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Herbicides and food additives are included in many food products for humans. Non-used products or products beyond their
expiry date are deposited in places of utilizatioin of solid municipal wastes, where they can take effects on the organisms of
mouse-like rodents. Among the herbicides, glyphosphate takes first place in the world for volume of production, and is the most
intensely used in agricultural farming. The discussion about negative impact on the organisms of mammals, especially against the
background of using various substances and environmental factors, continues. In this study, we determined the combined effect of
glyphosphate and food additives on the organism of laboratory animals, which manifested in changes in body weight, condition
and indices of mass of the internal organs and blood parameters. Four groups of laboratory male rats were formed, which over
42 days received: unlimited access to clean water; 1% aqueous solution of glyphosate; 1% solution of glyphosphate and 1%
solution sodium benzoate; 1% solution of glyphosphate with 1% solution of saccharin. Glyphosphate and glyphosphate with
sodium benzoate and saccharin significantly reduced the daily increases in body weight of animals compared to the control group.
The studied substances have notable suppressive effect on the immune system and haematopoiesis in general, which is manifested
in reduce of relative mass of the thymus and spleen against the background of increase in the amount of lymphocytes in the
peripheral blood. The inhibition of haematopoiesis is indicated by decrease in the amount of erythrocytes, neurophils and
hemoglobin of blood of animals from the experimental groups. The impact on the digestive system of glyphosphate and food
additives is indicated by occurance of the effect of “irritation” of mucous membranes, and, as a result, disorders in absorption
followed by the disorder in metabolic processes. A dysbalance occurs in enzymic systems of the organism, which is manifested in
distrophic processes, especially in the liver parenchyma, indicated by the activity of blood enzymes (ALT, AST, alkaline
phosphatase), total number and ratio of proteins of blood plasma. We determined the impact of glyphosphate and its mixes with
benzoate and saccharin on the pancreas, which manifests in severe pancreatitis with steep increase in the level of glucose of blood.
The results of the study allow us to state that mixture of glyphosphate and food additives can cause toxic effect in animals and

humans, which often contact with herbicides.
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Introduction

Combination of pollutants in the diet of human and animals can
have ill defined effects on the organism. Herbicides and food additives
are included in many food products for humans, and unused food pro-
ducts or products beyond their expiry date are deposited in the places of
storage and utilization of solid municipal waste. There they become
food for synantropic rodents (rats and mice).

Glyphosate, or N-(phosphonomethyl)glycine, CsHgNOsP, is globally
one the most widely used non-selective herbicides of systemic effect.
Among the herbicides, it takes first place in the world for volume of
production, and is the most intensely used in the history of chemicals in
agriculture (Benbrook, 2016). Glyphosate is the active substance of many
preparations produced under trade names such as "Roundup", "Ura-
gan", "Tornado" and others. In Ukraine, there are registered around 30
such preparations, and their use annually equals 10001500 tons, in the
USA — 17,000-22,000 tons of this herbicide are used annually (Kuzne-
tsova & Chmil, 2010; Kniss, 2017). The preparation forms on the basis
of glyphosate are different in percentage proportion of the substances
they contain. Most often, they contain 1-41% glyphosate, surfactants and
various secondary components, including foaming-preventing substan-
ces, colourings, biocides and non-organic ions for stabilizing pH (Brad-
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berry et al., 2004). From the chemical perspective, glyphosate is a weak
organic acid. In preparation forms glyphosate is converted into saline
form (potassium, ethanolamine, dimethylamine, ammonium or isopro-
pylamine), due to which it becomes well-soluble in water and becomes
chemically stable.

Glyphosate is widely used on cultivated fields (grain, vegetables,
legume, oil-bearing crops, and melons), in gardens, parks and forests,
and also in water resources. It is efficient in the areas of non-agrarian
purpose against weeds and unwelcome vegetation, open drainage and
irrigation systems, drainage canals. Glyphosate has low mobility in soil
and is poorly leached. It is considered that the remains of glyphosate
from weeds, introduced to the soil do not enter into other plants. In soil,
glyphosate has a short half-life into stable metabolites, which depends
on the type of soil and its pH (Yu & Zhou, 2005; Gardner & Nelson,
2008). The main route of introduction of glyphosate into plants is through
leaves. Increase in the speed of its absorption by the plants is facilitated
by surfactants, moisture and temperature. Glyphosate absorbed by leaves
easily travels to other parts of the plant, preventing its growth (Gottrup
etal.,, 1976; Frank & Tworkoski, 1994; Ganie et al., 2017).

