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Glyphosate is the main component of many broadly used herbicides due to its safety for humans and animals. It is known that
the remains of glyphosate are present in allowable doses in fodders and food products, and, consumrd in low doses, it is found in
insignificant amounts in milk, eggs and even in the internal organs (liver, kidneys) of animals. For determining combined impact
of glyphosate and the commonest food additives on the composition of microbiota of animals, four groups of laboratory male rats
were formed, which during 42 days consumed pure water without any restrictions; 1% aqueous solution of glyphosate; 1% solu-
tion of glyphosate in combination with 1% solution of sodium benzoate; 1% solution of glyphosate with 1% solution of saccharin.
After killing the animals, 1 g of feces were collected and by serial dilutions with 10-1 to 10-9 sterile physiologic solution, a mi-
crobiological analysis was undertaken. Out of each dilution an inoculation of the studied material to the elective growth media was
performed, by 0.1 cm’, then the material was incubated in a thermostat (2472 hours, temperature 37 °C), the results were record-
ed after 24-72 h. The microorganisms were identified by studying morphological parameters, tinctorial, cultural and enzymic
propetties. Results are provided in CFU/g (colony-forming unit per gramm) of feces. The impact of glyphosate and glyphosate
with food additives led to no changes in the number of Escherichia coli and emergence of this species of microorganism with
changed enzymic activity. Also no changes occurred in the number of microorganisms of Bifidobactrium and Lactobacillus spp.
Addition of glyphosate, and also glyphosate in combination with saccharin to the diet contributes to broader reproduction of mi-
croorganisms of Klebsiella, Citrobacter, Enterobacter and Pseudomonas genera. Mixtures of glyphosate and food additives allow
conditionally pathogenic yeast-like Candida fungi (Candida glabrata and C. albicans) to spread more widely in the intestine.
Significant fluctuations in the number of Enterococcus spp. bacteria genus were observed: by 80 times within range of each of the
three experimental groups of rats with addition of herbicide with benzoate and saccharin to the diet.
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Introduction

Over the process of evolution, microbial associations which make
up the normal gut microbiota have been formed, which is one of the
mechanisms of maintaining homeostasis of macroorganisms (Prakash
et al,, 2011; Molozhavaya et al., 2016). The main functions of the mi-
crobiota are considered as follows: role in the process of development
of a healthy organism, formation of its immune system and non-specific
protection (Ponnusamy et al., 2011; Prakash et al., 2011; Daly et al.,
2014; Daly et al., 2016). Furthermore, intestinal microorganisms can
intensify or ameliorate the harmful effect of chemical substances due to
different mechanisms, presumably interacting with xenobiotics in dif-
ferent ways (Licht & Bahl, 2018).

Administration of a large amount of antibacterial preparations, irra-
tional and non-balanced diet, stresses, toxic substances in the compo-
nents of food and food products, which accumulate at all stages of agri-
cultural and industrial production, and other factors can lead to change
in the quantitative and qualitative composition of the gut microbiota
(Prakash et al., 2011; Rothschild et al., 2018; Licht & Bahl, 2018).

Also, research has proved the impact of heavy metals, pesticides, na-
noparticles, polycyclic aromatic carbohydrates, dioxins, furan, polychlori-
nated biphenyls and artificial non-calory sweeteners, on the microbiom of
the intestine, which is related to the development of metabolic, malignant,
inflammatory, or immune diseases (Tsiaoussis et al., 2019).
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Using glyphosate in the compound of herbicides over the last four
decades has turned out to be efficient (Benbrook, 2016). It is used due to
absence of direct risks for health of people and animals or absence of
tendency towards bioaccumulation in the trophic networks (Lund-Heie &
Friestad, 1986; Luis et al., 2011; Landrigan & Belpoggi, 2018). But its
application has increasingly fallen under question, and thus its impact
on the environment, living organisms and people should be tested (Mao
et al.,, 2018). Data have been obtained showing that the impact of herbi-
cides in doses which are considered safe can change gut microbiota of
animals in early stages of the development, especially before attaining
sexual maturity (Mao et al., 2018).

