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Abstract

Background: Gastroesophageal reflux disease (GERD) is a common disorder that may result in esophageal cancer. Although proton
pump inhibitors are the standard treatment for this illness, Brassica oleracea may provide new therapeutic possibilities.
Objectives: We aimed to evaluate and compare the effects of the B. oleracea extract and the proton pump inhibitor omeprazole
on esophageal complications arising from a surgically-induced GERD model in rats. In addition, we investigated possible associa-
tions between the frequency of DNA damage and esophageal histological alterations, as well as the genotoxic/anti-genotoxic and
cytotoxic/anti-cytotoxic effects of B. oleracea and omeprazole.
Methods: Rats with and without GERD were equally divided into groups to receive one of two the treatments, B. oleracea extract
(500 mg/kg bw) or omeprazole (30 mg/kg bw), daily over the course of four weeks. A group of non-treated rats received water in the
same circumstances. Micronucleus assay was used to assess DNA damage in blood and bone marrow cells.
Results: Rats with GERD developed esophagitis and esophageal squamous cell carcinoma. B. oleracea and omeprazole-treated GERD
rats presented significantly decreased inflammation in relation to non-treated GERD rats (P < 0.05). However, in rats without GERD,
omeprazole significantly increased the frequencies of micronuclei and micronucleated cells as compared to the corresponding cell
counts in non-treated rats (P = 0.04).
Conclusions: B. oleracea demonstrated similar anti-inflammatory properties to omeprazole in rats with GERD. However, omepra-
zole also demonstrated genotoxic and cytotoxic effects in rats without GERD.
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1. Background

Gastroesophageal reflux disease (GERD) is a major di-
gestive disorder in western countries (1, 2). Untreated or
improperly treated GERD can, in cases of chronic disease,
lead to serious complications, including Barrett’s esopha-
gus and esophageal adenocarcinoma (3).

Studies of esophagitis focusing on inflammation have
increasingly drawn attention to the fact that GERD should
be considered an inflammatory disease (4). During inflam-
mation, the release of reactive oxygen and nitrogen species

can result in DNA damage, such as strand breakage, al-
terations in guanine and thymine bases, and DNA cross-
linkage (5). The induction and accumulation of DNA dam-
age may lead to genomic instability, which is a crucial step
in the development of cancer (6).

Proton pump inhibitors are the standard therapy for
GERD. However, despite the efficacy of these drugs, 80%
of patients have a recurrence of symptoms in the first six
months after interrupting treatment (7). Moreover, pa-
tients with prolonged use of proton pump inhibitors have
an increased risk of fractures associated with osteoporosis

Copyright © 2016, Thrita. This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License
(http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in noncommercial usages, provided the original work is properly
cited.

http://thritajournal.com/
http://dx.doi.org/10.5812/thrita.34363


Wisnieski F et al.

(8), and a greater prevalence of pneumonia (9).
Fruits and vegetables have been increasingly investi-

gated for their abilities to prevent diseases. The Brassi-
caceae family, which includes cruciferous vegetables, has
been extensively investigated in studies on chemopre-
vention (10). One group of chemoprotective substances
present in cruciferous vegetables is isothiocyanates (ITC),
which are formed by the myrosinase hydrolysis of glucosi-
nolates (11). One of the most studied ITCs is sulforaphane
(SF) because of its ability to inhibit phase one enzymes
(those involved in the activation of carcinogens), cell pro-
liferation, angiogenesis, and the progression of tumors
and metastasis; it is also capable of inducing phase two
enzymes (those involved in the detoxification of carcino-
gens) and apoptosis. SF can therefore prevent, delay, or
reverse preneoplastic lesions, acting as a therapeutic anti-
cancer agent (12). These activities have been identified
in studies with mixtures of ITCs or isolated components.
However, little is known about the efficacy of these com-
pounds in modifying the progress of diseases following
the consumption of cruciferous vegetables.

Brassica oleracea (L. var. acephala), popularly known as
kale, belongs to the family Brassicaceae and is widely cul-
tivated and consumed in Brazil. A previous study has in-
dicated that the ingested juice prepared from the leaves
of this cruciferous vegetable results in relief of gastroe-
sophageal discomforts. Moreover, B. oleracea is the most
commonly used plant by the Brazilian population to re-
lieve gastritis and gastric ulcers (13).

2. Objectives

This study aimed to evaluate and compare the protec-
tive effects of B. oleracea extract and the proton pump in-
hibitor omeprazole on esophageal complications arising
from a surgically-induced GERD model in rats. In addi-
tion, we investigated the possible associations between mi-
cronucleus and/or micronucleated erythrocyte frequen-
cies and the histological alterations in esophageal mucosa,
as well as the genotoxic/anti-genotoxic and cytotoxic/anti-
cytotoxic effects of B. oleracea and omeprazole.

