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Abstract

Background—Intestinal barrier dysfunction has been implicated in necrotizing enterocolitis
(NEC), but has not been directly measured in human NEC.

Methods—Small intestines removed during surgery were immediately mounted in an Ussing
chamber. mRNA expression of tight junction (TJ) proteins was measured with RT-PCR.

Results—Fifteen infants were included, 5 with NEC and 10 with other diagnoses. Average
transepithelial resistance (TER) was 11.61 + 1.65 Q/cm? in NEC specimens, 23.36 + 1.48 Q/cm? at
resection margin, and 46.48 + 5.65 Q/cm? in controls. Average flux of permeability marker
mannitol was 0.23 + 0.06 uMol/cm? per h in NEC, 0.04 + 0.01 pMol/cm? per h at resection
margin, and 0.017 # 0.004 pMol/cm? per h in control tissue (o < 0.05). RT-PCR analysis showed
marked decrease in mMRNA expression of a TJ protein occludin in NEC affected tissue (p< 0.03
vs. control). Additionally, mRNA expression of myosin light chain kinase (MLCK), an important
regulator of TJ permeability, was increased in NEC specimens.

Conclusion—These studies show for the first time that NEC intestinal tissue have increased
intestinal permeability, even at grossly healthy-appearing resection areas. The increase in intestinal
permeability in NEC appeared to be related in part to a decrease in occludin and an increase in
MLCK expression.

Level of evidence—Level 2.
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1. Necrotizing enterocolitis

Necrotizing enterocolitis (NEC) is an inflammatory disease of the intestine that affects 7—
10% of low birth weight premature neonates and 5-10% of all neonates [1-3]. Term infants
are less frequently affected and often have congenital abnormalities [4,5]. In the United
States, NEC is responsible for a hospitalization rate of 110/100,000 of live births [6]. NEC
can lead to intestinal perforation or necrosis, overwhelming systemic infection, multi-organ
failure, and death. More than one third of infants with NEC require surgery and 20-40% of
NEC infants die [7,8]. Survivors of NEC have a significant rate of neurodevelopmental
impairment [9]. The estimated total annual cost to care for infants with NEC is
approximately $1 billion dollars [10]. Unfortunately, there has been little improvement in the
morbidity and mortality of NEC. Despite extensive research, the underlying etiology of NEC
remains unknown [11]. A major predisposing factor to develop NEC is prematurity.
Proposed contributors to the development of NEC include immaturity of gut motility and
digestion, intestinal circulatory regulation, gut barrier function, and immune defense [12].
Formula feeding, hypoxia, disruption of commensal intestinal bacteria and a genetic
predisposition have also been implicated [13-15].

1.1. Intestinal epithelial barrier

A major function of gastrointestinal epithelial cells throughout the Gl tract is to provide a
physical barrier against the penetration of noxious substances present in the lumen,
including bacteria, bacterial antigens, and digestive enzymes and degraded food products.
Intact intestinal epithelial barrier is essential in preventing intestinal penetration of luminal
antigens [8]. The tight junctions (TJ) form an extracellular seal across the intercellular
spaces between the adjacent cells and provide the gate function to the paracellular
permeation of water-soluble compounds (Fig. 1). Tight junctions regulate the paracellular
flux of water, nutrients, and ions. Intestinal TJ or paracellular permeability is a measure of
“tightness or leakiness” of the intestinal TJ barrier [21,22]. The “leakiness” of the epithelial
TJ barrier or intestinal permeability is actively regulated at the level of the TJ in both
physiologic and pathologic states [22,23]. The disruption of the TJ barrier allows an increase
in paracellular permeation of luminal antigens which in turn promote gastrointestinal
mucosal injury and inflammation in various intestinal permeability disorders, including
inflammatory bowel disease (ulcerative colitis and Crohn’s disease) and NEC [24].

