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Plant cytogenetics tests can predict toxic effects on human
cells: genotoxic and mutagenic effects of Tityus serrulatus
scorpion venom on plant and human cells

Testes de citogenética vegetal podem prever efeitos toxicos em células
humanas: efeitos genotdxicos e mutagénicos da peconha do escorpido
Tityus serrulatus em células vegetais e humanas
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ABSTRACT

The effects of Tityus serrulatus venom was accessed on the cell cycle and genetic material of Lactuca
sativa L. and compared with the damages to human leukocytes, in order to evaluate its toxicity on
two different cell types. Incubations of venom with human leukocytes were also held with subsequent
evaluation of cell proliferation index, micronucleus and fragmented DNA. The T. serrulatus venom showed
cytogenotoxic, reducing mitotic index and induced alterations in the plant cell cycle and micronuclei
formation. The occurrence of cell death was evidenced by the detection of condensed nuclei, positive
TUNEL signals, and presence of DNA fragmentation on lettuce cells. The scorpion venom induced DNA
fragmentation and micronuclei in leukocytes. Further, the role of peptides and proteases from this
venom in inducing the observed damage was discussed.
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RESUMO

Os efeitos da peconha de Tityus serrulatus foram avaliados no ciclo celular e material genético da
Lactuca sativa L. e comparados com os danos a leucécitos humanos, a fim de avaliar a toxidade da
mesma em dois tipos celulares diferentes. Também foram realizadas incubacdes de peconha com
leucocitos humanos com posterior avaliagao do indice de proliferacao celular, microntcleo e DNA
fragmentado. A peconha de T. serrulatus mostrou-se citogenotodxica, reduzindo o indice mitético e
induzindo alteracdes no ciclo celular vegetal e formag¢ao de micronucleos. A ocorréncia de morte
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celular foi evidenciada pela deteccdo de nucleos condensados, sinais TUNEL positivos e presenca
de fragmentacao de DNA em células de alface. A peconha do escorpido induziu fragmentacdo de
DNA e micronucleos em leucécitos. Além disso, o papel dos peptideos e proteases desta peconha
na inducdo do dano observado foi discutido.

Palavras-chave: Citogenotoxicidade; A¢do mutagénica; Tunel; Ensaio do cometa; Micronucleos

1 INTRODUCTION

Scorpionism is considered a public health problem all over the world.
The species Tityus serrulatus (Brazilian yellow scorpion), is considered the most
dangerous in South America (Reckziegel; Pinto Jr, 2014), being responsible for the
majority of the accidents related to venomous animals (Cupo, 2015).

The T. serrulatus venom is composed by a complex mixture of substances.
Amongthese are enzymes (hyaluronidases and proteases), peptides, mucus, amino
acids, nucleic acids and salts. Neurotoxins (peptides) are the main components of
the venom, and act on different ion channels, being responsible for physiological
alterations that may result in death. Moreover, the proteases and hyaluronidases
may leverage the effects of the neurotoxins, since they act as spreading factors of
the venom (Abdel-Rahman; Quintero-Hernandez; Possani, 2016; Oliveira-Mendes
et al., 2019). Also, antimicrobial components and other peptides with different
biological functions have already been described (Puccaetal., 2016; Cernietal., 2017).

Considering that the components of animal venoms may act on the
hemostatic, immunological and neural systems, in addition to induce cell death,
and that the occurrence of the T. serrulatus in Brazil is prolific, studies that allow
understanding the mechanisms of action of its venom are of great value in the
medical-scientific scope.

Active agents found in venoms have been used as model for the development
of drugs. The works in this area have intensified over the last decades, resulting
in the discovery of new medicines with wide therapeutic uses, like anticoagulants

(e.g. Ancrod, Batroxobin and Echistatin), antihypertensive (e.g. Captopril and
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Ranatensin) (Koh; Kini, 2012), as well as analgesics and pharmaceuticals that treat
Diabetes Mellitus (Koh; Kini, 2012; Harvey, 2014; Zambelll et al., 2016).

