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ABSTRACT

Lead is a heavy metal which is widespread in the environment, and the exposure to Pb during
the body’s development can alter the gut microbiota. The aim of this study was to assess the
effects of prenatal and neonatal exposure to lead (Pb) on the number of commensal intestinal
bacteria in rats. Pregnant female rats received 0.1% lead acetate (PbAc) in drinking water
supplied ad libitum. Pregnant females from the control group received distilled water. During
the feeding of offspring, mothers from the experimental group were still receiving PbAc.
The offspring were weaned at postnatal day 21. The number of enterococci was significantly
lower in all the studied parts of the intestine of the rats pre- and neonatally exposed to PbAc
than in the control group. The total number of coliforms in all the examined sections of the
intestine was lower in the Pb-exposed group. In contrast, streptococci were found only in all the
analysed parts of the intestine in the Pb-exposed animals. In the control group, yeasts were not
found, contrary to the Pb-exposed group. The amount of Candida observed in the colon was
approximately ten times higher than their amounts in every other examined section of the
intestine. Prenatal and neonatal exposure to lead may decrease the number of coliforms and
enterococci bacteria, and may promote colonization of the intestine by streptococci (especially in
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the duodenum) and yeasts (particularly in the colon). Streptococci and yeasts are more alkaline
microorganisms than coliforms and enterococci. Exposure to Pb can effect changes in pH of the
environment in the gastrointestinal tract and this way it can lead to the selection of specific
species of bacteria.
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INTRODUCTION

The microflora of the human gastrointestinal tract includes thousands of
different bacterial species, which provide many kinds of antigens constantly
stimulating the gut-associated lymphoid tissue (EcKBURG et al. 2005). Similar
to other mammals, these are aerobic and anaerobic species belonging to
Escherichia, Bacteroides, Bifidobacterium and Lactobacillus genera, etc.
(Sapyrov et al. 2009), and majority of them are found in the terminal ileum
and colon. Involved in the metabolism of otherwise unassimilable carbohy-
drates, including pectin, cellulose, hemicellulose and arabinose, they are an
important factor preventing or inhibiting the colonization of pathogens.

Although data on the composition of indigenous intestinal flora are still
incomplete, the available information suggests that colonization in the mam-
malian intestine occurs in the first year of life (BErG 1996, PALMER et al.
2007) and the eventual composition of intestinal microbiota in an adult is the
result of various endogenous and exogenous factors (MACKIE et al. 1999).
For a long time it was held that the intestinal flora of a newborn is similar
to the flora of the mother (MackiE et al. 1999). However, recent studies based
on molecular biology techniques have shown that the composition of intestinal
bacteria in the stool samples of a child resembles similar samples collected
from other adults in a given population (PALMER et al. 2007). The stability of
the gut flora’s composition may result from the immune system recognising
bacteria acquired in early childhood, identifying them as its own and develo-
ping tolerance (OUWEHAND et al. 2002).

The amounts and types of bacteria in the intestinal tract are also
dependent on changes in the microenvironment, including pH and the availa-
bility of oxygen and food in the subsequent parts of the tract. Changes in
microbe-host relationships in the gastrointestinal tract can cause abnormal
expansion of intestinal microbiota resulting in acute pancreatitis, bacterial
gastroenteritis and irritable bowel syndrome (ScHMIDT, STALLMACH 2005).
Changes in gut flora may play an important role in the pathogenesis of
infantile colic in the first months of life (SaviNo et al. 2004).

Factors associated with environmental pollution are among suggested
causes of inflammatory and proliferative diseases of the large intestine. It is
likely that gut microbiota are an important mediator of the bioavailability and
toxicity of environmental pollutants, including heavy metals, such as lead (Pb),
which is the most common and dangerous toxic metal (BRETON et al. 2013).
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The amount of Pb absorbed from the environment into the gastrointesti-
nal system depends on its form, route of absorption, exposure period, and the
gender, age and physiological state of an organism (SHARMA, BARBER 2014).
Lead is absorbed mainly through the respiratory and digestive systems and
is transported by the blood to all tissues; it is excreted from the body in
faeces and urine. The toxic effects of Pb are manifested in the impairment
of enzymatic activity associated with heme synthesis. Chronic Pb exposure
leads to anaemia and damage to the nervous system and kidneys (JURKIEWICZ
et al. 2004, GERHARDSSON et al. 2005, WikcHUrA et al. 2008). Moreover,
Pb causes gastrointestinal dysfunction (SHARMA and BARBER 2014).