The literature contains practically no information on the presence and
amount of glyphosate in food products obtained through monitoring
studies. The available information mostly relates to the results of field
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studies of preparations on the base of glyphosate. During use of glypho-
sate as a herbicide before sowing grain crops, its residue and the remains
of its main metabolite, AMPA (aminomethylphosphonic acid), were not
found at the level of finding threshold, which equals 0.05 mg/kg in grain
of cereals during harvest. On grasses and beans before harvesting, gly-
phosate was found in grains of cereals and beans within 0.20-4.80 mg/kg
(Mamy et al., 2005; Kuznetsova & Chmil, 2010).

Industrial processing of agricultural production significantly reduces
the content of glyphosate and its metabolites in it, but does not remove
this pesticide completely. Also, glyphosate does not decompose during
thermal processing of products (baking, boiling) (Kujawa, 1982; Kello,
1989; Kuznetsova & Chmil, 2010). After introduction with fodders into
the organism of animals, glyphosate is quickly removed without decom-
position. In the experiments involving feeding different animals with
fodders containing glyphosate in concentration of 100 mg/kg, the resi-
dues of the active substance were found in meet of pigs, poultry and
cattle in concentration less than 0.05 mg/kg. In liver of these animals,
glyphosate was found in the amount of 0.12 mg, whereas residue of
glyphosate in milk of cattle was not found at all (Jones, 1994; Kuzne-
tsova & Chmil, 2010).

Determining the toxicity of glyphosate and preparations on its basis
has been the subject of a large amount of studies. We know that for
LDx rats, it equals over 5,000 mg/kg of the animal’s body weight at
internal consumption, for rabbits — 3,800 mg/kg, over 10,000 mg/kg for
mice and 3,530 mg/kg for goats, it does not accumulate in the tissues of
animals and does not irritate the skin (Glyphosate Technical Fact Sheet,
http://npic.orst.edu/factsheets/archive/glyphotech.html). The safety measu-
res during working with it are the same as for low-toxic pesticide, but
one it is important that the solution does not get into the mucous mem-
branes of the eye. Despite this, there are a number of publications (Bates &
Edwards, 2013; Gil et al., 2013; Cortinovis et al., 2015) on intoxication
of people and animals with glyphosate and compounds which include it.
The mechanisms of the toxicity of substances with glyphosate are complex
and not fully determined. This is due to the fact that cases of intoxica-
tion have been not only with the active ingredient of herbicide, but com-
plex compounds with its content.

The most commonly used food additives are preservatives, stabili-
zers and colourings. They are constantly included in food products in
acceptable concentrations both separately and in combination (Behrens
etal,, 2017). The impact of these preparations on the organism of humans
and animals is described in many studies. Most often, the preservative
sodium benzoate, C¢HsCOONa, is used, which has antimicrobial and
fungicidal effect, has a strong inhibiting effect on yeasts and mold, inhi-
biting the activity of cellular enzymes which respond to the oxidative-
restoration reactions and decompose fat and starch (Piper, 1999; Adeola &
Aworh, 2013). Sodium benzoate is considered generally safe, but there
are data that constant consumption of it leads to disorders in concentra-
tion and hyperactivty, especially among children. Presumably this is
related to the fact that it is a competitive inhibitor of D-amino acid oxidase
which metabolizes D-serin, which takes an important part in neurotrans-
mission via NMDA-receptor in the brain. And direct change in the level
of D-serin by consumption of sodium benzoate, especially among child-
ren, can be one of the reasons for hyperactivity (Hashimoto, 2011).

There are data obtained in experiments with mice indicating that
short-term consumption of sodium benzoate leads to memory loss and
increase in stress (Khoshnoud et al., 2017). Also it has an immune-
modeling potential. Such conclusion was drawn by Yadav et al. (2016)
over the study of the impact of different doses of the preservative on the
splenocytes and their property of expression of immune receptors and
cytokines over three days.