3. Methods

3.1. B. oleracea Extract Preparation

Fresh B. oleracea leaves were obtained from an organic
grower in Salesópolis, São Paulo, Brazil. Extracts were pre-
pared as previously described (14), with some modifica-
tions. First, the collected leaves were washed and stored in
portions at -80°C. When required, each portion was thawed

and ground in a home mixer with distilled water. The re-
sulting juice and residue were cooked together in a mi-
crowave oven for three minutes and squeezed through
gauze. Distilled water was used to wash the residue from
each portion. The solution containing cooked juice and
residual water extract was lyophilized and subsequently
stored in the dark. The extract yield was 46 g of powder/kg
of fresh B. oleracea leaves.

3.2. Sulforaphane Analysis

The lyophilized extract (100 mg) was diluted in 1 mL of
methanol and centrifuged at 200 g for 5 minutes at room
temperature. The supernatant was filtered through a 0.22
µm nylon filter (Millipore, Temecula, CA, USA). SF was quan-
tified by high performance liquid chromatography (HPLC)
with a UV-VIS detector at 254 nm. A volume of 5 µL of ex-
tract was injected and resolved on a Zorbax-SB C18 reverse-
phase ODS column (250 × 4.60 mm, 5 µm, Agilent Tech-
nologies, Waldbronn, Germany). A mobile phase consist-
ing of 0.5% (v/v) trifluoroacetic acid (solvent A) and ace-
tonitrile (solvent B) was applied for linear gradient elution
(10 min 15% B, 15 minutes 50% B, 2 minutes 100% B, main-
tained for 2 minutes, 3 minutes 15% B, maintained for 2
minutes) at a flow rate of 1 mL/min. A standard SF (LKT Lab-
oratories, Saint Paul, MN, USA) was used both to determine
the elution time and to construct a standard curve for the
quantification of SF.

3.3. Determination of B. oleracea Extract Dose

The maximum non-toxic concentration was deter-
mined as previously reported (15). MDBK cells (ATCC CCL-
22) were seeded at a density of 3 × 104 cells/well in 96-well
microtiter plates containing EMEM (GIBCO, Grand Island,
NY, USA) supplemented with 10% fetal calf serum (GIBCO).
After incubation for 24 h at 37°C in a humidified 5% CO2 at-
mosphere, the supernatant was discarded. Extract was di-
luted to a concentration of 4000 µg/mL in EMEM, and se-
rial dilutions (1: 2) down to a concentration of 1.9 µg/mL
were added to duplicate wells for 96 hours at 37°C. Cytotox-
icity was scored based on the occurrence of any observable
alterations in cell morphology. Extract concentrations ≤
500µg/mL produced no macroscopic morphological alter-
ations in the cells, and this upper limit was considered the
maximum non-toxic concentration. Therefore, this dose
was selected for the animals’ treatment.

3.4. Animals and Surgical Procedure

Twenty-four seven-week-old male Wistar rats (200 - 210
g) were housed under standard laboratory conditions (22
±2°C, relative humidity 55±5%, and a 12 h light-dark cycle)
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with water and chow given ad libitum. The rats were accli-
matized for one week and then randomly divided into two
groups: (1) rats with GERD (n = 12), in which the animals un-
derwent a specific surgical procedure to induce GERD; and
(2) rats without GERD (n = 12), in which the animals were
not submitted to any surgical procedure. This study was
approved by the research ethics committee of the Universi-
dade Federal de São Paulo (UNIFESP) and followed the stan-
dards published in the NIH Guide for the Care and Use of
Laboratory Animals (16).

To induce GERD, the rats were deprived of food for 5
h but had free access to water. General anesthesia was in-
duced via an intraperitoneal injection of a mixture of ke-
tamine (163 mg/kg) and xylazine hydrochloride (8 mg/kg).
After trichotomy and asepsis of the operating field, the ab-
dominal wall was infiltrated with a solution of 5% lido-
caine hydrochloride and a midline upper abdominal in-
cision was performed. The esophageal-gastric transition
was identified and sectioned, after which the duodenal
arch was displaced and the esophageal stump then anas-
tomosed end-to-side to the jejunum 3 cm from the pylorus.
The anastomosis was sutured with polypropylene surgical
thread 6.0, and 1 mL of saline containing 1.2% dipyrone was
instilled into the abdominal cavity. Polyglycolic acid surgi-
cal thread was used to close the abdominal wall, followed
by swabbing with hydrogen peroxide for overall steriliza-
tion. Postoperatively, the rats received 5% serum glucose
when they awoke, followed by chow 48 h later. The rats
were monitored daily and weighed once a week until the
8th week.

