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Abstract
Inflammatory bowel disease is a chronic relapsing disease that affects millions of people worldwide; its pathogenesis is influenced

by genetic, environmental, microbiological, and immunological factors. The aim of this study was to evaluate the effects of short-

and long-term Passiflora edulis peel intake on the antioxidant status, microbiota, and short-chain fatty acids formation in rats with

2,4,6-trinitrobenzenesulphonic acid-induced colitis using two ‘‘in vivo’’ experiments: chronic (prevention) and acute (treatment).

The colitis damage score was determined using macroscopic and microscopic analyses. In addition, the antioxidant activity in

serum and other tissues (liver and colon) was evaluated. Bifidobacteria, lactobacilli, aerobic bacteria and enterobacteria, and the

amount of short-chain fatty acids (acetic, butyric, and propionic acids) in cecum content were counted. Differences in the colon

damage scores were observed; P. edulis peel intake improved serum antioxidant status. In the treatment protocol, decreased

colon lipid peroxidation, a decreased number of aerobic bacteria and enterobacteria, and an improvement in acetic and butyric

acid levels in the feces were observed. An improvement in the bifidobacteria and lactobacilli was observed in the prevention

protocol. These results suggested that P. edulis peel can modulate microbiota and could be used as source of fiber and poly-

phenols in the prevention of oxidative stress through the improvement of serum and tissue antioxidant status.
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Introduction

Inflammatory bowel disease (IBD) is a chronic relapsing
disease that encompasses Crohn’s disease (CD) and ulcera-
tive colitis (UC) and affects millions of people worldwide.
The difference between CD and UC is related to the location
and severity of the mucosa; CD is a transmural inflamma-
tion that can affect the entire gastrointestinal tract, and UC is
a nontransmural inflammation restricted to the colon.1 The
pathogenesis of IBD is influenced by genetic, environmen-
tal, microbiological, and immunological factors.2–4 An
imbalance in the intestinal microbiota has been postulated
to be responsible for the initiation and progression of this
inflammation, especially when the pathogenic bacteria
grow faster than nonpathogenic bacteria.5 The use of pro-
biotics and prebiotics has been shown to have a modulatory
effect on IBD, through direct microbiota modulation and by

modulation of their end-products, such as short-chain fatty
acids (SCFAs).6,7 Experiments using orally administration,
enema, and in vitro assays have shown that butyric acid has
an anti-inflammatory effect by reducing neutrophil migra-
tion and by modulating interleukin production.8–10 Many
inflammatory mediators, including reactive oxygen species
(ROS) and cytokines, contribute to the inflammatory cas-
cade that modulates the immune system in UC.11–14 In con-
trast, depletion of glutathione enzyme in chronic
inflammation, which can improve the damage in tissue,
has been reported.15,16

In addition to prebiotics and probiotics, some poly-
phenolic compounds have shown anti-inflammatory activ-
ity in UC, especially by inhibiting proinflammatory
markers.17,18 Moreover, in the last few years, many studies
have used microbiota substrates that improve the formation
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of SCFAs and protect the mucosal tissue against inflamma-
tory damages.6,19–22 Passiflora edulis is largely cultivated in
Brazil and for the production of juices and pulps. However,
a great amount of waste is generated by this industry
because half of the fruit is peel, which is a source of
pectin23 and flavonoids.24 The consumption of P. edulis
peel has been shown to improve insulin sensitivity25 and
blood pressure26; additionally, its polysaccharides have
antitumor properties in vitro and its flavonoids have anti-
oxidant activity.24

P. edulis is a great source of polyphenols, soluble and
insoluble fiber, which could modulate inflammatory mar-
kers of UC. Thus, the aim of the present study was to evalu-
ate the effects of P. edulis peel consumption in experimental
model of rat colitis induced by 2,4,6-trinitrobenzenesulpho-
nic acid (TNBS).

Materials and methods
Passion fruit flour

Organic P. edulis (passion fruit) crops from Torre de Pedra/
SP harvested in June 2010 were used to produce the flour.
The fruit was cleaned and separated into pulp and peel
(flavedo þ albedo). The peels were cut into small pieces
and dried in an oven with air circulation at 50�C
(Marconi, Piracicaba/SP, Brazil) until they reached a mois-
ture content of 10% or less. The dried peel was ground into
a fine powder using a hammer mill (20 mesh), and the flour
was stored in an amber flask at room temperature (24�C).

Animals and experimental design

This study was carried out in accordance with the ‘‘Guide
for the Care and Use of Laboratory Animals’’ proposed by
the Brazilian College of Animal Experimentation (COBEA).
The study was approved by the Animal Research and Ethic
Committee of the University of Campinas (Brazil) (protocol
2257–1/2010).

Male Wistar rats were housed under standard tempera-
ture (22�C� 2), humidity (60–70%), and light–dark cycle
(19–07 h). Forty-eight rats were randomized into two
experiments: the treatment and prevention protocols. In
the treatment protocol, 24 rats (77 days old) were divided
into control and passion fruit flour (PFF) groups (n¼ 12).
They were fed with control and experimental diet, respect-
ively, for a week. The diets were prepared in accordance
with the American Institute of Nutrition27 with 50% of the
cellulose substituted with dietary fiber from PFF in the
experimental diet. After seven days, colitis was induced
in six animals from each group. The animals were main-
tained for seven days; afterwards they were anesthetized
with ketamine and xylazine and sacrificed by exsanguin-
ations through cardiac puncture. In the prevention protocol,
24 rats (21 days old) were divided into control and PFF
groups (n¼ 12). They were fed with the control or experi-
mental diets for 84 days, at which point colitis was induced
in six animals per group. After seven days, they were sacri-
ficed as described above. Access to food and drink was ad
libitum and monitored three times a week.

