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Abstract. - OBJECTIVE: The aim of this
study was to study the uptake of levofloxacin for
the eradication of Helicobacter pylori by human
gastric epithelial cell lines, GES-1 and MGC80-3.

MATERIALS AND METHODS: High perfor-
mance liquid chromatography (HPLC) and
coomassie brilliant blue staining, among other
methods, were used to study the uptake of lev-
ofloxacin in GES-1 and MGC80-3 cells. The ef-
fect of time, concentration, temperature, pH, cy-
closporine A, verapamil, and cimetidine on up-
take was analyzed.

RESULTS: The uptake of levofloxacin by GES-1
and MGCB80-3 cells reached a steady state after 15
minutes of incubation, and was enhanced by in-
creasing the extracellular levofloxacin concentra-
tion, although not in a linear manner. A maximum
uptake was observed at 37°C and pH 7.4. Cy-
closporin A and verapamil enhanced uptake in
GES-1 cells by 2.07%-13.23% (p > 0.05), and 17.5%-
35.3% in MGC80-3 cells (p < 0.05). The uptake of
levofloxacin was not affected by cimetidine.

CONCLUSIONS: P-glycoprotein mediates lev-
ofloxacin uptake in MGC80-3 cell. Further, P-gly-
coprotein may be involved in levofloxacin up-
take in GES-1 cells. However, organic cation
transporters were not involved in levofloxacin
uptake in MGC80-3 and GES-1 cells.
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Introduction

Failure to eradicate Helicobacter pylori (H.
pylori) infection has increased over the past sev-
eral years'?. Clinical treatment has faced enor-
mous challenges due to drug resistance, which
has become a focus of research®*. Nevertheless,
it is also important to understand the uptake and
transport mechanisms of current therapeutics in

the stomach for effective H. pylori eradication.
However, these mechanisms remain to be fully
elucidated.

Levofloxacin (LF) triple therapy, which has
been described by the Maastricht IV Consensus’
and the American College of Gastroenterology
Guidelines®, promotes H. pylori eradication. LF
can be taken up in the kidneys’, small intestine®,
and placental barrier through transporter pro-
teins’, including P-glycoprotein (P-gp), the or-
ganic cation transporter (OCT), the monocar-
boxylate transporter (MCT), and other trans-
porters. LF may be actively transported in the
stomach. However, the mechanisms of LF uptake
in human gastric mucosa have not been reported.

Therefore, we evaluated LF uptake in two hu-
man gastric epithelial cell lines, the immortalized
gastric epithelial cell line, GES-1, and the gastric
epithelial cell line, MGC80-3. Further, we ex-
plored the influence of time, drug concentration,
pH, temperature, and transport inhibitors on the
uptake of LF to better understand the mechanism
of LF uptake in the human gastric mucosa.

Materials and Methods

GES-1 and MGC80-3 Cell Culture

GES-1 cells (American Type Culture Collec-
tion, ACTT) and MGCS80-3 cells (Cell Bank of
Chinese Academy of Sciences, Shanghai, China)
were cultured in DMEM medium (GIBCO,
Grand Island, NY, USA) at 37°C and 5% CO,.
Cells in the logarithmic growth phase were col-
lected and seeded (2 ml; 1 x 10° cells'ml!) in six-
well culture plates. Cells were cultured in the
presence of LF (Standard Lot: BCBF7004V, pu-
rity >99.9%, Sigma, St. Louis, MO, USA) upon
reaching confluence.
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Cells were pre-treated with the P-gp inhibitors
cyclosporine A (10 umol-L'; standard batch
number: 130495-200202; purity 98.8%;
NICPBP, Beijing, China) and verapamil (100
umol-L!; standard batch number: 1001381484,
purity = 99.9%; Sigma) or the OCT inhibitor
cimetidine (100 wmol-L'; standard lot: 101 224
844; Sigma). Uptake was evaluated 5, 7.5, 10,
15, and 30 min after adding HBSS containing the
inhibitor and 100 umol-L-'LF solution.

Drug Extraction

Prior to the experiment, 1 ml Hanks balanced
salt solution (HBSS, 37°C) was added to each
well, and the cells were washed three times. LF
solution was then added to each well, and the
cells were incubated at 37°C. The uptake of LF
at 25°C and 4°C was evaluated by incubating the
cells at room temperature and in the refrigerator.
At the predetermined time point, the LF solution
was removed, and the cells were washed 4 times
with HBSS (4°C). The cell samples were collect-
ed in 1.5 ml centrifuge tubes. Samples underwent
3 freeze/thaw cycles (-80°C-37°C) and were son-
icated to prepare the cell lysates. The lysate was
then cleared by centrifugation at 12000 rota-
tions'min”' for 10 min and filtered using a 0.22
um membrane. From the obtained samples, 20 ul
was used to determine the intracellular LF con-
tent by HPLC. The total cellular protein content
was measured'® with coomassie brilliant blue
staining. Intracellular LF uptake was expressed
as the ratio of intracellular drug content and the
total cellular protein content.