There is much research on the impact of Pb on the kidney and liver,
considered as primary organs, with the bones, blood cells and the nervous
system also often examined. However, there is much less research focusing
on the effects of this element on the digestive system, particularly on the
small intestine and colon. For example, it is not known whether exposure to
Pb affects the bacterial flora of the large intestine and stimulates the proin-
flammatory activity of Pb, increasing the risk of large intestine cancer in
individuals chronically exposed to lead. The aim of this study was to evalu-
ate the effects of prenatal and neonatal exposure to 0.1% lead acetate on
potential changes in intestinal microbiota composition in offspring of Wistar
rats.

MATERIALS AND METHODS

The research was carried out on 18 offspring of albino Wistar rats.
The study was approved by the Local Ethics Committee for Scientific Experi-
ments on Animals in Szczecin, Poland (No. 5/2014, dated 23 April 2014).

Three-month-old female (250 + 20 g) rats (n = 6) were bred with sexually
mature males (2:1). The animals were kept in controlled conventional condi-
tions (temp. 22 + 1°C, relative humidity approximately 50% and 12/12 h
light-dark cycle).

Standard food — Labofeed H diet, Label Food “Morawski”’, Kcynia
(Pastuszewska et al. 2000) and tap water were freely available. Once females
tested positive for copulatory plugs, males were removed from the home cage
and the females were transferred to individual cages. Pregnant females were
divided into two groups: control and Pb-exposed. Females from Pb-exposed
group (n = 3) received 0.1% lead acetate (Pb(CH,COO),- 3H,0O; PbAc,
ultra-pure grade, Merck, Poland) in drinking water ad [ibitum, starting from
the first day of gestation (Kosik-Bocacka et al. 2011). The PbAc solution was
prepared daily in disposable plastic bags (hydropac, Anilab, Poland) directly
from a solid reagent to obtain the desired concentration; the solution was not
acidified. Pregnant females from the control group (n = 3) received untreated
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distilled water until the weaning of the offspring. The amount of liquid
drunk did not differ significantly between Pb-exposed and control groups.
The offspring (males and females) stayed with their mothers and were fed by
them; meanwhile the mothers from Pb-exposed group still received PbAc in
drinking water ad libitum. The offspring were weaned on the 21* post-natal
day (PND 21) and placed in separate cages. After that, the young rats of the
Pb-exposed group (n = 11) still received PbAc in the drinking water and
the control group (n = 7) received untreated distilled water ad libitum until
PND 28. Afterwards, the young rats of both groups received only distilled
water ad libitum until PND 60, when the animals were sacrificed and the
alimentary tracts from both groups of young rats were collected.

We chose oral administration of 0.1% PbAc, as it imitates environmental
exposure and is widely used as a model for Pb poisoning in rats (KANG et al.
2004, Xu et al. 2005). Moreover, owing to our preliminary study and previous
experiments (BARANOWSKA-BosIAckA et al. 2012), we know that this treatment
protocol results in a Pb concentration in the whole blood of the rat offspring
which is similar to that found in children from contaminated urban areas
(BarTOoN 2011) — above the threshold of 10 pg dL! considered safe for humans
(CDC 2007).

The animals were sacrificed by decapitation. We used the following sec-
tions of the alimentary tract in the analysis: a 1-cm segment of the upper
part of the small intestine 5 ¢cm from the pylorus; a 1-cm segment of the
lower part of the small intestine 5 cm from the ileocecal junction; the cecum;
and a 1-cm fragment of the colon 5 cm from the cecum junction. The intesti-
nal sections were transferred into 50 ml of sterile saline. After 30 min,
the materials were shaken and decimal dilutions performed. From each dilu-
tion 1 ml of suspension was collected and placed on the following media:
on MacConkey Agar (Oxoid) — for the counting of coliform bacteria, on
Mannitol Salt Agar (Oxoid) — for the isolation of staphylococci, on Edwards
Medium (Oxoid) — for the isolation of streptococci, on Salnetz and Bartley
Medium (Oxoid) — for the isolation of enterococci, and on Sabouraud
Dextrose Agar (Oxoid) — for the detection and enumeration of the Candida
genus. Cultures were incubated under aerobic conditions at 37°C for 24-48
hours.

Bacterial colonies were counted and expressed as colony forming units
per ml (cfu ml?), 1 cfu ml! detection limit. The results were expressed in
log,, cfu ml'. Basic biochemical reactions for identification were performed.
Each test was performed in duplicate, and each result was an arithmetic
mean.

