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Abstract  

Forensic entomotoxicology is a relatively new science whose applications aims the detection of toxic substances through a matrix of 
necrophagous insects in a crime scene. In addition, it aims the investigation of the impacts of the xenobiotics on these insects, generating impacts 
in the measurement of the post-mortem interval (PMI). Calliphoridae larvae, the most important insect for forensic entomology, has an average 
amount of 25% of crude fat and 53% of crude protein, being a complex matrix that requires some sample preparation methodology before 
inserting the sample in some equipment to perform the chemical instrumental analysis. Sample preparation methods should be applied in order 
to increase the protection of analytical equipment from impurities present in the arthropod matrix, as well as increase the detectability of the 
test analyte by the analytical instrumentation of choice. Thus, the objective of the present work is to compile sample preparation techniques 
since traditional procedures until new approaches found in the scientific literature applied for entomotoxicological analysis in Calliphoridae 
specimens and respective analytes. It was observed the lack of a complete standardization for entomotoxicological approach, mainly for 
traditional extractions preparations. In this sense, microextraction-based techniques become an even greater challenge for arthropod–like matrix, 
especially in specimens from Calliphoridae family for xenobiotics determination. So, the development of sample preparation techniques with 
more sustainable approaches, such as reduced use of solvents, added to the increase of the powerfulness of analytical instrumental techniques 
should be encourage in order to improve the forensic entomotoxicology approach.
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Introduction

Forensic entomotoxicology is consider a branch of the forensic 
entomology, which studies the potential use of arthropods with 
scavenger or necrophagous habits for the detection of possible 
toxicants in cases where usual biological matrices are unavailable 
for toxicological analysis. These cases can occur in highly 
decomposed bodies, skeletonized, mummified or burnt remains, 
with a lack of biological tissue [1,2]. Sarcophagidae and Coleoptera 
family are studied for forensic entomotoxicology, however the 
most important species is the blowflies from Calliphoridae family 
[3].

Detecting potentially fatal toxicants blindly is the great 
challenge for toxicologists, given the matrix complexity of 
arthropods [4]. Thus, it is known that the most widely used 
techniques for analysis in conventional biological matrices, such 
as human tissues and biological fluids, have been well applied  

 
for analytical investigations in matrices of these arthropods 
[2,4,5] Considering the complexity of the matrices involved in 
entomotoxicological analyses, it is necessary to perform the sample 
preparation techniques before the instrumental determination, 
mainly liquid chromatography (LC) and gas chromatography 
(GC) [6]. So, the objective of this review is compilate sample 
preparation techniques found in the scientific literature applied 
for entomotoxicological analysis in Calliphoridae specimens, 
together with the toxic substance analyzed and, finally, gather 
with methodology validation parameters obtained by the authors 
reviewed when available.

Calliphoridae specimens 

Calliphoridae family belongs to Order Diptera and Classe 
Insecta, being a cosmopolitan group of flies that has more than 
150 genera and 1000 species recognized [7]. Because of its 
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ecological diversity, the flies are adapted to different habitats 
[8]. These flies are small to medium-sized Diptera, generally 
metallic in shades of blue, violet, green and cuprine. They are 
popularly called blowflies [9,10] It is composed of 12 subfamilies: 
Auchmeromyinae, Bengaliinae, Calliphorinae, Chrycomyinae, 
Helicoboscinae, Luciliinae, Melanomyinae, Mesembrinellinae, 
Phumosiinae, Poleniinae, Rhiniinae and Toxotarsinae [11], 
among which 29 genera and 99 species occur in the Neotropical 
region, grouped in the following subfamilies: Chrysomyinae, 
Calliphorinae, Lucilliinae, Mesembrillinae, Polleniinae, Rhiniinae 
and Toxotarsinae [12]. Adults have a thoracic calyptera and 
meron with well-developed bristles, post-scutellum absent or 
poorly developed, abdominal segments without distal bristles or, 
if present, poorly developed, two bristles on the notopleura and 
ptylineal suture [13]. The larvae can be biontophagous, scavengers 
or necrobiontophagous, and can cause primary and secondary 
myiasis, being important as decomposers and also for use in 
animal and human health [14]. The principal genera recognized in 
the Neotropics are Cochliomyia Tonwsend, 1915, Compsomyiosps 
Townsend, 1918, Lucilia Robineau-Desvoidy, 1830 (including 
Phaenicia Robineau-Desvoidy), Calliphora Robineau-Desvoidy, 
1830, and Chrysomya Robineau-Desvoidy, 1830 [12,15].

Biological cycle of calliphoridae specimens

The diptera cycle is holometabolous (complete 
metamorphosis), composed for stages of egg, larvae (L1, L2, 
L3), pupae and adult flies. The Calliphoridae adults emerge from 
the pupae using the ptilinum, which is a membranous structure 
located between the eyes. This structure presses the pupae, 
forming a circular slit through which the adult emerges. The 
cycle is completed in 20 days depending on the environmental 
temperature. At average temperatures of 22 °C, the life cycle occurs 
in approximately 24 days. Females of this family lay their eggs on 
decomposing organic material, with exception of the Cochlyomyia 
hominivorax that lay their eggs on edges of live animal lesions. 
After 12 to 24 hours, the Calliphoridae larvae hatch and begin 
to feed [16]. Each female fly lays an average of 200 eggs per day, 
totaling up to 3000 eggs in her life [17].