High Performance Liquid
Chromatography (HPLC)

An Agilent 1100 HPLC (Agilent, Santa Clara,
CA, USA) was used with a Welch C18 chro-
matographic column (4.6 mm x 250 mm, 5 um),
a mobile phase!' composed of acetonitrile (chro-
matographic purity; Tedia Company, Fairfield,
OH, USA): citric acid solution (50 mmol-L!):
ammonium acetate (1 mol-L!) (17:82:1), a flow
rate of 1.0 ml'min’', a column temperature of
40°C, a detection wavelength of 295 nm and an
injection volume of 20 ul.

Statistical Analysis

Data were analyzed using a two-tailed Stu-
dent’s t-test, and were expressed as the mean +
SD. A p value less than 0.05 was considered sta-
tistically significant.

Results

HPLC Method

Under the experimental conditions described
above, the retention time of LF was 8.04 min,
with no impurity peaks affecting the determina-
tion, suggesting good specificity. The linear rela-
tionship was acceptable at concentrations rang-
ing from 0.1 to 10 umol-L-'. The variation by day
was less than 15%, which was in line with the bi-
ological sample requirements. The recovery rate
of LF in the GES-1 cell standard solution using
low, medium and high concentrations (1, 4, and
8 wmol-L1) were 95.6%, 95.1%, and 95.7%, re-
spectively, whereas the recovery rates were
103.4%, 98.1%, and 99.8% in the MGC80-3 cell
standard solution.

Effect of Time and
Extracellular LF Concentrations

The uptake of LF was affected by incubation
time and concentration. Samples were collected at
1,5,7.5, 10, 15, 30, and 60 min after adding HB-
SS containing 100 or 200 umol-L-'LF to each
well. Drug uptake by GES-1 and MGC80-3 cells
increased significantly from 1 to 5 min, slowly in-
creased from 7.5 to 15 min, and reached a steady
state thereafter. The uptake of 200 wmol-L' LF
was significantly greater than the uptake of 100
umol-L! (p < 0.05; Figure 1A, B).

Effect of Temperature

Cells were treated with HBSS containing 100
umol-L ' LF, and were incubated for 30 min at
37°C, 25°C, or 4°C. The LF uptake by GES-1
cells at 37°C, 25°C, and 4°C was 1.17 = 0.06,
1.02 £ 0.08, and 0.64 + 0.10 ug mg™!' protein, re-
spectively. In contrast, the uptake in MGC80-3
cells was 1.00 = 0.07, 0.86 = 0.06, and 0.60 =
0.05 ug mg! protein at 37°C, 25°C, and 4°C, re-
spectively. These data indicate that LF uptake in
the two cell lines reached a maximum at 37°C,
and that uptake at 37°C was greater than that at
25°C (p > 0.05) and significantly greater than
that at 4°C (p < 0.01).

Effect of Solution pH

The effect of pH on LF uptake was evaluated
30 min after the addition 100 umol-L-1 LF in the
presence of varying pH values (5.4, 6.4, 7.4 and
8.4). The peak drug uptake was observed at pH
7.4. Uptake was significantly lower at pH 5.5 (p
< 0.01) and lower at pH 6.4 and pH 8.4 (p >
0.05). The drug uptake by GES-1 cells at pH 5.4,
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Figure 1. A B, Effects of concentration and time on the levofloxacin uptake by GES-1 and MGCB80-3 cells. n=6, mean +
SD; 200 gmol-L-1 group compared with the 100 gmol-L-1 group, *p < 0.05. C, D, Effects of P-gp inhibitor on the transport of
levofloxacin by GES-1 and MGC80-3 cells. n = 6, mean + SD; LF: levofloxacin; CsA: Cyclosporin A; Ver: Verapamil. P-gp
inhibitor group compared with the control group, *p < 0.05. E, F, Effects of OCTs inhibitor on the transport of levofloxacin by
GES-1 and MGC80-3 cells. n = 6, mean + SD; LF: levofloxacin; Cim: cimetidine.

pH 6.4, pH 7.4, and pH 8.4 was 0.82 + 0.05, 1.08
+0.08, 1.21 £ 0.05, and 1.09 + 0.07 ug mg™"' pro-
tein, respectively, and 0.72 + 0.04, 0.91 + 0.06,
1.04 + 0.09, and 0.90 + 0.09 ug mg"' protein in
MGCS80-3 cells.

