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RESUMEN
El glifosato es una sustancia quimica de uso agricola para el control de maleza en

cultivos, jardineria y erradicacion de cultivos ilicitos. Los seres humanos y
animales al tener contacto con agua y alimentos contaminados con glifosato,
puede provocar en ellos intoxicacion, presentando sintomas como nauseas,
vomito, calambre abdominal, diarrea y otros mas severos como dafio renal,
hepatico y eventualmente la muerte. El objetivo del presente estudio fue evaluar
los efectos citotdxicos y genotdxicos de una presentacion comercial de glifosato
llamada PANZER® en la linea celular renal embrionaria humana HEK 293. Las
celulas fueron expuestas a diferentes concentraciones de glifosato, 6,729 pg/ml;
13,39 pg/ml; 26,79 pg/ml; 47,25 pg/ml; 53,5 pg/ml; 94,5 pg/ml; 107 pg/ml; 162
pg/ml 176 pg/ml; 189 pg/ml; 216 pg/ml y un control de celulas HEK 293 sin ningun
tratamiento de glifosato en condiciones in vitro. El efecto biolégico que puede
provocar el glifosato sobre las celulas fue evaluado en el ensayo clonogénico
donde se observé que a partir de la concentracion de 47,25 ug/ml disminuye la
capacidad de multiplicacion celular y esta capacidad clonogénica sigue
disminuyendo en las concentraciones de 94,5 ug/ml y 189 ug/ml. En el ensayo
citoma a partir de concentraciéon de 47,25 pg/ml se observl la presencia de
micronucleos (MN), puentes nucleares (NPBs) y brotes nucleares (NBUDS), las
celulas necréticas y apoptéticas aumentan en la concentracién de 189 ug/ml. En el
ensayo cometa se observo el dafio sobre el ADN a partir de la concentracion de
47,25 pg/ml y continué aumentando en las concentraciones de 94,5 pg/ml y 189
pug/ml. Estos resultados mostraron el efecto citotdxico y genotoxico que puede
provocar la presentacion comercial de glifosato (PANZER®) en las celulas HEK
293. Ademas, de la necesidad de seguir estudiando diversos mecanismos de
toxicidad asociados con la exposicion al glifosato y sus implicaciones en la salud
humana y ambiental con la finalidad de controlar el uso y manejo de este quimico

y asi disminuir los riesgos a la salud.
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Antecedentes:

El contacto originado por consumo de aguas contaminadas con formulaciones
comerciales de glifosato y su participacion en la cadena alimenticia genera
preocupacion por los efectos adversos que pueden presentarse en humanos y
animales, ya que se ha encontrado glifosato y su metabolito &cido
aminometilfosfonico (AMPA), como contaminantes medioambientales, tanto en el

suelo como en los rios.

En humanos la intoxicacion por glifosato genera nauseas, vomitos, calambre
abdominal, diarrea, ulceracion gastrointestinal, dafio renal y hepético, ademas de
otros mas severos como falla renal y respiratorio, convulsiones, coma v,
eventualmente la muerte. En este sentido ademas es importante sefialar que
extensos estudios desarrollados por toxicélogos concluyen que el uso normal del
herbicida glifosato, en su presentacion original, en las dosis indicadas, no produce
efectos adversos sobre el desarrollo, la reproduccion o el sistema endocrino en
humanos y otros mamiferos. Pero la composicion quimica del glifosato (N-
fosfonometil-glicina) en forma de sal isopropilamina y polioxietilenamina (POEA)
como surfactante (soluble en agua), resulta mucho mas toxico que el mismo
glifosato puro, y se ha comprobado en diferentes estudios que el surfactante

POEA es extremadamente dafino para los organismos acuéticos.

