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Introduction

The estimated number of new cancer cases in the US 
has reached up to 1.5 million (Jemal et al., 2008), but 
almost one third of those cases have drug resistance 
phenotype (Shabbits et al., 2001). Cancer cells exhibit 
drug resistance with various mechanisms, such as loss of 
a surface receptor, drug target mutations or differentiated 
metabolism. Most of these mechanisms can be overcome 
by using combination of anticancer drugs (Gottesman, 
2002). On the other hand, most of the cases show 
resistance to a wide range of anticancer drugs that are 
chemically and structurally unrelated. This phenomenon 
described as multidrug resistance (MDR) (Gottesman et 
al., 1994; Szakács et al., 2006) and it is one of the major 
obstacles responsible for unsuccessful cancer treatment. 
The major mechanism of MDR in cultured cells, as well 

as in clinic, is the overexpression of P-gp, which is an 
efflux pump encoded by the MDR-1 gene (Chen et al., 
1986; Ueda et al., 1987; Borst & Elferink, 2002). P-gp, a 
170 kDa membrane phosphoglycoprotein, is one of the 
first identified members of ATP-binding cassette (ABC) 
family transporters (Juliano & Ling, 1976). This energy-
dependent efflux pump can be found in many tissues 
and organs in the body, such as liver, kidney, small 
intestine, colon, placenta, uterus, and brain (Krishna 
& Mayer, 2000). While this wide localization indicates 
the physiological role of P-gp (Schinkel et al., 1997), the 
overexpression of this pump in the tumors like NSCLC, 
breast, kidney, and refractory ovarian cancer results 
in reduced cellular accumulation of anticancer drugs 
(Borst et al., 2000). P-gp can detect and bind many 
different, mainly hydrophobic, drugs as they enter the 
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cell, and after the activation of its ATP-binding domains, 
the hydrolysis of one ATP molecule causes structural 
change in the P-gp shape. This change is responsible for 
drug efflux and decrease in intracellular drug amount 
(Sauna & Ambudkar, 2001). Many of anticancer drugs, 
like doxorubicin, vinblastine, vincristine, and paclitaxel 
are substrates of P-gp, and nearly 50% of cancer patients 
have P-gp overexpression (Clarke et al., 2005; Lage, 2006). 
Thus, maintaining the intracellular drug concentration is 
a crucial step for successful chemotherapy.

Paclitaxel (PTX) is an effective anticancer drug, which 
causes microtubule breakdown and acts as a mitotic 
inhibitor and apoptosis inducer of cancer cells (Torres & 
Horwitz, 1998). But PTX is also one of the substrates of 
P-gp (Allen et al., 2000) and is subjected to the efflux from 
P-gp overexpressing resistant cells, and drug resistance is 
often developed during the treatment. Even though there 
is a number of resistance mechanism for PTX, includ-
ing altered metabolism of PTX, changes in microtubule 
(largely reviewed in (Orr et al., 2003)), or decreased sen-
sitivity to death inducing stimuli, P-gp induced resistance 
still remains the most important mechanism of PTX 
resistance (Speicher et al., 1994; Walle & Walle, 1998).

To inhibit P-gp activity and reverse MDR, a number 
of agents with P-gp inhibitory activity have been identi-
fied. (Foxwell et al., 1989; Neumann et al., 1992; Stein  
et al., 1994; Krishna & Mayer, 2000). Among these inhibi-
tors, Elacridar (ELC) is one of the most promising third 
generation model compounds, and has no affinity for 
other enzymes like CYP (Hyafil et al., 1993; Sparreboom 
et al., 1999). ELC can inhibit P-gp activity above 50 nM 
plasma concentrations and provide the total P-gp inhi-
bition at around 0.5 µM (Witherspoon et al., 1996). Even 
with these advantages offered by ELC and other P-gp 
modulators, there is also a concern for inhibition of P-gp 
in normal tissues and organs in the body. To eliminate 
this non-specific effect, co-loading of P-gp inhibitors 
with anticancer drugs into the nano-sized drug delivery 
systems including nanoparticles, solid lipid nanopar-
ticles and micelles have been investigated in recent years 
(Wang et al., 2005; Wong et al., 2006; Patil et al., 2009; 
Patel et al., 2011).