Collected material of insects for studies

Secretions, hemolymph or body parts of L3 larvae and adult 
insects are used for forensics, biological, immune response and 
other studies. The insects are sterilized by immersion in a 0.5% 
sodium hypochlorite solution for 5 minutes and then rinsed with 
sterile distilled water. Only after these procedures the collection 
should be done [18,19].

Calliphoridae specimens for forensic entomotoxicology

Calliphoridae larvae are commonly found in decomposed 
bodies, and it can be used as a tool in investigation for the 
elucidation of crimes. Estimation of post-mortem intervals 
(PMI), isolation of human DNA from digestive tract fly larvae for 
individual identification and alternative matrix for xenobiotic 

analysis in humans and animals are real possibilities for forensic 
cases [3,20,21]. Neverthless, xenobiotics determination from 
Calliphoridae larvae requires a samples preparation before 
instrumentation application because of the matrix complexity. 

A few authors investigating the potential of blow flies as 
animal feed ingredients, have depicted the contents of crude fat 
and crude proteins of a few species. According to them, larvae of 
Calliphora vicina reared in pork liver showed the amount of crude 
fat and crude protein of 20.1% and 48.3% respectively. Larvae L3 
of Chrysomya megacephalla reared in minced pork meat showed 
27 % of crude fat and 61.8% of crude protein, while the pupal 
stage of the same species reared in the same rearing substrate 
presented 16.5% of crude fat and 46.8% of crude protein. Larvae 
L3 of Lucilia sericata reared in pork liver presented 28.4% of crude 
fat and 53.5% of crude protein, and the pupal stage reared also in 
a pork liver media, presented 26.6% of crude fat and 59% of crude 
protein. In addition, they reared Photophormia terraenovae in a 
meat waste media, obtaining for larvae at L3 stage 28.3% of crude 
fat and 46.3% of crude protein. For the pupal stage of the same 
species reared in the same media, the amounts of crude fat and 
crude protein were 23.6% and 56% respectively [22]. 

Sample Preparation Techniques

The objective of the sample preparation step is to isolate 
the components of interest from a sample matrix, because most 
analytical instruments cannot handle the matrix directly. Sample 
preparation involves extraction procedures and can also include 
cleanup procedures for very complex samples. This step must also 
bring the analytes to a concentration level suitable for detection, 
and therefore, sample preparation methods typically include 
enrichment [23].

According to Câmara et al. [24], 30% of the experimental errors 
and 60% of the time spent on lab are sample preparation related. 
For these reasons, it is not enough to have high resolution and 
sensitive equipment at your disposal if the sampling procedure 
and the sample handling and pretreatment methodologies are not 
optimized and done effectively. All these variables must be taken 
into account together to acquire high-quality analytical results 
with high selectivity and low sensitivity limits and to ensure high 
accuracy and reproducibility. 

Liquid-liquid extraction (LLE)

One of the oldest and most common sample preparation 
methods in toxicology laboratories is the LLE, is a solvent-based 
extraction method. LLE is based on the distribution of an analyte 
between two phases, with the purpose of be extracted from an 
aqueous sample solution with the help of a water-immiscible 
organic solvent [25,26]. The driving force for this extraction 
process is the difference in the solubility of the target analytes 
between the binary phase formed by the addition of the organic 
solvent. It is a process that can be used, for example, to increase 
selectivity by isolating the analyte from interfering species in the 
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matrix, or to increase selectivity by concentrating the analyte 
from a large volume of sample [6,23].

Beyer et al. [27] were the first authors to report an LLE-based 
method to detect the qualitative presence of phenobarbital in 
larval tissue of 	  (Fabricius) in a case of fatal overdose. Since 
then, several authors have developed methods for the analysis 
of the most varied types of analytes, being the vast majority in 
applications larvae or pupae of species of the Calliphoridae family 
given its importance for cases related to forensic entomology. 
From the onwards, several studies involving entomotoxicological 
analysis of Calliphoridae specimens tissues, developed only 
qualitative studies or even quantitative ones, without referring to 
any validation of the methodology developed [27-44].

Sadler et al. [45] in research whose purpose was assay 
and evaluate the bioaccumulation and elimination of four 
antidepressants in Calliphora vicina larvae, developed an LLE-
based method followed by GC-MS determination where it was 
possible to quantify amitriptyline, temazepam and a combination 
of trazodone and trimipramine, without a description of a method 
validation. Nevertheless, the LOD of the method according to 
the authors were 0.01µg/g larval tissue for all four drugs. Wood 
et al. [46] described the development of a sensitive extraction 
method followed by simultaneous LC-MS/MS determination 
of 10 benzodiazepines (alprazolam, clonazepam, diazepam, 
flunitrazepam, lorazepam, nordiazepam, oxazepam, prazepam, 
temazepam and triazolam) in C. vicina larval and puparia tissues. 
The authors tested four different extractive methodologies, 
including LLE among them. However, the one that showed the 
greatest recovery power, both in larval tissue and in pupae, was 
a simple method based on a simple homogenization followed by 
precipitation by acetonitrile, whose LOD and LOQ for larval tissue 
ranged from 1.88 to 5.13pg/mg and between 7.63 and 20.63, 
respectively. For pupal tissue, LOD and LOQ ranged from 6.28 to 
19.03 and 25.23 to 73.93pg/mg, respectively.

