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The disorder between beneficial microorganisms and pathogens generates dysbiosis. Probiotics
balance the environment and demonstrate efficacy in the prevention and treatment of neoplasms.
This study aimed to evaluate the effect of the probiotics Lactobacillus helveticus and
Bifidobacterium bifidum, isolated or combined, on the carcinogenic effect induced by 1,2-
dimethylhydrazine in rats. Six different experimental groups were used, containing six animals
each, and the treatment occurred for six weeks. Body mass gain, pro-carcinogenic enzyme
activity, quantification of aberrant crypts, measurement of intestinal macroscopic changes, and

colorectal histological evaluation were evaluated. Through the analysis of the results, it can be
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observed that the probiotics were shown to be effective in decreasing the colorectal toxicity
induced by 1,2-dimethylhydrazine, and promising chemopreventive on intestinal lesions.
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use, distribution, and reproduction in any medium, provided the original work is properly cited.
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INTRODUCTION

Colorectal cancer (CRC) is the third most common cancer in the
world, represents one of the biggest causes of mortality among
different types of cancer, and is among the biggest health problems in
industrialized countries (AN; HA, 2017), being one of the most
common causes of death among men and women (SIEGEL;
MILLER; JEMAL). The intestinal tract has approximately 100
trillion (10'*) microorganisms, mostly residing in the colon, in an
environment rich in nutrients. The microbiota and the host form a
complex "superorganism" in which relationships provide benefits to
the host in many key aspects of life (SCHWABE; JOBIN, 2013).
When a microbial community in a specific area of the body changes,
it leads to a condition called “dysbiosis”. The balance in the
microbiota is related to health, while an imbalance or dysbiosis is
related to health problems (VANDENPLAS; HUYS; DAUBE, 2015).
Scientific evidence indicates a key role of the bacterial microbiota in
the prevention or development of colorectal carcinogenesis
(SCHWABE; JOBIN, 2013). In order to neutralize harmful effects on
the intestinal microbiota, probiotic strains have been developed to
improve the health of the intestine, especially to restore the impaired
intestinal barrier (BARZ, et al., 2015).

At least eight probiotic mechanisms of action potentials are known,
and include competitiveness for food ingredients used as growth
substrates; bioconversion of, for example, sugars into fermentation
products with inhibitory properties; production of growth substrates,
such as EPS (exopolysaccharides) or vitamins, for other bacteria;
direct antagonism by bacteriocins; competitive exclusion for
connecting sites; improved activity in barrier function; reduction of
inflammation, thus altering intestinal properties to facilitate
colonization and permanence; stimulating the innate immune
response by unknown underlying mechanisms (O'TOOLE;
COONEY, 2008). The first isolated and characterized microorganism
from the human intestine was Bifidobacterium bifidum, since then
several laboratory studies have been applied among the different
strains, and properties of potential clinical significance have been
identified as immunomodulatory, metabolic, antibacterial and
antiviral. In humans, clinical trials have shown positive effects on
diarrhea, mucositis and inflammation of the gastrointestinal tract
(QUIGLEY, 2017). It was in 1900 that the researcher Tissier first
described the genus Bifidobacterium isolating Bacillus bifidus
comunis from children's feces (FERREIRA, 2018). The genus
Bifidobacterium belongs to the domain of bacteria of the phylum
firmicutes, class Actinobacteria, order Bifidobacteriales, family
Bifidobacteriaceae. Bifid bacteria are anaerobic, gram positive, and
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almost always catalase negative, and in the presence of blood /
hematin, they produce true catalase. They are sensitive to acidic
environments, usually at a pH below 5. They exhibit pleomorphism
and may present themselves in the form of Y and V, in addition to
several elongated and coccoid forms, with protuberance at one end.
They differ from other bacteria in the lactic group in that they have
activity of the enzyme fructose-6-phosphate phosphocetolase
(FERREIRA, 2018). Lactobacillus are microorganisms - bacteria -
strictly fermentative from the phylum Firmicutes, usually found in
several environmental niches with high levels of nutrients, especially
sugars and organic nitrogen. The genus Lactobacillus comprises
several different species, where most can be grouped according to
their phylogenetic relationships (HAMMES; HERTEL, 2006).
Currently, 170 species and 27 subspecies are described (FERREIRA,
2018). It was in 1919, isolated from Emmental cheese, that L.
helveticus was first described by Orla-Jensen (NASSER et al., 2006).
L. helveticus is part of the group of lactic acid bacteria. Its
consumption is recognized as safe, being commonly used in the
manufacture of dairy products, and used as a health-promoting
probiotic food for its potential to produce bioactive peptides or
bacteriocins (GIRAFFA, 2014). L.helveticus is part of the obligatory
homofermentative bacteria, gram-positive, presenting in bacillary
form (FERREIRA, 2018). Bacilli can vary between long and thin,
even curved and small, or in the form of coccobacilli, with the
formation of a chain being common. The size of the bacilli and the
degree of curvature is dependent on the age of the culture. Irregular
shapes can be observed in the growth of a symbiotic medium. They
react to Gram stain and methylene blue (MELLO et al., 2011). It has
good growth at a temperature of 40-45°C and at most 50- 2°C, not
growing at temperatures below 15°C (FURTADO, 1990).

