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Background: Flavonol quercetin has beneficial effects for promoting epithelial barrier function in intestinal and airway
epithelium; however, information is limited regarding its effects on the endometrium.
Objective: We investigated the potential effect of quercetin on epithelial barrier function and its protective effect on
lipopolysaccharide (LPS)-induced disruption of barrier function in endometrial epithelial cells.
Material and Method: Immortalized porcine endometrial epithelial cells grown on porous membrane filters were treated
with different concentrations of quercetin or LPS for 24 to 48 h. In experiments with LPS stimulation, the cells were treated
with quercetin for 24 h prior to addition of LPS and further incubation for 24 h. The endometrial barrier function was
assessed by measuring transepithelial electrical resistance (TER) and paracellular fluorescein isothiocyanate-dextran
(FD-4) flux.
Results: Quercetin (1, 10 and 100 μM) concentration-dependently increased TER within the first hour reflecting increased
membrane integrity, whereas high concentration (200 μM) significantly decreased TER at the first hour and persisted up to
48 h. However, the paracellular FD-4 transport was decreased by 1 and 100 μM quercetin. LPS exposure significantly
disrupted endometrial barrier function as evidenced by decreased TER and increased FD-4 fluxes. This LPS-mediated
barrier disruption was significantly reversed by pretreatment with quercetin at 1 and 10 μM.
Conclusion: Quercetin at concentrations less than 100 μM has a potential role in preserving endometrial epithelial barrier
function. The reversibility effect of quercetin on endometrial barrier disruption induced by bacterial endotoxin could be
considered of using quercetin to protect endometrial barrier against bacterial infection.
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Endometrial epithelial cells lining the uterine
cavity forms effective physical barrier that protects the
body against invading micro-organisms and pathogen.
The physical barrier is mainly composed of junctional
protein complex including tight junction connecting
between endometrial epithelial cells. These tight
junction proteins are important structure correlated with
barrier functions, which regulate the movement of ions
and solute via a paracellular pathway. Moreover, the
paracellular barrier function helps to maintain mucosal
monolayer integrity that contributes to endometrial
health. Disruption of tight junction of endometrial
epithelial cells may result in the major complications in
reproductive failure, such as infertility, infection and

chronic abortion(1). A loss of epithelial tight junction
barrier function following exposure to bacterial
endotoxin, lipopolysaccharides (LPS) or Clostridium
perfringens enterotoxin (CPE) has been evidenced in
intestinal and endometrial epithelial cells(2,3). The
leakiness of tight junction is associated with increased
paracellular permeability as reflected by reduced
transepithelial electrical resistance (TER) and increased
movement of normally excluded molecules across the
epithelium, resulting in inflammation and pathological
conditions in reproductive system or any others.

At present, natural food components and
compounds especially flavonoids have been identified
to maintain or enhance membrane integrity and
functions. Quercetin (3, 5, 7, 3′, 4′-pentahydroxyl-
flavone) belongs to a subgroup of flavonols, and is the
most potent dietary flavonoid found in high amounts
in vegetable and fruits such as onions and apples(4,5).
It possesses a variety of biological activities such as
anti-bacterial, anti-inflammatory and potent anti-
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oxidative activities. It also exhibits beneficial effects in
different human pathologies, including hypertension,
cancer, and inflammatory conditions(6). Quercetin has
been reported to promote barrier function in rat
intestines and human intestinal cell line(7,8). It also
possesses protective effects on cytokine-induced
damage of intestinal tight junction barrier(7). Moreover,
it enhances tight junction (TJ) assembly and preserve
TJ integrity and function against H

2
O

2
-mediated TJ

disruption in human endothelial cell line(9). These
evidences indicate the protective role of quercetin on
epithelial barrier function; although, the effect of
quercetin on endometrial barrier function is quite limited.
A recent study in endometrial epithelial cells
demonstrates the ameliorative effect of soy isoflavones
genistein and daidzein on the LPS-induced disruption
of epithelial barrier protein and function(3).

The objectives of the present study were to
investigate the potential effect of quercetin on
endometrial barrier function and its protective role
against bacterial endotoxin-induced alteration in barrier
function using immortalized porcine glandular
endometrial epithelial cell culture (PEG). The endometrial
barrier function was assessed by measurements of TER
and TJ permeability by fluorescein isothiocyanate-
dextran (FD-4) transport across the paracellular
pathway.