Wolff et al. [47] developed and validated an LLE-based 
method for parathion determination by HPLC-DAD in a pool 
of arthropods with 29 diptera (24 larvae, 3 pupae, 1 pupa case, 
1 adult), 13 coleoptera (adults), 6 hymenoptera (adults), 1 
hemiptera (adult), 1 isopod and 3 acarids (adults). It was found 
that the LOQ for parathion in the respective method was 0.1ppm. 
Kharbouche et al. [48] developed and validated an LLE-based 
followed by LC-MS methodology for codeine, norcodeine and 
morphine determinations in Lucilia sericata (Meigen) larvae, 
pupae and adults. In all blow flies tissue stages tested, the LOD 
for codeine, morphine, and norcodeine were 1, 2 and 3ng/g, 
respectively and the LOQ was fixed at 10ng/g for all matrices. Liu 
et al. [49] developed and validated an LLE method that determines 
the concentration of malathion in rabbit tissues and Chysomya 
megacephala (Fabricius) larvae feeding on those tissues by GC-
MS. Malathion was found in all muscle and liver tissues assayed 
on rabbit corpse and in larval tissue as well. They found for this 

method LOD of 0.1µg/mL and LOQ of 0.3µg/mL value in this 
method.

Gosselin et al. [50] developed a method for the quantification 
of methadone and its main metabolite, 2-ethylidene-1,5-
dimethyl-3,3-diphenylpyrrolidene (EDDP), in third instar larvae 
of L. sericata which were reared in substrate containing 4μg/g 
of methadone. The method comprised a simple LLE, followed by 
analysis by LC-MS-MS. The method proved to be sensitive enough 
to identify methadone and EDDP in a single larva, showing limit of 
quantification of 10pg/mg.

Gosselin et al. [51], in further studies, evaluated the effect of 
contact of methadone on L. sericata life cycle development and 
developed and validated an LLE-based methodology followed 
by a UPLC-MS/MS analytical procedure for determination of 
methadone and its metabolite EDDP. LOD and LOQ for puparial 
tissue were set respectively 2pg/mg and 10pg/mg puparial case 
for both analytes. Also, they inferred that EDDP was not detected 
in pupae samples, confirming rapid elimination of metabolites by 
the larvae before pupation.

Bushby et al. [52] developed and validated an LLE method 
with a recovery power > 80% followed by LC-MS/MS analytical 
determination of methylphenidate in L. sericata larval matrix 
using an in vivo rat brain model. The LOD and LOQ obtained 
for this methodology in the larval matrix were 24 and 80ng/
mL. Magni et al. [53] developed and validated an LLE-based 
methodology followed by GC-MS determination for nicotine and 
its predominant metabolite cotinine detection in larval matrix of 
Calliphora.vomitoria (L.). The method showed for nicotine LOD 
and LOQ of 0.13 and 0.43ng/mg respectively and 0.38 and 1.2 for 
cotinine, respectively. Recently, Wang et al. [54] developed an LLE 
methodology for determination of metamphetamine followed by 
GC-MS analysis in larval matrix of Aldrichina graham (Aldrich). 
The calculated LOD was 0.10ng/mg, while LOQ value was 0.33ng/
mg in this method. 

Solid-phase extraction (SPE)

SPE method is based to trap the analytes of interest through 
disposable cartridges, which contain the most various sorbents 
such as silica, silica bound to polymeric resins or hydrocarbons. 
These proposed sorbents allows, by chemically and or physical 
mechanisms, the separation of a wide range of components from 
the most diverse matrices in their most diverse complexities, 
avoiding solvents and the matrices interferents per se in the 
instrument analytical signal, consequently improving the 
detectability, selectivity and sensitivity of the target compounds 
[6,55]. SPE allows a more complete extraction of the analyte and a 
more efficient separation if interferences from samples, demands 
a reduced usage of solvents, there is no emulsion formation, 
more convenient manual procedures with particulate removal 
as part of the methodology, allowing recoveries > 99% in one-
step SPE method. On the other hand, there is the possibility of 
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irreversible adsorption of matrix interference, which makes it 
impossible to reuse the cartridges, making the method relatively 
expensive [6,55]. As the insect extraction matrix consists of a 
solid material, the sorbent used will depend on the analyte to be 
detected, as well as the sample volume to define the appropriate 
means for extraction [56]. Similar to LLE procedures, the majority 
of SPE techniques were employed for qualitative purposes to 
entomotoxicology in Calliphoridae insect [34,57,58].

De Aguiar et al. [59] developed and fully validated a SPE-
similar method followed by liquid chromatography coupled to 
tandem mass spectrometry (LC-MS/MS) determination. The 
sample preparation method was consisted by a solid-liquid 
extraction with low temperature- partitioning (SLE-LTP) and was 
applied in larvae matrix collected from decomposed corpses. The 
methodology was developed for several drugs and its metabolites. 
The LOQ of the methodology employed was 3ng/g for amitriptyline, 
1ng/g for carbamazepine, 2.5ng/g for bromazepam, 3ng/g for 
clonazepam, 2.5ng/g for diazepam, 2ng/g for flunitrazepam, 
2ng/g for cocaine and its metabolite benzoylecgonine, 2ng/g for 
the pesticide aldicarb and 6ng/g and 40ng/g for its sulfone and 
sulfoxide metabolites, respectively.