Based on these rationales, we have developed PTX- and 
ELC-co-loaded PEG-PE-based micelles. More recently, 
Patel et al. demonstrated the reversal of MDR by long-
circulating liposomes, co-loaded with PTX and tariquidar 
(XR9576) (Patel et al., 2011). They found that long-circu-
lating liposomes could encapsulate PTX and the third 
generation P-gp inhibitor tariquidar simultaneously and 
overcome the MDR in PTX-resistant SKOV3-TR cells.

In this study, we aimed to prove that it is possible to 
overcome MDR using inhibitor/drug-co-loaded PEG-
PE-based micelles, which are known as suitable plat-
forms for targeted drug delivery and formulation of low 
water soluble anticancer compounds (Torchilin et al., 
2003; Torchilin, 2005; Sawant et al., 2008). By combining 
anticancer drug and a P-gp inhibitor, the effect of micellar 
carriers could be increased. Thus, we hypothesized that 

these long-circulating micelle-based delivery systems 
should provide clear benefits and increase the cytotox-
icity by several simultaneously acting mechanisms such 
as: (i) Solubility of PTX would be increased by micellar 
encapsulation. This will prevent the use of excipients like 
Cremophor and alcohol, thus decrease the side-effects. 
Moreover, ELC, another water insoluble compound can 
be co-loaded into the hydrophobic micelle core along 
with PTX; (ii) Since PEG-PE-based long-circulating 
micelles have the size of about 20 nm, this drug carrier 
should be accumulated in the cancer tissue via the EPR 
effect. This accumulation will decrease the side effects of 
PTX, and also prevent the wide and non-specific distri-
bution of P-gp inhibitor; (iii) ELC will be delivered into 
the cells simultaneously with PTX and prevent the efflux 
of drug from the resistant cells, so maximum combina-
tion effect can be achieved after uptake.

The prepared systems were characterized in terms of 
size, encapsulation efficiency, and drug release proper-
ties. Cytotoxicity studies were performed using MDCKII 
(MDR-1 and parental) cell lines. MDCKII-MDR1 cells 
are well investigated (Tang et al., 2002) and character-
ized as MDR-positive P-gp over-expressing cells (Evers  
et al., 1997) and have been thus chosen to investigate the 
potential MDR reversal effect of the formulations.

Materials and methods

Materials
1,2-Distearoyl-sn-glycero-3-phosphoethanolamine-N-
[methoxy(polyethylene glycol)-2000] (PEG–PE) was pur-
chased from Avanti Polar Lipids (Alabaster, AL, USA) and 
used without further purification. Paclitaxel (PTX) was 
from AppliChem (Darmstadt, Germany). Vitamin E and 
sodium salicylate (SS) were from Sigma (St. Louis, MO, 
USA). Elacridar base (ELC) was purchased from Santa 
Cruz Biotechnology, Inc. (Santa Cruz, CA, USA). Water-
soluble tetrazolium salt WST-1 premixed cell prolifera-
tion assay kit was from Clontech (Mountain View, CA, 
USA). MDCKII cells (MDR-1 and Parental) were gener-
ously gifted by Prof. Piet Borst and Prof. Alfred Schinkel 
from The Netherlands Cancer Institute (NKV). All other 
reagents were of analytical grade.

Preparation of micelles
Micelles were prepared by the film-forming method. 
In this method, lipids and other micelle forming mate-
rials in organic solvents were dried by using a rotary 
evaporator. After removing of the solvents, a thin film 
was obtained on the surface of the flask. To enhance the 
loading of PTX and ELC into the micelles, vitamin E was 
used in some formulations (Table 1), and the molar ratio 
between PEG-PE and vitamin E was kept at 90:10. PTX-
loaded micelles were prepared by adding PTX solution 
in methanol (1 mg/mL) to the PEG-PE or PEG-PE: vita-
min E mixture in chloroform. Initial PTX amount added 
into micelles was 5% or 10% of the polymer weight. To 
prepare PTX and ELC-co-loaded micelles, ELC solution 
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(0.5 mg/mL) in methanol: acetonitrile mixture (1:1 v/v) 
was added to above PTX/micelle components to give 
the final theoretical concentration of 25 µM. Organic 
solvents were removed under vacuum by using a rotary 
evaporator, following freeze-drying for the residual sol-
vent removal. Drug-loaded micelles were formed after 
hydrating the film in phosphate buffered saline (PBS), 
pH 7.4, to give the final concentration of micelle materi-
als of 1 mM. Non-incorporated PTX or PTX and ELC were 
separated by filtering the micelle formulations through 
0.2 µm filter, and characterization studies were carried 
out with filtered micelles. Compositions of the studied 
micelle formulations are given in Table 1.