Material and Method
Materials

Quercetin, insulin, O111: B4 Escherichia coli
lipopolysaccharide (LPS), non-essential amino acid and
high purity grade salts were obtained from Sigma
Chemical Co. (St. Louis, MO, USA). Dulbecco’s modified
Eagle’s medium (DMEM), Dulbecco’s phosphate buffer
saline (DPBS), fetal bovine serum (FBS), 0.05% trypsin-
0.53 mM ethylene-diaminetetraacetic acid (EDTA),
kanamycin and penicillin-streptomycin were purchased
from GIBCO BRL (Grand Island, NY, USA).

Cell culture and treatment
Immortalized porcine endometrial epithelial

(PEG) cells were primary glandular endometrial epithelial
cells that were stably transfected with the catalytic
subunit of human telomerase. These cells showed
phenotypic and functional characteristics as the primary
epithelial cells(10). The PEG cell passage number 62
to 80 was cultured in DMEM supplemented with 3.7
g/L NaHCO

3
, 10% heat-inactivated FBS, 5 μg/ml

insulin, 1% non-essential amino acid, 100 U/ml penicillin,
100 μg/ml streptomycin and 100 μg/ml kanamycin

(standard media), and incubated at 37°C in a humidified
atmosphere of 5% CO

2
 in air.

PEG cells were cultured on porous
polystyrene membrane inserts (1.12 cm2, 0.4 μm pore
size; Transwell Costar, Cambridge, MA, USA) for 7
days to obtain a complete monolayer. Quercetin (1, 10,
50, 100 or 200 μM) or vehicle control DMSO was applied
to the solutions bathing both apical and basolateral
membranes for 48 h. Each concentration of quercetin
was dissolved in an equal volume of DMSO and then
in a medium with a final concentration of DMSO at
0.01%. In the experiment with bacterial endotoxin
stimulation, the cells were exposed to LPS (10, 100 or
1,000 ng/ml) for 24 h. To study the effect of quercetin
under LPS stimulation, the cells were incubated with
quercetin or vehicle DMSO for 24 h prior to addition of
LPS (100 ng/ml) in the test medium for additional 24 h.

Cytotoxicity assay
The cytotoxic effect of quercetin on the PEG

cells was assessed by a colorimetric assay using MTT
[3-(4, 5-dimethythiazol-2-yl)-2, 5-diphenyltetrazolium
bromide]. The cells were seeded in 96-well plates and
incubated with different concentrations of quercetin
for 24 to 48 h. The MTT assay is based on the
mitochondrial metabolic reduction of soluble MTT
to insoluble formazan crystals by mitochondria
dehydrogenase of viable cells(11). At the end of
incubation period, the cells were incubated in DMEM
containing MTT (125 μg/250 μl) at 37°C for 3 h in CO

2

incubator. The MTT medium was aspirated and the
formazan crystals were dissolved in DMSO. The
absorbance of formazan and non-specific background
was respectively read at 570 nm and 620 nm by
spectrophotometer (Tecan SunriseTM, Tecan trading AG,
Switzerland). Relative cell numbers are proportional to
the specific absorbance of formazan products, which
are the subtraction of the 620 nm from 570 nm reading
values.

Measurement of transepithelial electrical resistance
(TER)

TER was performed to assess the permeability
of tight junction or barrier function of epithelial cells. It
was periodically measured using EVOM2TM electrode
connected to a volt-ohmmeter (World Precision
Instruments, Sarasota, FL, USA) before (0 min) and 0.5,
1, 2, 6, 12, 24 and 48 h after administration of quercetin
or 0.5, 2, 6, 12 and 24 h after LPS inoculation. Percent
changes of TER at each time point from the starting
point (time 0) were calculated and analyzed. A decrease
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in TER reflects an increase in tight junction permeability,
whereas an increase in TER indicates an increase in
monolayer tightening.

