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ABSTRACT: P-glycoprotein (P-gp), the efflux membrane protein found in the upper exterior of epithelial cells in human
intestine, is capable of exhibiting variations in the intestinal transport. This study was set with the purpose of testing
the capability often pharmaceutical excipients namely Carbopol, Xanthan, Tragacanth, Sodium Benzoate,
Hydroxypropyl methylcellulose, Methylparaben, Methylcellulose, Cetyltrimethylammonium bromide and Vitamin E
in regulating P-gp protein expression and the multidrug resistance (MDR1) gene, by means of a monolayer of human
colon cancer cell line (Caco-2). Using MTT test, the least sub-toxic concentrations of mentioned excipients were assessed
in Caco-2 cells. Subsequently the impact of the excipients on P-gp activity was evaluated by quantifying the amount of
Rhodamine-123 uptake into cells. Besides, P-glycoprotein expression was scrutinized via Western-blotting. Among the
tested excipients, Tragacanth and Xanthan showed a similar western blotting and Rhodamine-123 assay results as the
control group. Carbopol 934, Vitamin E, and Methylcellulose showed 27.2%, 43% and 50.9% increase in Rhodamine
accumulation, respectively. According to the obtained results it is concluded that using appropriate concentrations of
the Carbopol 934, Vitamin E and Methylcellulose can attenuate the P-gp activity and expression where such reduction
ought to be taken into consideration due to its role in the changes of permeability and absorption of the pharmaceutical
compounds.
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1. INTRODUCTION

Oral route for drug administration, covering 85% of drugs sold around the world, has many benefits
and is known as a convincing way for drug delivery, both for systemic and local drug delivery. Oral
pharmaceuticals are the most desirable choice for pharmacotherapy of diseases due to their simplicity of
design, wide variegation of formulations and notably, high patient compliance especially for chronic drug
administration [1-3]. Many factors were reported to have impact on the gastrointestinal absorption of drugs
which possess low rates of solubility, extensive first-pass effect, efflux transport, low permeability [4, 5], etc.

ATP-binding cassette (ABC) proteins act as membranous transporters consuming the energy produced
by the hydrolysis in order to transport different materials through cellular membranes. Of this superfamily,
P-glycoprotein, also known as ABCB1 (ATP-binding cassette subfamily B member 1), as a drug efflux pump
through human intestine which is encoded by MDR1 gene, displays an important function in the intestinal
efflux process while it is also noted to be responsible for the efflux of many anticancer drugs [6, 7]. This effect
of P-gp is mentioned as a defense mechanism in contradiction to toxic agents and it is capable of making a
reduction in the rate of bioavailability of a vast number of pharmaceuticals [8].

On the other hand, excipients, ingredients other than the pharmaceutically active drugs that occupy the
majority volume of oral and parenteral medications, were formerly known as inert particles [9]. However,
these substances are capable of potential changes and effects on drug stability, metabolism and efflux [10-12].
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As stated by recent studies, a number of different agents and excipients would interrupt the efflux caused by
P-gp. Several papers have described information on the noteworthy properties of different excipients which
affect on drug absorption and permeability thru intestinal efflux pump. Such as, a previous study reported
that tween 80 can shrink the fraction of serosal-mucosal transport to mucosal-serosal transport for Rho-123
through rat jejunal membrane in vitro and caco-2 cell monolayer evocative of p-gp inhibition [13]. Into the
bargain, the in vitro amount of absorption for digoxin through a rat gut sac (a p-gp substrate) revealed an
intense growth in amounts after treating with 0.5% (w/v) tween 80 and tween 20 [14]. Correspondingly,
digoxin given with tween 80 showed an increase in AUC and Cmax in rats. Another study has claimed that
cremophor EL (0.1%, w/v) only partially inhibits P-gp activity in Caco-2 cells [15]. Lipid excipients Peceol and
Gelucire 44/14 decrease P-glycoprotein mediated efflux of Rhodamine 123 partially due to modifying P-
glycoprotein protein expression within Caco-2 cells [16].

