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RESUMO

A entomologia forense utiliza-se dos insetos para desvendar crimes. As moscas sdo 0s insetos
mais encontrados colonizando os cadaveres para o desenvolvimento do seu ciclo. O consumo
de diversas substancias tais como bebidas alcodlicas, farmacos e drogas de abuso tem
aumentado nas Ultimas décadas. Quando ocorre uma morte, tais substancias permanecem nos
tecidos, onde insetos necrdfagos irdo se alimentar. Atraves da toxicologia é possivel detectar e
identificar compostos quimicos, porém o estagio de decomposicao € um fator que impede esse
procedimento. Sabendo-se que 0s insetos estdo presentes no corpo, sua utilizagdo para tais fins
é de grande valia. Dessa maneira, 0 intuito desse trabalho foi avaliar alteracdes ocorridas no
ciclo de desenvolvimento das espécies Chrysomya albiceps e C. megacephala ao serem
expostas a um benzodiazepinico e ao etanol. Larvas de segundo e terceiro instar de C.
megacephala foram coletadas no setor de compostagem da UFLA e foram transferidas para o
Laboratorio de Entomologia Molecular e Ecotoxicologia (MEET) para estabelecer a criacao.
Moscas adultas de C. albiceps foram coletadas na Fundacdo Oswaldo Cruz (FIOCRUZ-RJ),
posteriormente identificadas no Laboratério Integrado de Simulideos e Oncocercoses &
Entomologia Médica e Forense (LSOEMF- ICO) onde obteve-se uma geracgao de juvenis até o
estagio de pupa para ser transferido (n°89235-1 SISBio) ao MEET, para estabelecer a criagéo.
Manteve-se as criacfes em sala climatizada (27+£1° C, 12L.:12D, UR 60 + 10%). Esperou-se 0s
individuos da F2 eclodidos em condicdes laboratoriais para a conducao dos experimentos de
toxicologia. Para o tratamento benzodiazepinico utilizou-se trés concentragdes: 0,0625; 0,125
e 0,250 mg.mL* do Clonazepam (2,5mg.mL™?) sendo aplicado 1mL em cada tratamento, e um
grupo controle. O etanol foi utilizado de duas maneiras Corote® e etanol puro (97,0%) que foi
diluido a etanol (39%), os volumes utilizados: 50, 100, 150, 200 uL, também se utilizou agua
deionizada e um grupo controle, sendo aplicado 0,2 mL em cada tratamento. Utilizou-se carne
moida tratada com as substancias como substrato de alimentacdo. Foram dispostas 30 larvas
por repeticdo, sendo quatro repeticdes por tratamento. Os pardmetros avaliados foram 0s
estadios juvenis e adulto e suas respectivas duracdes. Para clonazepam os resultados
demonstraram a reducdo nos pesos, em todos estddios e um atraso no tempo de
desenvolvimento na menor concentracao. Para o Etanol os resultados demonstraram alteracGes
no tempo de desenvolvimento e no peso das pupas. Assim, concluimos que as substancias
utilizadas causam respostas fisioldgicas nas moscas durante seu desenvolvimento e tais
alteracdes podem interferir na estimacéo de IPM.

Palavras-chave: entomomotoxicologia; Chrysomyinae; hormese.



GENERAL ABSTRACT

Forensic entomology uses insects to help crimes. Flies are the most commonly found colonizing
corpses for their development cycle. In recent decades, the consumption of various substances
has increased. These include alcoholic beverages, pharmaceuticals, and drugs of abuse. When
a death occurs, such a substance remains in the tissues, where necrophagous insects will feed.
Through toxicology, it is possible to detect and identify chemical compounds, but the stage of
decomposition is a factor that prevents this procedure. Knowing that insects are present in the
body, their use for such purposes is of great value. Thus, this work aimed to evaluate the
changes that occurred in the developmental cycle of the species Chrysomya albiceps and C.
megacephala when exposed to benzodiazepine and ethanol. Second and third instar larvae of
C. megacephala were collected in the composting sector of UFLA and were transferred to the
Laboratory of Molecular Entomology and Ecotoxicology (MEET) to establish the creation.
Adult flies of C. albiceps were collected at the Oswaldo Cruz Foundation (FIOCRUZ-RJ), later
identified at the Integrated Laboratory of Simuliids and Onchocerciasis & Medical and Forensic
Entomology (LSOEMF- ICO), where a generation of juveniles up to the pupal stage was
obtained to be transferred (n°89235-1 SISBio) to M.E.E.T. to establish the creation. The
creations were kept in a climatized room (27+1° C, 12L.:12D, RH 60 + 10%). The F2 individuals
hatched under laboratory conditions were awaited for the performance of toxicological
experiments. Three concentrations were used for benzodiazepine treatment: 0.0625; 0.125 and
0.250 mg.L? of clonazepam (2.5 mg.mL™), applied in 1mL in each treatment, and a control
group. Ethanol was used in two ways Corote® and pure ethanol (97.0%) diluted to ethanol
(39%), the volumes used were 50, 100, 150 and 200 uL, deionized water was also used and a
control group, being applied 0.2 mL in each treatment. Ground meat treated with the substances
was used as the food substrate. Thirty larvae were placed per replicate, with four replicates per
treatment. The parameters evaluated were the juvenile and adult stages and their respective
durations. For clonazepam, the results showed a reduction in weight at all stages and a delay in
development time at the lowest concentration. For ethanol, the results showed changes in
development time and weight of the pupae. Thus, we conclude that the substances used cause
physiological responses in flies during their development and such changes may interfere with
the estimation of PMI.

Keywords: entomomotoxicology; Chrysomyinae; hormesis.



Impactos sociais, tecnoldgicos, econdémicos e culturais

A entomologia forense, que se dedica ao estudo de insetos em contextos investigativos,
apresenta impactos significativos em diversas areas. Estad associada no ambito da Justica e
Seguranca, desempenha um papel crucial na elucidagdo de crimes, para a determinacdo do
intervalo pos-morte e na analise de cenas de crimes, auxilia na detecgdo de substancias
presentes em cadaveres. Também permite a extracdo de material genético para identificacao de
pessoas. Tais contribui¢bes sdo essenciais para o sistema de justica, auxiliando na condenacéo
de culpados e na absolvicdo de inocentes. Na Saude Publica as aplicacdes estendem-se ao
controle de surtos de doencas transmitidas por insetos, proporcionando uma compreensao mais
aprofundada e estratégias de mitigacdo para a propagacdo de enfermidades, alem de estar
diretamente associada aos crimes de negligéncia e maus tratos. Ao Meio Ambiente as analises
de insetos podem revelar informagdes valiosas sobre a salde ambiental e a presenca de
poluentes ou substancias toxicas em determinados ecossistemas, abordando insetos
bioindicadores. Além de que na Educacéo e Pesquisa, as descobertas no campo da entomologia
forense impulsionam avancos cientificos e tecnolégicos, contribuindo significativamente para
a educacao e a formacao de novos profissionais na area. Tais impactos evidenciam a relevancia
da entomologia forense ndo apenas para a ciéncia forense, mas também para a sociedade em
geral. Deste modo, este trabalho identificou alteracdes durante o estagio larval de moscas que
sdo utilizadas para a estimativa do intervalo p6s morte (IPM). Tais alteracGes deram-se devido
a utilizacdo do clonazepam, um benzodiazepinico comumente utilizado no pais, bem como o
etanol que € uma bebida alcodlica mundialmente consumida. Os efeitos ocorridos nos
desenvolvimentos dessas larvas indicam que alteracGes que podem afetar diretamente o calculo
do IPM. Além disso, os resultados obtidos indicam o efeito de hormese, campo ainda nao

explorado nas ciéncias forenses, sendo promissor na area da pesquisa e educacao.

Social, technological, economic and cultural impacts

Forensic entomology, the study of insects in an investigative context, significantly impacts
several areas. It is associated with justice and security and plays a crucial role in solving crimes,
determining the post-mortem interval, and analyzing crime scenes, helping to detect substances

present in corpses. It also enables the extraction of genetic material for identification purposes.



These contributions are essential to the justice system, helping to convict the guilty and
exonerate the innocent. In public health, applications extend to controlling outbreaks of insect-
borne diseases, providing a deeper understanding and mitigation strategies for the spread of
disease, as well as being directly linked to crimes of neglect and abuse. For the environment,
insect analysis can provide valuable information about environmental health and the presence
of pollutants or toxic substances in specific ecosystems by studying bioindicator insects. In
education and research, discoveries in forensic entomology drive scientific and technological
advances and contribute significantly to the education and training of new professionals in the
field. These impacts highlight the importance of forensic entomology to forensic science and
society in general. For example, this work identified changes in the larval stage of flies used to
estimate the post-mortem interval (PMI). These changes were due to the use of clonazepam, a
benzodiazepine commonly used in Brazil, and ethanol, an alcoholic beverage consumed
worldwide. The effects on the development of these larvae indicate that changes can directly
affect the calculation of the MPI. In addition, the results obtained indicate the effect of hormesis,

an area not yet explored in forensic science and promising in the field of research and education.
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GENERAL INTRODUCTION

Forensic entomology is a science that involves the study of arthropods and insects
associated with corpses in criminal investigations (Oliveira-Costa, 2008). Although often
associated with crimes against life, this science can also be useful in situations involving living
individuals, especially when there is a suspicion of negligent care, as in cases resulting from
myiasis (Amendt; Krettek; Zehner, 2004). It is divided into four main areas (Lord; Stevesson,
1986; Neto, 2023):

e Urban Entomology: the insects that are present can cause damage to the furniture /

furnishings;

e Stored Product Entomology: the presence of insects causes an infestation or
contamination of the products;

e Environmental Entomology: the insects are used as biological indicators that reflect
the environmental quality of an area and are used in cases of environmental
violations;

e Medico-legal Entomology: the study is concerned with the examination of cases
where insects are present in decomposing bodies, as well as instances of
mistreatment and neglect of humans or animals,

e Entomogenetic: the genetic material in the tissue or blood present in the insect's
digestive system can be analyzed to identify the individual,

e Entomotoxicology: the insects are used to detect possible substances in corpses and

the effects of these substances on their development cycle.

Medico-Legal Entomology, based on the insects found on the body and at the crime
scene, allows the estimation of the time of death of the victim through the PMI (post-mortem
interval) calculation, but various factors can influence this calculation. Thus, in order to detect
the presence of substances in a corpse, entomotoxicology is used to detect substances through
the insects present in the cadavers (Silva; Reis, 2012; Thé, 2021; Tomberlin et al., 2011; Vairo;
Moura, 2021).

Forensic toxicological examinations aim to detect, identify and quantify different
substances in different situations, and these substances can be classified as toxic agents,
poisons, drugs, narcotics and xenobiotics (Martinis; Dorta; Costa, 2018). In cases, when the

body is in an advanced state of decomposition and traditional toxicological tests are not
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possible, immature insects can be an alternative to obtain such results, taking into account the
bioaccumulation of a substance along a food chain (Andréa, 2008).

Consumption and use of various legal and illegal substances, drugs, abuse of
medications, insecticides and other toxins have increased over the years, creating a need for
studies focused on entomotoxicology, as exposure to these substances has resulted in many
deaths worldwide due to poisoning or overdose (Chopi et al., 2019; Josh; Kumar, 2020).
Excessive alcohol consumption and drug abuse have been identified as global problems in
recent years (Who, 2022, 2023).

Therefore, the objective of this research was to evaluate the physiological responses of
the species Chrysomya megacephala and C. albiceps when exposed to the benzodiazepine
(clonazepam), Corote® and pure ethanol, through the ingestion of a treated diet, during the
juvenile to adult stages.
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1. THEORETICAL FRAMEWORK

1.1 Forensic Entomology

Insects perform a variety of ecological functions, including the decomposition of
organic matter. This behavior has been observed by ancient civilizations for thousands of years,
and necrophagous insects such as flies and beetles have been found in mummies from ancient
Egypt (Greenberg, 1988; Pujol-Luz et al., 2008). However, the first documented report of the
use of insects to solve a crime occurred in China in 1235, when a corpse was found in a rice
plantation. To solve the case, Tz'u, a lawyer and investigator, asked the workers to place their
sickles on the ground. The one that attracted flies due to traces of blood indicated the suspect
who later confessed the crime (Oliveira-Costa, 1990 apud Carvalho, 2003; Benecke, 2001).

Despite the facts already mentioned, forensic entomology applied in the post-mortem
interval (PMI), as we know it, is attributed to the French doctor Bergeret (1855), who conducted
studies of the cadaveric fauna related to the state of decomposition of a corpse, estimating the
probable time of death (Pujol-Luz et al., 2008; Santana; Vilas Boas, 2012). For a long time, the
work was abandoned, and studies became scarce. It was not until 1894 that the French
entomologist Mégnin resumed these studies and published the book “The fauna of corpses”
(“La faune des cadavres”), which made the knowledge of this field known worldwide (Oliveira-
Costa; Lopes, 1999; Santana; Vilas Boas, 2012).

