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Arsenic (As) contamination in natural water resources has become a great disaster
throughout the world posing serious health problems. The current study was performed to
evaluate the protective effects of Escherichia coli strain Nissle 1917 (EcN) against As
exposure in goldfish (Carassius auratus). Fish were fed three times a day with 4.00% of body
weight of diet with different doses (0.00, 1.00 x 106, 1.00 x 107 and 1.00 x 108 CFU g-1) of EcN
for 80 days and then, challenged with 20.00 mg L1 As for 96 hr under stagnant flow.
Physicochemical characteristics of the inlet water were temperature of 25.10 * 0.70 °C, pH of
7.30 £ 0.20 and dissolved oxygen of 7.30 + 0.30 mg L-1 and 50.00% of water was exchanged
once a week. Afterwards, fish were euthanized with a clove oil solution (50.00 pL L-1) and
tissues were dissected from each fish and immediately fixed in 10.00% buffered formalin.
The histopathological results indicated that the supplemented EcN did not have any side
effects on various organs. It was also observed that the damages to kidney, liver, gill and skin
were pronounced in fish exposed to As. However, the histopathological damages induced by
As in fish tissues were less pronounced in the EcN-treated groups compared to the fish fed
with the basal diet. Lamellar blood congestion in gills and epidermal cells detachment from
the skin surface as well as hepatocytes, enterocytes and tubular necrosis were reduced in
treated groups. These findings indicate that EcN has the potential to ameliorate the As-
induced organ toxicity.

© 2023 Urmia University. All rights reserved.

Introduction

the Escherichia coli serotype 06:K5:H1 which Alfred Nissle
was able to isolate from a healthy soldier during a diarrhea

Arsenic (As) is ranked as the first substance in the list
of hazardous substances and widely distributed in
freshwater sediment as a result of anthropogenic and
natural processes.! The available data indicate that the
highest level of toxicity is found in inorganic forms of As;
whereas, organo-arsenicals are considered to have a lower
toxicity.2 Most organs affected by As are the ones with a
role in absorption, accumulation and/or excretion, ie.,
circulatory system and gastrointestinal tract organs as
well as liver, skin and kidney.3 High levels of As in the
aquatic ecosystem affect various physiological activities,
namely smoltification, reproduction,ion regulation, growth,
immune function and enzyme activities of fish species.*

One of the best identified and documented probiotic
micro-organisms is strain Nissle 1917 (EcN). It belongs to

*Correspondence:
Katayoon Nofouzi. DVM, PhD

outbreak during world war one.5> The EcN persistently
colonizes its hosts and is found capable of synthesizing
anti-microbial products such as microcins and bacterio-
cins, modulating host immune responses and participating
in comparative exclusion of pathogens.6 Moreover, EcN
interacts with intestinal epithelial cells to express proteins
which mediate normal gut barrier functions, regulate gut
permeability and improve mucosal integrity.” Therefore,
EcN has plentiful of positive probiotic properties that can
benefit the overall gut health. Furthermore, it can protect
the organs against enteric infections. Despite the vast
studies in human, few investigations were performed in
fish species. For example, dietary EcN could enhance the
systemic immune responses in the Nile tilapia
(Oreochromis niloticus).8 Besides, our previous study
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showed that EcN had the potential to enhance growth
performance, adjust digestive enzymatic and hetero-
trophic bacteria and provide immunostimulation and
resistance against Aeromonas hydrophila in goldfish
(Carassius auratus; unpublished data).

Regarding the constant addition of this compound into
the water in one side and the potential of this probiotic in
human and animal health on the other side® we
performed an in vivo experiment to investigate the
dynamic effects of As exposure in goldfish following EcN
administration. Goldfish was selected as a model because
of its round the year availability, adaptability to laboratory
conditions and the fact that it is easily affected by different
contaminations. The goal of this study was to look into the
ameliorating effects of EcN on histopathological damages
of different organs including intestine, kidney, liver, skin
and gill caused by As.

Materials and Methods

Experimental diet. The EcN prepared from Pharma-
Zentrale Company (Herdecke, Germany) was cultured in
Luria-Bertani broth (Himedia, Mumbai, India) at 37.00 °C.
After overnight incubation with shaking, probiotic EcN
cells were centrifuged (2,500 g, 15 min), suspended in
phosphate buffer saline and finally adjusted to different
concentrations (0.00, 1.00 x 106, 1.00 x 107 and 1.00 x
108 CFU g1). The bacterial suspensions were added to the
control diet (Table 1) and re-pelleting was performed.1?
The final pellets were exposed to room temperature to be
dried and stored inside airtight packaging at 4.00 °C for
weekly use. After batch preparation, the viability of
probiotic cells in each group was determined by
culturing on Luria-Bertani broth to be over 96.00%.
Probiotic bacteria were also amplified from the main
stocks frozen at - 80.00 °C to prevent genetic instability.?

