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Abstract

Entomotoxicology is the study of using insects for the detection of drugs and other chemical substances in
decomposing tissues. One research aspect in particular is the effects of these substances on arthropod
development and morphology, and their consequences on the post mortem interval estimation. Since
methamphetamine (MA) is becoming commonplace as an illegal recreational drug, a GC-MS method for the
detection of MA in Calliphora vomiforial. (Diptera: Calliphoridae) was developed and validated.
Furthermore, the effect of MA on the development, growth rates and survival of the blowfly was investigated.
Larvae were reared on liver substrates homogeneously spiked with measured amounts of MA (5 ng/g and
10 ng/g) based on typical concentrations found in human tissue in cases of death caused by MA overdose.
The experimental results demonstrated that (i) MA produced a significant increase in the developmental time
from egg to adult in C. vomitoria, (ii) approximately 60% of larvae exposed to either dose of MA died during
the pupation period and (iii) the resultant lengths of larvae and pupae were on average significantly larger

than the controls.
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1. Introduction

Forensic entomology is generally accepted as an essential tool when investigating any homicide case, where
insects and other arthropods are associated with the corpse [1]. The umbrella of activities conducted by
forensic entomologists include insect contamination of food and infestation of human environments, together
with the assessment of neglect and/or cruelty, and whenever insect material is found in wounds of humans,
livestock, pets and wildlife [1], [2] and [3]. Over the last 30 years, insect material has been used in
toxicological analyses for various purposes [4], [5], [6] and [7]. “Entomotoxicology” is defined as a branch of
forensic entomology which studies the potential uses of insects for detecting drugs or other toxic substances
that may otherwise not be measurable in decomposing tissues (e.g. corpse or carcasses in high decay stage
of decomposition or skeletonized remains) [8]. Several studies have demonstrated that the toxicological
analyses of insect material are able to provide a more reliable and sensitive result than from highly
decomposed remains [9], [10]and [11]. In one case insect material found on mummified remains,
demonstrated the occurrence of significant amounts of amitryptiline and nortryptiline, allegedly ingested
shortly before death [12].

A major objective of forensic entomology is the determination of the time elapsed since death of a deceased
human or animal. The use of insects has become the 'gold standard' [13] for this purpose, however, it has
been demonstrated that their life cycle, supposedly providing insight into such time frames, may be severely
affected by the presence of drugs and toxins, and subsequently a possible bias in post mortem interval
calculations [5] and [7].

Many substances (drugs, pesticides, and toxic metals) have been detected in insect tissues, and a
relationship between the drug concentrations found in the substrate and insects reared on that substrate
have been determined [7]. While the detection of opiod residues has been consistently reported in
entomotoxicological studies, the recent literature is devoid of research and/or case studies concerning the
detection, effects and analytical quantification of methamphetamine (MA) on the entomofauna feeding on a
corpse [14] and [15].

MA is a psychostimulant synthetic drug commonly produced by the reduction of ephedrine with iodidric
acid[16], which is becoming increasingly diffuse as a recreational drug [17], with pseudonyms like meth,
crystal, and ice. It is a relatively lipophilic substance with a structure similar to that of N-adrenaline.
Therefore, this drug can easily pass through the blood-brain barrier producing a stimulant effect. Originally it
was used as a medical treatment of narcolepsy, mild depression and chronic alcoholism, but nowadays it is
instead consumed for its euphoric effects. High doses of MA can induce palpitation, convulsion, heart attack,
and death. Chronic use can cause schizophrenia and psychosis [18].

In the present study, larvae of the blowfly Calliphora vomitoriaL. (Diptera: Calliphoridae) were reared on
substrates spiked with different concentrations of MA. This study investigates the developmental rate and
morphological changes of blowfly larvae feeding on a decomposing beef substrate containing MA. As well,
the present research provides the development of a suitable analytical method using GC-MS to detect this

drug in larvae, pupae, spent pupae and adults of C. vomitoria.
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2. Material and methods

2.1. Preparation of foodstuff and rearing of larvae

Colonies of C. vomitoria were reared in the Entomotoxicology Laboratory of the Department of Chemistry at
University of Turin. C. vomitoriais a common fly species widely distributed through the Holarctic region. It
represents an early coloniser of corpse and carcasses generally in the fresh stage of decomposition. It is
mainly found in rural situations or in association with Calliphora vicina Robineau-Desvoidy [19].

Adult flies were fed with water and sugar cubes ad /ibifum. 5 days after emergence, flies were provided with
fresh beef liver to allow the ovaries to develop. After 10 days fresh beef liver was placed in the cages, on
water moistened paper in small plastic trays allowing females to oviposit. Fly egg batches containing
approximately 1000 eggs (1.2g) were deposited with a fine paintbrush on 250g of beef
liver [20] and [21]spiked and homogenised with two concentrations of MA (5 ng/mg, 10 ng/mg). Another beef
liver containing no drug was used as a control. The appropriate MA spiking concentrations were selected
from the MA levels reported from the body tissues of human fatalities involved in MA
overdoses [22], [23] and [24]. Liver was homogenized with solid MA powder using a A11 basic Analytical mill
(IKAe-Werke GmbH & Co.). To disperse the analytical standard, a T18 digital ULTRA-TURRAX (IKAe-Werke
GmbH & Co.) was used. Each experimental liver was placed on small round plastic tray (& 14 cm) with high
sides (10 cm) to observe the start of the larvae post-feeding instar. Each plastic tray was placed on 5 cm of
sand within a larger plastic box (22 x 40 x 20) covered with a fine mesh cloth and sealed using an elastic
band. Sand was used so post-feeding larvae could pupate. For the entire experimental period, the insects
were reared at 23 °C with approximately 20% RH and a photoperiod (/) of 12:12 (L:D). The temperature was

recorded by Tinytage data-loggers every 15 min and the average temperature was calculated every hour.