Even with Mégnin’s resumption, once again put aside until Leclercq resumed and in
1969 published “Entomology and Legal Medicine”. In less than two decades, the studies
resumed with publications such as “A Manual of Forensic Entomology” by Smith (1986)
(Pujol-Luz et al., 2008). Since then, various research groups focused on forensic entomology
have consolidated and it is currently a study of worldwide interest being applied in various
countries (Zhu et al., 2007; Lei et al., 2019).

In Brazil, research began only in 1908, with pioneers Oscar Freire in the state of Bahia,
who developed work on corpses and carcasses, and Edgard Roquette Pinto in the state of Rio
de Janeiro, who studied the carcass fauna (Freire, 1923b; Pujol-Luz et al., 2008; Silva; Reis,
2012). Following this, other researchers such as Herman Liderwaldt, Samuel Pessba and
Frederico Lane carried out descriptive work on necrophagous beetles in Sdo Paulo between
1911 and 1941 (Pujol-Luz et al., 2008; Santana; Vilas Boas, 2012; Neto, 2023). Within the
same period, Freire produced other publications, in 1914 "Some notes for the study of the

cadaveric fauna of Bahia" ("Algumas notas para o estudo da fauna cadavérica da Bahia™),
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mentored Belfort de Matos (1919), and in 1923, after his death, the work "Brazilian cadaveric
fauna" ("Fauna cadavérica brasileira™) was published. (Freire, 1923a, 1923b; Pujol-Luz et al.,
2008; Neto, 2023).

After the studies of Pess6a & Lane (1941), Brazil went through a scientific void, as the
development of research and the publication of works in the field or related to forensic
entomology became scarce, until in 1987, in the state of Sdo Paulo, Monteiro-Filho & Penereiro
carried out and published a work on entomological succession, marking the return of studies in
the field (Pujol-Luz et al., 2008; Neto, 2023). From this resumption, other researchers such as
Lopes (1984), Mello (1989), Guimarées (1982) and Papavero (1982), started their work in
different lines such as biology, ecology and taxonomy of Diptera. Since then, the following
decades have been the stage for the development of more research in different areas considering
the diversity of necrophagous insects, and more researchers began to stand out along with their
teams, such as Linhares & Carvalho (Pujol-Luz et al., 2008; Neto, 2023).

In the country, research in forensic entomology have progressed. Several works have
been developed in the different subfields, thus raising interest in the subject. The book "Forensic
Entomology - When Insects are Traces" ("Entomologia Forense - Quando os insetos séo
vestigios") by Oliveira-Costa (2003), a criminal expert and researcher from the State of Rio de
Janeiro, was the first national compilation that brought together global literature, allowing the
dissemination and standardization of the language between the criminal expert directly involved
in solving cases and the researcher who develops the research, thus expanding knowledge in
the field. Shortly after, in 2006, a manual "Collection of insect samples for forensic purposes”
("Coleta de amostras de insetos para fins forenses") was published by Miranda et al. (Pujol-Luz
et al., 2008; Neto, 2023).

In the last decade, Oliveira-Costa has developed more materials, expanding and
collaborating in the dissemination of forensic entomology in the country. In 2013, Oliveira-
Costa published her second book "Expert Insects: Forensic Entomology in Brazil” ("*Insetos
Peritos”: A Entomologia Forense no Brasil”). Eight years later, the criminal expert and
researcher from the State of Bahia, Thé (2021) published "Forensic Entomology: Insects and
Criminal Expertise” ("Entomologia Forense: Os Insetos e a Pericia Criminal™) and researchers
Vairo and Moura (2021) published "Forensic Entomology in Practice: from Laboratory to Use
of Traces" ("Entomologia forense na pratica: do laboratorio a utilizacdo dos vestigios™) (Neto,

2023). The most recent book published by Neto (2023) is "Necrophagous Diptera of Brazil:
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contributions to forensic entomology" ("Dipteros necr6fagos do Brasil: contribui¢bes a

entomologia forense").

1.2 Entomotoxicology

Subfields of forensic entomology, such as urban, environmental, and medical-legal, can be
related to toxicology, which is also in the field of forensic sciences. This union consists of
Entomotoxicology, which is responsible for covering issues such as the effects of substances
related to insects, such as assessing the toxic effects of chemical compounds on the behavior,
ecology, and physiology of insects (Silva; Reis, 2012; Thé, 2021; Tomberlin et al., 2011; Vairo;
Moura, 2021). It also helps in the detection and identification of xenobiotics that may have
caused the death of the individual by overdose, through the larvae exposed to this substance
present in the body in tissues and fluids already decomposed. (Amendt; Krettek; Zehner, 2004;
Goff; Lord, 1994; Hodecek, 2020; Introna et al., 2001; Salimi et al., 2018).

Several practical applications of entomotoxicology have been used in criminal
investigations and research. The detection of substances in scavenging insects provides
important answers in cases where there has been exposure to toxic substances, as it can help to
establish an IPM with greater precision, as well as helping to reconstruct the events that led to
the death. The ease with which toxin concentrations can be analyzed in insects makes it possible
to carry out analyses using various materials, such as the insect itself (larvae, pupae, adults) and
secondary traces, puparia, exudates and feces (Goff et al., 1991; Candela; Aventaggiato, 2001;
Wood et al., 2003).

A variety of techniques can be performed from the collection of insects present at the
site, taxonomic identification of the specimens and stage of development. An example of this
is toxicological analysis for the detection of substances, such as liquid chromatography, mass
spectrometry and immunological assays (Pontes et al., 2022). It is important to identify the
chemical compounds because they have a direct effect on the insect cycle, slowing or
accelerating the larval development process and altering mass and body length (Josh; Kumar,
2020; Thyssen et al., 2021).

A wide variety of compounds and techniques have been used to understand a wide range
of responses. Methods of immunoassays, high performance liquid chromatography (HPLC),
liquid chromatography coupled with mass spectrometry (LC-MS), and gas chromatography
coupled with mass spectrometry (GC-MS), already widely used in forensic toxicology, are now

being applied to entomological samples, consolidating analyses and allowing results to be
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obtained in the absence of commonly used traces (Chophi et al., 2019; Istigomah et al., 2020;
Joshi; Kumar, 2020; Tracqui et al., 2004). It is worth noting that the number of studies involving
legal and illicit drugs is quite significant due to the increase in their consumption (Who, 2019,
2023).

The first entomotoxicology article was published in 1980 by Beyer and collaborators
and was about the use of phenobarbital (Chophi et al., 2019; Istigomah et al., 2020). The case
study, in which larvae of Cochliomyia macellaria (Diptera: Calliphoridae) were analyzed to
perform a gas chromatography analysis, detected a concentration of phenobarbital present in
the larvae collected from a skeletonized corpse suspected of suicide. Since then, several studies
have been conducted in this area around the world.

In Brazil, entomotoxicology is still a relatively new field, with just over 20 years of
existence in the country, but it has been gaining space in forensic science research over the
years. In 2001, Carvalho et al., published a study with the sedative diazepam in blowflies
Chrysomya albiceps and C. putoria, in which this medication caused changes in the
development of the species. Since then, several relevant works have been developed by
Brazilian researchers, with emphasis on the area (Carvalho et al., 2001; Moura, 2018;
Gongalves, 2022) (Table 1).

In studies, diets have been used as the insects' nutritional source. These can be classified
as natural, when meat is used, or artificial diets during the larval stage (Estrada et al., 2009;
Moretto, 2011; Ferrari et al., 2008; Thyssen et al., 2011; Pereira, 2011; Silvério, 2008; Lima,
2009; Oliveira et al., 2009; Souza et al., 2011), or even the use of animals such as pigs, rats and
rodents that undergo an overdose induction (Martins, 2009). Both techniques allow diets in
laboratory conditions reduce the putrefactive odor of the substrate in the environment and also
allow control of environmental variation and the concentrations used. In the case of animals
exposed to substances while still alive, these are experiments carried out in the field, in places
where there is no control of environmental variables, but which allow the substances to be
metabolized so that they are subsequently ingested by insects, which is a result close to reality
(Santos, 2013; Cipriani, 2020).

The physiological and morphological parameters of the post-embryonic development,
time of pupariation and pupation, the duration of each stage, the change in weight and length
of the larvae, the analysis of the survival rate of the larvae, the sex ratio of the emerged adults,
are the most studied under controlled conditions. The behavioral parameters, such as the

attractiveness of the species during the stages of decomposition, are already available in field
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studies. However, parameters such as mortality and larval duration can also be analyzed.
According to Silva et al. (2017) and Chophi et al. (2019), it is possible to detect drug
concentrations more reliably using insects compared to decomposing tissues, as the substances
can accumulate in the digestive tract and cuticle of the larvae while the soft tissue degrades.
The advances and discoveries in this field have been fundamental, as it is a recently
explored area. However, some gaps still need to be filled regarding the diversity of substances
that can affect the developmental stages and processes of insect physiology. The ingestion,
metabolism and excretion of substances, as well as the influence of environmental factors
related to these effects, can affect the biodiversity of scavenging insects (Chophi et al., 2019).
Researchers also face the difficulty of standardizing protocols related to methodology in the
conduction of experiments and analysis of results, which does not affect the comparison of

results obtained, but the impact that the study will have (Silva et al., 2017).



Table 1. List of entomotoxicology studies conducted worldwide with their respective substances, species, and researchers.
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Substances Specie/Family Stages/structures Effects Country Author/Year
Antidepressants
Delay in larval and
o Parasarcophaga pupal stages. )
Amltl’lptyllne . . L, P Slgn|f|cant pupal Unlted States GOFF et al., 1993
ruficornis? : !
mortality. Detection of
substance.
WILSON;
Calliphora vicina® L No detection of Scotland HUBBARD:;
substance
POUNDER, 1993
Coleoptera:
Dermestidae Pp, Ex Detection of substance  Uhited States  MILLER et al., 1994
Diptera: Phoridae
. United SADLER et al.,
Calliphora vicina* L, P Delay in the stages and
all cycle durations Kingdom 1995
Significant effect in United SADLER et al.
Calliphora vicinal L evaluated parameter
weight. Kingdom 1997
Detection of substance
) o KADHIM, HILAL,
Calliphora vicinat A Accelerated the Iraq
attraction OKAILY, 2016
Chrysomya albiceps! L Accelerated the Turkey ACIKGOZ, 2018

development
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Substances Specie/Family Stages/structures Effects Country Author/Year
] Chrysomya Effect on development )
Citalopram L rate and duration of Brazil MORETTO, 2011
megacephalal I
arval stage
Chrysomya albiceps! L Accelerated the Turkey ACIKGOZ, 2018
development
Clomipramine Diptera n.s. L Case study France KINTZ et al., 1990
Lucilia sericata’ L Detection of substance Italy CAMPOBASSO et
al., 2004
Chrysomya
Fluoxetine megacephala’ L Effect in development of Brazil ALONSO, 2015
) the larvae
Chrysomya putorial
Dermestes : .
L, P, A Detection and Argentina ~ ZANETTl et al., 2016
maculatus® quantitation of substance
Lucilia sericata® ZANETTI;
Sarcophaga L, P, Pp Detection and Argentina FERRERO;
) i quantitation of substance
crassipalpis? CENTENO, 2019
Coleoptera:
Nortriptyline Dermestidae Pp, Ex Detection of substance ~ United States  MILLER et al., 1994
Diptera: Phoridae
Significant effect in .
) o United
Calliphora vicina® L evaluated parameter SADLER et al., 1997

weight. Kingdom
Detection of substance
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Substances Specie/Family Stages/structures Effects Country Author/Year
o . ) CAMPOBASSO et
Nortriptyline Lucilia sericata! L Detection of substance Italy
al., 2004
) o . United
Temazepam Calliphora vicina® L,P Delay in the stages and _ SADLER et al., 1995
all cycle Kingdom
. : : . : United
Trazodone + Trimipramine Calliphora vicina! L,P Delay in the stages and _ SADLER et al., 1995
all cycle Kingdom

Antibiotics

Ampicillin

Phaenicia sericatal

L,P,A

No significant impact

United States

SHERMAN; WYLE;
THRUPP, 1995

Cefazolin

Phaenicia sericatal

L,P, A

Reduction in larval
survival.
Significant mortality

United States

SHERMAN; WYLE;
THRUPP, 1995

Ceftizoxime

Phaenicia sericatal

L,P,A

No significant impact

United States

SHERMAN; WYLE;
THRUPP, 1995

Ceftriaxone

Calliphora vomitoria®

Lucilia sericata’

