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Abstract

ATP-binding Cassette (ABC) efflux transporters affect many of drug absorption. These
efflux transporters limit the availability of a wide range of substances and especially
cancer treatment medications. The effect of Curcumin and Panax ginseng on ABCB1
efflux activity was determined by measuring two ABCBL1 substrates, verapamil and
tamoxifen permeability in rat everted gut.

The concentrations of absorbed verapamil and tamoxifen were measured by HPLC in the
existence or not of Curcumin and Panax ginseng at variable time points (5, 15, 30, 45
and 60 min) by everted gut sacs model.

At 60 min incubation, the permeability of verapamil in presence of tamoxifen, Curcumin
and Panax ginseng was significantly (p<0.001) increased by 2, 1.8 and 1.6- fold,
respectively. Additionally, the concentration of tamoxifen that passed through the intestine
wall elevated significantly (p<0.001) when it was incubated with verapamil Curcumin
and Panax ginseng by 1.8, 1.6 and 1.5-fold, respectively.

This is the first study that established the supressing effect of Curcumin and Panax
ginseng on gastrointestinal tract -ABCB1 transporter activity.

Keywords: P-glycoprotein, anticancer drugs, everted gut, Curcumin and Panax
ginseng.

Introduction

ATP-binding cassette (ABC) transporters are considered as a huge transporters family
which efflux transports many substrates through extracellular and intracellular
membranes, such as peptides, ions, ,sterols, metabolic constituents, lipids, toxins and
medical drugs [1, 2]. The ABC transporters that are expressed intensively in intestinal
epithelial cells are ABCBL1 (p-glycoprotein), ABCG2 (Brest cancer resistant protein) and
ABCC1 (Multidrug Resistance Protein) in addition to other members that are expressed
in less intense [3, 4].

Some members of the ABC transporters have a major activity in the process of multidrug
resistance (MDR), for instance patients that are getting an anticancer regime can develop
resistance not only to the cancer treatment regime drugs they getting but also to several
other kinds of drugs [5]. Furthermore to deliberating MDR in cancer cells, ABC
transporters reduce the transportation of numerous drugs from GIT tract, and transfer
drugs between the liver and the biliary as way of getting rid of external constituents out
of the body [5]. As follows, a huge number of substrates that are transferred by ABC
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transporters or get effect on the transfer of many other management medications thus
changing the bioavailability of these medications [6]. Currently, the approach to increase
permeability through the intestine has focused towards targeting drugs that pass through
the intestinal epithelial membrane transporters [7].

Numerous natural products are identified for their therapeutic properties and their ability
to effect on ABC transporters activity [8]. Inhibition of ABCB1 by natural products is
considered as an advanced method for reversing chemotherapies drug resistant avoiding
any undesirable toxic effects [9].

Curcumin is present in nature as polyphenol normally presents in Curcuma longa
(turmeric). it is traditionally well-known as anti-cancer, anti-oxidant, anti-arthritic and
anti-inflammatory properties [10, 11]. It known to reduce, and reduce cancer proliferation
at every phase of the disease [12]. The anti-tumors activity of tumeric have been first of
all related to its action of blocking factor-kappa B (NF-kappa B) that mediates cell
proliferation ,inflammation and death in normal cells [13].

Recently, studies have approved that tumeric inhibits the action of some ABC drug
transporters (ABCB1, ABCG2 and ABCC1) [14, 15]. Based on study results, turmeric
can avoid cancer drug resistance caused by ABC transporters. Moreover, it also increase
the availability of tumor drugs which have poor intestinal absorption because of the
active efflux by ABC transporters [16].

Ginseng is a common herbal drug for very long time. The major constituents of ginseng
are ginsenosides. Up to this day, about 40 ginsenosides types have been identified and
characterised [17], and discovered to have many pharmacological actions that involved
anti-oxidant , anti-inflammatory, anti-tumer and immune modulation effects [18-20].
Ginsenosides able to inhibit ABCB1 transporter activity and so improve the availability
of drugs like anticancers that are a substrate to this efflux transport [21].

