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S h o r t c o m m u n i c a t i o n

Pentoxifylline Influences Drug Transport Activity
of P-Glycoprotein and Decreases mdr1 Gene Expression
in Multidrug Resistant Mouse Leukemic L1210/VCR Cells
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Abstract. The effects of pentoxifylline (PTX) on intracellular accumulation of
doxorobicin (DOX), DOX cytotoxicity and expression of Pgp in multidrug re-
sistant L1210/VCR cell line were investigated. PTX (100 mg/l) was able to en-
hance the DOX accumulation in resistant cells. The maximum intracellular levels
of DOX were reached after treatment with PTX for 24 hours (total duration of
PTX-treatment was 72 hours). The levels of mdr1 mRNA (measured by RT-PCR
method) were decreased 2-fold in the presence of 100 mg/l PTX (minimum reached
within 48 hours) in comparison to control cells.
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P-glycoprotein (Pgp) is a membrane drug transporting system that causes mul-
tidrug resistance of neoplastic cells against a wide range of cytotoxic agents (for
review see Kvačkajová-Kišucká et al. 2001). Overcoming of multidrug resistance
(MDR) by chemosensitizers belongs to the methods that can be considered from
the point of successful clinical pharmacology (chemotherapy). Chemosensitizers
are diverse groups of drugs with ability to depress efflux activity of P-glycoprotein
(Pgp) in multidrug resistant cells and to increase the intracellular accumulation of
cytostatics to the cytotoxic concentration for these cells (Chlebowski et al. 1982;
Jusa and Tsuruo 1989; Yang et al. 1989; Chambers et al. 1992; Barančík et al.
1994; Barančík et al. 1995).

Effects of several xanthine derivatives on the resistance of L1210/VCR cells
have been tested in previous reports (Breier et al. 1994a; Štefanková et al. 1996).
It was found that only pentoxifylline (PTX) of the tested xanthine derivatives was
able to reverse the vincristine resistance of the L1210/VCR cells (Štefanková et al.
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1996). It is worth noticing that the ability of PTX to interfere in MDR is not com-
mon for other tested xanthine derivatives and could not be explained on the basis
of known biological activities of xanthines (such as inhibition of phosphodiesterase
activity, inhibition of TNF-α synthesis, activation of calcium induced calcium re-
lease channels). Our present study is focused on further investigation of the features
involved in PTX-mediated reversal of Pgp-mediated multidrug resistance.

Cell lines were maintained in standard RPMI 1640 medium supplemented with
4% fetal bovine serum and cultivated in atmosphere of 5% CO2 at 37◦C. Cytotox-
icity of the doxorubicin (0–1 mg/l) was estimated after 3 days lasting cultivation
of the L1210/VCR cells in the presence or absence of PTX (100 mg/l). The num-
ber of viable cells was determined using MTT cytotoxicity test (Mosmann 1983;
Carmichael et al. 1987). The effects of PTX (100 mg/l) on the accumulation of
doxorubicin in L1210/VCR cells was performed using modified method used in
the study of Leonce et al. (1992). Cells were incubated in phenol red-free medium
containing 100 mg/l PTX. The cells were collected, washed twice and resuspended
in phenol red-free medium at several time points (0–72 hours). Aliquots of the
suspension were incubated for 3 hours with 50 µmol/l DOX at 37◦C. The mean
DOX fluorescence of 1×104 cells was measured at 4◦C by FACScan flow cytom-
etry (Becton Dickinson, Mountain View, CA, USA) and calculated using LYSIS
software.

For the determination of the mdr1 mRNA expression, RT-PCR method was
used. Total cellular RNA was extracted from the cells incubated for 48 hours
with 100 mg/l PTX and from control cells (untreated with PTX) using LiCl/urea
method (Walther and Stein 1994). RT-PCR was performed with the Gene Amp
RNA PCR kit (Perkin Elmer via Rocher Molecular Systems Inc., Branchburg, NJ,
USA) as described previously (Stein et al. 1996). PCR primers used for amplifi-
cation were: for mdr1-specific sequences, the primer pair 5’-CCC ATC ATT GCA
ATA GCA GG-3’ (sense strand) and 5’-GTT CAA ACT TCT GCT CCT GA-3’
(antisense strand) which yield a 167 bp product (Noonan et al. 1990); for β-actin-
specific sequences, the primer pair 5’-ATC ATG TTT GAG ACC TTC AA-3’
(sense strand) and 5’-CAT CTC TTG CTC GAA GTC CA-3’ (antisense strand)
(Wu et al. 1992) producing a 316 bp product. PCR products were separated on
1.5% agarose gel (Gibco). Gels were examined on UV transilluminator and were
semiquantitated as relative mdr1 expression (mdr1 expression/β-actin expression)
from video images by densitometry using the NIH-Image 1.44611 Public Domain
software.