Granting these findings, we selected ten excipients whose impact on the P-gp has not been reported yet.
They were namely, Xanthan, Tragacanth, Carbopol 934, Sodium Benzoate (NaB), Hydroxypropyl
methylcellulose (HPMC), Methylcellulose (MC), Methylparaben (MP),Cetyltrimethylammonium bromide
(CTAB) and Vitamin E.

Xanthan gum (XG), a water-soluble, high-molecular-weight, heteropolysaccharide of calcium, sodium,
and potassium acquired from the aerobic fermentation of a carbohydrate with Xanthomonas campestris. It is a
low-viscosity solution that forms viscoelastic gels. The viscous gels reduce the drainage and improve the
contact time better than conventional eye drops. XG has been used in combination with other polymers to
increase viscosity of the solutions. Cross linking structure of xanthan controls the release of drugs and it
exhibits a near zero order drug release [17]. Tragacanth gum which is a biodegradable and biocompatible
polymer that is used as an emulsifying agent, rheology enhancer, etc. [18]. Carbopol Polymer is a self-wetting,
rheology modifier designed to be used as a thickener, suspending agent and stabilizer in cosmetic
manufacturing. Its unique structure allows it to rapidly expand when added to liquids and provides moderate-
to-high viscosity in skin care products. Carbopol polymer performs effectively across a broad pH range,
making it a versatile ingredient for many applications [19]. Sodium benzoate (NaB), a metabolite of cinnamon,
is a commonly used food preservative and an FDA-approved therapy for reducing plasma ammonia and
glutamine in urea cycle disorders [20]. Sodium benzoate (NaB), in low concentrations, is used in aqueous
solutions [21]. Hydroxypropyl methylcellulose (HPMC), a semi-synthetic cellulose derivative, has been most
frequently studied in the formulation of monolithic matrix tablets for controlled release, due to its hydrophilic
gel-forming property, non-toxicity and cost-effectiveness. In addition, this polymer can be formulated with
several drugs, being able to accommodate high levels of these molecules [22, 23]. Methylcellulose (MC) is a
non-fouling hydrogel structure in which the thermoresponsive assets is engaging for neural tissue engineering
uses, for the most part, for conditions where the implanted material requires to fit into the erratically shaped
lesions/ defects [24, 25]. Methylparaben (MP) has been used for the protection of active substances in the dose
formulation [26-28]. Cetyltrimethylammonium bromide (CTAB) is an active antiseptic agent against
microorganisms. It is utilized for providing a buffer solution intended for the extraction of DNA. Also, it has
been extensively used in production of gold nanoparticles [29]. Finally, vitamin E which is a lipophilic
antioxidant and has been known to have a key role in the prevention of cancer, is shown to be effective in the
prevention of chronic [30]

Subsequently, this study was set in order to evaluate the potential and probable effects of the named
materials on the expression and activity of P-gp protein. This could be pursued by an enhancement in drug
bioavailability due to the design and co-administration of different drugs with these excipients. This would
be possible after the characterization of the altering and various effects of different excipients on the efflux

pump.