3.5. Treatment and Sampling

Rats with and without GERD were divided equally into
groups to receive B. oleracea extract (500 mg/kg bw) or
omeprazole (30 mg/kg bw; EMS Laboratories, Hortolândia,
SP, Brazil), or water (6 mL/kg bw). From the 8th week on-
wards, rats were fasted for 30 minutes and then received
one of the treatments or water by gavage every morning,
and were weighed once a week until the 12th week. After
this period, rats were euthanized by CO2 inhalation. The
entire esophagus was subsequently removed, opened lon-
gitudinally, and examined for gross and histological ab-
normalities. Samples of heart blood were obtained, and
the femur was removed from each animal. Femur epiphy-
ses were removed, and the bone marrow was then flushed
into centrifuge tubes with 2 mL of fetal calf serum (GIBCO).
The suspension was centrifuged at 200 g for 5 minutes, and
the pellet then re-suspended in 0.5 mL of fetal calf serum.

3.6. Histological Analysis

Each esophagus was washed in physiological solution,
fixed in buffered 10% formalin for 24 hours, and trans-

ferred to 70% ethanol. The formalin-fixed esophagi were
embedded in paraffin. Serial sections 5 µm thick were
mounted on glass slides and stained with hematoxylin
and eosin (HE). A blinded histological analysis of the sec-
tions was performed to identify the presence of inflamma-
tory precursors, esophagitis, Barrett’s esophagus, and car-
cinoma. Esophagitis was classified as: (1) mild when epithe-
lial papillae projected to one-third of the epithelial thick-
ness and/or there was an inflammatory infiltrate in the
lower third of the epithelium; (2) moderate when epithe-
lial papillae projected to two-thirds of the epithelial thick-
ness; and (3) severe when epithelial papillae projected to
more than two-thirds of the epithelial thickness (17).

3.7. Micronucleus Assay

The assay was performed as previously described (18).
Heart blood and bone marrow smears from each rat were
prepared on pre-cleaned, dry microscopic slides. The
smears were fixed in methanol for 15 minutes and stained
with Leishman’s solution for 4 min. For each rat, 2,000
polychromatic erythrocytes were scored to determine the
number of micronucleated polychromatic erythrocytes
and micronucleus frequencies, as well as the micronucleus
distribution. The polychromatic and normochromatic ery-
throcyte ratios (PCE/NCE ratio), which provide an index of
cytotoxicity, were determined by analyzing 200 bone mar-
row erythrocytes per rat. As a positive control group, four
animals received a single intraperitoneal injection (1 mL)
of the reference mutagen cyclophosphamide (50 mg/kg
bw) 24 hours before being euthanized by CO2 inhalation.

3.8. Statistical Analysis

Data were checked for normality by using the Shapiro-
Wilk test. One-way analysis of variance (ANOVA), the Mann-
Whitney tests, and chi-squared tests were used for statisti-
cal analysis of the results. A value of P ≤ 0.05 and/or an ef-
fect size ≥ 0.75 by Pearson correlation (r) indicated statis-
tical significance.

4. Results

4.1. Sulforaphane Quantification

The standard SF was eluted at 20.8 minutes, and addi-
tion of this standard to the B. oleracea extract allowed for
the identification of SF eluting at 20.8 minutes (Figure 1).

Because of the difference in body weights, rats with
GERD ingested significantly less of the extract (t = 7.47, df
= 14, P < 0.01, r = 0.89; Table 1), and consequently, less SF (t
= 7.28, df = 14, P < 0.01, r = 0.89; Table 1) than rats without
GERD during the four weeks of treatment.
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Figure 1. HPLC Chromatograms for Sulforaphane Analysis

A, Standard sulforaphane; B, B. oleracea extract; C, B. oleracea extract and standard sulforaphane. The arrows indicate the positions of sulforaphane peaks.
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Table 1. Animals’ Body Weights, B. oleracea and Sulforaphane Concentrations Among the Groups and Treatments Studied

Value Body Weight g (Mean ± SD) Weeks B. oleraceaDry Weight, mg (Mean ± SD) Sulforaphane, µmol/rat/day (Mean ± SD)

n 0 8th 12th

Groups

Without GERD

Water 4 209 ± 21 371 ± 28 390 ± 33 - -

B. oleracea 4 205 ± 33 349 ± 38 361 ± 51 177.5 ± 21.0 0.6 ± 0.1

Omeprazole 4 200 ± 14 329 ± 25 350 ± 16 - -

With GERD

Water 4 195 ± 15 186 ± 15 185 ± 15 - -

B. oleracea 4 217 ± 53 192 ± 41 214 ± 40 101.6 ± 19.7a 0.4 ± 0.1a

Omeprazole 4 184 ± 11 204 ± 51 201 ± 62 - -

Total without GERD 12 205 ± 22 350 ± 33 367 ± 37 - -

Total with GERD 12 199 ± 33 194 ± 36b 200 ± 41b - -

Cyclophosphamide 4 - - - - -

Abbreviation: GERD, Gastroesophageal reflux disease; (-), not considered; n, number of animals; SD, standard deviation
aSignificantly different (P ≤ 0.05) from total group of rats without GERD.
bfrom rats without GERD treated with B. oleracea.

