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ABSTRACT
PURPOSE: To determine the expression of hepatic L-FABP and intestinal I-FABP in an experimental model of necrotizing enterocolitis 
(NEC) in neonatal rats. 
METHODS: Newborn Sprague-Dawley rats were divided into four groups: Control (C1) – exclusive breastfeeding at the first and sixth 
procedures (C6), NEC1 - fed formula milk and submitted to hypoxia and hypothermia at the first and sixth procedures (NEC6). The 
newborn pups were fed twice a day for three days, for a total of six procedures. Samples were collected for morphometric evaluation (body 
weight, liver weight, liver weight/body weight ratio, intestinal weight and intestinal/body weight ratio) and for immunohistochemical 
and Western blotting analysis. The values obtained were analyzed statistically, with the level of significance set at p<0.05. 
RESULTS: Morphometric measurements showed reduction of body and liver weights in the NEC group (p<0.05). Both 
immunohistochemistry and western blotting revealed that L-FABP expression in the liver was decreased and I-FABP expression in the 
ileum was increased in the NEC group (p<0.05). 
CONCLUSION: L-FABP and I-FABP expression changed inversely in the rat NEC model. These findings can contribute to a better 
diagnosis of NEC in human newborns.
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Introduction

Necrotizing enterocolitis (NEC) is a severe intestinal 
inflammatory disease affecting neonates, with a higher incidence 
among premature babies. The disease is characterized by intestinal 
necrosis and leads to multiple organ failure1. The mortality rate 
associated with NEC ranges from 20 to 30%, with gastrointestinal 
sequelae such as stenosis and short bowel syndrome possibly 
being present in cases in which there is resolution or the need for 
surgical intervention2. The physiopathological events of the disease 
are still unknown, but their origin appears to be multifactorial. 
Prematurity, bacterial infection, intestinal hypoxia-ischemia and 
enteral feeding are the major risk factors of the disease3.

In severe cases of NEC, in addition to intestinal 
involvement there is a frequent occurrence of injury to one or 
more organs resulting in pulmonary, renal and/or hepatic failure4. 
Studies have reported significant pathological changes in hepatic 
morphology and in hepatobiliary function in patients with NEC, 
especially those submitted to parenteral nutrition5.

In the experimental NEC model created by Barlow and 
Santulli6 and later modified by Caplan et al.7, the disease is induced 
by using enteral formula feeding associated with intermittent 
episodes of hypoxia and hypothermia.

Molecular markers are being used for the detection of 
injuries mainly in the intestine and liver, such as intestinal or liver 
fatty acid binding protein (I-FABP or L-FABP).  I-FABP is found 
in the cytoplasm of small bowel enterocytes and L-FABP is found 
in the cytoplasm of hepatic, intestinal, renal and gastric cells. Both 
proteins act on the uptake and intracellular transport of fatty acids 
and belong to a family of nine other FABPs. They are characterized 
by being water soluble, of low molecular weight (14-15 kDa), 
stable, easily released into the circulation, filtered through the 
glomeruli, and being promptly detected in urine. Some studies have 
investigated the relation of serum L-FABP levels with NEC, but no 
studies are available about their tissue expression in this disease8.

The elucidation of physiopathological mechanisms and 
the discovery of a treatment or method for an early diagnosis 
of NEC have been a challenge in the hope to reduce the high 
morbidity and mortality rates of the disease. In this respect, finding 
markers of tissue injury that may correlate with the disease could 
be of benefit for these patients. Thus, the objective of the present 
study was to determine the expression of L-FABP in the liver and 
compare it to the expression of I-FABP in the intestine of newborn 
rats submitted to the experimental NEC model.

Methods

The project was approved by the Ethics Committee for 
Animal Experimentation of the Ribeirão Preto Medical School, 
University of São Paulo (protocol # 040/2011). Male and female 
adult Sprague-Dawley rats were maintained under controlled 
lighting conditions  (12 hours of light/12 hours of dark), at a 
mean temperature of 23ºC, relative humidity close to 55%, with 
free access to water and rat chow. The animals were mated during 
the dark period of the cycle, with two females being placed in the 
cage of a male, and day zero of pregnancy was determined by 
the presence of sperm in vaginal smears from females in estrus 
(pregnancy of 22 days).

Experimental groups

All pups were weighed at birth and allotted at random 
to two experimental groups: Control (C), in which the animals 
were not manipulated and were suckled by their respective dams, 
and Necrotizing Enterocolitis (NEC), in which the pups were 
removed from their dams immediately after birth, weighed daily, 
fed artificial Esbilac® milk (PetAg, Hampshire, IL, USA) (~200 
kcal/kg/day) and subjected to an ischemia/hypothermia protocol 
twice a day for a total of six days until sacrifice.

