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ABSTRACT

The corn borer (Spodoptera frugiperda) is a major pest causing significant damage to corn crops due to its difficult management. As an alternative for pest control,
the Genetic Engineering and Biotechnology Center of La Habana in Cuba (CIGB) developed the transgenic corn varieties FR-Bt1 and VV20(S2), which are resistant
to the corn borer due to the over expression of two insecticidal proteins CrylFa and Vip3A. However, it is crucial to assess the risks associated with the expression
of these proteins on non-target organisms present in the maize ecosystem. In this study, an ecotoxicological evaluation was conducted to assess the toxicity of CrylFa
and Vip3A proteins, both in their active and inactive forms, as well as plant samples from transgenic and conventional corn crops, on bioindicator species of
ecosystems. Organisms were exposed to safe concentrations of insecticidal proteins and plant samples via oral administration. Terrestrial organisms included
beneficial insects (Chrysopa exterior and Trichogramma pintoi), pollinators (Apis mellifera), and the decomposer earthworm (Eisenia andrei), while aquatic species
included fish (Brachydanio rerio) and frogs (Osteopilus septentrionalis). Toxicity signs and mortality were evaluated in these biomodels. The results showed no
physiological, behavioral, or mortality alterations in the species tested. Overall, the insecticidal proteins expressed in the transgenic corn crops FR-Bt1 and VV20(S2),

as well as the plant samples, were not toxic to the bioindicator species under laboratory conditions.

Keywords: Transgenic maize FR-Bt1 and V20(S2), insecticidal proteins CrylFa and Vip3A, Spodoptera frugiperda, ecotoxicology.

INTRODUCTION

The growing global population has posed a significant challenge to agriculture:
maintaining an adequate food supply while preserving environmental balance
[1],[2]. These challenges influence the relationships between humans, animals,
and the environment, and require approaches such as the "One Health" concept
[3],[4]. Solutions can only be achieved through interdisciplinary and
multisectoral strategies that address the health of people, animals, and
environment [5]. The application of biotechnology to food production is one of
the key hopes for humanity to achieve this goal [6],[7],[8]. Among its results,
genetically modified crops stand out due to their technological strength, leading
to high levels of adoption, commercialization, and consumption [9],[10],[11].

Transgenic maize varieties FR-Btl and V20(S2) have been developed at the
Genetic Engineering and Biotechnology Center (CIGB) as an alternative to
control the corn borer pest. The former was obtained by crossing the Cuban line
FR-28 with a transgenic variety containing the TC1507 event, while VV20(S2)
resulted from crossing the Cuban line V20 with a transgenic variety containing
the MIR162 event. These transgenic crops express the insecticidal proteins
CrylFa and Vip3A, derived from Bacillus thuringiensis (Bt) [11],[12]. The
potential impacts of these transgenic crops must be assessed on a case-by-case
basis [12],[13],[14], to identify any effects arising from the exposure of
bioindicator organisms to toxins expressed by these plants, through controlled
laboratory studies and regulatory requirements for environmental release
[15],[16],[17]. The aim of this study is to evaluate the toxicity of the Cry1Fa and
Vip3A proteins, as well as the plant samples from the FR-Bt1 and VV20(S2) crops,
on bioindicator species from terrestrial and aquatic ecosystems in a laboratory
setting, trying to determinate the potential risk to the environment of these plants.

EXPERIMENTAL
Insecticidal proteins, plant samples of corn and bioindicator species

The CIGB provided both the active and inactive forms of the CrylFa and
Vip3A proteins (100 mL of each), as well as sufficient quantities of the maize
plant parts (pollen - 10 mg or senescent tissue - 100 g) from the non-transgenic
and transgenic crops. The inactivation of the proteins involved was done by
heating to 65°C for 10 minutes. The bioindicator species were provide by the
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Subdirection of Toxicological Evaluations and Environmental Studies at the
National Toxicology Center of Cuba.

Toxicity Assays on Representative Ecosystem Species

A risk analysis strategy was individually applied to assess genetically modified
crops on representative species of terrestrial species as beneficial insects
Chrysopa exterior, Trichogramma pintoi and Apis mellifera, the decomposer
Eisenia Andrei. While aquatic species included vertebrates such as fish
Brachydanio rerio and amphibians (Osteopilus septentrionalis). The assays were
performed under controlled conditions, with all species exposed to the
insecticidal proteins (CrylFa or Vip3A, both in their active and inactive forms).
In most cases, the species were also exposed to parts of the plants from the
transgenic crops, as well as their conventional counterparts, with which they
naturally interact.

The administration of the proteins and plant samples was carried out via oral
exposure at safe concentrations. Toxic effects were estimated by monitoring the
presence of physiological and behavioral alterations, as well as mortality events.
The evaluation followed established guidelines for toxicological testing
[18],[19],[20],[21],[22],[23].

Terrestrial Ecosystem

Insects

All evaluations were conducted following OPPTS guideline 885.4340 [18].
Pollinator Hymenoptera — Honey Bees (Apis mellifera).

This assay followed the OPPTS guideline 885.4380 [19]. Bees aged 1 to 7 days
were exposed daily to concentrations 10- and 100-fold higher than the median
lethal concentration (LCso) of the respective Cryl1Fa and Vip3 A proteins, in both
active and inactive forms, through their diet. For CrylFa, a safety level of 10
ppm was used, 10 times above the known LCso for the target species (1 ppm).
Bees were exposed daily to 24 ppm of Cry1Fa in transgenic pollen. For Vip3A,
a safety level of 50 ppm was used, 100 times above the LCso of the target species
(0.5 ppm), and exposure to transgenic pollen was 0.17284 ppm of Vip3A.
Equivalent amounts were provided for non-transgenic pollen.
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Each study included the following treatments: control, inactive protein, active
protein, non-transgenic maize pollen, and transgenic maize pollen. A total of 150
bees were used, distributed into five treatment groups of 30 bees each, with three
replicates of 10 bees per treatment. The assays were terminated when mortality
in the untreated control group exceeded 20% [19].