Characterization of micelles
Micelle size
The micelle size (hydrodynamic diameter of the micelles) 
was measured by the DLS using Malvern Zeta Sizer Nano 
Series ZS (Malvern Instruments, Worchestershire, UK) 
instrument. Formulations were diluted with ultrapure 
MilliQ water to achieve same count rates around 500–750 
kcps and attenuator value of 6–7. The particle sizes of all 
formulations were measured in triplicate.

CMC determination
CMC values of micelle formulations of PEG-PE and 
PEG-PE: vitamin E were estimated by the Pyrene method 
(Goddard et al., 1985; Zhao et al., 1990; Dabholkar et al., 
2006). To determine the CMC value, known amounts of 
pyrene crystals were placed into the glass tubes and dif-
ferent concentrations of micelle formulations varied from 
10 nM to 10 mM were added. Following 24 h of incubation 
at room temperature with shaking, the solutions were fil-
tered through 0.2 µm PTFE filters to remove free pyrene. 
The fluorescence of the samples was measured at the 
excitation wavelength of 339 nm and emission wavelength 
of 390 nm using spectrofluorophotometer (Shimadzu 
RF-5301PC, Japan). A sharp increase in the fluorescence 
corresponds the CMC value of the given micelle formu-
lation. The results obtained from pyrene method was 
confirmed by size-exclusion chromatography by using 
Shodex® Protein KW-804 (Shoko Co., LTD, Japan) col-
umn, phosphate buffer (100 mM phosphate, 150 mM 
Na

2
SO

4
) pH 7.0 as mobile phase and flow rate of 1 mL/min.

Loading efficiency
Loading efficiency of PTX or PTX and ELC into micelles 
was determined after filtration of the loaded micelle 
dispersions through 0.2 µm PTFE filters to remove 

non-incorporated drugs. Clear micelle dispersions were 
then diluted with 70:30 (v/v) acetonitrile: acetic acid 
buffer (pH 3.1), which dissolved the micelle structures 
as well as the incorporated drugs. Then, samples were 
injected into the HPLC system to evaluate the encapsu-
lation efficiencies. Agilent 1200 HPLC system equipped 
with quaternary pump, diode array (DAD), and fluores-
cence detectors was used to simultaneously quantify 
PTX and ELC. A C18 reverse phase column, 4.6 × 150 mm, 
3 µm (Fortis Technologies, Cheshire, UK) was eluted 
with 60:40 (v/v) acetonitrile: acetic acid buffer (pH 3.1) 
mobile phase containing 10 mM final concentration of 
ion-coupling agent 1-octane sulfonic acid (1-OSA) at 
0.5 mL/min flow rate. The injection volume was 50 µL, 
and the analysis was carried out at 30°C for 9 min. DAD 
229 nm (PTX) and Ex/Em: 265/485 (ELC) was used. The 
investigated validation parameters were specificity, lin-
earity, precision (repeatability, intermediate precision 
and reproducibility), accuracy and stability.

In vitro release studies
PTX release from micelle formulations was monitored 
by the membrane dialysis at 37°C against 1 M sodium 
salicylate (SS) solution under sink conditions. SS was 
used to enhance the PTX solubility in water according to 
the hydrotropic effect (Lee et al., 2003). 1 M concentra-
tion was chosen after micelle stability studies at different 
SS concentrations in 0.5–4 M range, and was found as the 
optimum that gives desired solubility of PTX (17.6 µg/
mL in 1 M SS solution) while keeps the micelle structures 
intact (Sarisozen et al., 2012). 0.5 mg PTX-containing 
micelle dispersion was placed in Spectra/Por regener-
ated cellulose dialysis bag (MWCO 2000 Da, Spectrum 
Labs, Rancho Dominquez, CA, USA) and dialyzed for 
24 h while stirring at 50 rpm on magnetic stirrer. At deter-
mined time points, 1 mL of sample has been withdrawn 
and replaced with fresh medium. PTX amount in samples 
were analyzed by validated HPLC method given above.