However, both the characterization of pharmacologically active molecules
and the development of pharmaceuticals require tests that use animals. This
is a practice which often faces logistic and economic problems related to the
maintenance of the animals, in addition to legal and ethical barriers. An alternative
for animal tests could thus be the use of plant organisms as models to investigate
mechanisms of action, especially for pilot assays and initial screenings with
different samples and dosages.

The use of plant models in bioassays that prospect toxicity of environmental
pollutants and vegetable compounds has been of great value in ecotoxicology
and allelopathy researches (Fiskesjo, 1985; Fiskesjo, 1988; Leme; Marin-Morales,
2009; Andrade-Vieira et al., 2011; Andrade-Vieira et al., 2017; Santos et al., 2018).
These models are accepted as efficient methods to evaluate cytological and
genetic material damage (Leme; Marin-Morales, 2009; Andrade-Vieira et al., 2014;
Palmieri et al., 2016). The assays using higher plants as models are advantageous
and justifiable due to presenting low cost, good correlation with other test models
and systems, apart from being highly reliable (Grant; Owens, 2006; Dong; Zhang,
2010). Besides, they are considered adequate test systems to evaluate toxicity by
the United Nations Environment Programme, the World Health Organization and
the United States Environmental Protection Agency (Grant, 1999).

Therefore, the main objective in this work was to evaluate the validity of
plant bioassays for the screening of toxic effects of animal toxins. In order to
achieve this tag, the cytotoxic and genotoxic effects of T. serrulatus venom on

Lactuca sativa cells and on the DNA of human lymphocytes were evaluated.
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2. MATERIAL AND METHODS

2.1 Obtainment of the biological material

2.1.1 Tityus serrulatus venom

The protocol followed Brazilian Institute of Environment (Ibama) and Brazilian
College for Animal Experimentation (COBEA) guidelines. Scorpions maintained at the
“Biotério Central” vivarium (University of Sdo Paulo, Ribeirdo Preto, Brazil) had their
venom extracted by the electrical stimulation technique (Lowe; Farrell, 2011), following

this process the venom was then lyophilized and frozen.
2.2 Root tips treatment

Commercial seeds of L. sativa, were pre-germinated in Petri dish, covered by
filter paper moistened with distilled water, for 24 h. After this period, five seeds with
emitted roots of about 0.5 mm length were transferred to a second Petri dish, covered
with filter paper, containing 500 pL of T. serrulatus venom solution (0.5 mg mL"), in total
the seeds were exposed to 0.25 mg of venom. These concentrations were based on
pilot studies. The negative control was achieved with distilled water. The Petri dishes

were sealed with Parafilm® and remained in germination chamber at 20 °C for 24 h.
2.3 Human cell preparation

Human blood from 20 volunteers (18-30 years old) was collected in
heparinized tubes, after obtaining their formal consent. This study received
approval of Research Ethics Committee of FCFRP-USP (n° 102).

The peripheral blood was distributed in flasks for cultivation (500 pL per
flask), in RPMI 1640 medium (5 mL) supplemented with 10% fetal bovine serum
(FBS, Gibco BRL), 100 U mL" penicillinand streptomycin and 1% phytohemagglutinin

(Gibco BRL)in 5% CO, at37°C. Each treatment/experiment/volunteer was evaluated
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in triplicate, and the culture period was of 72 h at 37°C for the micronucleus and

7 h for the comet assay.

2.4 Bioassays in plant cells

2.4.1 Effects on the cell cycle

Exposed roots (2.1.2) were collected and fixed for 24 h in ethanol:acetic acid
solution (3:1). Then, fixed roots were washed in distilled water and hydrolyzed in 5 N
HCl at 25°C for 12 min. The slides were prepared and the material was stained with 2%
acetic orcein. For each treatment, 5,000 cells were analyzed.