No significant impact

Significant mortality

Germany

Germany

PREURER et al., 2021
PREURER,;
FISCHER,;

JURETZEK, 2023

Ciprofloxacin

Phaenicia sericatal

L,P,A

No significant impact

United States

SHERMAN; WYLE;
THRUPP, 1995
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Substances Specie/Family Stages/structures Effects Country Author/Year
Ciprofloxacin Chrysomya putoria No significant impact Brazil FERRAZ et al., 2014
Clind i Phaenici icatal L,P,A United Stat SHERMAN; WYLE;
indamycin aenicia sericata , P, ianifi i nited States
y No significant impact THRUPP, 1995
N N _ Rgdulctlon in Iar'val i _ SHERMAN: WYLE:
Gentamicin Phaenicia sericata! L, P, A survival. Maturation of  ynijted States
the surviving pupae to THRUPP, 1995
adults
) ) o PREURER et al.,
Levofloxacin Calliphora vomitéria® L No significant impact Germany 2021
PREURER;
JURETZEK, 2023
_ SHERMAN;
. o ) United
Mezlocillin Phaenicia sericata’ L,P, A No significant impact Stat WYLE; THRUPP,
ates
1995
_ SHERMAN;
) o _ United
Vancomycin Phaenicia sericata* L,P, A No significant impact Stat WYLE; THRUPP,
ates

1995
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Substances Specie/Family Stages/structures Effects Country Author/Year
Hard Drugs
) Boettcheriska | dth ) GOFF; OMORI,
Cocaine _ L Accelerated the United States
peregrina? development GOODBROD, 1989
Coleont . United Stat MANHOFF et al.,
oleoptera n.s. nited States
P Case study 1991
Calliohorid . Mexi NOLTE; PINDER;
alliphoridae n.s. exico
p Case study LORD, 1992
. ) CAMPOBASSO et
Lucilia sericata’ L Detection of substance Italy
al., 2004
o Change in insect _ MARTINS et al.,
succession 2010;
- bicanst CARVALHO;
rysomya albiceps
ysomy _p L Accelerated the Brazil LINHARES;
Chrysomya putoria® development
PALHARES, 2012
Chrysomya ) DA SILVA
L Detection of substance Brazil

megacephala®

ANTONIO, 2013
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Substances Specie/Family Stages/structures Effects Country Author/Year
Fed larvae developed
less in length and
' ' o weight. Increased the United WOOD: PYPER:
Cocaine Calliphora vomitoria L length of the second and _
third instar stages, but Kingdom CASALL, 2022
led to the shortening of
pupation and accelerated
eclosion
Accelerated the
Parasarcophaga | _
Ecstasy (MDMA+MDA) - L, P, Pp _ development. United States GOFF et al., 1997
ruficornis? Significant mortality.
Detection of substance
Chrysomya albiceps?
Chrysomya Accelerated the _
megacephala® '
megacephala
Chrysomya putorial
Sarcophaga
) ) Accelerated stage larval, _
Heroin (Boettcherisca) L,P United States GOFF et al., 1991

peregrina?

but delay in the
pupariation



Substances Specie/Family Stages/structures Effects Country Author/Year

Heroin Diptera:
Calliphoridae,
Muscidae, Sepsidae,
Milichiidae;
Coleoptera: No effects on Insect _ _ AL-QAHTNI et al.,
Melyridae, did influence carcass 2021
Carabidae decomposition stages
Coccinellidae.
Hymenoptera:
Formicidae
MASHALY; AL-
Chrysomya albiceps® - Impact OnttSUCCESSion Saudi Arabia KHALIFA, AL-
attern
P QAHTNI, 2020
) N Change in weight and United WOOD; PYPER;
Calliphora vomitoria L size. Longest pupation Kingdom CASALL 2022
stage ’
Boettcherisca _
_ Accelerated the United States ~ GOFF et al., 1991
peregrina? development
) Parasarcophaga )
Methamphetamine L, P Accelerated the United States ~ GOFF et al., 1992

ruficornis? development
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Substances Specie/Family Stages/structures Effects Country Author/Year
GOFF; BROWN;
Methamphetamine Calliphora vomitérial L Accelerated the United States
development OMORI, 1992
Chrysomya albiceps!
Chrysomya Delayed the _
1 L development rate of C. Brazil LIMA, 2009
megacephala putoria
Chrysomya putoria®
Delay in the time from
egg to adult. Mortality in
) N during the pupation
Calliphora vomitoria L period. Lengths of Australia MAGNI et al., 2014
larvae and pupae were
significant
MULLANY etal.,
Calliphora stygia® L, P, A Accelerated the Australia
development 2014
Diptera, Coleoptera Detection of substance Indonesia NOFIRA, 2023
Alcohol
Ethanol Phormia regina® Decrease of growth United States ~ TABOR et al., 2005
Phormia regina® Accelerated of growth ~ United States MONTHEI, 2009
Significant effect in United
Thiopental Calliphora vicina® L,P evaluated parameter _ SADLER et al., 1997
weight. Kingdom

Defection of substance
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Substances Specie/Family Stages/structures Effects Country Author/Year
Chrysomya albiceps!
Chrysomya .
Thiopental yomy L Delay in development Brazil SOTO, 2008
megacephala® and high mortality
Chrysomya putorial
Coleoptera
_ AL-KHALIFA,
Diptera Impact on the _ _
Hymenoptera . .
present in the succession QAHTNI, 2021
Insecticides/Pesticides
Allout Sarcophaga LA Accelerated the growth india ZEHRA; MISHRA,
haemorrhoidalis? of larvae 2020
_ _ , o EKRAKENE; ODO,
Cypermethrin Chrysomya albiceps? L Delay in the Nigeria
development 2017




Substances

Specie/Family Stages/structures

Effects
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Country Author/Year

Diazinon

Chloroprocta
idioidea®

Chrysomya albiceps!
Chrysomya
megacephala®
Chrysomya putoria®
Cochliomyia -
hominivorax?
Cochliomyia
macellaria®

Lucilia eximia®
Paralucilia

paraensist

Influence of insect
attractiveness on
colonization

CAVALCANTE,
2017

Brazil

Dimethoate

Chrysomya indiana®

Chrysomya

megacephalal L
Chrysomya rufifacies!

Chrysomya suffranea!

Delay in the
development

ABD AL-GALIL et
al., 2021

India
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Substances Specie/Family Stages/structures Effects Country Author/Year
: : . : . _ LAWAI; ABDUL;
Paraquat Dichloride Diptera n.s. L Detection of substance in - \alaysia
larvae tissue NGAINI, 2015;
L Detection in tissue with ) MAHMOOD et al.,
Chrysomya rufifacies - impact on succession Malaysia 2015
pattern
Chrysomya
Malathi hala! L United Stat CUNATILAKE;
alathion megacephala nited States
gacep o Case study GOFF, 1989:
Chrysomya rufifacies?
Chrysomya Delay_m stage _Iarv_al. _
L Morta_lllty 5|gn|f|cat|ve_. Malaysia RASHID et al., 2008
megacephalal Detection of substance in
larvae tissue
Chrysomya
megacephalal Insect succession and the )
Chrysomya rufifacies! flies
Coleopteran.s.
Chrysomya .
Altered decomposition )
megacephala® L rates and species Chine SHI et al., 2010;
Chrysomya rufifacies diversity in colonization
Significant alterations in
Chrysomya
L damage to the larvae Egypt BAKR et al., 2012

megacephalal

midgut and retard
development



Substances Specie/Family Stages/structures Effects Country Author/Year
M Sarcophaga L indi ZEHRA; MISHRA,
axo i ndia
haemorrhoidalis? Delay in the growth 2020
5 thri Lucili icatal L Nigeri EKRAKENE; ODO,
ermethrin ucilia sericata iqnifi i igeria
No significant impact g 2017
Accelerated carcass
decomposition.
Affective the species
] richness and abundance _
Terbufos Diptera n.s. - of necrophagous flies. Brazil JALES et al., 2020
Delay in the succession
pattern.
Mortality significative of
the dipterafaune
Hormones
o o _ MUSVASVA et al.,
Corticoids Sarcophaga tibialis? L Delay in the stage South Africa
2001
Acceleration in the
_ Chrysomya h _
Estrogenic - growtn process, Brazil SANTOS, 2013
megacephalal shortening pupation time.
Slowed the growth
Chrysomya albiceps!
Chrysomya
Nandrolone decanoate y=omy L Accelerated the Brazil SOUZA et al., 2011

megacephalal

Chrysomya putoria®

development
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Substances Specie/Family Stages/structures Effects Country Author/Year
Chrysomya Increase in larval size, ] s
Levonorgestrel ) L but with no significant Brazil GUIMARAES, 2019
chloropyga effect on development
Methohexital sodium
_ _ o _ MUSVASVA et al.,
(hydrocortisone sodium Sarcophaga tibialis? L Accelerated stage South Africa 2001
succinate)
Chrysomya Mortality significative, _ DA SILVA; VILLET,
Progesterone ) L but the developmental South Africa
chloropyga rate not affected 2006
Acceleration in the
Chrysomya growth process, reduced i
TOLESS, Brazil SANTOQOS, 2013
megacephala® pupation time, and
slowed growth
Testosterone Chrysomya albiceps* L No significant impact Brazil FERRARI et al., 2008
Opioids/Opiates
Alimemazine Diptera n.s. L Case study France KINTZ et al., 1990
N _ CAMPOBASSO et
Bromazepam Lucilia sericata” L Detection of substance Italy
al., 2004
Butylscopolamine bromide Chrysomya . Delay in the Brazil OLIVEIRA et al.,
(Buscopam®) megacephala® development 2009
Mass gain. ]
Chrysomya putoria’ L Delay ?n the Brazil THYSSEN; GRELLA,

development

2011




Substances Specie/Family Stages/structures Effects Country Author/Year
Chrysomya . .
Carbamazepine g L Delay in the time of Brazil MARQUES, 2017
megacephala® emergence
) Calliphoridae Pp, A . .
Codeine _ Enzymatic cuticle France BOUREL et al., 2001a
Dermestidae P extraction
Lucilia sericata! L, P Accelerated stage larval. France BOUREL et al., 2001a
Delay in the stage pupal
Chrysomya albiceps* L,P Acceleratled ml the stage Egypt FATHY et al., 2008
arva
o . _ KHARBOUCHE et
Lucilia sericata® L Delay in the Switzerland
development al., 2008
] Cochliomyia . _ BEYER; ENOCS;
Phenobarbital _ L Detection substance of  pjted States
macellaria® case study STAJIC, 1980
Diptera n.s. L Case study France KINTZ et al., 1990
Chrysomya albiceps?
Chrysomya .
ysomy L Delay in development Brazil SOTO, 2008
megacephala® and high mortality
Chrysomya putoria®
_ Chrysomya _ OLIVEIRA et al.,
Flunitrazepam megacephala? L, Pp, A Detection of substance Brazil 2014
Chrysomya .
L, P, A Brazil BAIA et al., 2016

megacephalal

No significant impact
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Substances Specie/Family Stages/structures Effects Country Author/Year
. . . CAMPOBASSO et
Levomepromazine Lucilia sericata! L Detection of substance Italy
al., 2004
. ] ] GOSSELIN et al.,
) ) o lav in th INTRONA et al.,
Morphine Calliphora vicina! L Delay in the Italy
development 1990
Lucili icatal L b A . HEDOUIN et al.,
ucilia sericata , P, - rance
Delay in the stage larval 1999a
. . HEDOUIN et al.,
Lucilia sericata® L Detection of substance France 1999b

Dermestes frisci®

Thanatophilus L, P, A Delay in the France BOUREL et al., 2001c
development

cinuatus®

Lucilia sericata L Delay in the France.  BOUREL et al., 2001a
development

Calliphora vicina!

Protophormia L, P Detection of substance France HEDOZ%:)T etal.,

terraenovae?