In the present study the effects of Curcumin and Ginseng on the activities of ABCB1 and
on the permeability of verapamil and anti-cancer drug tamoxifen were investigated in a
well-characterised intestinal everted gut sacs model.

Experimental
Materials

Chemicals and drugs were purchased from Sigma-Aldrich. Curcumin and panax gensing
were purchased from now foods (U.S.A).

Other chemical reagents used in this study were of analytical grade.
Preparation of rat everted sacs

The everted sac procedure was used as described in literature [22, 23]. All rats
experiments were permitted by the local ethics committee of the University of Baghdad
(Baghdad, Irag). Male Sprague—Dawley rats with weighing 200 and 260 g were fasted for
at least 24 h and were allowed for free access to water. Rat under anaesthesia condition ,
the jejunum of the intestines was excised; the segment was washed several times with
normal saline solution (0.9% NaCl) and kept in oxygenated Ringer buffer solution.
Ringer solution composed of 150 NaCl, 5 KCI, 1 MgCl2, 2 CaCl2, and 10 mM glucose.
The intestines were everted on a glass rod; and filled with oxygenated buffer .Then; each
one was divided into sacs of 3.5-4 cm length by using silk sutures. The sacs were kept in
the oxygenated buffer solution, the solution was retained with 95% 02 and 5% CO?2 at 37
°C during the experiment duration.
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Drug ABCB1-transporter study

Sacs were transferred into 25 mL of oxygenated ringer solutions containing verapamil
(100 uM) alone (control), tamoxifen (10 uM) alone (control), verapamil and tamoxifen
together, verapamil or tamoxifen with curcumin (10 uM) or Panax ginseng (200 uM).

At various times points 0, 5, 15, 30, 45 and 60 min, sacs were removed, washed many
times in normal saline and the serosal contents were collected. Samples stored in the
refrigerator until analysis.

Verapamil and Tamoxifen concentrations were measured by a validated HPLC method.
The weight of all sacs was recorded at the beginning and after the experiment to
determine the fluid volume inside each sac.

Assessment of everted gut sacs viability

The viability of the gut sac was studied by measuring the glucose concentrations both
inside and outside the sac, glucose level was measured by a monitor (One Touch, UK).
The cell damage was examined by determining the release of lactic dehydrogenase
enzyme (LDH), it measured by using LDH kit by scientific laboratory (Irag). The results
were considered as U/L/cm2 of sac area.

Samples analysis by HPLC
Verapamil and tamoxifen concentrations were measured by a HPLC assay.

For verapamil samples, the HPLC system (Thermo Separation Products, USA) was set at
a wavelength of 200 nm run with C18 column (4.6mmx150mm, 5m, Waters Co., Milford,
MA, USA) with a flow rate of 1 mL/min. Mobile phase contained 40% acetonitrile and
0.025 mol/L KH2PO4 with pH 2.5 [24].

For tamoxifen sample, the HPLC system was set at a wavelength of 254 nm with an
emission cut-off filter of 360 nm and coupled to the same column mentioned above and
with a flow rate of 1 mL/min. Mobile phase contained 20 mM dipotassium hydrogen
phosphate (pH 3.0, adjusted with phosphoric acid)-acetonitrile (60:40, v/v) [25].

All measured of verapamil and tamoxifen samples concentrations were above the lower
limit of quantification.

Statistical analysis

All tests were done four times. Data are measured as mean + standard deviation and
statistical calculations were carried out by using SPSS v20 (IBM) to perform unpaired t-
tests. A P-value of

< 0.05 is take into consideration as significant.

Results
Everted gut viability

The viability of everted gut sacs were determined by measuring glucose concentration in
both sides, in serosal fluid and mucosal fluid.

During the experiments and at 60 min, the glucose concentration in the serosal fluid
(outside the sac) was about 1.6 fold more than the mucosal (inside the sac) concentration
at 60 min. These data evidently prove that the glucose absorption is active and the gut
sacs were physically intact and active through the whole experiments duration.

Additionally, LDH enzyme activity was measured as an additional marker for sacs
viability. The mean of LDH activity measured in the incubation buffer was around 140 +
7 U/L/cm2
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At 15, 30 and 60 min, there was no significant differences between the time points
showing the viability of the gut sacs throughout the experiments duration.