1.2. Intestinal epithelial tight junction proteins

Tight junctions are composed of cytoplasmic and transmembrane TJ proteins (Fig. 2)
[17,25]. The cytoplasmic TJ proteins include ZO-1, ZO-2, ZO-3 and cingulin; and
transmembrane TJ proteins include occludin, claudin family of proteins, and junctional
adhesion molecules [26]. Occludin and several claudin family of proteins have been shown
to serve as the TJ sealing elements [27]. Occludin has been shown to play a critical role in
the regulation of intestinal epithelial TJ barrier function. Previous studies have demonstrated
that over-expressing occludin in enterocytes caused an enhancement in TJ barrier function
[28]. Conversely, studies from our laboratory and others showed that knocking-down
occludin expression or over-expressing mutant occludin resulted in a loss of TJ barrier
function [29]. Together, these studies suggested the important role of occludin in the
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regulation of the tight junction permeability. TJ proteins also play a role in intracellular
signaling, interactions with cellular cytoskeleton providing cellular matility, and intracellular
trafficking, among other functions.

Recent studies have shown that myosin light chain kinase (MLCK) plays an important role
in regulation of intestinal tight junction permeability [30]. The activation of MLCK induces
a contraction of peri-junctional actin-myosin filaments and causes opening of the TJ barrier.
This process allows paracellular permeation of luminal antigens that induce an inflammatory
response and culminates in intestinal inflammation. In several recent studies, MLCK has
been identified as a potential therapeutic target to induce tightening of the intestinal barrier
in various inflammatory conditions, including inflammatory bowel disease [30,31].

Intestinal barrier dysfunction has been implicated in many diseases, including inflammatory
bowel disease, NEC, and alcoholic hepatitis [16,18-20]. In human inflammatory bowel
disease, tightening of the intestinal barrier has been shown to both prevent and ameliorate
intestinal inflammation [16]. Similarly, in animal models of inflammatory bowel disease, the
development of intestinal inflammation is preceded by a defect in intestinal barrier, as
evidenced by an increase in permeability [32]. The enhancement or preservation of intestinal
TJ barrier has consistently shown to prevent or ameliorate intestinal inflammation [33].
Thus, it is well-established that the preservation or enhancement of the intestinal TJ barrier
has an important therapeutic effect in various inflammatory conditions of the gut.

1.3. Intestinal barrier function in human NEC

Although functional permeability studies have been carried out in animal models of NEC, no
studies have directly examined intestinal barrier function or intestinal permeability in
intestinal tissues of NEC patients. It is well-known that intestinal permeability is higher in
preterm infants, and reduces with increasing infant age [34,35]. Following summarizes the
human studies related to intestinal barrier and human NEC. Bergmann et al. performed
immunohistochemistry on a small number of previously preserved intestinal specimens of
NEC and found that claudin-2 expression was increased, particularly in the crypts in small
intestine and colon [36]. No functional assessment of intestinal barrier permeability in
humans was performed in this study. Sevastiadou et al. investigated the effect of oral
glutamine supplementation in premature infants on intestinal permeability and the
development of NEC in premature infants [37]. In these studies, intestinal barrier function
was indirectly assessed by oral administration of permeability markers lactulose and
mannitol, and subsequent recovery in the urine. They found that pre-term infants with
increased intestinal permeability were more likely to develop NEC and that glutamine
supplementation reduced the intestinal permeability and appeared to prevent NEC
development, suggesting that the defective intestinal TJ barrier or a “leaky gut” plays a
critical role in the pathogenesis of NEC. Another study examined intestinal permeability via
a sugar-absorption test in postoperative infants who had undergone intestinal resection for
NEC, and found that intestinal permeability was significantly increased post-operatively
[38]. Thus there have not been any human studies which directly examined intestinal
permeability in patients with NEC.

J Pedliatr Surg. Author manuscript; available in PMC 2017 January 19.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Moore et al. Page 4

The aims of the present study were to measure intestinal barrier function in human NEC and
characterize the expression of key intestinal TJ barrier regulatory proteins.

2. Methods and materials

2.1. Specimen collection

All the studies were in compliance with the University of New Mexico IRB protocol 18-358.
Neonates with complicated NEC, NEC stomas and non-NEC intestinal conditions were
selected for surgery by neonatologists and pediatric surgeons, per standard of care. Surgical
resection of small intestines was performed per the standard of care of NEC and non-NEC
intestinal conditions. Upon surgical resection, freshly resected small intestinal tissues were
immediately subjected to functional studies of intestinal barrier. The collaborating
pathologists selected intestinal specimens for clinical analysis, per standard of care. Tissues
were processed for histologic examination. The pathologists released residual intestines for
this research study. Specimens were excluded from the study if there are only enough tissue
to perform pathologic evaluation and clinical diagnosis.