4.2. Changes in Body Weight
There were no significant differences in the initial body

weights of the different groups of rats studied (Table 1).
However, rats with GERD weighed significantly less than
rats without GERD after eight weeks (t = 10.99, df = 22, P <
0.01, r = 0.92; Table 1) and 12 weeks (t = 10.42, df = 22, P < 0.01,
r = 0.91; Table 1).

4.3. Histological Alterations
All rats with GERD showed macroscopic erosion

throughout the esophagus and dilatation of the
esophageal cavity, independently of the type of treat-
ment they received.

Microscopically, hyperkeratosis, acanthosis, erosion,
ulceration, spongiosis, esophagitis and squamous cell car-
cinomas were observed (Table 2, Figure 2). Rats with GERD
treated with B. oleracea showed decreased severity of in-
flammation compared to the rats with GERD receiving only
water (χ2 = 2.67, df = 1, P = 0.06, r = 0.94; Table 2). In addi-
tion, rats with GERD treated with omeprazole showed less
spongiosis (χ2 = 2.67, df = 1, p = 0.06, r = 0.94; Table 2) and
decreased severity of inflammation compared to the rats
with GERD receiving only water (χ2 = 8.00, df = 2, P < 0.01,
r = 0.83; Table 2).

In rats without GERD, there were no macroscopic and
microscopic alterations in the esophageal tissue of the an-
imals regardless of the treatment they received (Table 2).

4.4. Micronucleus Frequencies
There were no differences in the micronucleus and

micronucleated erythrocyte frequencies among the treat-
ments in rats with GERD (Table 2) and among the grades of
esophagitis (data not shown).

In contrast, rats without GERD treated with omepra-
zole showed increased frequencies of micronuclei and mi-
cronucleated cells when compared to the rats without
GERD receiving water (U = 1.0, P = 0.04, r = 0.75; Table 2).
In addition, the rats without GERD receiving cyclophos-
phamide showed a significant increase in these frequen-
cies when these rates were compared to the correspond-
ing rates among the rats without GERD receiving water (U
= 0.5, P = 0.03, r = 0.77; Table 2). Treatment with cyclophos-
phamide also decreased the proliferation index when com-
pared with the other groups and treatments evaluated (U
= 0.1, P = 0.021, r = 0.82 for each comparison; Table 2).

5. Discussion

The experimental esophagojejunostomy model
used in our study resulted in inflammatory precur-
sors, esophagitis, and squamous cell carcinoma in the
esophageal mucosa of rats 12 weeks post-operatively, with
no evidence of Barrett’s esophagus or esophageal adeno-
carcinoma. The presence of squamous cell carcinoma in
one of our rats can be explained by the absence of Barrett’s
esophagus. Adenocarcinoma and squamous cell carci-
noma are subtypes of esophageal cancer and are observed
in animal models of GERD, with adenocarcinoma being
commonly associated with Barrett’s esophagus, whereas
squamous cell carcinoma is associated with mucosal
inflammation (19).

Despite the importance of a mixture of gastric and duo-
denal components in GERD, a study has suggested that car-
cinogenesis is mediated mainly by oxidative stress as a re-
sult of chronic inflammation (20). Consequently, the use of
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Figure 2. Histological Sections of Esophageal Tissues Stained With HE

A, Normal esophageal tissue; B, Hyperplasic epithelium with hyperkeratosis; C, Spongiosis; D, esophagitis; E, Squamous cell carcinoma. Magnification × 400.
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Table 2. Esophageal Alterations and Micronucleus Frequencies Among the Groups and Treatments Studied

Value Histological Alterations (n) Micronucleus Assay Results

Inflammatory Precursors Severity of Esophagitis Tumor Distribution

Groups n HyperkeratosisAcanthosis Erosion Ulceration Spongiosis Mild Moderate Severe SCC 1MN 2MN #MN %MN %MNNCE PCE/NCE

Without GERD

Water 4 NA NA NA NA NA NA NA NA NA 4 0 4 0.1 0.1 14.1

B. oleracea 4 NA NA NA NA NA NA NA NA NA 13 0 13 0.2 0.2 3.9

Omeprazole 4 NA NA NA NA NA NA NA NA NA 20 2 24 0.3a 0.3a 3.1

With GERD

Water 4 4 4 4 4 2 0 0 4 1 10 0 10 0.1 0.1 7.1

B. oleracea 4 4 4 4 4 1 0 2 2 0 31 3 37 0.5 0.4 12.1

Omeprazole 4 4 4 4 4 0 3 1 0 0 10 2 14 0.2 0.2 6.3

Total without GERD 12 NA NA NA NA NA NA NA NA NA 37 2 41 0.2 0.2 21.0

Total with GERD 12 12 12 12 12 3 3 3 6 1 51 5 61 0.3 0.2 25.5

Cyclophosphamide 4 NA NA NA NA NA NA NA NA NA 20 0 20 0.3a 0.3a 0.8a , b , c , d , e , f

a Significantly different (P ≤ 0.05) from rats without GERD receiving water.
b Significantly different (P≤ 0.05) rats without GERD treated with B. oleracea.
c Significantly different (P ≤ 0.05) rats without GERD treated with omeprazole.
d Significantly different (P ≤ 0.05) rats with GERD receiving water.
e Significantly different (P ≤ 0.05) rats with GERD treated with B. oleracea.
f Significantly different (P ≤ 0.05) rats with GERD treated with omeprazole.

nutritional compounds capable of inhibiting the inflam-
matory process may be an important approach in prevent-
ing the progression of GERD (21).

