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EFECTO CITOTÓXICO DE EXTRACTOS
ANTIFÚNGICOS DE ORIGEN BIOLÓGICO SOBRE
LÍNEAS CELULARES

CYTOTOXIC EFFECT OF ANTIFUNGAL EXTRACTS OF
BIOLOGICAL ORIGIN ON CELL LINES

RESUMEN

De�tro de la i�d
stria alime�ticia, el 
so de comp
estos q
ímicos
si�téticos para s
 co�servació� y protecció� de plagas es m
y comú�.
Si� embargo, 
�a de las características de plag
icidas q
ímicos p
ede
ge�erar e�fermedades al co�s
midor fi�al a largo plazo. Por ello, la
búsq
eda de alter�ativas para dejar de 
tilizar estos q
ímicos ha
llevado a la i�vestigació� de f
e�tes biológicas co� los mismos efectos
be�éficos para la i�d
stria. El objetivo de este trabajo f
e a�alizar la
citotoxicidad de 
� extracto bacteria�o de Bacillus amyloliquefaciens
(EB) y 
�o vegetal de Equisetum arvense (EV) in vitro. E� 
�a
microplaca se colocaro� c
ltivos cel
lares 1132SK correspo�die�te a
fibroblastos y macrófagos m
ri�os RAW 264.7, i�c
bados por 24 h a
37  C. Se retiró el medio de c
ltivo y a cada pozo se agregaro� 100 µL
de los tratamie�tos dil
idos e� el medio de c
ltivo co� las
co�ce�tracio�es defi�idas (0.1, 0.25, 0.5 y 1 %, v/v). Se i�c
baro� las
placas por 72 h a 37  C. Al térmi�o del periodo de i�c
bació� se realizó

�a revisió� media�te microscopio. Se añadiero� 50 µL de sol
ció�
XTT/PMS, deja�do i�c
bada la placa por 4 h a 37  C. Al térmi�o se
agitó la placa y se tra�sfiriero� 100 µL de cada m
estra a otra placa,
midie�do la absorba�cia a 450 �m. Como 
� co�trol �egativo se 
tilizó
DMSO 20% y como co�trol positivo medio de c
ltivo si� tratamie�to.
Los res
ltados obte�idos demostraro� q
e la viabilidad de las cél
las
1132SK se ma�t
vo si� difere�cia sig�ificativa e� comparació� co� el
co�trol al aplicar ambos extractos a las difere�tes co�ce�tracio�es.
Si� embargo, e� el caso de las cél
las RAW 264.7 la viabilidad f
e
afectada a partir de 0.5 % pri�cipalme�te por EB. El 
so de estos
extractos a co�ce�tracio�es bajas p
ede ser 
�a alter�ativa co� bajo
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riesgo de daño cel
lar.

Palabras clav$: Bacillus amyloliquefaciens; citotoxicidad; Equisetum
arvense; viabilidad cel
lar.

ABSTRACT
I� the food i�d
stry, chemical prod
cts are 
sed to co�serve a�d
protect agai�st differe�t pests. However, o�e of the pri�cipal
characteristics of chemical pesticides is that they ca� lead to the
developme�t of c
stomer diseases i� the lo�g term. For this reaso�,
searchi�g for �ew alter�atives to replace chemical prod
cts has led to
i�vestigati�g biological so
rces with similar pesticide activities b
t
witho
t all the risks. The mai� objective of this st
dy was to a�alyze
the in vitro cytotoxic effect of two extracts, o�e from Bacillus
amyloliquefaciens a�d a�other from Equisetum arvense. I� a 96-well
microplate were placed two cell li�es, 1132 SK of fibroblast family a�d
RAW 264.7 of m
ri�e macrophages. The plates were i�c
bated at
37  C for 24 h. The cell medi
m was withdraw�, a�d 100 µL of each
extract at differe�t co�ce�tratio�s was added to each well (0.1, 0.25,
0.5, 1% v/v). The plates were i�c
bated at 37  C for 72 h. After the
i�c
batio�, 50 µL of XTT/PMS sol
tio� was added to each well a�d
i�c
bated at 37  C for a maxim
m of fo
r ho
rs;100 µL was tra�sferred
to a �ew microplate a�d meas
red by spectrophotometry at 450 �m.
The res
lts obtai�ed showed the viability of the 1132 SK cells was �ot
affected by the co�ce�tratio� of the extracts. However, the RAW 264.7
cells decreased viability with the 0.5% co�ce�tratio� from B.
amyloliquefaciens. These extracts' low damage showed the possible
applicatio�s as a� alter�ative to the low cell damage show�.
Keywords: Bacillus amyloliquefaciens; cytotoxicity; Equisetum
arvense; cell viability.