The evaluated parameters were: (1) mitoticindex (Ml), given by the ratio between
the total of dividing cells and the total of evaluated cells, (2) cell cycle alterations (CCA):
the sum of sticky chromosomes, c-metaphases, chromosome fragments, multipolar
anaphases, chromosome bridges and non-oriented chromosomes, micronuclei (MCN)

and condensed nuclei (CN).
2.5 DNA fragmentation test

The DNA from 1 g of L. sativa roots freshly collected, exposed to venom solution,
was extracted (Doyle; Doyle, 1987). The roots were homogenized in liquid nitrogen and
incubated in buffer containing 2% hexadecyltrimethylammonium bromide (CTAB) at
65 °C. The DNA was extracted with chloroform-isoamyl alcohol (24:1) and precipitated
in cold isopropanol. The DNA molecules were maintained in TE buffer (10 mM Tris-HClI,
pH 7.4; 1 mM EDTA). Then, the obtained samples were subjected to 1.2% agarose gel
electrophoresis in TBE (Tris/Borate/EDTA) containing 0.5 pg mL" of ethidium bromide.
The presence or not of fragmentation DNA fragmentation was observed under UV
light. A standard (100 bp to 1500 bp; Promega) and DNA molecules from non-treated
roots, were applied as comparators. The data represent three repetitions performed

in two independent experiments.
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2.6 TUNEL test

The kit DeadEnd™ Fluorometric TUNEL System (Promega®) was used for
testing. For preparation of the slides, freshly exposed root meristems were
hydrolysed with HCl 1M at 60°C for 15 min., and next fixed in 4% paraformaldehyde
for 25 min. at 4°C. The positive reaction was marked with fluorescein, and the
countermarking was accomplished with use of propidium iodide. The slides were
evaluated in epifluorescence microscope (Olympus BX60) using the filters with
excitation interval of 460-490 nm to evidence the fluorescein, and of 530-550 nm
for propidium iodide. The data represent three repetitions and 100 cells were

analyzed per slide.

2.7 Bioassays in human cells

2.7.1 Cytokinesis-block micronucleus test

The Cytokinesis-block micronucleus test (CBMCN) was performed according
to Fenech and Morley (1985). The samples (T. serrulatus venom; 1 to 120 pg mL")
were added 24 h after the initiation of the cultures. After 44 h, cytochalasin-B (4 pg
mL™", Sigma) was added to the cultures. The analyses were carried out after 72 h.
Scores were taken according to the criteria of Fenech (2000). For each treatment/
experiment-volunteer 1,000 binuclear cells were counted considering the presence

or not of micronuclei. Cisplatin (PLATINIL®) (6pg mL™") was used as positive control.
2.7.2 Cell proliferation index

The cytokinesis-block proliferation index (CBPI) was calculated, to determine
non-cytotoxic doses of the venom, by counting 500 cells, considering the formula

described by Kirsch-Volders (1997): CBPI =1 (nuclei mono) + 2 (bi) + 3 (tri + tetra) / 500.
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2.8 Comet assay

Using the methodology described by Singh et al. (1988), the cells were incubated
with the treatments (T. serrulatus venom; 1.0 and 120 pg mL") for 4 h at 37°C, and used
to prepare the slides. For each treatment/experiment-volunteer, 900 nucleoids were
evaluated. For the slides preparation in triplicate, 60 pL of each cell culture (cellular
suspension at 10° cells mL") were transferred to microtubes containing 300 pL of
low melting point agarose. The mixture was dropped on the slides (100 pL/slide) with
normal melting point agarose and covered with the coverslips. After gel polymerization,
the coverslips were removed and the slides immersed in lyses solution (0.25 M Nacl,
100 mM EDTA, 10 mM Trizma base, pH 10, 5% DMSO and 1% Triton X-100), remaining

there for 2 hours. Doxorubicin (Bergamo Ltda) (6 pg mL") was used as positive control.
2.8.1 Electrophoresis