The concentration of sodium benzoate, usually used in non-alcoholic
beverages (0.1%), causes significant reduction of viability of cellular
cultures of neurons of the cerebral cortex of rats and epithelium of humans
(Park et al., 2011). In a test on the genotoxicity of plants (SCGE-assay),
the inhibitory effect of the benzoate on the synthesis of DNA in the cells of
the root system of Vicia faba was determined (Njagi & Gopalan, 1982).

Saccharin, C;HsNOsS, Egs, is a food additive which is 300-500 as
sweet as sugar. It is widely used as sweetener in the production of non-
calory and low calory food products (Roberts, 2016; Su-Ah et al., 2017). It
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has no nutritional properties, is not absorbed by the organism and is
excreted with urine (Stanner, 2010). It is more commonly used in a
mixture with other sweeteners (Behrens et al., 2017). There are also
numerous reports about the effect of the sweeteners on health of
humans and animals (Shwide-Slavin et al., 2012; Gong et al., 2016;
Bourie et al., 2017; Boyko & Brygadyrenko, 2017; Lohner et al., 2017,
Martynov & Brygadyrenko, 2017; Yamashita et al., 2017; Bissonnette
et al., 2017; Chan et al., 2017; Bian et al., 2017a; Pinto et al., 2017).
There are data that during consumption of sweeteners, healthy people
were observed to have increased risk of cancer, diabetes, caries (Fowler,
2016; Lohner et al., 2017). There were reports on the carcenogenic pro-
perties of saccharin and risk of development of cancer of the urinary
bladder, but further studies disproved this (Weihrauch & Diehl, 2004;
Vasconcelos et al., 2017). Non-calory sweeteners stimulate the develop-
ment of intolerance of glucose by change in the microflora of the intesti-
nes and subsequent development of inflammatory processes in the organs
(Suez et al., 2014; Nettleton et al., 2016; Qin, 2016; Bian et al., 2017b),
and significantly reduce the sense of taste (Bakali et al., 2016; Sclafani &
Ackroff, 2017; Dess et al., 2017; Choo & Dando, 2018). Despite these
data, nowadays, saccharin is approved for ubiquitous usage in over
90 countries. The recommended dose is 5 mg/kg of human body weight
and is considered harmless for health.

Saccharin and other sweeteners pose a greater threat to the environ-
ment, for they are pollutants along with pharmaceutical preparations,
steroid hormones and pesticides (KobetiCova et al., 2016). Numerous
studies indicate presence of artificial sweeteners in groundwater and open
water bodies practically throughout the world (Vymazal & Dvorakova
Brezinova, 2016; Brumovsky et al., 2017; Edwards et al, 2017,
Saurette et al., 2017; Snider et al., 2017; Yang et al., 2017).

Despite the fact that each described substance (glyphosate, sodium
benzoate and saccharin) separately are considered safe, their combined
effect on the growth of organism, development and condition of the
organs and the systems over a particular period have not been studied.
Therefore the objective of this study was to determine the impact of
glyphosate in combination with food additives on the body weight,
index of mass of the organs and biochemical parameters of blood of rats
in the conditions of a laboratory experiment.

Materials and methods

All manipulations with animals were performed in accordance with
the European Convention for the Protection of Vertebrate Animals used for
Experimental and Other Scientific Purposes (Strasbourg, 1986; Kyiv, 2001).
Putting the animals to death was performed according to the regire-
ments of the Law of Ukraine No. 3447-1V 21.02.2006 "On the protection
of animals from abuse". As an antiseptic preparation, sodium thiopental
was used (40 mg/kg). The protocol of the studies was agreed with the local
ethics committee of Dnipro State Agrarian and Economic University.