INTRODUCTION
The food i�d
stry is esse�tial for daily life, a�d the prod
ctio� of
differe�t crops is o�e of h
ma�s' basic activities. Crops have differe�t
challe�ges si�ce the seed is pla�ted; o�e of the challe�ges to achieve
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is to red
ce or elimi�ate pests. Pests affect crops i� differe�t forms a�d
ca� prod
ced by differe�t microorga�isms, i�sects, or pla�ts. I�
microorga�isms, the pri�cipal age�ts that ca
se diseases a�d losses
i� crops are f
�gi. They affect them si�ce the seed is pla�ted a�d starts
to germi�ate, the pla�t formatio� a�d mat
ratio�, a�d i� ma�y cases,
the diseases are prod
ced after the harvest of the prod
cts. At the
same time, they are tra�sported or stored (Sawicka a�d Egb
�a,
2020).

Some chemical pesticides have bee� 
sed to co�trol pests a�d
diseases. Ma�y of these pesticides are 
sed over the soil, a�d they
protect it from pathoge�s. These rem�a�ts co�ti�
e the crop cycle
prod
ctio� all the time. People are i�volved i� the crop's ma�ageme�t

�til the prod
ctio� cycle's e�d. The rem�a�ts i�teract with ski�, eyes,
a�d mo
th a�d sometimes are i�directly i�gested. These i�teractio�s
ca� ca
se lo�g-term health damage d
e to the day-by-day co�tact or
i�gestio�; o� the other ha�d, the i�teractio� or i�gestio� ca� happe�
after the harvest, whe� the c
stomer b
ys a fr
it with rem�a�ts of the
pesticides a�d eats it, ca
si�g immediate health damage or lo�g term
diseases developi�g some ca�cer (Si�gh y col., 2018).

To red
ce the risk of developi�g diseases ca
sed by pesticides, the
search for biological so
rces like microorga�isms or pla�t extracts is
a� alter�ative. Some microorga�isms ca� prod
ce metabolites that
ca� be 
sed for differe�t pests, s
ch as the case of some a�tibiotic
compo
�ds to i�hibit f
�gi growth. Some microorga�isms ca� prod
ce
metabolites with pesticide activity, a�d some ca� also degrade
chemical pesticides by prod
ci�g exo-e�zymes (Książek-Trela y
Szpyrka, 2022). I� the case of pla�t extracts, some have bee� reported
to have i�secticide activity a�d pest co�trol i� differe�t crops, which is
a part of i��ovative agric
lt
re. They are more e�viro�me�t-frie�dly
tha� chemical pesticides d
e to their mi�imal resid
e activity a�d low
activity to �o�-target i�sects (Mee�a y Mishra, 2020).

This st
dy aims to perform the cytotoxic tests of two biological extracts
from differe�t so
rces, o�e from bacteria a�d o�e from pla�ts, for
which, i� previo
s research, a�tif
�gal activity agai�st post-harvest
pathoge�s was demo�strated. The cytotoxic eval
atio� is importa�t to
determi�e the possible 
se as a� a�tif
�gal prod
ct a�d to e�s
re a�y
health risks they may develop.
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MATERIAL ANDMETHODS

EXTRACTS PRODUCTION

The aq
eo
s Equisetum arvense extract was provided by Gree�corp
Biorga�iks S.A. de C.V.; the extractio� methodology is a� i�d
strial
secret.

The bacterial extract from Bacillus amyloliquefaciens was prod
ced i�
a modified TSB (Tryptic Soy broth), 25 g/L starch was added as a
carbo� so
rce, a�d 5 g/L yeast extract was added as a �itroge� so
rce.
The rest of the compo
�ds i� the medi
m were 3 g/L soy pepto�e, 5
g/L NaCl, a�d 2.5 g/L K2HPO4. The extract was prod
ced 
�der 150
rpm agitatio� at 37  C for 42 h with a� i�itial i�oc
l
m of 1x107 cells/
mL. The extract was ce�trif
gated at 10,000 rpm for 10 mi� a�d filtered
thro
gh a 0.2 µm �ylo� filter to elimi�ate the bacteria cell prese�ce
(Zalila-Kolsi y col., 2022).