The slides were subjected to electrophoretic run (at 25V, 300 mA, for 35 min.)
after being kept for 20 min at 4 °Cin a 300 mM sodium hydroxide solution (pH13). The
slides were then submerged for a period of 20 min in a 0.4 M Tris-HCl solution (pH 7.4)
for neutralization. Afterwards they were kept at room temperature to dry and finally

immersed in a 100% ethanol solution for fixation.
2.8.2 Nucleoids evaluation

The slides were protected from light, covered with a coverslip, stained with a
solution of ethidium bromide (2 uyg mL") and analyzed by fluorescence microscopy at
200 and 400X magnificence. The nucleoids were analyzed by visual scores (Collins et al.,
1993), and classified by levels of DNA fragmentation: class 0, without damage (damage
< 5%); class 1, low level of damage (5-20%); class 2, medium level of damage (20-40%);
class 3, high level of damage (40-85%) and class 4, totally damaged (damage > 85%).
The average frequency of damage was calculated from the sum of the percentages

of nucleoids with damage 1, 2, 3 and 4. The data were also calculated with arbitrary
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units - AU (0-400; where 0 = no damage and 400 = 100% damage), by the equation (1
x number of nucleoids grouped in class 1) + (2 x number of nucleoids in class 2) + (3 x

number of nucleoids in class 3) + (4 x number of nucleoids in class 4), (Collins, 2004).
2.9 Statistical analysis

Statistical analyses were performed using the free Software “R” (R Core Team,
2015). The parameters evaluated in the cell cycle and TUNEL test assessments were
subjected to analysis of variance (ANOVA) followed by Tukey's test of means at 5%
significance. For the comet and micronucleus assays the data of each treatment were

compared by Duncan (P<0.05) test.

3 RESULTS

3.1 Bioassays in plant cells

Our results present the utilization of plant and human cells as model systems to
evaluate the genotoxic and/or mutagenic action of animal venom.

The data obtained show that T. serrulatus venom has a toxic effect on lettuce cells
and DNA, affecting the chromosome structure, causing breaks in the DNA molecule,
and leading to cell cycle alterations. In the cell cycle analyses, significant differences
were noticed in the two evaluated parameters (Ml and CCA). The cells exposed to T.
serrulatus venom presented an increase of about 15 times in the CCAs in relation to

the control (Table 1).

Table 1 - Effect of Tityus serrulatus venom on the mitotic index (Ml), cell cycle alterations

(CCA) and TUNEL test after exposure of Lactuca sativa roots to 0.25 mg of venom

Treatments M CCA TUNEL
Control 9.29+2.40 0.99 + 1.03 0.20 +1.49
T. serrulatus 6.23 +2.19% 14.9 + 5.80* 23 +7.74%

Source: By the author
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Observed results followed by standard deviation in the two evaluated
parameters and in the TUNEL test. Ml is expressed as percentage, and CCA as
frequency per thousand cells. The TUNEL result is given by the percentage of cells
with the positive mark. Data followed by * differ significantly from the control
according to Tukey test (a=5%).

MCN, sticky chromosomes, c-metaphases, bridges, chromosome fragments,
non-oriented chromosomes, multipolar anaphases and condensed nuclei were
observed. Figure 1 brings examples of the CCA most commonly found in the slides

evaluated (Figure 2).

Figure 1 - Alterations in the cell cycle found with higher frequency in root tip cells of

Lactuca sativa exposed to Tityus serrulatus venom. A and B - Micronuclei (arrow); C -

Condensed nuclei (arrow); D - Metaphase with sticky chromosomes. Bar =5 pm

Source: By the author
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Figure 2 - Percentage of CCAs observed on root tips of Lactuca sativa exposed to

Tityus serrulatus venom

B Multipolar Anaphases = Bridge [0 Lagging W Fragment

u C - Metaphases H Condensed Nuclei Stickness B Micronuclei

1%

Source: By the author

The most abundant alterations were MCN (Figure 1A, B), representing 32% of
the total of observed alterations (Figure 2). The second highest observed alteration
was sticky chromosomes (Figure 1C), which represent 20% of the total alterations
(Figure 2), and finally metaphase with sticky chromosomes (Figure 1D).

