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Abstract
Background: The gastrointestinal system constitutes an important part of immune system in new-

borns. Toll-like receptors (TLRs) are pattern recognition molecules that initiate innate immune respons-
es in newborn gut. The aim of the study was to investigate the responsiveness of intestinal Toll-like recep-
tors 2 (TLR-2), TLR-4 and TLR-9 levels to postnatal steroid therapy.

Material and methods: Rats were randomly assigned to three experimental groups. Group I (con-
trol at day 0) (n = 9), group II (control at day 10) (n = 9): oral distilled water, group III (study group)
(n = 9): oral dexamethasone (0.5 mg/kg/day). After 10 days, the ileojejunal segment was removed for
biochemical analyses of TLR-2, TLR-4 and TLR-9.

Results: There was no statistically significant difference between groups for TLR-2 and TLR-4 levels.
There was a significant difference between groups for TLR-9 levels. There were no significant difference
between group I and III and both groups were significantly higher than group II for TLR-9 levels.

Conclusions: Postnatal steroid treatment may reduce TLR-4 level via increasing the level of TLR-9.
Thus, it may lead to limited beneficial and protective effect against necrotizing enterocolitis which is
a deleterious disease of the newborn gastrointestinal tract.
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Introduction
The maturation of the gastrointestinal tract in the

neonates is a dynamic process which is not completed at
birth [1, 2]. However, the barrier function of gastrointesti-
nal tract continues to develop after birth [3, 4]. The gas-
trointestinal tract is the largest surface area of the body and
intestinal microflora plays a direct impact on maintaining
the gut homeostasis by inducing immune responses [5, 6].
The commensal microbiota in the newborn gut is recog-
nized by pattern recognition receptors (PRRs), which in
turn regulate mucosal innate immunity and inflammatory
responses [7]. Toll-like receptors (TLRs) are the first dis-

covered and the most well-characterized member of PRRs
and detect microbe associated molecular patterns (MAMPs)
present in a wide range of microorganisms [7]. Toll-like
receptors at intestinal epithelial cells should be a key sen-
sory system in recognizing enteric microbes, which in turn
alters the intracellular signaling within the gut epithelial
cells and leads to activating innate and inflammatory
responses [8, 9].

Necrotizing enterocolitis (NEC) is the most common
gastrointestinal emergency affecting premature infants in
the neonatal intensive care unit (NICU) [10-12]. The pa-
thophysiology of NEC is incompletely understood but is
thought to involve a combination of gastrointestinal tract

DOI: 10.5114/ceji.2012.32715



Central European Journal of Immunology 2012; 37(4)304

immaturity, enteral feeds, hypoxia and bacterial coloniza-
tion.

The effects of antenatal and postnatal steroid therapy to
accelerate fetal lungmaturation and prevent bronchopulmonary
dysplasia (BPD), respectively, on NEC in preterm infants have
been investigated [13, 14]. Although it has been shown in sev-
eral studies that antenatal steroid therapy reduces the incidence
of NEC, a limited number of studies were in favor of the effects
of postnatal steroid therapy on NEC [15, 16]. In this experi-
mental study, we investigated the effect of steroid therapy on
TLR-2, TLR-4 and TLR-9 levels in order to have an idea about
the effects of steroid therapy on NEC, a common and delete-
rious disease of newborn intestine, that has been related with
increased TLR-4 expression in immature intestine.

Material and methods

Animal model

Ethical approval was obtained from the experimental ani-
mal ethics committee at Gulhane Military Faculty of Medi-
cine (Ankara, Turkey). Three time-mated Sprague-Dawley
pregnant rats obtained from the Gulhane Military Medical
Faculty Experimental Research Unit were delivered sponta-
neously. Three groups were allocated from 27 pubs as fol-
lows: group I (control at day 0) (n = 9), group II (control at
day 10) (n = 9), group III (study group) (n = 9). The rat pups
were housed with their mothers in the same cage and main-
tained at room temperature with a natural day and night cycle
and ad libitum access to standard rat chow tap water. Baby
rats were randomly selected and marked on postnatal day 1
and divided equally into 3 groups.