 Lambiase et al. [60] evaluated the potential of ethyl 
glucuronide (EtG) and ethyl sulfate (EtS) as potencial biomarkers 
for ethanol intake in larval tissue of Calliphora vicina showing 
that the maggots, pupae and puparia could be a useful matrix for 
the evaluation of ante mortem alcohol ingestion. Before that, to 
ensure the data collection, the authors developed and validated a 
SPE followed by a LC-MS/MS methodology for the determination 
of the toxicants. The LOD and LOQ of the method were 20 and 
30pg/mg for EtG and 10 and 20pg/mg for EtS.

Headspace (HS) and solid phase microextraction 
(SPME)

A usual analysis of HS takes place when a liquid, semi-solid or 
solid sample in a determinated volume/ weight is sealed inside a 
vial and incubated during a period in certain temperature. With 
the help of some device that is exposed to this HS saturated with 
the analytes, the volatile air is collected and injected into the 
GC system [6]. HS do not require the use of a solvent to obtain 
a pure volatile extract from the respective sample, which allows 
the introduction of analytes without problems into a GC system. 
Traditional HS consider static or dynamic headspace (SHS or DHS), 
however there is a HS-based technique known Headspace/solid-
phase microextraction (HS-SPME) [6,61,62]. SPME was developed 
in the 1990s to address the need for a sample preparation 
procedure that could be employed in both the laboratory and 
on-site [23,63]. Succinctly, SPME sampling consists of exposing 
a thin polymeric coating fiber into the headspace produced 
by a given sample matrix for a predetermined time. Since the 
fiber exposition, the transport of the volatile analytes from the 
headspace to the coating begins immediately and is considered 
to be complete when the analyte concentration has reached 
distribution equilibrium between the sample matrix and the fiber 

coating. After sampled, the volatiles are desorbed into the GC 
injection port for a predetermined period of time and desorption 
temperature [64].

Tabor et al. [65] employed traditional static HS to evaluate 
the effects of Phormia regina (Meigen) larva fed on pork treated 
with ethanol on its development inferences to assist on PMI 
estimations. They found significant differences in body length of 
third-instar larvae fed on ethanol approximately 12-hours longer 
post-feeding period compared with a control group. Also, ethanol 
concentrations in the Phormia regina larva matrix found were 
0.01% (w/v) for both LOD and LOQ.

Definis-Gojanovic et al. [66] analyzed multiple samples of a 
suicide case on decomposed human tissue remains, larval blow 
flies and of the larval flesh in a diversified level of stages which 
were collected from the corpse and then were analyzed using HS-
SPME and gas chromatography with flame ionization detector (GC-
FID) for the presence of ethanol. However, it was not possible to 
detect the ethanol content in larval matrix and the authors did not 
validated the employed methodology. A few authors have studied 
the changes in pattern of volatile compounds daily released of 
pupae and or larvae of blow flies as a function of decomposition 
using laboratory colonies and meat baits by HS-SPME and gas 
chromatography coupled to mass spectrometry (GC-MS) [67-72]. 
The authors showed that the volatile profile varied qualitatively 
and semi quantitatively, with the age of the larva/pupa under 
investigation and concluded that is possible to increase the 
accuracy of the estimated PMI, through improved estimation of 
the age of blowflies present on the corpse, suggesting this type of 
analysis as a new tool to estimate PMI.

While these studies have elucidated the chemical composition 
of larvae samples as a function of decomposition using laboratory 
colonies and meat baits, Blanar and Pruda-Tiedemann [73] 
developed a study focusing on blowfly larvae samples collected 
from an active outdoor cadaveric decomposition model from a 
pool of larva, also by HS-SPME and GC-MS. A total of 10 molecules 
from 107 detected were selected as frequently occurring in the 
larvae matrix. The authors concluded that was feasible to use a 
larval odor sample to detect previously reported decomposition 
odor volatiles and through continuous sampling, the odor profile 
changes as a function of decomposition.

QuEChERS (Quick, Easy, Cheap, Effective, Rugged, 
Safe) 

QuEChERS is a miniaturized extractive technique which 
associates a salting-out assisted liquid-liquid extraction initial 
step with a dispersive solid-phase extraction (d-SPE) with 
cleanup purposes, which has allowed the extraction a large 
number of analytes with different physicochemical characteristics 
with a high degree of enrichment, elimination of interferences 
from the matrix, robust, low cost, easy and fast handling [25,74]. 
Furthermore, by the fact of using small amounts of non-toxic 
solvents and reagents, may be considered laboratory and 
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environmental safe. Another favorable aspect of this procedure is 
that there is no mandatory apparatus for its application, allowing it 
to be used in any laboratory [75]. The search for more sustainable 
extractive methods has been a recurring theme of research in the 
academic scenario. In this context, the QuEChERS methodology 
fits for entomotoxicological analysis purposes. Magni et al. [76] 
were the first authors to employ a QuEChERS-based extraction 
method in entomotoxicology. They developed and validated a 
QuEChERS extraction method followed by GC-MS detection of 
α- and β-endosulfan (organochlorine insecticide and acaricide) 
in larva, pupa, empty pupa and adult of Calliphora vomitoria L. 
The insects were reared on bovine liver substracts spiked with 
endosulfan concentrations related to the concentrations found 
in body tissues of humans and animals involved in endosulfan 
poisoning. They demonstrated that the combined QuEChERS 
extraction and GC-MS approach provided an adequate method 
to detect both α- and β-endosulfan in blowfly larvae, pupa, 
empty pupa and adult, showing for α-endosulfan LOD and LOQ 
of 0.22ng/mg and 0.73ng/mg respectively and, for β-endosulfan 
LOD and LOQ of 0.21ng/mg and 0.71ng/mg repectively. 