Effect of P-gp Inhibitors

The drug uptake in cyclosporine A- and vera-
pamil-treated GES-1 and MGC80-3 cells at vary-
ing time points was increased compared to that
of the untreated control group. Uptake increased
2.07%-13.23% (p > 0.05) and 17.5%-35.3% (p <
0.05), in the GES-1 and MGC80-3 cells, respec-
tively (Figure 1C, D).

Effect of OCT Inhibitors

No significant difference was observed in drug
uptake in GES-1 and MGC80-3 cells treated with
cimetidine compared to untreated control cells (p
>0.05; Figure 1E, F).

Discussion
The study of gastric drug distribution is impor-

tant for effective H. pylori eradication; however,
studies evaluating gastric drug uptake are rare,

488

particularly when evaluating drug transporters.
Studies in the kidneys’, small intestine®, placental
barrier’, and other cell types have shown that
drug transporters, including P-gp, OCTs, and
MCTs, are involved in LF uptake. Thus, one or
several transporters may promote LF uptake in
the gastric mucosa. This study sought to clarify
the uptake mechanisms of LF in human gastric
cells to better understand gastric mucosal drug
transporters.

Based on our studies using varying LF concen-
trations, temperatures, and pH, we found that
GES-1land MGCB80-3 cells quickly take up LF,
and that the uptake increases with increasing drug
concentration. Nevertheless, these two parameters
did not show a positive correlation, and did not
display characteristics of passive diffusion. This
suggests that the absorption of LF in MGC80-3
and GES-1 cells was mediated by transport pro-
teins'?. It was also found that the uptake of lev-
ofloxacin in these two kinds of cells were associ-
ated with temperature and pH values. Under nor-
mal circumstances, the transport activity of cell
membrane transport protein was usually the maxi-
mum at 37°C and neutral pH value. This study al-
so showed a maximum intake volume of lev-
ofloxacin at at 37°C and pH 7.4, which showed
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that the uptake of levofloxacin in GES-1 and
MGCS80-3 cells involved in the role of transport
proteins from another angle.

P-gp is a common drug efflux transporter that
has been extensively studied. Studies using Ca-
co-21314 BeWo? !5, and other cell lines have
shown that the uptake and transport of LF was
mediated by P-gp. Further, P-gp is known to ex-
press in GES-1 and MGC80-3 cells'®. We, there-
fore, evaluated the effect of the P-gp inhibitors,
cyclosporine A and verapamil, on LF uptake'”.
Our data indicate that drug uptake was increased
following P-gp inhibitor treatment, particularly
in MGC80-3 cells, where the uptake was signifi-
cantly higher (17.5%-35.3%, p < 0.05). P-gp ex-
pression is higher in gastric cancer cells than in
GES-1 cells', which may explain the different
proportion of drug uptake observed between the
two cell lines. These findings were also similar
to observations in BeWo® and Caco-2'* cells.
Therefore, our results indicate that P-gp may reg-
ulate LF uptake in GES-1 and MGC80-3 cells.

OCTs participate in the distribution, excretion,
and absorption of drugs in vivo. Cimetidine is a
specific inhibitor of OCTs'®!°. LF is a zwitterion,
which can be transported via OCTs!'**. Our data
revealed that cimetidine had no significant effect
on LF uptake, indicating that OCTs either did not
participate in LF uptake in GES-1 and MGC80-3
cells, or that OCTs are not expressed in these
cells. These results were consistent with the up-
take characteristics of LF in Caco-2 cells'?; how-
ever, OCTs did contribute to LF uptake in the
LLC- PK1 kidney epithelial cell line*'.

Conclusions

This paper shows that LF uptake in human gas-
tric cells is mediated by transport proteins, specif-
ically P-gp. This study was carried out in human
gastric mucosal cells. Evaluation of LF uptake,
transport, and transporter expression level in cor-
responding human tissues and organs during H.
pylori infection will have clinical value, and will
be the main direction of our future research. This
study offers a novel perspective in approaching
H. pylori therapy. More importantly, these data
provide in-depth information regarding the gastric
mucosa transporter system, which provides an ex-
perimental basis for the development of targeted
drug delivery systems and novel dosage types,
thereby promoting future studies on drug uptake
and transport in the stomach.
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