The research were performed on outbred white male rats (60-96 g
body weight) held in a vivarium of Dnipro State Agrarian and Economic
University. Throughout the experiment, the rats were kept in standard
conditions at the temperature of 2022 °C on a balanced diet containing
all necessary components. The animals were divided into four groups
with five animals in each: I group — intact animals (control) consumed
pure water, II group — rats were given 1% aqueous solution of glyphosate,
the animals of TIl and IV groups in proportion 1:1 — 1% aqueous solution
of glyphosate with 1% solution of sodium benzoate and 1% solution of
glyphosate with 1% aqueous solution of saccharin, respectively. Drin-
king water (I group) and solutions (II-IV groups) were provided for the
rats without any restrictions in glass drinking dishes of 0.1 liter. The ex-
periment lasted 42 days. During the experiment, every three days, the
mass of the animals was determined using the method of direct weighing
with accuracy to 0.01 g. In addition, we performed the consideration of
the consumed water and solutions with following addition of its new
portion for the animals.

At the end of the experiment, blood was withdrawn from the heart
of the animals (right ventricle) under thiopental anaestesia (40 mg/kg).
Biochemical parameters of the blood were determined using Miura 200
automatic biochemical analyzer with High Technology (USA), PZ Cor-
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may S.A. (Poland) and Spinreact S.A. (Spain) sets of reagents. We de-
termined total protein — biuret test, albumins — in reactions with bromo-
cresol green, globulins and protein coefficient — calculation method, uric
acid — enzymically with uricase, activity of aspartate aminotransferase
(AST) and alanine aminotrasferase (ALT) — using kinetic method based
on Warburg’s optical test, activity of alkaline phosphatase — enzymic
method with z-nitrophenyl phosphate, total biliburin, glucose — enzymic
glucose oxidase method. In the stabilized blood of rats, we determined
the number of erythrocytes and leukocytes on an automatic hematologi-
cal analyzer BC-2800Vet and Mindray. For removal of leukogram, we
prepared blood smears according to Pappenheim followed by Roma-
novsky-Gimsa staining. After withdrawal of the animals from the expe-
riment, through dissection, we selected the rats’ organs (heart, liver, pan-
creas, lungs, kidneys, testis, brain, hematopoietic organs, stomach, intes-
tines), weighed them using KERN-440-35A scales with 0.001 g accuracy
and determined the indices of the mass of the internal organs.

The data were analyzed in Statistica 6.0 (StatSoft Inc., USA). The data
in the tables are presented as x + SD (x + standard deviation). The diffe-
rences between the values in the control and experimental groups were
determined using the Tukey test, where the differences were considered
significant at P < 0.05 (with taking into account the Bonferroni correction).

Results

During the experiment, the animals consumed the following amount
of water: in group I—8.38 ml/individual a day, in group II—2.16, group Il —
6.59, group IV — 8.76 ml/individual a day. Glyphosate separately, and in
combination with benzoate and saccharin caused a practically two times
decrease in the daily gain in the animals’ body weight compared to the
control group (Table 1). It is interesting that the differences in the change
in the body weight did not manifest under the impact of benzoate and
saccharin, despite a 3.05 and 4.05-times increase in the amount of the
consumed solution a day when these food additives were added.

Addition of glyphosate to the rats’ diet caused reliable increase in
the relative mass of the ileum and pancreas (Table 2) and decrease in the
relative mass of the thymus, duodenum and large intestine. Addition of
benzoate in addition to the variant of the experiment with glyphosate
caused an increase in the relative mass of the lungs, small intestine in
general and the jejunum and ileum in particular, and also decrease in the
mass of the duodenum and rectum and thymus. Addition of glyphosate
with saccharin to the rats’ diet (Table 2) caused increase in the relative
mass of the liver and jejunum, and also decrease in the mass of the
duodenum and thymus.