2. RESULTS
2.1. Safe concentrations and cell viability assay

The most bearable dosage for every excipient over Caco-2 cells was revealed using MTT assay test. So,
two maximum safe concentrations were carefully chosen for treating cells in the tests of the uptake of the
Rhodamine-123 and western blotting assessment. The results for MTT assay for Vitamin E, Carbopol, Xanthan
and Tragacanth are displayed in Figure 1 and the results for NaB, HPMC, MP, MC and CTAB are presented
in Figure 2. Considering these data, 0.5% (w/v) and 1% (w/v) were the selected concentrations for further
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studies while concentrations above 0.1% (w/v) and 0.25% (w/v) of Carbopol and Xanthan were toxic for Caco-
2 cells. Toxic concentrations were 0.25% (w/v) and 0.5% (w/v) for Tragacanth,0.02% (w/v) and 0.05% (w/V)
for MP, 0.05% (w/v) and 0.1% (w/v) for NaB, 0.25% (w/v) and 0.5% (w/v) for CTAB, 0.1% (w/v) and 0.25%
(w/v) for HPMC K15M, 0.1% (w/v) and 0.25% (w/v) for MC. Consequently, minor concentrations were
employed for uptake test and western blotting. The samples for the excipients were prepared by preparing a
solution of each in water with ethanol. The maximum fraction of the ethanol was 10% in order not to damage
the viable cells.
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Figure 1. Effects of Vitamin E, Carbopol, Xanthan and Tragacanth among the viability of the Caco-2 cells
after exposure for 24 hours to the excipients. Data has been established using cell viability in a hundred in
comparison to the control cells subsequently * standard deviation of no less than 3 measurements.
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Figure 2. Effects of MP, NaB, CTAB, HPMC and MC among the viability of the Caco-2 cells after exposure
for 24 hours to the excipients. Data has been established using cell viability in a hundred in comparison to
the control cells subsequently + standard deviation of no less than 3 measurements.
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2.2. Rho-123 accumulation assays

Methylcellulose 0.25% (w/v) Carbopol 0.25% (w/v) and Vitamin E 1% (w/v) enhanced Rhodamine-123
accumulation inside the Caco-2 cell lines, significantly which are presented via Figure 3.
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Figure 3. Effect of Vitamin E, Carbopol, Xanthan, Tragacanth, NaB, HPMC, MP, MC and CTAB on
Rhodamine-123 accumulation inside the Caco-2 cell lines. The amount of Rho-123 accumulation
(mgx106/mL) was collated and put on show in contrast to overall protein (mg/mL) of each well. Data has
been compared to the control group by means of one-way ANOVA through Student-Newman-Keuls post
hoc test (*P<0.001). 0.3 mM verapamil which is P-gp inhibitor, used as the internal standard (positive
control).

2.3. Western blot analysis

Carbopol 934, Vitamin E and Methylcellulose attenuated the P-gp expression through Caco-2 cells and
subsequently decrease the activity of efflux pump. Results for the rest used excipients showed a smaller
amount of change in comparison to control group. Data are represented via Figures 4 and 5.

Carbopol MP NaB CTAB Control

Figure 4. P-gp expression within 24 hours' treatment with Carbopol 934, Methylparaben, Sodium benzoate
and CTAB. (B-actin was considered as the internal standard).
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Figure 5. P-gp expression within 24 hours' treatment with Tragacanth, Xanthan, HPMCK4M, Vitamin E,
Methylcellulose and HPMCK15M. (B-actin was considered as the internal standard).
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3. DISCUSSION

Adequate knowledge of the elements adjusting the expression and role of intestinal P-gp is vital both
from the clinical and toxicological outlooks. The results of this study, which were obtainable at this point,
revealed the possible influence of the used excipients and preservatives on the intestinal efflux pump by which
reduced the expression of P-glycoprotein and its activity on Caco-2 monolayer cell lines. Excipients were
assessed through MTT assay to calculate and determine their cytotoxic concentrations and the achieved results
were used in the accumulation studies of Rhodamine-123. Moreover, Rho-123 concentration records were
established by means of western blotting assessment.

According to the obtained results Carbopol, Methylcellulose and Vitamin E increased the amount of
Rho-123 accumulated inside the cells and reduced P-gp appearance concurrently. Our work intended to
achieve a sensible medicinal preparation development scheme for oral pharmaceuticals as the oral route is the
most common and appropriate path to target drugs to their destinations in the body followed by highest
compliance [31]. On the other hand, MDR proteins belonging to ABC transporters are a part of membrane
transport proteins that detoxify cells from external substrates. These proteins were identified to limit the
absorption through biological membranes such as intestinal, brain and cancer cells. [32-34]

P-glycoprotein as a fundamental member in the performance of absorption, distribution and
elimination in an extensive range of medications through the human intestine, transport cytotoxic agents away
of the internal part of the cells in the direction of through to the lumen which subsequently decreases the
concentration of the pharmaceutical agents and the toxicity thereof. Consequently, P-gp attenuates the
bioavailability of the drugs which are consumed via oral route [35].