39

Substances Specie/Family Stages/structures Effects Country Author/Year
_ _ o CAILLIEZ etal.,
Morphine Calliphora vomitoria® L Detection of substance France 2001
Calliphora stygia* L Detection of substance Australia GUNN et al., 2006
Calliphora stygia® L, P No significant impact Australia GEORGE et al., 2009
Calliphora stygia® L Physiological response Australia PARRY etal., 2011
Oxycodone (Oxycontin®) Phormia reginal L Signific?ntlytrllonger in" United States MONTHEI, 2009
eng
WILSON;
Paracetamol Calliphora vicina L No significant impact Scotland HUBBARD,;
POUNDER, 1993;
Maximum sizes were
reached earlier in treated EL-SAMAD: EL-
- ) larvae. The development
Tramadol Lucilia sericata® L period increased Egypt MOATY; MAKEMER,
significantly with 2011
increasing initial dose
administered
S . EKRAKENE; ODO,

2017
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Substances Specie/Family Stages/structures Effects Country Author/Year
_ N United O’BRIEN; TURNER,
Paracetamol (Tylenol®) Calliphora vicina® L Accelerated the _
development Kingdom 2004
Chrysomya )
rufifacies
) ) o United
Sodium pentothal Calliphora vicina® L Death of larvae _ SADLER et al., 1997
Kingdom
WILSON;
Propoxyphene Calliphora vicina* L No significant impact Scotland HUBBARD;
POUNDER, 1993
) ] o Effect significative in United
. ' Kingdom
Defection of substance
_ Chrysomya _
Topiramate (Amato®) L Mass gain Brazil PEREIRA, 2011
megacephalal
Chemotherapeutics
_ Chrysomya _
Cyclophosphamide L No significant impact Brazil ALMEIDA, 2015
megacephalal
Chrysomya . TRIVIA; PINTO,
Yoy L, P, A Delay in the Brazil
megacephala® development 2018
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Substances Specie/Family Stages/structures Effects Country Author/Year
Chrysomya Decreased the sizes of . TRIVIA: PINTO.,
Methotrexate L, P, A larvae and adults. Brazil
megacephala® Altered the survival rate. 2018
Changed the sex ratio
Sedatives
Al | Chrysomya . Delay in the stages of indi PAWAR,;
razolam ndia
P megacephala® larval and pupal. DESHMUKH, 2022
Pupation was delayed
Chrysomya albiceps! CARVALHO et al.,
Diazepam yomy -p L, P, A Accelerated the Brazil
Chrysomya putorial development 2001
Wohlfahrtia nuba? L Accelerated the cycle. Egypt KHEDRE, 2005
Detection substance
Chrysomya albiceps! L Accelerated the Turkey ACIKGOZ, 2018
development
o Parasarcophaga No significant impact for _
Phencyclidine . L,P larvae, but the pupation ~ United States GOFF et al., 1994
ruficornis? ’
was slowed
) . _— Delay the early )
Ketamine Lucilia sericata L development. Impact in Chine ZOUetal, 2013
body length
Chrysomya .
ysomy L Prolongation of the Chine LU et al., 2014

megacephalal

pupation period
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Substances Specie/Family Stages/structures Effects Country Author/Year
Chrysomya : SINGH; HEER;
Ketamine yomy L Delay in the India
megacephala® development WADHAWAN, 2016
ANNASAHEB
Delay in the
Chrysomya BANSODE;
Lorazepam .y _ y L develppment. L.ength, India
rufifacies! weight and width RAMRAO MORE,
decreased. 2023
Methylphenidate Calliphoridae n.s. L Detection of substance ~ New Zealand BUSHBY et al., 2012
Chrysomya Prolongation of the stage _
chloropygat '
pupae
_ Chrysomya albiceps!
Methylphenidate
) Chrysomya i _
hydrochloride + L Delay in the Brazil REZENDE, 2012
) megacephalal development
Phenobarbital )
Chrysomya putorial
_ Delay inthe _ REZENDE et al.,
Chrysomya albiceps® L development. Alteration Brazil
in larval and pupal 2014
viabilities
Nordiazepam ] o United
Kingdom
Calliphora vicina* L,P No significant impact Belgium PIEN et al., 2004
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Substances Specie/Family Stages/structures Effects Country Author/Year
_ o United
Oxazepam Calliphora vicina L,P Detection of substance Kingdom WOOD et al., 2003
Triazolam Diptera n.s L Case study France KINTZ et al., 1990
Chrysomya
Zolpidem ysomy Accelerated the ~ AL-SHURAYM et
megacephala® L development and effectin  gaydj Arabia
) the weight dependent of al., 2021
Chrysomya saffranea concentration
Delay in that the
Chrysomya indiana® deve_lopment_al durations _ AL-KERIDIS et al.,
L P of different instars, and India
Chrysomya rufifacies! effect in width and 2022
weight dependent of
concentration
Others
Antifreeze (ethylene Lucilia sericata® Mortallty 5'9!"“?3“‘.’9- _ ESSARRAS et al.,
L P A Effect significative in United State
glycol) Lucilia cuprina® eclose and width. Delay 2017

in the developmental.
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Cadmium

Specie/Family Stages/structures
Chrysomya albiceps! L,P, A
Lucilia sericata® L, A

All stages were affected:
Larval development time
of both sexes. Male total
development time was
longer than that of
females. Mortality
significative. Adult
weight of females was
higher than that of males.
The larval stage had
higher mean pupal and
adult mass, but also
reduced adult longevity
and fecundity. Adult
longevity and fecundity
were also reduced by
cadmium exposure in the
adult stage.

Lead

Lucilia cuprina®

Influence in the survival
rate and development
time

Aqueous extract of

Ipomoea carnea

Chrysomya albiceps!

Delay in the development

Zinc phosphide

Coleoptera
Diptera
Hemiptera
Hymenoptera

Delay in the colonization

Country Author/Year
Saudi Arabia ~ AL-MISNED, 2001
United MOE; STENSETH,;
Kingdom SMITH, 2001
Brazil BESSA et al., 2021
) CRUZ JUNIOR et al.,
Brazil
2020
ABD EL-BAR et al.,
Egypt

2016
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Substances Specie/Family Stages/structures Effects Country Author/Year
Chrysomya albiceps!
_ ) Chrysomya - . : o ABAJUE; EWUIM,
Zinc phosphide - No significant impact in Nigeria
chloropygat activate 2020
Chrysomya regalis®
Effect in the colonizing
fauna, in the total time of
) colonization and the time _
Ivermectin n.s. - of the decomposition Brazil BRANCOLI, 2013
stages. In the physical
patterns and behavior of
larval masses
No significant impact in
) Chrysomya _
megacephalal was the reduced size of
the adults
M Creophilus . Finland NUORTEVA;
ercur ianifi i inlan
Y maxillosus® No significant impact NUORTEVA, 1982
No significant impact in
developmental time, but
Nicotine Calliphora vomitoria® L,P affected survival during Australia MAGNI et al., 2016
the pupation period and
larval length.
Interference in the insect _

oviposition
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Substances Specie/Family Stages/structures Effects Country Author/Year
Gunshot residue ROETERDINK;
(Lead - Pb, Barium - Ba,  Calliphora dubia® L Detection of substances Australia DADOUR,;
Antimony - Sb) WATLING, 2004
] _ Detection of substance.
Ephedrine sulphate Chrysomya albiceps! L,P,A Delay in the Egypt FOUDA et al., 2017
developmental time
_ _ EL-GAWAD et al.,
Warfarin Diptera n.s. L Detection of substance. Egypt 2000
Calliphora vicina!
Lucilia sericata® _
n.s. - India SAMNO et al., 2020

Sarcophaga
crassipalpis?

Case study

Legend: n.s. Not specified; 1 Diptera: Calliphoridae; 2 Diptera: Sarcophagidae; 3 Coleoptera: Dermestidae; 4 Coleoptera: Silphidae; 5
Coleoptera: Staphylinidae; 6 Diptera: Syrphidae; A- Adult, Ex - Exuviae, L- Larva, P- Pupa, Pp- Puparium.
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1.3 Calliphoridae

Calliphoridae, also known as "blowflies" or "screwflies", are a family of flies in the
order Diptera. They are necrophagous and play an important role in forensic entomology, being
found colonizing corpses in large quantities even at the beginning of the decomposition process.
Tha the corpse releases putrefactive odor volatiles that attract the females that lay eggs in the
orifices, whether natural or caused (Gullan; Cranston, 2017; Silva; Reis, 2012), where the larvae
will develop, as in their immature stage they feed on dead tissue (Catts; Goff, 1992; Carvalho
et al., 2000; Mise; Almeida; Moura, 2007; Oliveira; Vasconcelos, 2010).

Blowflies have a life cycle with holometabolous metamorphosis, that is, they go through
the stages of egg, larva, pupa and adult (Gullan; Cranston, 2017) (Figure 1). As adults, these
flies are medium to large size, 5-15mm, and have bristles all over the body, especially on the
thorax, which is an important feature for species identification (Vargas; Wood, 2010). The first
pair of wings is of the membranous type, with the presence of a well-developed calypter, and
the second pair is modified, called halteres. They have compound eyes that cover a large area
of the head and the antennas are short of the aristate type (Carvalho; Mello-Patiu, 2008; Leite;
De Sa, 2010). Sexual dimorphism can also be observed in most species, with morphological
differences such as eye position, body size: males tend to be smaller than females (Hu; Yuan;
Lei, 2011; Byrd; Tomberlin, 2020) (Figure 2).

Figure 1. The life cycle of Chrysomya megacephala: (A) egg, (B) larvae - (B1) instar 1, (B2)

instar 2, (B3) instar 3, (C) pupa, (D) puparium or case pupa and (E) adult.

@)
Egg

BLOWFLY
LIFE CICLE ¥

L2

(83)

N L3
(Bibiano; Frazao, 2024)
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Figure 2. Sexual dimorphism, Chrysomya megacephala, in the eye position: Males with
eyes holopic eyes (left) and Females with dichoptic (right).

(Bibiano, 2024)

The subfamily Chrysomyinae (Calliphoridae) has some features that distinguish it from
other subfamilies. The wings have a specific bristle pattern on the radial vein, which is present
in the dorsal view and absent in the ventral view. They have a metallic color pattern on the
abdomen and thorax, which can be blue, green or bright metallic bronze (Carvalho; Mello-
Patiu; Almeida, 2021). It comprises two tribes that include their respective genera: Chrysomyini
- Chloroprocta ssp., Chrysomya spp., Cochliomyia spp., Compsomyiops spp., Hemilucilia spp.
and Paralucilia spp., and Phormiini -, Phormia spp. and Protophormia spp. (Amat, 2009;
Carvalho; Mello-Patiu, 2008; Dear, 1985; Singh; Wells, 2011; Szpila et al., 2013; Whitworth,
2010, 2019). In Brazil, the representatives of Chrysomyini are Cochliomyia spp. (2 species),
Chrysomya spp. (4 species), Compsomyiops fulvicrura, Chloroprocta idiodea, Paralucilia
xanthogeneiates and Hemilucilia spp. (4 species) (De Carvalho; Ribeiro, 2000; Madeira-Ott,
2023).

Several species of blowflies previously restricted to Europe, Asia, and Africa migrated
to the Americas during the voyages of migrated, allowing them to adapt and become established
throughout the continent (Baumgartner; Greenberg, 1984; Richard; Ahrens 1983; Wells; Byrd;
Tantawi, 1999; Carvalho; Mello-Patiu; Almeida, 2021; Neto, 2023). Researchers such as Wells,
Byrd and Tantawi (1999) stated that Brazil was the gateway for Chrysomya Robineau-Desvoidy
flies to spread throughout the Americas.
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The genus Chrysomya is a word from the Greek, where chrysds= gold and miya= fly
(Oliveira-Costa, 2013) and it includes 12 species (Gagne, 1981; Guimarées; Papavero 1999;
Silvaet al., 2012), among which four have been present in Brazil, just over 50 years, introduced
in the last years of the 1970s, reported in the south and southeast of the country (Corréa et al.,
2010). Chrysomya albiceps (Wiedemann) and C. megacephala (Fabricius) in the state of S&o
Paulo (Guimardes; Prado; Linhares, 1978), C. putoria (Wiedemann) in the states of Parana
(Imbiriba; lzutani; Milhoreto, 1977) and S8o Paulo (Guimardes; Prado; Linhares, 1978).
Initially, the species C. rufifacies (Macquart) was reported in northeastern Brazil just over a
decade ago, in 2012, but more detailed taxonomic studies showed that the reported species was
C. albiceps (Silva et al., 2012; De Castro Ribeiro et al., 2013).

The flies of this genus are vectors of different pathogens and cause myiasis, which is
important for the medical-veterinary field (Baumgartner; Greenberg, 1984; Monzon et al.,
1991; Guimardes; Papavero 1999; Ferraz et al., 2014; Ribeiro et al., 2011), but also for forensic
studies, as it is associated with cadavers (Oliveira-Costa, 2008; Barros-Souza, 2012). The most
abundant species is C. albiceps (Wiedemann), which, in addition to being necrophagous, is
predatory to other larvae in competition for food (Baumgartner; Greenberg, 1984; Queiroz,
1997; Faria et al., 1999).