Briefly, colitis induction was carried out using TNBS. The
animals were anaesthetized with halothane and given
10 mg of TNBS dissolved in 0.25 ml of 50% ethanol (v/v)
using a Teflon cannula inserted 8 cm through the anus.28

The same procedure was performed on noncolitic animals,
which were referred to as saline group, through intracolo-
nical administration of 0.25 ml of phosphate-buffered saline
instead of TNBS.

Blood sampling

Blood samples were obtained by cardiac puncture under
anesthesia, collected in tubes sprayed internally with clot
accelerator (SiO2), and centrifuged at 2600 g for 20 min.
Serum was stored at �80�C until the analyses were per-
formed. Serum albumin and total proteins were measured
using commercial kits (Laborlab, Guarulhos, São Paulo,
Brazil). Serum was treated with ethanol:ultrapure water
(40:20, v/v) and 0.75 mol L�1 metaphosphoric acid,29 and
these extracts were used to determine the antioxidant activ-
ity of the samples using hydrophilic oxygen radical absorb-
ance capacity (ORAC)30 and to measure the ability of the
antioxidants to reduce the ferric 2,4,6-tripyridyl-s-triazine
complex [Fe(III)-(TPTZ)2]3þ (FRAP).31

The ferric reducing antioxidant power (FRAP) method
was developed by Benzie and Strain.31 This methodology is
based on the capacity to reduce the complex ferric ion and
2,3,5-triphenyl-1,3,4-triaza-2-azoniacyclopenta-1,4-diene
chloride (TPTZ). The binding of Fe2þ to the ligand creates a
very intense blue color. Changes in this color are monitored
by measuring the absorption at 593 nm.

The ORAC assay measures the antioxidant scavenging
activity against the peroxyl radical. 2,2-Azobis 2-amidopro-
pane dihydrochloride (AAPH) is used to generation of free
radical and the loss of fluorescence is recorded, which indi-
cates the extent of the radical scavenging.32

Tissue sampling

The liver and colon were quickly removed, cleaned with
physiologic solution (0.9% NaCl), and weighed. The
colon’s length was measured, and the macroscopically vis-
ible damage was evaluated on a 0–10 scale according to
previously reported criteria.33 Afterwards, the specimens
were frozen in liquid nitrogen and kept at �80�C. Tissue
homogenates were prepared in 50 mmol phosphate buffer
(pH 7.4) using a Polytron homogenizer (MA102/Mini,
Marconi, Piracicaba/SP, Brazil), and the supernatant was
kept at �80�C until analyses.

Lipid peroxidation was determined in the tissue hom-
ogenates based on thiobarbituric acid reactive substances
(TBARS) assay,34 reduced glutathione (GSH) activity,35

glutathione reductase (GR) activity,36 glutathione peroxid-
ase (GPx) activity,37 and superoxide dismutase (SOD)
activity.38

Myeloperoxidase activity (MPO) in the colon tissue hom-
ogenates was measured by the method proposed by
Krawisz et al.39; the results were expressed as MPO units
per mg of protein, where 1 unit of MPO activity was defined
as the amount able to degrade 1mmol hydrogen perox-
ide�min�1 at 25�C.
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Colonic histology

For the histological analyses, freshly dissected colon sam-
ples were washed with physiologic solution (0.9% NaCl)
and cryoconserved in a freezing medium (Jung; Leica
Instruments, Nussloch, Germany). Serial cross sections
(7 mm) were prepared using a cryostat (CM 1850 Cryostat,
Leica) and fixed on silanized slides. After staining the sam-
ples with Haematoxylin-Eosin, the severity of each colitis
case was analyzed (Eclipsi 80i microscope, Nikon) by a
pathologist according to the criteria described by
Chinen et al.40

pH and cecal microbiota

Fecal samples were collected from the cecum, diluted with
deionized water (1 mg mL�1), and homogenized to measure
the fecal pH using a pH meter (Tecnal model TEC-5,
Piracicaba/SP, Brazil).41

The cecal microbiota was evaluated in fecal samples
homogenized in peptone water (100 mg mL�1) followed
by 10-fold serial dilutions in the same medium. Aliquots
of 0.1 ml of the appropriate dilution were spread onto the
MRS agar media for the Lactobacillus count and supple-
mented MRS agar (0.5 mg L�1 dicloxacillin, 1 g L�1 LiCl,
and 0.5 g L�1 L-cysteine hydrochloride) for
Bifidobacterium. The cultured plates were incubated in
anaerobic condition at 37�C for 24–48 h. Similarly, 1 mL of
each diluted sample was spread onto a specific count plates
Petrifilm (3M�, São Paulo, MN) for Enterobacteriaceae and
total aerobic bacteria. The plates were incubated at 37�C for
24–48 h. After the incubation, the specific colonies grown on
the selective culture media were counted, and the number
of viable microorganism g�1 feces (CFU g�1) was calcu-
lated. The mean and standard error were calculated from
the log 10 values of the CFU g�1.

