, because of its proper aqueous
solubility .

In conclusion, our study sunggests that
Tween 20, Tween 80, Myrj 52, and Brij 30
MDR

Therapeutic use of these excipients for the

may have reversing  effects.
inhibition of intestinal P-gp may improve
the oral bioavailability of epirubicin. As

MDR-reversing agents in drug formulations,

they may reduce systemic side-effects and

improve oral absorption of drugs in MDR

spectrum. The combined use of anticancer
drugs with these excipients may have
significant implications in circumventing
multidrug
chemotherapy.
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Figere 1. Enhancement factor of imtracellular accursmlstion of epicwbicin measure:
by Elow cysometry in Caco-2 eells. Ceils were pretreated with various cobeentration
of surfuctants foc 10 minand incubsted with k pg/mi epirubicin for 180 in.
Euhancement factor is calcwlated &5 Aucrescence intensity of epirubicin after apphi
of surtactsmts divided by 0 i ity 0f epirubicin comtrol (n =4).

Epi: epinubicin; SLS: sodium lauryl suifste
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Figure 2.  Transcpithelial electrical resistance of Caco-2 cell| Figure 4. Effects of HLB values of excipients on the enhancement fac

of intracellular epirubicin accumulation in Caco-2 cells. Each pc
represents the means £ SD of four determinations,

®: epirubicin pretreated with 200 pM of excipients for 30 min;

O: epirubicin pretreated with 100 pM of excipients for 30 min.

monolayers at 37° plotted against time of incubation after treatment of |
various concentrations of Mytj 52 for 30 min. Each point represcots the |
means + SD of four determinations. @: 20 pM; O: 50 uM; W: 100 pM;

W 200 pM.
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Figure 3. Transepithelial fluxes of epirubicin across Caco-2 cell monolayers at 37° in the (A} absorptive (apical to basolateral; a—»b) and

(B)secretory (basolateral to apical; b—»a) directions plotted against time of incubation in the presence or absence of various excipients. Each

point represents the means = SD of four determinations.
@: epirubicin control; O: epirubicin pretreated with Tween 80; ¥: epirubicin pretreated with Tween 20; 7: epirubicin pretreated with Myrj 52