The high index of CN found, 18.67%, suggests that T. serrulatus venom
presents genotoxic potential. As consequence, plant aborts the damaged cells.
The DNA laddering effect becomes evident by the fragmentation of the genetic
material, which showed fragments of 100 to 500 bp (data not shown). These data
are corroborated by the positive result of the TUNEL assay, which detected damage

in the DNA molecules in 23% of the evaluated cells (Table 1 and Figure 3).
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Figure 3 -TUNEL test. Results observed after exposure of Lactuca sativa roots to 0.25mg
of Tityus serrulatus venom. A - Positive signal of the TUNEL test on cells exposed to the
Tityus serrulatus venom (seen on the fluorescein filter). B - Control cells showing no
positive markings (image is composed of the juxtaposition of the fields observed on

the fluorescein and iodide filters)

Source: By the author

Both the DNA fragmentation and the detected alterations have an impact on the
MI, which decreased approximately 33% in cells exposed to venom in relation to the

control (Table 1).
3.2 Bioassays in human cells

Thus, the results obtained in the present work demonstrate a genotoxic potential
of T. serrulatus venom on lettuce cells. However, it is important to point that the effects
of this venom were also evaluated over human leukocytes, using comet test, and its
genotoxic potential was once again noticeable.

Figure 4 shows the percentage of damage and the AU on human leukocytes
exposed to concentrations of 1, 2.5, 5, 7.5, 10, 15, 30, 60 and 120 pg mL" of T.
serrulatus venom. Significant differences for the higher comet classes, especially on
the higher concentrations, in relation to the negative control were observed (Table

2). In addition, at the highest concentration applied, the total percentage of induced
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damage (approximately 40%) and AU (approximately 75) were very similar to those
observed for the doxorubicin (6ug mL"). This data is in accordance with what was
detected by the TUNEL test and by the fragmentation on DNA observed in the agarose

gel electrophoresis.

Table 2 - Distribution of comet classes observed in nucleoids from leukocytes treated

with Tityus serrulatus venom in different concentrations

Treatment Comet classes (%)
[pg mL]
0 1 2 3 4
(5-20%) (20-40%) (40-85%) (damage 285%)
Negative control i 78+0.02 22.04£0.03 0+£0.01 0+0.02 0+0.02
Positive control 6 33.51£0.04a 25.75£0.05  2.5+0.02 1£0.05 10.5£0.04a
1 70.2+2.1ab 23.5+1.3 4.1+0.8a 2.2+1.7a 0+0.03
2.5 69.1+5.4ab 24.6+2.5 5.2+1ab 1.1£0.3 0+0.2
5 72.9+7.0b 21.8+3.1 4.8+0.5a 0.5+0.1 0+0.1
7.5 74.0+6.4b 22.5+1.1 2.5+0.6 1.0£0.1 0+0.4
T. serrulatus 10 | 750400  204:1.4  3.6:08  1.0:0.4 0+0.8
15 64.5+t3.2ab  31.0£3.5ab  4.5t1.2a 0£0.2 0+0.5
30 61.5+5.4ab 26.0+£2.8 9.0+1.3ab  3.5%0.2ab 0+0.5
60 75.0+3.8b 19.0£1.6  11.5#1.1ab  3.0£0.7ab 1.5+0.2
120 60.5+2.6ab  15.5+2.2ab 14.5+1.6ab 6.5%1.1ab 3.0+0.3ab

Data represents the mean of each treatment + S.D. for 10 individuals. DXR = doxorubicin.
a Significantly different from the negative control, PBS (p<0.05).
b Significantly different from the positive control, DXR-Doxorubicin (p<0.05).

Source: By the author

Nevertheless, for the MCN test in human leukocytes, the venom of T. serrulatus,
on the concentrations between 1 and 30 pg mL"', did not induce micronucleus
formation significantly different from the negative control (1.1 £ 0.1 MCN) (Table 3).
It is suggested that the low frequency of MCN found may be the result of effective
action of the cell repair mechanisms. This way, the venom is inducing damage that is
liable to correction, and thus not observed by the mentioned test. However, the data

obtained here show that at least part of this damage is not repaired effectively, since
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the occurrence of CN and MCN was observed in high frequency on the tests using L.

sativa as model and the two highest concentrations tested (60 and 120 pyg mL").