Neuroptera — Lacewings (Chrysopa exterior or Nodita firmini)

First-instar lacewing larvae were exposed to 0.48 ppm of CrylFa protein,
representing a safety level 15 times higher than the expression of CrylFa in
maize pollen. For Vip3A, a safety level was achieved by exposing the test
organisms to 175 ppm, 50 times higher than the expected environmental
concentration. Each assay included a total of 90 larvae, distributed across three
treatments: control, inactive protein, and active protein. The studies concluded
when 20% of the control group reached pupation [18].

Hymenoptera — Parasitoid (Trichogramma pintoi)

Due to species availability, only CrylFa protein was tested. Adult
Trichogramma pintoi were exposed to concentrations 10 times higher than the
CrylFa level present in maize pollen, corresponding to 32% of the CrylFa
protein. A total of 90 adults were used, with 30 per group (control, inactive
protein, and active protein), each considered as a replicate. Daily visual
observations were performed until the study ended, which occurred when
mortality in the untreated control group exceeded 20% [18].

Decomposer
Earthworm (Eisenia andrei)

The assays followed OCSPP guideline 850.3100 and ISO DIS 11268-1
[20],[21]. Safety levels were set 100 times above the expression of CrylFa in
senescent plant tissue, equivalent to 2.26 ppm in the substrate, and 0.357 ppm for
senescent leaves. For Vip3A, safety levels were 30 times above the expression
in senescent leaves, corresponding to 3.30 ppm in the substrate. For senescent
tissues, the same amount of leaves per container was used as in the FR-Bt1 maize
evaluation, with a protein concentration of 134% of Vip3A in the substrate.

A total of 150 earthworms were used, distributed across five treatments of 30
worms each, with three replicates of 10 worms per treatment. The treatments
included: control, inactive protein, active protein, senescent tissues from
conventional maize, and transgenic maize. Toxic effects and reproductive
capacity were monitored over 28 days [21].

Aquatic Ecosystem

Vertebrates — Fish (Brachydanio rerio or Poecilia reticulata) and
Amphibians — Frogs (Osteopilus septentrionalis).

A semi-static exposure system was used following OECD guideline 203 and
ASTM guideline E729-96 (OECD, 2019; ASTM, 2023) [22],[23]. Only the
proteins were tested. Fish and amphibians were exposed to 10 ppm of CrylFain
the diet, providing safety levels 100 times above environmentally expected
concentrations. For Vip3A, safety levels were 30 times above the expected
environmental concentration, using 22 ppm in the diet.

Zebra fish (Brachydanio rerio) larvae were used for CrylFa evaluation, while
guppy (Poecilia reticulata) were used for Vip3A. Amphibians were tested at the
larval stage. Each assay included 90 organisms, distributed among three groups:
control, inactive protein, and active protein.

Statistical Analysis

Statistical analyses were conducted using SPSS version 22. Normality and
homoscedasticity tests were performed to determine the suitability of parametric
or non-parametric methods. The chosen method allowed for comparison of the
evaluated variables among the experimental groups [24].

RESULTS AND DISCUSSION

The environmental risk assessment of a transgenic plant involves, among other
factors, the evaluation of its potential to cause adverse effects in comparison with
its non-transgenic counterpart, particularly in relation to animals within the
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environment and their roles in ecological functions [25]. Transgenic maize has
emerged as a key component of contemporary agricultural practices, driven by
its potential to enhance productivity and pest resistance. Nevertheless, its
adoption has sparked considerable debate regarding its ecological implications
[26].

During the toxicity assays, environmental conditions were maintained within
the optimal ranges specified in the guidelines for each bioindicator species.

Terrestrial Ecosystem

Honey Bees (Apis mellifera). The assays concluded on day 8 for FR-Bt1 maize
and day 9 for VV20(S2) maize. Mortality occurred in both maize varieties, and the
percentages observed are presented in Figure 1. Using the non-parametric
Kruskal-Wallis test to compare the means among groups, no significant effect
was detected, with a significance level of 0.05.
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Figure 1. Toxicity studies in honey bees exposed to transgenic maize and the
expressed proteins. Cumulative mortality patterns: (A) FR-Bt1, (B) VV20(S2).

In both studies, the appearance and behavior of all surviving bees remained
normal throughout the assays.

In 2008, Duan and colleagues, through a meta-analysis encompassing 25
studies, assessed the effects of Bt Cry proteins on honeybee larvae and adults,
without detecting statistically significant differences. These findings are
consistent with the results obtained in the present evaluation, as well as with
previous investigations that examined the activity spectrum and mode of action
of various classes of Bt Cry proteins [27],[28].

In contrast to these findings, in 2025 Lee and colleagues reported adverse
effects of larval exposure to CrylF pollen (event TC1507) in two butterfly
species (Pieris napi, Aglais io) and two moth species (Plutella xylostella,
Ematurga atomaria). The CrylF toxin present in the pollen affected all non-
target lepidopteran species evaluated, to varying degrees depending on the
species and the parameter measured. Reported sublethal adverse effects in larvae
included reduced feeding and body weight, as well as prolonged developmental
times, without significantly impacting adult size or fecundity [29].