Table 1. Proximate composition of control diet used in this study.

Ingredient Amount (g kg1)
Kilka fish meala 300
Wheat flour 240
Soybean meal? 310
Cottonseed meal 100
Cellulose 10.00
Vitamin pre-mix* 20.00
Mineral pre-mix* 20.00
Chemical composition (% dry matter)

Dry matter 88.50
Crude protein 37.07
Crude lipid 8.54
Ash 6.55
Gross energy (kcal kg1) 4,159.97

a Crude protein: 60.60 and 44.20%, respectively.
* Mixture detailed by Mousavi et al.12

Fish. Healthy goldfish (1.81 + 0.02 g and 2.84 + 0.02
cm) purchased from a private fish farm in Qom, Iran,
were kept in a commercial fish farm in Marand, Iran.
Fish were adapted to the experimental situation for 10
days and fed with the control diet. Next, the fish were
randomly allotted and placed into 12 glass tanks (300
L) with 10 fish stocked in each tank with properly
aerating. Physicochemical characteristics of the inlet
water to the tanks were as follows: Temperature: 25.10
+ 0.70 °C, pH: 7.30 £ 0.20 and dissolved oxygen: 7.30 +
0.30 mg L-1. About 30.00% of the water in each tank was
exchanged every two days to reduce water fouling.
During the experiment, each three tanks (n = 30) were
allocated to one treatment group and fed with different
doses of EcN (0.00, 1.00 x 106, 1.00 x 107 and 1.00 x 108
CFU g1), namely EcNO, EcN1, EcN2 and EcN3, for 80 days
up to apparent satiation.!? The fish care and handling
procedures in this study were approved by the Animal
Experimentation Committee of the Tabriz University,
Tabriz, Iran (IR.TABRIZU.REC.1398.035).

Challenge with arsenic. After 80 days of feeding
with probiotic cells, the fish in the experimental aquaria
were exposed to a sub-lethal arsenic trioxide (Sigma-
Aldrich, St. Louis, USA) concentration of 20.00 mg L1, 2
being prepared as a stock solution and added depending
on the volume of each aquarium to achieve the required
concentration for a period of 96 hr. The exposure
solution was renewed every 24 hr. In this bioassay test,
the water in the tanks was controlled daily to be the
same as the feeding trial. Two control groups, a negative
control without probiotics or As and a positive control
with As but without EcN (negative control fish were kept
in As-free water and fed the basal diet and positive
control fish were kept in As water and fed the probiotics-
free diet), were considered.!* After the challenge test, fish
in different groups (EcNO, EcN1, EcN2 and EcN3) were
euthanized with a clove oil solution (50.00 pL L1). 15
Afterwards, tissues including intestine, kidney, liver, skin
and gill from all fish of each group were dissected from
each fish, immediately fixed in 10.00% buffered formalin
for 24 hr and embedded in paraffin wax for
histopathological analyses. 16

Histological analysis. Each block of fixed samples was
divided into four 20.00-pm thick serial sections and then,
four 5.00 pm thin serial sections were prepared by a
rotary microtome (Leica, Munich, Germany). The sections
were gathered on slides and then, stained using
Hematoxylin and Eosin. Histological sections were studied
using light microscopy to evaluate the structure of the
tissues. Five fields from each section were photographed
at 200x magnification and then, recorded utilizing BX-60
Olympus microscope equipped with an Olympus DP 12
digital camera (Olympus Corp., Tokyo, Japan).t”

Stereological and histomorphometrical studies.
Stereological studies were conducted under rigidity blind
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conditions using the optical fractionator Stereo-
Investigator software (version 9.0; MicroBrightField Inc.,
Wetzlar, Germany). This system is made up of a
motorized stage, standard microscope, digital camera
and a computer application. This program commands
automatic XY movements of the microscope stage,
making the systematic randomized sampling of tissue
microscopical fields possible. The program produces
graphical images of the nucleators, dissectors and point
grids super-imposed on the tissue samples on a
monitor.1®8 The thickness of skin epidermis was
measured in three zones and the average thickness was
reported for every part. For the evaluation of goblet cell
density in the skin epidermis, the number of these cells
present in 1.00 mm was identified.’® The approximate
goblet cell volumetric density in the epidermis was
calculated using the point counting technique.