Cytotoxicity and MDR reversal of formulations
The cytotoxicity of the micelles was tested using MDCKII-
MDR1 and MDCKII-parental cell lines. The medium for 
cells cultivating was prepared by adding FBS, penicillin-
streptomycin, and L-glutamine to the DMEM to the final 
concentration of 10% v/v, 50 U/mL–50 µg/mL and 2 mM, 
respectively. Cells were incubated in an incubator (5% 
CO2, 37°C) until approximately 80% confluency. Then, 
the cells were trypsinized, and 100 µL of cell suspension 
containing 5 × 103 cells was seeded into each well of the 

Table 1. Micelle formulations and characterization parameters.

Formulation code Vitamin E
PTX amount  

(% of polymer weight)
ELC amount (theoretical  
final concentration, µM)

Particle size  
(nm, mean ± SD, n = 6) PDI (mean ± SD, n = 6)

M1 + 5 25 25.48 ± 0.23 0.29 ± 0.011
M2 + 10 25 18.97 ± 0.08 0.28 ± 0.017
M3 - 5 25 16.33 ± 0.37 0.022 ± 0.007
M4 - 10 25 16.31 ± 0.31 0.037 ± 0.030
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96-well, flat-bottomed plates, and cells were kept over-
night in the incubator to allow them to attach to the wells. 
The following day, the medium was removed, and 100 µL 
of micelle formulations in the culture medium was added 
into wells (n = 6). Before applying the formulations, the 
PTX and ELC amounts in the micelles were analyzed to 
make the correct dilutions regarding the PTX and ELC 
concentrations. After 12 h, 10 µL of WST-1 cell prolifera-
tion reagent was added into wells and tests were carried 
on according to manufacturer’s protocol.

results and discussion

Particle size of the micelles
The mean particle size and polydispersity values of the 
micelle formulations are given in Table 1. Vitamin E was 
added to micelle formulations to enhance the encapsula-
tion efficiency of the hydrophobic drugs by enlarging the 
micelle core (Torchilin, 2005). The formation of a larger 
micelle core results in larger particle sizes of micelles. 
More interestingly, while the results showed similar 
z-average values for size, the formulations with vitamin E 
demonstrated two different size peaks. This result shows 
multimodal and wide size distribution and causes a 
higher PDI value. Since two drugs were encapsulated into 
the same micelle formulation, two different size peaks 
could indicate two separate micelle populations, one 
encapsulating PTX and the other one encapsulating ELC. 
Even though our previous study indicates that it is not the 
issue when PTX and another P-gp inhibitor Cyclosporine 
A (CycA) were co-loaded in the PEG-PE based mixed 
micelles (Sarisozen et al., 2012), Bae et al. (2007) and Jule 
et al. (2004) have reported that co-loading of drugs into 
micelle structures can result in formation of the mixed 
micellar dispersion with two different micelle popula-
tions. On the other hand, formulations without vitamin 
E gave good particle size results and the PDI values were 
below 0.2. Also there were no significant differences  
(p > 0.05) between 5% and 10% PTX loading (Formulations 
M3 and M4). According to the obtained results, M3 and M4 
were considered as the optimum formulation candidates.

CMC determination
CMC value of a micelle-forming compound is one of the 
indicators of its in vitro and in vivo stability. Micelles are 
known to dissociate upon dilution and below their CMC 
concentration, micelle-forming materials are present in 
the aqueous solutions as unimers. As a consequence, 
they can not encapsulate or solubilize any substance 
(Torchilin, 2001). Micelle formulations intended to be 
used parenterally, will be facing extreme dilution in the 
blood. In these conditions, it is very important to stay at 
the concentrations above CMC to avoid early release of 
the micelle-incorporated drugs, as well as to allow them to 
reach the site of action. The CMC values of PEG-PE alone 
and PEG-PE/vitamin E micelles were found to be 1.2 × 10−3 
mM and 2.7 × 10−4 mM, respectively. The obtained CMC 
values are in accordance with the previously published 

data related to these systems (Trubetskoy & Torchilin, 
1995; Sawant et al., 2008). These CMC values are around 
100-fold lower than the conventional surfactants. The 
results can indicate that upon the dilution in blood, our 
PEG-PE micelles will stay intact and active substances 
will be encapsulated in the micelle structures. Studies 
with PEG-PE micelle systems revealed that, low CMC 
values of these systems provide them to preserve their 
integrity after extreme dilutions and thus, led them to 
be accumulated in the tumorous tissues (Lukyanov  
et al., 2002; Weissig et al., 1998).