2.2. Sample collection

Two samples, one consisting of 10 individuals and another amounting to 1 g from each treatment were
collected every 6 h. The sample of 10 individuals from each time point were analysed morphologically. This
included a determination of the moult of each life stage and the length of each second (L2), third (L3),
postfeeding (PF) and pupal (P) stages using the standards and guidelines for the best preserving method in
forensic entomology [25]. The length of each individual was measured using a stereomicroscope
(Optika®SZM-2) with a graduated lens.

The second sample following feeding utilized a fixed sample weight (1 g) from L2, L3, PF instars and also
from spent pupae (SP) and adults (A). Each sample was stored at —20 °C until the sampling period finished
and then subjected to the toxicological analysis used to detect MA. Larvae collected during feeding instars
(L2 and L3) were sacrificed and stored only after careful cleaning of each individual with water and neutral
soap to remove any external contamination. Adults were sacrificed 1 week after their emergence. To validate

the method, 100 mg of control SP were used, because of their high chitin content. This is because SP can
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be found at the scene for a long time after emergence and in some circumstances they represent the only
reliable sample for toxicological analyses.

When the larvae reached the PF instar, 100 individuals from each treatment were placed in separate boxes.
The time to pupation, the total number of pupated individuals, as well as the time to eclosion and the total

number of emerging adults were recorded. No F1 viability was considered in this study.

2.3. Toxicological analysis

2.3.1. Chemicals and reagents

Solid MA (298%) and diphenylamine (299%) were purchased them from Sigma-Aldriche. The purity of MA
(checked by GC-MS) was 100%. Standard solution of MA in CHsOH (20 mg/L), and diphenylamine (used as
the internal standard; ISTD) in CHsOH (20 mg/L) were prepared from the solid pure standards.
Dichloromethane (CH.Cl.), methanol, trifluoroacetic acid (TFA), trifluoroacetic anhydride (TFAA), tert-butyl
methyl ether (TBME) were also obtained from Sigma-Aldriche.

2.3.2. Sample preparation for GC analysis

Larvae, pupae, SP and adult samples were placed in a falcon tube (50 mL) and dichloromethane was added
as part of the preliminary wash. The tubes with larvae and pupae were then placed in a vortex for two
minutes and the organic solvent was discarded. Meanwhile, the SP were dried at room temperature under
nitrogen. Following crystallisation using liquid N., they were crushed with a glass rod and a 100 mg aliquot
was placed in a new tube. To validate the method, control C. vomiforia SP were spiked with different
amounts of MA at this stage, by adding different volumes (0, 5, 7, 10, 17, 25, 50 pL) of methanol solution of
MA. Further CHsOH was added to reach a final 2 mL volume. 30 pL of diphenylamine solution was also
added as the ISTD. The tubes were sealed and placed in an oven at 55 °C for 15 h to extract/dissolve the
matrix. After cooling at room temperature, the separated organic phase was acidified with 30 pL of TFA and
dried at 70 °C under nitrogen stream. Derivatization was performed on the residue for 40 min at 80 °C by
adding 30 pL of TFAA and then sealing the tubes. After drying at 80 °C, the analytes were recovered with
100 pL of TBME and injected (1 pL) into the GC-MS instrument.

2.3.3. Gas chromatography-mass spectrometry (GC-MS)

Analytical determinations for the detection of metamphetamine were performed using an Agilent 6890 gas
chromatograph coupled with an Agilent 5973-inert mass spectrometer operating in the electron impact
ionization mode. Splitless sample injection was effected at a temperature of 250 °C and the injection volume
was 1 pl. The capillary column used was a HP-5MS, 30 m x 0.25 mm (i.d.) x 0.25 ym (f.t.). The oven
temperature was programmed as follows: initial column temperature was 85 °C for 0.5 min, then increased
by 8 °C/min to 110 °C then increased by 30 °C/min to 300 °C for 2.04 min for a total run time of 12 min. The

carrier gas was ultrapure He (1.0 mL/min; SIAD, Bergamo, Italy). During preliminary GC-MS analises, full



mass spectra were aquired. The background subtracted mass spectrum for the MA derivative (using El in full
scan mode) is given in Fig. 1. For the quantitative analysis The mass analyser was operated in the selected
ion monitoring (SIM) mode. The ions selected to identify MA derivative were: m/z> 154, 118, 110, and 91.

Diphenylamine does not react with TFAA, characteristic ions m/z > 265, 172, 167, and 77 were selected.
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Fig. 1.
Background subtracted mass spectrum of derivatized methamphetamine (MA) obtained with electronic impact (El) ionisation

with the structure of the fragment m/z= 154 included. No molecular ion was observed.