Beneficial Neuroptera (Chrysopa exterior or Nodita firmini)

In the study evaluating Cry1Fa protein toxicity, no mortality occurred in the
control group. In the groups exposed to inactive and active CrylFa protein, two
and three larvae died, corresponding to mortality rates of 6.7% and 10%,
respectively. In the Vip3A protein study, three larvae died in both the control
group and the group exposed to inactive Vip3A, resulting in mortality rates of
10%. In the active Vip3A group, two larvae died, corresponding to 20%
mortality. All values fell within the natural mortality range for these studies, so
statistical analysis was not applied. The Cry1Fa and Vip3A studies concluded on
days 9 and 10, respectively, following the species-specific parameters,
confirming protein safety. At the end of the experiments, 18, 20, and 23 pupae
formed in control, inactive CrylFa, and active CrylFa groups, representing
pupation rates of 60%, 66.7%, and 76.7%, respectively. For Vip3A, seven larvae
in both the control and active protein groups reached the pupal stage (23.3%
pupation), while nine pupae formed in the inactive protein group (30%).
Comparison of pupation means between groups using the non-parametric
Kruskal-Wallis test at a 0.05 significance level revealed no significant
differences. No signs of toxicity related to dietary protein ingestion were
observed.
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Likewise, CrylFa protein, administered in a 0.1% sucrose solution, did not
produce negative effects on the indicator species Chrysopa carnea when exposed
to concentrations substantially higher than those expected under environmental
conditions, which is consistent with the findings of the present study [30].
Similarly, when predators were fed diets containing 7.25 ppm of Vip3Aal9
protein—specifically nymphs of the hemipteran Orius insidiosus, adults of the
coleopteran Coccinella septempunctata, and larvae of the neuropteran
Chrysoperla carnea—no adverse effects were observed after 21, 15, and 14 days
of exposure, respectively [31].

Beneficial Hymenoptera — Parasitoid (Trichogramma pintoi)

The assay lasted 72 hours. Mortality occurred in three, six, and two adults in
the control, inactive CrylFa, and active CrylFa groups, corresponding to
mortality rates of 10%, 20%, and 6.7%, respectively. However, comparison of
the mortality means between groups using the Kruskal-Wallis test showed no
statistically significant differences at a 0.05 significance level. No significant
physiological or behavioral alterations were observed in any of the test groups.

Similarly, against the predatory beetle Propylea japonica (Thunberg)
(Coleoptera: Coccinellidae), no adverse effects were observed following
exposure to 200 and 500 ppm of Vip3Aa protein in the diet [32],[33]. The safety
of Vip3Aa protein was also confirmed in adults of the beetle Aleochara bilineata
exposed to concentrations of 595.3 ppm through dietary intake for 35 days.
Moreover, no detrimental effects were detected on the survival or reproduction
of the collembolan Folsomia candida, which were fed for 28 days with leaf tissue
diets containing 43.2 ppm. All these results are consistent with those obtained in
this study [31],[34].

Earthworm (Eisenia andrei)

The evaluations in Eisenia andrei were conducted in two phases: an acute
phase up to day 14 and a subchronic phase up to day 28. Mortality and signs of
toxicity were assessed in both phases, and reproductive capacity was evaluated
at the end of the study. Guidelines indicate that up to 10% mortality may occur
in acute studies and up to 20% in subchronic studies without attributing it to the
test substance. Additionally, control group earthworms may experience up to a
20% weight loss. In the acute phase, one worm died in the group exposed to
active Cry1Fa protein (3.3% mortality), and three died in the group exposed to
senescent tissue of FR-Bt1 maize (10% mortality). In the Vip3A protein study,
one worm died in the treated group (3.3%), and two died in the group exposed to
senescent conventional maize tissue (6.7%). Mortality in all cases were below
the 10% threshold.|

No physiological or behavioral alterations were observed in any group. Worm
weight variation throughout the study is shown in Figure 2. In groups with slight
weight decreases, losses remained below 20%, making statistical analysis
unnecessary. In the groups exposed to senescent tissue of \V20(S2) maize and its
conventional counterpart, similar weight gains were observed, likely due to the
additional organic matter provided by the plant fiber, in contrast to the groups
treated with the proteins.

Weight Weight
variation A variation B
) %)
30 30
22,98
17,68 17,68
20 17,2 20 Tiid
10 10

-14,7
24 297 asm

Time (d) Time (d)
m Control
W Inactive Vip3A protein
m ActweVip34 protein
Senescent tissue in conventional corn

W Zenescent tissue maize V20(3)2

m Cortrol
mInactive CrylFa protein
W Active Cry1Fa protemn
Senescent tissue of conventional corn
® Senescent tissue of FR-Btl maize

Figure 2. Toxicity study in earthworms (Eisenia andrei) exposed to transgenic
maize and the expressed proteins. Weight variation patterns: (A) FR-Bt1, (B)
V20(S2).
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In the second phase of the FR-Bt1 maize impact assessment, five earthworms
died in the negative control group, corresponding to 16.7% mortality, validating
the study. For V20(S2) maize, no mortality occurred in the control group. In the
study of FR-Bt1, mortality occurred in all groups at rates equal to or lower than
the control, except in the group exposed to senescent leaves of conventional
maize, where 10 earthworms died (33.3%), as shown in Figure 3. However, using
the non-parametric Kruskal-Wallis test, no significant differences were observed
between the mean mortality rates of the groups (p > 0.05).

For V20(S2) maize, two worms died after exposure to plant samples,
corresponding to 6.6% mortality, which falls within the normal expected range
for this species and type of study.
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Figure 3. Toxicity study in earthworms (Eisenia andrei) exposed to transgenic
FR-Bt1 maize and CrylFa protein. Cumulative mortality patterns.