Table 1
Change in the body weight (g/day) of male rats under the impact of adding glyphosate, benzoate and saccharin to their diet (x = SD, n = 60)
Group Average consumption of water or solutions Average daily increase In relation to F P
of the substances, g/day per animal in animals’ body weight, g/day control, % (at Foos=3.91)
Control 838 3.558 +2.180 - - -
Glyphosate, 1.0% 2.16 1914+1.582 538 2093 13-10°
Glyphosate, 1.0% + benzoate, 1.0% 6.59 1.949+1432 54.8 23.82 33-10°
Glyphosate, 1.0% + saccharin, 1.0% 8.76 1.930+1.572 542 2243 62:10°
Table 2
Change in relative mass of the organs (%) of male rats under the impact of adding glyphosate,
benzoate and saccharin to their diet (x + SD, n =5, duration of the experiment — 42 days)
. o Glyphosate + o Glyphosate +
Organ Control Glyphosate, 1.0% mlagéﬁpgﬁfﬁ % Gl]:})/phosate, 11 (())(2 * benzoate in relation Gls};p;}cl}(iasiti }802 * saccharin in relation
> to control, % ) to control, %
Heart 0.393+0.049° 0.399+0.089" 101.7 0406+0.116 1033 0.439+0.036 111.8
Lungs 0.570+0.062° 0.710+0.180° 1245 0.782+0.130® 1370 0.763 +0.220° 1337
Liver 3.79+£0.55 3.90+£0.50° 1029 4394026 1159 4754025 1252
Spleen 0431+0.139° 0.356+0.042° 82.6 0.314+0.018" 728 0.344+0.026 799
Stomach 0.707+0.152° 0.750+0.162° 106.1 0.719+0.150° 101.8 0.781+0.167 110.5
Intestine 5.81+0.74" 551130 949 6.69+£1.01° 1153 5.90+£0.94" 101.6
Small intestine 3.96+0.34" 407+ 1.10° 1029 528+095° 1332 429+0.77 1084
—duodenum 1.055+0201° 0.691£0350° 654 0.597£0302° 56.6 0.579+£0225° 54.8
—jejunum 2.53+0.18" 2.81+0.73" 1109 3.83+0.74° 151.1 334+051° 131.8
—ileum 0.371+0.139° 0.571£0.398 154.0 0.851£0322° 2292 0.374+0.279° 1009
Large intestine 1976 +0451° 1433 +0.348% 725 1.327+0.136® 67.1 1.606+0.203" 813
—caecum 0.628 £0.209" 0438 +0.098" 69.7 0480+0.109 764 0496+0.124" 790
—upper colon 0.860+0.223" 0.857+0.265 99.7 0.722+0.084" 84.0 0.921+0.103" 107.1
—rectum 0.214+0.088" 0.138+£0.048" 643 0.125+0.020® 58.1 0.189+0.045° 88.1
Rightkidney 0.400+0.062" 0.390+0.037" 975 0.375+£0.042" 93.7 0404 +0.061* 1009
Left kidney 0417+0.078" 0.389+0.036" 934 0.375+0.028" 90.1 0.393+0.048" 94.3
Testis 0.699+0.171° 0.695+0.064" 99.5 0.690+0.080° 98.8 0.725+0.072° 103.8
Thymus 0.325+0.065" 0231£0.063" 709 0.168£0.051° 518 0.187£0.079° 576
Pancreas 0.403£0.097° 0.609+0210° 151.1 0.63140.094° 156.7 0499£0.077° 1240
Brain 0.839+0.140° 0.896+0.149" 106.9 0.789+0.136" 94.1 0.909+0.117 1084

Note: different letters indicate the values significantly differing one from another within a line of the Table on the results of comparison using the Tukey test

(P <0.05) with Bonferroni correction.

Addition of glyphosate to the rats’ diet (Table 3) reliably caused
increase in the concentration of albumins, activity of alkaline phosphate-
se, and also concentration of glucose and decrease in the concentration
of cholesterol in the blood. Addition to glyphosate of benzoate caused
much greater changes in biochemical parameters of the blood of male
rats: increase in concentration of total protein, albumins and globulins,
urine and urea nitrogen, activity of alkaline phosphatase and glucose.
We should note a practically five times increase in the level of glucose
in the variant with glyphosate and benzoate in comparison to the control
group. Also, we observed a five-times reduction in the activity of aspar-
tate aminotransferase (AST) in this variant of the experiment. Mixture
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of glyphosate and saccharin (Table 3) caused decrease in the concentra-
tion of globulins and cholesterol, and also increase in the same characte-
ristics as glyphosate and benzoate.