Measurement of paracellular permeability
The paracellular permeability of PEG cell

monolayer was assessed by measuring the FITC-
conjugated dextran fluxes across cell monolayer. For
these experiments, FITC conjugated dextran of 4 kDa
(FD-4; 1 mg/ml) prepared in HEPES buffered salt
solution (HBSS): HEPES 25 mM, NaCl 120 mM, KCl 5.4
mM, CaCl

2
 1.8 mM, NaHCO

3
 25 mM, glucose 15 mM,

pH 7.4 was added onto the apical side of the permeable
membrane-grown PEG monolayers at 44 h of quercetin
treatment or 20 h of LPS treatment. After incubation
with FD-4 for 4 h at 37°C, media samples from the
basolateral side were collected and fluorometrically
determined at excitation 492 nm and emission 535 nm
(Infinite® 200 PRO, Tecan, Mannedorf, Germany). The
apparent permeability coefficients (Papp; cm/h) of
different fluorescent agents used were calculated using
the following equation:

Where dq is the amount of fluorescence in
the basolateral side (mg/ml), dt is a function of time per
hour, A is the surface area of the inserts (1.12 cm2), and
Co is the initial concentration of fluorescent applied to
the apical side (mg/ml).

Data analysis
All values are presented as mean+standard

error of mean (SEM), and n is the number of monolayers
used in each experiment. The statistical differences
between control and treatment means were analyzed
using an ANOVA and a Dunnette’ post hoc test (PrismTM

5.00, GraphPad Software, San Diego, CA, USA). A p-
value less than 0.05 was considered statistically
significant.

Results
Effect of quercetin on PEG cell barrier function

The effect of quercetin on PEG cell was
evaluated for barrier function by measurements of TER
and the paracellular transport of FD-4 across cell
monolayers. The PEG cells cultured in the media for 7
days showed an average TER of 1,376.3+70.56 Ω.cm2

(n = 80). In the experiments, the percent change of TER
form the initial value before drug treatment (time 0) was
calculated at each time point. Under control condition
where the cells were replaced with a newly fresh
medium in the presence of vehicle control DMSO, the
TER remained unchanged for 0.5 h and slightly
increased from initial at 1 h followed by a gradual
decrease by 10 to 17% at 12 to 48 h (Fig. 1A). Treatment
with 1 to 100 μM quercetin caused a concentration-
dependent increase in the TER within 0.5 to 1 h and
returned toward baseline at 2 h followed by a slow
decrease in the similar profile as the control group. A
significant increase in the TER was observed following

Papp =          x
dq     1

dt     AxC°

Fig. 1 Effects of quercetin (Q) on the tight junction permeability of PEG cells. (A) Time course of transepithelial
electrical resistance (TER) as percent changes from initial (time 0) following quercetin treatment for 48 h. Data are
mean + SEM (n = 10-30). (B) The paracellular permeability of FITC-dextran (FD-4) calculated as apparent
permeability coefficient (Papp) of FD-4 in response to quercetin treatment at indicated concentrations for 48 h.
DMSO was used as a vehicle control. Data are mean + SEM (n = 6). * p<0.05 and ** p<0.01 compared to DMSO
at the same time point using ANOVA followed by Dunnett’s post-hoc.
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treatment with 100 μM quercetin during 0.5 to 1 h.
However, the cells given quercetin at high concentration
(200 μM) started to significantly decrease the TER by
25% at 1 h, reduced by 50% at 6 h and sustained up to
48 h.

To further assess the effect of quercetin on
paracellular permeability, FD-4 which is commonly used
as a marker of paracellular transport of macromolecules
was additionally performed. The apparent permeability
coefficient was used as an index for paracellular
permeability of FD-4 from apical to basolateral sides of
the PEG cell monolayer. As shown in Fig. 1B, the FD-4
permeability was significantly decreased by 1 or 100
μM quercetin, but not altered by 10 or 200 μM quercetin.