Even before tumor development, changes in the architecture of the
microbiota in the colon and rectum are observed. The first author who
described aberrant crypts was Bird in 1987 and called them FCA
(foci of aberrant crypts), in addition to recognizing them as
precocious and precursor lesions of the CRC after exposing murines
to carcinogens (BIRD, 1987). When submitting the mucosa to
methylene blue staining, the FCA can be seen, as the areas that have
FCA contrast with the intact mucosa, which can be precancerous
lesions, and can also serve as a valid biomarker of subsequent
adenoma and formation of colorectal cancer, since they are precursor
lesions in both animal and human CRC (HURLSTONE; CROSS,
2005). The role of probiotics in the prevention and / or treatment of
cancer, especially colorectal, must be realized, since the role of the
microbiota seems to be entirely linked to the condition of health or
disease, demonstrating the urgency of further research. The aim of the
present study was to evaluate the effect of the probiotics
Lactobacillus helveticus and Bifidobacterium bifidum, isolated or
associated, on the toxic effect on colorectal tissue induced by 1,2-
dimethylhydrazine in rats.

MATERIALS AND METHODS

Animals, habitat and diet: Thirty-six five-week-old rats were
randomly divided into six groups of six animals each, and housed in
polyethylene cages (two or three rats per cage). They received a
standard diet and water on demand. The light / dark cycles were 12 h
each. The shaving bed was changed every two days. Before starting
the experiments, the animals were adapted to the laboratory
conditions for one week. The animals were kept in accordance with
the principle and guidelines of the Ethics Committee on Animal Care,
after approval of the experimental protocol by CEUA / UNOESC
under opinion number 04/2018.

Induction of carcinogenesis: The colorectal tumor was induced as
proposed by Zang et al. (2015), through the administration of 30 mg /
kg of 1,2-dimethylhydrazine (DMH) in E.D.T.A. (ethylenediamine
tetra-acetic acid) 15%, subcutaneously, once a week for four weeks.
The administration of DMH started after five days of the
administration of the antibiotic ampicillin at a dose of 75 mg / kg to

eliminate possible pathogens and these do not compromise the
response to tumor induction (KUUGBEE et al., 2016).

Preparation of probiotics: The probiotic strain Lactobacillus
helveticus 140Bi / Gr from Belgium, marketed and distributed by
Pharmanostra, and Bifidobacterium bifidum, marketed and distributed
by Embrafarma, were used in this study, both without
contraindications and / or reports of adverse reactions. The dosage of
probiotic formulas was calculated according to the suppliers'
recommendations and the dose of humans to rodents was converted
by the formula suggested by Kuugbee et al. (2016):

dmice (miligrams [mg] / kilograms [kg]) = dhuman (mg / kg) X (kmice /

khuman)
where k = conversion factor, K ice = 1; khuman = 0.16.

The conversion was performed based on the dosage used for an adult
individual of 70 kg. After conversion, the following dosages were
obtained for each kg of rat: L. helveticus 12 mg (1.7x106 CFU / day),
B. bifidum 67 mg (6.7x108 CFU / day). The formulations were
packed in sterile sachets, using microcrystalline cellulose as sufficient
quantity for (q.s.p). The storage followed the manufacturers'
recommendations.

Experimental design: The administration of the 0.9% saline
solution, and the probiotic (s) was by gavage once a day, daily,
except on the day of administration of the carcinogen inducing drug
DMH (30 mg / kg) as suggested by Liboredo et al. (2013), until the
end of the experiment. E.D.T.A. 15% was administered
subcutaneously on the same day as the tumor was induced. The
probiotics were diluted in sterile saline. The division of groups was
configured as follows: Group 1: saline and E.D.T.A; Group 2: DMH;
Group 3: L.helveticus + B. bifidum; Group 4: DMH and L.helveticus;
Group 5: DMH and B.bifidum; Group 6: DMH and L.helveticus +
B.bifidum. After four doses of DMH and six weeks of treatment with
probiotic (s), the animals were sacrificed with an overdose of
ketamine/xilasine (> 150 mg / kg />~ 16 mg / kg) ip.
(intraperitoneally) and analyzes of body mass, intestinal microbiota,
activity of pro-carcinogenic enzymes in the feces, presence of
aberrant crypts and histological analysis of the colorectal. The
experimental scheme can be seen in Figure 1.