Figure 4 - Comet test. (A) Frequency of nucleoids from leukocytes with comet and (B)
Values of arbitrary units calculated to nucleoids with damage exposed for 4 hours at

Tityus serrulatus venom in different concentrations, or doxorubicin

50 %0
45_ . *A 0 ; ;B
404 * . 70

Damage
B8 B
1 1
Arbitrary Units (0-400)
z
il

104 204
5_- 104
0 0

C C+ 10 25 50 75 10 15 30 60 120 C- C+ 1 25 5 75 10 15 30 80 120
T. serrulatus venom (ug/mL) T. serrulatus venom (pg/mL)

Source: By the author

Data represent the mean of each treatment £ S.D. for 10 individual experiments,
one for each volunteer. The percentage of nucleoids with damage was calculated on the
sum of nucleoids classified with damage1, 2, 3 and 4. Arbitrary units (0-400) calculated
according to Collins (2004). * Significantly different from the negative control (p<0.05).

Nevertheless, for the MCN test in human leukocytes, the venom of T. serrulatus,
on the concentrations between 1 and 30 pyg mL"', did not induce micronucleus
formation significantly different from the negative control (1.1 £ 0.1 MCN) (Table 3).
It is suggested that the low frequency of MCN found may be the result of effective
action of the cell repair mechanisms. This way, the venom is inducing damage that is
liable to correction, and thus not observed by the mentioned test. However, the data
obtained here show that at least part of this damage is not repaired effectively, since
the occurrence of CN and MCN was observed in high frequency on the tests using L.

sativa as model and the two highest concentrations tested (60 and 120 pyg mL").
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Table 3 - Distribution of micronuclei and cytokinesis-blocking proliferating index (CBPI)
in leukocytes treated with Tityus serrulatus venom in different concentrations or with

the antitumor agent cisplatin

% cells/500cells
Treatment MCN/1000BN cells,
CBPI £S.D.
[ug/mL] Mono Bi Tri  Multi mean % S.D.

Negative control - 50.3 39.0 7.3 3.4 1.1£0.1 1.604+0.6
Positive control 6 48.5 38.7 7.6 5.2 12+0.5 1.64340.5
1 48.9 42.5 6.2 2.4 1.0£0.1b 1.686+0.3

2.5 47.8 36.2 11.0 5.0 0.8+0.2b 1.652+0.4

5 46.9 41.3 8.9 2.9 1.2+£0.2b 1.649+0.7

T serrulatus 7.5 |353ab 486ab 8.6 7.5a 1.2+0.1b 1.808+0.2
10 46.9 37.6 9.3 6.2 1.4+0.3b 1.686+0.6

15 52.4 37.9 6.4 3.3 1.5£0.3b 1.572+0.9

30 51.4 38.3 5.8 4.5 1.8+£0.4b 1.598+0.9

60 |37.4ab 412 133ab 8.1a 5.4+0.2ab 1.840+0.5

120 45.3 382 14.1ab 24 9.7+0.5a 1.712+0.4

BN: binucleated cells; MCN: micronuclei; CBPI: cytokinesis-blocking proliferating index. Data are represented
as means + S.D. The values of CBPI were not statistically different compared to the control (p<0.05). Negative
control = PBS. Positive control = cisplatin.
a Significantly different from the negative control (p<0.05).
b Significantly different from the positive control, Cisplatin (p<0.05).

Source: By the author

4 DISCUSSION

Proteases of T. serrulatus venom can act on the protein scaffold of the
chromosome, destabilizing it, and resulting in formation of sticky chromosomes.
Another hypothesis is the action of these enzymes on the mitotic spindle proteins,
resulting in the occurrence of non-oriented chromosomes, multipolar anaphases and
c-metaphases (Fiskesjo, 1985) (detected in the present work, Figure 2).

