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As previous studies suggested that
IL-9 may control intestinal barrier

function, we tested the role of IL-9 in
experimental T cell-mediated colitis
induced by the hapten reagent 2,4,6-
trinitrobenzenesulfonic acid (TNBS).
The deficiency of IL-9 suppressed
TNBS-induced colitis and led to lower
numbers of PU.1 expressing T cells in
the lamia propria, suggesting a regula-
tory role for Th9 cells in the experi-
mental TNBS colitis model. Since
IL-9 is known to functionally alter
intestinal barrier function in colonic
inflammation, we assessed the expres-
sion of tight junction molecules in
intestinal epithelial cells of TNBS-
inflamed mice. Therefore we made
real-time PCR analyses for tight junc-
tion molecules in the inflamed colon
from wild-type and IL-9 KO mice,
immunofluorescent stainings and
investigated the expression of junc-
tional proteins directly in intestinal
epithelial cells of TNBS-inflamed mice
by Western blot studies. The results
demonstrated that sealing proteins like
occludin were up regulated in the
colon of inflamed IL-9 KO mice. In
contrast, the tight junction protein
Claudin1 showed lower expression lev-
els when IL-9 is absent. Surprisingly,
the pore-forming molecule Claudin2
revealed equal expression in TNBS-
treated wild-type and IL-9-deficient
animals. These results illustrate the
pleiotropic functions of IL-9 in chang-
ing intestinal permeability in experi-
mental colitis. Thus, modulation of
IL-9 function emerges as a new
approach for regulating barrier func-
tion in intestinal inflammation.

Introduction

Inflammatory bowel disease (IBD) is a
disorder of the gastrointestinal tract that
is caused by an uncontrolled inflamma-
tory immune reaction. IBD consists of 2
subtypes, ulcerative colitis (UC) and
Crohn´s disease (CD). The symptoms,
mucosal inflammation and ulcerations in
both forms of IBD, are driven by acti-
vated immune cells particularly T lym-
phocytes producing large amounts of
cytokines and inducing tissue damage in
IBD patients.1 Whereas CD4C T cells in
Crohn’s disease express the T helper cell
1 (TH1)-associated key regulator T-bet
and produce IFN-g, T cells in ulcerative
colitis are known to produce TH2 associ-
ated cytokines such as IL-5 and IL-13.2

Recent studies identified a new subset of
T helper cells named Th9 cells, which
develop from na€ıve T cells under the
influence of IL-4 together with TGFb
and are characterized by the production
of Interleukin-9.3 The IL-9 gene tran-
scription is mainly controlled by PU.1,
an ETS family transcription factor that is
induced by TGFb stimulation in T cells.
Consistently, histone modifications asso-
ciated with the Th9 phenotype were
found to be dependent on PU.1 strongly
suggesting that this transcription factor
controls Th9 T cell differentiation.4 The
cytokine IL-9 is pleiotropic and has many
biological effects on a number of distinct
cell types. Beyond the first description as
a T-cell and mast cell growth factor IL-9
affects lymphocytes, mast cells and epi-
thelial cells that may all contribute to the
development of colitis.5

An essential function of the intestinal
epithelium is to maintain tissue integrity
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while regulating gut permeability. This
depends on the coordinate expression
and interaction of proteins complexes
like tight junction molecules. The tight
junction follows from the apical to the
basal side of the cell and is the most
effective guard to contribute to the
maintaining selective permeability. Pro-
teins of the tight junction are claudins,
occludins and cytoplasmic cytoskeletal
linker proteins; whereas occludins and
the family of claudins make up the
transmembrane proteins.6 Occludin is a
65 kDa protein containing 4 transmem-
brane domains and is thought to play a
functional and structural role in defining
the paracellular barrier. The claudins are
a gene family with molecular weights
ranging from 20 to 26 kDa. So far, 24
members of the protein family have
been identified. Each family protein
member exerts a different function in
determining tissue-specific variations
depending on the cell type and the host
organism.7 The dynamic nature of tight
junctions is well demonstrated by the
ability of cytokines to modulate the
expression of tight junctions proteins,
regulate the assembly and change the
epithelial permeability.8 In chronic coli-
tis, this barrier gets compromised and
harmful substances can enter from the
intestinal lumen and initiate disease.
Alterations in the tight junction struc-
ture and function have been seen in
both human IBD patients and models of
intestinal inflammation.9,10 Recently, it
has been shown that IL-9 regulates bar-
rier function through the regulation of
Claudin2 in an experimental model of
ulcerative colitis. In contrast, expression
levels of occludin and Claudin3 were
rather unaffected.11