As shown here, treatment with B. oleracea extract de-
creased the severity of esophagitis without genotoxic and
cytotoxic effects. The principal compound present in B.
oleracea capable of attenuating inflammation is SF, as
demonstrated in gastritis and skin inflammation studies
(22-25). These studies have shown that SF suppresses pro-
inflammatory cytokines, such as tumor necrosis factor-
α, interleukin-1β and interleukin-6 via nuclear factor-
erythroid-2-related factor and/or inhibition of the activa-
tor protein-1. To our knowledge, the present study is the
first to describe the anti-inflammatory effect of a B. oleracea
extract in esophageal tissue. Of particular interest was the
finding that the anti-inflammatory effect was observed at a
much lower oral dose of SF/day compared to the doses used
in a variety of other rodent experiments (22, 23, 26-28).

As expected, omeprazole prevented the development
of spongiosis and decreased the severity of inflammation.
Since gastric reflux from the pylorus can be completely
neutralized by duodenal contents in the esophagojejunos-
tomy model, it is probable that the anti-inflammatory ac-
tion of omeprazole did not result from the inhibition of
gastric secretion (20). Studies have shown that proton
pump inhibitors can exert anti-inflammatory and anti-
oxidative effects unrelated to the inhibition of gastric acid
production (29). Inactive forms of omeprazole in circula-
tion can suppress important aspects of chronic inflamma-
tion, such as the adhesion of neutrophils to endothelium
and the extravascular migration of neutrophils, leading to
a reduction in the infiltration of inflammatory cells (30).
In addition, studies in vitro and in clinical reports have

shown that proton pump inhibitors prevent free radical
production by neutrophils and block neutrophil degran-
ulation (31).

The finding that omeprazole was genotoxic in control
rats is in agreement with the data from studies involving
healthy volunteers (32). Together, these findings indicate
that an intact digestive system is essential for the normal
metabolism of omeprazole and the release of the sulfon-
amide derivative into circulation. Sulfonamides are highly
reactive species capable of binding to DNA in vivo (33). In
contrast, as demonstrated in our study, omeprazole was
not genotoxic in rats with GERD, probably because of insuf-
ficient acidity to convert omeprazole into its sulfonamide
derivative (34).

Our initial hypothesis that chromosomal damage
detected in blood could represent a biomarker for
esophageal damage arising from GERD proved to be
unfounded. The inflammatory events that contributed to
esophageal damage were probably insufficient to affect
blood cells and cause chromosomal damage. In addition,
it is possible that other alterations associated with inflam-
mation may only be detected by methods different from
those used here.

Together, our findings highlight the need of care
when using omeprazole continuously, and suggest that
the consumption of B. oleracea may provide therapeutic
effects against GERD-induced esophageal inflammation,
contributing to the prevention of esophageal cancer.

Acknowledgments

The authors thank Rafael de Faria for kindly providing
the B. oleracea leaves, and Juscelino M. Nagai for statisti-

Thrita. 2016; 5(3):e34363. 7

http://thritajournal.com/


Wisnieski F et al.

cal help. This work was supported by the Fundação de Am-
paro à Pesquisa do Estado de São Paulo (FAPESP) and Coor-
denação de Aperfeiçoamento de Pessoal de Nível Superior
(CAPES).

Footnote

Authors’ Contribution: Study concept and design: Fer-
nanda Wisnieski, Dertia Villalba Freire-Maia, and San-
dra Aparecida Takahashi-Hyodo; extract preparation and
dose determination: Fernanda Wisnieski, Isabela Cristina
Simoni, and Maria Judite Bittencourt Fernandes; sul-
foraphane analysis: Maxuel Andrade and Deborah Yara
Alves Cursino Santos; surgical experiments: Pedro Luiz
Brito, Fernanda Wisnieski, and Sérgio Tomaz Schettini;
treatment and sampling: Fernanda Wisnieski and Perseu
Artemus Pinto; histological analysis: Luís Fernando Bar-
bisan; micronucleus assay: Fernanda Wisnieski and Stella
Regina Villarinho Naddeo Cosenza; statistical analysis and
manuscript drafting: Fernanda Wisnieski; critical revision
of the manuscript: Dertia Villalba Freire-Maia and San-
dra Aparecida Takahashi-Hyodo; administrative, technical,
and material support: Dertia Villalba Freire-Maia.

References

1. Pandolfino JE, Kwiatek MA, Kahrilas PJ. The pathophysiologic basis for
epidemiologic trends in gastroesophageal reflux disease. Gastroen-
terol Clin North Am. 2008;37(4):827–43. doi: 10.1016/j.gtc.2008.09.009.
[PubMed: 19028320].