Weeks | 2 3 4 5 6
—
| | | | [ |
GROUPS:
8 S
SALINE + ED.TA | ® [ ) [ ) ® |
A O S
DMH | A A A A
IA @) AN AN AN N\ SI
LHBB
V4 N A4 A4
A_O s
A S
DMHBB [ % % ﬁ %
A S
—— i@:@:@:@j

@ saline solution + ED.T.A

O Ampicillin 75Smg/kg

A DMH: 1.2-dimethylhydrazine
Saline + E.D.T.A: saline solution and ethylenediamine tetra-acetic
acid; DMH: 30 mg / kg 1,2-dimethylhydrazine; LHBB: L. helveticus
+ B.bifidum; DMHLH: 30 mg / kg DMH + L.helveticus; DMHBB: 30
mg / kg DMH + B.bifidum; DMHLHBB: 30 mg / kg DMH +
L.helveticus + B.bifidum; S: sacrifice after 4 doses of DMH; A:
adaptation before the start of interventions.

NS LH: Lactobacillus helveticus
N\ BB: Bifidobacterium bifidum

Figure 1. Experimental design for the treatment of animals
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Analysis of body mass: Weighing the animals was performed at the
beginning once a week and throughout the experiment using a
Precision® PR1000 semi-analytical scale. The initial weight was
considered that of the day before the first intervention with antibiotics
and the final weight, that immediately before sacrifice.

Microbiological analysis of feces: After four doses of DMH, fresh
stool samples from each experimental group were subjected to
homogenization and sonication, followed by serial dilution for each
sample. The samples were made in duplicate and incubated on plates
containing MRS medium and agar agar (Agar De Man, Rogosa and
Sharpe) for lactic acid bacteria, and MC medium (MacConkey Agar)
for enterobacteria, and grown in an oven at 37°C for 48h (MRS
medium) or 72h (MC medium). The total number of colonies forming
units of each medium in each group was counted and recorded. To
evaluate the morphological characterization, after macroscopically
evaluating the colony-forming units, the samples were subjected to
the GRAM stain test.

Activity of pro-carcinogenic enzymes in feces: B-glucuronidase
and P-glucosidase: The activities of the enzymes B-glucuronidase
and B-glucosidase were carried out in the feces supernatant of each
animal group after the preparation of a suspension obtained by
sonication at 4°C for 3 minutes and cold centrifugation for 15
minutes. The activity of the enzymes p-glucuronidase and f-
glucosidase were determined spectrophotometrically using a
wavelength of 540 nm and 450 nm respectively. The method was
based on the color reaction between the substrate and the enzyme
analyzed, according to the methodology described by Goldin and
Gorbach (1976), using B-D-glucuronide phenolphthalein (Sigma) for
B-glucuronidase and p-nitrophenyl- B-D-glycopyranoside (Sigma) for
B-glucosidase. The unit of activity adopted was equal to the amount
of phenolphthalein (B-glucuronidase) and p-nitrophenol (-
glucosidase) expressed in pmol / mg of protein, which was released
during the reaction in 1 hour at 37°C, calculated by 1 mg of protein
present in the stool. The total protein concentration in the supernatant
was determined using the Lowry method (LOWRY et al., 1951).

Quantification of aberrant crypts and measurement of intestinal
macroscopic changes: The intestines were removed, washed with
saline, and opened longitudinally. Afterwards, they were stretched on
a flat surface and the internal structures were examined for the
presence of macro and microscopic lesions. Macroscopic lesions
were observed in terms of incidence, multiplicity, and total number
per group. The size of these lesions was assessed using vernier
forceps with a 0.1 mm graduation from the Cescorf® brand. The
preventive response for the presence of macroscopic lesions was
assessed based on their incidence and multiplicity, calculated as
follows: Injuryincidence = Determination of the number of animals
with injuries. Multiplication = number of lesions counted + number
of animals, and the Total number of lesions = sum of macroscopic
lesions per group. Microscopic topographic analysis of the colorectal
mucosa was performed after 24 h of fixation in 10% neutral
formaldehyde (BIRD, 1987). The colon and rectum were stained with
a 0.2% methylene blue solution for 10 min. The mucous side of the
intestine was exposed on a microscopic slide and observed under a
light microscope for counting aberrant crypts (CA).