The most frequently used food additives are preservatives, sweete-
ners, stabilizers and colourings. They are constantly added to food pro-
ducts in allowable concentrations both separately and in combination
(Behrens et al., 2017). The impact of these substances on the organisms of
humans and animals is described in a number of studies. The most broad-
ly used preservative is sodium benzoate (E,;;) which has antimicrobial
and fungicidal effects, significantly inhibiting yeasts and yeast fungi
(Adeola & Aworh, 2013). Non-caloric artificial sweeteners (NAS), par-
ticularly saccharin (Eos,), are some of the most broadly used food additives
in the world. They are regularly consumed by people suffering obesity and
diabetes. Their consumption is considered safe and practical due to their
low calorie content, but there are very few scientific studies which have
proved this and they often are contradictory (Suez et al., 2014; Ruiz-Ojeda
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et al, 2019). Suez et al. (2014) have demonstrated that consuming typical
NAS compositions stimulates the development of glucose intolerance
through induction of compositional and functional changes in gut micro-
biota, which in turn leads to sensitivity of the host to metabolic disorders.

Analysis of the genes of 16S ribosomal RNA has revealed 25 main
families, including 7 bacterial genera, out of which the dominant are
Bacterium, Clostridium and Bacillus. Addition of saccharin to the diet
caused significant changes in composition of microbiota, as well as
causing changes in its subsequent dynamic (Daly et al., 2015).

Despite the fact that each described substance (glyphosate, sodium
benzoate and saccharin) is considered safe in itself, their combined effect
on the quantitative composition of the microbiocenosis of the intestine
during a specified period has not been studied. Therefore, the objective
of our study was determining the impact of glyphosate and its mixture
with food additives on the changes of gut microbiota of rats in condi-
tions of a laboratory experiment.

Materials and methods

The protocol of the study was agreed upon with the Ethics Com-
mittee of the Dnipro State Agro-Economic University. The research
was performed on male white rats, which were divided into four groups
with five animals in each: I group — intact animals (control) which con-
sumed pure water, Il group — rats which were given aqueous solution of
glyphosate, animals of IIT and IV groups, which in 1:1 proportion were
given aqueous solution of glyphosate with 1% solution of sodium ben-
zoate and 1% solution of glyphosate with 1% aqueous solution of sac-
charin, respectively. The experiment lasted for 42 days. The methods of
conducting the experiments are described in previous articles (Liesh-
chovaetal., 2018, 2019).

For laboratory study, we took 1 g of feces into a sterile vessel with
tightly closable cap plug. Microbiological analysis of the fecal samples,
pre-suspended in a test tube with 1.0 cm® of sterile normal saline, was
made by series of dilutions from 10 to 10”®. Then, out of each dilution,
using a pipette we made an inoculation of the examined material to
elective growth media, by 0.1 cm® each time. Then, we performed in-
cubation in a thermostat for 24-72 hours at temperature of 37 °C. Re-
sults were recorded after 24-72 hours. The isolated microorganisms
were identified according to examination of morphological parameters,
tinctorial, cultural and enzymic properties. Results are given in CFU/g
(Colony-forming units per gram) of feces. For reliability, for each genus
of microorganisms from the dilutions we studied, we conducted micro-
scopy of the smears stained according to Gram with the purpose of con-
firming correctness of the identification.

The data were analyzed using Statistica 6.0 (StatSoft Inc., USA)
program. In the diagrams, the small squares show the median, the large
rectangles show the 25% and 75% quartiles, the vertical lines show
95% of the variation, the stars and circles show the outliers.