2.2. Ussing chamber experiments

Freshly resected intestinal tissues were immediately placed in oxygenated Krebs buffer,
dissected to remove serosal and muscular layers, and mounted on 0.12-cm?-aperture Ussing
chambers [39]. Tissues were bathed on the serosal and mucosal sides with Krebs buffer. The
serosal bathing solution contained 10 mM glucose, which was osmotically balanced on the
mucosal side with 10 mM mannitol. Bathing solutions were oxygenated (95% 0,-5% CO5)
and circulated in water-jacketed reservoirs maintained at 37 °C. The spontaneous potential
difference (PD) was measured with Ringer-agar bridges, and the PD was short circuited
through Ag-AgCl electrodes with a voltage clamp that corrected for fluid resistance.
Transepithelial electrical resistance (TER, Q-cm?2) was calculated from the spontaneous PD
and short-circuit current. All Ussing chamber experiments were initiated within minutes of
surgical resection.

2.3. Paracellular fluxes of [3H]mannitol

To assess intestinal permeability of paracellular marker mannitol, mucosal-to-serosal flux of
mannitol was assessed by adding 0.2 uCi/ml [3H]mannitol (paracellular marker) to the
mucosal compartment of Ussing chamber-mounted tissues. After a 15-min equilibration
period, standards were taken from the mucosal side of each chamber and mannitol flux was
determined by taking 0.5-ml samples from the serosal compartment. The presence of 3H was
established by measuring B-emission in a liquid scintillation counter (LS6000SC, Beckman).
Unidirectional [2H]mannitol fluxes from mucosa-to-serosal compartment were evaluated by
determining the amount of [3H]mannitol in the serosal compartment, on a chamber unit area
basis, as previously described [39].

2.4. Quantification of occludin and MLCK mRNA expression using real-time PCR

Total RNA was isolated from intestinal mucosal scrapings using an RNeasy kit (Qiagen,
Valencia, CA), quantified spectrophotometrically, and equal amounts of RNA were used for
complementary DNA synthesis (QuantiTect Reverse Transcription Kit; Qiagen, Valencia,
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CA) as previously described by us [40]. The real time PCRs were performed by using
StepOnePlus real time PCR system (Applied Biosystems) and standard PCR conditions
(50 °C for 2 min, 95 °C for 10 min, 40 cycles of 95 °C for 15 s, and 60 °C for 1 min).
Tagman gene expression assay for occludin gene (Hs00170162_m1), Tagman gene
expression assay for MLCK gene (Hs00364926_m1) and TagMan gene Expression Master
Mix (Applied Biosystems) were used for quantification of occludin and MLCK mRNA
expression. The relative expression of occludin and MLCK mRNA was normalized to
glyceraldehyde-3-phosphate dehydrogenase mRNA expression, as previously described
[40].

2.5. Statistical analysis

3. Results

Data are reported as mean = standard error. Whenever needed, data were analyzed by using
an analysis of variance for repeated measures (SigmaStat; Systat Software, San Jose, CA). A
Tukey’s test was used for post-hoc analysis between treatments after analysis of variance (P
< 0.05).

3.1. Patient data

A total of 15 patients were included in the study over a collection period from August 2013
to December 2014. Five were in the NEC group, and 10 were in the control group.
Diagnoses requiring intestinal resection in the control group included intestinal atresia and
intestinal stricture. Average age in the NEC group was 23 days (range 11-42 d), and average
age in the control group was 28.1 days (range 1-197 d). Average gestational age at birth was
30.4 weeks in the NEC group (range 25-36 weeks), and 35.6 weeks in the control group
(range 25-36 weeks). Corrected gestational age at time of surgery was 34.2 weeks in the
NEC group (range 26—43 weeks) and 39.5 weeks in the control group (range 31-47 weeks).
The control groups were then stratified by weight and corrected gestational age to create
groups of lower birth-weight, more premature infants that more accurately reflected the
NEC-vulnerable population (Table 1).