The proteases can also act on proteins associated to the DNA, favoring the
occurrence of breaks, which can be evidenced by the formation of bridges and

fragments (Figure 2). The extremities without telomeres tend to fuse, leading the
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formation of a bi-centric chromosome, observed as a bridge between the two poles
and then segments excised are eliminated by way of MCN (Leme; Marin- Morales,
2009; Andrade-Vieira et al., 2011).

This instability and the damage in the DNA structure may also be evidenced by
the occurrence of condensed nuclei (CN), which are markers of cell death (CD) (Andrade-
Vieira et al., 2011), related to DNA fragmentation (Ustiin; Hafrén; Hofius, 2017).

The reactive oxygen species (ROS), associated to oxidative stress, are also
responsible to the induction of DNA damage followed by CD (Zhoua et al., 2018).
The exposure of the root cells to the T. serrulatus venom induces CD. In addition, the
neurotoxins act on ion channels and induce oxidative stress (Cologna et al., 2009;
Galvani et al., 2017). Some of these peptides can act on ion K* channels, to activate the
CD mechanism, generating CN (Housley et al., 2017), observed in the present study.

The presence of DNA damage induced by different toxins is also reported on
literature (Kang et al., 2011; Marcussi et al., 2011; 2013). Specifically, on T. serrulatus it is
known that Ts2 and Ts6 toxins are capable of affecting the immune system and trigger
inflammation in human cells (Zoccal et al., 2013), could result in the formation of ROS
causing DNA damage. Cells in CD process, or that present inadequate transport of K*
ions do not divide (Lebaudy; Véry; Sentenac, 2007). Androctonus crassicauda venom
is able to limit the growth of SH-SY5Y and MCF-7 cancer cell lines by a mechanism of
apoptosis induction and DNA synthesis blocking (Zargan et al., 2011).

Apis mellifera venom induced DNA fragmentation and formation of micronuclei
on HL-60 cancer cells (Lee et al., 2007). The micronuclei reflect genomic instabilities
that point to degradation of somatic DNA (Hara and Marin-Morales, 2017). Gajski and
Garaj-Vrhovac (2008), observed DNA instability in human lymphocytes after exposure
to venom from Apis mellifera. Gupta et al. (2007) observed cytotoxic and pro-apoptotic
effects induced by the Heterometrus bengalensis venom on human leukemic cells.
In addition, Palmieri et al. (2019) demonstrated the cytogenotoxic effects of Polybia

venoms on human and vegetal cells.
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The results demonstrate that the toxins were able to cross the cell wall and
induce toxicity in plant cells. It is also important to consider that in plant models the
exposure occurs in the meristematic tissue, which undergoes many rapid cell divisions
(Palmieri et al., 2016b), thus increasing its sensitivity to external agents, allowed their
use in screening for toxic or protective substances (Andrade-Vieira et al., 2017). In
addition, bioassays using plant systems are inexpensive, reliable, high reproducibility
and results obtained demonstrate a good correlation with human cells (Reis et al.,

2017; Silva et al., 2020).

5 CONCLUSIONS

The T. serrulatus venom presented cytotoxicity in the meristematic cells of L.
sativa, evidenced by the reduction in the mitotic index, and genotoxicity, demonstrated
by the high frequency of abnormalities in the cell cycles.

Under the evaluated conditions, the venom induced cell death, manifested by
damage to the DNA molecule, positive TUNEL assay, fragmentation of the genomic
DNA subjected to agarose gel electrophoresis, and by the presence of micronuclei,
condensed nuclei, and chromosome bridges and fragments. Similarly, the T. serrulatus
venom induced DNA damage in human leukocytes, observed in the comet assay.

Moreover, the employed plant model revealed itself as viable test system to
evaluate the toxicity of animal venoms, with perspective of use for investigation of
different natural compounds, representing a rapid, low-cost, easy-to-use alternative to

complement or even substitute animal models.
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