Asimismo, cobra relevancia especial, si se tiene en cuenta que en Colombia han
sido reportados casos de intoxicacion con glifosato y sus formulaciones
comerciales en peces nativas, tal es el caso del sur de Colombia y la region
fronteriza con Ecuador. Otros estudios in vitro, clasifican al glifosato de manera
particular como posible disruptor endocrino alterando el sistema hormonal
reduciendo los niveles de testosterona, aumentando los trastornos reproductivos,
ademas de afectar la produccién de progesterona y aumentando también la

mortalidad de las células placentarias, ello se evidencié a través de un estudio
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observacional — experimental que permiti6 observar estos aspectos en hijos de

trabajadoras del campo de Almeria, Espafia.

Otros estudios cientificos se han preocupado en torno a la tematica y sus
resultados revelan el dafio que provoca el glifosato, ya que este herbicida se ha
detectado en los alimentos, el agua y en el aire mucho después de ser aplicado.
Un informe de Organizaciéon Mundial de la Salud (OMS), que indicé que los
animales se ven afectados a nivel gastrointestinal y embrionario provocando
abortos en mas del 50 % de los embarazos del ganado bovino, lo que amenaza la

supervivencia de ésta especie.

En este sentido, la Agencia Internacional para Investigacion en Cancer (IARC),
revelé6 en un informe que el glifosato hace parte de los 5 plaguicidas mas
peligrosos, clasificandolo en el grupo 2-A, lo que significa que es probablemente
carcinogénico, es decir, hay suficiente evidencia de que el glifosato produce
cancer en experimentos controlados en animales, pero con evidencias limitadas

en seres humanos.

Un estudio de tipo epidemiolégico correspondiente a lugares como Colombia,
México, Argentina, Estados Unidos, Nueva Zelanda, donde se realiza la agricultura
y aspersiones con este herbicida, han sefialado consecuencias clinicas con
sintomatologia de los humanos como resultado de la exposicion por largos
periodos al glifosato y el consumo de alimentos y aguas contaminadas con estos

quimicos.

Para este estudio, se escogid la formulaciéon comercial de herbicida PANZER® de
grado técnico ( INVESA S.A. HS-P-A-013) para uso en Colombia, este estudio
pretende evaluar los efectos citotdéxicos y genotoxicos que tienen los productos a
base de glifosato sobre la salud de los seres humanos y si esta presentacion

particular tiene efectos genotdxico en la linea celular renal embrionaria HEK 293.
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Objetivos:

Objetivo general

Evaluar los efectos citotoxicos y genotdxicos del glifosato en la linea celular renal
embrionaria HEK 293.

Objetivos especificos

e Determinar la viabilidad celular de células HEK293 sometidas a diferentes

concentraciones de PANZER®.

e Evaluar los efectos citotéxicos y genotdxicos en las células HEK 293

expuestas a diferentes concentraciones de glifosato.

Materiales y Métodos:

Se utilizé la linea celular embrionaria humana de rifidon, HEK 293. Esta linea ha
sido usada tanto para estudio de fisiologia, biologia celular y molecular. Las
células HEK 293, fueron obtenidas de la coleccién ATCC-CRL-1573.

El PANZER®, glifosato comercial que se utilizé para el estudio es de grado técnico
(INVESA S.A. HS-P-A-013.) (360g/L de acido glifosato). A partir de esta solucion
se prepard la solucion de trabajo o “de uso en finca” equivalente a 150ml de
PANZER® por cada 20 litros de agua, con una concentracion de 2679 pg/ml. Para
mantener la misma proporcion, la preparacion en el laboratorio fue 75ul de
PANZER® por cada 10ml de medio DMEM manteniéndose a temperatura
ambiente. Las concentraciones de glifosato fueron 6,729 pg/ml; 13,39 pg/ml; 26,79
pug/ml; 47,25 pg/ml; 53,5 pg/ml; 94,5 pg/ml; 107 pg/ml; 162 pg/ml 176 pg/ml; 189
pg/ml; 216 pg/ml y un control de células HEK 293 sin ningun tratamiento de

glifosato
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Ensayo Clonogénico.