Cecal SCFA content

SCFAs were analyzed by gas chromatography42 using
Agilent 6890N equipment with a flame ionization detector
(FID) and an autosampler N10149 (Agilent, EUA). A
30 m� 0.25 mm i.d.� 0.25 mm NukolTM capillary column
(Supelco, Bellefonte, PA, USA) was used. The chromato-
graphic conditions were as follows: injector and detector
temperatures, 250�C; injected volume, 1 mL with split ratio
set to 1:10; and carrier gas, hydrogen at 1.0 mL min�1. The
column oven was programmed as follows: the temperature
was kept at 100�C for 0.5 min, then heated at 8�C min�1

until it reached 180�C, held for 1 min, heated 20�C min�1

until it reached 200�C and then held for 5 min.

Statistical analysis

The statistical analyses were performed using one-way ana-
lysis of variance (ANOVA) followed by a Tukey multiple
comparisons test. All data were expressed as the
means� SEM, and the difference was considered to be stat-
istically significant when P< 0.05. Statistical analyses were
carried out using GraphPad Prism 5.0 (GraphPad Software,
Inc., La Jolla, CA, USA) software.

Results and discussion

The consumption of fruits and vegetables are important to
diminish the risk of UC, as they are rich sources of fibers
and antioxidants.43,44 The consumption of P. edulis peel
could improve the intake of fibers and antioxidants and
could play a role in UC.23,24 Thus, flour (PFF) from
P. edulis peel was prepared and incorporated into the rats’
diet by using it to replace 50% of the standard source of fiber
(cellulose). The effects of PFF intake in a short term (treat-
ment protocol) and in a long term (prevention protocol)
were evaluated in a TNBS-induced colitis model.

The symptoms of colitis were observed immediately
after the administration of TNBS when the animals started
to show bleeding on the rectum and in the feces. During the
seven days after colitis induction, all of the animals showed
colitis symptoms, such as bloody feces, diarrhea, weight
loss, and a decrease on food intake. This decrease in food
intake observed in the colitis groups had an important
influence on the body weight loss (Table 1).

The short-term intake of the PFF diet in the treatment
protocol did not promote changes in food intake and
weight gain. However, in the prevention protocol, the
long-term intake of the PFF diet resulted in a decreases in
food intake and body weight gain that could be attributed
to the changes in the types of fibers presents in the diet
(soluble and insoluble). In contrast to the control diet, in
which cellulose was the only source of dietary fiber, the
PFF diet included cellulose and soluble and insoluble
fibers from the P. edulis peel flour. Thus, this modification
of the dietary fiber composition could have an influence on
the satiety, gastric emptying, bowel transit time, and in the
digestion and absorption of fat and carbohydrates, all of
which can contribute to decreases in weight gain.45–47

Malnutrition occurs very frequently in IBD patients,48

and they often have a lower level of serum albumin in the
acute phase compared to healthy individuals, likely due to a
decrease in serum albumin synthesis, an increase in trans-
capillary losses, and degradation.49 Therefore, evaluating
serum albumin could be a simple and inexpensive way
to predict the nutritional status of IBD patients.50

Consumption of the PFF diet increased the levels of serum
albumin in both healthy and colitis animals in the preven-
tion protocol, which led us to believe that these animals,
although they exhibited less weight gain compared to the
control group, most likely were not malnourished (Table 1).

The macroscopic evaluation of the inflamed mucosa was
used to determine the presence and extension of the hyper-
emia and ulceration in the tissue compared to normal colon.
TNBS-induced colitis is characterized by severe necrosis of
the mucosa, typically extending 4–6 cm along the colon,
bowel wall thickening, hyperemia, and focal adhesions to
adjacent organs (Figure 1). In addition, transmural intense
inflammatory infiltrations of lymphocytes and neutrophils,
edema in the mucosa, and a focal loss of crypts and super-
ficial epithelium were observed, similar to previous
studies.28,51

Consumption of the PFF diet did not attenuate the
macroscopic tissue damage observed in the TNBS-induced
colitis model; the miscroscopic score was similarly
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unaffected (Figures 2 and 3). In addition, there were no
decreases in the colonic weight/length ratio in the PFF
groups compared to the control groups in either protocols
(Table 1).

The concept of oxidative stress is defined globally as an
imbalance between pro-oxidants and antioxidants, but it
has been discussed based on the inconclusive results
shown in interventional trials, where limited increases in
protection after an increase in antioxidants supply were
reported. Based on those results, Jones52 stated that the def-
inition of oxidative stress should be changed to a condition
in which there is a disruption in redox signaling and con-
trol. In the present study, these changes were investigated in
the serum and colonic and hepatic tissue of the rats in the
treatment and prevention protocols.

The level of lipid peroxidation in the colon mucosa
was evaluated using the TBARS assay and by measuring
the antioxidants and myeloperoxidase (MPO) enzymes
activities (Figures 4 and 5). The TBARS assay quantifies
the level of malondialdehyde (MDA) synthesis, which is a
validated marker for evaluating the lipid peroxidation
caused by the action of ROS. PFF consumption in the
treatment protocol protected the animals’ colon tissue
from lipid peroxidation; however, it did not affect the
levels of endogenous antioxidants enzymes or decrease
MPO synthesis.