These groups were divided into two subgroups 
(n=4): collection 1 (animals sacrificed after the first ischemia/
hypothermia process) – groups C1 and NEC1, and collection 6 
(animals sacrificed after 6 ischemia/hypothermia processes) – 
groups C6 and NEC6. Control groups C1 and C6 were sacrificed 
at the same times as the experimental groups but were not 
submitted to any procedure.

Surgical procedure

The pups were weighed and sacrificed by decapitation. 
After laparotomy, the liver and ileum were collected, weighed and 
fixed in 10% buffered formol.

Morphometric evaluation 

Body weight (BW), liver weight (LW), intestinal weight 
(IW) and the LW/BW and IW/BW ratios were used to analyze 
morphological differences between groups. 
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Processing for L-FABP and I-FABP 
immunohistochemistry 

After fixation, the samples were dehydrated in a growing 
ethanol series from 70 to 100%, cleared in xylene and embedded 
in histological paraffin. Crosswise 5-μm histological sections 
of the liver and intestine segments were obtained with a Leica 
microtome model RM 2145 and later collected on histological 
slides presilanized for  better adherence.

Immunohistochemical analysis of L-FABP and 
I-FABP 

Immunohistochemistry was used to locate tissue 
proteins. Sections of 3 μm were mounted on slides which were 
then deparaffinized with xylene and hydrated in a growing 
ethanol series. The sections were treated with H2O2 (30%) 3% in 
methanol for 10 minutes at room temperature and then in 50 mM 
Tris-HCl, pH 9.5, containing 5% urea for antigen retrieval under 
steam, and then washed with phosphate buffer saline (PBS – 20 
mM Na2HPO4 + 0.45 M NaCl, pH7.4).The slides were incubated 
in 10% rabbit block solution diluted with PBS for 30 minutes in 
order to block nonspecific binding sites. Intestinal and hepatic 
sections were incubated with goat anti-I-FABP, sc-16063 and rabbit 
anti-FABP-L, sc-50380, respectively (Santa Cruz Biotechnology, 
Santa Cruz, CA, USA) diluted 1:200 with bovine serum albumin 
(BSA) at 4°C overnight. After washing and removal of the primary 
antibody, the appropriate secondary antibodies were added to the 
hepatic and intestinal sections (sc-2004 and sc-2768, respectively, 
Santa Cruz Biotechnology) diluted 1:200 in BSA for two hours. 
For the negative control, the primary antibody was omitted. The 
histochemical reaction was visualized using the Vectastain ABC kit 
(Vector Labs, Burlingame, CA, USA) and 3,3’-diaminobenzidine-
tetra-hydrochloride (Sigma, St Louis, MO, USA). Finally, the 
slides were counterstained with Harris hematoxylin, dehydrated in 
a growing alcohol series and xylene, and covered with coverslips 
mounted with Permount® (Fisher Scientific, Pittsburgh, PA, USA).

Western blotting analysis of L-FABP and I-FABP 

Prepared samples of intestine and liver homogenates 
from each group containing 20 µg protein were applied to 1% 
polyacrylamide gel containing 0.1% sodium lauryl sulfate 
(SDS-PAGE) and running buffer. Electrophoresis was carried 
out at a constant current intensity of 100 V for approximately 2 
hours and 30 minutes. The protein bands were then transferred 

electrophoretically to a nitrocellulose membrane in transfer 
buffer at 120 V and 4°C for 90 minutes. Nonspecific sites for 
primary antibody binding to the membrane were blocked by 
membrane incubation with a 5% solution of Molico skim milk in 
0.01 M PBS buffer, pH 7.4, under constant shaking for one hour. 
The membranes were then incubated for 12 hours at 4°C with 
the same primary antibodies used for immunohistochemistry 
(I-FABP (sc-16063) and L-FABP (sc-50380)) diluted 1:100 in 
3% PBS/BSA. 

 After incubation, the membranes were washed 
with 0.01 M PBS buffer, pH 7.4, and incubated with the same 
secondary antibodies used for immunohistochemistry (I-FABP 
(sc-2004) and L-FABP (sc-2768)) diluted 1:2000 in 3% PBS/
BSA for two hours. The membranes were then visualized by 
chemiluminescence (Pierce, USA) for 5 minutes and developed 
with the photodocumentation system ChemiDoc™ XRS+ System 
(Bio-Rad, USA), and the bands were analyzed and measured using 
the  Image Lab™ software. 

Statistical analysis

Morphology and molecular biology data were analyzed 
by one-way ANOVA followed by the Tukey-Kramer post-test and 
immunohistochemical data were analyzed by the Kruskal-Wallis 
test followed by the Dunn post-test, with the level of significance 
set at p<0.05. Data are reported as mean ± standard deviation. All 
analyses were carried out using the GraphPad Prism 5.0 software 
(GraphPad Software Inc., La Jolla, CA, USA).