2.3.4. Method validation

The validation of the method was performed according to ISO/IEC 17025 requirements and ICH
guidelines[26] and [27]. The validation protocol included the quantitative determination of MA in larvae,
pupae and puparia: specificity, linearity, limit of detection (LOD), limit of quantification (LOQ), extraction

recovery, repeatability and carry over were determined.

2.3.5. Specificity

Ten samples of the control SP were used to ascertain the method's specificity. Five of them were spiked with
30 pL of ISTD. The specificity test was successful if the S/N ratio was lower than 3 at the retention time of
the target analyte, for all the specific ion chromatograms.

2.3.6. Linearity

The linear calibration model was checked by analysing control SP samples (100 mg) spiked with MA solution

at concentration of 1, 1.4, 2, 3.5, 5 and 10 ng/mg. The use of TFAA assures constant and high MA
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derivatization yield, while diphenylamine, used as the ISTD at a final concentration of 6 ng/mg, does not
undergo derivatization. The linear calibration parameters were calculated by least-squares regression, and
the squared correlation coefficient (R?) was used to estimate linearity. Quantitative results from area counts

were corrected using the ISTD signal.

2.3.7. Limit of detection and limit of quantification (LOD and LOQ)

LOD was estimated as the analyte concentrations whose response provided a signal-to-noise (S/N) ratio of
3, as determined from the least abundant qualifier ion. The S/N ratios at the lowest concentration (LCL) were

used to extrapolate the theoretical LOD and LOQ.

2.3.8. Extraction recovery (ER%)

ER% was evaluated at two different concentrations of MA in control SP: 5 ng/mg and 10 ng/mg. For each
concentration, ten samples were spiked before the digestion step of the matrix and ten after the extraction.
ER% was calculated by the average ratio between the analyte concentration determined after its extraction

(first set) and the one determined on the spiked extract (second set).

2.3.9. Repeatability (infra-assay precision)

Repeatability was calculated as the percent coefficient of variance (CV%), after spiking ten samples of
control SP with two different concentrations of MA: 5 ng/mg and 10 ng/mg. Repeatability is considered
acceptable when the CV% is lower than 25% at low analyte concentrations and lower than 15% at high

concentrations.

2.3.10. Carry over

Carry-over effect was evaluated by injecting an alternate sequence of five negative SP samples and five
blank SP samples was spiked with MA at 10 ng/mg concentration to ensure the absence of any carry-over

effect, for each transition, the signal-to-noise ratio (S/N) from negative samples had to be lower than 3.

2.4, Statistical analysis

Larvae and pupae length in different treatments as well as pupation and eclosion rate were analyzed by one-
way ANOVA and #test. The level of significance was set at £ < 0.05. Calculations were performed using

JMP 5.1 statistical package.



3. Results

3.1. Method validation

The following parameters were obtained: coefficient of linearity (AR2>0.99), detection limit
(LOD = 0.10 ng/mg), quantification limit (LOQ = 0.33 ng/mg), extraction recovery (ER%), and repeatability
(CV%). A summary of validation parameters are reported in Table 1. Specificity was satisfactory and no carry

over effects were observed.

Table 1.

Parameters calculated for the method validation.
Parameter Value

LOD 0.10 ng/mg
LoQ 0.33 ng/mg

Extraction recovery low concentration 78.77%
Extraction recovery high concentration  88.91%
CV% low concentration 19.05%

CV% high concentration 5.82%

3.2. MA concentration

GC-MS analyses confirmed that the MA artificially added to the food substrate was present in the different
developmental stages of C. vomitoria as well as the SP, but not in adult samples ( Table 2). The peak of MA
concentration was found in the post-feeding instar of C. vomitoria arising from the 5 ng/mg treatment,

whereas in the treatment with 10 ng/mg MA the peak was found only in the L3 instar ( Table 2).

Table 2.
MA quantification (ng/mg + S.E.) in samples of food substrate and C. vomitorialife instars (L2 = second instar,
L3 = third instar, PF = post-feeding instar, P = pupa instar, SP = spent pupa, A = adult instar) and SP through GC-MS

analysis. Measurements followed by “a” are significantly different from the control (P < 0.05); measurements followed

by “b” are significantly different between treatments (P < 0.05). Quantification was calculated using 3 replicates.

Sample Quantification

Control MA

Ong/mg 5ng/mg 10 ng/mg
Liver substrate  <0.10 5.01+0.04a,b 10.07+0.124a,b
L2 <0.10 0.45+0.01a,b 0.67+0.02a,b
L3 <0.10 0.78+0.01a,b 6.70£0.064a,b
PF <0.10 0.88+0.02a,b 0.41+0.01a,b
P <0.10 0.40+0.01a,b 0.35%0.013,b
SP <0.10 0.39+0.01a,b 0.711+0.013,b

A <0.10 <0.10 <0.10
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3.3. Growth rates and survival

The duration of larval development was similar in both treatments until the L3 instar, but on reaching the PF
instar it was observed that the presence of the MA was significant for fly pupation and eclosion time as well
as for survival.