Although C. albiceps and C. megacephala share several similarities, some features are
very striking for each species. Chrysomya albiceps has a whitish anterior spiracle, silver-white
parafacialia, and tegument coloration with a greenish sheen (Mello-Patiu; Almeida, 2021). On
the other hand, C. megacephala has a more robust body with blue and purple placement,
presents a brown/chestnut anterior spiracle, and the head is relatively large compared to the
body and the other species, making it easy to recognize and distinguish (Gonzélez-Mora; Peris,
1988; Whitworth, 2010; Mello-Patiu; Byrd; Tomberlin, 2020; Almeida, 2021).

Other differences can be seen in the larval stages of both species. The larvae of C.
albiceps differ from other Calliphoridae in that they have very visible projections in their
tegument. This feature is also present in the species C. rufifacies (Macquart), but it is not known
to occur in Brazil (De Carvalho-Queiroz et al., 1997; Tomberlin, 2020; Wells et al., 1999).
The larvae of C. megacephala do not have tubercles or fine bristles, they have a partially
pigmented oral sclerite that is very visible as a spot near the buccal hooks (Gonzélez-Morg;
Peris, 1988; Wells et al., 1999).
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Abstract

The presence of fly larvae in cadavers is used for estimating calculating the post-mortem
interval (PMI). Anxiolytics have been increasingly consumed in the world, and in Brazil there
is a problem of improper consumption. The presence of some substances in the food source of
larvae influences the development of insects. Therefore, the objective of the present study was
to evaluate the effects on the biology of Chrysomya albiceps and C. megacephala of different
concentrations of the benzodiazepine clonazepam. New larvae (> 1h years old) were exposed
to three sublethal concentrations (0.0625, 0.125 and 0.250 mg mL™) of the clonazepam.
Parameters such as larval, pupal, puparium and adult weights and the developmental periods of
each stage were observed. The results obtained showed a reduction in weights and a delay in
developmental time, the larvae and pupae, at the lowest concentration for C. albiceps

(F=124.719; df=3; p<0.001) and C. megacephala (F=61.817; df=4; p<0.001). Therefore, we
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concluded that clonazepam, even at very low concentrations, affects parameters that are directly

used in the determination of post-mortem interval.

Keywords: Entomotoxicology; Diptera; benzodiapines; hormesis.

1 INTRODUCTION

Forensic entomology, as a study related to criminal investigations, uses insects and other
arthropods (Oliveira-Costa 2008, 2013). The medico-legal subfield is particularly focused on
cases of crimes against life in which the presence of insects in decomposing corpses (Gomes
2010) and this approach is fundamental to estimate the time of death of the victim through the
calculation of the Post Mortem Interval (PMI). For this, it is necessary to know, through
identification, the species of entomofauna found in carcasses or cadavers at that stage (Paseto
2014). The group of blowflies or screwworm flies (Diptera: Calliphoridae) deserves attention,
not only for being the group with the highest occurrence in carcasses and corpses, but also for
being associated with health in medical and veterinary issues (Neto, 2023; Carvalho, Mello-
Patiu and Almeida, 2021). They are characterized by having a bright blue, green or metallic

bronze color in the thorax and abdomen (Carvalho, Mello-Patiu 2008; Leite and De S4, 2010).

In post-mortem situations, when the corpse is in an advanced stage of decomposition,
making it impossible to obtain the substrate (organs, blood, urine, gastric content) used for
toxicological studies, insects in their immature stage are a valuable alternative for obtaining the
presence of substances in corpses (Andréa 2008). In this context, entomotoxicology, a recent
branch of forensic entomology, plays a crucial role in the detection and identification of
substances present in tissues and fluids that have already decomposed. Such substances may
have caused death through misuse, poisoning, or even overdose (Goff and Lord 1994; Introna,
Campobasso, and Goff, 2001; Amendt, Krettek, and Zehner 2004; Salimi et al. 2018; Hodecek

2020). Performing entomotoxicological analyses on larvae can indicate the presence of
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substances, as the influence of different substances on larval development rates can lead to an
inaccurate estimate of the PMI (Goff 1992; Hedouin et al. 1999; Introna, Campobasso and Goff

2001).

Benzodiazepines are a class of psychotropic drugs known for their anxiolytic and
sedative effects. They play an important role in the treatment of disorders related to anxiety and
insomnia. However, there are growing concerns about safety and the potential for abuse, such
as dependence (Boulkenafet et al. 2020; Stillion 2023). In Brazil, benzodiazepines are among
the classes of drugs most used by the population. However, this use is still inappropriate, since
many people do not follow the prescription correctly, making it a substance commonly

associated with deaths, such as overdoses (Oliveira-Costa, 2013; Basto et al. 2017).

Therefore, this work aimed to evaluate the effects of different concentrations of the
benzodiazepine clonazepam on the biology of C. albiceps and C. megacephala. This work also
aimed to test the following hypotheses: 1) The clonazepam present in the substrate does affect
the development of the larvae and pupae of C. albiceps and C. megacephala; 2) The species C.
albiceps and C. megacephala do present any alteration in their biological cycle when exposed
to different concentrations of Clonazepam; 3) There are differences between the physiological

responses during the development of the species C. albiceps and C. megacephala.

2. MATERIAL AND METHODS
2.1 Collection sites
2.1.1 Collection of the C. albiceps

Adult specimens of C. albiceps were collected with the help of an entomological
network at the Oswaldo Cruz Foundation (FIOCRUZ) in the city of Rio de Janeiro/RJ, and later
identified under a stereoscopic microscope (Zeiss Stemi sv6) at the Integrated Laboratory of

Simulids and Onchocerciasis & Medical and Forensic Entomology (LSOEMF- ICO). A cage
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was set up with the collected adults, where minced meat was offered as oviposition substrate.
The newly obtained individuals were followed until the pupal stage, at which point they were
prepared for transport (n°89235-1 SISBio) to the Laboratory of Molecular Entomology and
Ecotoxicology (M.E.E.T.) of the Department of Entomology of the Federal University of

Lavras (DEN-UFLA), for the development of toxicological experiments.

2.1.2 Collection of the C. megacephala

Larvae specimens of C. megacephala were collected with entomological forceps in
compost material at the Composting Sector of the Federal University of Lavras (G-
OLEO/UFLA). The specimens were taken to the Laboratory of Molecular Entomology and
Ecotoxicology (M.E.E.T.) of the Department of Entomology - UFLA, where they were
transferred to a minced meat substrate, as this substrate allows a better development (Rabélo et
al. 2011). The specimens were followed until emergence, when they were properly identified
under a stereoscope (Trinocular Stereoscope Microscope ZOOM DI-152T) using the
dichotomous key for adult specimens of Carvalho & Mello-Patiu (2008). These adults were
placed in plastic cages (21.5x21.5x25¢m?) with voil sleeves (adapted from Estrada et al., 2008)

to establish rearing.

2.2 Description of obtaining the clonazepam

Since clonazepam is a controlled medication, it was obtained through a medical
prescription for research purposes and authorized by a specialist physician, psychiatrist. The
medication was picked up at the municipal public pharmacy with the presence of the

prescription.

2.3 Conditions laboratorial of rearing
All developmental stages were maintained in a climate-controlled room at 27 + 1°C,

121.:12D and a relative humidity of 60 + 10% (Estrada et al., 2008).
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2.3.1 Rearing of adult individuals
For adult insects, 80% sucrose solution and water were offered as food. For the newly
emerged females, 20 g of minced meat, changed daily, was offered for 4 days for the maturation

of the ovarian follicles. After 11 days, a substrate was offered to lay and collect eggs.

2.3.2 Rearing of immatures individuals

Eggs obtained from oviposition were removed from the substrate with a fine, soft-tipped
brush and transferred to a fresh substrate containing approximately 1.5g of 24-hour decayed
minced meat per larva. The larvae were placed above the food (100mL disposable pots) in a
rearing pot (300mL plastic pots) with a cut-out lid and voile to allow air in, with vermiculite at
the bottom. When they reached the pupal stage, they were removed from the vermiculite and

transferred to the cages until they emerged.

2.4 Toxicology Bioassays
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Figure 1. Stages of the toxicology bioassays procedure
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2.4.1 Bioassays with C. albiceps

First, a bioassay was performed with C. albiceps to obtain the sublethal concentrations.
Two concentrations were prepared from clonazepam (2.5 mg.mL™?): 0.125 and 0.250 mg.mL™,
as well as deionized water and the control without the addition of any liquid. In the treatments
where the liquids were added, 1 mL was used for each replicate. Subsequently, the substrate
was subjected to mechanical homogenization, after which the 30 neonate larvae were placed on
it, with each larva representing a repetition. Four repetitions were conducted for each
concentration. The substrate was not manipulated until the larvae began to leave it, to avoid
stressing the individuals. The migrating larvae were observed for dispersal behavior and the
onset of pupation, followed by the pupation stage and the emergence of adults. During these
developmental stages, the individuals were weighed using an analytical balance (BEL

Engineering M214A.).

The biological parameters evaluated were: duration of the larval stage, duration of the
pupal stage, egg-pupa, total cycle duration (egg-adult), weight of the pupa, weight of the
puparium, weight of the adult and sex ratio of the emerged adults. To test the effect of the
substance on the above parameters, the data were subjected to one-way ANOVA and Dunn's
multiple comparison test to compare the treatments with the control. For the egg-adult
parameter, only individuals that were able to complete the entire cycle were considered. Larval
weight (L3) was not evaluated because the specimens pupared in the substrate. The factor of
sex ratio of emerged adults was not analyzed, because this species presents the behavior of

generations with only one sex (Queiroz 1991).

2.4.2 Bioassays with C. megacephala

The experiments with the species C. megacephala were performed after the cohort

reached the first generation (F2) of flies hatched in the laboratory, to avoid bioaccumulation of
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substances that might be present in the substrate where they were collected and adapted to
laboratory conditions. The experimental design was performed in blocks of two replicates each
with 30 neonate larvae (<1h old) per replicate. Each replicate contained 40 g of minced meat in
an initial state of putrefaction of 24 h in disposable plastic containers of 100 ml, which were
placed in larger plastic containers (item 2.3.2). The experiment was carried out under the same

conditions as in the rearing room.

Three concentrations were prepared: 0.0625, 0.125, and 0.250 mg.mL*, of
commercially available clonazepam (2.5 mg.mL™?), deionized water, and the control without
addition of any liquid. In treatments where liquid was added, 1 mL was used for each replicate.
The substrate was then mechanically homogenized and the larvae were placed on the substrate.
There was no manipulation of the substrate until the larvae began to leave it, to avoid any stress
to the individuals. The migrating larvae were monitored as they exhibited dispersal behavior,
began to pupate, reached the pupation stage, and subsequently emerged as adults. At these
developmental stages, the individuals were weighed using an analytical balance (BEL

Engineering M214A.).

The biological parameters evaluated were: larval stage duration, pupal stage duration,
egg-pupa, total cycle duration (egg-adult), larval weight (L3), pupal weight, puparium weight,
adult weight, and sex ratio of emerged adults. To test the effect of the substance on the
parameters, the data were subjected to one-way ANOVA and Dunn's mean comparison test to
compare the treatments with the control. For the adult egg parameter, only individuals that were
able to complete the entire cycle were considered. For the adult weight parameter, data were
subjected to ANOVA Two-Way with Holm-Sidak's means comparison test for the factors sex
ratio of emerged adults and concentrations. All statistical tests were performed using the GLM

package in the RStudio program software for students.
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3. RESULTS

3.1 Effects of different concentrations of clonazepam on the juvenile stages of C. albiceps

Analysis of variance showed significant differences in all the parameters evaluated. The
duration of the larval stage (F=128.237; df=3; p<0.001) was higher in the water treatment and
lower in the 0.125 mg.mL™ concentration (Table 1). For the duration of the pupal stage
(F=38.579; df=4; p<0.001), there was an increase and a decrease in the 0.125 and 0.250 mg.mL"
1 concentrations, respectively. For the duration of the egg-pupa stage (F=128.237; df=3;
p<0.001) and the duration of the total cycle (egg-adult) (F=124.719; df=3; p<0.001), there was
a difference in all treatments, with the longest duration in the water treatment and a reduction

of this time in the 0.125 mg.mL* concentration (Table 1).

For morphological parameters related to weight, pupa weight (F=176.828; df=3;
p<0.001) and puparium weight (F=68.005; df=3; p<0.001) were highest in the water treatment
and decreased in all the clonazepam concentrations, with the lowest weight in the 0.250
concentration (Table 2) (Figure 2). For adult weight (F=109.428; df=3; p<0.001), only the 0.125
and 0.250 mg.mL* concentrations showed a reduction compared to controls (Table 2) (Figure

2a).