In the brain, efflux pump thwarts pharmaceutical particles from entering the central nervous system
(CNS) from side to side of blood-brain barrier (BBB) [36]. In carcinoma cells, P-gp expression is linked to MDR1
causing failure in the treatment of cancer [37, 38]. Numerous drugs and chemicals have been stated to rise P-
gp appearance in Caco-2 cells, as in R-cetirizine [39], cadmium [40] and benzo(e)-pyrene [41]. The therapeutic
outcome of P-gp is the reduction in drug concentration through the target tissue [42] and also decrease in drug
bioavailability [43] as P-gp deficiency in mice resulted in enhanced BA of drugs such as tacrolimus [44].
Therefore, P-gp is regarded as an obstacle against the absorption of the molecules in the intestine. Compounds
that are capable of attenuating this pathway, became significant and dominant due to their ability to increase
the drug bioavailability by reducing the expression of MDR1 or the activity thereof [45]. Various agents have
been reported as inhibitors of the intestinal efflux pump. Tween 80 which is used in many of the
pharmaceutical preparations, for example, has been reported in an in-vitro study as an inhibitor of P-gp where
it is shown to be able of decreasing the transport of Rho-123 from side to side of rat jejunal membrane through
Caco-2 cells [46]. Also tween 20 and 80 have been shown to increase the transport rate of digoxin [47]. On the
other hand, the effects and the influence of the excipients which are meant for this study have not been
evaluated whether to possess the ability of making a change in the activity of P-gp, nor about the expression.

In this study, Carbopol 934 caused a significant rise in Rhodamine accumulation. This growth of the
Rhodamine-123 was 43%. (Rhodamine accumulated inside the cells = 3938 pg/mL; overall protein mass =81
mg/mL). Methylparaben, Sodium benzoate, CTAB, Tragacanth, Xanthan, HPMC K4M and HPMC K15M had
a parallel blotting and Rho-123 assay results as the control group. On the other hand, Methylcellulose
presented to have a significant rise in Rhodamin-123 accumulation. The increase was as high as 50.9%.
(Rhodamine accumulated inside the cells = 4155 pg/mL; overall protein mass =100 mg/mL). Also vitamin E
displayed 27.2% growth in the amount of the Rho-123 accumulated inside the cells (Rhodamine accumulated
inside the cells = 3504 pg/mL; overall protein mass = 97 mg/mL).

The in vivo effects of Pegylated Vitamin E on P-gp substrates have been reported in preciding works. In
consideration of the incorporation of Pegylated Vitamin E in the series of GRAS (Generally Recognised As
Safe) substances by FDA, there has been an effort to include it in formulations to improve the bioavailability
of drugs via inhibiting P-gp efflux pump [48]. In our study, data revealed that Vitamin E, Carbopol 934 and
Methylcellulose, which are typically used as excipients in pharmaceutical industries, are operative in
shrinking the P-gp production and for that reason playing an important role by means of obstructing the
effluxion procedure. These findings may happened due to a novel mechanism that could be followed by an
increased and improved amounts of the bioavailability index where some of the shrinkage in the Pgp efflux
action may be explained through the depeletion of the expression of the protein after treatment accompanied
by the excipients. Although finding the mechanism by which the named excipients could shrink the activity
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or expression of the P-gp, should be evaluated through more specific studies in molecular levels, etc. the
common procedures may include the blockade of the binding site for the pharmaceutically active agents
through intestinal efflux pump which can be either allosterically or competitively /noncompetitively or as a
result of interfering with ATP hydrolysis, or even by means of changing the amounts of integrity of the cell
membrane lipids. Thus, further studies is helpful to confirm the data obtained from this work and to define
the underlying P-gp inhibitory mechanisms. Of course, this must be taken into consideration that as the drug
and excipient decsend through the intestinal part, they would simillarly become diluted as a result of the
presence of intestinal fluids and the activity of peristalsis. This would consequently decrease the efficacy of
the inhibitor mainly in the face of rised levels of P-gp.