Effect of quercetin on cytotoxicity
Since the TER of PEG cell monolayer was

decreased by quercetin at higher concentration, we
then tested whether quercetin affected cell viability
using MTT assay. Fig. 2 showed that addition of DMSO
alone had no effects on viability of cells that were
cultured in the standard media. Treatment with 1, 10 or
100 μM of quercetin for 24 and 48 h did not significantly
affect cell viability. However, treatment with 200 μM
quercetin for 48 h significantly decreased PEG cell
viability as compared to the DMSO controls. Therefore,
high concentration of quercetin (200 μM) was not used
in the following LPS-challenged experiments while

Fig. 2 Effects of quercetin on the viability of PEG cells.
The cells were cultured in the standard media (SM)
alone, or with DMSO or quercetin at indicated
concentrations for 24 or 48 h. Cell viability was
analyzed by MTT colorimetric assay. Values are
expressed as mean+SEM (n = 4-5). Each
experiment was done triplicate. * p<0.05 compared
to DMSO at the same time point using ANOVA
followed by Dunnett’s post-hoc.

Fig. 3 Time course of TER as percent changes from
initial (time 0) of PEG cells after stimulation with
different concentrations of lipopolysaccharide
(LPS) for 24 h. Data are mean + SEM (n = 5).
* p<0.05 or ** p<0.01 compared to control at the
same time point using ANOVA followed by
Dunnett’s post-hoc.

quercetin at 50 μM was additionally used.

Effect of quercetin on PEG cell barrier function under
LPS stimulation

Since LPS has been shown to impair the
epithelial barrier function in the intestinal Caco-2 cell
study(12), we further investigated the effects of LPS on
barrier function and examined the quercetin effect on
the LPS-induced epithelial barrier disruption in the
endometrial epithelial cells. Fig. 3 showed that only 10
ng/ml LPS significantly increased TER whereas higher
concentrations (100 and 1,000 ng/ml) had no effect
on the TER within the first 30 min. However, following
2 h incubation, LPS produced a concentration-
dependent decrease in the TER, reached maximal
response at 6 h and sustained up to 24 h. Among
different concentrations of LPS used, LPS at 100 ng/ml
was chosen for the rest of the study as it reduced the
TER by 50% from initial. After 24 h incubation with
LPS, the TER was significantly decreased when
compared to that of the control; however, pretreatment
with quercetin at 1, 10 and 50 μM, but not 100 μM was
found to suppress the LPS-induced decrease in TER
(Fig. 4A). Likewise, the FD-4 fluxes which were
significantly increased by LPS exposure relative to the
control were significantly reversed close to the control
values following pretreatment with 1, 10 or 100 μM
quercetin (Fig. 4B).

Discussion
In the present study using immortalized

porcine endometrial epithelial cells as a cell model, only



J Med Assoc Thai Vol. 100 Suppl. 8  2017                                                                                                                S117

100 μM quercetin showed a significant increase in TER
within the first hour, indicating the short-term effect of
quercetin on promoting endometrial membrane
integrity. However, high concentration of quercetin (200
μM) decreased the TER as early as 1 h and persisted
up to 48 h. This finding contrasts the previous study in
the human intestinal Caco-2 cell line reporting that the
maximal increase in the TER was obtained with 200 μM
quercetin(7).  In addition to cell type specific approach,
the explanation for the different responses is likely due
to high concentration of serum in those experiments
(15% FCS) compared to our experiments (5% FBS).
There has been evidence that quercetin that binds
covalently to plasma protein could reduce the effect of
200 μM to 50 μM(7,13), and this serum effect may be
responsible for the different TER responses by
quercetin in a variety of experimental procedures. In
the present study, a reduction in the TER with 200 μM
quercetin treatment for 48 h may be partly due to the
cytotoxicity of quercetin (Fig. 2).

Basically many pathogenic micro-organisms
can regulate the tight junction barrier function by
increasing or decreasing the tight junction barrier
function(14). The disruption of tight junction
predominantly causes infertility and reproductive
disorders. The bacterial endotoxin contamination via
blood stream or ascending urogenital tract has been
shown to primarily disrupt epithelial TJ barrier
function(2,3). Therefore, in the present study, the
protective effect of quercetin on the decreased
endometrial barrier function was further examined by
challenging the PEG cells with bacterial endotoxin

LPS following 24 h pretreatment with quercetin. In
the present study, challenging the PEG cells with 10 to
1,000 ng/ml LPS caused a concentration-dependent
decrease in TER (Fig. 3) which was consistent with
reports of other studies in endometrial cells(15) or
intestinal cell monolayers(16). Pretreatment with 1 to 50
μM quercetin for 24 h prior to challenging with LPS
inhibited the decreased TER induced by LPS (100 ng/
ml) (Fig. 4A). This evidence suggests the tentative
effect of quercetin on prevention of the disrupted TJ
barrier function induced by bacterial endotoxin.