3.2 Effects of different concentrations of clonazepam on the juvenile stages of the C.
megacephala

Analysis of variance showed significant differences for the concentration of 0.0625
mg.mL? in all evaluated parameters: larval stage duration (F=61.817; df=4; p<0.001), pupal
stage duration (F=170.337; df=4; p<0. 001), egg-pupa (F=61.817; df=4; p<0.001) and egg-adult
stage duration (F=189.853; df=4; p<0.001) (Table 1), larval weight (F=63.849; df=4; p<0.001)
and pupa weight (F=72.435; df=4; p<0.001) (Figure 3). On the other hand, puparium weight
(F=7.409; df=4; p=0.116) was the only parameter where the differences were not significant for

all treatments (Figure 1b) (Table 2).
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For adult weight, analysis of variance showed significant differences (F=63.132; df=4;
p<0.001). The factors treatment (F=14.158; df=4; p<0.001) and sex (F=15.659; df=1; p<0.001)
did not show a significant effect when evaluated separately. However, when the interaction
"treatment x sex" was analyzed, the difference was significant (F=3.236; df=4; p=0.012) at the
concentration of 0.0625 mg.mL™* compared to the control (Table 3). For the sex ratio, the
analysis was significant (t=3.957; df=1; p<0.001) in the water treatment and at the concentration

of 0.125 mg mL™ (Figure 2b).

Table 1. Effect of different concentrations of clonazepam on the duration (in days) of

developmental stages of de C. albiceps and C. megacephala.

Duration in days of stages

Specie Treatment(mgmi Larva Pupal Egg-pupae Egg-adult
Control 9.11+0.055 4.49+0.047 10.11+0.055 13.59+0.078
Water 9.85+0.072™" 4.62+0.052 10.85+0.072""  1465+0.076™"
C. albiceps
0.125 8.21+0.049™" 4.74+0.044™ 9.21+0.049™"  12.96+0.058™"
0.250 9.55+0.434 3.97+40.103™  10.55+0.434™ 13.52+0.516™"
Control 5.50+0.047 5.54+0.069 6.50+0.047 10.02+0.079
Water 5.40+0.052 5.17+0.031 6.40£0.052 9.57+0.055
C. megacephala 0.0652 6.04+0.009™" 6.96+0.009™" 7.04+0.009™" 12.0+0.000™"
0.125 5.60+0.050 5.33+0.046 6.60+0.050 9.93+0.015
0.250 5.70+0.044 5.38+ 0.050 6.70+0.044 10.08+0.015

*x**n<0.001 (Teste de Holm-Sidak Significative). The stage durations are expressed as Mean + SE
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Table 2. Effect of different concentrations of clonazepam in weight (mg) of larvae, pupae,

puparium and adults of C. albiceps and C. megacephala.

Weight (mg)
Specie Treatment(mgmi) Larva Pupa Puparium Adult
Control - 67.99+0.49 9.85+0.12 41.01+0.55
Water - 70.86+0.50™" 10.86+0.19"" 41.69+0.78
C. albiceps

0.125 - 59.82+0.36™" 9.11+0.12" 33.65+0.12"
0.25 - 50.92+0.18 ™ 7.36+0.32™" 27.24+0.16™"

Control 72.84+0.45 56.14+0.37 4.87+0.82 40.93+0.38

Water 74.69+0.65 58.09+0.49 4.79+0.76 41.79+0.42
C. megacephala 0.0652 82.93+0.94™" 64.94+0.85™" 5.36+0.16 35.14+0.67™

0.125 75.02+0.52 59.84+0.43 4.97+0.86 42.02+0.41

0.25 75.64+0.46 63.50+0.45 4.77+0.68 42.10+0.45

***n<0.001 (Significant Holm-Sidak Test). The stage durations are expressed as Mean + SE
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1 Figure 2. Average weight (mg) of the different development stages: pupa, puparium and adult of (A) C. albiceps; and larva, pupa, puparium e

2 adult of (B) C. megacephala, in the different concentrations of clonazepam.
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Table 3. Effect of clonazepam in weights (mg) of adults females and males, of C.

megacephala.
Weights
Treatmentmg/mi
Female Male

Control 40.81 + 0.47 41.03+£0.59
Water 39.37+£0.43 4415+ 0.54
0.0652 35.11"" +0.98 35.17"" £ 0.91
0.125 39.35+0.62 4429 £ 0.54

0.25 41.18 + 0.50 43.08 £0.71

***p<0.001 (Significant Holm-Sidak Test). The stage durations are expressed as Mean + SE.

Figure 3. Average weight of emerged adults of C. megacephala, at different clonazepam

concentrations.

MALE FEMALE
*kk 0.0625
50 40 30 20 10 0 0 10 20 30 40 50
Weigth (mg)

Legend: ***p<0.001 (Significant Holm-Sidak Test). The vertical bars indicate No significant difference between

the treatments.
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4. DISCUSSION

No studies were identified in the literature that evaluated the effects of sublethal
concentrations of clonazepam on the development of C. megacephala and C. albiceps. The
articles found in this context, using benzodiazepines, investigated the effects at doses
considered lethal in C. albiceps (Carvalho, Linhares and Trigo 2001; Singh, Heer and
Wadhawan 2014; Al-Shareef, Alazwari and Al-Ghamdi 2021). Studies using low doses have
been found, but these are studies of substances such as antibiotics, psychoactive substances,
organophosphate insecticides, and others (Chopi 2019; Stillion 2023). Understanding these

modifications is of great importance as they are directly related to the calculation of the PMI.

The duration of the cycle of these flies is fundamental for forensic studies, as the
developmental stages of necrophagous insects allow the analysis of the time from death to the
location of the corpse, in addition to contributing to the understanding of the events that
occurred during this period. Thus, the results showed that clonazepam, at a concentration of
0.125 mg.mL™?, caused an acceleration in the duration of the larval stage of C. albiceps. This
behavior was also found by Al-Shareef, Alazwari & Al-Ghamdi (2021) utilized diazepam, who
reported that the duration of the larval stage of the treated group was 84h while the control
group was 96h. Carvalho, Linhares & Trigo (2001) found the fastest development in the first
18h of C. albiceps and C. putoria larvae exposed to diazepam. El-shehaby et al. (2019) also
tested diazepam. However, they saw that it delayed the average time of larval development in

three generations of C. albiceps.

In C. megacephala, the presence of clonazepam at the lowest concentration used
increased the development time. This result highlights a difference in relation to the species C.

albiceps and also to previous studies, such as those by Al-Shuraym et al. (2021) using C.
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megacephala and C. saffranea, and Pawar & Deshmukh (2022) using C. megacephala, which
observed the same behavior depending on the concentrations the alprazolam used, i.e. the higher
the concentration, the longer the development time. Despite the use of high doses, Singh, Heer
and Wadhawan (2014) found a similar result, where the half-lethal dose, the smallest used in
that study, affected the larval and pupal development, which was longer compared to the control
and other treatments. For the pupal stage, Lu et al. (2014) found an increase in the duration of

pupation in the association of ketamine with temperature changes.

Among the morphological parameters used to analyse the effects of substances on insect
development, weight gain stands out because it can be used for entomotoxicological analyses.
(Thyssen et al. 2021). In this way, the weights of larvae, pupae and adults were also discussed
by Pawar & Deshmukh (2022) and Al-Shuraym et al. (2021), and they observed that the weights
decreased with increasing concentration of zolpidem. For C. megacephala, there was a
significant increase in weight in the larval and pupal stages, a result also found by Baia et al.
(2016) with flunitrazepam. However, our results showed a significant decrease in weight only
in the adult stage, which differs from the results obtained by the authors, suggesting that this

result is due to the bioaccumulation of the substance by the insects (Baia et al. 2016).

Pupal duration of C. albiceps was increased and decreased at concentrations of 0.125
mg.mL? and 0.250 mg.mL™?, respectively. Carvalho et al. (2001) showed that the time for
pupation and adult emergence was delayed in the treated group with diazepam. Elshehaby et
al. (2019) observed in three generations that the time to reach the pupal stage was longer after
benzodiazepine exposure. Similarly, the duration of the egg-pupa and complete cycle was
different for all treatments, with the greatest reduction in time at the 0.125 mg.mL*

concentration. This result differs from the results found in the literature, such as Elshehaby et
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al. (2019) and Al-Shareef et al. (2021), who found a delay in the treated group compared to the

control.

In pupa and puparium weights, the highest weights were found in the treatment with
water and decreasing concentrations, with the lowest weight at concentration 0.250 mg mL™.
Reigada & Godoy (2006) emphasize that humidity has a great influence on the weight gain of
individuals, and Rezende (2018) adds that a low concentration of humidity in the substrate can
induce non-feeding. Such statements explain the highest weight found in the water treatment.
Carvalho et al. (2001) found a great difference in the treated larvae, which had a weight almost

double that of the control group.

The results obtained can be explained based on studies evaluating hormesis in insect
development. This effect is based on physiological responses in the presence of low doses of
substances in the insect's body, which are triggered in insects when they are exposed to stress
factors such as low doses of a substance, a behavior that cannot be observed at higher
concentrations, where toxic effects predominate (Calabreses 2005, 2010). The observed results
are well explained by this effect, since the alteration of the cycle or the gain or loss of weight
are ways to compensate for the effects that the substance has on the organism. Therefore, it is
necessary to understand the effects of sublethal concentrations and hormesis. This phenomenon
has been widely studied in agricultural applications for pest control. However, little has been

done to understand it in forensic entomology.

Insects respond to chemical compounds in different ways depending on the
concentrations to which they are exposed. Thus, we conclude that clonazepam, even in sublethal
concentrations, could alter the development of C. albiceps in different ways. And even at very

low doses, it could delay the development time of C. megacephala, in addition to affecting
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parameters such as weight at different stages. These changes may directly affect PMI
estimation. However, such effects still need to be studied and explored, as it is necessary to
understand above all the relationship with hormesis and its contribution within
entomotoxicology, making it necessary to evaluate this substance at other low dosages,
sublethal dosages already metabolized, as well as in association with temperature variations,
for a better understanding of the observed effects, bringing it closer to the reality that occurs in

humans.

Acknowledgments

The authors thank the funding agencies CAPES (Coordination for the Improvement of
Higher Education Personnel), CNPqg (National Council of Scientific and Technological

Development) and FAPEMIG (Minas Gerais State Foundation for Research Aid).

REFERENCES
Al-Shareef, LO, Alazwari, OM, Al-Ghamdi, SS. 2021. Effect of diazepam on the growth of Chrysomya albiceps
(Wiedemann 1819) (Diptera: Calliphoridae) in rabbit carcass. Entomology and Applied Science Letters, 8(2-

2021), 100-108. https://doi.org/10.51847/17IrmSia0

Al-Shuraym, LA, Al-Mekhlafi, FA, Abd Al Galil, FM, et al. 2021. Effect of zolpidem tartrate on the
developmental rate of forensically important flies Chrysomya megacephala (Diptera: Calliphoridae) and

Chrysomya saffranea. Journal of Medical Entomology, 58(6), 2101-2106. https://doi.org/10.1093/jme/tjab071

Alves, ACF, dos Santos, WE,Credo-Duarte, AJ. 2014. Diptera (Insecta) de importancia forense da regido

Neotropical. Entomotropica, 29(2), 77-94.

Amendt, J, Krettek, R, Zehner, R. 2004. Forensic entomology. Naturwissenschaften, 91, 51-65.

https://doi.org/10.1007/s00114-003-0493-5

ANDREA, MM. de. Bioindicadores ecotoxicoldgicos de agrotoxicos. 2008. Available from:

<http://www.infobibos.com/Artigos/2008_4/Bioindicadores/index.htm>.



80

Baia, TC, Campos, A, Wanderley, BMS, Gama, RA. 2016. The effect of Flunitrazepam (Rohypnol®) on the
development of Chrysomya megacephala (Fabricius, 1794) (Diptera: Calliphoridae) and its implications for

forensic entomology. Journal of forensic sciences, 61(4), 1112-1115. https://doi:10.1111/1556-4029.13104

Bastos, FIPM, Vasoncellos, MTLD, De Boni, RB, Reis, NBD, Coutinho, CFDS. 2017. I1l Levantamento
Nacional sobre 0 uso de drogas pela populacdo brasileira. Available from:

<https://www.arca.fiocruz.br/handle/icict/34614>

Boulkenafet, F, Dob, Y, Karroui, R, Al-Khalifa, M, Boumrah, Y, Toumi, M, Mashaly, A. 2020. Detection of
benzodiazepines in decomposing rabbit tissues and certain necrophagic dipteran species of forensic

importance. Saudi journal of biological sciences, 27(7), 1691-1698.