2. Altomare A, Guarino MP, Cocca S, Emerenziani S, Cicala M. Gas-
troesophageal reflux disease: Update on inflammation and symp-
tom perception. World J Gastroenterol. 2013;19(39):6523–8. doi:
10.3748/wjg.v19.i39.6523. [PubMed: 24151376].

3. Nasi A, de Moraes-Filho JP, Cecconello I. [Gastroesophageal reflux dis-
ease: an overview]. Arq Gastroenterol. 2006;43(4):334–41. [PubMed:
17406765].

4. Isomoto H, Nishi Y, Kanazawa Y, Shikuwa S, Mizuta Y, Inoue K, et al. Im-
mune and Inflammatory Responses in GERD and Lansoprazole. J Clin
Biochem Nutr. 2007;41(2):84–91. doi: 10.3164/jcbn.2007012. [PubMed:
18193101].

5. Kawanishi S, Hiraku Y. Oxidative and nitrative DNA damage
as biomarker for carcinogenesis with special reference to in-
flammation. Antioxid Redox Signal. 2006;8(5-6):1047–58. doi:
10.1089/ars.2006.8.1047. [PubMed: 16771694].

6. Kang SH, Kwon JY, Lee JK, Seo YR. Recent advances in in vivo genotox-
icity testing: prediction of carcinogenic potential using comet and
micronucleus assay in animal models. J Cancer Prev. 2013;18(4):277–88.
[PubMed: 25337557].

7. Numans ME, Lau J, de Wit NJ, Bonis PA. Short-term treatment with
proton-pump inhibitors as a test for gastroesophageal reflux dis-
ease: a meta-analysis of diagnostic test characteristics. Ann Intern Med.
2004;140(7):518–27. [PubMed: 15068979].

8. Yang XG, Zhang GH, Li W, Peng B, Liu ZD, Pan WS. Design and evalua-
tion of jingzhiguanxin monolithic osmotic pump tablet. Chem Pharm
Bull (Tokyo). 2006;54(4):465–9. [PubMed: 16595946].

9. Canani RB, Cirillo P, Roggero P, Romano C, Malamisura B, Terrin G, et
al. Therapy with gastric acidity inhibitors increases the risk of acute

gastroenteritis and community-acquired pneumonia in children. Pe-
diatrics. 2006;117(5):817–20. doi: 10.1542/peds.2005-1655. [PubMed:
16651285].

10. Ho E, Clarke JD, Dashwood RH. Dietary sulforaphane, a histone
deacetylase inhibitor for cancer prevention. J Nutr. 2009;139(12):2393–
6. doi: 10.3945/jn.109.113332. [PubMed: 19812222].

11. Fimognari C, Hrelia P. Sulforaphane as a promising molecule
for fighting cancer. Mutat Res. 2007;635(2-3):90–104. doi:
10.1016/j.mrrev.2006.10.004. [PubMed: 17134937].

12. Zhu CY, Loft S. Effect of chemopreventive compounds from Bras-
sica vegetables on NAD(P)H:quinone reductase and induction of
DNA strand breaks in murine hepa1c1c7 cells. Food Chem Toxicol.
2003;41(4):455–62. [PubMed: 12615118].

13. Silva MS, Antoniolli AR, Batista JS, Mota CN. Plantas medicinais usadas
nos distúrbios do trato gastrointestinal no povoado ColôniaTreze, La-
garto, SE, Brasil. Acta Botanica Brasilica. 2006;20:815–29.

14. Sorensen M, Jensen BR, Poulsen HE, Deng X, Tygstrup N, Dalhoff K, et
al. Effects of a Brussels sprouts extract on oxidative DNA damage and
metabolising enzymes in rat liver. Food Chem Toxicol. 2001;39(6):533–
40. [PubMed: 11346482].

15. Simoni IC, Munford V, Felicio JD, Lins AP. Antiviral activity of crude
extracts of Guarea guidona. Braz J Med Biol Res. 1996;29(5):647–50.
[PubMed: 9033817].

16. Garber J, Wayne Barbee R, Bielitzki JT, Donovan JC, Hendriksen CFM,
Kohn DF, et al. Guide for the Care and Use of Laboratory Animals. 8
ed. USA: The National Academies Press; 1985.

17. Melo LL, Kruel CD, Kliemann LM, Cavazzola LT, Boeno Rda L, Silber
PC, et al. Influence of surgically induced gastric and gastroduodenal
content reflux on esophageal carcinogenesis–experimental model
in Wistar female rats. Dis Esophagus. 1999;12(2):106–15. [PubMed:
10466042].