Addition of glyphosate, benzoate and saccharin reliably decreased
the amount of erythrocytes per unit of blood volume (Table 4). Decrease
in leukocytes under the impact of glyphosate is compensated and in-
creased with the addition of benzoate into the diet. It should be mentio-
ned that there was significant decrease in the percentage of microxyphil
neutrophils and increase in the percentage of lymphocytes in all variants
of the experiment with glyphosate, benzoate and saccharin compared to
the control (Table 4).
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Table 3

Change in biochemical parameters of blood of male rats under the impact of addition of glyphosate,
benzoate and saccharin to their diet (x +£ SD, n =5, the duration of the experiment — 42 days)

. Glyphosate + Glyphosate +
Indices Contol  Glyphosate, 10% _ Obphosaein —Glyphosate, L%ty & fagion Glyphosate, LOYot o 4 i in relation

relation to control, %  benzoate, 1.0% o saccharin, 1.0% o

to control, %o to control, %
Total protein, g/L 614+103" 69.0+39" 1124 812+83° 1322 655+3.1° 106.7
Albumins, g/L. 288+6.8° 366+09° 127.1 022+62° 146.5 365+19 1267
Globulins, g/L 328+60° 324+39 9338 390+3.8° 1189 290+29¢ 884
Protein coefficient, units 0.87+023" 1.14+0.15" 1316 1.10+0.14" 1270 128+0.13% 1472
Urea, mmol/L 712+ 1.69 696+ 1.59* 97.8 938+0.18" 131.7 793+141% 1113
Urea nitrogen, mg% 132+32° 133+3.1° 1012 179+03° 136.3 152427 1151
?:fs’f‘[‘)‘a{‘} im‘“"mfe‘ase 1534+1015  2698+1193° 1759 276+70° 180 2900+708" 189.0
‘( AL“”“ID‘QI?/EmOMfm 628+377 918+82.3° 1462 494£954 787 1253+£82.5" 1994
De Ritis Ratio, U 2684125 3704193 138.1 3204223 1194 3.10+1.65 1157
Alkaline phosphatase, UL~ 260.4+92.0° 4929+649° 1893 4476+199.4® 1719 4373+599” 1679
Total bilirubin, pumol/L 81+35 83+4.1° 103.0 13054 161.0 76+12 96
Glucose, mmol/L 57+12° 115+55 2014 283+112° 4955 104+49° 1814
Cholesterol, mmol/L 1.78 023" 1.08+0.16° 60.7 1.02+0.19° 573 1.05+£033° 59.0

Note: see Table 1.
Table 4

Change in the general analysis of blood and leukogram of male rats under the impact of adding glyphosate,
benzoate and saccharin to their diet (x = SD, n =5, the duration of experiment — 42 days)

. In relation to Glyphosate, 1.0% + Inrelationto  Glyphosate, 1.0%+  Inrelation to
Indices Control Glyphosate, 1.0% control, % by§nzoate, 1.0% control, % s};ichan'n, 1.0% control, %
Hemoglobin, g/L 1270+99° 904+10.0° 712 1150+11.1° 90.6 90.5+13.2° 713
Erythrocytes, 10%/L 7874055 495+0.79° 629 6.05+146" 769 418+035° 53.1
Leukocytes, 10°L 6.77£0.63" 444+035° 65.6 9.94+431° 146.8 543+195° 80.1
Leukogram
Neutrophiles, %
—neutrophiles segmented 34.14+601° 740+£344° 217 1020£6.14° 299 475263 139
— neutrophiles banded 271£150° 140+0.55° 516 180+ 1.64° 663 125:+£0.50° 46.1
—neutrophiles juvenile 0.00+0.00° 0.00+0.00° - 0.00+0.00° - 0.00+0.00° -
Eosinophils, % 1.00+£0.82 0.40+0.98" 400 0.80+1.30° 80.0 0.75+096" 75.0
Lymphocytes, % 60.1+53" 872+33° 1450 824+98" 1370 895+1.7 148.8
Monocytes, % 229+1.11° 3.60+1.52° 1575 480+3.03° 2100 3.75+ 1.50° 164.1

Note: see Table 1.