Cox [77] developed and validated a method involving 
extraction of fentanyl and its metabolites by modified QuEChERS 

followed by LC-MS/MS determination in in larva, pupa, empty 
pupa and adult of Lucilia sericata and evaluated the effect of these 
substances on the biological development of the species. The 
author found for fentanyl LOD and lower limit of quantification 
(LLOQ) for both, larval and pupal tissue of 0.1µg/kg for 4-NPP, 
0.4µg/kg for ß-hydroxyfentanyl, 0.1µg/kg for fentanyl and 0.5µg/
kg for norfentanyl.

Cranston [78] developed and validated a method involving 
extraction of fentanyl and its metabolites by modified QuEChERS 
followed by GC-MS determination of ketamine and norketamine 
in larval tissue of Sarcophaga bullata and evaluated the effect of 
these substances on the biological development of the species. 
Analysis of the larval samples proved that both ketamine and 
norketamine extracted using QuEChERS and analyzed using GC-
MS could be successfully detected. LOD and LOQ for ketamine 
were 58.13 and 193.76 ppb respectively and for norketamine 
were 82.51 and 275.05 ppb respectively. The researchers found 
employing the QuEChERS methodology for entomotoxicology 
determinations showed interesting outcomes and further 
investigations regarding it must be carried out. Following are the 
main methodologies applied in forensic entomotoxicology to date 
for the analysis of specimens from Calliphoridae family (Table 1).

Table 1: Relation of sample preparation methods with toxicants studied in entomotoxicology

Analyte(s) Calliphoridae Species Equipment Validation of 
Method LOD LOQ References

Liquid-Liquid Extraction

Amytriptiline

Lucilia sericata(Meigen) GC-MS No     41

Calliphora vicina (Robin-
neau-Desvoidy) HPLC-UV Yes 0.01µg/g (larva)   45

Calliphora vicina (Robin-
neau-Desvoidy) GC-MS No     33

Unspecified HPLC-MS, GC-MS No     40

Clomipramine
Lucilia sericata(Meigen) GC-MS No     41

Unspecified HPLC-UV No     29

Dothiepin Unspecified
HPLC-MS, GC-MS No     40

HPLC-MS, GC-MS No     40

Fluoxetine Unspecified HPLC-MS, GC-MS No     40

Nortryptiline Lucilia sericata(Meigen) GC-MS No     41

Trazodone Calliphora vicina (Robin-
neau-Desvoidy) HPLC-UV Yes 0.01µg/g (larva)   45

Trimipramine Calliphora vicina (Robin-
neau-Desvoidy) HPLC-UV Yes 0.01µg/g (larva)   45

Venlafaxine Unspecified HPLC-MS, GC-MS No     40

Amobarbital Unspecified HPLC-MS, GC-MS No     40
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Phenobarbital

Cochliomyia macellaria 
(Fabricius) GC-MS No     27

Lucilia sericata(Meigen) GC-MS No     41

Unspecified
HPLC-UV No     29

HPLC-MS, GC-MS No     40

Alprazolam
Calliphora vicina (Robin-

neau-Desvoidy) HPLC-MS Yes 
5.13pg/mg (lar-
va); 7.43pg/mg 

(pupa) 

20.63pg/mg; 
29.78pg/mg 

(pupa)
46

Unspecified HPLC-MS, GC-MS No     40

Bromazepam Unspecified HPLC-MS, GC-MS No     40

Clonazepam Calliphora vicina (Robin-
neau-Desvoidy) HPLC-MS Yes 

2pg/mg (larva); 
6.28pg/mg 

(pupa)

8pg/mg (larva); 
25.23pg/mg 

(pupa)
46

Diazepam Calliphora vicina (Robin-
neau-Desvoidy) HPLC-MS Yes 

1.88pg/mg (lar-
va); 17.05pg/mg 

(pupa)

7.63pg/mg (lar-
va); 66.53pg/mg 

(pupa)
46

  Chrysomya albiceps (Wiede-
mann) GC-MS No     38

  Chrysomya putoria (Wiede-
mann) GC-MS No     38

Flunitrazepam Calliphora vicina (Robin-
neau-Desvoidy) HPLC-MS Yes 

4pg/mg (larva); 
14.43pg/mg 

(pupa)

16.38pg/mg 
(larva); 56.68 

(pupa)
46

Lorazepam
Calliphora vicina (Robin-

neau-Desvoidy) HPLC-MS Yes 
2.63pg/mg (lar-
va); 19.03pg/mg 

(pupa)

10.75pg/mg 
(larva); 73.93pg/

mg (pupa)
46

Unspecified HPLC-MS, GC-MS No     40

Nordiazepam

Calliphora vicina (Robin-
neau-Desvoidy)

HLC-MS Yes 
3pg/mg (larva); 