Results

The conducted studies have determined the main representatives of
the intestinal microbiome of the tested animals (Fig. 1): bacteria of Bifido-
bacterium, Lactobacillus, Lactococcus, Escherichia, Proteus, Enterococ-
cus, Citrobacter, Klebsiella, Enterobacter, Clostridium, Staphylococcus,
Candida genera. The total number of whole Escherichia coli in different
variants of the experiment did not change reliably (Fig. 1a), though addi-
tion of glyphosate and sacchrain, glyphosate and benzoate to the diet
caused increase in the number of these bacteria by ten-twenty times in one
animal. No E. coli with changed enzymic activity, and also no lactose-
generative and hemolyzing forms of this species were found in any of the
experimental animals.

The number of microorganisms of the Bifidobactrium genus cor-
responded to the literature data (Putnikov et al., 2015; Makarova et al.,
2019) and was within physiological values of the norm (Fig. 2b). The
same results were obtained for Lactobacillus spp. bacteria, except for
the variants of the experiment with glyphosate and benzoate and only
with glyphosate; in two animals, the number of Lactobacillus spp. was
higher than the norm’s threshold (Fig. 2¢). In the variants of the experi-

ment with glyphosate and saccharin, only two rats were observed to
have the number of Lactococcus spp. (Fig. 2d) below the lower thre-
shold of the norm. The number of bacteria of the Proteus genus, sapro-
phyte representatives of Staphylococcus genus (Staphylococcus epi-
dermidis and S. saprophyticus) and pathogenic (S. aureus), bacteria of
the Clostridium genus did not reliably change with addition of herbicide
and food additives to the diet (Fig. 2e, £, g, /).
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Fig. 1. Microscopic image of the intestinal microbiome in the ex-
amined rats. Staining according to Giemsa: grey arrow — bacilli-
form bacteria with different shapes of the ends of the cell; black

arrow — spherical bacteria; white arrows — spiral bacteria; bar— 5 pm

We observed significant fluctuations in the number of bacteria of
Enterococcus spp. (Fig. 2i): by 80 times within each of the three experi-
mental groups of rats, to whose water herbicide with benzoate was
added. In two animals of the control, out of the conditionally pathogenic
microorganisms of the Enterobacteriaceae family, microorganisms of
Enterobacter genus in the amount up to 10* CFU/g were isolated. In the
variant of the experiment with glyphosate and saccharin, in one animal,
we found three genera of conditionally pathogenic bacteria: Klebsiella
spp., Citrobacter spp. and Enterobacter spp. — 10°, 10° and 10’ CFU/g,
respectively, which was higher than acceptable values. In the variant of
the experiment with glyphosate, microorganisms of Klebsiella spp. were
found in two rats (4x10° and 9x10* CFU/g), Citrobacter spp. in one
animal (9x10* CFU/g), and Enterobacter spp. in another animal
(1x10° CFU/g). In the variant with glyphosate and benzoate, the total
amount of conditionally pathogenic microorganisms of the Enterobacte-
riaceae family was up to 10* CFU/g.

Furthermore, two of the examined animals in the variant of the ex-
periment with glyphosate and saccharin were observed to have 10°
CFU/g of bacteria of the Pseudomonas genus, which was higher than
reference-ranges of physiological values.

In the control group of rats, the number of Candida glabrata and
C. albicans yeast-like fungi (Fig. 3) in the examined samples of feces
correlates with the literature data (Prakash et al., 2011; Lozano et al.,
2018). In the group to whose diet glyphosate was added, one animal
was observed to have C. albicans (1,000 CFU/g). With combined use
of glyphosate and benzoate, C. glabrata and C. albicans were found in
three experimental animals (200-8,000 CFU/g). C. glabrata and C.
albicans were found in two animals (500 and 5.5x10° CFU/g) which
received the diet with glyphosate and saccharin. Thus, mixtures of the
studied herbicide with food additives allow yeast-like fungi of the Can-
dida genus to colonise the intestine.