Loading of active substances
PTX and ELC were successfully co-loaded into the PEG-
PE-based micelles. Formulation codes and loading 
efficiencies are given in Table 2. In this study, the final 
micelle-forming material concentration was 1 mM, and 
results showed that the amount of drug loaded into the 
micelles was sufficient for characterization and cytotox-
icity studies.

We have already demonstrated that PEG-PE-based 
micelles can simultaneously incorporate PTX and first 
generation P-gp inhibitor CycA (Sarisozen et al., 2012). 
In this study, ELC, a third generation P-gp inhibitor with 
different chemical structure than CycA, was co-loaded 
with PTX into PEG-PE micelles. Unlike in some other 
published studies, the encapsulation enhancer effect 
of vitamin E was not observed with ELC. It has been 
reported that vitamin E can enhance the loading efficien-
cies of drugs into micelles due to forming larger micelle 
core (Gao et al., 2003; Sawant et al., 2008), but in our case 
vitamin E had no significant solubility enhancer effect 
for active substances. Similar to particle size results, 
formulations without vitamin E gave better encapsula-
tion efficiencies. More interestingly, when comparing 
formulations of M3 and M4, an increase was found in the 
amount of loaded ELC with increasing amount of PTX, 
even though the initial ELC amounts were the same (25 
µM). However, this phenomenon is not valid for vitamin 
E containing formulations M1 and M2. Without making 
a general assumption, these results suggest that PTX 
caused increase in ELC encapsulation in micelle formu-
lations which did not contain vitamin E. It was noted that 
ELC can cause total P-gp inhibition at around 0.5 µM 
concentrations (Witherspoon et al., 1996), thus the initial 

Table 2. Encapsulation efficiencies of the formulations.

Formulation
Drug incorporated 

(%)
Drug amount per mL 

of micelles (µg)
PTX M1 81.34 ± 11.46 115.5 ± 16.2

M2 78.9 ± 9.7 224.3 ± 27.7
M3 83.28 ± 2.52 118.2 ± 3.5
M4 86.5 ± 0.58 245.6 ± 1.7

ELC M1 27.42 ± 3.41 0.77 ± 0.069
M2 NA NA
M3 23.2 ± 11.9 0.65 ± 0.33
M4 50.9 ± 13.5 7.3 ± 1.7

Results were given as mean ± SD, n = 3.
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loading concentration should be adjusted for achieving 
the required dose of ELC after dilutions for cytotoxicity 
studies. Pre-formulation studies indicated that 25 µM 
of ELC starting concentration was appropriate and suf-
ficient to have ELC-co-loaded micelles with optimum 
concentrations for cytotoxicity experiments. Particle size 
and loading experiment results showed that M4 was the 
optimum formulation. Therefore it was chosen for fur-
ther studies.

In vitro release studies
PTX release from micelles was monitored by the 
membrane-dialysis method. SS solution was used as a 
release medium for micelle formulations because of its 
hydrotropic property (Cho et al., 2004; Musacchio et al., 
2009; Li et al., 2010). 1 M concentration was chosen after 
PEG-PE-based micelle stability studies and found to be 
the optimum (Sarisozen et al., 2012). ELC release was not 
monitored during the release studies, since the amount 
of the released ELC from the micelles was lower than 
the LOQ of the analytical method. The release profile for 
PTX is presented in the Figure 1. As can be seen from the  

figure, the highest PTX release was slightly above 80% 
after 5–6 h.

Cytotoxicity of micelles
Cytotoxicity of micelles (Formulation M4) was inves-
tigated using MDCKII (MDR1 and parental) cell lines. 
MDCKII-MDR1 cells (although, not human) were used 
in this study because they provide an excellent model for 
the P-gp-mediated resistance (Irvine et al., 1999; Tang  
et al., 2002). Their parental cell line, MDCKII-parental 
cells, can serve as a positive control in cytotoxicity studies, 
since they do not express P-gp on their membrane hence 
they are sensitive to PTX even at low concentrations.