4. CONCLUSION

In the current research, data showed that the accumulation of Rhodamine-123 through the Caco-2 cell
line would be increased using Carbopol 934, Vitamin E and Methylcellulose excipients and P-gp expression
through the membrane of the Caco-2 cells had been reduced as a result of its exposure to the excipients and
preservatives, above. Data allows us to proposes hypotheses that may be tested by actual in vivo formulations
of model dosage forms where using these polymers as efflux pump inhibitors would help to expand the
bioavailability and intestinal penetrability and concentration. This work revealed that Carbopol 934, Vitamin
E and Methylcellulose could be capable to improve drug absorption by means of preventing the P-gp activity;
Then transportation of drugs which enter the intestinal cells and are candidates for Pgp efflux function, might
be attenuated as a result of using Carbopol934, Vitamin E and Methylcellulose in the mixture of drug-
excipients. Finally, these records can help preparing novel pharmaceutical dosages which provide enhanced
bioavailability, consequently. Regarding the fact that P-gp efflux pump works as a natural defense in human
body, advantages and disadvantages of inhibiting that must be evaluated in the future works.

5. MATERIALS AND METHODS
5.1. Materials

Caco-2 cell line (Human carcinoma colorectal) was obtained from Iranian National Cell Bank, Pasteur
institute, Iran. All cell culture one-use tools were attained from Orange, Belgium. RPMI 1640 - Powdered Cell
Culture Medium was provided from PAA Co, Austria. Fetal Bovine Serum (FBS) was acquired from Gibco,
Invitrogen, USA. Dimethyl sulfoxide (DMSO) was from Merck, Germany. Penicillin and streptomycin were
acquired from Sigma, Germany. MTT reagent (3-(4,5-dimetylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
was obtained from Roche Diagnostics GmbH, Germany. Trypsin was provided from Gibco, Invitrogen, USA.
All other chemicals were purchased from Merck Company, Germany.

5.2. Caco-2 cell culture

Under a laminar flow cabinet, we completed the procedures along with observing the typical sterile
conditions. The cabinets were habitually sterilized during the night by exposing them to UV radial ion.
Afterwards the cells were washed using 70% alcohol. Cells were developed in RPMI 1640 medium with
additional 10% fetal bovine serum (FBS), 100pg/ml streptomycin and 100U/ml penicillin. Then they were
incubated into a humidified incubator containing 5% CO2 at 37 °C. Afterwards cells were sub-cultured into
96-well plates and 6-well plates throughout different steps of the work [18, 19].

5.3. Cell viability assay

Cytotoxic concentrations of the excipients were calculated in Caco-2 cells by means of MTT reagent (3-
(4,5-dimetylthiazol-2-yl)-2,5-diphenyltetrazolium bromide. In this method, viable cells metabolize yellow
tetrazolium salt MTT to purple formazan crystals by mitochondrial dehydrogenases. The cells were seeded in
96-well plates with a mass of 104 cells per well and incubated for 24 h at 37°C and 5% CO2. Then the cells were
treated with various concentrations (10, 20, 50, 100, 150, 200, 300, 400 pg/ml) and 0.2 % (v/v) DMSO as a
negative control. After 12, 24 and 48 h treatment 10 pl of MTT labeling reagent was added to all wells. The
plates were kept at 37°C and 5% CO2 for 4 hours. Then, 100pl of the solubilization solution was added to each
well and subsequently incubated during the night at 37°C to dissolve formazan crystals. As a final point,
absorbance was read by means of an ELISA plate reader (Bio Teck, Germany) at a wavelength of 570 nm. The
percentage of cytotoxicity and cell viability were estimated using following equations [20, 21]:
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% Cytotoxicity = 1- [mean absorbance of treated cells/ mean absorbance of negative control] (Eq. 1)