Worm weight variation was determined only in the groups exposed to maize
residues. Figure 2 shows weight gain in the test organisms, indicating a lack of
toxicity. No signs of toxicity were observed in any of the organisms during the
assays. In both studies, worms in the groups exposed to plant material were
observed moving to the substrate—senescent leaf interface, demonstrating their
ability to decompose plant tissues. Additionally, eggs and juvenile worms were
present in all experimental groups, confirming normal reproductive activity.

In all groups, earthworms exhibited vitality and normal behavior. As in the
present study, the risk of CrylF protein was low when testing concentrations
higher than those expected under environmental conditions in the collembolan
(Folsomia candida) [31]. The absence of toxicity is consistent with results
reported in the literature when evaluating the effects of Vip3Aa20 protein over
14 days in Eisenia fetida, at concentrations of 3.60 ppm of Vip3Aal9 protein
expressed in the Pacha maize event and administered through leaf tissue
incorporated into the soil [31].

Aquatic Ecosystem

The Cry1Fa protein study lasted four days for frogs and eight days for fish,
whereas the Vip3A study lasted 30 days for both species. According to the
guidelines, up to 10% mortality may occur spontaneously.

Fish (Brachydanio rerio and Poecilia reticulata)

In the CrylFa protein study, zebrafish (Brachydanio rerio) were used over
eight days, while in the Vip3A study, guppies (Poecilia reticulata) were tested
for 30 days. The FR-Bt1 maize study concluded with 100% survival, as did the
groups exposed to both forms of Vip3A and V20(S2) maize, except for the
control group, in which one fry died (3.3% mortality). Behavioral responses and
reactions to stimuli remained consistent with species-specific norms, confirming
the good health of the organisms. Both species consumed their food
(contaminated and uncontaminated) daily with normal feeding behavior,
resulting in appropriate increases in body weight.
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Amphibians — Frogs (Osteopilus septentrionalis)

The toxicological evaluation of Cry1Fa and Vip3A proteins in frogs lasted four
days for CrylFa and 30 days for Vip3A. No physiological or behavioral
alterations were observed in any test organisms, and no mortality occurred except
in the group exposed to inactive Vip3A, where two tadpoles died, representing
6.6% mortality.

No alterations in behavior or development were observed, as the organisms
consistently exhibited the characteristic feeding avidity of the species. Similar
findings were reported by Vieira and colleagues in 2021, who evaluated embryos
and larvae of zebrafish exposed to different Cry proteins (Cry1C, CrylF, and
Cry1ADb) at concentrations of 1.1 ppm, with no evidence of embryotoxicity or
impairment of enzymatic biomarkers [35]. Likewise, the risk associated with
CrylF protein was low when assessing its effects on the microcrustacean
Daphnia magna [35]. In addition, Chen and colleagues in 2021 demonstrated
that this species can survive, grow, and reproduce when fed exclusively on maize
material [36]. Furthermore, in juvenile catfish (Ictalurus punctatus), dietary
exposure to 7.1 ppm of Vip3Aal9 protein for 30 days did not result in adverse
effects [35].

The need to evaluate pure, active, and inactive Bt proteins in toxicity studies
arises from critical considerations related to actual environmental exposure and
the comprehensive understanding of their potential spectrum of effects (Azizoglu
et al., 2023) [37]. In the environment, Bt proteins are not always present in their
pure and active form, as they may be inactivated by factors such as UV light
degradation, temperature, pH, microbial activity, and proteases in the soil or in
the gut of non-target insects [38]. None of the species used in the investigations
were affected when exposed to CrylFa and Vip3A proteins subjected to the
inactivation process. Assessing inactive proteins enables the evaluation of the
effects of degradation and modification products, which may exhibit different
toxicity compared with the original active protein. Moreover, it confirms that the
observed toxicity is attributable exclusively to the active structure, and not to
nonspecific effects or experimental artifacts [39].

In the risk assessment of Bt toxins, it is essential to consider both the
similarities and differences in the mechanisms of action of the various Cry
proteins. Their shared basis allows comparisons among them, while their
divergences account for the variations observed; a similar situation applies to
Vip3A proteins [40]. Innovation and research in agri-food systems, including the
application of plant biotechnology, are fundamental for agricultural production,
economic and social growth, and for contributing to problem-solving [41]. In
light of the growing demand for food driven by demographic expansion,
countries must enhance investment and integrate knowledge into agri-food
production systems to increase productivity and adopt a holistic perspective on
health-related challenges [16],[41].

For a significant portion of the global population, cereals and legumes are the
primary sources of protein. Transgenic plants represent food crops modified to
express novel traits such as maximizing fruit yield, tolerating more extreme
environments, resisting previously harmful pesticides, or controlling pests
[10],[16]. However, it is crucial to inform consumers about the fundamental
characteristics of these foods, as well as potential risks to human health and the
environment [43],[44]. Hence, the development of risk assessments is necessary
to evaluate their impact.

Despite uncertainties related to Cry protein risk assessment, safety data on
TC1507 have been submitted to regulatory agencies in more than 20 countries,
which have authorized its use in crops, food, and feed, including to Argentina,
Brazil, Canada, and the United States. The increasing authorization of this event
as a component of diverse products further demonstrates its safety and global
acceptance. Based on this evidence, various regulatory agencies have concluded
that TC1507 maize has a history of safe use for cultivation, food, and feed
purposes [45].