3.2. Intestinal tissue trans-epithelial resistance is decreased in human NEC

The intestinal barrier function in human NEC was determined by measuring trans-epithelial
resistance (TER) after mounting the small intestinal tissue in Ussing chamber immediately
after surgical resection. TER is a marker of intestinal TJ barrier function, with decreased
TER correlating with a loss of intestinal TJ barrier function or increase in intestinal
paracellular permeability. In NEC tissues, a marked decrease in TER was seen compared to
control tissues. TER was also significantly decreased at resection margins of NEC tissues
compared to control specimens. Average TER of NEC tissue at affected sites was 11.61
+1.65 Q/cm? and at resection margin was 23.36 + 1.48 Q/cm?2. Average TER of small
intestinal tissue from controls was 35.66 = 3.05 Q/cm? for controls having corrected
gestational age (CGA) of 31-40 weeks and 41.85 + 3.9 Q/cm? for CGA of 41-47 weeks. In
control infants with body weights below 2800 g, the mean intestinal tissue TER was 35.93
+2.38 Q/cm? and 43.45 + 2.62 Q/cm? for infants with body weights more than 2800 g (Fig.
3).
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3.3. Intestinal permeability of permeability probe [3H]mannitol is increased in human NEC

In this study, mucosal-to-serosal flux of paracellular marker [3H] mannitol was determined
using an Ussing chamber setup. When compared to healthy control tissues, tissues from
infants with NEC had a marked increased mucosal-to-serosal flux of mannitol. There was
also a modest but significant increase in mannitol flux in intestinal tissues from the resection
margins from infants with NEC compared to controls. Average flux of mannitol was 0.23
+0.06 uMol/cm? per h in NEC affected tissues, and 0.04 + 0.01 uMol/cm? per h in resection
areas. Average mucosal flux of mannitol in control small intestinal tissues was 0.020 + 0.007
Mol/cm? per h for CGA of 31-40 weeks group and 0.0085 + 0.003 pMol/cm? per h for
CGA of 41-47 weeks group. In the control group with body weights below 2800 g, the
average flux of mannitol in control small intestinal tissues was 0.030 + 0.007 uMol/cm? per
h and 0.010 + 0.003 uMol/cm? per h in the group of body weights more than 2800 g (Fig. 4).

3.4. Expression of occludin mRNA is decreased in human NEC compared to control

tissues

Occludin is a TJ protein that provides a barrier function at the TJs. In the present study,
occludin mRNA expression in intestinal tissue of patients with NEC was determined by real-
time PCR. The occludin mRNA levels were markedly decreased in NEC tissue compared to
control tissue. A modest decrease in occludin mMRNA expression was also observed at the
resection margins of infants with NEC (Fig. 5).

3.5. MLCK mRNA expression is upregulated in human NEC

Myosin light chain kinase (MLCK) has been demonstrated to play a central role in
regulation of intestinal barrier by causing an increase in intestinal TJ permeability in human
intestinal diseases [30,31]. The MLCK mRNA expression was examined in intestinal tissue
from NEC patients by RT-PCR analysis. There was an increase in MCLK mRNA in the
intestinal tissues from infants with NEC compared to healthy control tissues. Similarly, there
was also an increase in MLCK mRNA level at resection margins (Fig. 6).

4. Discussion

Although the precise etiology of NEC remains unclear, several etiological factors such as
prematurity implying immature gut barrier function and immune defense, formula feeding,
mucosal ischemia, hypoxia and abnormal microbial colonization have been postulated to be
involved in the development of NEC [13]. A defective intestinal epithelial TJ barrier has
been demonstrated to be an important pathogenic factor of intestinal inflammation [16].
Growing evidence from human and animal studies suggests that an abnormal increase in
intestinal permeability may be an important predisposing factor for NEC and inflammatory
bowel disease [12]. Preterm neonates have been demonstrated to have increased intestinal
permeability during the first several weeks of life [34]. This allows absorption of important
macronutrients and growth factors from maternal milk, but also allows intestinal absorption
of toxic luminal antigens, leaving them vulnerable to inflammatory disease processes such
as NEC. There is also a paucity of information about the composition of the TJ in intestines
of the healthy neonate and the neonate with NEC. Although the potential importance of
defective intestinal barrier function as an etiologic factor of NEC is well-recognized, direct
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functional assessment of intestinal barrier in human NEC has not been previously
conducted. There are also no reports of simultaneous electrophysiological measurements of
the intestinal barrier function, intestinal TJ permeability, and the analysis of TJ barrier-
regulating proteins in human NEC.