18. Schmid W. The micronucleus test. Mutat Res. 1975;31(1):9–15. [PubMed:
48190].

19. Miwa K, Sahara H, Segawa M, Kinami S, Sato T, Miyazaki I, et al. Reflux
of duodenal or gastro-duodenal contents induces esophageal carci-
noma in rats. Int J Cancer. 1996;67(2):269–74. doi: 10.1002/(SICI)1097-
0215(19960717)67:2<269::AID-IJC19>3.0.CO;2-6. [PubMed: 8760598].

20. Zhang T, Zhang F, Han Y, Gu Z, Zhou Y, Cheng Q, et al. A rat surgi-
cal model of esophageal metaplasia and adenocarcinoma-induced
by mixed reflux of gastric acid and duodenal contents. Dig Dis
Sci. 2007;52(11):3202–8. doi: 10.1007/s10620-007-9774-8. [PubMed:
17393326].

21. Khor TO, Yu S, Kong AN. Dietary cancer chemopreventive agents
- targeting inflammation and Nrf2 signaling pathway. Planta Med.
2008;74(13):1540–7. doi: 10.1055/s-0028-1088303. [PubMed: 18937168].

22. Fahey JW, Haristoy X, Dolan PM, Kensler TW, Scholtus I, Stephen-
son KK, et al. Sulforaphane inhibits extracellular, intracellular,
and antibiotic-resistant strains of Helicobacter pylori and prevents
benzo[a]pyrene-induced stomach tumors. Proc Natl Acad Sci U S A.
2002;99(11):7610–5. doi: 10.1073/pnas.112203099. [PubMed: 12032331].

23. Yanaka A, Fahey JW, Fukumoto A, Nakayama M, Inoue S, Zhang S, et al.
Dietary sulforaphane-rich broccoli sprouts reduce colonization and
attenuate gastritis in Helicobacter pylori-infected mice and humans.
Cancer Prev Res (Phila). 2009;2(4):353–60. doi: 10.1158/1940-6207.CAPR-
08-0192. [PubMed: 19349290].

24. Dickinson SE, Melton TF, Olson ER, Zhang J, Saboda K, Bowden
GT. Inhibition of activator protein-1 by sulforaphane involves in-
teraction with cysteine in the cFos DNA-binding domain: implica-
tions for chemoprevention of UVB-induced skin cancer. Cancer Res.
2009;69(17):7103–10. doi: 10.1158/0008-5472.CAN-09-0770. [PubMed:
19671797].

25. Saw CL, Huang MT, Liu Y, Khor TO, Conney AH, Kong AN. Impact of
Nrf2 on UVB-induced skin inflammation/photoprotection and pho-
toprotective effect of sulforaphane. Mol Carcinog. 2011;50(6):479–86.
doi: 10.1002/mc.20725. [PubMed: 21557329].

8 Thrita. 2016; 5(3):e34363.

http://dx.doi.org/10.1016/j.gtc.2008.09.009
http://www.ncbi.nlm.nih.gov/pubmed/19028320
http://dx.doi.org/10.3748/wjg.v19.i39.6523
http://www.ncbi.nlm.nih.gov/pubmed/24151376
http://www.ncbi.nlm.nih.gov/pubmed/17406765
http://dx.doi.org/10.3164/jcbn.2007012
http://www.ncbi.nlm.nih.gov/pubmed/18193101
http://dx.doi.org/10.1089/ars.2006.8.1047
http://www.ncbi.nlm.nih.gov/pubmed/16771694
http://www.ncbi.nlm.nih.gov/pubmed/25337557
http://www.ncbi.nlm.nih.gov/pubmed/15068979
http://www.ncbi.nlm.nih.gov/pubmed/16595946
http://dx.doi.org/10.1542/peds.2005-1655
http://www.ncbi.nlm.nih.gov/pubmed/16651285
http://dx.doi.org/10.3945/jn.109.113332
http://www.ncbi.nlm.nih.gov/pubmed/19812222
http://dx.doi.org/10.1016/j.mrrev.2006.10.004
http://www.ncbi.nlm.nih.gov/pubmed/17134937
http://www.ncbi.nlm.nih.gov/pubmed/12615118
http://www.ncbi.nlm.nih.gov/pubmed/11346482
http://www.ncbi.nlm.nih.gov/pubmed/9033817
http://www.ncbi.nlm.nih.gov/pubmed/10466042
http://www.ncbi.nlm.nih.gov/pubmed/48190
http://dx.doi.org/10.1002/(SICI)1097-0215(19960717)67:2<269::AID-IJC19>3.0.CO;2-6
http://dx.doi.org/10.1002/(SICI)1097-0215(19960717)67:2<269::AID-IJC19>3.0.CO;2-6
http://www.ncbi.nlm.nih.gov/pubmed/8760598
http://dx.doi.org/10.1007/s10620-007-9774-8
http://www.ncbi.nlm.nih.gov/pubmed/17393326
http://dx.doi.org/10.1055/s-0028-1088303
http://www.ncbi.nlm.nih.gov/pubmed/18937168
http://dx.doi.org/10.1073/pnas.112203099
http://www.ncbi.nlm.nih.gov/pubmed/12032331
http://dx.doi.org/10.1158/1940-6207.CAPR-08-0192
http://dx.doi.org/10.1158/1940-6207.CAPR-08-0192
http://www.ncbi.nlm.nih.gov/pubmed/19349290
http://dx.doi.org/10.1158/0008-5472.CAN-09-0770
http://www.ncbi.nlm.nih.gov/pubmed/19671797
http://dx.doi.org/10.1002/mc.20725
http://www.ncbi.nlm.nih.gov/pubmed/21557329
http://thritajournal.com/


Wisnieski F et al.