Results

Morphometric analysis

Evaluation of BW revealed weight gain in the pups of the 
Control group (C), with a significant difference between C1 and 
C6 (p<0.001). BW was significantly reduced in the NEC6 group 
compared to C1 (p<0.001), to C6 (p<0.001) and to NEC1 (p<0.001). 
LW was reduced in group NEC6 compared to C1, C6 and NEC1 
(p<0.001). IW was increased in group C6 compared to groups C1, 
NEC1 and NEC6 (p<0.001). The LW/BW ratio was reduced in 
group C6 compared to groups C1 and NEC1 (p<0.001). There was 
also a reduction in group NEC1 compared to C1 (p<0.05) and in 
group NEC6 compared to C1 and NEC1 (p<0.001). The IW/BW 
ratio was increased in group C6 compared to groups C1 and NEC1 
(p<0.001) and also in group NEC6 compared to groups C1, NEC1 
and C6 (p<0.001, p<0.001 and p<0.05, respectively) (Table 1).
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Immunohistochemical analysis

Immunohistochemical study of L-FABP expression 
revealed increased protein labeling in group C6 compared to 
group NEC1 (p<0.001). On the other hand, there was a significant 
reduction (p<0.001) of expression in group NEC6 compared to 
groups C1, C6 and NEC1 (p<0.001) (Figure 1). Intestinal I-FABP 
labeling was increased in group NEC6 compared to the other three 
groups (p<0.001) (Figure 2).

Western blotting analysis

The evaluation of L-FABP expression by Western blotting 
revealed an increase in group C6 compared to groups C1 and NEC1 
(p<0.001). Conversely, there was a reduction of density in group 
NEC6 compared to groups C1, C6 and NEC1 (p<0.05, p<0.001 and 
p<0.001, respectively). In the ileum there was an increase in I-FABP 
expression in group NEC1 compared to group C1 (p<0.001), as 
well as in group C6 compared to groups C1 (p<0.001) and NEC1 
(p<0.001). In group NEC6 there was an increase in I-FABP 
expression compared to the other three groups (p<0.001) (Figure 3).

Groups BW IW LW IW/BW LW/BW
C1 5678 (± 684) 201 (± 27) 294 (± 47) 0.0371 (± 0.0014) 0.0517 (± 0.0040
NEC1 6519 (± 164)*a 242 (± 30) 303 (± 17) 0.0368 ± 0.0041) 0.0465 )(± 0.0021)*a

C6 8809 (± 528)**ab 449 (± 74)**ab 322 (± 30) 0.0486 (± 0.0044)**ab 0.0366 (± 0.0018)**ab

NEC6 4521 (± 272)**abc 238 (± 16)**c 177 (± 19)**abc 0.0534 (± 0.0034)**ab*c 0.0393 (± 0.0042)**ab

TABLE 1 - Morphometric analysis of body weight (BW), liver weight (HW), intestinal weight (IW), LW/BW ratio and IW/BW ratio. Data 
are reported as mean ± standard deviation.

a: compared to C1; b: compared to NEC1; c: compared to C6; d: compared to NEC6 *p<0.05 **p<0.001

FIGURE 1 - L-FABP expression in the liver after immunohistochemistry. 
A) Group C1; B) Group NEC1; C) Group C6; D) Group NEC6. Strong 
labeling is observed in the control groups and low expression in the organ 
of a newborn pup with NEC. a: compared to C1; b: compared to NEC1; c: 
compared to C6; d: compared to NEC6, *p<0.05; **p<0.001.

FIGURE 2 - I-FABbexpression in the intestine after immunohistochemistry. 
A) Group C1; B) Group NEC1; C) Group C6; D) Group NEC6. Weak 
labeling is observed in the control groups and high expression in the organ 
of a newborn pup with NEC. a: compared to C1; b: compared to NEC1; c: 
compared to C6, **p<0.001.
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Discussion

This was the first study investigating L-FABP expression 
in the liver in an experimental model of NEC. Several studies on 
the FABP family and its correlation with intestinal lesions have 
been conducted, but studies on the association of the expression 
of these proteins with the liver are still scarce. NEC mainly 
affects regions of the distal ileum and colon and is characterized 
by intense inflammatory hemorrhagic necrosis. Changes in 
hepatic morphology and hepatobiliary physiology also occur in 
addition to the intestinal involvement4,5. Its physiopathology 
has not been fully clarified, but prematurity, intestinal ischemia, 
bacterial colonization and enteral feeding are factors hat favor the 
development of the disease3. In the present study, we used as an 
experimental model the protocol of ischemia and hypothermia 
associated with enteral formula feeding.