MPO is an enzyme found in neutrophils that, following
stimulation, causes an increase in ROS production and
proinflammatory mediators. In a study of patient rectal
biopsies, Dagli et al.53 observed an increase in ROS concen-
tration, and neutrophil-derived MPO activity, which was in
accordance with an increase in MDA levels and a decrease
in SOD enzyme. Silva et al.54 observed a dose-dependent
decrease in MPO, and a significant reduction in carragee-
nan-induced paw edema in rats that received pectin iso-
lated from the peels of P. edulis. In addition, the flavonoid
isoorientin extracted from P. edulis peel was shown to be
more effective in MPO activity reduction than the metha-
nolic extract from the pulp. The technique that was used
provided evidence that MPO inactivation might be related

Table 1 Food intake, body weight changes, and serum analyses of rats fed control and PFF diets in the treatment and prevention protocols

Control saline Control colitis PFF saline PFF colitis

Treatment protocol

Food intake daily (g) 24.9� 1.02a 13.8� 1.16b 22.8� 1.46a 14.6�1.97b

Total weight gain (g) 41.8� 2.86a 13.8� 4.00b 36.5� 4.27a 9.5�1.78b

Colon weight/length ratio 0.1� 0.00b 0.2� 0.02a 0.1� 0.01b 0.2�0.01a

Serum total protein (mg/dL) 5.2� 0.15b 5.5� 0.22ab 5.9� 0.21a 5.5�0.12ab

Serum albumin (mg/dL) 3.0� 0.04c 3.4� 0.17abc 3.4� 0.03a 3.1�0.03b

Serum FRAP (mM TE/mL) 598.9� 32.95a 504.1� 35.17abc 481.8� 12.75c 550.1�17.36b

Serum ORAC (mM TE/L) 265.0� 13.72b 429.0� 4.76a 438.1� 38.55a 387.2�23.84a

Prevention protocol

Food intake daily (g) 24.9� 0.38a 22.7� 0.53b 10.2� 0.20c 10.0�0.31c

Total weight gain (g) 391.7� 4.15a 312.2� 14.01b 164.8� 8.10c 141.8�11.77d

Colon weight/length ratio 0.1� 0.00b 0.3� 0.05a 0.1� 0.00b 0.2�0.03a

Serum total protein 5.9� 0.13a 5.1� 0.12bc 5.6� 0.19ab 5.1�0.13c

Serum albumin 3.7� 0.08c 3.0� 0.13d 5.7� 0.17a 5.1�0.13b

Serum FRAP (mM TE/mL) 465.5� 49.38b 496.8� 32.67b 563.1� 66.53ab 649.6�57.90a

Serum (ORAC (mM TE/L) 420.3� 16.24a 402.2� 35.52ab 398.1� 22.16ab 349.6�21.96b

PFF: passion fruit flour; FRAP: ferric reducing antioxidant power; ORAC: oxygen radical absorbance capacity. Values are expressed as the mean�SEM (n¼ 6 rats per

group). Different superscript letters in the same line denote significant differences (p<0.05) between the groups.

Figure 1 Macroscopic changes in the architecture of the colon tissue in the

TNBS model of colitis. (a) Normal mucosa; (b) typically inflamed mucosa

observed in this experimental model, characterized by bowel wall thickening,

hyperemia, and areas of necrosis. (A clolor version of this figure is available in the

online journal)
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to a structural modification or linkage between the flavon-
oid and the active site on the enzyme’s protein chain.55

In contrast, in the prevention protocol, the consumption
of PFF tended to improve the level of the antioxidant

enzymes, but there was no significant difference between
the control and PFF colitis groups. The increase in the MDA
level of the PFF colitis group could be responsible for the
significant decrease in the SOD enzyme. This enzyme

Figure 2 Evaluation of the macroscopic and microscopic scores in inflamed colonic mucosa in the TNBS-induced colitis model. Inflammation severity is scored in

comparison to healthy animals (score¼ zero). Different superscript letters in the columns denote significant differences (p<0.05) between the groups. PFF: passion

fruit flour

Figure 3 Effects of PFF on the histological evaluation of colon tissues from rats submitted to TNBS-induced colitis (original magnification, �100). This experimental

model is characterized by a continuous lesion, restricted to the distal colon, with a large area of necrosis and the transmural involvement of the mucosa. The colon of

colitis groups showed loss of crypts and epithelial integrity, submucosal edema (indicated by arrows), and intense inflammatory cellular infiltration in all layers. PFF:

passion fruit flour
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converts the O2
� radical into O2 and H2O2 and then, the

H2O2 is converted into H2O by GSH oxidation.11 These find-
ings suggest that long-term PFF intake could have a pro-
tective effect on the antioxidant status of the colonic tissue.