Here, we have studied the expression
level of regulatory tight junction mole-
cules in an experimental model of Th1
T cell-mediated TNBS-colitis. We found
that in contrast to oxazolone colitis the
expression of Claudin2 is not influenced
by IL-9 in this model; whereas we noted
changes in Claudin1 and occludin expres-
sion. Thus, in different inflammatory con-
ditions there may be multiple IL-9-
dependent regulatory inputs affecting
intestinal permeability via the regulation
of tight junction molecules.

Results

Deficiency of IL-9 leads to protection
in the TNBS colitis model

TNBS colitis is a model that mimicks
some aspects of Crohn´s disease in
humans. In particular, it is associated with
a Th1 related immune response. To inves-
tigate whether IL-9, which mainly is pro-
duced by Th9 cells, also plays a role in
this disease by regulation of the barrier
function, we started to subject wild-type
and IL-9 deficient animals to TNBS-
induced colitis model. The manifestation
of the TNBS related inflammation in the
colon was controlled by mini-endoscopic
analysis. It was found that IL-9-deficient
mice were almost completely protected
from TNBS colitis (Fig. 1A). Scoring of
colitis activity during high resolution
mini-endoscopy demonstrated a signifi-
cantly lower activity of mucosal inflamma-
tion in IL-9 KO mice. Additionally, IL-9
knockout mice lost significantly less body
weight than wild-type mice upon adminis-
tration of TNBS, suggesting that IL-9
deficiency protects from the development
of acute colitis. Consistently, in vivo bio-
luminescence imaging of reactive oxygen
species revealed more pronounced inflam-
mation in wild-type mice compared to IL-
9-deficient animals. Finally, the histopath-
ological staining confirmed significant
suppression of TNBS-induced colitis in
IL-9 KO mice as compared to wild-type
mice. Marked signs of inflammation such
as goblet cell depletion, ulcers, and accu-
mulation of mononuclear cells were noted
in WT mice, whereas IL-9 KO mice
showed little or no evidence of colitis
(Fig. 1A). Collectively, these findings
underline the important effect of IL-9 for
the development of murine colitis induced
by TNBS. As these data suggested that
IL-9 plays a role in TNBS-induced colitis,
we next determined the importance of the
Th9 related transcription factor PU.1.
Therefore immunofluorescence staining
for PU.1 was performed from cryosections
of colonic tissue from wild-type and IL-9
deficient TNBS treated animals. It was
found that the number of PU.1 expressing
cells was significantly increased in the
mucosa of TNBS inflamed wild-type spe-
cies as compared to IL-9 deficient mice.
To exclude the possibility that this

increase was mainly due to B cells express-
ing PU.1, double staining analysis for
PU.1 and T cells was performed. These
studies revealed a significant up regulation
of the number of PU.1/CD4C-expressing
cells in the colonic tissue of wild-type
mice (Fig. 1B). Taken together, these
findings suggested the presence of PU.1
expressing Th9 cells and a regulatory role
of IL-9 in TNBS colitis model.