The time from oviposition to pupation and from oviposition to eclosion was significantly shorter for control
larvae than for larvae feeding on liver containing MA (Table 3). Treatment groups time to pupation and

eclosion were not significantly different (Table 3).

Table 3.

Time (hour mean £ S.E.) from ovoposition to pupation and to eclosion of C. vomitorialarvae, which were exposed to
either liver containing different amount of MA, or to the control liver containing no drug. Measurements followed by “a”
are significantly different from the control (P < 0.05). The table shows also the number of larvae death prior to

pupation, the number of not emerged adults and the number of survivals.

Control MA
0 ng/mg 5 ng/mg 10 ng/mg
Time (h) from oviposition to pupation ~ N =100 N =100 N =100

165.54+1.09 170.79+1.23a 170.56+1.39a

Larvae dead prior to pupation 0 1 4
Total pupae 100 99 96
Time (h) from oviposition to eclosion N =100 N =99 N =96

470.62+1.73 482.05+1.73a 480.00+1.52a
Not emerged adults 21 55 56
Survival 79 44 40

The pupation and eclosion trends are depicted in Fig. 2 and Fig. 3. The pupation trend is similar between the

control and treatments, however, the time to eclosion for insects that fed on liver containing MA is

significantly longer than the control.
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Time to pupation: the total number of C. vomiforia pupae observed every 6 h for the 3 treatments.
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Fig. 3.

Time to eclosion: the total number of C. vomitoria adults emerging every 6 h for the 3 treatments.

During the PF instar only a small number of larvae died prior to pupation (0/100 in control; 1/100 in 5 ng/mg
treatment; 4/100 in 10 ng/mg treatment) (Table 3). After the period of methamorphosis, less adult flies
eclosed in the two treatment groups (44/99 in 5 ng/mg treatment; 40/96 in 10 ng/mg treatment) compared
with the control (79/100) (Table 3). The results suggest that a diet with liver containing MA can affect C.

vomitoria survival, especially during methamorphosis.

3.4. Larval and pupal length

Significant differences were observed between the length of larvae and pupae in control versus the
treatment groups (Table 4). In general there was a significant increase in the average length of the larvae fed

on liver containing MA compared with the control (Table 4).

Table 4.

C. vomitoria larvae and pupae means length (mm + S.E.) related to time of exposure (4) and instar of life (L2 = second
instar, L3 = third instar, PF = post-feeding instar, P = pupa instar). Measurements followed by “a” are significantly
different from the control (P < 0.05); measurements followed by “b” are significantly different between treatments

(P<0.05). For each time of exposure (h), N = 30 individuals for each treatment were measured.

Time of exposure (h)  Instar  CTRL MA

0ng/mg 5 ng/mg 10 ng/mg
72 L2 7.45+0.39 8.69+0.22 a 8.65+0.252a
96 L3 11.78+0.81 15.43+0.36a 15.80*1.38a
120 L3 18.63+0.33 19.44+0.17a 20.67+0.22a3,b
168 PF 17.1+0.21 17.71+£0.28b 18.70+1.394a, b
216 P 9.17+0.20 10.61+0.13a 10.51+0.31a

Significant differences occurred in every instar between control and 10 ng/mg treatment, while in 5 ng/mg
treatment only the length of post-feeding larvae was not significantly different from control (Table 4).

Significant differences were also observed in the length of L3 instar and PF larvae that fed on liver containing
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10 ng/mg MA compared with the 5 ng/mg treatment. Therefore, these results suggest that, as the MA

dosage increases in the food substrate, the average length of C. vomiforiaimmatures also increases.

4. Discussion

The present work as specified in the introduction demonstrated that GC-MS analyses can detect the
presence of MA in C. vomitorialarvae and puparia reared on spiked liver containing MA. Notwithstanding
that the GC-MS analyses of C. vomiforiaimmatures and SP were positive, a significant effect of the MA was
an increase in the development rate of this fly species from egg to pupation and to adult.

A previous study by Goff et al. [14] involving toxicological analyses of MA using RIA (radioimmunoassay)
technique in Parasarcophagaruficornis (Fabricius) (Diptera: Sarcophagidae) demonstrated that larvae reared
at 26 °C on tissues from rabbits showed only a weak and uniform positive result on treated colonies. GC-MS
technique however is far more sensitive, with positive results for immature stages and SP of C. vomitoria
feeding on liver containing 5 ng/mg and 10 ng/mg MA at 23 °C. The inherent variability and unpredictability
of the biological phenomena involved in the present study, including MA exposure and its biological
incorporation, the relationship between MA toxicity and dosage, and blowfly physiology, may explain why
relatively small differences in the MA concentrations were found in the instars exposed to 5 ng/mg and
10 ng/mg MA liver concentrations. This confirms that, for toxicological effects, the exposure concentration is
crucial, but this is rarely correlated with the drug incorporation rate. This may also be a consequence of the
environmental factors which can influence the final drug concentration detected in the insect tissue. It has
been demonstrated that drug absorption, the excretion of drugs and drug stability is dependent on the
ambient temperature [28] and [29].