Discussion

Food additives have a significant effect on vital activity of nema-
todes, intestinal parasites of vertebrates, and also invertebrates which
randomly consume food additives in places of accumulation of house-
hold and food wastes (Boyko & Brygadyrenko, 2016, 2017, 2018;
Martynov & Brygadyrenko, 2017). Non-calorie sweeteners stimulate
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development of intolerance to glucose through changes in the gut mi-
croflora and resulting inflammatory processes in the organs (Suez et al.,
2014; Nettleton et al., 2016; Bian et al., 2017). In a study of stimulation

of consumption of some substances (ethanol and nicotine) by sweeten-
ers, experiments on mice revealed that saccharin reduced the number of
microorganisms of the Clostridium genus (Labrecque et al., 2015).

8.5 8.5 8.5
Escherichia coli Bifidobactriumspp. Lactobacillus spp.
8.0 8.0 o —o —o— i 8.0
7.5 7.5 7.5
7.0 7.0 7.0
6.5 6.5 6.5
6.0 —0— == .—%. 6.0 6.0 —0— —0—
55 55 55
5.0 5.0 5.0
a K G GB GS b K G GB GS ¢ K G GB GS
8.5 4.5 55
Lactococcus lactis Proteus spp. Staphylococcus epidermidis + S. saprophyticus
5.0
8.0
4.0 (=] == Eg:' 45
. ‘ ? IS j S
35 +
3.5
7.0 3.0
25
6.5
3.0 2.0
6.0 i == —— 1.5
25 1.0
55 0.5
0.0
5.0 20
d K G GB GS e K G GB GS f K G GB GS
5.0 7.0 8.5
Staphylococcus aureus Clostridiumspp. 8.0 Enterococcus spp.
4.5 75
40 6.5 7.0 — —o —o—
6.5
3.5 6.0
6.0 55
3.0 T 5.0
o
45
25
55 4.0
2.0 35
3.0
5 50 0 & o 25
1.0 2.0
1.5
4.5
0.5 1.0
0.5
0.0 T T .0 0.0
g K G GB GS “h K G GB GS i K G GB GS

Fig. 2. Change in the number of particular groups of bacteria in the intestine of rats in the conditions of adding glyphosate, benzoate and saccharin
to the diet (x + SD, n =5, duration of the experiment was 42 days): a—i — groups of bacteria indicated in figure; along the abscissa axis — groups of
animals: K — control group of rats, G — group of animals for which only glyphosate herbicide was added to the drinking water (1.0% of the water
mass), GB — group of rats for which glyphosate herbicide (1.0%) benzoate preservative (1.0%) were added to the water, GS — group of rodents for
which glyphosate (1.0%) and saccharin sweetener (1.0%) were added to the water; the ordinate axis shows common logarithm (log;en) of the number
of bacteria per 1 gram of feces; small squares show the median, the large rectangles show the 25% and 75% quartiles, the vertical lines show 95%
of the variation, the stars and circles show the outliers

Addition of 7.5% of saccharin to the rats’ diet over 10 days caused
no changes in total amount of anaerobic microorganisms in the caecum,
but led to disappearance of some groups (Anderson & Kirkland, 1980).
In the small intestine of rats that received 2.5% dose of saccharin
(107 mg in diet), there was observed inhibition of 6 bacterial strains
(3 species of microorganisms of Lactobacillus genus and 3 strains of
E. coli) (Naim et al., 1985). It is also known that saccharin inhibits fer-
mentation of glucose by microbiota of rats (Pfeffer et al., 1985). Additi-
on of saccharin increases the populations of Lactobacillus and concen-
tration of lactic acid in the caecum (Daly et al., 2015). It was proved that
regardless of the way of introduction of glyphosate-conteining prepara-
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tions into organisms of human and animals, its impact can manifest in
toxicity, individual disorders of metabolism, teratogenicity, disorders of
cell cycle, genetic dysfunctions, endocrinous pathologies (for example,
disorders in regulations of sexual functions) (Baran & Cibinski, 2014).
Glyphosate affect the bacterial symbionts of animals that live near
agricultural lands, including bees. Studies of sequencing genome of
intestinal bacteria of bees have revealed that all 8 dominating species of
bacteria are potentially sensitive to glyphosate. And relative and abso-
lute content of dominant species of the intestinal microbiota reduces in
bees affected by the impact of glyphosate even in insignificant concen-
trations. Researches has also proved that the impact of glyphosate on
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young individuals leads to increase in mortality as a result of influence
of Serratia marcescens (Motta et al., 2018).