The results were analysed statistically using Statistica 6.1 software.
Arithmetic mean (AM) and standard deviation (SD) were calculated for each
of the studied parameters. A non-parametric Mann-Whitney U-test was used
to check the significance of differences between the experimental and control
groups. A value of p < 0.05 was accepted as statistically significant.
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RESULTS

Table 1 shows the composition of aerobic microbial flora in the different
sections of the digestive tracts in the control group and in the prenatally
and neonatally Pb-exposed rats. In the duodenum of the control rats,
the presence of coliforms and enterococci was observed. In the Pb-exposed
rats, coliforms, enterococci, streptococcl and yeast were found. In the Pb-exposed
rats, the number of detected streptococci in the duodenum was higher than
in other parts of the intestine. Similarly, an analysis of the ileum of the con-
trol rats revealed the presence of coliforms and enterococci. In the Pb-exposed
group we detected the presence of coliforms, enterococci and yeasts at levels
similar to the ones in the duodenum, although the number of streptococci
was significantly lower than in the duodenum. In the caecum of the control
rats, we observed the presence of coliforms and enterococci. In the Pb-exposed
rats we detected coliforms at a level similar to that in the duodenum and
ileum, enterococci in significantly higher amounts than in the duodenum and

Table 1

Composition of aerobic microbial flora of different compartments of the digestive tracts
of control and exposed led rats

Specification Group (n) Coliform Enterococci Streptococci Candida
C-6 days (5) 0.44 +0.40 0.47+0.13 0.28 £0.15 ND
Duodentm C-22 days (5) | 0.66+0.08 | 0.41+0.13 | 0.42+0.20 ND
control (7) 0.78 £0.04 0.63+0.06 ND ND
Pb (11) 0.62+0.11 0.39+0.12 2.33+2.0 0.38 +0.14
C-6 days (5) 0.66+0.08 | 041+0.13 | 0.42+0.20 ND
lewm C-22 days (5) | 0.66+0.08 | 0.41+0.13 | 0.42+0.20 ND
control (7) 0.71+0.07 0.57 +0.20 ND ND
Pb (11) 0.62+0.10 0.34 £0.34 0.34 +£0.21% 0.40+0.11
C-6 days (5) 0.66+0.08 | 0.42+0.13 0.42 +0.2 ND
Caceum C-22 days (5) | 0.66 +0.08 0.41+0.12 0.42+0.2 ND
control (7) 0.71 £ 0.07 0.57+0.1 ND ND
Pb (11) 0.62 +0.10 0.48 £0.13* 0.57 +0.15% 0.34 +0.10
C-6 days (5) 0.66+0.08 | 0.41+0.13 0.42 + 0.2 ND
Colon C-22 days (5) 0.66 + 0.8 0.41+0.13 0.42+0.2 ND
control (7) 0.71 £0.07 0.57+0.09 ND ND
Pb (11) 0.62+0.1 0.50 £ 0.16* 0.57 £0.15% 3.9+0.1

Data are expressed as log,, mean + SD of bacterial population density (cfu ml”), C-6 days — 6-day-old
control rats, C-22 day — 22-day-old control rats, control — three-month-old control rats, Pb — three-
-month-old exposed lead rats, ND — not detected;

*(p < 0.05) difference statistically significant in comparison with exposed lead rats in duodenum
related to Enterococci (Mann-Whitney test);

#(p < 0.05) difference statistically significant in comparison with exposed lead rats in duodenum
related to Streptococci (Mann-Whitney test).
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ileum, and streptococci at a level comparable to those in the ileum, but
significantly lower than in the duodenum. The number of Candida in this
group was comparable to the ones in the duodenum and ileum. In the colon
of the control rats group we found coliforms and enterococci. In the Pb-exposed
group we detected coliforms at levels similar to those in the duodenum,
ileum and caecum, and enterococci levels were similar to the ones in the
caecum but significantly higher than in the duodenum and ileum. The num-
ber of streptococci identified in this group was comparable to that in the
caecum, but was significantly higher than in the ileum and significantly
lower than in the duodenum. The number of yeasts in the colon samples of
the Pb-exposed group was approximately ten times higher than the amounts
in the other sections of the intestine.

In 6-day-, 22-day- and three-month-old control rats we observed coli-
forms and enterococci in all parts of the digestive tract. Streptococci were
noted only in 6-day- and 22-day-old control rats.

DISCUSSION

Studies on bacterial cultures show that the lower part of the gastrointes-
tinal tract is colonized by a higher number of predominantly anaerobic
microorganisms than the upper part, which is colonized by aerobic micro-
organisms (BErc 1996, RoLr 1984). The final part of the ileum serves as
a kind of transition zone between aerobic flora above and the large intestine
with its anaerobic microflora below (BErG 1996). The development of micro-
biota in the body starts from the moment of birth. First, the sterile gut is
colonized by aerobic bacteria: Staphylococcus, Streptococcus and Enterobacte-
riaceae. As the amount of oxygen in the intestine decreases, obligatory
anaerobes appear: Bacterioides and Clostridium (CoLLADO et al. 2012, MACKIE
et al. 1999). Initial differences in the composition of the intestinal flora
disappear after going on a steady diet.