IL-9 regulates barrier function in a
model of TNBS colitis

To elucidate potential mechanisms for
the protection against TNBS colitis pro-
vided by IL-9 deficiency, we assessed the
expression of molecules, which are impor-
tant for intestinal barrier function in sub-
sequent studies. Initially, we analyzed
mRNA levels of specific tight junction
molecules. Total mRNA was isolated
from inflamed colonic tissue from WT
and IL-9 KO animals and as a control
from the colon of untreated WT and IL-9
KO animals and cDNA synthesis was
done. Quantitative RT-PCR revealed that
levels of the sealing protein Claudin1 in
the TNBS treated colon were significantly
lower in the absence of IL-9. Contrarily,
the mRNA expression of the tight junc-
tion protein occludin was significantly
upregulated in the colon of IL-9 KO mice
compared to wild-type mice, suggesting
that protection of IL-9 KO mice from
TNBS colitis is associated with selective
differences in expression of barrier pro-
teins. In contrast to those tight junction
molecules the relative expression of Clau-
din2 was unchanged in both species.
Additionally, Claudin4, Claudin7 and
JAM-A were significantly up regulated
during TNBS inflammation in IL-9 KO
mice in contrast to WT mice. The mRNA
levels of all tight junction molecules
showed no differences in the colon of WT
and IL-9 KO mice, pointing out the rele-
vance of IL-9 on the regulation of intesti-
nal barrier permeability during TNBS-
mediated inflammation (Fig. 2A). Thus,
IL-9-deficient mice were relatively pro-
tected from barrier alterations during
experimental colitis. Furthermore protein
levels from TNBS treated WT and IL-9
KO mice were investigated. For this, we
isolated epithelial cells from wild-type and
IL-9 deficient animals and checked for
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Figure 1. Regulatory role of Interleukin-9 in TNBS-mediated colitis model. Wild-type and IL-9-deficient animals were subjected to the TNBS colitis
model (A). The manifestation of colitis was monitored using mini-endoscopy and endoscopic scoring of colitis activity. Endoscopic score was calculated
regarding 5 parameters of inflammation (fibrin, translucent, granularity, vascularity and stool). Analysis of the body weight was done at indicated time
points and significant differences are marked. IVIS analysis with Luminol detected the free radical production during inflammation in WT and IL-9 KO
mice. Finally, histopathologic sections revealed the assessment of colitis in both groups. Data represent results of 3 independent experiments. Cryosec-
tions from TNBS-treated WT and IL-9 KO mice were stained with a specific anti PU.1 antibody. Cell nuclei were counterstained with HOECHST dye (B).
Representative stainings and statistical analysis are shown. In addition, double staining with anti CD4 (green) and anti PU.1 (red) was performed and sig-
nificant changes are indicated. For this analysis 4 different animals per group were used.
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protein expression via Western Blot. It
turned out, that protein levels were consis-
tent with the mRNA levels of tight junc-
tion molecules. Protein levels of Claudin1

were reduced in epithelial cells from
TNBS treated IL-9 KO mice in contrast
to wild-type animals. Consistently with
the mRNA levels above occludin protein

expression was higher
expressed in TNBS-
treated IL-9 deficient
mice. Protein levels of the
pore-forming molecule
Claudin2, however, were
equal in both strains
(Fig. 2B). These findings
implicate a role for IL-9 in
the control of genes that
affect barrier function in
primary intestinal epithe-
lial cells. As these findings
were consistent with the
idea that IL-9 deficiency
influences tight junction
molecules we further
explored the expression of
these proteins directly in
the colon of TNBS treated
wild-type and IL-9 KO
mice. Claudin1 is mainly
expressed as a network
structure between the
individual crypts of the
colon. Immunofluores-
cence staining for Clau-
din1 clearly showed
stronger expression in the
colon of IL-9 deficient
animals than in wild-type
mice (Fig. 3A), suggesting
that the diminished
expression of the sealing
factor Claudin1 in the
colon of IL-9 KO mice is
important for the protec-
tion in the TNBS colitis
model. Additionally,
Claudin2 showed a rather
network-like structure
between the crypts. The
expression of the pore
forming Claudin2, how-
ever, was not different in
both TNBS inflamed spe-
cies (Fig. 3B). Further-
more, the staining of
claudin4 illustrated a
closed protein structure in
IL-9-deficient mice with
TNBS-induced inflamma-

tion, whereas this network-like structure is
interrupted and destroyed in the colon of
WT TNBS-inflamed mice (Fig. 3C).
Additionally, tight junction proteins like