Aitbali et al., 2018 determined the impact of glyphosate based her-
bicide on the number and composition of intestinal microbiota of mice:
it reduced the number of representatives of Corynebacterium, Firmi-
cutes, Bacteroidetes and Lactobacillus genera. The researchers found
that long-term use of this preparation led to increase in anxiety and
depression in the tested animals. The obtained results suggest that dys-
bacteriosis of the intestine can increase changes in the nervous system.
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Fig. 3. Pseudohyphae of yeast-like fungus of Candida genus:
Staining according to Gram: bar — 10 pm

Nielsen et al., 2018 observed a limited influence on the composition
of the intestinal microbiota in rats during 2 week oral exposure, explain-
ing this by sufficient bioavailability of aromatic aminoacids in the intes-
tine, which weakened the effect of glyphosate which was blocking the
the shikimate pathway. At the same time the researchers do not exclude
lethal effect of glyphosate, for example, in case of poor nutrition (defi-
ciency of protein) which can cause lower levels of available aminoacids
in the intestine.

Impact of small doses of glyphosate and a preparation with its content
(“Roundup”) on pregnant rats caused significant changes in total bacterial
composition of gut microbiota and their progeny. At the same time, the
relative number of Bacteroidetes was increased, whereas the number of
Lactobacillus was decreased compared to the control (Mao et al., 2018).

In a study of the long-term effect of different doses of Roundup on
the gut microbiota of rats, using 16S sequencing, a total of 141 families
of bacteria were identified. Female rats were observed to have an in-
crease in the number of Bacteroidetes S24-7 microorganisms and re-
duction of the number of microorganisms of the Lactobacillaceae fami-
ly. Using the cultural method, direct impact of this preparation on gut
microbiota of rats was determined; the cultivated species demonstrated
different sensitivity to the preparation. At the same time, an E. coli resis-
tant strain was found, which the authors explained by absence of the
EPSPS gene (which encodes the target enzyme of glyphosate (Lozano
etal., 2018).

After using herbicide and food additives over a short period
(42 days) it was determined that in some animals (80%), microorga-
nisms of Bifidobacterium, Lactobacillus, Escherichia genera were at the
lower level of physiologic values (Putnikov et al., 2015; Makarova et al.,
2019). Long-term addition of such or similar preparations to the diet
over time can lead to changes in the number and decrease in qualitative
composition of normal microflora which provide vital activity of the
macroorganism.

Thus, use of herbicide and food additives in diet can contribute to
reproduction of pathogenic and conditionally pathogenic microorga-
nisms (staphylococcus, streptococcus, yeast-like fungi, enterobacteria
and others) which are present in the macroorganism as facultative and
transitional microflora. This can lead (Sekirov et al., 2010; Adeola &
Aworh, 2013; Suez et al., 2014; Nettleton et al., 2016) to possible pa-
thologies in the gastrointestinal tract, diseases of cardio-vascular system,
disorder in metabolism, allergies and autoimmune diseases.

Conclusions

Short-term use of herbicides and food additives in the diet of la-
boratory animals did not significantly change the quantity of normal gut
microflora (bacteria of Bifidobactrium, Lactobacillus genera), but con-
tributed to reproduction of conditionally pathogenic enterobacteria of
Kilebsiella, Citrobacter and Enterobacter genera, yeast-like fungi of
Candida genus, Staphylococcus aureus microorganisms and bacteria of
the Pseudomonas genus.

The article is a part of the scientific study “Bioindication as the basis of
optimizing and protecting valley-terrace landscapes of the steppe zone of
Ukraine in conditions of anthropogenic-climatic changes”, Number of state
registration is 0118U003303.
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