Effect of natural products on ABCB1 activity
Effect of natural products on verapamil absorption

Studies were carried out to determine the effect of Curcumin and Panax ginseng exposure
on verapamil transport by ABCB1 through the small intestine wall.

The permeability of verapamil in presence of tamoxifen, Curcumin and Panax ginseng
increased in time dependent manner at 5,15, 30 min until it reach to plateau situation at
45 min and 60 min (Figure 1).

After 60 min incubation of gut sacs with ABCBL1 inhibitor tamoxifen (10 uM), the
verapamil permeability increased significantly by 2-fold (P < 0.01) compared to
verapamil alone (control). Incubation of gut sac with Curcumin and Panax ginseng at
concentration of 10 uM significantly increase verapamil permeability by 1.8-fold and 1.6
—fold, respectively compared with control (P < 0.01) (Figure 2).
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Figure 1. The absorption curve of verapamil versus verapamil—inhibitors in everted rat
intestinal sac.

The absorption curve of verapamil (100 uM) in the everted rat intestinal sac versus time
after 5, 15, 30, 45 and 60 min incubation, and the following: (#) control (buffer) (m) with
Tamoxifen (10 uM), (A ) Curcumin (10 pM), (m) Panax ginseng (200 uM).

Data were analysed using unpaired Student’s t-test and are presented as the mean + SD of
4 independent experiments. ** p<0.001.

Migration Letters



981 Effects of Natural Products on ABCB1 Transporter in Rat Everted Gut

1.5 -
.
) J
0 - T T T

Control Tamoxifen Curcumin  Panax ginseng

Verapamil absorbed concentration
(% to control)

Figure 2. The effect of ABCBL1 inhibitors on verapamil permeability in everted rat
intestinal sac at 60 min incubation.

Data were analysed using unpaired Student’s t-test and are presented as the mean + SD of
4 independent experiments. ** p<0.001.

Effect of natural products on Tamoxifen absorption

Further Studies were carried out to examine the effect of Curcumin and Panax ginseng
exposure on tamoxifen (Breast cancer medication) absorption through the small intestine
wall.

Incubation of intestinal sacs with tamoxifen showed a low absorption rate due to efflux
mechanism of ABC transports. The permeability of tamoxifen through the gut sac
significantly increased in presence of verapamil, Curcumin and Panax ginseng, and this
elevation was increased with the time (Figure 3).

The tamoxifen permeability significantly improved after 60 min incubation of gut sacs
with ABCBL inhibitor verapamil (100 uM), its concentration increased by 1.8-fold (P <
0.01) compared to tamoxifen alone (control) (Figure 4). However, incubation of gut sac
with Curcumin and Panax ginseng (10 pM) significantly increase tamoxifen permeability
by 1.6-fold and 1.5 —fold, respectively compared with control (P < 0.01) (Figure 4).
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Figure 3. The absorption curve of tamoxifen versus tamoxifen —inhibitors in everted rat
intestinal sac.

The absorption curve of Tamoxifen (10 uM) in the everted rat intestinal sac versus time
after 5, 15, 30, 45 and 60 min incubation, and the following: (#) control (buffer) (m) with
verapamil (100 uM), (A) Curcumin (10 uM), (m) Panax ginseng (200 uM).

Data were analysed using unpaired Student’s t-test and are presented as the mean + SD of
4 independent experiments. ** p<0.001.
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Figure 4. The effect of ABCB1 inhibitors on tamoxifen permeability in everted rat
intestinal sac at 60 min incubation.

Data were analysed using unpaired Student’s t-test and are presented as the mean + SD of
4 independent experiments. ** p<0.001.

Discussion

ATP-binding cassette (ABC) transporters are active transmembrane proteins that are
broadly expressed in a many membranes of tissues and organs [26]. The intestinal
epithelial membrane intensively expresses ABC transporters such as ABCB1, ABCC and
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ABCG2 , these ABC transporters affect the oral bioavailability of wide range of drugs
such as chemotherapy agents [27].