Histological analysis of the intestine: The necropsy was performed,
and colonic fragments were collected, fixed in 10% neutral
formaldehyde, embedded in paraffin, and microtomized in 4 pm thick
sections stained with hematoxylin and eosin. The samples were
evaluated according to the evaluation system described by Del
Carmen et al. (2017), by optical microscopy. In this System, the
following criteria are considered: 1) Loss of mucosal architecture (0:
absent; 1: medium; 2: severe); 2) Cell infiltration (0: absent; 1: in
muscularis mucosa; 2: in lamina propria; 3: in serosa); 3) Muscle
thickness (0: ' the thickness of the mucosa; 1: muscle = ' - % of the
thickness of the mucosa; 2: muscle = thickness of the mucosa; 3 = or
thicker than the mucosa); 4) Depletion of goblet cells (0: absent; 1:
present); 5) Crypt abscess formation (0: absent; 1: present); and 6)
Tumor (0: absent; 1: present). The scores of the variables were added

to obtain the final score for each sample. The sum of points was
exposed in Multiple Colorectal Lesions (MLs / colorectal) after four
doses of 1,2-dimethylhydrazine - DMH. The samples were observed
by the pathologist under an optical microscope in a “blind” manner
with a magnification of 400 x. This trial aimed to verify the colorectal
damage induced by 1,2-dimethylhydrazine and the ability to prevent
colorectal damage by probiotics.

OUTCOMES

When evaluating the weight gain in grams (g) between the control
groups (Fig. 2A), it is observed that the second group (DMH)
obtained weight gain lower than the others, being significant after the
second dose of the tumor-inducing drug, where Group Saline and
EDTA gained an average of 14.33 g + 8.14, the DMH group lost an
average of 10.00 g +9.33, and LHBB gained 16.88 g+ 7.95.
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Weeks of treatment

Average weight gain in grams per group during the treatment period.
E.D.T.A.: ethylenediamine tetra-acetic acid. DMH: 1,2-dimethylhydrazine.
LH: Lactobacillus helveticus. BB: Bifidobacterium bifidum. (*) Weeks of
treatment where there were statistical differences in relation to the DMH
Positive Control Group. (A) Average weight gain in grams between Saline and
E.D.T.A., DMH, and LHBB groups. Statistical differences in the fourth week
(2 doses of DMH) p <0.001 by Student's t test. Between the groups Saline and
E.D.T.A. vs LHBB there was no statistical difference at any stage of treatment
p> 0.05 by Student's t test. (B) Weight variation per week during the treatment
period, comparing the DMH and DMH group associated with probiotic (s). (¥)
Treatment week where there was statistical difference (in the fourth week after
two doses of DMH) in relation to the DMH Positive Control Group, where p
<0.001 by the Tukey test.

Figure 2. Effect of probiotics on the body weight gain of male
Wistar rats submitted to treatment with 4 doses of 1,2-
dimethylhydrazine 30 mg / kg of weight

Regarding weight gain in g between all groups (Fig. 2B), it is noted
that there was greater weight gain among the groups treated with
DMH associated with the probiotic (s), differing statistically after the
second dose of DMH in relation to the group only DMH. At the end
of the treatment, in the groups treated simultaneously with DMH and
a probiotic, they presented higher final weight. Lactic acid and
enterobacteria counts were performed after four doses of the tumor-
inducing drug 1,2-dimethylhydrazine. In the control group Saline +
E.D.T.A, the lactic acid bacteria count remained stable during the
analysis time.

It is possible to observe that in the DMH group there was a
significant decrease in lactic acid bacteria, and inversely proportional,
an increase in enterobacteria. The induction of carcinogenesis
concomitant with the administration of probiotic (s) favored the
modulation of a microbiota prevalent in lactic acid bacteria (Figure
3).
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Log: Logarithm. UFC: Colony Forming Units. g: grams. Bac: bacteria.
E.D.T.A.: ethylenediamine tetra-acetic acid. DMH: 1,2-dimethylhydrazine.
LH: Lactobacillus helveticus. BB: Bifidobacterium bifidum. Demonstration of
the count of lactic acid bacteria and enterobacteria after administration of four
doses of DMH. Differences between the counts of lactic acid bacteria: (*)
statistical difference in relation to the positive control group DMH p <0.001
by the Tukey test. (+) statistical difference in relation to the negative control
group Saline + E.D.T.A. p <0.001 by the Tukey test. (®) Statistical difference
in relation to the positive control group LHBB p <0.001 by the Tukey test.
Letters compare differences between groups treated with DMH + probiotic (s).
Letter alone differs statistically from the other p <0.05 by the Tukey test.
Equal letters do not differ statistically from each other p> 0.05 by Tukey's test.
Values expressed as mean + standard error of the mean.