26. Haristoy X, Angioi-Duprez K, Duprez A, Lozniewski A. Efficacy of
sulforaphane in eradicating Helicobacter pylori in human gastric
xenografts implanted in nude mice. Antimicrob Agents Chemother.
2003;47(12):3982–4. [PubMed: 14638516].

27. Shen G, Khor TO, Hu R, Yu S, Nair S, Ho CT, et al. Chemoprevention
of familial adenomatous polyposis by natural dietary compounds
sulforaphane and dibenzoylmethane alone and in combination in
ApcMin/+ mouse. Cancer Res. 2007;67(20):9937–44. doi: 10.1158/0008-
5472.CAN-07-1112. [PubMed: 17942926].

28. Fimognari C, Lenzi M, Sestili P, Turrini E, Ferruzzi L, Hrelia P, et al.
Sulforaphane potentiates RNA damage induced by different xeno-
biotics. PLoS One. 2012;7(4):35267. doi: 10.1371/journal.pone.0035267.
[PubMed: 22539965].

29. Kedika RR, Souza RF, Spechler SJ. Potential anti-inflammatory effects
of proton pump inhibitors: a review and discussion of the clinical
implications. Dig Dis Sci. 2009;54(11):2312–7. doi: 10.1007/s10620-009-
0951-9. [PubMed: 19714466].

30. Handa O, Yoshida N, Fujita N, Tanaka Y, Ueda M, Takagi T, et
al. Molecular mechanisms involved in anti-inflammatory effects
of proton pump inhibitors. Inflamm Res. 2006;55(11):476–80. doi:
10.1007/s00011-006-6056-4. [PubMed: 17122965].

31. Suzuki M, Mori M, Miura S, Suematsu M, Fukumura D, Kimura H, et al.
Omeprazole attenuates oxygen-derived free radical production from
human neutrophils. Free Radic Biol Med. 1996;21(5):727–31. [PubMed:
8891677].

32. Sinues B, Fanlo A, Bernal ML, Val M Mayayo E. Omeprazole treatment:
genotoxicity biomarkers, and potential to induce CYP1A2 activity in
humans. Human Experimentl Toxicol. 2004;23:107–13.

33. Phillips DH, Hewer A, Osborne MR. Interaction of omeprazole with
DNA in rat tissues. Mutagenesis. 1992;7(4):277–83. [PubMed: 1518411].

34. Suzuki M, Suzuki H, Hibi T. Proton pump inhibitors and gastritis. J Clin
Biochem Nutr. 2008;42(2):71–5. doi: 10.3164/jcbn.2008012. [PubMed:
18385822].

Thrita. 2016; 5(3):e34363. 9

http://www.ncbi.nlm.nih.gov/pubmed/14638516
http://dx.doi.org/10.1158/0008-5472.CAN-07-1112
http://dx.doi.org/10.1158/0008-5472.CAN-07-1112
http://www.ncbi.nlm.nih.gov/pubmed/17942926
http://dx.doi.org/10.1371/journal.pone.0035267
http://www.ncbi.nlm.nih.gov/pubmed/22539965
http://dx.doi.org/10.1007/s10620-009-0951-9
http://dx.doi.org/10.1007/s10620-009-0951-9
http://www.ncbi.nlm.nih.gov/pubmed/19714466
http://dx.doi.org/10.1007/s00011-006-6056-4
http://www.ncbi.nlm.nih.gov/pubmed/17122965
http://www.ncbi.nlm.nih.gov/pubmed/8891677
http://www.ncbi.nlm.nih.gov/pubmed/1518411
http://dx.doi.org/10.3164/jcbn.2008012
http://www.ncbi.nlm.nih.gov/pubmed/18385822
http://thritajournal.com/

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. B. oleracea Extract Preparation
	3.2. Sulforaphane Analysis
	3.3. Determination of B. oleracea Extract Dose
	3.4. Animals and Surgical Procedure
	3.5. Treatment and Sampling
	3.6. Histological Analysis
	3.7. Micronucleus Assay
	3.8. Statistical Analysis

	4. Results
	4.1. Sulforaphane Quantification 
	Figure 1
	Table 1

	4.2. Changes in Body Weight
	4.3. Histological Alterations
	Table 2
	Figure 2

	4.4. Micronucleus Frequencies

	5. Discussion
	Acknowledgments
	Footnote
	Authors' Contribution

	References