Para observar si hay multiplicacion celular, se expusieron las células HEK 293 al
glifosato en el tiempo y concentraciones previamente establecidas. Posteriormente
se realizaron los lavados, las celulas se desprendieron con tripsina y se realiz6
conteo en camara new bawer. Luego se contaron y se sembré 400 células en
cada pozo con 1,5ml de DMEM, cada concentracion se sembro por triplicado. Se
observé al microscopio cada 48 horas hasta el dia 14 que fue el dia en el que las
células de los pozos control formaron colonias lo suficientemente grandes, que
son colonias representativamente viables que contiene 50 células como minimo
para ser contada. Para fijar y colorear las colonias, se descarté el medio, se lavo
con 200 pl PBS 1X dos veces teniendo cuidado de no desprender las células, se
retiré el PBS, y se agregé 3 ml de metanol puro durante 30 minutos para fijar las
colonias, transcurrido el tiempo, retiramos el metanol, y se agregd 3 ml de cristal
violeta al 0,5% por 30 minutos, pasado el tiempo se retir6 el colorante haciendo
lavados con PBS 1X o agua destilada sumergiendo la placa con mucho cuidado
de no desprender las colonias, luego se dej6 secar a temperatura ambiente por 24
horas y se hizo conteo de colonias en un estereomicroscopio. Después de esto se
hacen los calculos para hallar eficiencia de plaqueo (PE) y fraccion de células

supervivientes (SF)
Ensayo del Citoma.

Transcurridas las 24 horas del tratamiento con glifosato se retir6 el medio, se
lavaron las células con 200 pl PBS 1X dos veces teniendo cuidado de no
desprenderlas del pozo, se prepar6 medio con citocalasina, se agregd la
citocalasina B (Sigma, C6762) a una concentracion final de 60 pg/ml de medio de
cultivo DMEM vy se incubé durante 24 horas a 37°C a 5% CO.. Al finalizar las 24
horas se retird la citocalasina, se lavaron las células con 200 pl PBS 1X, se

descarto, y luego se agreg6 200 pl de tripsina por 20 segundos para desprender
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las células y se completa a un volumen de 1ml con 800ul de medio DMEM, se
mezclaron cuidadosamente las células, luego se centrifugé a 700 rpm por 10
minutos, se descartd el sobrenadante y se resuspendieron las células con 1ml de
PBS y luego se traté con 2 ml de solucion hipotonica (0,075 M KCI) por 3 minutos,
transcurridos los 3 minutos se fij6 con 3 ml de metanol absoluto/acido acético
glacial 99.5%, en proporcion 3:1, se resuspendieron las células suavemente. Para
hacer las placas, las células fijadas se dejaron caer por goteo sobre portaobjetos
frio humidificado. Las ldminas se dejaron secar al aire y se tifieron con Giemsa

stain, al 10% durante 8 minutos.

Para el analisis, 1000 células BN se contaron con un microscopio Optico; 500
células por portaobjetos se contaron y se clasificaron para determinar las
proporciones de células mononucleadas, binucleadas y células multinucleadas

para obtener el indice de divisién nuclear (NDI).
Ensayo Cometa.

Se tom6 20 pl de células previamente tratadas con glifosato por 24 horas y se
mezclaron con 70 pl de 0,5% de agarosa de bajo punto de fusion (LMA-Invitrogen)
a 37° C. Esta mezcla se colocé en un portaobjetos previamente recubierto con
agarosa punto de fusion normal al 1,5% y tratadas a 60° C. Las capas de agarosa
se cubrieron con un cubreobjetos, se mantuvieron a 4° C durante 5 minutos para
permitir la solidificacion de la agarosa. Los portaobjetos se sumergieron durante la
noche en solucién de lisis (2,5 M NaCl, 100 mM de EDTA y 10 mM Tris; pH 10,0-
10,5; 1% con recién afiadido 1% de Triton X-100% y 10% de DMSO) a 4°C en
oscuridad. A continuacion, los portaobjetos se colocaron en tampdén alcalino
(NaOH 300 mM y EDTA 1 mM; pH> 13, durante 30 min a 4°C, para desenrollar el
ADN. La electroforesis alcalina se realizd durante 30 minutos a 25 V y 300 mA.
Este procedimiento alcalino estandar permite detectar roturas en el ADN de una
sola hebra; en estas condiciones, las lesiones alcalinas débiles se convierten en

roturas de hebras. Los geles se neutralizaron con 0,4 M Tris (pH 7,5), se hicieron
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tres lavados con intervalos de 5 minutos cada uno. Por altimo, los portaobjetos se
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tineron con 30ul de SYBR Green (2ul/ml) y se examinaron en aumento de 40x con

un microscopio fluorescencia equipado con un filtro verde de 540 nm.