Figure 2. TNBS-induced inflammation led to different expression levels of Claudin1, Claudin4, Claudin7, JAM-A and
occludin in WT and IL-9 KO mice. Analysis of tight junction proteins was done in the TNBS-inflamed colon from wild-
type and IL-9 deficient animals (A). Total mRNA was isolated from the TNBS inflamed colon and from control WT and
IL-9 KO mice and RT PCR quantification was done. Relative expression of Claudin1, Claudin2, Claudin4, Claudin7, JAM-A
and occludin was normalized to the house-keeping gene 18sRNA and significant differences were indicated. For statis-
tics 3–9 animals per group were included. Untreated WT and IL-9 KO showed no difference in the expression of all tight
junction proteins. Up regulation of Claudin1 mRNA was observed in TNBS-treated WT animals, in contrast to IL- 9 KO
mice, whereas Claudin2 levels were unchanged. Claudin4, Claudin7 and JAM-A mRNA expression was significantly down
regulated in inflamed WT mice. Occludin mRNA was downregulated in TNBS-inflamed WT mice in comparison to IL-9
deficient mice. Western Blot quantification of tight junction proteins was done in protein extract from isolated epithelial
cells from TNBS treated WT and IL-9 KO animals (B). Each lane contained proteins from 0.25 x 106 epithelial cells. Protein
bands of b-actin served as loading control. Claudin1 showed more protein in epithelial cells from TNBS inflamed WT
mice, contrarily, occludin levels were lower. Protein levels of Claudin2 were unchanged in both groups. Western Blot
analysis was done with 4 mice per group. A representative set of 2 animals per group are shown.
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Figure 3. Different protein expression of Claudin1, Claudin2, Claudin4, Claudin7 and JAM-A in the colon of TNBS-treated WT and IL-9 KO mice. Analysis of
tight junction proteins was done in TNBS-treated wild-type and IL-9 KO mice by immunofluorescence staining of cryosections with specific antibodies
against Claudin1 (A). Cells were counterstained with HOECHST dye. Representative stainings as well as negative control from 4 mice per group are
shown. Immunofluorescence microscopy of cryosections of colon tissues from TNBS-treated wild-type and IL-9-deficient mice, as well as negative control
samples, with staining of the tight junction proteins Claudin2 (B), Claudin4 (C), Claudin7 (D) or JAM-A (E) were shown. Cell nuclei were stained with
HOECHST dye. One representative staining per group and negative controls are shown.
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Claudin7 and JAM-A yielded a stronger
fluorescent signal when IL-9 was absent
(Fig. 3DCE). The findings of the immu-
nofluorescence stainings showed the local-
ization and structure of the tight junction
molecules in the colon and were consistent
with the results obtained from RT PCR
analysis and Western Blot quantification.

Discussion

In the present study, we could show
that PU.1 expressing T cells were present
in murine experimental TNBS colitis.
Studies using IL-9 knockout mice revealed
a crucial role of IL-9 during inflamma-
tion. Specifically, in the lamia propria of
inflamed wild-type animals higher num-
bers of PU.1-expressing T cells were
found, suggesting that Th9 cells are

important regulators for the development
of TNBS colitis. As we have shown previ-
ously that Th9 cells prevent colitis in an
experimental model of ulcerative colitis,11

we could additionally demonstrate that
Th9 cells are involved in an experimental
model that mimicks some aspect of
human Crohn´s disease. The finding that
IL-9 deficiency led to reduced colitis activ-
ity in the model of TNBS colitis under-
lines the broad relevance of IL-9 in T cell-
dependent intestinal inflammation, as this
model is associated, opposed to the model
of ulcerative colitis, with mucosal TH1 T
cell responses.12 This observation illus-
trates the broad diversity of IL-9 in driving
T cell activation in experimental colitis
models.

In order to find an explanation for the
protective role of IL-9 in this experimental
colitis model tight junction molecules

have been investigated via RT PCR analy-
sis and Western Blot, as those junctional
proteins showed reduced expression or
changes in the distribution during gut
inflammation. In IBD the expression of
primary sealing and integral membrane
components of the tight junction is not
yet well characterized. At present, occlu-
din and the family of claudin proteins are
well defined junctional molecules.13 Here,
we have found that IL-9 deficiency led to
a significant decrease of Claudin1 in intes-
tinal epithelial cells of TNBS-treated IL-9
KO mice on mRNA levels and protein
level, respectively. Kirschner et al. have
shown before that the knockdown of
Claudin1 results in increased permeability
for sodium chloride ions, but it does not
impair the barrier to water.14 The altered
barrier function in the gastrointestinal
tract during inflammation leads to loss of