Micelles were diluted to give 0.5 µM ELC concentra-
tions and PTX concentrations were normalized among 
different formulations. Cytotoxicity data are presented in 
Figures 2 and 3 as the % inhibition corresponding to con-
trol group (significant differences between the groups 
are marked with the * sign and p values are given). The 
results for MDCKII-parental cells (Figure 2) showed that 
even the empty micelles were slightly cytotoxic. However, 
since this cell line has no P-gp efflux activity, there was no 
difference in the cytotoxicity between free PTX solution 
and micellar PTX, and between the PTX micelles and 
PTX-ELC-co-loaded micelles. Thus, PTX can easily enter 
the sensitive cells and could not be pumped back due to 
lack of P-gp activity.

Figure 3 presents the cytotoxicity results with MDCKII-
MDR1 resistant cells after 12 h. Free PTX solution showed 
some cytotoxicity in the resistant cells, even though this 
value was lower than that of sensitive cells. At the same 
time, micellar PTX showed significantly higher activity, 
indicating that micellar encapsulation can enhance the 
anticancer activity of PTX against MDR cell lines. There 
are several studies with polymeric micelles demonstrat-
ing the P-gp inhibition by micelle materials or by micellar 
delivery of drugs into the cells. While some groups have 
used Pluronic P85 (Batrakova et al., 2001; Kabanov et al., 
2002) or Pluronic P123/F127 (Zhang et al., 2010), others 

Figure 1. PTX release from PTX- and ELC-co-loaded micelles 
under sink conditions (n = 3, mean ± SD).

Figure 2. Cytotoxicity of different formulations after 12 h towards MDCKII-parental cells. Error bars indicate mean ± SD, n = 6.
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used PEG-PE (Dabholkar et al., 2006) or mPEG-PLA and 
Pluronic L61 (Li et al., 2010) micelles to circumvent P-gp-
mediated MDR.

Co-delivery of anticancer drugs together with 
P-gp inhibitors has recently become more popular 
to overcome MDR. In some cases, anticancer drugs 
were encapsulated into the nanocarriers and P-gp 
inhibitors were administered as free solutions (Krishna  
et al., 2000). However, when administered in a free form, 
P-gp inhibitors are distributed to all tissues and organs, 
which can cause the non-specific inhibition of P-gp. To 
prevent this, P-gp inhibitors should be targeted to their 
site of action, i.e. to cancer cells. There are quite a few 
studies, which indicate that anticancer drug- and P-gp 
inhibitor-co-loaded nanocarriers can overcome the 
MDR. Wong et al. (2006) simultaneously encapsulated 
ELC with Doxorubicin into the polymer-lipid hybrid 
nanoparticles, and they found that dual agent-loaded 
nanoparticles were able to reverse MDR. Same results 
were achieved with PLGA nanoparticles encapsulating 
combinations of PTX-tariquidar (Patil et al., 2009) and 
vincristine-verapamil (Song et al., 2009).

Long-circulating liposomes co-loaded with PTX and 
tariquidar have also been studied (Patel et al., 2011). 
Liposomes with uniform size distribution and high load-
ing efficacy provided a good nanopreparation against 
PTX-resistant cells and successfully reversed MDR 
in SKOV3-TR cell line. With these results in mind, we 
wanted to demonstrate that drug-loaded PEG-PE-based 
micelles, which represent a convenient delivery system 
for poorly soluble drugs, can also be a good delivery plat-
form for MDR reversal. There are several available data 
on drug co-loading into the micellar structures (Diezi 
& Kwon, 2012) and on the successful action of PEG-PE-
based micelles co-loaded with an anticancer drug and 
first generation P-gp inhibitor (Sarisozen et al., 2012). 
As can be seen from Figure 3, co-loaded PEG-PE-based 
micelles provided the highest cytotoxicity against P-gp 
overexpressing MDR cells, thus indicating that micelle 
co-loading of PTX and ELC together can reverse MDR 

and make the cells sensitive to PTX again, even at short 
exposure times.

conclusions

In summary, ELC and PTX simultaneously encapsu-
lated into the PEG-PE micelles with desired particle size, 
loading values and release properties and these systems 
resulted in highest cytotoxicity in MDCKII-MDR1 resis-
tant cell line. Even though PEG-PE based micelles have a 
potential to enhance the cytotoxicity of PTX in resistant 
cells, co-loading of P-gp inhibitor is a more promising 
option to get successful response to PTX and overcome 
the MDR.
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