In this study, we demonstrate the presence of an intestinal barrier defect in human infants
with NEC via multiple methods. The surgically resected intestinal tissues were mounted in
Ussing chambers within 15 min of resection while being oxygenated. Our data showed that
the intestinal barrier was markedly disrupted in NEC, as evidenced by a markedly decreased
intestinal tissue TER and an increase in flux of paracellular marker (mannitol). Consistent
with our present findings, in the previously published study which examined intestinal
permeability in preterm infants, Sevastiadou et al. reported that preterm infants with
increased intestinal permeability were at greatest risk to develop NEC. In this study, preterm
infants underwent assessment of barrier function via urinary lactulose/mannitol recovery
after treatment with glutamine, which enhanced intestinal barrier function. Infants with
decreased intestinal barrier function had a higher incidence of NEC, suggesting that a pre-
existing defect in intestinal barrier predisposes preterm infants to develop NEC. In our study,
healthy margins were identified by the surgeons for the resection purpose based on the
normal gross appearance of intestine from the serosal surface. The presence of intestinal
barrier defects in these grossly healthy-appearing areas suggested that the intestinal barrier
dysfunction was also present in normal-appearing intestinal tissues in NEC patients. These
findings also suggest the possibility that a defect in intestinal barrier function may be pre-
existing in NEC intestine and could contribute to the pathogenesis of NEC. It is also
important to note that such intestinal barrier defects shown in normal-appearing areas may
be a part of underlying diffuse inflammatory process seen in the NEC but not apparent in
gross examination. A limitation of our NEC intestinal tissue experiments was that our
studies were not designed to address whether the intestinal barrier defect was a pre-existing
factor leading to the development of intestinal inflammation. In this regard, previous studies
in pre-term infants have demonstrated that the infants with increased intestinal permeability
were at greatest risk to develop NEC and also to have a persistent increase in intestinal
permeability following surgical resection [37,38]. Nevertheless, our findings underscore the
importance of intestinal barrier defect in the progression and severity of NEC. The findings
in our study also provide a potential insight into the mechanisms that contribute to the
intestinal barrier defect in NEC. Our results show for the first time that occludin mRNA
expression is markedly decreased and MCLK mRNA is increased in intestinal tissues from
both healthy appearing and diseased areas of NEC infants.

Tight junction proteins play a crucial role in the regulation of intestinal barrier function.
Occludin, the first transmembrane TJ protein to be discovered, has been extensively studied.
Targeted depletion of occludin causes a loss of intestinal TJ barrier function while an
increase in occludin level results in an enhancement of TJ barrier, indicating that loss of
occludin expression leads to an increase in paracellular permeability [26,28,29]. The studies
from our laboratory and others have shown that occludin depletion causes a loss of intestinal
epithelial barrier function while an increase in occludin levels in enterocytes causes an
enhancement in TJ barrier [28,29]. However, a previous human study of intestinal NEC
tissues did not show a change in occludin expression based on immunostaining [36]. Our
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results described herein show a marked decrease in occludin mRNA expression in NEC,
suggesting that occludin depletion was likely to be an important factor contributing to the
observed increase in intestinal permeability in NEC.

Previous studies from our laboratory and other groups have also demonstrated a central role
of MLCK in modulating intestinal TJ barrier function or intestinal permeability [30,31,44—
46]. These studies indicated that an increase in MLCK expression leads to MLCK-catalyzed
phosphorylation of myosin light chain, contraction of peri-junctional actin/ myosin
filaments, and contractile tension-generated mechanical opening of the TJ barrier and an
increase in intestinal permeability [31]. Our data presented herein show that MLCK
expression was greatly increased in NEC intestinal tissues. The change in MLCK mRNA
expression was present at both affected tissues and grossly healthy resection margins in
infants with NEC, suggesting that the observed increase in intestinal permeability in NEC
was in part because of an increase in MLCK.