Discussion

Glyphosate affects the energy metabolism in the organism, particu-
larly mitochondria of liver cells of rats (Olorunsogo et al., 1979), bio-
transformation of substances, reduces the activity of some enzymes of
the cells in vivo (Hietanen et al., 2009) and in vitro (El-Demerdash et al.,
2001). Increase in the mass of liver under the impact of glyphosate was
observed in a chronic experiment at long term consumption of high
doses (940 mg/kg - day) of the substances among rats (Stout & Ruecker,
1993. Chronic study of glyphosate administered in feed to albino rats.
Unpublished Report no. MSL-10495 R.D. 1014, 1990, submitted to U.S.
Environmental Protection Agency by Monsanto Agricultural Company).
In our experiment, glyphosate caused no change in the relative mass of
liver, whereas with addition of food additives, we observed an increase in
this parameter, especially with addition of saccharin to the diet. The impact
of pesticide and food additives on the liver system is also indicated by
changes of biochemical parameters of blood. A significant increase was
observed in the content of the total protein in the blood with combined
consumption of glyphosate and sodium benzoate, due to increase in the
albumin fraction, whereas with usage of saccharin, the level of globulins
rapidly decreased, which was followed by change in the protein coefficient.

Glyphosate in the content of Roundup negatively affects the activity
of enzymes of mammals. It creates disbalance in the activity of enzymes
in the organism, which is extremely dangerous for animals at especially
sensitive stages of ontogenesis. Herbicide causes blocking of the enzymes
necessary for normal metabolism, particularly for enzymes of the intes-
tine which allow removal of toxins from the organism. According to the
results of Dutch scientists (http:/dca.au.dk/fileadmin/DJF/DCA/Notat om
GM_foder til husdyr 20140204.pdf), two hypotheses on the impact of
glyphosate on the enzymic systems of animals were drawn. According to
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them, glyphosate affects the microorganisms of the gastro-internal tract,
which in tumn effects productivity and health. Also it was presumed that
the herbicide causes disorder in mineral metabolism, which indirectly
leads to health problems. In our experiment, we have also observed dis-
balance in the activity of enzymes of blood in the experimental groups
of animals. In particular, increase in AST against the background of the
glyphosate and mixture of glyphosate with saccharin, and steep decrease
in the activity of AST at usage of a mixture of glyphosate and benzoate,
reliable increase in the activity of alkaline phosphatase occurred in all
variants of the experiment.

In our experiment, we found a significant impact of glyphosate and
its mixtures with food additives on the condition of pancreas. Accor-
dingly, the relative mass of the organ significantly increases with con-
sumption of glyphosate and mixture of glyphosate with benzoate, and
unreliably — in animals which received glyphosate with saccharin. Reliable
increase in the level of glucose in blood of rats of the experimental
groups along with increase in the relative mass of the pancreas indicates
the negative impact of glyphosate itself and its mixtures with food additives.

Among humans, deliberate intoxications with glyphosate (internal con-
sumption of over 85 ml of concentrated compound) cause significant toxi-
city which manifests in severe disorders of practically all systems of the
organism (Serensen & Gregersen, 1999; Lee et al., 2000). Cases of lethal
outcome after consuming high doses of this substance have been descry-
bed (Stella & Ryan, 2004; Lee & Guo, 2011). Accidental consumption of
glyphosate compounds usually leads to insignificant damages to the respi-
ratory and digestive systems and are easily treated (Gil et al., 2013). A
contact impact can cause skin lesions, the effect on the eyes is usually
short term, and usually, causes no complications (Acquavella et al., 1999,
Amerio et al., 2004). In domestic animals, particularly dogs and cats, the
impact of glyphosate-containing products leads to state of anxiety, dis-
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orders of the gastro-intestinal and respiratory apparatuses, which manifest
in vomiting, hypersalivation, diarhea, tachypnea, whereas prostration
and paresis are more rarely observed (Bates & Edwards, 2013; Corti-
novis et al., 2015). Also, the animals were observed to have increase in
relative mass of lungs in all three experimental groups of our study.
These data are interesting and require further analysis.

The literature includes statements about possible carcinogenic impact
of glyphosate and its long-term impact on humans (Bolognes et al., 2009;
Guyton et al., 2015) and laboratory animals (Cressey, 2015). Glyphosate
can cause chromosome aberrations as a result of damaging the DNA of
cells of human and animals in vitro. Also, there are results which dis-
prove these statements: no persuasive evidences of its toxicity in acute,
subchronic and chronic studies were found, oncogenic potential of gly-
phosate was not proved, and no impact on the fertility or reproductive
functions of humans and other mammals was found (Williams et al., 2000).