Figure 3. Counting of lactic acid bacteria and enterobacteria in
the feces of male Wistar rats submitted to treatment with 4 doses
of 1,2-dimethylhydrazine 30 mg / kg of weight

Table 1. Development, multiplicity and number of macroscopic
changes observed in the colorectal of male Wistar rats after four
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doses of DMH (30mg / kg)
GROUPS Injury Multiplicity Number of
development of colon changes (n)
(%) lesions (n/a)
1 — Saline + ED.T.A 0% 0 0
2 - DMH 100% 5,25 21
3-LHBB 0% 0 0
4 - DMHLH 100% 4,00 16
5 - DMHBB 100% 4,25 17
6 - DMHLHBB 100% 4,25 17

% percentage. (n / a) Number of changes divided by the number of animals.
(n) Number. E.D.T.A.: ethylenediamine tetra-acetic acid. DMH: (1,2-
dimethylhydrazine). LH: Lactobacillus helveticus. BB: Bifidobacterium
bifidum. Injury development =% of animals that developed changes in the
intestine. Multiplicity of changes in the colon = number of changes observed
in the intestine divided by the number of animals. Number of changes = sum
of the number of lesions observed in all animals in the group.

Regarding the enzymatic activity of B-glucuronidase (Fig. 4A and
4B), and of B-glucosidase in feces (Fig. 4C and 4D), after the
induction of tumurogenesis, its activity was high (Fig. 4B and 4D)
when comparing with the period prior to toxic exposure (Fig. 4A and
4C), and the increase was statistically greater in the group that
received only DMH. Data on the development, multiplicity and
number of macroscopic lesions (Table 1) demonstrate that all animals
treated with DMH had lesions in the intestine after four doses of
DMH. When analyzing the multiplicity of these lesions, it was higher
in the group that received only DMH. When comparing the group
only DMH, and DMH with probiotic (s), there was a decrease of -
23.81% in the number of lesions in the group that received L.
helveticus concomitantly, and of -19.05% in the groups with B.
bifidum and in the group treated with the two probiotics. When
analyzing the incidence (n) of macroscopic lesions (Fig. SA, Table 1),
there is no significant difference between the groups treated with
probiotic (s) and DMH, and the one that received only DMH.
However, when the size of these lesions was evaluated (Fig. 5B), they
were significantly smaller in all groups where, in addition to DMH,
treatment with probiotic (s) was administered. This was also observed
in the incidence of aberrant crypts (Fig. 5C).
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E.D.T.A.: ethylenediamine tetra-acetic acid. DMH: 1,2-dimethylhydrazine.
LH: Lactobacillus helveticus. BB: Bifidobacterium bifidum. Activity of the
enzyme [-glucuronidase and B-glucosidase in the feces of animals. (A)
Activity of the B-glucuronidase enzyme after treatment with antibiotics and
before starting treatment with DMH and / or probiotic (s). (B) Activity of the
B-glucuronidase enzyme after three doses of DMH. (C) Activity of the [-
glucosidase enzyme after antibiotic treatment and before starting treatment
with DMH and / or probiotic (s). (D) Activity of the B-glucosidase enzyme
after three doses of DMH. (*) statistical difference in relation to the positive
control group DMH p <0.001 by the Tukey test. (+) statistical difference in
relation to the negative control group Saline + E.D.T.A. p <0.001 by the
Tukey test. (®) Statistical difference in relation to the positive control group
LHBB p <0.05 by the Tukey test. Letters compare differences between groups
treated with DMH + probiotic (s). Letter alone differs statistically from the
other p <0.001 by the Tukey test. Equal letters do not differ statistically from
each other p> 0.05 by Tukey's test. Values expressed as mean + standard error
of the mean.

Figure 4. Activity of the enzymes p-glucuronidase and p-glucosidase in
the feces of male Wistar rats submitted to treatment with 4 doses of 1,2-
dimethylhydrazine 30 mg / kg of weight in different phases of the
experiment

E.D.T.A.: ethylenediamine tetra-acetic acid. DMH: 1,2-dimethylhydrazine.
LH: Lactobacillus helveticus. BB: Bifidobacterium bifidum. (A) Ordering of
intestinal cells observed in Groups without induction of carcinogenesis (Saline
+ E.D.T.A. and LHBB). (B) Aberrant crypt focus observed in groups where
there was induction of carcinogenesis with DMH, with or without treatments
with probiotic (s). Observation under an optical microscope after staining with
methylene blue on the 100x objective.

Source: Data from research.