Furthermore, the dosages of MA administered by Goff et al. [14] to live rabbits of 4.2-4.6 kg were calculated
to represent sublethal (3026 ng/mL), median lethal (7594 ng/mL) and x2 median lethal (55698 ng/mL)
dosages of the drug by weight (37.5 mg, 71.4 mg, 142.9 mg). These are much higher doses than those used
for this study which were matched to human lethal dosages of 5 ng/mg and 10 ng/mg as detailed by Karch et
al. [22], Zhu et al. [23] and Chaturvedi et al. [24].

In the current study, a comparison was also made on C. vomitoria SP, which were also shown to contain MA.
Studies using different drugs [30], [31], [32] and [33] confirmed that larvae excrete the drug during the post-
feeding instar. It appears that while the drug is excreted by larval organs, a quantity of drug is included into
the cuticle of the puparium. Since puparial cases can be recovered several years and sometimes centuries
after death, such samples maybe of important toxicological interest [12].

Negative results in C. vomitoria adults were not surprising, because it is known that upon emergence as an
adult, the flies rapidly eliminate the drug [34]. Nuorteva and Nuorteva [35] observed that Calliphorids reared
on fish tissues containing mercury excrete the metal into the meconium of the hindgut during the process of
pupation. They also found that, two days following emergence, adult flies contained only 50% of the mercuric
concentrations detected in the developing larvae. In the current study, C. vomitoria adults were sacrificed
and analysed a week after the emergence and no metamhamphetamine was detected.

Previous studies like this current study seem to have some unexplained anomalies concerning the

concentrations of MA used and the resultant effects on the development of different species of blowflies. P.
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ruficornis larvae showed a similar rate of development between treatments from 0 h to 24 h (L1 instar) but
the development rate from 30 h to 60 h, was significantly different in the median lethal and x2 median lethal
treatments compared with sublethal and control treatments [14]. However, at 60 h only the x2 median lethal
treatment was significantly different to all other treatments [14]. The emigration from the food source was
firstly observed in median and x2 median lethal dosages treatments (84 h), followed by sublethal treatment
(90 h) and the control treatment (96 h) [14]. Although larval development to this stage was similar in this
study, the emigration of the sublethal treatments is incongruent with the emigration time of the control
larvae[14].

Furthermore, in the Goff et al. study [14] the overall time of development from larva to adult was found to be
greater for the control treatment (476 h) than for larvae feeding on liver containing MA (sublethal 426 h,
median lethal 409 h, x2 median lethal 428 h) but again no explanation of why the highest and lowest
concentrations were significantly different to the median concentration. Larval development is also
accelerated by the presence of heroine, cocaine, morphine and diazepam in the food
source [36], [37],[38] and [39], whereas no differences were found in the total developmental time of P.
ruficornis larvae reared on substrates containing different concentrations of 3,4-
methylenedioxymethamphetamine (MDMA) [15].

In the current study no differences in the rate of C. vomiforia development were observed during the feeding
period (L1, L2, L3 instar) ( Table 3). Although the overall time of development for C. vomitoria from egg to
eclosion was found to be greater for larvae that fed on liver containing MA than the control treatment ( Table
3), there is an anomaly in the MA concentration of the liver (10 ng/mg) resulting in an elevated concentration
of MA in the L3 larva (6.7 ng/mg) ( Table 2). There seems to be no explanation as to why this may have
occurred other than the toxicological effects experienced by the insects will depend on their exposure levels
to the drug. In other fly species, the duration of the post-feeding instar was also prolonged by the presence
of amitriptyline [5], but it was shorter for larvae fed on tissue containing phencyclidine [5] and [37].

In general, the present work shows that C. vomiforia larvae and pupae reared on liver containing MA were
significantly larger in size than the control groups ( Table 4). In C. vicina “very large larvae” were recorded
but no length or developmental data were provided when colonies of this species were fed on barbiturates
(phenobarbitone and amylobarbitone) [30]. P. ruficornis larvae reared on control substrates and those reared
on tissues from rabbits administered with 67 mg of MDMA were longer in length over a shorter time period
than the larvae reared on tissues from rabbits administered with 11 mg and 22.5 mg of MDMA [15].

Likewise, larvae feeding on tissues containing higher concentrations of cocaine were longer in length
between 36 h and 72 h than the control and treatment groups containing low doses of cocaine. However, at
78 h larvae of all colonies approached the maximum size and the differences between treatments were no
longer significant after 84 h [36]. This was supported by Lord [40] who found Cynomia cadaverina Desv.
andPhaenicia sericala (Meigen) larvae on a victim with a history of cocaine abuse. Measurements of
preserved samples showed that a larva in the nasopharyngeal area was much longer (17.7 mm, no details
about the species) than any other larvae (6-9 mm and smaller) found on the corpse.

In regards to the mortality of P. ruficornis Goff et al. [14] found an inverse relationship between pupal
mortality and the dosage of MA, whereas in this research the highest pupal mortality of C. vomitoria was
recorded for the 10 ng/mg colony. Interestingly both these studies demonstrated that a diet of liver containing

MA resulted in approximately 60% larval mortality.
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Other drugs such as MDMA, amitryptiline and barbiturates (thiopentone, phenobarbitone, barbitone and
brallobarbitone) cause high mortality [15], [30] and [41]. On the contrary, substrates containing cocaine,
hydrocortisone and sodium methohexidal did not affect the larval survival of Dipterans [36] and [42]. As a

consequence the overall perspective on drug metabolism in insects is yet to be elucidated [7].