Besides the TER, the effects of quercetin on
the unidirectional flux of FD-4 with a molecular weight
of 4 kDa calculated as apparent permeability coefficient
(P

app
) were further tested for macromolecule transport

across the paracellular pathway(17). A decreased TER
and increased FD-4 flux is suggested to associate
with leaky epithelium(14). In the present study, although
1 to 100 μM quercetin treatment for 48 h did not
affect the TER, a slight decrease in the FD-4 flux
reflecting tightening of TJ barrier function was observed
with 1 and 100 μM quercetin. This finding indicates the
effect of quercetin on preservation of endometrial barrier
function. On the other hand, no change of the FD-4
flux in response to 200 μM quercetin was observed
despite a significant decrease in the TER. As previously
mentioned, a decrease in the TER by 48 h-treatments
with 200 μM quercetin may be caused by the death of
cells. The hyperpermeability has been normally
indicated in the unhealthy and cell death(18). However,
the cell death induced by nutrient deprivation revealed
the decreased TER with the decreased paracellular

Fig. 4 Effects of quercetin (Q) on the tight junction permeability of LPS-stimulated PEG cells. (A) The percent change
of TER and (B) the permeability coefficient (Papp) of FD-4 after stimulation with LPS 100 ng/ml for 24 h. The cells
were pretreated with DMSO or quercetin at indicated concentrations for 24 h prior to LPS exposure. Data are mean
+ SEM (n = 6). * p<0.05 and ** p<0.01 compared to DMSO and # p<0.05 or ## p<0.01 compared to DMSO + LPS
using ANOVA followed by Dunnett’s post-hoc.
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permeability(19). The cellular mechanism has been
indicated that the cell injury during the nutrient
deprivation induce the autophagic process leading
to the suppression of pore-forming claudin-2
expression(18). This results in the decrease of paracellular
absorption of macromolecule, which may be associated
with the decreased FD-4 flux. Similarly, the cell death
correlated with the unchanged FD-4 flux in response to
200 μM quercetin may be explained by mechanism of
autophagy. Since the autophagy pathway is to remove
damaged and aged proteins and organelles to maintain
cell homeostasis, the autophagy process induced by
quercetin is of further interest.

Consistent with previous studies(12), cell
exposure to LPS for 24 h not only decreased TER but
also increased FD-4 flux, indicating its effect on
disruption of endometrial barrier function. The present
results with the FD-4 flux seem to be different from our
previous study in the PEG cells(3) in which the FD-4
flux was not affected by LPS although a marked decrease
in the TER. The increased FD-4 flux in response to LPS
was indicated to be a dose- and time-dependent(20). It
is possible that longer LPS exposure time (48 h), and
perhaps as yet unidentified factors, may account for
the unresponsiveness of FD-4 flux by LPS in the
previous study(3). Thus, the decreased TER correlated
with the increased FD-4 flux induced by 24-h LPS
incubation in the present study serves as an appropriate
model for inducing endometrial barrier disruption.
Pretreatment with 1 to 100 μM quercetin for 24 h
reversed the LPS-induced increase in the FD-4 flux,
confirming the potential effect of quercetin on
preventing tight junction barrier disruption induced
by bacterial endotoxin.

Conclusion
The flavonol quercetin at concentration less

than 100 μM has a potential role in preserving
endometrial epithelial barrier function. Pretreatment
with quercetin reversed the disruption of barrier
function induced by bacterial endotoxin. These
findings imply that quercetin may be used as barrier
protective agent which helps protect the endometrial
barrier function against bacterial infection.

What is already known on this topic?
Quercetin has been shown to preserve and

enhance epithelial barrier integrity and function in
intestinal and airway epithelia, but limited information
in endometrial epithelial cells. It shows protective effect
against barrier disruption induced by oxidative stress

or cytokines.

What this study adds?
Quercetin at concentrations less than 100 μM

preserves the epithelial integrity and barrier function
in endometrium. It can protect against bacterial
endotoxin-induced disruption of endometrial barrier
function.
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