Today, glyphosate is considered non-toxic and is allowed to be used
ubiquitously. Despite the fact that this herbicide and preparations which
contain it in general are harmless for humans and animals, it is con-
stantly introduced into their organism. This is especially relevant for
people who deal with it directly, for example farmers and members of
their families. It was proved that residues of glyphosate are present in
their urine on the day of using the herbicide, as well as some time after
its usage (Acquavella et al., 2004). Therefore, research on the combined
effect of glyphosate and other substances on the organism of humans
and animals is a subject of interest.

In an experiment on laboratory outbred white male rats of three age
groups, the combined impact of glyphosate (in the form of the Roundup
herbicide) with salts of heavy metals on the immune system was deter-
mined. It was found that there was an increase in the content of circula-
ting immune complexes and a decrease in the concentration of immune
globulins in all age groups of the studied animals (Dmuhal'skaja, 2018).
In our experiment, we also determined the negative effect of the herbi-
cide separately and of its mixtures with food additives on the immune
system of rats. This manifested in a reliable steep decrease in relative
mass of the central organ of the immune system — the thymus of animals
of all three experimental groups and an unreliable decrease of this para-
meter for the spleen, a secondary organ of the immune protection. Also,
the condition of the immune system is indicated by the level of globu-
lins in the blood — a decrease in their amount in animals which received
glyphosate (below the physiological norm) and glyphosate with saccharin
(below the physiological norm compared to the control group). Inhibition
of the activity of the red bone marrow may be also indicated indirectly
by the low level of hemoglobin and erythrocytes in animals of all expe-
rimental groups in comparison with the control. These results are
interesting and require further more detailed studies on the tissue and
cellular levels of organisation of these organs.

Rats poisoned with Roundup (1/100 and 1/10000 LDs) against the
background of prior ionising radiation were observed to have the stage
of primary decompensation (1-18th day) naturally transforming into the
stage of compensation and adaptation (18-30th day). The toxicity of
Roundup and substances it contains (glyphosate, polyoxyethylene-
amine) after intratracheal and peroral introduction to rats was determi-
ned. Combined toxicity of these substances is higher than of glyphosate
(Adametal., 1997).

Conclusion

The main factor of reduction of the intensity of gain in the rats’
body weight is the slowing of the energy metabolism in the cells under
the impact of glyphosate against the background of absence of reliable
impact on the slowing of the anabolic processes caused by sodium ben-
zoate and saccharine. All the studied substances have a notable immune-
suppressive effect, the mechanism of which can be conditioned by the
effect of accidental involution of lymphoid thymus parenchyma, which
is proved by steep increase in the amount of lymphocytes in the peri-
pheral blood of animals in combination with decrease in the organ’s
mass. Also, these substances have a negative effect on the processes of
universal hematopoiesis in general, including the number of erythrocyte-
and myelocytopoiesis.
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Change in the mass of the organs of animals under the impact of
glyphosate is the consequence of the effect of this substance — irritation
of the mucous membranes, intensifying of the processes of desquama-
tion of intestinal epithelium with development of mild desquamative
catarrhal enteritis, and also severe pancreatitis.

Simultaneous impact on the organs of rats caused by glyphosate,
sodium benzoate and saccharine is followed by steep reduction of the
reabsorption of the two latter components through "irritation" of mucous
membrane by glyphosate with reduction of the effect of their systemic
action. The main manifestations of the systemic action of benzoate on
the rats’ organism are development of myocardial dystrophy, edema of
lungs and hepatodystrophy. Systematic impact of saccharin, first of all,
causes formation of degenerative changes in liver parenchyma.

The results of biochemical examination of blood demonstrate that
all three substances have a negative impact on liver parenchyma, which is
manifested to a different extent. Glyphosate causes development of re-
versible dystrophic processes such as granular dystrophy. In combina-
tion with sodium benzoate and saccharin, the rats were observed to have
signs of toxic hepatodystrophy or massive progressive necrosis of liver
parenchyma, that is the processes which combine deep dystrophic and
necrotic, often irreversible, processes.

Promising aspects of further studies are the determination of histo-
logical, histochemical and immune-histochemical changes in the organs
of laboratory animals under the impact of glyphosate against the back-
ground of consumption of food additives.
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