Resultados:

Después de exponer las células HEK 293 a las concentraciones de glifosato
6,729; 13,39; 26,69; 53,5; 107; 162 y 216 pg/ml por 24 horas observamos que en
la concentracion de 216 pg/ml hubo muerte celular del 100% y en la concentracion

de 162 pg/ml todavia presentaba una viabilidad de méas del 70%.

Debido a que la concentracion de glifosato de 216 pg/ml ocasioné el 100% de
muerte celular y la concentracion de 162 pug/ml se observé mas del 70% de celulas
vivas, se establecieron valores intermedios entre esas dos concentraciones para

hallar la dosis letal 50

los porcentajes de la Fraccién Superviviente (SF) de las celulas HEK 293 que
fueron sembradas inmediatamente después del tratamiento con glifosato. Se
observé una variacion de entre 23,6% y un 84,7% para las diferentes

concentraciones de PANZER® con respecto al control.

Para determinar el efecto del glifosato en el citoma de las células HEK293 se
determiné el nimero de micronacleos (MN), puentes nucleares (NPBs), brotes
nucleares (NBUDs), ademas del porcentaje de celulas necroticas y apoptoticas en
las diferentes concentraciones de glifosato. Se observd que en las
concentraciones de 47,25 pug/ml, 94,5 pg/ml, 189 pg/ml, hubo un incremento en el
promedio de MN, NPBs y NBUDs con respecto al control. En el porcentaje de
células necroéticas y apoptoéticas solo hubo aumento en la concentracion de 189

png/ml con respecto al control

El porcentaje de ADN de la cola, en las celulas HEK 293 observado después del

tratamiento con las diferentes concentraciones de glifosato. Los resultados
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mostraron un incremento en el porcentaje de la cola hasta del 48,41% para la
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concentracion de 189ug/mil.

Conclusiones:

Se establecié que la concentracién minima inhibitoria de PANZER® en la linea

celular HEK 293 fue 189 pg/ml, siendo 14 veces menor a la usada en campo.

En el estudio realizado se evidencia el efecto genotdxico del glifosato en su
presentacion comercial PANZER® en la linea celular de rifion HEK 293, a partir de
la concentracion de 47,25 pug/ml del producto evidenciado por la fragmentacion del
ADN.

En el ensayo clonogénico se observo que el dafio producido en el ADN de las
celulas de rinidon HEK293 persiste en las siguientes generaciones por la
disminucién del porcentaje de crecimiento, ya que estas pierden la capacidad de
multiplicarse por dafios en el ADN.

Se sugiere que el glifosato, en la presentacion comercial PANZER®, no se limita
Unicamente a afectar los elementos de las plantas para el cual es comercializado,
sino que puede alterar la estructura del ADN de humanos y animales.

Finalmente, para efectos de estudios a futuro, se recomienda hacer evaluaciones

en humanos y animales que habiten lugares donde se trabaje con glifosato.

Palabras clave:

PANZER®, Citotoxicidad, Genotoxicidad, Glifosato
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ABSTRACT