Antioxidant status was also evaluated in the serum, and
changes in serum antioxidant activity were observed in
both protocols (Table 1). In the prevention protocol, the
PFF colitis group exhibited an improvement in FRAP
serum antioxidant activity compared to the control colitis
group. The serum antioxidant activity measured by FRAP
in a previously study was inversely associate with the level
of serum C-reactive protein.56 In addition, the FRAP assay
does not measure the sulfydryl (SH)-group present on the
antioxidants,57 which reinforces the effect of long-term PFF
intake on the improvement of antioxidant status in colitis
animals. The main source of SH groups in plasma is albu-
min, which has been reported to be increased in the PFF
groups in the prevention protocol.58

The consumption of P. edulis juice did not improve anti-
oxidant enzyme status but did decrease the blood TBARS
levels, indicating that the antioxidant capacity may be

related to the addition of exogenous antioxidants present
in the juice.59 However, although Rudnicki et al.60 did not
observe changes in liver MDA levels, the consumption of
the hydroalcoholic extracts of both P. alata and P. edulis
leaves had significant protective effects against carbonyl
protein formation and advanced glycation end-products.
In addition, those authors observed a linear relationship
between total phenolic content and total antioxidant activ-
ity, indicating that these compounds might be the major
contributors to animal’s antioxidant activities.

Animals from the PFF intake group showed changes in
their liver antioxidant status (Table 2), with a decrease in
GPx level and, an increase in GR and MDA levels, but no
changes in the hepatic reduced glutathione level. GPx cata-
lyzes the reduction of hydroperoxides, including hydrogen
peroxides, by reducing glutathione, which can be recycled
by GR; GR reduces the oxidized glutathione (GSSG) using
nicotinamide adenine dinucleotide phosphate (NADPH)
as an electron donor. Thus, the level of GPx is often dis-
cussed in parallel with GR, which maintains a constant
supply of GSH from GSSG for enzymatic activity. GSSG

Figure 4 Evaluation of the effects of the treatment protocol (PFF short-term intake) on the endogenous antioxidant enzymes activity and the level of lipid peroxidation

in inflamed colonic mucosa in the TNBS-induced colitis model. The data are expressed as the mean�SEM (n¼6 rats per group). Different superscript letters in the

columns denote significant differences (p<0.05) between the groups. PFF: passion fruit flour; GSH: glutathione; GR: glutathione reductase; NADPH: Nicotinamide

Adenine Dinucleotide Phosphate; GPx: glutathione peroxidase; SOD: superoxide dismutase; MPO: myeloperoxidase activity; TBARS: Thiobarbituric Acid Reactive

Substances
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Figure 5 Evaluation of the effects of the prevention protocol (PFF long-term intake) on the endogenous antioxidant enzymes activity and the level of lipid peroxidation

in inflamed colonic mucosa in the TNBS-induced colitis model. The data are expressed as mean�SEM (n¼6 rats per group). Different superscript letters in the

columns denote significant differences (p<0.05) between the groups. PFF: passion fruit flour; GSH: glutathione; GR: glutathione reductase; NADPH: Nicotinamide

Adenine Dinucleotide Phosphate; GPx: glutathione peroxidase; SOD: superoxide dismutase; MPO: myeloperoxidase activity; TBARS: Thiobarbituric Acid Reactive

Substances

Table 2 Effects of PFF on hepatic antioxidant status in TNBS-induced colitis rats

Control saline Control colitis PFF saline PFF colitis

Treatment protocol

Liver weight (g) 13.7�0.58a 14.4�0.82a 16.1� 0.85a 15.2�0.73a

GSH (mM GSH/mg protein) 40.0�9.46a 35.2�3.38a 35.4� 5.50a 35.0�3.95a

GPx* 10.7�0.77ab 12.0�0.82a 8.9� 0.80bc 6.28� 1.30c

GR* 9.6�1.16b 10.3�0.79b 12.9� 1.37ab 18.1�1.35a

SOD (units/mg protein) 10.5�1.88a 6.9�1.36b 10.8� 1.97a 6.5�1.82b

TBARS (mM MDA/mg tissue) 1.2�0.07b 0.8�0.05c 1.5� 0.16ab 1.5�0.11a

Prevention protocol

Liver weight (g) 15.4�1.32a 14.0�0.76a 8.7� 0.34b 8.7�0.52b

Reduced GSH (mM GSH/mg protein) 59.7�2.48a 69.4�8.54a 69.4� 7.07a 71.1�11.17a

GPx* 10.6�1.12a 12.0�1.42a 6.4� 1.29b 7.3�1.15ab

GR* 21.3�2.13b 21.1�3.21b 41.3� 3.82a 31.0�3.29a

SOD (units/mg protein) 2.0�0.18b 4.6�0.81a 3.4� 0.33a 2.4�0.18b

TBARS (mM MDA/mg tissue) 1.1�0.05c 1.2�0.11b 2.0� 0.06a 1.9�0.10a

GSH: glutathione; GR: glutathione reductase; GPx: glutathione peroxidase; SOD: superoxide dismutase; TBARS: Thiobarbituric Acid Reactive Substances. *nmol

NADPH consumed/min mg protein. Values are expressed as mean�SEM (n¼ 6 rats per group). Different superscript letters in the same line denote significant

differences (p< 0.05) between the groups.
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can be translocated to the blood across the liver, and its
plasmatic levels may reflect ROS activity in vivo.61 Thus,
this increase in GR in the PFF groups could be related to
an influx of circulating GSSG. The decrease in liver weight
observed in the PFF groups in the prevention protocol
requires further investigation, specifically with respect the
lipids and glycogen contents and histological modifications
of the liver. A reduction in the liver weight has been
observed in others studies,62,63 in which the level of fiber
in the diet was modified, but the reason why long-term
consumption of PFF decreases the liver weight remains
undetermined.