XTT/PMS CYTOTOXIC ASSAY

The cytotoxic assay was performed o� two differe�t cell
lar li�es, 1132
SK h
ma� fibroblast a�d RAW 264.7 m
ri�e macrophages (America�
Type C
lt
re Collectio� (ATCC), Ma�assas, VA, USA). DMEM-F12
medi
m (Eagle modified D
lbecco-F12, Cor�i�g, Ma�assas, VA,
USA), 10% fetal bovi�e ser
m (FBS), a�d the mixt
re of a�tibiotic-
a�timycotic 1X (Sigma Aldrich, St. Lo
is, MO, USA) were 
sed for this
assay. The cell
lar li�es were collected by e�zymatic digestio�
(Trypsi�/EDTA). Immediately, c
lt
re medi
m a�d FBS relatio� 4:1 v/v
were added a�d ce�trif
gated at 150 rpm/ 5 mi�. The s
per�ata�t was
withdraw�, a�d the precipitate was res
spe�ded i� 1 mL PBS; i� each
microplate well was added 150 µL with 7500 cell co�ce�tratio�. The
microplate was i�c
bated for 24 h at 37  C (5% CO2, >90% h
midity)
a�d observed at microscope after the i�c
batio� to verify the correct
cell
lar growth. The medi
m of each well was withdraw� from the
microplate, a�d 100 µL of the medi
m was added with the differe�t
treatme�t co�ce�tratio�s (0%, 0.1%, 0.25%, 0.5%, 1% of each extract,
a�d 20% Dimethyl s
lfoxide (DMSO) as �egative co�trol), after the
medi
m additio� the microplate was i�c
bated for 72 h at 37  C (5%
CO2, >90% h
midity). After the 72 h i�c
batio�, 50 µL XTT/PMS [2,3-
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bis (2 metoxi-4-�itro-5-s
lfofe�il)-2H-tetrazolio-5-carboxia�ili�a)/
Phe�azi�e methos
lfate 25 µM] was added to each well a�d i�c
bated
for 3-4 h at 37 C. The microplate was shake� softly, a�d 100 µL was
take� a�d placed i� a�other microplate. Fi�ally, the optic de�sity of the
microplate was read at 450 �m (Coecke y col., 2005; Health, 2001;
ISO-10993-5; Steve�s y Olse�, 1993). To calc
late the viability
perce�tage, the �ext eq
atio� was 
sed:

% 𝑉𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 =  𝑂𝐷𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 𝑥 100
𝑂𝐷𝐶𝑜𝑛𝑡𝑟𝑜𝑙

STATISTICAL ANALYSIS

All experime�ts were carried o
t i� triplicate. A compariso� of mea�s
was performed to a�alyze the data. The varia�ce a�alysis was
performed 
si�g the I�fostat software 2020I versio� 
si�g T
key's
ra�ge proced
re.

RESULTS

The extracts eval
ated i� the st
dy showed similar res
lts while
eval
ati�g the differe�t cell li�es. Fig
re 1 shows the viability of the
1132 SK cell li�e of fibroblasts. Applyi�g both extracts at differe�t
co�ce�tratio�s did �ot affect the cell li�e. There was �o sig�ifica�t
differe�ce compared to the co�trol gro
p. The lower perce�tage
viability val
es were obtai�ed with the lowest co�ce�tratio� of the
treatme�ts (0.1%), 84.99% from Bacillus extract a�d 95.81% from
Equisetum extract, a�d i�creases the viability as the co�ce�tratio�
i�creases, compared to the �egative co�trol (DMSO), which red
ce
the viability of the cell li�es to 11.51%.
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Figur$ 1. Viability of 1132 SK fibroblast cell li�e after 72 h i�c
batio� with the
applied treatme�ts: EB= Bacillus amyloliquefaciens extract, EV= Equisetum

arvense extract.

Fig
re 2 shows the RAW 264.7 m
ri�e macrophage cell li�e's viability
after i�c
batio� for 72 h with treatme�ts. The viability was affected by
both extracts at certai� co�ce�tratio�s. The Bacillus extract started to
affect the viability of the cell li�e at 0.5% co�ce�tratio� with sig�ifica�t
differe�ce compared to the co�trol, the viability of the cell dropped to
71.97 % a�d co�ti�
e decreasi�g at 1% treatme�t with a viability of
67.96 %, showi�g the te�de�cy to co�ti�
e decreasi�g. The Equisetum
extract showed similar affectio� to the viability as the Bacillus extract.
It started to decrease after the 0.5% treatme�t. However, the statistical
a�alysis showed �o sig�ifica�t differe�ce compared to the co�trol.
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Figur$ 2. Fig
re 2. Viability of RAW 264.7 m
ri�e macrophage cell li�e after 72h

i�c
batio� with the treatme�ts applied. EB= Bacillus amyloliquefaciens extract, EV=
Equisetum arvense extract.