Glyphosate is a chemical used in agriculture to control weeds in crops, gardening
and the eradication of illicit crops. Human beings and animals, when in contact with
water and food contaminated with glyphosate, can cause intoxication in them,
presenting symptoms such as nausea, vomiting, abdominal cramps, diarrhea and
other more severe ones such as kidney and liver damage and eventually death.
The objective of the present study was to evaluate the cytotoxic and genotoxic
effects of a commercial presentation of glyphosate called PANZER® in the human
embryonic kidney cell line HEK 293. The cells were exposed to different
concentrations of glyphosate, 6,729 ug/ml; 13.39 ug/ml; 26.79 pg/ml; 47.25 pg/mi;
53.5 ug/ml; 94.5 pg/ml; 107 pg/mL; 162 pg/ml 176 pg/ml; 189 pg/ml; 216 pg/ml and
a control of HEK 293 cells without any glyphosate treatment under in vitro
conditions. The biological effect that glyphosate can cause on cells was evaluated
in the clonogenic assay, where it was observed that from a concentration of 47.25
png/ml the capacity for cell multiplication decreases and this clonogenic capacity
continues to decrease at concentrations of 94 0.5 pg/ml and 189 pg/ml. In the
cytome assay from a concentration of 47.25 pg/ml, the presence of micronuclei
(MN), nuclear bridges (NPBs) and nuclear buds (NBUDs) was observed, the
necrotic and apoptotic cells increase in the concentration of 189 ug/ml. ml. In the
comet assay DNA damage was observed starting at the 47.25 pg/ml concentration
and continued to increase at the 94.5 pg/ml and 189 pg/ml concentrations. These
results showed the cytotoxic and genotoxic effect that the commercial presentation
of glyphosate (PANZER®) can cause in HEK 293 cells. In addition, the need to
continue studying various mechanisms of toxicity associated with exposure to
glyphosate and its implications for health human and environmental in order to
control the use and management of this chemical and thus reduce health risks.
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Background:

Contact caused by consumption of water contaminated with commercial
formulations of glyphosate and its participation in the food chain raises concern
about the adverse effects that may occur in humans and animals, since glyphosate
and its metabolite aminomethylphosphonic acid (AMPA) have been found, as

environmental pollutants, both in the soil and in rivers.

In humans, glyphosate poisoning causes nausea, vomiting, abdominal cramps,
diarrhea, gastrointestinal ulceration, kidney and liver damage, in addition to other
more severe conditions such as kidney and respiratory failure, seizures, coma, and
eventually death. In this sense, it is also important to point out that extensive
studies carried out by toxicologists conclude that the normal use of the herbicide
glyphosate, in its original presentation, in the indicated doses, does not produce
adverse effects on development, reproduction or the endocrine system in humans
and others. mammals. But the chemical composition of glyphosate (N-
phosphonomethyl-glycine) in the form of isopropylamine salt and
polyoxyethyleneamine (POEA) as a surfactant (soluble in water), is much more
toxic than the same pure glyphosate, and it has been proven in different studies

that the POEA surfactant is extremely harmful to aquatic organisms.

Likewise, it takes on special relevance, if one takes into account that cases of
intoxication with glyphosate and its commercial formulations in native fish have
been reported in Colombia, such is the case of southern Colombia and the border
region with Ecuador. Other in vitro studies classify glyphosate in a particular way
as a possible endocrine disruptor, altering the hormonal system, reducing
testosterone levels, increasing reproductive disorders, in addition to affecting the
production of progesterone and also increasing the mortality of placental cells.
through an observational-experimental study that allowed us to observe these

aspects in children of farm workers in Almeria, Spain.
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Other scientific studies have been concerned about the issue and their results
reveal the damage caused by glyphosate, since this herbicide has been detected
in food, water and in the air long after it has been applied. A report from the World
Health Organization (WHO), which indicated that animals are affected at the
gastrointestinal and embryonic levels, causing abortions in more than 50% of cattle

pregnancies, which threatens the survival of this species.

In this sense, the International Agency for Research on Cancer (IARC), revealed in
a report that glyphosate is part of the 5 most dangerous pesticides, classifying it in
group 2-A, which means that it is probably carcinogenic, that is, there is sufficient
evidence that glyphosate causes cancer in controlled animal experiments, but

limited evidence in humans.

An epidemiological study corresponding to places such as Colombia, Mexico,
Argentina, the United States, and New Zealand, where agriculture and spraying
with this herbicide are carried out, have indicated clinical consequences with
symptoms in humans as a result of long-term exposure to the herbicide.
glyphosate and the consumption of food and water contaminated with these

chemicals.