PFF is a source of flavonoids and fibers that can act as a
substrate to the microbiota, yielding high levels of SCFAs
that improves gastrointestinal health.64 Changes in the
microbiota and SCFA levels were observed in both proto-
cols (Table 3). Consumption of PFF in the treatment protocol
decreased the count of total aerobic bacteria and enterobac-
terias and improved the acetic and butyric acid levels in the
feces. When PFF was used in the prevention protocol, an
increased count of bifidobacterias and lactobacilli was
observed but modifications in SCFA levels were not.
Increases in butyrate concentrations have been suggested
to contribute to the down-regulation of pro-inflammatory
cascades and oxidative stress in IBD.65,66

A recent investigation showed that UC patients did not
exhibit differences in mucosa-associated lactobacilli com-
pared to healthy patients; however, a reduction in the bifi-
dobacteria count was observed compared to healthy
patients’ microbiota.5 Divergent results pertaining to these
findings have been reported in the literature, especially
because many different techniques are used to evaluate
the microbiota. Nevertheless, an imbalance between the
commensal protective and pathogenic bacteria in the

microbiota has been postulated to be a factor in the patho-
genesis of IBD. Long-term consumption of PFF improves
the count of beneficial bacterias in the microbiota.

A search for new sources of substrate (prebiotics) for the
selective growth of probiotics is underway.6,20,21 The con-
sumption of a prebiotic enzyme-treated rice fiber (ERF)
showed no differences in bifidobacteria and lactobacilli
compared to untreated group; however, decreases in
Clostridium and Eubacterium were observed, were increases
in acetic and butyric acids in the feces of male Sprague-
Dawley rats.6 Histological analysis showed significant
decreases in mucosal damage scores of rats that consumed
ERF, which could be related to the changes in SCFA pro-
duction. Increases in bifidobacteria and lactobacilli were
observed in HLA-B27 transgenic rats after seven weeks of
intake of a prebiotic containing a mixture of chicory-
derived long-chain inulin-type fructans and short-chain
inulin fraction oligofructose (1:1), without modification of
SCFA levels compared with the untreated group.20 Female
Wistar rats receiving lactulose at 2.5% in their drinking
water for three weeks showed higher counts of bifidobac-
teria and lactobacilli in their colonic contents compared to
the control colitis group.19 A mixture of 60% kale leaves
plus 40% papaya pulp administrated orally for two weeks
in female Wistar rats, resulted in a significant increase in
lactobacilli and a decrease in aerobic bacteria and entero-
bacteria in the colon luminal content; changes that improve
the ratio of beneficial/pathogen bacterias in the feces.21

However, intake of green dwarf banana flour, a rich
source of resistant starch and amylase, did not promote
changes on microbiota.22

Intestinal protective mechanisms of PFF are still rela-
tively unknown. Our data show that PFF intake exhibit
effect in modulating the intestinal microbiota. In the

Table 3 Effects of PFF on the microbiota and short-chain fatty acids in TNBS-induced colitis rats

Control saline Control colitis PFF saline PFF colitis

Treatment protocol

pH 8.46� 0.14b 8.80� 0.03a 7.98�0.13c 8.44� 0.23ab

Bifidobacterias (CFU/g wet feces) 9.86� 0.20ab 10.34� 0.23a 9.22�0.22c 9.35� 0.29b

Lactobacilli (CFU/g wet feces) 10.35� 0.11ab 10.52� 0.29ab 10.33�0.13b 10.74� 0.16a

Total aerobic (CFU/g wet feces) 9.64� 0.12ab 9.81� 0.16a 9.08�0.26bc 8.77� 0.15c

Enterobacterias (CFU/g wet feces) 9.56� 0.23a 9.28� 0.22a 8.67�0.29b 8.28� 0.18b

Acetic acid (mM/mg wet feces) 0.08� 0.01c 0.06� 0.01d 0.16�0.02a 0.13� 0.01b

Propionic acid (nM/mg wet feces) 14.20� 1.89ab 11.96� 1.52b 21.05�3.27a 12.01� 1.73b

Butiric acid (nM/mg wet feces) 11.09� 1.28c 10.27� 1.53c 23.21�1.97a 17.28� 1.53b

Prevention protocol

pH 8.53� 0.09b 8.60� 0.20ab 8.26�0.23b 9.00� 0.15a

Bifidobacterias (CFU/g wet feces) 9.50� 0.03b 8.72� 0.08c 10.09�0.06a 9.42� 0.18b

Lactobacilli (CFU/g wet feces) 9.40� 0.20b 8.87� 0.13c 10.20�0.12a 9.52� 0.25b

Total aerobic (CFU/g wet feces) 8.63� 0.40a 8.29� 0.16a 8.43�0.13a 8.48� 0.24a

Enterobacterias (CFU/g feces) 7.83� 0.44a 8.02� 0.23a 8.43�0.37a 8.35� 0.27a

Acetic acid (mM/mg wet feces) 0.22� 0.01a 0.14� 0.03c 0.19�0.01ab 0.17� 0.01bc

Propionic acid (nM/mg wet feces) 4.20� 0.33a 4.25� 0.66a 4.80�0.24a 4.28� 0.38a

Butiric acid (nM/mg wet feces) 3.72� 0.44ab 2.39� 0.67b 4.55�0.35a 2.50� 0.42b

Data are expressed as mean�SEM (n¼6 rats per group). Different superscript letters in the same line denote significant differences (p< 0.05) between the groups.
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treatment protocol, the increases on butyric acid could be
directly related to decreases in TBARS levels; and in the
prevention protocol, the consumption of PFF improves bifi-
dobacterias and lactobacillus in cecal content. Thus, more
studies need to be developed to evaluate the effects of PFF
intake in the maintaining the intestinal barrier and in the
immune response.