14.95pg/mg 
(pupa)

12.5pg/mg 
(larva); 58.68pg/

mg)
46

HPLC-MS No     39

Unspecified HPLC-MS, GC-MS No     40

Oxazepam Calliphora vicina (Robin-
neau-Desvoidy)

HPLC-MS Yes 
4.88pg/mg (lar-
va); 16.88pg/mg 

(pupa)

19.75pg/mg 
(larva); 65.90pg/

mg (pupa)
46

HPLC-MS No     39

Prazepam Calliphora vicina (Robin-
neau-Desvoidy)

HPLC-MS Yes 
3.50pg/mg (lar-
va); 13.40pg/mg 

(pupa)

14.50pg/mg 
(larva); 52.75pg/

mg (pupa)
46

HPLC-MS No     38
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Temazepam Calliphora vicina (Robin-
neau-Desvoidy)

HPLC-UV Yes 0.01µg/g (larva)   45

HPLC-MS Yes 
2.75pg/mg (lar-
va); 13.10pg/mg 

(larva)

11.25pg/mg 
(larva); 52.10pg/

mg (pupa)
46

Triazolam 

Calliphora vicina (Robin-
neau-Desvoidy)

HPLC-UV Yes 0.01µg/g (larva)   45

UHPLC-MS Yes 
3pg/mg (larva); 

7.80pg/mg 
(pupa)

12.38pg/mg 
(larva); 31.18pg/

mg (pupa)
46

Unspecified HPLC-MS No     39

Codeine 

Lucilia sericata (Meigen) HPLC-MS Yes 1ng/g (larva, 
pupa and adult)

10ng/g (larva, 
pupa and adult) 48

Unspecified
HPLC-MS, GC-MS No     32

HPLC-MS, GC-MS No     40

Norcodeine Lucilia sericata (Meigen) HPLC-MS Yes 2ng/g (larva, 
pupa and adult)

10ng/g (larva 
pupa and adult) 48

Heroine Lucilia sericata(Meigen) GC-MS No     41

Methadone Lucilia sericata(Meigen)
HPLC-MS Yes   10pg/mg (larva) 50

UPLC-MS Yes 2pg/mg (pupa) 10pg/mg (pupa) 51

Morphine

Lucilia sericata(Meigen)

HPLC-MS Yes 3ng/g (larva, 
pupa and adult)

10ng/g (larva 
pupa and adult) 48

GC-MS No     36

GC-MS No     37

GC-MS No     41

Unspecified
HPLC-MS, GC-MS No     40

HPLC-MS, GC-MS No     40

Pholcodine Unspecified HPLC-MS, GC-MS No     40

Tramadol Lucilia sericata(Meigen) HPLC-UV No     42

Alimemazine Unspecified
HPLC-UV No     29

HPLC-MS, GC-MS No     40

Chlorpromazine Unspecified HPLC-MS, GC-MS No     40

Cyamemazanine Unspecified HPLC-MS, GC-MS No     40

Levomepromazine
Lucilia sericata(Meigen) GC-MS No     41

Unspecified HPLC-MS, GC-MS No     40

Thioridazine Lucilia sericata(Meigen) GC-MS No     41

Amphetamine Calliphora vicina (Robin-
neau-Desvoidy) HPLC-UV No     34

Methamphetamine

Aldrichina graham (Aldrich) GC-MS Yes 0.10ng/mg 
(larva)

0.33ng/mg 
(larva) 54

Lucilia sericata(Meigen) GC-MS No     44

Chrysomya albiceps (Wiede-
mann) GC-MS No     44

MDMA Sarcophaga ruphicornis 
(Fabricius) HPLC-UV No     35
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Cocaine

Lucilia sericata(Meigen)
GC-MS No     41

GC-MS No     44

Chrysomya albiceps (Wiede-
mann) GC-MS No     44

Unspecified 
GC-MS No     30

GC-MS No     31

Methylphenidate Lucilia sericata(Meigen) HPLC-MS/MS Yes 24ng/mL (larva) 80ng/mL (larva) 52

Benzoylecgonine
Lucilia sericata(Meigen) GC-MS No     41

Unspecified GC-MS No     31

11-Hydroxy-THC Unspecified HPLC-MS, GC-MS No     40

Meptrobamate Unspecified HPLC-MS, GC-MS No     40

Digoxin Unspecified HPLC-MS, GC-MS No     40

Netopam Unspecified HPLC-MS, GC-MS No     40

Proproxyphene Unspecified HPLC-MS, GC-MS No     40

Parathion

Diptera pool HPLC-DAD Yes   0.1 ppm 47

Coleoptera pool HPLC-DAD Yes   0.1 ppm 47

Hymenoptera pool HPLC-DAD Yes   0.1 ppm 47

Chrysomya rufifacies (Mac-
quart) GC-MS No     28

Malathion Chrysomya megacephala 
(Fabricius)

GC-MS No     28

GC-MS No     43

Nicotine Calliphora.vomitoria (L.). GC-MS Yes 0.13ng/mg 
(larva)

0.43ng/mg 
(larva) 53

Cotinine Calliphora.vomitoria (L.). GC-MS Yes 0.38ng/mg 
(larva) 1.2ng/mg (larva) 53