Tamoxifen is a nonsteroidal antiestrogen drug and is the drug of choice for treating breast
cancer. Due to its low toxicity, it became widely used as a chemotherapeutic agent [28].
Tamoxifen is a substrate for the efflux of ABCB1, breast cancer resistance protein
(ABCG2) and other members of ATP-binding cassette (ABC) superfamily, which lead to
reduce its penetration and so decrease its therapeutic effect in cancer treatment [29, 30].

In this study, we used an in vitro model of small intestine, involved of intestinal everted
gut sac, to investigate the effects of natural products and ABCB1 inhibitors on ABC-
transporters activity.

Characterisation experiments were carried out to check the viability and the absence of
any damage in the intestinal gut sacs. Glucose is mainly absorbed by active transported in
the small intestine of most animals and human, thus a glucose grade between the fluids
inside and outside gut sacs is considered as a further indicator for gut function [31]. The
results showed glucose concentration in the serosal side is significantly higher than the
mucosal side indicating that the gut sacs were healthy and glucose was transported
actively.

Furthermore, LDH enzyme activity , indicator of cell damage [23], was steady at different
time points until 60 min, the end of the experiments. This finding support that there was
no damage in gut sacs until during the incubation time. These finding is in agreement
with literature studies [22, 32].

This study focused on using natural herbs to increase the absorption and bioavailibity of
drugs that suffer from low absorption due to ABC efflux transport. Verapamil is a widely
used as an ABCBL1 substrate and as a standard inhibitor to study the inhibitory effect of
other substances [33, 34]. Tamoxifen is a very common agent used for cancer treatment
[35, 36], and it is an ABCB1 transporter substrate which lead to low absorption through
the intestine [37].

Initial studies were carried out to confirm the functional activities of ABCB1. Our
results of incubation of intestinal everted sac with tamoxifen (ABCB1 inhibitor)
significantly elevates verapamil permeability (2-fold). Additionally, in lateral
experiments, verapamil increased tamoxifen penetration by 1.8- fold (p<0.001). A study
showed that verapamil and tamoxifen inhibit the activity of ABCB1 and increase
substrates availability in cancer cell [38]. Another in vivo study support our finding, their
results displayed that the plasma level of tamoxifen significantly raised by combination of
verapamil oral administration by range 1.6-2- fold in rats [39]. As far as we know, there
was no study examined the effect of verapamil and tamoxifen combination on each other
permeability extent by using intestinal everted gut sac model.

Subsequently, this study investigated the effects of two natural products, Curcumin and
Panax ginseng on both verapamil and tamoxifen permeability. Curcumin and Panax
ginseng both significantly decreased ABCB1 transporter activity by improving verapamil
penetration from serosal side to mucosal side. This finding is supported by a study that
used the MRP1-HEK 293 cell lines, the results showed that Tetrahydro-curcumin reduce
ABCBL activity by reducing its substrates concentration (vinblastine and mitoxantrone)
[40]. Panax ginseng ABCBL1 inhibitory effects is in agreement with a scientific study
which reported Ginsenoside F1 has an inhibitory activity on ABCB1 in MDR1-MDCKI|I
and Caco-2 cells [41].

We consequently examined the ability of Curcumin and Panax ginseng to enhance the
absorption of, ABCB1 substrate and the chemotherapy agent, tamoxifen. The results
reported that the above natural products significantly enhanced tamoxifen permeability
suggesting the inhibitory effect of them on ABCBL as they inhibit the efflux of verapamil
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as explained above. These results are consistent with the study approved that Ginsenoside
F1 inhibits ABCB1 doxorubicin-resistant in acute myelogenous leukemia sublines [42].

This is the first study to demonstrate the effect of these natural products on ABCB1
activity in gastrointestinal tract by using everted gut model.

Conclusion

The findings of the current study suggest that using of natural product could be a very
useful way to improve the absorption of many medications including chemotherapy drugs
which are ABC transporters substrate, especially with safe and common natural herbs.
Other natural product with low toxicity could be examined in the future to improve drugs
bioavailability.
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