In conclusion, PFF consumption provided benefits in
both protocols; however, the consumption of PFF in the
prevention protocol showed that long-term intake could
have more benefits compared to short-term consumption.
Long-term intake of PFF improved antioxidant status and
modulated the microbiota in TNBS-induced colitis.
However, an improvement in the mucosal damage score
was not observed. PFF could be incorporated into the diet
as a source of fiber and polyphenols, which could prevent
oxidative stress in liver and colon tissue and improve serum
antioxidant status.

Author contributions: CBBC, ALF, RLZ and MRMJ partici-
pated in the design of this study; all of the authors partici-
pated in the interpretation of the results, analysis of the
data, and review of the manuscript; CBBC, JKS, TCC, and
AGB conducted the experiments; CBBC, CAV, and LRM
performed the histological analyses; SBJ, KF, and FA per-
formed the chromatographic analyses; CBBC and MRMJ
wrote the manuscript.

ACKNOWLEDGMENTS

The authors thank the financial aid of FAPESP (grant no. 2010/
16752–3 and 2010–10131–7), CAPES, and CNPQ. The authors
declare that they have no conflicts of interest pertaining to this
study.

REFERENCES

1. Baumgart DC, Sandborn WJ. Inflammatory bowel disease: clin-

ical aspects and established and evolving therapies. Lancet
2007;369:1641–57

2. Rogler G, Andus T. Cytokines in inflammatory bowel disease. World J
Surg 1998;22:382–9

3. Podolsky DK. Inflammatory bowel disease. N Engl J Med 2002;347:417–29

4. Galvez J, Rodriguez-Cabezas ME, Zarzuelo A. Effects of dietary fiber on

inflammatory bowel disease. Mol Nutr Food Res 2005;49:601–8

5. Mylonaki M, Rayment NB, Rampton DS, Hudspith BN, Brostoff J.

Molecular characterization of rectal mucosa-associated bacterial flora in

inflammatory bowel disease. Inflamm Bowel Dis 2005;11:481–7

6. Komiyama Y, Andoh A, Fujiwara D, Ohmae H, Araki Y, Fujiyama Y,

Mitsuyama K, Kanauchi O. New prebiotics from rice bran ameliorate

inflammation in murine colitis models through the modulation of

intestinal homeostasis and the mucosal immune system. Scand J
Gastroenterol 2011;46:40–52

7. Zhao HM, Huang XY, Zuo ZQ, Pan QH, Ao MY, Zhou F, Liu HN,

Liu ZY, Liu DY. Probiotics increase T regulatory cells and reduce

severity of experimental colitis in mice. World J Gastroenterol
2013;19:742–9

8. Segain JP, Raingeard, de la, Bletiere D, Bourreille A, Leray V, Gervois N,

Rosales C, Ferrier L, Bonnet C, Blottiere HM, Galmiche JP. Butyrate

inhibits inflammatory responses through NFkappaB inhibition: impli-

cations for Crohn’s disease. Gut 2000;47:397–403

9. Hu R, Ouyang Q, Wang H. Investigation of the effect of Na-butyrate on

TNBS induced rat colitis. Sichuan Da Xue Xue Bao Yi Xue Ban
2003;34:562–4

10. Vieira EL, Leonel AJ, Sad AP, Beltrao NR, Costa TF, Ferreira TM,

Gomes-Santos AC, Faria AM, Peluzio MC, Cara DC, Alvarez-Leite JI.

Oral administration of sodium butyrate attenuates inflammation and

mucosal lesion in experimental acute ulcerative colitis. J Nutr Biochem

2012;23:430–6

11. Roessner A, Kuester D, Malfertheiner P, Schneider-Stock R. Oxidative

stress in ulcerative colitis-associated carcinogenesis. Pathol – Res Pract

2008;204:511–24

12. Roda G, Marocchi M, Sartini A, Roda E. Cytokine networks in ulcerative

colitis. Ulcers 2011;2011: article ID 391787

13. Strober W, Fuss IJ. Proinflammatory cytokines in the pathogenesis of

inflammatory bowel diseases. Gastroenterology 2011;140:1756–67

14. Rodriguez-Peralvarez ML, Garcia-Sanchez V, Villar-Pastor CM,

Gonzalez R, Iglesias-Flores E, Muntane J, Gomez-Camacho F. Role of

serum cytokine profile in ulcerative colitis assessment. Inflamm Bowel

Dis 2012;18:1864–71

15. Ruan EA, Rao S, Burdick JS, Stryker SJ, Telford GL, Otterson MF,

Opara EC, Koch TR. Glutathione levels in chronic inflammatory dis-

orders of the human colon. Nutr Res 1997;17:463–73

16. Nieto N, Torres MI, Fernandez MI, Giron MD, Rios A, Suarez MD,

Gil A. Experimental ulcerative colitis impairs antioxidant defense

system in rat intestine. Digest Dis Sci 2000;45:1820–7

17. de Faria FM, Luiz-Ferreira A, Socca EA, de Almeida AC, Dunder RJ,

Manzo LP, da Silva MA, Vilegas W, Rozza AL, Pellizzon CH, Dos Santos

LC, Souza Brito AR. Effects of Rhizophora mangle on experimental

colitis induced by TNBS in rats. Evid Based Complement Alternat Med

2012;2012:753971

18. Algieri F, Zorrilla P, Rodriguez-Nogales A, Garrido-Mesa N, Bañuelos
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Júnior MR. Antioxidant potential of rat plasma by administration of

freeze-dried jaboticaba peel (Myrciaria jaboticaba Vell Berg). J Agr Food
Chem 2011;59:2277–83