Statistical analysis. All values were reported as
mean * standard error of the mean (SEM). The data were
applied to the Kolmogorov-Simimov test to confirm the
data normal distribution and the Levene tests, to verify
the homogeneity of variances. Different groups were
compared by one way analysis of variance and Tukey's
post hoc test in SPSS Software (version 22.0; IBM Corp.,
Armonk, USA), when significant differences among
means were discovered. Probabilities of p < 0.05 were
considered as significant.

Results

Histopathological analysis. Challenging the fish
with As caused enterocytes necrosis, especially in the
apex of villi in foregut in the EcNO and EcN1 groups. In
comparison, fish in the EcN2Z and EcN3 groups
presented improvements in villi architecture and an
increase in villi height and goblet cell percentage
compared to the EcNO group (Fig. 1). Lesions in gills
were quantified as follow: Score 0: Normal; score 1:
Slight lamellar congestion; score 2: Moderate lamellar
congestion and score 3: Severe lamellar congestion. In
the control group, gill tissue showed a normal histology.
Challenging the fish with As caused lamellar congestion
in the EcNO (score 3) and EcN1 (score 2) groups. In
comparison, fish in the ECN2 (score 2) and EcN3 (score
1) groups presented improvements in primary and
secondary lamellar architectures (Fig. 1). Skin tissue
and epidermal thickness appeared normal in the control

group; however, in the EcNO group, detachment of
epidermal cells from the skin surface, degenerative
changes and vacuolation in epidermal cells were
observed. In the EcN1 group, partial improvement in
epidermal tissue and regeneration of secretory cells in
the middle and superficial layers of epidermis were
noted. In the EcN2 group, improvement in epidermal
tissue architecture was observed compared to the EcN1
group. In the EcN3 group, recovery of volume, number
and architecture of epidermal cells and tissue restoration
were observed (Fig. 1).

No pathological lesions were observed in the hepatic
tissues of the control group. Conversely, vasodilatation,
fatty change and scattered necrosis of hepatocytes in the
form of pyknosis and karyorrhexis and hyperemia in
sinusoids were observed in the liver of fish in the EcNO
group. In the EcN1 group, hepatocytes vacuolation (fatty
change) and scattered pyknosis were less significant
compared to the EcNO group. In the higher dose of EcN
administration, especially in the EcN3 group, a slight fatty
change was visible, showing the protective effects of EcN
in hepatic tissues (Fig. 1).

Renal tissue appeared normal in negative control
group; however, in the EcNO group, hyperemia and
hemorrhage in interstitial connective tissue and tubular
necrosis with pyknosis of the nuclei in the tubular
epithelial cells were observed. In the EcN1 group,
hyperemia, destruction and vacuole formation in the renal
tubular epithelium and scattered infiltration of
lymphocytes in interstitial tissue were noted. In the EcN2
group, hyperemia and improvement in tubular
architecture were observed. In the EcN3 group, slight
hyperemia and improvement in renal architecture were
also noted (Fig. 1).

Skin epithelium thickness and goblet cell
density. The effects of As challenge after EcN
administration on skin mucous cells of C. auratus were
presented in Table 2. Challenging the goldfish with As
caused lower epidermis thickness in EcNO group
compared to the control group. However, the increase
in goblet cell density in the skin epithelium was highly
significant (p < 0.05) in all experimental groups
compared to the EcNO group. Meanwhile, goblet cell
volume density showed the same pattern in a way that
in the treated groups including EcN1, EcN2 and EcN3,
higher goblet cell volume density was observed
compared to the EcNO group (Table 2).

Table 2. Skin epidermal thickness, goblet cell density and goblet cell volume density of gold fish in different experimental groups.

Parameters Control EcNO EcN1 EcN2 EcNs

Epidermis thickness (um) 44.00 + 1.87v 32.00 £ 2.55a 43.00+1.22b 47.00 + 1.22b 45.00 + 1.58b
Goblet cell density (number per cm) 248.00 £ 5.15p¢  118.00 £4.642a  232.00 £ 8.00P 263.00 + 3.74¢ 264.00 + 4.30¢
Goblet cell volume density (%) 37.40 +1.03bc 18.80 +£2.48a 34.60 + 2.54b 4520+ 1.77¢ 39.40 + 2.29bc

EcNO: 0.00, EcN1:1.00 x 106 CFU g1, EcN2: 1.00 x 107 CFU gt and EcN3: 1.00 x 108 CFU g-1.
abe Data within a row superscripted by different letters are significantly different (p < 0.05).
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Control