5. Conclusion

GC-MS is a useful technique for detecting low concentrations of MA in immature fly samples. The results
presented in this study demonstrate that the developmental rate and the length of C. vomiforia larvae and
pupae feeding on liver containing MA can be significantly affected by the presence of the drug and that some
of these effects are dose-dependent.

This research highlights how the same drug can produce different effects on the development of different fly
species. Therefore, and as iterated by Goff et al.[14] all care must be taken when interpreting fly
developmental rates until a data base is established incorporating the effects of these drugs present in host

substrates and at different temperatures.

Acknowledgement
The authors sincerely thank all the scientists at the Centro Regionale Antidoping “A. Bertinaria", Orbassano

(TO) for their kind collaboration and providing the drugs.

References

o [1]

o J.H.Byrd, J.L. Castner

o [Forensic Entomology - The Utility of Arthropods in Legal Investigation

o (2nd ed.)CRC Press, Boca Raton (2010)

o [2]

o G.S. Anderson

o The use of insects to determine time of death in illegally killed black bears
o J Forensic Sci, 44 (1999), pp. 843-846

o [3]

o P.Magni, M. Massimelli, R. Messina, P. Mazzucco, E. Di Luise

o Entomologia Forense. Gli Insetti nelle Indagini Giudiziarie e Medico-Legali
o Minerva Medica, Torino (2008)

o [4]

o J.C. Beyer, W.F. Enos, M. Stajic

o Drug identification through analysis of maggots

o J Forensic Sci, 25 (1980), pp. 411412

o [0

o M. Goff, W. Lord


http://www.sciencedirect.com/science/article/pii/S0379073814002023#bib0075
http://www.sciencedirect.com/science/article/pii/S0379073814002023#bib0150
http://www.sciencedirect.com/science/article/pii/S0379073814002023#bib0205
http://www.sciencedirect.com/science/article/pii/S0379073814002023#bib0180
http://www.sciencedirect.com/science/article/pii/S0379073814002023#bib0210
http://www.sciencedirect.com/science/article/pii/S0379073814002023#bib0035
http://www.sciencedirect.com/science/article/pii/S0379073814002023#bib0070
http://www.sciencedirect.com/science/article/pii/S0379073814002023#bib0005
http://www.sciencedirect.com/science/article/pii/S0379073814002023#bib0010
http://www.sciencedirect.com/science/article/pii/S0379073814002023#bib0015
http://www.sciencedirect.com/science/article/pii/S0379073814002023#bib0020
http://www.sciencedirect.com/science/article/pii/S0379073814002023#bib0025

Entomotoxicology new area for forensic investigation

Am J Forens Med Path, 15 (1994), pp. 51-57

[6]

F. Introna, C.P. Campobasso, M.L. Goff

Entomotoxicology

Forensic Sci Int, 120 (2001), pp. 42-47

[7]

M. Gosselin, S.M.R. Wille, M. del Mar Ramirez Fernandez, V. Di Fazio, N. Samyn, G. De Boeck, B.
Bourel

Entomotoxicology, experimental set-up and interpretation for forensic toxicologists

Forensic Sci Int, 208 (2011), pp. 1-9

(8l

L.M.L. Carvahlo

Toxicology and forensic entomology

J. Amendt, C.P. Campobasso, M.L. Goff, M. Grassberger (Eds.), Current Concepts in Forensic Entomology,
Springer Science, London (2010), pp. 163-178

9]

P. Kintz, B. Godelar, A. Tracqui, P. Mangin, A.A. Lugnier, A.J. Chaumont

Fly larvae: a new toxicological method of investigation in forensic medicine

J Forensic Sci, 35 (1990), pp. 204-207

(19]

P. Kintz, A. Tracqui, P. Mangin

Toxicology and fly larvae on a putrefied cadaver

J Forensic Sci Soc, 30 (1990), pp. 243-246

(11]

K.B. Nolte, R.D. Pinder, W.D. Lord

Insect larvae used to detect cocaine poisoning in a decomposed body

J Forensic Sci, 37 (1992), pp. 1179-1185

[12]

M. Miller, W. Lord, M. Goff, D. Donnelly, E. McDonough, J. Alexis

Isolation of amitriptyline and nortriptyline from fly puparia (Phoridae) and beetle exuviae (Dermestidae)
associated with mummified human remains

J Forensic Sci, 39 (1994), pp. 1305-1313

[13]

M. Marks, J. Love, |. Dadour

Taphonomy and time: estimating the postmortem interval

D. Steadman (Ed.), Hard Evidence: Case Studies in Forensic Anthropology (2nd ed.), Prentice Hall, New Jersey
(2009), pp. 165-178

[14]

M. Goff, W. Brown


http://www.sciencedirect.com/science/article/pii/S0379073814002023#bib0030
http://www.sciencedirect.com/science/article/pii/S0379073814002023#bib0035
http://www.sciencedirect.com/science/article/pii/S0379073814002023#bib0040
http://www.sciencedirect.com/science/article/pii/S0379073814002023#bib0045
http://www.sciencedirect.com/science/article/pii/S0379073814002023#bib0050
http://www.sciencedirect.com/science/article/pii/S0379073814002023#bib0055
http://www.sciencedirect.com/science/article/pii/S0379073814002023#bib0060
http://www.sciencedirect.com/science/article/pii/S0379073814002023#bib0065
http://www.sciencedirect.com/science/article/pii/S0379073814002023#bib0070