Morphometric analysis revealed a considerable  impact 
of artificial milk feeding on the evolution of BW, with a significant 
reduction in the groups fed Esbilac® artificial milk for a longer 
period of time. Several other studies using similar milk formulas 
also reported a weight loss9,10.

There was a reduction of LW in the group receiving 
formula, although the NEC6 group showed significant liver 
involvement compared to groups C1, C6 and NEC1. The pups 
submitted to the protocol showed varying degrees of inflammation 
in the intestinal loops, with NEC6 also showing IW loss. Since the 
portal vein drains the blood circulation from the intestine directly 

into the liver, the proinflammatory cytokines originating from the 
intestinal loops are believed to also cause an inflammatory reaction 
in the liver, with a deleterious effect on LW11. The LW/BW ratio 
was lower in the NEC6 group than in the C1, C6 and NEC1 groups. 
Although we did not determine tissue or serum cytokines, we may 
infer that there was liver damage as a consequence of the intestinal 
inflammatory process, which also explained the reduction of the 
IW/BW ratio mainly in the NEC6 group11.

Several studies have described the applicability of the 
L-FABP protein to the detection of hepatic injury in diseases 
such as hepatocellular adenoma12 and chronic HCV infection13. 
In addition, I-FABP has already been studied in experimental and 
clinical NEC models14. In the present study we observed reduced 
L-FABP labeling in the immunohistochemistry of liver tissue 
and in Western blotting in pups submitted to the NEC protocol. 
Memon et al.15 demonstrated that bacterial lipopolysaccharide 
(LPS) and proinflammatory cytokines such as TNF-α and IL-
1β reduce the content of L-FABP and its mRNA in the liver. In 
NEC, inflammatory factors released in situ in the liver by Kupffer 
cells, as well as intestinal cytokines and bacterial factors arriving 
through the hepatic portal vein must cause inflammation, with a 
consequent reduction of L-FABP  expression11. 

During infectious and inflammatory processes, the 
host response is characterized by various infectious changes in 
lipid metabolism such as increased lipogenesis and fatty acid 
re-esterification in the liver and inhibition of hepatic fatty acid 
oxidation16,17. Since L-FABP acts on fatty acid metabolism, it may 

FIGURE 3 - L-FABP expression in the liver and I-FABP expression in the ileum after western blotting. A) Group C1; B) Group NEC1; C) Group C6; 
D) Group NEC6. Weak labeling is observed in the control groups and high expression in the organ of a newborn pup with NEC. a: compared to C1; b: 
compared to NEC1; c: compared to C6; d: compared to NEC6. *p<0.05; **p<0.001
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be hypothesized that, in an inflammatory disease such as NEC, 
its expression is reduced in order to contribute to lower fatty 
acid oxidation. However, it is important to point out that it is not 
possible to establish a causal relationship.

Studies have demonstrated that L-FABP is present 
at high serum concentrations in the early stage of NEC, 
demonstrating that this protein could be a parameter for the 
early detection of the disease18. Ng et al.19 observed that plasma 
L-FABP levels were higher in premature newborns submitted 
to surgical intervention for NEC and in those who died due 
to hepatic portal vein disease. Considering that L-FABP 
concentration is about six-fold higher in the liver than in the 
intestine, we may assume that this protein released through 
a hepatic pathway plays an important role in the detection 
of NEC. In the present study we observed that the animals 
submitted to the experimental model of the disease also 
manifested changes in L-FABP production. The low expression 
of L-FABP in immunolabeling and in the band density detected 
by Western blotting may possibly be characterized by the rapid 
release of the protein into the bloodstream since, by being a 
low molecular weight protein, it is rapidly filtered through the 
kidneys, being maintained in relatively low concentrations in 
blood in physiological situations20.

In addition, this hypothesis is supported by studies that 
have correlated L-FABP with other inflammatory liver diseases. 
High serum concentrations of this protein have been detected in 
patients with chronic hepatitis C and with non-alcoholic fatty 
liver disease, with the quantity of the molecule showing a good 
correlation with the degree of hepatic inflammation in both 
cases13.

In the present study we compared these results with  
I-FABP expression in the intestine. The expression of this 
protein was inverse to that of L-FABP, i.e., it was increased 
mainly in NEC6 and, for the same reason, we believe that this 
was due to the inflammatory process. After enterocyte rupture, 
I-FAPB is released into the bloodstream and, due to this high 
expression, its serum level is increased. All analyses were 
carried out on intact bowels.

Conclusion

The hepatic expression of L-FABP is altered in NEC and 
that this result is inverse to the expression of I-FABP detected in 
the intestine, data that could contribute to the use of FABPs for a 
better diagnosis and an improvement of the severity of NEC in 
affected neonates.
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