Figure 3. Continues.
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solutes and results in diarrhea.9 Conse-
quently, Claudin1 is responsible for an
enhanced efflux of ions in the gut leading
to the disease-associated diarrhea. Addi-
tionally, erosions and ulcers in Crohn´s
disease result from enhanced antigen
uptake in the gut lumen and subsequent
local inflammation. The accessibility for
antigens is also regulated by Claudin1 as
the junctional protein demonstrates a per-
meability function for ions between 4 to
40 kDa.14 Also Claudin1 is a transmem-
brane tight junction protein, its role in
inflammation is unclear, and it may have
additional functions that have to be
defined, yet. Surprisingly, the pore-form-
ing protein Claudin2 revealed the same
expression levels in isolated intestinal epi-
thelial cells in both TNBS-treated strains.
The junctional protein Claudin2 is known
to alter barrier function15 and has been
previously identified as a target of IL-13
in patients with ulcerative colitis.16 As IL-
13 is a key cytokine for patients suffering
from ulcerative colitis this seems not to be
the case for the experimental model of
TNBS colitis.
The equal levels of Claudin2 leads to the
hypothesis that protein expression is not
influenced by IL-9 alone, but in concert
with other cytokines or signal transducers.
Moreover, Claudin2 does not only act as a
pore-forming protein, but also as trans-
cellular ion transporter for Ca2C or Mg2C,
suggesting that Claudin2 has a different
function in this experimental colitis
model.17 A differential expression pattern
with varied functions of Claudin2 in
colonic inflammation opens up a new per-
spective in the pathogenesis of this disease,
which warrants further investigated.

Occludin appears to interact, directly
or indirectly, with Claudins and is accom-
modated in between the long strands of
Claudin1 and Claudin2. The assembly of
tight junctions by various proteins is
important for the development of intesti-
nal barrier function. In our study, we
could show that occludin protein levels
are lower in the epithelial cells associated
with TNBS inflammation. The sealing
protein was found to be suppressed in the
inflamed mucosa of IBD patients. There-
fore, it has been hypothesized that defects
in the intestinal permeability might repre-
sent a general phenomenon in the

gastrointestinal tract in CD, because intes-
tinal permeability defects have been
observed not only in mucosal tissue with
evident intestinal alterations but also in
areas lacking any macroscopic lesions.18

Our data identify a crucial regulatory role
for IL-9 in an experimental model of coli-
tis with some similarities to Crohn´s dis-
ease. The presence of PU.1 positive T cells
in
the inflamed TNBS mucosa of wild-type
mice demonstrates that Th9 cells are
the inducers of this disease. In this
model an altered barrier function has
been discovered with increased levels of
Claudin1, but a significant loss of the
sealing protein Occludin. Furthermore,
IL-9 is able to modulate some other
molecules involved in the tight junc-
tion, especially claudin4, claudin7 and
JAM-A. The effect that claudin1 is
decreased, whereas occludin is increased
in hapten treated IL-9 deficient mice is
in the first sight contradictory regarding
barrier function. One possible explana-
tion is, that Claudin1 is not contribut-
ing to barrier function directly but the
loss of barrier function is mainly caused
by occludin. The novelty is that IL-9 is
able to modulate the barrier function
by the regulation of Claudin1, Clau-
din4, Claudin7, JAM-A and occludin
in this experimental colitis model. As
observed by Poritz et. al. our findings
postulate that there may be a difference
in the pathophysiology of the tight
junction complex in the two IBD dis-
eases, regarding the results raised in the
oxazolone-mediated colitis model.11,19

Thus, IL-9 plays an important role dur-
ing inflammation by influencing the
properties of the intestinal tissue barrier
through different tight junction
molecules.

Materials and Methods

Animals
BALB/c and IL-9 deficient mice were

obtained from Andrew McKenzie and
were described as published before.20

Mice used in the experimental TNBS-
colitis model were between 7 and 12
weeks of age and were housed under spe-
cific pathogen-free conditions. All

experiments were performed in accor-
dance with institutional guidelines.

TNBS colitis model
Induction of colitis has been done as

previously described.21 For that mice were
sensitized by epicutaneous application of
1% TNBS (2,4,6-Trinitrobenzenesulfonic
acid) in a 4:1 aceton/oil mixture (100 ml)
on day 0 followed by intrarectal adminis-
tration of 3% TNBS in 50% ethanol
(100 ml) 5 d later. Colitis development
was monitored with a high-resolution
video endoscopic system (Karl Storz
GmbH) at indicated time points. Scoring
of TNBS-colitis severity was performed at
the end of the experiment based on 5
parameters (translucent, granularity,
fibrin, vascularity and stool) according to
a previously established score system.22

In vivo imaging of mice
The imaging system used was IVIS

100, which consists of a light tight cham-
ber equipped with a cooled CCD camera.
The luminescent probe L-012, which
reacts with reactive oxygen species, was
purchased from Wako Chemical and dis-
solved in sterile H2O to an end concentra-
tion of 20 mmol. 100 ml volume
injection of luminol was administered
intraperitoneally (i.p.). During in vivo
imaging the mice were immobilized using
the anesthetic isoflurane (1.5%). Image
exposure times were between 1 min and
2 min, depending on the signal strength.