A number of animal studies have shown impaired intestinal barrier function in animal
models of NEC [12]. Clark et al. demonstrated increased intestinal permeability of
paracellular markers in a rat model of NEC [41]. Measurement of TJ protein expression in
rat intestinal tissue revealed a decrease in occludin and an increase in claudin 3 in
experimental NEC as compared to wild-type controls. Distribution of TJ proteins was also
disrupted in intestinal epithelial cells in experimental NEC. Occludin was localized near the
apical membrane in crypts and in the cytoplasm along the villi, as opposed to normal
localization in the basolateral membrane in controls. These effects were blunted by
treatment with EGF, which enhanced intestinal barrier function and prevented the
development of NEC. Other animal studies have found similar findings in experimental
NEC, with increased expression of claudin 3 and decreased expression of ZO-1, claudin 1,
and occludin [42,43]. Bergmann et al. also used a mouse model of NEC to evaluate
intestinal barrier function, and found that intestinal permeability increased before the onset
of histologic evidence of NEC, supporting the hypothesis that impaired intestinal epithelial
barrier precedes the development of NEC and may be a primary causative factor [44]. In this
study, probiotic strains were used to enhance intestinal barrier function, which resulted in
decreased rates of development of NEC. However, a potential concern with animal models
of NEC is that experimental NEC is induced via hypoxia-ischemia, cold stress, formula
feeding, live bacteria, formula feeding, or a combination of methods [12] and may not
accurately recapitulate the complex nature of human NEC.

This study represents first report on the direct functional analysis of intestinal barrier
function in freshly obtained human NEC tissues. Although major therapeutic advancement
in prevention and treatment of NEC is lacking, administration of probiotics has been shown
to be effective in improving intestinal barrier function in preterm infants in small clinical
trials [47]; and represents a potential therapeutic strategy for tightening intestinal barrier and
preventing the development of NEC [48,49]. Our data presented herein indicated that a
defective intestinal barrier is present in both diseased and grossly normal-appearing areas of
small intestine, supporting the hypothesis that a pre-existing defect in intestinal barrier may
be present in NEC. Our data also suggested that a decrease in occludin and an increase in
MLCK in intestinal tissues may be contributing factors responsible for the increase in
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intestinal permeability. Currently, our laboratory is examining the therapeutic effects of
several TJ barrier-enhancing probiotic bacteria in prevention and therapy of NEC in both
animal models of NEC and preterm infants at high risk for NEC.
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Intestinal epithelial barrier. Tight junctions form an extracellular seal between adjacent cells

and provide gate function to the paracellular permeation.

J Pedjatr Surg. Author manuscript; available in PMC 2017 January 19.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Moore et al.

tassstats N KXt s 48010 ditkkd

pesses, 3 seseaacis
e - Occludin ~®
/
g P filaments

Fig. 2.

Page 13

Tight junction proteins in intestinal epithelial cells. Cytoplasmic and transmembrane TJ

proteins contribute to paracellular barrier function.
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Fig. 3.
Intestinal barrier function in NEC. The intestinal mucosal tissues were mounted on Ussing

chambers as described in methods to measure transepithelial electrical resistance (TER). The
NEC margin and NEC affected tissue had significantly lower TER compared to control
tissue. Control groups were then stratified by weight (A) and corrected gestational age (B).
Tissues from more preterm, lower birth-weight infants had lower TER compared to tissues
from infants that were more mature (*:#, p< 0.01 vs. control, 72 3).
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Intestinal paracellular permeability in NEC. The intestinal mucosal tissues were mounted on
Ussing chambers as described in methods to measure paracellular flux of [3H]mannitol. The
NEC margin and NEC affected tissue showed significantly increased [3H]mannitol flux
compared to control tissues. When stratified by weight (A) and corrected gestational age
(B), control tissues from more premature, lower birth-weight infants showed increased

[3H]mannitol flux. (*:*#, p< 0.01 vs. control, 7> 3).
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Fig. 5.
Occludin mRNA expression in NEC. RT-PCR analysis of intestinal mucosal tissues showed

significantly decreased mRNA expression of occludin in NEC tissue compared to control
tissue. The mRNA expression of occludin was normalized to mRNA expression of GAPDH
(*, p<0.01 vs. control, 7= 3).
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Fig. 6.

Myosin light chain kinase (MLCK) mRNA expression in NEC. RT-PCR analysis of
intestinal mucosal tissues showed significantly increased mRNA expression of MLCK in
NEC margin and NEC affected tissue compared to control tissue. The mRNA expression of
MLCK was normalized to mRNA expression of GAPDH (* *p < 0.01 vs control, 72 3).
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