Group I was sacrificed immediately after birth. Starting
from day 1 until day 10, group II received breast milk and dis-
tilled water, group III received breast milk and 0.5 mg/kg/day
dexamethasone. Dexamethasone supplement was dissolved
in distilled water and fed to the rat pups through a 24-gauge
angiocath with the help of an injector.

Tissue preparation

Baby rat pups were sacrificed by cervical dislocation.
The ileojejunal part of intestine was removed and washed
with 0.9% NaCl to remove residual blood, put into tubes,
frozen in liquid nitrogen, and stored at –70oC for biochem-
ical analysis immediately after birth from group I and
a 10-days period from group II and III.

Biochemical analysis

Homogenate preparation

The frozen tissues were homogenized in phosphate
buffer solution (pH: 7.4) by means of a homogenizator (Hei-
dolph Diax 900; Heidolph Elektro GmbH, Kelhaim, Ger-
many) on an ice cube. Homogenates were centrifuged at
14.000 rpm in 4oC for 10 min. The supernatants were used
for entire assays. The protein content of tissue homogenates
was measured by the method of Lowry [17].

Measurements of rat Toll-like receptor 2 (TLR-2),
4 (TLR-4) and 9 (TLR-9)

We used enzyme-linked immunosorbent assay (ELISA)
kits according to the manufacturer’s instructions (Cusabio
Biotech Co., Ltd., Hubei Province, P.R. China) to determine
the tissue TLR-2, TLR-4 and TLR-9 concentrations. In
briefly, the microtiter plate has been pre-coated with an anti-
body specific to TLR-2, TLR-4 and TLR-9. Standards or
samples are added to the appropriate microtiter plate wells
with biotin-conjugated antibodies preparation specific for
TLR-2, TLR-4 and TLR-9. Then Avidin conjugated to
horseradish peroxidase is added to each microplate well and
incubated. Then a TMB (3,3’,5,5’-tetramethylbenzidine)
substrate solution is added to each well. Only those wells
that contain TLR-2, TLR-4, TLR-9, biotin-conjugated anti-
body and enzyme-conjugated Avidin will exhibit a change
in color. The enzyme-substrate reaction is terminated by the
addition of a sulphuric acid solution and the color change
is measured spectrophotometrically at a wavelength of 450
±2 nm. The concentrations of TLR-2, TLR-4 and TLR-9 in
the samples are then determined by comparing the O.D. of
the samples to the standard curves. The intra-assay and the
inter-assay coefficients of variation for all assays were
< 8% and < 10%, respectively. We measured all samples in
duplicate. Tissue TLR-2, TLR-4 and TLR-9 concentrations
were expressed as pg/mg protein, ng/mg protein and ng/mg
protein, respectively.

Statistical analysis

SPSS for Windows version 15.0 (SPSS, Chicago, IL)
was used for statistical analyses. P < 0.05 were accepted as
indicating a statistically significant difference. A Kruskal-
Wallis test was used for testing differences and a Mann-
Whitney U-test was used for comparing groups with each
other and with the control group to determine the source of
the difference among study groups.

Results
Figure 1 summarizes TLR-2, TLR-4, and TLR-9 levels

in homogenates of intestinal tissue taken from all of the
groups. There were no statistically difference between
groups for TLR-2 and TLR-4 levels (p > 0.05). There was
a significant difference between groups for TLR-9 levels
(p < 0.05). There were no significant difference between
group I and III and both groups were significantly higher
than group II for TLR-9 levels (Table 1).

Discussion
In this study, we evaluated the alteration in TLR-2,

TLR-4, and TLR-9 levels in newborn intestine of first ten
days of postnatal life and the effect of oral dexamethasone.
There was no significant difference between study and con-
trol groups for TLR-2 and TLR-4 levels, whereas TLR-9
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level in group II was significantly lower than group I. Toll-
like receptor 9 levels did not decreased with time and
remained high during study period in group III.