For this study, the commercial formulation of technical grade herbicide PANZER®
(INVESA S.A. HS-P-A-013) was chosen for use in Colombia. This study aims to
evaluate the cytotoxic and genotoxic effects of glyphosate-based products. on
human health and whether this particular presentation has genotoxic effects on the
HEK 293 embryonic kidney cell line.
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Objective:

General

To evaluate the cytotoxic and genotoxic effects of glyphosate in the HEK 293
embryonic kidney cell line.

Specific objectives

* Determine the cell viability of HEK293 cells subjected to different concentrations
of PANZER®.

+ Evaluate the cytotoxic and genotoxic effects in HEK 293 cells exposed to different

concentrations of glyphosate.

Materials and Methods:

The human embryonic kidney cell line, HEK 293, was used. This line has been
used to study physiology, cell and molecular biology. HEK 293 cells were obtained
from the ATCC-CRL-1573 collection.

The PANZER®, commercial glyphosate that was used for the study is technical
grade (INVESA S.A. HS-P-A-013.) (360g/L of glyphosate acid). From this solution,
the working solution or "for farm use" was prepared, equivalent to 150ml of
PANZER® for every 20 liters of water, with a concentration of 2679 pg/ml. To
maintain the same proportion, the laboratory preparation was 75ul of PANZER®
for every 10ml of DMEM medium, kept at room temperature. Glyphosate
concentrations were 6,729 ug/ml; 13.39 pg/ml; 26.79 ug/ml; 47.25 pg/ml; 53.5
pg/ml; 94.5 pg/ml; 107 pg/mL; 162 pg/ml 176 pg/ml; 189 pg/ml; 216 pg/ml and a
control of HEK 293 cells without any glyphosate treatment
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Clonogenic assay.

To observe if there is cell multiplication, HEK 293 cells were exposed to glyphosate
in the previously established time and concentrations. Subsequently, the washings
were carried out, the cells were detached with trypsin and counting was carried out
in a new bawer chamber. They were then counted and 400 cells were seeded in
each well with 1.5 ml of DMEM, each concentration was seeded in triplicate. It was
observed microscopically every 48 hours until day 14, which was the day when the
cells in the control wells formed large enough colonies, that is, representative
viable colonies containing at least 50 cells to be counted. To fix and color the
colonies, the medium was discarded, washed with 200 ul PBS 1X twice, taking
care not to detach the cells, the PBS was removed, and 3 ml of pure methanol was
added for 30 minutes to fix the colonies. elapsed the time, we removed the
methanol, and added 3 ml of 0.5% crystal violet for 30 minutes, after the time the
dye was removed by washing with PBS 1X or distilled water submerging the plate
with great care not to detach the colonies, then it was allowed to dry at room
temperature for 24 hours and colonies were counted in a stereomicroscope. After
this, calculations are made to find plating efficiency (PE) and fraction of surviving
cells (SF).

Cytome Assay.

After 24 hours of treatment with glyphosate, the medium was removed, the cells
were washed with 200 pl PBS 1X twice, taking care not to detach them from the
well, medium was prepared with cytochalasin, cytochalasin B (Sigma, C6762) was
added to a final concentration of 60 ug/ml of DMEM culture medium and incubated
for 24 hours at 370C at 5% CO2. At the end of 24 hours, the cytochalasin was
removed, the cells were washed with 200 pl PBS 1X, discarded, and then 200 pl of
trypsin was added for 20 seconds to detach the cells and it was completed to a
volume of 1 ml with 800 pl of medium. DMEM, the cells were carefully mixed, then
centrifuged at 700 rpm for 10 minutes, the supernatant was discarded and the cells
were resuspended with 1 ml of PBS and then treated with 2 ml of hypotonic

solution (0.075 M KCI) for 3 minutes, After 3 minutes, it was fixed with 3 ml of
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absolute methanol/99.5% glacial acetic acid, in a 3:1 ratio, and the cells were
gently resuspended. To make the plates, the fixed cells were dropped onto cold,
humidified slides. Slides were air-dried and stained with 10% Giemsa stain for 8
minutes.