A Omori, Preliminary observations of the effect of methamphetamine in decomposing tissues on the
development rate of Parasarcophaga ruficornis (Diptera: Sarcophagidae) and implications of this effect
on the estimations of postmortem intervals

J Forensic Sci, 37 (1992), pp. 867-872

[15]

M. Goff, M. Miller, J. Paulsson, W. Lord, E. Richards, A. Omori

Effects of 3,4-methylenedioxymethamphetamine in decomposing tissues on the development
of Parasarcophaga ruficornis (Diptera:Sarcophagidae) and detection of the drug in postmortem blood,
liver tissue, larvae and puparia

J Forensic Sci, 42 (1997), pp. 276-280

[16]

H. Skinner

Methamphetamine synthesis via HI/Red phosphorous reduction of ephedrine

Forensic Sci Int, 48 (1990), pp. 128-134

[17]

Q. Ying, I. Evans, A. McCluskey

Australian Federal Police seizures of illicit crystalline methamphetamine ('ice') 1998-2002: impurity
analysis

Forensic Sci, 164 (2006), pp. 201-210 Int

[18]

W. Panenka, R. Procyshyn, T. Lecomte, G. Macewan, S. Flynn, W. Honer, A.M. Barr
Methamphetamine use: a comprehensive review of molecular, preclinical and clinical findings

Drug Alcohol Depen, 129 (2012), pp. 167-179

[19]

K.G.V. Smith

A Manual of Forensic Entomology: Trustees of the British Museum, Natural History and

Cornell University Press, London (1986)

[20]

S. Donovan, M. Hall, B. Turner, C. Moncrieff

Larval growth rates of the blowfly, Calliphora vicina, over a range of temperatures

Med Vet Entomol, 20 (2006), pp. 106114

[21]

G. Anderson

Minimum and maximum development rates of some forensically important Calliphoridae (Diptera)

J Forensic Sci, 45 (2000), pp. 824-832

[22]

S.B. Karch, G.S. Boyd, C.H. Ho

Methamphetamine-related deaths in San Francisco: demographic, pathologic, and toxicologic profiles

J Forensic Sci, 44 (1999), pp. 359-368

[23]

B.L. Zhu, S. Oritani, K. Shimotouge, K. Ishida, L. Quan, M.Q. Fujita, M. Ogawa, H. Maeda


http://www.sciencedirect.com/science/article/pii/S0379073814002023#bib0075
http://www.sciencedirect.com/science/article/pii/S0379073814002023#bib0080
http://www.sciencedirect.com/science/article/pii/S0379073814002023#bib0085
http://www.sciencedirect.com/science/article/pii/S0379073814002023#bib0090
http://www.sciencedirect.com/science/article/pii/S0379073814002023#bib0095
http://www.sciencedirect.com/science/article/pii/S0379073814002023#bib0100
http://www.sciencedirect.com/science/article/pii/S0379073814002023#bib0105
http://www.sciencedirect.com/science/article/pii/S0379073814002023#bib0110
http://www.sciencedirect.com/science/article/pii/S0379073814002023#bib0115

Methamphetamine-related fatalities in forensic autopsy during 5 years in the southern half of Osaka city
and surrounding areas

Forensic Sci Int, 113 (2000), pp. 443-447

[24]

A.K. Chaturvedi, P.S. Cardona, J.W. Soper, D.V. Canfield

Distribution and Optical Purity of Methamphetamine Found in Toxic Concentration in a Civil Aviation
Accident Pilot Fatality

U.S. Department of Transportation Federal Aviation Administration (2003)

[25]

J. Amendt, C.P. Campobasso, E. Gaudry, C. Reiter, H.N. LeBlanc, M. Hall

Best practice in forensic entomology. Standards and guideline

Int. J. Legal Med., 121 (2007), pp. 104-109

[26]

International Conference on Harmonisation of Technical Requirements for Registration of Pharmaceuticals for
Human Use, Validation of Analytical Procedures: Text and Methodology Q2 (R1), 2005.

[27]

ISO/IEC 17025:2005, General Requirements for the Competence of Testing and Calibration Laboratories, second
ed, International Organization for Standardization, 2005

[28]

A. Tracqui, C. Keyser-Tracqui, P. Kintz, B. Ludes

Entomotoxicology for the forensic toxicologist: much ado about nothing?