Photo 1. Cell ordination and foci of aberrant crypts found in the
intestinal mucosa of male Wistar rats after sacrifice

In Photos 1A and 1B, records of the intestinal mucosa can be
observed in the analysis of aberrant crypts of the control and DMH
animals respectively after administration of 4 doses of DMH 30 mg /



47718

International Journal of Development Research, Vol. 11, Issue, 06, pp. 47714-47720, June, 2021

kg of weight. Regarding the results of the histological analysis of the
intestine (Table 2), when observing the scores for multiple lesions
(sum of the amount of mucosal architecture, cell infiltration,
thickness of muscles, calciform cells, and crypt abscess of the
animals analyzed from each group), there were no significant
differences between the DMH vs DMH group associated with the
probiotic (s) after the four doses of DMH (p> 0.05 by the Tukey test).
When assessing the prevalence of intestinal tumors, 50% of the
animals developed it in group 2 (DMH), also in group 6
(DMHLHBB), however in the groups treated with isolated probiotics,
group 4 (DMHLH) and 5 (DMHBB) there was a -50% decrease.

Table 2. Presence of multiple lesions and tumors observed
microscopically in the colorectal segment by histological analysis
of the intestines of male Wistar rats after four doses of DMH (30

mg / kg)
GROUPS MLs/colorectal” Tumors (n)"”
1 — Saline + ED.T.A 2,00 £ 0,00%* 0/6
2 - DMH 4,00 + 2,00 3/6
3 -LHBB 4,00 £ 0,00 0/6
4 - DMHLH 4,00 +2,00* 0/6
5 - DMHBB 5,00 +2,00* 0/6
6 - DMHLHBB 5,00 +1,00° 3/6

MLs: Multiple lesions (sum of the amount of mucosal architecture, cell
infiltration, thickness of muscles, calciform cells, and crypt abscess of the
animals analyzed in each group). (n) Number of animals with tumors.
E.D.T.A.: ethylenediamine tetra-acetic acid. DMH: (1,2-dimethylhydrazine).
LH: Lactobacillus helveticus. BB: Bifidobacterium bifidum. (*) statistical
difference in relation to the DMH Positive Control Group p <0.05 by the
Tukey test. (+) statistical difference in relation to the Negative Control Group
Saline + E.D.T.A. p <0.01 by the Tukey test. (®) Statistical difference in
relation to the LHBB Positive Control Group p <0.05 by the Tukey test.
Letters compare differences between groups treated with DMH + probiotic (s).
Letter alone differs statistically from the other p <0.05 by the Tukey test.
Equal letters do not differ statistically from each other p> 0.05 by Tukey's test.
*: Each value in the column represents the average of MLs counted in the
colorectal segment of the intestine. Results are expressed as mean (total sum
of points) and + SD (standard deviation of the mean). *: Each value in the
column shows the number of mice that developed a tumor out of the total
number of mice after four doses of DMH. Observation: in situ, tumors were
considered.

Incidence of macrascapic change (n)
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E.D.T.A.: ethylenediamine tetra-acetic acid. DMH: 1,2-dimethylhydrazine.
LH: Lactobacillus helveticus. BB: Bifidobacterium bifidum. (n): number.
(mm): millimeters. Incidence reports the mean (n) of tumors between the
different groups and time of treatment. (A) Incidence of macroscopic changes
(n). (B) Average size of macroscopic changes (mm). (C) Aberrant crypt foci
(n). (*) statistical difference in relation to the positive control group DMH p
<0.05 by the Tukey test. (+) statistical difference in relation to the negative
control group Saline + E.D.T.A. p <0.001 by the Tukey test. (®) Statistical
difference in relation to the positive control group LHBB p <0.05 by the
Tukey test. Letters compare differences between groups treated with DMH +
probiotic (s). Equal letters do not differ statistically from each other p> 0.05
by Tukey's test. Values expressed as mean + standard error of the mean.

Figure 5. Variation in mean incidence (number), mean size
(millimeters) of macroscopic changes, and outbreaks of aberrant
crypts in male Wistar rats submitted to treatment with 4 doses of

1,2-dimethylhydrazine 30 mg / kg in weight

DISCUSSIONS

Probiotics have been used more and more worldwide in order to
maintain a healthy intestine and relieve gastrointestinal diseases
including cancer. To verify the effect of the intervention of probiotics
L. helveticus and B. bifidum on the development of colorectal cancer,