Our study showed that only Gram-negative rods (coliform bacteria) and
Gram-positive bacteria (Enterococcus) were present in the intestine of the
control group. In the rats which were prenatally and neonatally exposed to
PbAc in drinking water, there were significantly fewer enterococci in all the
examined sections of the intestine compared with the control group. In all
the tested sections, the number of coliforms was lower in the Pb-exposed
group than in the control group. In contrast, streptococci were found in all
the parts of the intestine of the Pb-exposed group, but were not detected
in the control group. The largest number of streptococci was found in the
duodenum of the rats exposed to PbAc. There were no yeasts in the control
group, but they were present in the Pb-exposed group. The number of Can-
dida in the duodenum was approximately ten times higher than the amounts
in the other examined sections.
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The prenatal and neonatal exposure to lead may decrease the number of
commensal coliforms and enterococci species and promote colonization
of pathogenic streptococci (especially in the duodenum) and yeasts (espe-
cially in the colon). Exposure to Pb may affect the bacterial flora of the large
intestine, stimulating the pro-inflammatory activity of Pb, as well as increa-
sing the risk of a large intestine cancer in individuals chronically exposed to
lead.

Lead is absorbed through the digestive and respiratory systems, and its
transport in the small intestine has been studied in the mouse intestine per-
fused in situ, and in segments of the rat intestine isolated in vitro (DiaMOND
1998). It crosses the apical membrane of the small intestine possibly through
Ca?" channels or by the endocytosis of a lead-binding protein. Pb may dis-
place Ca?' in the epithelial cells from calcium-binding proteins such as cal-
bindins, or bind with other proteins, including metallothionein (Pb-MT).
Lead may exit the cell through the basolateral membrane by displacing Ca?
from the Ca?-ATPase or Ca*/Na*- exchanger (Diamonp 1998). Colic is an
early symptom of Pb poisoning, indicating the potential onset of more acute
effects which may appear with prolonged exposure, usually due to industrial
poisoning. The symptoms of colic include abdominal pain, constipation and
diarrhoea (HACKETT et al. 1982).

The impact of heavy metals on the gastrointestinal tract depends inter
alia on the integrity of the intestinal barrier which serves as the first line of
defence and is determined inter alia by host-microbial interactions. A change
in the composition of gut microbiota may have been caused by decreased in-
testinal pH. In our examination, bacteria grew at higher pH, when staphylo-
cocci were not found. This decrease provided evidence for the influence on
changes in the number of acidic preferring bacteria such as coliforms.

Our previous studies showed that chronic Pb exposure in rats caused
inhibition of both spontaneous and stimulated transport of ions in the colon
(Kosik-Bocacka et al. 2011). It is reported that mucin glycoproteins play
an important role in protecting the intestine against chemical or physical
damage. Their protective function depends on the amount of mucin released
and the viscosity of the mucus blanket. They are also a barrier through
which immunological, allergic and inflammatory reactions are triggered as
a result of infection or intoxication, for example by Pb (FitLD, SEMRAD 1993).
Moreover, microorganisms such as bacteria and fungi can absorb metal ions
(Morozzr et al. 1986, HALTTUNEN et al. 2008). Enteric microflora and its
metabolites can also affect environmental parameters such as pH, oxidative
balance, detoxification enzymes, and host proteins metabolizing and carrying
xenobiotics (CLaus et al. 2008), which may indirectly affect the bioavailability
of metals in the intestine.

Streptococci, which were undetected in the control group, were found in
all the studied sections of the Pb-exposed rat intestine, with the highest
number found in the duodenum. In this study, we also observed that the
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number of Candida in the colon of the rats exposed to lead was approximate-
ly ten times higher than in any other examined section of the intestine.
The presence of fungi in stool samples is common, as yeasts as normal flora
can colonize the gastrointestinal tract. Diarrhoea as the result of infection
caused by yeasts can occur in immuno-compromised patients. The occurrence
of diarrhoea in all the animals of the study group confirms that exposure to
lead can increase the probability of ailments in the gastrointestinal tract.

CONCLUSIONS

Prenatal and neonatal exposure to lead decreases the number of coli-
forms and enterococci bacteria, and may promote colonization of the intestine
by streptococci (especially in the duodenum) and yeasts (particularly in
the colon). Streptococci and yeasts are more alkaline microorganisms than
coliforms and enterococci. Exposure to Pb can effect changes in the pH of
the environment in the gastrointestinal tract and this way it can lead to the
selection of specific species of bacteria.
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