Int J Legal Med, 118 (2004), pp. 194-196

[29]

S. Parry, S.M. Linton, P.S. Francis, M.J. O'Donnell, T. Toop

Accumulation and excretion of morphine by Calliphora stygia, an Australian blow fly species of forensic
importance

J Insect Physiol, 57 (2011), pp. 62-73

[30]

D.W. Sadler, L. Robertson, G. Brown, C. Fuke, D.J. Pounder

Barbiturates and analgesics in Calliphora vicina larvae

J Forensic Sci, 42 (1997), pp. 481-485

[31]

V. Hedouin, B. Bourel, L. Martin-Bouyer, A. Becart, G. Tournel, M.M. Deveaux, D. Gosset
Determination of drug levels in larvae of Lucilia sericata (Diptera: Calliphoridae) reared on rabbit
carcasses containing morphine

J Forensic Sci, 44 (1999), pp. 351-353

[32]

B. Bourel, G. Tournel, V. Hedouin, M. Deveaux, M.L. Goff

Morphine extraction in necrophageous insects remains for determining ante-mortem opiate intoxication
Forensic Sci Int, 120 (2001), pp. 127-131

[33]

V. Hedouin, B. Bourel, A. Bécart, G. Tournel, M. Deveaux, M.L. Goff, D. Gosset


http://www.sciencedirect.com/science/article/pii/S0379073814002023#bib0120
http://www.sciencedirect.com/science/article/pii/S0379073814002023#bib0125
http://www.sciencedirect.com/science/article/pii/S0379073814002023#bib0130
http://www.sciencedirect.com/science/article/pii/S0379073814002023#bib0135
http://www.sciencedirect.com/science/article/pii/S0379073814002023#bib0140
http://www.sciencedirect.com/science/article/pii/S0379073814002023#bib0145
http://www.sciencedirect.com/science/article/pii/S0379073814002023#bib0150
http://www.sciencedirect.com/science/article/pii/S0379073814002023#bib0155
http://www.sciencedirect.com/science/article/pii/S0379073814002023#bib0160
http://www.sciencedirect.com/science/article/pii/S0379073814002023#bib0165

Determination of drug levels in larvae of Profophormiaterraenovae and Callijphoravicina(Diptera,
Calliphoridae) reared on rabbit carcasses containing morphine

J Forensic Sci, 46 (2001), pp. 12-14

[34]

M.L. Goff, W.D. Lord

Entomotoxicology - Insects as toxicological indicators and the impact of drugs and toxins on insect
development

J.H. Byrd, J.L. Castner (Eds.), Forensic Entomology - The Utility of Arthropods in Legal Investigations (2nd ed.),
CRC Press (2010), pp. 427-436

[35]

P. Nortueva, S.L. Nortueva

The fate of mercury in sarcosaprophagous flies and in insects eating them

Ambio, 11 (1982), pp. 34-37

[36]

M.L. Goff, A.l. Omori, J.R. Goodbrod

Effect of cocaine in tissues on the rate of development of Boeffcherisca peregrinaDiptera,
Sarcophagidae)

J Med Ent, 26 (1989), pp. 91-93

[37]

M.L. Goff, W.A. Brown, K.A. Hewadikaram, A.l. Omori

Effect of heroin in decomposing tissues on the development rate of Boeffcherisca peregrina (Diptera,
Sarcophagidae) and implications of this effect on estimation of postmortem intervals using arthropod
development patterns

J Forensic Sci, 36 (1991), pp. 537-542

[38]

B. Bourel, V. Hédouin, L. Martin-Bouyer, A. Bécart, G. Tournel, M. Deveaux, D. Gosset

Effects of morphine in decomposing bodies on the development of Luciliasericata(Diptera:
Calliphoridae)

J Forensic Sci, 44 (1999), pp. 354-358

[39]

L.M.L. Carvalho, A.X. Linhares, J.R. Trigo

Determination of drug levels and the effect of diazepam on the growth of necrophageous flies of
forensic importance in southeastern Brazil

Forensic Sci Int, 120 (2001), pp. 140-144

[40]

W.D. Lord

Case histories of the use of insects in investigations

E.P. Catts, N.H. Haskell (Eds.), Entomology and Death. A Procedural Guide, Joyce’s Print Shop, Clemson, SC
(1990), pp. 9-37

[41]

M.L. Goff, A.A. Brown, A.l. Omori, D.A. LaPointe


http://www.sciencedirect.com/science/article/pii/S0379073814002023#bib0170
http://www.sciencedirect.com/science/article/pii/S0379073814002023#bib0175
http://www.sciencedirect.com/science/article/pii/S0379073814002023#bib0180
http://www.sciencedirect.com/science/article/pii/S0379073814002023#bib0185
http://www.sciencedirect.com/science/article/pii/S0379073814002023#bib0190
http://www.sciencedirect.com/science/article/pii/S0379073814002023#bib0195
http://www.sciencedirect.com/science/article/pii/S0379073814002023#bib0200
http://www.sciencedirect.com/science/article/pii/S0379073814002023#bib0205

Preliminary observations of the effect of amitriptyline in decomposing tissues on the development
of Parasarcophaga ruficornis (Diptera: Sarcophagidae) and implications of this effect on estimation of
postmortem intervals

J Forensic Sci, 38 (1993), pp. 316-322

[42]

E. Musvasva, K. Williams, W. Muller, M. Villet

Preliminary observations on the effects of hydrocortisone and sodium methohexital on development
of Sarcophaga (Curranea) tibialis Macquart (Diptera: Sarcophagidae), and implications for estimating

post mortem interval
Forensic Sci Int, 120 (2001), pp. 37-41


http://www.sciencedirect.com/science/article/pii/S0379073814002023#bib0210