The environmental impact of the MIR162 maize event has been less
extensively studied, partly because earlier transgenic events were subjected to
stricter regulatory requirements, necessitating more comprehensive studies
whose data, in many cases, benefited subsequent events by reducing the
perceived urgency for such evaluations [46]. Another relevant factor is that
Vip3A protein is often commercialized in combination with Cry proteins,
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complicating the isolation of its specific environmental impact. By contrast,
TC1507 was initially released as a single event, facilitating its assessment.
Nevertheless, MIR162 has been the subject of multiple safety studies conducted
under both laboratory and field conditions. Based on the available evidence and
current knowledge, several authors have concluded that MIR162 does not pose a
significant risk to human health or the environment [47].

Potential adverse effects of CrylFa and Vip3 proteins from FR-Bt11l and
V20S(2) maize were also evaluated. These investigations tested protein
concentrations exceeding environmentally relevant exposure levels, as well as
exposure to plant material samples likely to occur in the field. None of the studies
reported adverse effects.

CONCLUSION

The insecticidal proteins CrylFa and Vip3A, as well as plant FR-Bt1 and
V20(S2) maize crops, were not toxic to the species tested. Therefore, the use,
storage, and disposal of residues from these transgenic maize crops can be
considered safe, supporting the potential for their large-scale cultivation.

ACKNOWLEDGEMENT

We are highly thankful to the Cell and Molecular Biology Lab, Department of
Zoology, Government College University Faisalabad, Punjab, Pakistan for
providing research support. Special thanks to the Punjab Higher Education
Commission (PHEC) for funding support under project No.
PHEC/ARA/PIRCA/20316/13.

REFERENCES

[1] Molina Zapata, J.E. (2021). La revoluciéon verde como revolucién
tecnocientifica: artificializacion de las practicas agricolas y sus
implicaciones. Revista Colombiana De Filosofia De La Ciencia, 21(42).
https://doi.org/10.18270/rcfc.v21i42.3477

[2] Divico Muchairo, S. (2023). La biotecnologia para la seguridad alimentaria,
econémica y la geopolitica. En Recursos Naturales y Medio Ambiente:
alternativas de conservacion sostenible en la Amazonia boliviana (106-127).
Editora Cientifica Digital.
https://doi.org/https://doi.org/10.37885/221211159

[3] Vidal Ledo, M.J., Armenteros Vera, |., Aparicio Suarez, J.L., Morales
Suarez, |. & Portuondo Sao, M. (2021) Una Salud. Educacién Médica
Superior, 35(2): 1-17.
http://scielo.sld.cu/scielo.php?script=sci_arttext&pid=S0864-
21412021000200018&Ing=es

[4] Cordero, A.M., Romero, J. & Friaca, H. (2021). El enfoque “una salud” y la
transformacion de los sistemas alimentarios: una contribucion del Instituto
Interamericano de Cooperacion para la Agricultura. Instituto Interamericano
de Cooperacion para la Agricultura (INCA).
https://hdl.handle.net/11324/18600.

[5] Gallardo, L. (2020) La biotecnologia alimentaria: mitos, realidades y
derecho. Editorial Moglia.
https://repositorio.unne.edu.ar/handle/123456789/29670

[6] Biswas, S., Srivastava, A., Yadav, S. & Mishra, Y. (2021). Evolution of
Genetically Modified (GM) Crops and The Scared World. Policy Issues. In
Singh, P., Borthakur, A., Abha, Singh, A., Kumar, A. & Singh, K.K. (Eds.)
Genetically Modified Crops: A Global Perspective (317-334). Academic
Press. https://doi.org/10.1016/B978-0-12-820780-2.00014-5

[7] Vega Rodriguez, A., Rodriguez-Oramas, C., Sanjuan Velazquez, E.,
Hardisson de la Torre, A., Rubio Armendariz, C. & Carrascosa Iruzubieta,
C. (2022). Myths and Realities about Genetically Modified Food: A Risk-
Benefit Analysis. Applied Sciences, 12(6), 2861.
https://doi.org/10.3390/app12062861

[8] Hull, R., Head, G. & Tzotzos, G.T. (2021). Technologies for crop
improvement. Genetically Modified Plants, In Hull, R., Head, G. & Tzotzos,
G.T. (Eds.) Genetically Modified Plants (Second Edition), (35-81).
https://doi.org/10.1016/B978-0-12-818564-3.00002-0

[9] OFarril, L.C. Transgénesis: una aproximacion a sus riesgos y beneficios.

(2021) Acta méd centro. 15(1):141-155.
http://scielo.sld.cu/pdf/amdc/v15n1/2709-7927-amdc-15-01-141.pdf

[10] Triana Ferndndez, S., Cobos Mora, F., Gomez Villalva, J. & Pérez

Almeida, I. (2024). Perspectivas de los cultivos transgénicos y su aporte

6487


https://doi.org/10.18270/rcfc.v21i42.3477
https://doi.org/https:/doi.org/10.37885/221211159
http://scielo.sld.cu/scielo.php?script=sci_arttext&pid=S0864-21412021000200018&lng=es
http://scielo.sld.cu/scielo.php?script=sci_arttext&pid=S0864-21412021000200018&lng=es
https://hdl.handle.net/11324/18600
https://repositorio.unne.edu.ar/handle/123456789/29670
https://doi.org/10.1016/B978-0-12-820780-2.00014-5
https://doi.org/10.3390/app12062861
https://doi.org/10.1016/B978-0-12-818564-3.00002-0
http://scielo.sld.cu/pdf/amdc/v15n1/2709-7927-amdc-15-01-141.pdf

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

en la agricultura. Journal of Science and Research, 9(1), 65-79.
https://revistas.utb.edu.ec/index.php/sr/article/view/3030