Postnatal glucocorticoids such as dexamethasone and
hydrocortisone are often used in the prevention and treat-
ment of BPD in preterm infants. In some of these studies
evaluate the effect of postnatal steroid therapy on NEC dis-
played an increase in short term side effects such as gas-
trointestinal perforation and bleeding. However, these kinds
of treatments have been reported to have a limited impact
on the incidence of NEC. A study by Doyle et al. showed
that postnatal steroid treatment given to prevent BPD has
little beneficial effect on the incidence of NEC [18]. A study
performed by Halac et al. reported that postnatal dexam-
ethasone therapy was not as effective as prenatal adminis-
tration although it has reduced the incidence of NEC. In
another study, treatment with cortisone while decreasing
TLR-2 and TLR-4 mRNA levels in human intestinal
xenografts increased mRNA levels of negative regulators
(TOLLIP and A20) by measuring with quantified RT-PCR
technique [19]. In our study, TLR-9 levels were remained
high in the study group. Recent studies have shown that
TLR-9 has a preventive effect against NEC by limiting the
extent of TLR-4 signaling plays a pivotal role in the patho-
genesis of NEC [20]. We asses that the beneficial effect of
steroids on newborn gut in our study may be related with
increased levels of TLR-9. Furthermore the beneficial effect
of postnatal steroids in NEC might be associated with
increased TLR-9 expression.

The reciprocal expression of TLR-9 and TLR-4 was
found to influence the extent of TLR-4 signaling, and the
development of the NEC was accompanied by a relative
increase in TLR-4 with a concomitant reduction in the TLR-
9 [21]. Therefore increased TLR-9 levels might provide
a balance of uncontrolled proinflammatory cytokine pro-
duction in newborn gut by reducing TLR-4 expression. In
addition, steroid induced increase of mRNA expression of
negative regulatories in immature gut might be the cause of
occurrence of this beneficial effect.

The another aim of the study was to determine whether
dexamethasone has any effect on TLR-2 and TLR-4 levels,
the receptors for bacterial ligands associated with gram-pos-

itive and gram-negative bacteria, respectively. Toll-like
receptor 2 recognizes numerous microbial components of
gram-positive bacteria such as peptidoglycan and lipopro-
teins, despite that TLR-4 are required for lipopolysaccha-
ride responsiveness which is the outer component of the
membrane of gram negative bacteria [22, 23]. We did not
observe any change in TLR-2 and TLR-4 levels during
study period. In a study, it has been reported that TLR-4 are
highly expressed on the surface of immature intestinal ente-
rocytes and these receptors become unregulated with inflam-
mation [24]. However, it has been shown that TLR-4 recep-
tors are internalized in mature intestinal enterocytes [25].
In this study, the reason why TLR-4 levels have not changed
over time could be explained by sufficient maturation of
newborn rat intestine in first ten days of postnatal life.

In conclusion, postnatal steroid therapy may provide
beneficial effect in newborn intestine by increasing TLR-9
levels. There is no study examining the effects of postnatal
steroid therapy on intestinal TLR levels in the literature. In
this regard, this study is the first examining the effects of
postnatal steroids on TLR-2, TLR-4, and TLR-9 levels in
newborn rat intestine. We suggest that further studies aim-
ing to include the application of antenatal steroids in a NEC

The impact of oral dexamethasone on Toll-like receptor levels in neonatal rat intestine

Table 1. Comparison of Toll-like receptor levels between groups

Groups Group I Group II Group III p p

TLR-2 17.28 16.70 18.32 NS
(pg/mg protein) 16.04; 28.98 11.62; 19.39 14.24; 19.46

TLR-4 0.15 0.15 0.27 NS
(ng/mg protein) 0.00; 0.90 0.00; 0.88 0.00; 0.75

TLR-9 0.51 0.41 0.59 G.GG2* <G-o5 NS
(ng/mg protein) 0.42; 0.67 0.27; 0.50 0.49; 0.79 <G.GG1***

All data are expressed as median, minimum and maximum. P < 0.05 are considered as significant. NS – not significant, *comparison of group *1-2; **1-3; ***2-3

Fig. 1. Toll-like receptor 9 levels of the groups
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model may contribute to better understanding of the patho-
genesis of NEC.
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