the DMH-induced colorectal cancer model was used, since this model
provides data on the chemopreventive potential of probiotics. In the
present study, there was a reduction in the weight of the animals that
were treated with the tumor-inducing drug (DMH), while in the
groups that received the drug associated with the probiotics, there
was no significant reduction in weight gain during the treatment time.
Corroborating the work of Walia et al. (2015), that when inducing
colorectal cancer with DMH concomitant with doses of L.
plantarum(AdF10) and L.rhamnosusGG (LGG), in isolation at the
dose of 10" CFU, found that animals treated only with DMH had
lower gain of body weight in the 8th and 16th week of the
experiment. In another study where L.acidophilluswas administered
with B.bifidum at a dose of 2x10° CFU, the authors observed greater
weight gain compared to those exposed only to DMH (MOHANIA et
al., 2014). On the other hand, when the performance of L.
delbrueckii, B. animalis, and Saccharomyces boulardii was
investigated, in the dose of 3x10% CFU, in animals under tumor
induction with DMH, there were no differences in weight in any of
the groups, either treated with isolated or combined probiotics
(LIBOREDO et al., 2013). Several bacteria usually present in the
microbiota are associated with the development of colorectal cancer
(RCC), such as Streptococcus galloyticus, Bacterioidetesand
Escherichia coli. Some are frequently increased, such as Phylum
Fusobacteria, Porphyromonadaceae, Coriobacteridae ~ and
Staphylococcaceae, and others decreased such as Bifidobacterium,
Lactobacillus, Ruminococcusand Treponema (SANTOS;
ANDRADE; LOPES, 2017). In this experiment, it is possible to
observe a predominance of lactic bacteria over enterobacteria in the
groups where carcinogenesis was induced and were concomitantly
treated with probiotics. Shin, Whon and Bae (2015), when reviewing
studies that explore the association between an abnormal expansion
of Procteobacterias, showed that they compromise the balance of the
microbiota, and suggest that their increased prevalence is a potential
diagnosis of dysbiosis and risk of disease. Supplementation with
microorganisms beneficial to the health of their host, called
probiotics, can be a tool for rebalancing or maintaining the intestinal
structure (SHIDA, 2017).