Immunofluorescence of murine
colonic tissue

The TNBS-inflamed colon was isolated
and cryosections were analyzed for several
tight junction molecules. Claudins were
stained with a specific anti-Claudin1
(Clone MH25; Invitrogen), anti Claudin2
(Clone MH44; Invitrogen), anti Claudin4
(Clone ZMD.306; Invitrogen) or anti
Claudin7 (Clone ZMD.241; Invitrogen)
antibody at a dilution of 1:50 or 1:100,
respectively, followed by staining with an
anti-rabbit antibody labeled with Alexa
555 (ImmunoReagents). Immunofluores-
cent staining for JAM-A was done with an
anti-JAM-A (Clone NS0; R&D Systems)
antibody at a dilution of 1:20 and second-
ary Cy3 labeled antibody (donkey anti
goat; dianova).

www.landesbioscience.com e983777-7Tissue Barriers



Analysis of Th9 cells in the inflamed
TNBS colon has been prepared with dou-
ble staining for CD4 and PU.1. Staining
of CD4C cells was done using a rat mono-
clonal antibody to CD4 at a concentration
of 1:200 and incubation for 10 hours at
4�C (BD Biosciences). Afterwards, slides
were incubated with a biotinylated anti-
rat secondary antibody (BioLegend),
treated with streptavidin-horseradish per-
oxidase, and stained with TSA Cy2 sys-
tem.23 For intracellular staining of the
transcription factor PU.1 an anti-rabbit
antibody (Thermo Scientific) was chosen,
followed by a biotinylated goat-anti-rabbit
antibody with subsequent staining in
combination with streptavidin-Alexa555
(Invitrogen) signal amplification.

Western Blot analysis of TNBS
inflamed epithelial cells

Intestinal epithelial cells were isolated
from TNBS inflamed animals as previ-
ously described.24 Cells were counted and
protein was extracted using the mamma-
lian protein extraction reagent (Thermo
Scientific) containing protease and phos-
phatase inhibitor tablets (Complete Mini
Protease Inhibitor Tablets, Roche). Pro-
teins were separated according to their
molecular weight by SDS polyacrylamide
gel electrophoresis and subsequently trans-
ferred to a nitrocellulose membran (Bio-
Rad). Membranes were blocked for one
hour with TBS-T and 5% skimmed milk
powder (Roth). Detection of Claudin1,
Claudin2 and occludin was acquired by
using a specific antibody (Invitrogen) in
combination with an anti-rabbit HRP
antibody (Cell Signaling). Incubating
membranes with HRP-linked anti-actin
antibody (Santa Cruz Biotechnology) for
1 hour at room temperature served as an
internal control. For detection of protein
bands, the Pierce Western blotting sub-
strate ECL Plus (Thermo Scientific) was
used according to the manufacturer´s
recommendations.

mRNA isolation and RT PCR analysis
Total RNA was isolated from inflamed

colonic tissue of TNBS-treated mice and
control mice with the RNA micro-kit
(Machery-Nagel). cDNA was subse-
quently generated with Affinity Script RT
Multi-Temp RT (Agilent). Quantitative

real-time PCR was performed with Sensi-
FAST SYBR (Bioline) in combination
with specific primers for CLDN1,
CLDN2, CLDN4, CLDN7, F11R and
Occludin (Qiagen) by use of iQ iCycler
instrument (BioRad) with 18sRNA as ref-
erence gene for cDNA, the relative expres-
sion level of cytokine mRNA was
calculated with the following formula: rel-
ative cytokine mRNA expression D 2^(Ct
mRNA of interest ¡ Ct mRNA 18S RNA).

Statistics
Statistical differences were determined

by using the Student´s t-test. P values
<0.05 were considered as statistically sig-
nificant and identified with asterisks
[*<0.05]. Results are expressed as mean
values. The error bars in histogram figures
represent SEM.
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