Solid-Phase Extraction

Amytriptiline
Unspecified HPLC-MS/MS Yes   3ng/g (larva) 59

Unspecified GC-MS No     57

Nortryptiline Unspecified GC-MS No     57

Amylobarbitone Calliphora vicina (Robin-
neau-Desvoidy) HPLC-UV No     34

Barbitone Calliphora vicina (Robin-
neau-Desvoidy) HPLC-UV No     34

Brallobarbitone Calliphora vicina (Robin-
neau-Desvoidy) HPLC-UV No     34

Phenobarbitone Calliphora vicina (Robin-
neau-Desvoidy) HPLC-UV No     34

Thiopentone Calliphora vicina (Robin-
neau-Desvoidy) HPLC-UV No     34

Bromazepam Unspecified HPLC-MS/MS Yes   2.5ng/g (larva) 59

Carbamazepina Unspecified HPLC-MS/MS Yes   1ng/g (larva) 59

Clonazepam Unspecified HPLC-MS/MS Yes   3ng/g (larva) 59

Diazepam Unspecified HPLC-MS/MS Yes   2.5ng/g (larva) 59

Flunitrazepam Unspecified HPLC-MS/MS Yes   2ng/g (larva) 59
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Methamphetamine Calliphora vicina (Robin-
neau-Desvoidy) HPLC-UV No     34

Phencyclidine Calliphora vicina (Robin-
neau-Desvoidy) HPLC-UV No     34

Cocaine Unspecified HPLC-MS/MS Yes   2ng/g (larva) 59

Benzoylecgonine Unspecified HPLC-MS/MS Yes   2ng/g (larva) 59

Aminohippurate Calliphora vicina (Robin-
neau-Desvoidy) HPLC-UV No     34

Acetylsalicilic acid Calliphora vicina (Robin-
neau-Desvoidy) HPLC-UV No     34

Sodium salycilate Calliphora vicina (Robin-
neau-Desvoidy) HPLC-UV No     34

Ethyl glucuronide Calliphora vicina (Robin-
neau-Desvoidy) HPLC-MS/MS Yes 20pg/mg (larva 

and pupa)
30pg/mg (larva 

and pupa) 60

Ethyl sulfate Calliphora vicina (Robin-
neau-Desvoidy) HPLC-MS/MS Yes 10pg/mg (larva 

and pupa)
20pg/mg (larva 

and pupa) 60

Headspace/Headspace-Solid-Phase Microextraction

Ethanol Phormia regina (Meigen) GC-FID Yes 0.01% (larva) 0.01% (larva) 65

Ethanol Calliphoridae pool GC-FID No     66

VOC profile Calliphoridae pool GC-MS No     67-73

QuEChERS 

α-endosulfan Calliphora.vomitoria (L.). GC-MS Yes 
0.22ng/mg (larva, 

pupa, empry 
pupa and adult)

0.73ng/mg (lar-
va, pupa, empry 
pupa and adult)

76

β-endosulfan Calliphora.vomitoria (L.). GC-MS Yes 
0.21ng/mg (larva, 

pupa, empry 
pupa and adult)

0.71ng/mg (lar-
va, pupa, empry 
pupa and adult)

76

Fentanyl Lucilia sericata(Meigen) HPLC-MS/MS Yes 0.1µg/kg (larva 
and pupa)

0.1µg/kg (larva 
and pupa) 77

Norfentanyl Lucilia sericata(Meigen) HPLC-MS/MS Yes 0.5µg/kg (larva 
and pupa)

0.5µg/kg (larva 
and pupa) 77

ß-hydroxyfentanyl Lucilia sericata(Meigen) HPLC-MS/MS Yes 0.4µg/kg (larva 
and pupa)

0.4µg/kg (larva 
and pupa) 77

 4-anilino-N-
phenethyl-piperidine 

(4-NPP)
Lucilia sericata(Meigen) HPLC-MS/MS Yes 0.1µg/kg (larva 

and pupa)
0.1µg/kg (larva 

and pupa) 77

GC-FID, Gas chromatography with flame ionization detector; GC-FID, Gas chromatography coupled to mass spectrometry; HPLC-DAD, high 
performance liquid chromatography with diode array detector; HPLC-MS, high performance liquid chromatography coupled to mass spectrometry; 
HPLC-MS/MS, high performance liquid chromatography coupled to tandem mass spectrometry HPLC-UV, high performance liquid chromatogra-
phy with ultraviolet; detector LOD, limit of detection; LOQ, limit of quantification; UPLC-MS, ultra-performance liquid chromatography coupled to 
mass spectrometry; VOC, volatile organic compounds.
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Alternative Extraction Procedures for Future Testing 
in Calliphoridae Specimens 

The most widely used and commonly accepted classical 
extraction techniques (CETs) are LLE and SPE. The use of CETs 
as a sample preparation method tends to be slow, laborious and 
limited to the use of relatively high amounts of environmentally 
harmful solvents and, sometimes, to present low extractive 
efficiencies [24]. To overcome the drawbacks of CETs, several novel 
microextraction techniques with faster, cheaper, and “greener” 
pretreatment of complex samples has been proposed [24]. 
Follows a brief mention of some possible methods with this new 
proposal that could be applied to forensic entomotoxicology by 
its simplicity and compatibility with the new approach purposes.