Calabrese, EJ. 2010. Hormesis is central to toxicology, pharmacology and risk assessment. Human &

experimental toxicology, 29(4), 249-261. https://d0i:10.1177/0960327109363973

Calabrese, EJ. 2005. Toxicological awakenings: the rebirth of hormesis as a central pillar of

toxicology. Toxicology and applied pharmacology, 204(1), 1-8. https://d0i:10.1016/j.taap.2004.11.015

Caleffe, RR, Oliveira, SR, Satiko, N, Conte, H. 2015. Calliphoridae (Diptera) de interesse forense com
ocorréncia em Maringa-Pr-Brasil. Revista Uninga, 43, 10-15. Available from:

<http://www.mastereditora.com.br/uninga>.

Carvalho, CJBD, Mello-Patiu, CAD. 2008. Key to the adults of the most common forensic species of Diptera in
South America. Revista Brasileira de Entomologia, 52, 390-406. https://doi.org/10.1590/S0085-

56262008000300012

Carvalho, CJB, Mello-Patiu, CA, Almeida, LM. 2021. O papel da taxonomia na entomologia forense. In. Vairo,
KP, Moura, MO. Entomologia forense na pratica: do laboratério a utilizagdo dos vestigios. 12 ed. Campinas, SP:

Millennium Editora, p. 225-273.

Carvalho, LMLD, Thyssen, PJ, Linhares, AX, Palhares, FAB. 2000. A checklist of arthropods associated with
pig carrion and human corpses in Southeastern Brazil. Memdrias do Instituto Oswaldo Cruz, 95, 135-138.

https://doi.org/10.1590/S0074-02762000000100023



81

Carvalho, LM, Linhares, AX, Trigo, JR. 2001. Determination of drug levels and the effect of diazepam on the
growth of necrophagous flies of forensic importance in southeastern Brazil. Forensic Science

International, 120(1-2), 140-144. https://doi.org/10.1016/S0379-0738(01)00421-2

Chophi, R, Sharma, S, Sharma, S, Singh, R. 2019. Forensic entomotoxicology: current concepts, trends and

challenges. Journal of forensic and legal medicine, 67, 28-36. https://doi.org/10.1016/j.jflm.2019.07.010

Elshehaby, M, Tony, M, Abdellah, NZ, Abd Elreheem, AEM. 2019. Effects of sildenafil citrate and diazepam on
developmental stages of forensically important fly: Chrysomya albiceps (Diptera: Calliphoridae). International

Journal of Entomology Research, 4(6), 82-89.

Estrada, DA, Grella, MD, Thyssen, PJ, Linhares, AX. 2009. Chrysomya albiceps (Wiedemann) (Diptera:
Calliphoridae) developmental rate on artificial diet with animal tissues for forensic purpose. Neotropical

Entomology, 38, 203-207. https://doi.org/10.1590/S1519-566X2009000200006

Goff, M. L., & Lord, W. D. (1994). Entomotoxicology: a new area for forensic investigation. The American

journal of forensic medicine and pathology, 15(1), 51-57.

Gomes, L. 2010. Entomologia Forense: Novas tendéncias e tecnologias nas ciéncias criminais. Rio de Janeiro,

RJ: Technical Books, 526 p.
Hanski, 1. 1987. Nutritional ecology of dund-and-carrion-feeding insects.

Hodecek, J. 2020. Revisiting the concept of entomotoxicology. Forensic Science International: Synergy, 2, 282-

286. https://doi.org/10.1016/j.fsisyn.2020.09.003

Introna, F, Campobasso, CP, Goff, ML. 2001. Entomotoxicology. Forensic science international, 120(1-2), 42-

47. https://doi.org/10.1016/S0379-0738(01)00418-2

Leite, GLD, SA, VGM. 2010. Apostila: Taxonomia, Nomenclatura e identificacio de espécies. Universidade

Federal de Minas Gerais, Instituto de Ciéncias Agrarias, 50.

L, Z., Zhai, X., Zhou, H., et al. 2014. Effects of Ketamine on the development of forensically important blowfly
Chrysomya megacephala (F.)(Diptera: Calliphoridae) and its forensic relevance. Journal of forensic

sciences, 59(4), 991-996. https://doi.org/10.1111/1556-4029.12430



82

Neto, CHG. 2023. Dipteros necrdfagos do Brasil: contribui¢cdes a entomologia forense. Rio de Janeiro, RJ:

Autografia. 298p.

Oliveira-Costa, J, Mello-Patiu, CA, Lopes, SM. 2001. Dipteros muscoides associados com cadaveres humanos

na cena da morte no estado do Rio de Janeiro, Brasil. Boletim do Museu Nacional, 464, 1-6.

Oliveira, TC, Vasconcelos, SD. 2010. Insects (Diptera) associated with cadavers at the Institute of Legal
Medicine in Pernambuco, Brazil: implications for forensic entomology. Forensic Science International, 198(1-

3), 97-102. https://doi.org/10.1016/j.forsciint.2010.01.011

Oliveira-Costa, J. 2013. "Insetos Peritos": A Entomologia Forense no Brasil. 1°ed. Campinas, SP: Millennium

Editora. 487p.

Oliveira-Costa, J. 2008. Entomologia Forense: Quando os insetos séo vestigios. 2° ed. Campinas, SP:

Millennium Editora.420p.

Paseto, ML. 2014. Sarcophagidae (Diptera) e Lepidoptera associados a carcacas de suinos (Sus scrofa L.) em
area agropastoril de Uberlandia, Minas Gerais. (Master’s dissertation) - Universidade Estadual de Campinas,
Instituto de Biologia, Campinas, SP. https://hdl.handle.net/20.500.12733/1622437

https://doi.org/10.47749/T/UNICAMP.2014.926004

Pawar, HM, Deshmukh, GM. 2022. Effect of alprazolam on the developmental stages of forensically important
blow fly Chrysomya megacephala (Diptera: Calliphoridae). Journal of Entomology and Zoology Studies, 10(3),

101-104. https://doi.org/10.22271/j.ent0.2022.v10.i3b.8996

Rabélo, KCN, Thyssen, PJ, Salgado, RL, et al. 2011. Bionomics of two forensically important blowfly species
Chrysomya megacephala and Chrysomya putoria (Diptera: Calliphoridae) reared on four types of diet. Forensic

Science International, 210(1-3), 257-262.

Reigada, C, Godoy, WAC. 2006. Larval density, temperature and biological aspects of Chrysomya megacephala

(Diptera: Calliphoridae). Arquivo Brasileiro de Medicina Veterinario Zootecnico, 58(4),562-566.

Rezende, F. 2018. Thermal requirements of immatures of two species of Chrysomya (Diptera: Calliphoridae)
created under different temperatures and food substrates (Doctoral dissertation). Campinas (Brazil):

UNIVERSIDADE ESTADUAL DE CAMPINAS Instituto de Biologia.



83

Salimi, M, Rassi, Y, Chatrabgoun, O, et al. 2018. Toxicological analysis of insects on the corpse: a valuable

source of information in forensic investigations. Journal of arthropod-borne diseases, 12(3), 219.

Singh, D, Heer, BK, Wadhawan, B. 2016. Detection of Ketamine hydrochloride and its effect on the
development of immature stages of a forensically important blow fly Chrysomya megacephala (Fabricius)

(Diptera: Calliphoridae). Journal of Entomology and Zoology Studies, 4(2), 91-97.

Singh, D, Heer, BK, Wadhawan, B. 2014. Effect of ketamine hydrochloride in combination with Xylazine on the

development of Chrysomya megacephala fab. Indian Journal of Forensic Medicine & Toxicology, 8(1), 1140.

Stillion, K. 2023. Forensic Entomotoxicology: The effects of drugs on the life cycle and succession of

forensically important insects.

Thyssen, PJ, Mira, CT, Grella, MD, Linhares, AX. 2021. Experimenta¢do em Entomotoxicologia. In: VAIRO,
K. P.; MOURA, M. O. Entomologia forense na pratica: do laboratério a utilizacdo dos vestigios. 12 ed.

Campinas, SP: Millennium Editora.87-104.

Vairo, KP, Moura, MO. 2021. Entomologia forense na pratica: do laboratério a utilizacdo dos vestigios. 12 ed.

Campinas, SP: Millennium Editora, 332p.



84

ARTICLE Il

Sublethal effects of two alcoholic substances on biological parameters of blowflies of
forensic importance

Journal of Forensic Science International standards (preliminary version)

Thamiris Bibiano:, Khalid Haddi:
tEntomology Department, Federal University of Lavras (UFLA), Lavras, MG 37200-634 900,
Brazil

Corresponding author

Prof. Dr. Khalid Haddi
E-mail: khalid.haddi@ufla.br
Tel.: +55 35 3829 5285

Abstract

Flies are often found on corpses and the dynamics of development of their larvae are
used to calculate the post-mortem interval (PMI). Alcohol is the most widely consumed
beverage in the world, but its use can cause various collateral damage. Similarly, the presence
the substances in the of insects in the body can cause some physiological responses. The aim
of this work was to evaluate the effects of ethanol and Corote® at different concentrations on
the biology of C. megacephala. Newly hatched larvae were exposed by ingestion of substrate
treated with five volumes of alcohols. Parameters of the juvenile and adult stages and the
duration of each stage were evaluated. The results showed changes in developmental time of
larval stage (F=17.803; df=5; p=0.003) and (F=17.508; df=5; p=0.004), and pupal stage (F=36.
175; df=5; p<0.001) and (F=19.838; df=5; p=0.001) for ethanol and Corote, respectively. We
conclude that ethanol and Corote® alter the life parameters of C. megacephala used to estimate
PMI.
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1 INTRODUCTION

The presence of insects on corpses often occurs in criminal investigation scenarios, and
these insects are used to infer the post-mortem interval (PMI), such an analysis falls within the
field of forensic entomology [11,19,20]. Blowflies have frequently a higher abundance in
decomposing bodies and are of great importance for obtaining information about some events

before the death occurence [7,18].

Through entomotoxicology, it is possible to detect and identify substances in
decomposed tissues that are the cause of death, such as poisoning or overdose [1,9,15, 23,24].
The use of larvae for entomotoxicological studies provides a more accurate estimate of PMI, as

the substances affect larval development [10,12,16].

Alcohol is the most widely consumed legal substance in the world. According to the
World Health Organization, more than half of the world's population consumes alcohol [28]. In
Brazil, 66.4% of the population consumes alcohol during their lifetime [2]. This consumption
can lead to various health problems, such as mental and behavioral disorders [29], and previous
studies has shown a strong relation between alcohol consumption and some suicide cases due
to abuse or overdose [3]. Corote® is a popular beverage in Brazil, largely due to its affordability

and relatively low alcohol content (13.5% vol.).

Therefore, the aim of this study was to evaluate the effects of different concentrations
of ethanol and Corote® on the developmental cycle of C. megacephala and to test the following
hypotheses: 1) The Corote® present in the substrate does not affect the development of the
larvae and pupae of C. megacephala; 2) Chrysomya megacephala does not show any alteration
in the biological cycle when exposed to different concentrations of Corote®; 3) The pure ethanol
present in the substrate does not affect the development of the larvae and pupae of C.
megacephala; and 4) Chrysomya megacephala does not show any alteration in the biological
cycle when exposed to different concentrations of ethanol; 6) There is difference in the
development the blowfly the Corote® and ethanol treatments.



86

2. MATERIAL AND METHODS

2.1 Collection sites

Chrysomya megacephala larvae were collected with entomological tweezers at the
Composting Sector of the Federal University of Lavras (G-OLEO/UFLA). The specimens were
transported to the Molecular Entomology and Ecotoxicology Laboratory (M.E.E.T.) of the
Department of Entomology - UFLA, where they were placed on a ground meat substrate for
feeding. The development of the larvae up to the emergence of the adults was observed under
a stereoscope for identification (Trinocular Stereoscope Microscope ZOOM DI-152T) using
the dichotomous key for adult specimens by Carvalho & Mello-Patiu [6]. From these adults,
plastic cages (21.5x21.5x25cm?®) with voil sleeves (adapted from Estrada [8]) were set up to

establish the reading.

2.2 Description of obtaining the chemicals used: Corote and Ethanol

Corote is an alcoholic beverage, with alcohol content 13,5%, sold commercially in the
country. Pure ethanol put the exact (97% i guess) of alcohol in the ethanol used, was obtained
from the SIGMA-ALDRICH company.

2.3 Laboratory rearing conditions
The rearing at all stages took place in a climate-controlled room at 27 + 1° C, 12L.:12D
and relative humidity of 60 + 10% [8].

2.3.1 Rearing of adult individuals

Adults were fed an 80% sucrose solution and water. Over a period of 4 days, 20 g of
minced ground meat was offered to mature the ovarian follicles. After 11 days, minced meat

was offered again to obtain eggs.