For analysis, 1000 BN cells were counted under a light microscope; 500 cells per
slide were counted and graded to determine the proportions of mononucleated,

binucleated, and multinucleated cells to obtain the nuclear division index (NDI).
Comet Essay.

Twenty pl of cells previously treated with glyphosate for 24 hours were taken and
mixed with 70 pl of 0.5% low melting point agarose (LMA-Invitrogen) at 37°C. This
mixture was placed on a previously coated slide. with 1.5% normal melting point
agarose and treated at 60°C. The agarose layers were covered with a coverslip,
kept at 4°C for 5 minutes to allow the agarose to solidify. Slides were immersed
overnight in lysis solution (2.5 M NaCl, 100 mM EDTA, and 10 mM Tris; pH 10.0-
10.5; 1% with freshly added 1% Triton X-100% and 10% DMSO) at 4°C in the dark.
Slides were then placed in alkaline buffer (300 mM NaOH and 1 mM EDTA; pH>
13, for 30 min at 4°C, to unwind the DNA. Alkaline electrophoresis was performed
for 30 min at 25 V and 300 mA This standard alkaline procedure allows detection
of single-stranded DNA breaks, under these conditions weak alkaline lesions
become strand breaks Gels were neutralized with 0.4 M Tris (pH 7.5), made three
washes with intervals of 5 minutes each Finally, the slides were stained with 30pl
of SYBR Green (2ul/ml) and examined at 40x magnification with a fluorescence
microscope equipped with a 540nm green filter.

Results:

After exposing HEK 293 cells to glyphosate concentrations 6,729; 13.39; 26.69;
53.5; 107; 162 and 216 pg/ml for 24 hours, we observed that at the concentration
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of 216 pg/ml there was 100% cell death and at the concentration of 162 pg/ml

there was still a viability of more than 70%.

Since the glyphosate concentration of 216 pg/ml caused 100% cell death and the
concentration of 162 pg/ml more than 70% of living cells were observed,
intermediate values between these two concentrations were established to find the
lethal dose. fifty

Surviving Fraction (SF) percentages of HEK 293 cells that were seeded
immediately after glyphosate treatment. A variation of between 23.6% and 84.7%
was observed for the different concentrations of PANZER® with respect to the
control.

To determine the effect of glyphosate on the cytome of HEK293 cells, the number
of micronuclei (MN), nuclear bridges (NPBs), and nuclear sprouts (NBUDs) were
determined, in addition to the percentage of necrotic and apoptotic cells in the
different concentrations of glyphosate. It was observed that in the concentrations of
47.25 pg/ml, 94.5 pug/ml, 189 pg/ml, there was an increase in the average of MN,
NPBs and NBUDs with respect to the control. In the percentage of necrotic and
apoptotic cells, there was only an increase in the concentration of 189 pg/ml with

respect to the control

The percentage of tail DNA in HEK 293 cells observed after treatment with the
different concentrations of glyphosate. The results showed an increase in the

percentage of the tail up to 48.41% for the concentration of 189ug/mi.

Conclusions:

It was established that the minimum inhibitory concentration of PANZER® in the

HEK 293 cell line was 189 pg/ml, being 14 times lower than that used in the field.
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In the study carried out, the genotoxic effect of glyphosate in its commercial
presentation PANZER® is evidenced in the HEK 293 kidney cell line, from the

concentration of 47.25 pg/ml of the product evidenced by DNA fragmentation.

In the clonogenic assay, it was observed that the damage produced in the DNA of
the HEK293 kidney cells persists in the following generations due to the decrease
in the growth percentage, since they lose the ability to multiply due to DNA
damage.

It is suggested that glyphosate, in the commercial presentation PANZER®, is not
limited only to affecting the elements of the plants for which it is marketed, but that
it can alter the structure of the DNA of humans and animals.

Finally, for the purposes of future studies, it is recommended to carry out
evaluations in humans and animals that inhabit places where glyphosate is
worked.

KeyWords:

PANZER®, Cytotoxicity, Genotoxicity, Glyphosate.
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