Téllez, P. (2024) Obtencidn de cultivares transgénicos de maiz, resistentes
a Spodoptera frugiperda y a glufosinato de amonio, alternativa para el alto
rendimiento y conservacién de insectos asociados. [Tesis de doctorado no
publicada]. Universidad Agraria de La Habana Facultad de Agronomia.
Lépez Echagiie, C. & Lazaro, M. (2025). Controversias cientifico-
tecnolégicas publicas en América Latina (2005-2020): Andlisis de sus
principales caracteristicas y formas de abordaje. Revista Iberoamericana
De Ciencia, Tecnologia Y Sociedad - CTS, 1:1-21.
https://ojs.revistacts.net/index.php/CTS/article/view/783
Carriquiriborde, P., Amé, M., Anguiano, O., Cazenave, J., Demetrio, P.,
Eissa, B., Ferrari, A., Gagneten, A.M., Laborde, M., Larramendy, M., Lo
Nostro, F., Menone, M., Miglioranza, K., Monserrat, J., Ossana, N.,
Peluso, L., Regaldo, L., Rimoldi, F., Ruiz de Arcaute, C. & Somoza, G.
(2021). Principios de Ecotoxicologia. Editorial de la Universidad Nacional
de La Plata (EDULP).
https://www.researchgate.net/publication/351920003_Principios_de_Eco
toxicologia

Diaz Julcahuanga, J. (2025). Alimentos transgénicamente modificados y
su impacto en el ser humano y medio ambiente. [Tesis de Bachiller,
Universidad de Ciencias de la Educacion Enrique Guzman y Valle].
https://repositorio.une.edu.pe/handle/20.500.14039/11475

Arpaia, S. (2021). Environmental risk assessment in agro-ecosystems:
Revisiting the concept of receiving environment after the EFSA guidance
document. Ecotoxicology and Environmental Safety, 208, 1-8.
https://doi.org/10.1016/j.ecoenv.2020.111676.

Singh, A., Rajput, V., Kumar Singh, A., Singh Sengar, R., Kumar Singh,
R., Minkina, T.. (2021). Transformation Techniques and Their Role In
Crop Improvements: A Global Scenario of GM Crops, In Singh, P.,
Borthakur, A., Abha Singh, A., Kumar, A., Singh, K.K. (Eds.) Policy
Issues in Genetically Modified Crops: A Global Perspective (515-542).
Academic Press. https://doi.org/10.1016/B978-0-12-820780-2.00023-6
Karaoglan, B., Alkassab, A.T., Borges, S. Fisher, T.; Link-Vrabie, C.;
McVey, E.; Ortego, L. & Nuti, M. (2024). Microbial pesticides:
challenges and future perspectives for non-target organism testing.
Environ Sci Eur, 36, 205 https://doi.org/10.1186/s12302-024-01017-1
Office of Prevention, Pesticides and Toxic Substances. (1996a) Nontarget
insect testing, Tier 1. (Guideline OPPTS No. 885.4340:1996).
https://www.regulations.gov/document/EPA-HQ-OPPT-2009-0159-0036
Office of Prevention, Pesticides and Toxic Substances. (1996b) Honey bee
testing, Tier | (Guideline OPPTS No.
885.4380:1996).https://www.regulations.gov/document/EPA-HQ-OPPT-
2009-0159-0037

Office of Chemical Safety & Pollution Prevention (2012) Earthworm
subchronic toxicity test (Guidelines. OCSPP No. 850.3100: 2012).
https:/Aww.regulations.gov/document/EPA-HQ-OPPT-2009-0154-0019.
International Organization for Standardization. (2018). Soil quality—
effects of pollutants on earthworms. Part 1: Determination of acute
toxicity to Eisenia fetida / Eisenia andrei (Guideline ISO. No. DIS 11268-
1: 2018). https://www.iso.org/standard/53527.html

Organisation for Economic Co-operation and Development. (2019). Fish,
Acute Toxicity Test for the Testing of Chemicals, Section 2 (Guidelines
OECD No. 203). https://doi.org/10.1787/9789264069961-en.

American Society for Testing and Materials (2023). Standard Guide for
Conducting Acute Toxicity Tests on Test Materials with Fishes,
Macroinvertebrates, and Amphibians (Standard Guide No. ASTM EQ729-
23EQ1). https://store.astm.org/e0729-23e01.html

IBM Corp. (2022). IBM SPSS Statistics for Windows (Version 29.0)
[Computer software]. IBM Corp. https://www.ibm.com/products/spss-
statistics.

Organisation for Economic Co-operation and Development. (2023).
Safety Assessment of Transgenic Organisms in the Environment, Volume
10: OECD Consensus Document on Environmental Considerations for
the Release of Transgenic Plants, Harmonisation of Regulatory Oversight
in Biotechnology (OECD: 2023). https://doi.org/10.1787/62ed0e04-en
Thompson, H. & Elston, Ch. (2024) What can laboratory studies tell us
about potential effects of pesticides on nontarget arthropods populations
and communities in the field?. Integrated Environmental Assessment and
Management, 20(6): 23262333, https://doi.org/10.1002/ieam.4987

[27]

(28]

[29]

(30]

(31]

(32]

(33]

[34]

(35]

(36]

[37]

(38]

[39]

[40]

[41]

[42]