2.3.2 Rearing of immatures individuals

The eggs were transferred to a substrate containing approximately 1.5g of 24-hour
minced ground meat per larva. The larvae were placed above the food in a breeding pot with a
cut-out lid and voile, with vermiculite at the bottom to allow the migrating larvae to pupate. At

the pupal stage, they were transferred to the birdcages until they emerged.

2.4 Toxicology Bioassays
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Figure 1. Stages of the toxicology bioassays procedure
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Experiments were conducted with first generation (F2) laboratory hatched C.
megacephala flies. The experimental design was organized in four replicates with 30 new larvae
(<1h old) per replicate, each replicate consisting of 40g of minced meat at the initial stage of
decomposition, and each replicate was stored in disposable plastic containers of 100mL, which
in turn were placed in larger plastic containers, 300mL plastic pots with vermiculite. The

experiment was conducted under the same environmental conditions as the breeding room.

Pretests were carried out to determine the volumes used: 50, 100, 150, 200 pL of pure
ethanol and Corote®, deionized water, and the control without addition of any liquid. Ethanol
(97%) was diluted to ethanol (39%), the same concentration as Corote®. In treatments where
liquid was added, 0.2 mL was applied for each replicate, the substrate was mechanically
homogenized, and the neon larvae were placed on the substrate. The substrate was not
manipulated until the larvae left it, thus avoiding stress to the individuals. The migrating larvae
were monitored until they reached the pupal stage and the adults emerged. At these stages,

individuals were individually weighed using an analytical balance (BEL Engineering M214Ai).

Several biological parameters were analyzed, including the duration of the larval and
pupal stages, the egg-pupa period, the duration of the complete cycle (egg-adult), larval weight

(L3), pupal weight, puparium weight, adult weight, and the sex ratio of emerged adults.

2.4.1 Statistical analyses

To evaluate the effect of the substance on the mentioned parameters, the data were
subjected to one-way ANOVA and the means comparison test using the "glht" and "cld"
functions of the R multcomp package, with the aim of comparing the treatments with the
control. For the egg-adult parameter, only individuals that completed the entire cycle were
considered. As for the adult weight, the data were submitted to two-way ANOVA with the
Holm-Sidak means comparison test, taking into account the factors of sex ratio of emerged
adults and concentrations. All statistical tests were performed using GLM in the RStudio

program, software for student use.
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3. RESULTS
3.1 Effects of different concentrations of ethanol on the juvenile stages of C.

megacephala

The differences of variance were significant for the following parameters: duration of
the larval stage (F=17.803; df=5; p=0.003) and egg-pupa stage (F=17.864; df=5; p=0.003) for
50 and 100 pL showed a longer duration compared to the control; duration of the pupal stage
(F=36. 175; df=5; p<0.001) for 150 and 200 pL showed a longer duration compared to the
control; the duration of the egg-adult stage (F=26.344; df=5; p<0.001) increased with increasing

volumes (Table 1).

For the parameters related to the body mass in the stages (larvae, pupae and adults), the
analysis was significant only for the weight of the pupa (F=14.423; df=5; p<0.001) in all
treatments compared to the control. For larval weight (F=9.753; df=5; p=0.083) and puparium
weight (F=2.571; df=5; p=0.766), the analyses were not significant (Table 2) (Figure 2a).

For the relevant parameters, the analysis of variance for the adult phase showed
significant differences for weight (F=145.720; df=5; p<0.001) (Table 2) (Figure 2a).

3.2 Effects of different doses of Corote on the juvenile stages of C. megacephala

Parameters related to the duration of the stages had significant results. The duration of
the larval stage (F=17.508; df=5; p=0.004), for 50 and 100 pL, which was longer compared to
the control; the duration of the pupal stage (F=19.838; df=5; p=0.001); the duration of the egg-
pupa (F=17. 618; df=5; p=0.003) was higher in volume 200 uL, being greater than all treatments
and the control; the duration of the complete cycle (F=18.289; df=5; p=0.003) was greater in
volumes 150 and 200 pL compared to the control (Table 1).

The analysis of variance was significant for the parameter pupal weight (F=11.364;
df=5; p=0.045) for 50 pL compared to the control. On the other hand, the analyses were not
significant for the parameters larval weight (F=6.241; df=5; p=0.284) and puparium weight
(F=2.148; df=5; p=0.828) (Table 2) (Figure 2Db).

For adult weight (F=7.160; df=5; p=0.209), sex (F=0.441; df=1; p=0.199), and the
interaction ‘treatment x sex' (F=4.271; df=5; p=0.511), analyses of variance showed no
significant differences (Table 2) (Figure 2b).
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4. DISCUSSION

Despite the fact that alcohol is a legal substance consumed worldwide, studies on
ethanol in the development of necrophagous flies are scarce in the literature, especially if we
look for works that have tried to investigate the effects of sublethal doses. To date, no work has
been found using the species Chrysomya megacephala, which is of great importance for

conclusions in forensic entomology.

The larval development time is of utmost importance as it helps in the calculation of
IPM and the presence of ethanol affects its duration. The results showed that the presence of a
small amount of pure ethanol and Corote® promoted a delay in the larval stage, causing the
larvae to stay longer in this stage. These data differ from those found in studies such as Osorio-
Arenas & Murgas [22], where the time spent by Lucilia eximia larvae reduced the time to reach
the pupal stage. Monthei [17], found Phormia regina, which when exposed to substrate

containing alcohol, showed a significant change in its development.

The total development time was similar in both treatments, with the time in ethanol
increasing with increasing volume, and for Corote, volumes 150 and 200 pL were higher
compared to the control. These results are different from the studies of Monthei [17] with P.

regina, where the time was shorter in the treatments.

One of the morphological parameters used to analyze the effects of substances on insect
development is weight gain [25]. For L. eximia, Osorio-Arenas & Murgas [22] found a decrease
in larval growth at a concentration of 10% ethanol. Tabor et al. [24] and Monthei [17] showed
in their studies, both conducted with P. regina, that higher concentrations of ethanol induce a
decrease in growth. As for the weight of the adults, the data show that the weight decreased
compared to the control, but among the treatments, the result was proportional to the volumes
applied, that is, the weight increased as the applied volume increased, a behavior also found in
P. regina, by Monthei [17].

The observed behaviors can be explained based on studies investigating hormesis in
insect development. This effect is based on physiological responses triggered when insects are
exposed to stressors, such as a substance, even at low doses [4,5], from which improved
performance or resistance can be inferred, since exposure to lethal doses can be harmful.

According to Monthei [17], the presence of alcohol prevents feeding until it has evaporated,
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allowing the larvae to feed again and influencing the behavior of staying longer on the substrate
to feed.

With regard to alcoholic substances, when the weight parameter was compared and a
discrepancy in the responses was observed, it can be postulated that Corote®, a product suitable
for consumption, contains additive substances in lower concentrations, which inhibited the

response obtained from the pure compound.

Understanding hormesis is essential to assess the effects of substances on insect
behavior, as blowflies are crucial for estimating PMI. Thus, we can conclude that ethanol, pure
or in Corote®, even in sublethal doses, affects the developmental time of C. megacephala,

delaying its duration and other parameters such as weight at different stages.
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Table 1. Effect of Ethanol and Corote® on the durations (in days) of the stages evaluated of C. megacephala.
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Duration in days of stages

Substance Treatmentm Larval Pupal Egg-pupae Egg-adult
Control 535+0.11 5.18 +0.09 6.35+0.11 9.53+0.15
Water 5.50+0.12 556 +0.12 6.50 £ 0.12 10.06 +0.15™
50 5.84 +0.06™ 5.44 +0.08 6.84 +0.06™ 10.29 +0.08™
Ethanol
100 5.92 +0.05™ 5.39 £ 0.07 6.92 +0.05™ 10.31 +0.09"
150 5.75 +0.06 5.69 +0.06™ 6.75 + 0.06 10.41 +0.08™
200 5.75 +0.06 5.84 +0.04™ 6.75 + 0.06 10.57 £ 0.08
Control 539+0.11 5.22£0.10 6.39+£0.11 9.61+0.15
Water 5.56 £0.12 5.50+0.13 6.56 £ 0.12 10.06 £ 0.18
50 5.91+0.05™ 5.48 £ 0.08 6.80 £ 0.06 10.25 £ 0.07
Corote
100 5.90 +0.05™ 5.39 £ 0.07 6.90 £ 0.05 10.31+0.10
150 5.81+0.05 5.67 £ 0.07 6.84 £ 0.05 10.45 +0.09™
200 5.73+0.06 5.73+0.05™ 7.15+0.09” 10.45 +0.10™

p= ***20.001; “**> 0.01; ‘** 0.05 (Teste de Holm-Sidak Significative). The stage durations are expressed as Mean + SE



Table 2. Effect of Ethanol and Corote ® in the weight (mg) of the evaluated morphological parameters of the juvenile stages, adults, females, and

males of C. megacephala.

Weight
Substance Treatmentm Larva Pupa Puparium Adult Female Male

Control 77.11+219 5751+1.05 5.09+1.06 36.28 £ 2.16 35.28 +4.88 36.88 + 2.09

Water 81.33+1.99 62.39+1.03 5.09+0.35 34.71+3.11 34.74 £ 4.16 35.65+4.94

50 82.62+1.11 63.56+0.88" 5.06 £0.23 21.53+0.677"  19.65+0.62 22.89+0.73

Ethanol 100 79.71+1.40 61.74+0.99 5.29+0.13 23.60 £0.74™  21.19+0.77 24.93 £ 0.67
150 80.39+1.19 61.87+0.91 5.19+0.01 22.10 £0.49™"  21.21+0.57 22.90 £ 0.38

200 7776 £1.31 59.56 +1.06 4,94 +0.17 23.97 £0.477"  23.31+0.72 24.33+0.44

Control 77.18 £2.07 57.43+0.99 5.09£0.11 35.29+2.64 33.03+4.60 36.88 £ 2.09

Water 79.09+1.69 61.29+1.15 5.01+0.40 32.32+2.99 30.96 + 3.30 33.66 £4.24

50 80.03+1.56 62.77+0.99" 5.05%+0.21 28.89 +1.23 27.38+1.78 29.99 + 1.35

corere 100 79.56+1.09 61.35+0.96 5.28+0.13 29.66 £+ 1.72 30.67£2.71 29.01 £ 1.65
150 79.98+1.11 61.23+0.81 5.13+0.12 28.48 + 1.53 30.18 +2.14 27.09 + 1.46

200 7596 +1.65 59.58+1.04 4,95+ 0.17 31.31+1.71 33.10 £ 2.60 29.76 + 1.66

p=***20.001; “***0.01; ‘** 0.05 (Teste de Holm-Sidak Significative). The stage durations are expressed as Mean + SE
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Figure 2: Average weight (mg) of different developmental stages of the Chrysomya megacephala fly. The stages include larva, pupa, puparium,

and adult. The data are presented for Ethanol (A) and Corote® (B).
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Legend: p= “***’ 0.001; “*** 0.01; “** 0.05 (Significant Tukey Test)
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FINAL CONSIDERATIONS

Forensic entomology has gained prominence in research because understanding the
dynamics and presence of insects at crime scenes has proven to be important in solving some
cases. Thus, it is essential to study the main insects involved in this dynamic, such as beetles
and flies, and to understand their behavioral, physiological, and biological responses to different

situations when attracted to a body or carcass.

It has been shown that the increased consumption of various substances by people, and
their presence in their bodies, has a significant impact on the behavior of insects. In light of
this, it has become essential to monitor the changes that may occur, which is crucial for
assessing the effects of these substances on insects. Although entomotoxicology is a relatively
new and underexplored field of study compared to other disciplines, it has already yielded
fascinating discoveries. Countries with tropical climates, such as Brazil, have contributed

promising results in this field.

To this end, understanding the responses of “blowflies” is of great importance in the
field of forensic dynamics, and the presence of substances can affect this process. The results
obtained from this study demonstrated that both substances tested, clonazepam, Corote and
ethanol, had a significant effect on the development time of the evaluated species. The pupa
weight was the most impacted parameter in the present study, as both substances exhibited an

increase in weight at the lowest concentration used, indicating a hormesis effect.

These studies are promising, as the analyses conducted through insects yield valuable
qualitative results that contribute to the elucidation of the facts. Such findings contribute
expanding the studies of toxicology associated with forensic entomology and diversifying the
area of applicability of studies related to hormesis in insects. Furthermore, these data permit
criminal experts to contemplate potential alterations in PMI calculations when composing
reports. Nevertheless, it is essential to take into account various factors, including species,
geographical regions, climatic conditions, and other variables, as these factors can affect insects

and cause them to behave differently.