% Viability =100 - % Cytotoxicity. (Eq.2)

5.4. Rhodamine-123 uptake assessment

In order to assess the uptake of Rho-123 (Rhodamine) Caco-2 cells were seeded into 24-well plates and
left for 24 hours. A day after that, old medium was replaced and cells were washed down with 0.01M PBS
(Phosphate Buffer Saline) where the pH was adjusted at 7.4. Then fresh culture media including defined
concentrations of excipients and 0.3 mM verapamil, as P-gp inhibitor, were added and left for another 24
hours. On the day 3 of experiment, the previous medium was removed and cells were washed down three
times through PBS and Rho-123 solution (RPMI containing 10 mM HEPES (pH=7.4) and 5 ptM Rho-123 were
added and incubated in 37°C for 3 hours. After incubation phase, Rho-123 solution was detached and cells
were washed three times with ice-cold PBS. Cells were lysed in 1% Triton X-100 and centrifuged in 1000 rpm
for 5 minutes. Supernatant was utilized to calculate the fluorescence and total protein content. Amount of Rho-
123 was calculated using the plotted calibration curve (R2=1). Then cellular Rho-123 accumulation was
normalized to total protein content determined by protein assay kit [49].

5.5. Western blotting

Cells were transferred to 6-well plate in mass of 106 cells per well and treated with excipients for 24
hours. Solutions were eliminated and cells were washed down by PBS and then incubated in 37°C for 5
minutes with Trypsin/EDTA 0.25%. Supernatant was detached and cell sediment was washed for two times
with PBS. Lysis buffer was poured and cell suspension was centrifuged in 15000 rpm for 5 minutes. The
proteins were alienated by electrophoresis through SDS-polyacrylamide gel on 12.5% running gel and 4%
stacking gel at 80 V for 120 minutes. The gel was electro-blotted to Polyvinylidene difluoride (PVDEF)
membrane by means of semi-dry western blotting. 3% non-fat dry milk was used to block the membrane for
1 hour at room temperature and membrane was washed down for 3 times with PBS-Tween 20 0.1%.
Afterwards, we incubated them during the night with primary monoclonal antibody (Anti-B-actin), diluted
1/1000 in PBS having 0.1% tween 20. 3-actin was considered as the internal standard and was detected using
rabbit polyclonal anti-p-actin (AB16039, Abcam) as the primary antibody and HRP-conjugated goat anti-rabbit
IgG (AP7181, Razi Biotech) as the secondary antibody. P-gp expression was presented as the ratio of intensity
of the P-gp band to the B-actin band in the same blot run (P-gp/p-actin) [50] .

Subsequently, after washing by PBS-Tween 20 0.1%, the membrane was incubated with horseradish
peroxidase-conjugated Rabbit anti-mouse secondary antibody for about two hours. Membrane was washed
and solution A and B of Enhanced chemiluminescence (ECL) kit was added, then membrane was exposed to
X-ray film. Membrane was washed for two times and was incubated with MDR1 Antibody (C219) overnight.
After washing, membrane was placed into horseradish peroxidase-conjugated Rabbit anti-mouse secondary
antibody for two hours. Membrane was washed and then solution A and B of ECL kit was added, then
membrane was exposed to X-ray film according to the instructions of the manufacturer [21, 22]. Finally,
expression in treatment groups were compared with P-gp expression in untreated control cells.

5.6. Statistical analysis

The data was expressed as mean * SD. Statistical analysis was carried out using one-way analysis of
variance (ANOVA) followed by Tukey’s multiple comparison test. The differences between groups were
determined using the unpaired t-test with SPSS 13.0 and was considered significant at P < 0.05 and P < 0.01.
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