J. Chil. Chem. Soc., 71, N°1 (2026)

Duan, J. J., Marvier, M., Huesing, J., Dively, G. & Huang, Z.Y. (2008). A
meta-analysis of effects of Bt crops on honey bees (Hymenoptera:
Apidae). PloS one, 3(1), e1415.
https://doi.org/10.1371/journal.pone.0001415
Ibrahim M.M. & Devi Y .K. (2022) Acute Toxicity of some toxins and air
pollutants on honey bee, Apis mellifera L. Asian Journal of Agriculture
and Allied Sciences 5(1): (20-25)
Lee, M.S., Dolek, M., Otto M. & Lang A. (2025). Larval consumption of
Cry1F maize pollen causes adverse effects in four non-target Lepidoptera
species, Science of The Total Environment, Volume 970, 178951, ISSN
0048-9697, https://doi.org/10.1016/j.scitotenv.2025.178951
Lawo NC, Romeis J. (2010). Assessing the utilization of carbohydrate
food source and the effect of insecticidal proteins on larvae of the green
lacewing, Chrysoperla carnea. Biol Control, 54(3):248-55
Biopesticides Registration ~ Action Document (2009). Bacillus
thuringiensis Vip3Aa20 Insecticidal Protein and the Genetic Material
Necessary for Its Production (via Elements of Vector pNOV1300) in Event
MIR162 Maize (OECD Unique Identifier: SYN-IR162-4) PC Code:
006599. Fact Sheet U.S. Environmental Protection Agency Office of
Pesticide Programs Biopesticides and Pollution Prevention Division.
Vip3Aa20 Maize Biopesticides Registration Action Document (BRAD),
https://www3.epa.gov/pesticides/chem_search/reg_actions/registration/fs
PC-006599_26-Dec-08.pdf
Zhao, Y., Yun, Y. & Peng, Y. (2020). Bacillus thuringiensis protein
Vip3Aa does not harm the predator Propylea japonica: A toxicological,
histopathological, biochemical and molecular analysis. Ecotoxicology and
environmental safety, 192, 110292.
https://doi.org/10.1016/j.ecoenv.2020.110292
Ali, I, Zhang, S., Sajjad, A., Khalig, G., Basit, M., Bugti, G. A., Tassawar
A. H., Abbas N. & Cui, J.J. (2021). Evaluating the effects of Bt protein
Vip3Aa on immature Propylea japonica (Thunberg) (Coleoptera:
Coccinellidae). Egyptian Journal of Biological Pest Control, 31, 1-6.
https://doi.org/10.1186/541938-021-00491-6
Yadav, R., Kumar, R., Kumar Gupta, R., Kaur, T., Amit Kour, K., Kaur,
S. & Rajput, A. (2023). Heavy metal toxicity in earthworms and its
environmental implications: A review, Environmental Advances, 12,
2666-7657. https://doi.org/10.1016/j.envadv.2023.100374.
Baktavachalam, G.B., Delaney, B., Fisher, T. L., Ladics, G. S., Layton,
R.J., Locke, M.E., Schmidt, J., Anderson, J.A., Weber, N.N., Herman,
R.A. & Evans, S.L. (2015). Transgenic maize event TC1507: Global status
of food, feed, and environmental safety. GM crops & food, 6(2), 80-102.
https://doi.org/10.1080/21645698.2015.1054093
Chen, Y., Romeis, J. & Meissle, M. (2021). Addressing the challenges of
non-target feeding studies with genetically engineered plant material -
stacked Bt maize and Daphnia magna. Ecotoxicology and environmental
safety, 225, 112721. https://doi.org/10.1016/j.ecoenv.2021.112721
Azizoglu, U., Salehi Jouzani, G., Sansinenea, E. & Sanchis-Borja, V.
(2023). Biotechnological advances in Bacillus thuringiensis and its toxins:
Recent updates. Reviews in Environmental Science and Biotechnology,
22(2), 319-348. https://doi.org/10.1007/s11157-023-09652-
Liu J., Liang Y., Hu T., Zeng H., Gao R., Wang L. & Xiao Y. (2021).
Environmental fate of Bt proteins in soil: Transport, adsorption/desorption
and degradation. Ecotoxicology and Environmental Safety, 226, 112805.
https://www.sciencedirect.com/science/article/pii/S0147651321009179?
via%3Dihub
Betz, F.S., Hammond, B.G. & Fuchs, R.L. (2000). Safety and advantages
of Bacillus thuringiensis-protected plants to control insect pests.
Regulatory toxicology and pharmacology: RTP, 32(2), 156-173.
https://doi.org/10.1006/rtph.2000.1426.
Quan, Y. (2022). Studies on the insecticidal mechanism of Bacillus
thuringiensis Vip3A and Cry proteins. [Tesis de Doctorado, Universitat
de Valéncia].https://hdl.handle.net/10550/81279
Gatica-Arias, A. (2020). The regulatory current status of plant breeding
technologies in some Latin American and the Caribbean countries. Plant
Cell Tiss Organ Cult, 141, (229-242). https://doi.org/10.1007/s11240-
020-01799-1
Morett Sanchez, J.C. & Cosio Ruiz, C. (2023). Pérdida de soberania
alimentaria: una faceta actual de los paises subdesarrollados. Agricultura,
Sociedad Y Desarrollo, 20(2), 178-205.
https://doi.org/10.22231/asyd.v20i2.1434