Hollow-fiber liquid-phase microextraction (HF-LPME)

HF–LPME is an extractive method that uses a porous fiber, 
whose lumen is filled with the acceptor phase, and a water-
immiscible liquid forms a supported liquid membrane (SLM) in 
its pores, so that the acceptor phase is retained inside the fiber. 
This fiber is then placed in contact with the donor phase, that is, 
the matrix that is desired to extract the analyte. It can be a two-
phase extraction system, in which the acceptor phase is an organic 
solvent, or a three-phase system, in which the acceptor phase is an 
aqueous solution [79]. The mechanism of passage of the analyte 
from the donor phase (sample) to the acceptor phase is passive 
diffusion in a pH gradient, thus the analyte needs to be non-
ionized in the initial phase (donor) and ionized in the acceptor. 
This type of extraction is used both to separate inorganic and 
organic compounds from various matrices [80]. Another very 
favorable aspect of LPME is the pre-concentration of the analyte 
under study, since they pass from the matrix to the small volume 
of the acceptor phase. In addition, it provides efficient sample 
cleaning and can be used in complex biological matrices, such as 
whole blood [81]. In the literature was not found study that has 
used the LPME in entomotoxicological analysis, however, given its 
positive characteristics, it is believed that such extractive method 
is a viable alternative for this type of analysis and in the future can 
be used for this purpose.

Supported liquid extraction (SLE)

SLE is an old technique that has gained prominence and 
increased use for being simple and providing adequate sample 
cleaning, resulting in small matrix effect. In this method, the 
extraction is performed with an appropriate solvent (liquid), but 
a solid medium is used as a support for the liquid sample. The 
solid support used does not interact with the analyte, unlike the 
solid phase used in the SPE, which acts by selectively retaining 
the intended analyte [82-84] successfully employed SLE to extract 
analytes of interest from larvae taken from the human body, 
without generate information about the method validation.

Dispersive liquid-liquid microextraction (DLLME)

Currently, one of the most used techniques for the extraction 

of analytes in biological material is the DLLME proposed by 
Razaee and collaborators in 2006 [85]. The principle is based 
on the mixture of the biological sample with an extractor solvent 
(organic solvent) that when adding a dispersing solvent (miscible 
in the solvent extractor), form droplets of the organic solvent 
wholly dispersed in the aqueous phase, increasing the contact 
area, thus extracting the analyte, for having more affinity for the 
apolar solvent [86]. DLLME can also be used for pre-concentration 
of the desired analyte in cases such as extraction of organic 
analytes such as pharmaceuticals, amines, phenols and others in 
aqueous samples and food. To achieve the technique’s maximum 
yield, some factors such as sample pH, ionic strength, the polarity 
of the solvent extractor, solvent volume and extraction time must 
be evaluated. This extractive technique allows the application of 
environmentally friendly solvents, is considered a Green Chemistry 
procedure and can be used in any laboratory for forensic analysis 
of being fast, efficient and low cost [86-88]. However, until this 
moment, no studies on its use in entomotoxicological analysis 
with Calliphoridae larvae were found in the scientific literature.

Dilute-and-Shoot

The technique known as dilute-and-shoot refers to the 
simple dilution of the sample matrix with a suitable solvent for 
subsequent instrumental analysis. Depending on the matrix to be 
analyzed, which may include biological matrices such as urine, 
sweat and saliva, among others, the development of the technique 
is possible. However, in more complex matrices, such as serum, 
milk or plasma, previous steps are required to prepare the sample 
itself [89].Dilute-and-shoot technique simply aims to reduce the 
effects of the matrix, not eliminating undesirable co-extractors, 
qualifying itself as a good alternative because it reduces the total 
sample preparation time, qualifying as a technique with a “Green” 
bias, given its reduced use of reagents and supplies and does not 
require specific instrumentation for its performance. However, its 
biggest bottleneck occurs in the need for a selective analysis and 
in samples with trace-level concentrations of the target analyte 
[90]. 

Furthermore, according Sulyok et al. [91], in addition to being a 
technique with sustainable prerogative, the simplicity of execution 
of the method allows an effective application in routine analyzes 
with high demand. Hence, has been applied in several types of 
analytes, such as drugs of abuse, forensics and food safety, and can 
be used across a range of “omics” studies such as metabolomics. 
However, there are some difficulties with regard to obtaining 
reproducibility, accuracy, precision and reproducibility of the 
technique, especially in multiresidue analyses, which demands 
further investigations. Until this moment, there are no studies on 
its use in entomotoxicological analysis with Calliphoridae larvae 
in the scientific literature.

Conclusion and Future Perspectives

The development of studies in forensic entomotoxicology 
has increased over time, they are still viewed with skeptical eyes 
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by some researchers, especially in quantitative determinations, 
in a context where the correlation between the presence of the 
toxicant responsible for the death in the necrophagous arthropods 
has not yet been completely related to the actual concentrations 
administered. The lack of a complete standardization of the 
entomotoxicological approach, mainly for CETs, allowing that 
microextraction-based techniques to become an even greater 
challenge for arthropod–like matrix, especially in specimens from 
Calliphoridae family, the first specimen and major constituent 
of cadaveric fauna. So, the development of sample preparation 
techniques with more sustainable approaches, such as reduced 
use of solvents, added to the increase of the powerfulness of 
analytical instrumental techniques should be encourage in order 
to improve the forensic entomotoxicology approach.
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