Liver Skin Gill Posterior intestine  Middle intestine  Anterior intestine

Kidney

Fig. 1. Cross- sectlons of goldflsh tissues after admlnlstratlon of Escherlchla coIl strain lesle 1917 bacterlum (ECN) for 60 days and
exposure to arsenic through diet being compared to those of the control group and the group without receiving arsenic (Hematoxylin and
Eosin staining, 200x). EcNO: 0.00, EcN1:1.00 x 106 CFU g1, EcN2: 1.00 x 107 CFU g1 and EcN3: 1.00 x 108 CFU g-1.

Discussion

Waterborne As remarkably accumulates in specific
organs, e.g, liver, gill, kidney and intestine, and
manipulates growth in fish.18 19 Amongst these organs, the
kidneys and liver are vital ones in vertebrates carrying out
detoxification mechanisms, nitrogenous waste excretion,

homeostatic functions and protein synthesis. As the gill
has a steeper sigmoid profile than liver, it is the more
sensitive of the two when fish are exposed to waterborne
As. The gill is a key accumulation site for numerous
transition metals.?? Gills are also the primary locations of
toxicity, since metal-induced mortality in freshwater fish
occurs via the distribution of branchial ion regulation.2!
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Acute and sub-acute effects of As may reach numerous
fish body systems such as the gastrointestinal, nervous,
cardiovascular, respiratory and hematopoietic systems.
Arsenic accumulation in tissues will be a function of the
uptake and clearance rates of individual organs. Sub-lethal
effects, namely gall bladder inflammation, anemia and
liver degeneration were detected in aquatic organisms.?2
Challenging the fish with As could cause severe damages in
kidneys, liver, skin, intestine and gills, based on the results
of our study; whereas, EcN particularly at 1.00 x 108 CFU
g1, could mitigate As-induced pathological lesions in the
liver, kidney, skin, intestine and gills. Similar results were
obtained by other researchers.?3 24

Over the past decades, some researchers have
investigated the different aspects of the probiotic
administration, affecting fish anti-oxidant systems through
different mechanisms: 2> The production of anti-oxidant
metabolites and prevention of reactive oxygen species
(ROS) generation are the main mechanisms of action. The
beneficial effects of various probiotics in the improvement
of anti-oxidant systems and ROS production reduction in
different organs are well documented.262° Previous
studies have shown that Nrf2-Keapl signaling pathway
has an important role in the anti-oxidant system through
balancing the expression of anti-oxidant genes.3° Higher
expressions of Keapl and Nrf2 genes were observed in
different tissues following probiotic administration, being
accompanied by a higher expression of anti-oxidant-
related genes, alongside with anti-oxidant property.3!
Previous studies have also proved that K5 polysaccharide
present in EcN is responsible for mediating the interaction
between this probiotic and intestinal cells as well as
chemokine induction.3?

Modulation of gut microbiota is another mechanism of
probiotic action. It was shown that probiotics are able to
regulate the microbial composition in fish intestine and
help oxidative stresses mitigation through lowering
harmful bacteria.3! Some probiotics are also able to chelate
metal ions. For example, it was proven that some lactic
acid bacteria have the ability to chelate some metal ions
including iron and copper ions.3? Therefore, future studies
exploring the detailed EcN probion mechanism of actions
are needed to understand how this probiotic can mitigate
the oxidative stress caused by As in goldfish.

Mucous cells located in the epidermis are required for
mucus production.32 Mucus mostly consists of mucins,
which either bind to the outer layer of epidermis and
create an additional defensive layer with the goal of
protecting epithelial cells, or form viscous gel preventing
microbial penetration.33 The probiotic induced increase of
goblet cell density, indicating an activation of skin mucosal
response.32 Our results cleared that the application of EcN
in goldfish diet provides adequate protection against As
toxicity. This study demonstrated that EcN is efficient in
enhancing the histological structure and function of fish

skin. Further research is required to clarify the
mechanisms by which EcN can influence general and
mucosal immunities.

In general, challenging the fish with As could cause
severe damage in different organs including intestine,
kidney, liver, gill and skin of goldfish. Based on the results
of this study, EcN probiotic, particularly at 1.00 x 108 CFU
g1, could mitigate As-induced pathological lesions in the
mentioned tissues. Therefore, EcN can be considered as a
potential feed additive against As-induced toxicity even
though complementary studies focusing on the anti-
oxidant responses of tissues are warranted.
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