A “healthier” microbial composition is believed to have a higher
proportion of bifidobacteria and lactobacilli (BINNS, 2013). Fecal
bacterial enzymes [B-glucuronidase and B-glucosidase are biomarkers
of the harmful action of the intestinal microbiota and are known to
mediate the development of CRC (NOWAK; SLIZEWSKA, 2014).
B-glucuronidase activity is stimulated by contact with toxic
substances, tobacco smoke or carcinogenic  substances
(ZOLTASZEK et al, 2008), catalyzes the hydrolysis of PB-D-
glucuronic acid residues (LAMPE et al., 2002), both exogenous
naturally occurring in diets and drugs, and endogenous produced in
the liver by glucuronosyltransferases, being one of the main
xenobiotic detoxification pathways. B-glucosidase acts on secondary
compounds of glycosidic and xenobiotic plants that enter the colon,
potentially implying in the health of the host. The colorectal segment
of the intestine is involved in the metabolism and activation of
xenobiotics derived from dietary compounds (GLOUX et al., 2011).
Fecal bacterial enzymes f-glucuronidase and [-glucosidase are
biomarkers of the harmful action of the intestinal microbiota and are
known to mediate the development of colorectal cancer (CRC)
(NOWAK; SLIZEWSKA, 2014). The results of the present study
demonstrated that the activities of the pro carcinogenic enzymes [3-
glucuronidase and B-glucosidase were attenuated when the induction
of carcinogenesis was concomitant with the administration of
probiotics, either in isolation (one strain), or combined (two strains).
Corroborating this study, the administration of L.acidophillus (2x10°
CFU) concomitant with the use of the DMH carcinogen, also reduced
the B-glucuronidase and B-glucosidase activity after 10 weeks of
treatment (CHANG et al., 2012); and the administration of L.
plantarum and prebiotics (Inulin and Aesculushippocastanum L.) with
the carcinogen DMH, associated with a high-fat diet, decreased the
performance of these two enzymes after 6 weeks of experiment
(BERTKOVA et al., 2010). Affirming our results on the decrease in
the incidence, size or number of macroscopic lesions, which may be
tumors or pre-tumors, other studies that used DMH to induce
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colorectal carcinogenesis although sometimes in different doses,
exposure time, and / or types probiotics, showed that, when
administering LBB (a commercial product) containing L.acidophillus,
B.bifidum and B.infantum, there was a decrease in the incidence and
size of the tumors (KUUGBEE et al., 2016); with L.salivarius Ren
decrease in the incidence of colon cancer in the range of 25% to
87.5% (ZHANG et al, 2015); isolated administration of L.
plantarum(AdF10) and L. rhamnosusGG (LGG) decreased the
incidence from 60% to 65%, and the size of the tumors decreased
(WALIA et al., 2015); with 10°CFU of L.plantarum there was a
42.13% decrease in incidence and 36.12% in tumor size (KUMAR et
al., 2012). Aberrant crypts are considered precocious lesions and
precursors to CRC (colorectal cancer) (HURLSTONE; CROSS,
2005). When administering L.salivarius Ren (ZHU et al., 2014), the
association of B.bifidum and L.acidophillus(MOHANIA et al., 2014),
L.acidophillus, L. rhamnosus, L.casei, L.plantarum, and B.bifidum
(VERMA; SHUKLA, 2013), the authors observed a reduction in the
incidence of this marker of colorectal damage. These data are
compared with the present study. In contrast, another study, when
administering B.longum, the authors observed an increase in their
incidence (BOLOGNANI et al., 2001). Toxicity has become a major
problem for the cause of many types of cancer (PHARMACEU et al.,
2017). More than 50% of primary tumors originate from the
gastrointestinal tract, especially the colon and rectum (LIU et al.,
2015). Antitumor activity is an effect attributed to fermented and
probiotic foods (DE MORENO DE LEBLANC; PERDIGON, 2005).
In agreement with the result of this study, where the prevalence of
animals with tumors was similar among those treated with DMH and
some probiotics, and lower in others, Del Carmen et al. (2017), when
inducing a tumor with DMH (20 mg / kg) for 10 weeks, found an
increase in the number of animals with tumors treated with DMH and
Lactococcuslactis subsp. cremoris, and decreased prevalence with
Streptococcus thermophilusCRL807, compared to the DMH group.
The authors associated the already known anti-inflammatory capacity
of Streptococcus thermophillusas a possible cause of the positive
response only of that probiotic in the prevention of carcinogenesis. In
other experiments that analyzed the role of probiotics under the
prevention of DMH-induced carcinogenesis, in the study by Zhu et al.
(2014), treatment with L.salivarius Ren decreased the levels of PCNA
cells (nuclear cell proliferation antigen), a marker of cell proliferative
activity correlated with carcinoma. Decreased PCNA was also
verified by Foo et al. (2011), when administering a free standard diet,
and L.gasseriand / or B.longumprobiotics in the average doses of
1x10'"" CFU and 5x10° CFU. In addition, B.longumshowed greater
phagocytic activity, and in the group treated with L.gasserithey had a
higher number of macrophages. Mohania et al. (2014), when
administering B. bifidum and L.acidophillusassociated and DMH, in
addition to the decrease in PCNA cells, observed smaller foci of
mucins (associated with cancer), compared to the group that received
only DMH. Antitumor activity is an effect attributed to fermented and
probiotic foods (DE MORENO DE LEBLANC et al., 2005).
Therefore, it can be inferred from the results of this study, that the
probiotics administered in isolation obtained the best results on the
development of tumors at this time of analysis, considering that the
presence of multiple lesions was equal or higher in the groups where
concomitant carcinogenesis was induced with probiotic (s), when
compared with the DMH control group. This correlation may suggest
a delayed action in the carcinogenic process, since the number of
tumors was null when administered probiotic in isolation. As for the
association of probiotics having not shown potential activity, a
possible explanation may be for the antagonistic effect among
microorganisms. Although probiotics are promising in maintaining
and / or recovering health, more studies need to be carried out to
better understand the doses, treatment times and combinations that
are effective (MEIER; HAWARY, 2018).

CONCLUSIONS

The alteration of the intestinal microbiome induces immunological
imbalance, consequently chronic inflammation, and cellular
dysfunctions. The administration of probiotics was able to prevent

weight loss, decrease the activity of pro-carcinogenic enzymes, the
size of macroscopic lesions of the intestinal mucosa and the incidence
of aberrant crypts. In the histological analysis of the intestine -
microscopic observation - the presence of multiple lesions did not
present significant differences between groups, but in relation to the
number of tumors, where the administration of probiotic B.bifidum
and L.helveticus, in isolation, proved to be effective in prevention of
carcinogenesis. Through the data obtained, it can be concluded that
the probiotics studied were effective in decreasing colorectal
carcinogenic lesions induced by 1,2-dimethylhydrazine, and
colonization of the intestine with a greater number of lactic bacteria
on the enterobacteria was correlated with the positive results in
prevention of colorectal cancer. It is worth mentioning that in this
study, the combined performance of probiotics did not show better
results than their isolated administration, demonstrating that there
may be antagonism or competition between microorganisms.
Therefore, more studies need to be carried out to elucidate these
underlying mechanisms. It should be considered that further studies
are needed to determine the dose, and ideal treatment times for each
disease and / or maintenance of a healthy microbiota. And yet, more
studies applied in humans are essential, especially in the treatment of
cancer, especially colorectal cancer, given that research in animals
suggests efficacy in this pathology. It can be inferred that, although
positive results may depend on the time of exposure to the
carcinogenic agent, the probiotics studied were shown to be effective
in decreasing colorectal toxicity induced by DMH.
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