In our experiments the mouse leukemic cell line L1210/VCR with resistance
against vincristine and several other cytostatics has been used (Boháčová et al.
2000; Breier et al. 2000). This cell line was selected from the parental L1210 cell
line by cultivation in the medium with stepwise increasing concentrations of VCR.
L1210/VCR cells exhibit the MDR phenotype that is associated with increased
mdr1/Pgp expression (Poleková et al. 1992). Several specific features of this cell
line were described elsewhere (Barančík et al. 1999, 2001; Kišucká et al. 2001). Pre-
vious studies showed that PTX was able to overcome the Pgp-mediated vincristine
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resistance of L1210/VCR cells (Breier et al. 1994a; Štefanková et al. 1996). The
[3H]-vincristine accumulation studies revealed the time-dependent accumulation of
[3H]-vincristine and differences in response of the L1210/VCR cells to short-term
and long-term exposure to PTX (Breier et al. 1994a,b). To estimate Pgp transport
activity after PTX treatment, we performed cellular drug accumulation studies us-
ing doxorubicin (DOX) in both PTX-pretreated and untreated L1210/VCR cells.
We found that pretreatment with PTX (100 mg/l) was able to influence the DOX
accumulation in resistant cells. The maximum intracellular levels of DOX were
reached at 24 hours of PTX treatment. As shown in Fig. 1, in the L1210/VCR cells
pretreated with PTX (100 mg/l) for 24 hours a significant enhancement (2-fold)
of DOX accumulation was observed when compared with the PTX-untreated cells
(the mean fluorescence per cell 870.35 versus 429.44). The results indicate that the
effect of PTX is associated with its ability to decrease efflux activity of Pgp in
L1210/VCR cells. In order to resolve the precise mechanism by which PTX influ-
ences Pgp, further investigations are required. Reed and DeGowin (1992) showed
that biotransformation of PTX give rise to seven metabolites. From this point of
view the time-dependent effects of PTX may involve the effect of one or several
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Figure 1. Effect of pentoxifylline (PTX) on doxorubicin (DOX) accumulation in L1210/
VCR cells. Resistant cells were incubated in the presence or absence of 100 mg/l PTX.
The graph shows the accumulation of DOX after pretreatment of cells with PTX for 24
hours. DOX fluorescence was measured with a FACScan flow cytometry and expressed as
mean fluorescence of 1 × 104 cells. Results are expressed as the mean DOX fluorescence
in PTX treated cells (+PTX24) compared with the mean fluorescence of untreated cells
(−PTX24).
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PTX metabolites, which are probably more potent in inhibition of Pgp transport
activity compared to the parental molecule of PTX.

Cytotoxicity experiments were performed to determine whether the simulta-
neous application of PTX and DOX results in enhanced drug cytotoxicity. Cells
were incubated in the presence of different concentrations of DOX (0–1 mg/l) and
in the presence or absence of PTX (100 mg/l) for 72 hours. No significant effects of
PTX on DOX cytotoxicity were observed (data not shown). Interesting is the fact
that PTX (100 mg/l) is highly effective in improvement of cytotoxic effect of such
cytostatics as vincristine, actinomycin D and mitomycin C, and the presence of
PTX reversed the resistance of L1210/VCR cells against these cytostatics (results
not shown). The results obtained with DOX may be partially explained on the basis
of spectrophotometry studies that showed the ability of PTX to interact directly
with the planar aromatic molecule of the DOX (Traganos et al. 1991). Formation
of methylxanthine-drug complex in solution effectively lowers the concentration of
the free drug and thereby reduces its pharmacological activity. Similar principle,
i.e., direct interaction, was assumed for explanation why verapamil is not able to
reverse the resistance of L1210/VCR cells to DOX (Breier et al. 1998).

To investigate the level of mdr1 mRNA gene expression the RT-PCR method
was used. The experiments were performed in the same treatment conditions as for

                        −PTX�� +PTX��

mdr1 → 

β-actin → 

Figure 2. Effect of pentoxifylline
(PTX) on mdr1 mRNA expression
in L1210/VCR cells. Exponentially
growing cells were cultured in the
presence (+PTX48) or in the ab-
sence (−PTX48) of PTX at concen-
tration 100 mg/l. The total RNA was
extracted after 48 hours. Both, up-
per and lower panels demonstrate the
results of one representative experi-
ment (total of two separate experi-
ments). The sizes for the specific RT-
PCR products are 167 bp for mdr1
and 316 bp for β-actin.
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the investigation of DOX accumulation. As shown in Fig. 2, approximately a 2-fold
decrease in mRNA levels for mdr1 gene occurred within 48 hours of treatment of
L1210/VCR cells with 100 mg/l PTX. The decreased mdr1 mRNA expression in
PTX-treated L1210/VCR cells was associated with increased DOX accumulation.
This indicates that PTX could act by a similar mechanism as described in the
studies of Muller et al. (1994, 1995) for verapamil. In this study verapamil was able
to down-regulate the mdr1/Pgp expression in multidrug resistant human leukemic
cell lines and the effect of verapamil was associated with decreased Pgp activity.
However, relatively high doses of verapamil were required to down-regulate Pgp
expression. From this point of view, PTX with its lower cytotoxicity should be
considered as an alternative approach for the reversal of multidrug resistance. This
drug can be used also by the study of a potentially novel mechanism of action of
chemosensitizers.
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