DISCUSSION

The viability of the cell li�es was affected by both eval
ated extracts,
each cell li�e with a differe�t respo�se. While the 1132 SK cell li�e was

�affected i� �egative te�de�cy, the RAW 264.7 cell li�e was affected.
The biologically active compo
�ds of both 
sed extracts were �ot
p
rified. It co
ld be the mai� reaso� why they co
ld affect each case
differe�tly. Also, the Equisetum extract has bee� 
sed as a� artisa�al
beverage to red
ce some health iss
es, s
ch as kid�ey problems as
a di
retic (Car�eiro y col., 2019). The way this extract i�teracts with
both cell li�es shows 
s that it ca� be 
sed i� low co�ce�tratio�s, a�d
i� some cases, as i� the 1132 SK, it ca� promote the viability of the cell
li�es as its co�ce�tratio� i�creases.
Moreover, the Bacillus extract showed a positive i�teractio� with the
1132 SK cell li�es, as the Equisetum extract promotes the viability of
this cell li�e at 1% with a� i�creasi�g te�de�cy, which co
ld mea� that
the compo
�ds the bacteria prod
ce help to proliferatio� of the cell
li�e. However, the RAW 264.7 cell li�e was affected differe�tly. After
i�teracti�g with a 0.5% co�ce�tratio� of the bacteria extract, the cell
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li�e red
ced its viability by almost 30%. The higher co�ce�tratio�s of
the extract decreased cell viability which co
ld mea� that this extract
co
ld be toxic at certai� co�ce�tratio�s. Still, the assay was led to a
fi�al time of 72 h, a�d the i�teractio� of the extract with the cell li�e
co
ld be less toxic at lower i�teractio� times.

CONCLUSIONS

The extracts eval
ated i� this st
dy showed they ca� be harmless to
the 
sed cell li�es at low co�ce�tratio�s. The applicatio� of these
extracts i� the food i�d
stry ca� be viable if they are 
sed at low
co�ce�tratio�s to red
ce a�y damage they ca� develop i� the
orga�ism. More st
dies m
st be co�d
cted to ide�tify the �egative
risks to h
ma� health.

REFERENCIAS

Car�eiro, D. M., Jardim, T. V., Araújo, Y. C. L., Ara�tes, A. C., de So
sa, A. C.,
Barroso, W. K. S., So
sa, A. L. L., a C
�ha, L. C., Cirilo, H. N. C., Bara, M.
T. F. & Jardim, P. C. B. V. (2019). Eq
iset
m arve�se: �ew evide�ce
s
pports medical 
se i� daily cli�ic. Pharmacognosy Reviews, 13: 50-58.

Coecke, S., Balls, M., Bowe, G., Davis, J., Gstra
�thaler, G., Hart
�g, T., Hay, R.,
Merte�, O., Price, A., Schechtma�, L., Stacey, G. & Stokes, W. (2005).
G
ida�ce o� good cell c
lt
re practice: a report of the seco�d ECVAM task
force o� good cell c
lt
re practice. Alternatives to Laboratory Animals, 33(3):
261-287.

Health, N.I.O., G
ida�ce doc
me�t o� 
si�g in vitro data to estimate in vivo starti�g
doses for ac
te toxicity. 2001 (P
blicatio� No. 01-4500)

ISO-10993-5, Biological eval
atio� of medical devices. Part 5: Tests for in vitro
cytotoxicity. (ISO 10993-5:2009). 2009, ISO.

Książek-Trela, P., & Szpyrka, E. (2022). The effect of �at
ral a�d biological pesticides
o� the degradatio� of sy�thetic pesticides. Plant Protection Science, 58(4):
273-291.

Mee�a, R. K., & Mishra, P. (2020). Bio-pesticides for agric
lt
re a�d e�viro�me�t
s
stai�ability. Resources use efficiency in agriculture, 85-107. DOI:10.1
007/978-981-15-6953-1_3

https://www.phcogrev.com/


21

Sawicka, B., & Egb
�a, C. (2020). Pests of agric
lt
ral crops a�d co�trol meas
res.
I� Nat
ral remedies for pest, disease a�d weed co�trol (pp. 1-16). Academic
Press.

Si�gh, N. S., Sharma, R., Parwee�, T., & Pata�jali, P. K. (2018). Pesticide
co�tami�atio� a�d h
ma� health risk factors. I� book: Moder� Age
E�viro�me�tal Problems a�d their Remediatio�. M. Oves et al. (eds.),
Spri�ger I�ter�atio�al P
blishi�g: 49-68. DOI:10.1007/978-3-319-64501-
8_3

Steve�s, M. G., & Olse�, S. C. (1993). Comparative a�alysis of 
si�g MTT a�d XTT
i� colorimetric assays for q
a�titati�g bovi�e �e
trophil bactericidal activity.
Journal of immunological methods, 157(1-2): 225-231.

Zalila-Kolsi, I., Kesse�ti�i, S., To
�si, S., & Jamo
ssi, K. (2022). Optimizatio� of
Bacill
s amyloliq
efacie�s BLB369 c
lt
re medi
m by respo�se s
rface
methodology for low-cost prod
ctio� of a�tif
�gal activity. Microorganisms,
10(4): 830.