30. Prior RL, Hoang H, Gu LW, Wu XL, Bacchiocca M, Howard L,

Hampsch-Woodill M, Huang DJ, Ou BX, Jacob R. Assays for hydro-

philic and lipophilic antioxidant capacity (oxygen radical absorbance

capacity (ORAC(FL))) of plasma and other biological and food samples.

J Agr Food Chem 2003;51:3273–9

31. Benzie IF, Strain JJ. Ferric reducing/antioxidant power assay: direct

measure of total antioxidant activity of biological fluids and modified

version for simultaneous measurement of total antioxidant power and

ascorbic acid concentration. Methods Enzymol 1999;299:15–27

32. Alam MN, Bristi NJ, Rafiquzzaman M. Review on in vivo and in vitro

methods evaluation of antioxidant activity. Saudi Pharma J
2013;21:143–52

33. Bell CJ, Gall DG, Wallace JL. Disruption of colonic electrolyte transport

in experimental colitis. Am J Physiol 1995;268(4 Pt 1): G622–30

34. Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides in animal-tis-

sues by thiobarbituric acid reaction. Anal Biochem 1979;95:351–8

35. Favier AE, Cadet J, Kalyanaraman B, Fontecave M, Pierre JL. Analysis of
free radicals in biological systems. Barsel, Boston, Berlim: Birkhauser

Verlag; 1995

36. Carlberg I, Mannervik B. Glutathione-reductase. Method Enzymol
1985;113:484–90

37. Yoshikawa T, Naito Y, Kishi A, Tomii T, Kaneko T, Iinuma S,

Ichikawa H, Yasuda M, Takahashi S, Kondo M. Role of active oxygen,

lipid-peroxidation, and antioxidants in the pathogenesis of gastric-

mucosal injury-induced by indomethacin in rats. Gut 1993;34:732–7

38. Winterbourn CC, Hawkins RE, Brian M, Carrell RW. The estimation of

red cell superoxide dismutase activity. J Lab Clin Med 1975;85:337–41

39. Krawisz JE, Sharon P, Stenson WF. Quantitative assay for acute intes-

tinal inflammation based on myeloperoxidase activity. Assessment of

inflammation in rat and hamster models. Gastroenterology
1984;87:1344–50

40. Chinen T, Komai K, Muto G, Morita R, Inoue N, Yoshida H, Sekiya T,

Yoshida R, Nakamura K, Takayanagi R, Yoshimura A. Prostaglandin E2

and SOCS1 have a role in intestinal immune tolerance. Nat Commun
2011;2:190

41. Asvarujanon P, Ishizuka S, Hara H. Promotive effects of non-digestible

disaccharides on rat mineral absorption depend on the type of sac-

charide. Nutrition 2005;21:1025–35

42. Zhao GH, Nyman M, Jonsson JA. Rapid determination of short-chain

fatty acids in colonic contents and faeces of humans and rats by acid-

ified water-extraction and direct-injection gas chromatography. Biomed
Chromatogr 2006;20:674–82

43. Silva AFd, Schieferdecker MEM, Rocco CS, Amarante HMBdS. Food

intake in patients with inflammatory bowel disease. ABCD Arquivos
Brasileiros de Cirurgia Digestiva (São Paulo) 2010;23:154–8

44. Ananthakrishnan AN, Khalili H, Konijeti GG, Higuchi LM, de Silva P,

Korzenik JR, Fuchs CS, Willett WC, Richter JM, Chan AT. A prospective

study of long-term intake of dietary fiber and risk of Crohn’s disease

and ulcerative colitis. Gastroenterology 2013; 145:970–7

45. Liu S, Willett WC, Manson JE, Hu FB, Rosner B, Colditz G. Relation

between changes in intakes of dietary fiber and grain products and

changes in weight and development of obesity among middle-aged

women. Am J Clin Nutr 2003;78:920–7

46. Lattimer JM, Haub MD. Effects of dietary fiber and its components on

metabolic health. Nutrients 2010;2:1266–89

47. Wanders AJ, van den, Borne JJGC, de, Graaf C, Hulshof T,

Jonathan MC, Kristensen M, Mars M, Schols HA, Feskens EJM. Effects

of dietary fibre on subjective appetite, energy intake and body weight: a

systematic review of randomized controlled trials. Obes Rev
2011;12:724–39

48. Shamir R. Nutritional aspects in inflammatory bowel disease. J Pediatr
Gastroenterol Nutr 2009;48:S86–8

49. Eiden KA. Nutritional considerations in inflammatory bowel disease.

Pract Gastroenterol 2003;XXVII:33–54
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