6488


https://revistas.utb.edu.ec/index.php/sr/article/view/3030
https://ojs.revistacts.net/index.php/CTS/article/view/783
https://www.researchgate.net/publication/351920003_Principios_de_Ecotoxicologia
https://www.researchgate.net/publication/351920003_Principios_de_Ecotoxicologia
https://repositorio.une.edu.pe/handle/20.500.14039/11475
https://doi.org/10.1016/j.ecoenv.2020.111676
https://doi.org/10.1016/B978-0-12-820780-2.00023-6
https://doi.org/10.1186/s12302-024-01017-1
https://www.regulations.gov/document/EPA-HQ-OPPT-2009-0159-0036
https://www.regulations.gov/document/EPA-HQ-OPPT-2009-0159-0037
https://www.regulations.gov/document/EPA-HQ-OPPT-2009-0159-0037
https://www.regulations.gov/document/EPA-HQ-OPPT-2009-0154-0019
https://www.iso.org/standard/53527.html
https://doi.org/10.1787/9789264069961-en
https://store.astm.org/e0729-23e01.html
https://www.ibm.com/products/spss-statistics
https://www.ibm.com/products/spss-statistics
https://doi.org/10.1787/62ed0e04-en
https://doi.org/10.1002/ieam.4987
https://doi.org/10.1371/journal.pone.0001415
https://doi.org/10.1016/j.scitotenv.2025.178951
https://www3.epa.gov/pesticides/chem_search/reg_actions/registration/fs_PC-006599_26-Dec-08.pdf
https://www3.epa.gov/pesticides/chem_search/reg_actions/registration/fs_PC-006599_26-Dec-08.pdf
https://doi.org/10.1016/j.ecoenv.2020.110292
https://doi.org/10.1186/s41938-021-00491-6
https://doi.org/10.1016/j.envadv.2023.100374
https://doi.org/10.1080/21645698.2015.1054093
https://doi.org/10.1016/j.ecoenv.2021.112721
https://doi.org/10.1007/s11157-023-09652-
https://www.sciencedirect.com/journal/ecotoxicology-and-environmental-safety
https://www.sciencedirect.com/journal/ecotoxicology-and-environmental-safety/vol/226/suppl/C
https://www.sciencedirect.com/science/article/pii/S0147651321009179?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0147651321009179?via%3Dihub
https://doi.org/10.1006/rtph.2000.1426
https://hdl.handle.net/10550/81279
https://doi.org/10.1007/s11240-020-01799-1
https://doi.org/10.1007/s11240-020-01799-1
https://doi.org/10.22231/asyd.v20i2.1434

[43]

[44]

[45]

[46]

[47]

Vilches, A., Gil Pérez, D., Vilches, A. & Gil Pérez, D. (2021). El
Antropoceno. Riesgos y oportunidades para las nuevas generaciones.
Educacion quimica, 32(SPE), 55-72.
https://doi.org/10.22201/FQ.18708404E.2021.4.80342

Toaquiza, D. (2021). Alimentos transgénicos en la Salud Humana. CITED
(2020), 2(2), 1-12.

Wen, Z., Conville, J., Matthews, P., Hootman, T., Himes, J., Wong, S.,
Huang, F., Ni, X., Chen, J.S. & Bramlett, M. (2023). More than 10 years
after commercialization, Vip3A-expressing MIR162 remains highly
efficacious in controlling major Lepidopteran maize pests: laboratory
resistance selection versus field reality. Pesticide biochemistry and
physiology, 192, 105385. https://doi.org/10.1016/j.pestbp.2023.105385
Mullins, E., Bresson, J.L., Dalmay, T., Dewhurst, 1.C., Epstein, M.M.,
Firbank, L.G., Guerche, Ph., Hejatko, J., Moreno, F.J., Naegeli, H.,
Nogué, F., Rostoks, N., Sanchez Serrano, J.J., Savoini, G., Veromann, E.,
Veronesi, F., Gennaro, A., Neri, F.M. & Papadopoulou, N. (2023). Risk
assessment of additional information on maize MIR162. EFSA Journal,
21(4):1-8.
https://efsa.onlinelibrary.wiley.com/doi/epdf/10.2903/j.efsa.2023.7935.
Kumar, K., Gambhir, G., Dass, A., Tripathi, A. K., Singh, A., Jha, A. K.,
Yadava, P., Choudhary, M. & Rakshit, S. (2020). Genetically modified
crops: current status and future prospects. Planta, 251(4), 91.
https://doi.org/10.1007/s00425-020-03372-8

J. Chil. Chem. Soc., 71, N°1 (2026)

6489


https://doi.org/10.22201/FQ.18708404E.2021.4.80342
https://doi.org/10.1016/j.pestbp.2023.105385
javascript:contributorCitation(%20'Mullins,%20Ewen'%20);
javascript:contributorCitation(%20'Bresson,%20Jean‐Louis'%20);
javascript:contributorCitation(%20'Dalmay,%20Tamas'%20);
javascript:contributorCitation(%20'Dewhurst,%20Ian%20Crawford'%20);
javascript:contributorCitation(%20'Epstein,%20Michelle%20M'%20);
javascript:contributorCitation(%20'Firbank,%20Leslie%20George'%20);
javascript:contributorCitation(%20'Guerche,%20Philippe'%20);
javascript:contributorCitation(%20'Hejatko,%20Jan'%20);
javascript:contributorCitation(%20'Moreno,%20Francisco%20Javier'%20);
javascript:contributorCitation(%20'Naegeli,%20Hanspeter'%20);
javascript:contributorCitation(%20'Nogué,%20Fabien'%20);
javascript:contributorCitation(%20'Rostoks,%20Nils'%20);
javascript:contributorCitation(%20'Sánchez%20Serrano,%20Jose%20Juan'%20);
javascript:contributorCitation(%20'Savoini,%20Giovanni'%20);
javascript:contributorCitation(%20'Veromann,%20Eve'%20);
javascript:contributorCitation(%20'Veronesi,%20Fabio'%20);
javascript:contributorCitation(%20'Gennaro,%20Andrea'%20);
javascript:contributorCitation(%20'Neri,%20Franco%20Maria'%20);
javascript:contributorCitation(%20'Papadopoulou,%20Nikoletta'%20);
https://efsa.onlinelibrary.wiley.com/doi/epdf/10.2903/j.efsa.2023.7935
https://doi.org/10.1007/s00425-020-03372-8

