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Abstract  
Background: It is possible to identify drugs and poisons present in cadavers by analyzing blowfly larvae and pupae col-

lected during forensic autopsies. The main purpose of this study was to use Lucilia sericata’s larvae and pupae to iden-

tify drugs and poisons present in human cadavers.  

Methods: In an investigation, immature L. sericata fed meat treated with methamphetamine (MA) at various concentra-

tions (45, 90, and 180 ng/mg) were analyzed to detect MA. Acetylation derivatization and liquid-liquid extraction (LLE) 

were used as sample preparation methods prior to gas chromatography-mass spectrometry (GC-MS) analytical instru-

mentation to find MA. 

Results: According to this study, L. sericata can be used in toxicological testing to identify MA in a host body. All L. 

sericata larval stages, particularly the third stage larva, pupa and empty pupa tested were positive for MA. Larvae in 

their first instar produced weak peaks. The L. sericata post-feeding instar following the 45 ng/mg treatment showed the 

highest MA concentration. For the first time, derivatization using the acetylation approach was used to prepare samples, 

and successfully, excellent results were obtained. 

Conclusion: Low quantities of MA can be easily found in immature fly samples using GC-MS. It is important to ana-

lyze all samples including human tissues and insect samples, for postmortem drug testing. They can be utilized to find 

entire MA before they are excreted in excretory samples such as urine. Also, third instar larvae are a great and reliable 

sample for toxicological study. 
 

Keywords: Entomotoxicology; Lucilia sericata; Methamphetamine; Drug testing; GC-MS 

 
Introduction  
 

Autopsies performed on decomposed or 

even exhumed bodies can provide crucial infor-

mation about the history of drug use and cause 

of death. In these situations, forensic toxicology 

practitioners examine how drugs or poisons af-

fect the rate at which scavengers colonize the 

scene (1, 2).  

Each stage of a human corpse's decompo-

sition is accompanied by a certain insect, from 

flies to beetles to moths towards the end. How 

 

 
ever, flies from the family Calliphoridae, partic-

ularly those from the subfamilies Chrysomyi-

nae, Calliphorinae, and Lucillinae, are the most 

significant insects in this process. One of the first 

insects to visit human cadaver to lay eggs are the 

specimens of L. sericata flies, following egg 

hatching, the offspring eat dead tissue (3, 4). 

After eating the infested tissue, the larvae 

act as a drug depot. In situations where viable 

or available host tissue samples cannot be ob-
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tained, they can be employed in toxicity stud-

ies for drug identification. (5). 

It is widely known that drug buildup in fly 

larvae can influence body weight and height 

fluctuations as well as the typical duration of 

their life cycle (6, 8). For example, morphine and 

heroin can delay pupal development while ac-

celerating larval development (9). 

In addition to evaluating how medications af-

fect insects, entomotoxicology also employs in-

sects as an alternative type of matrix (10). In-

sects are a better choice for toxicological in-

vestigations on highly decomposed bodies than 

standard matrices (blood, urine), as there are 

fewer decomposition-related disruptions. (10).  

Drugs including Amitriptyline (11), Pheno-

barbital (12), Lorazepam (13), Amphetamine 

(14), Cocaine (15), Codeine (16), Morphine (17), 

and Methadone (18) have all been detected at 

various stages of fly development. 

Larval specimens are only useful for drug 

detection in a forensic case if they are taken 

alive and stored correctly to prevent the pro-

duction of too many putrefactive fluids during 

the process of their own decomposition. If these 

conditions are not met because the sample is 

tainted with larval rotting fluid, the results of 

the forensic toxicity study of dead larval tissue 

will be skewed (19, 20). 

We conducted preliminary research to iden-

tify the Methamphetamine (MA) in L. serica-

ta reared on meat treated with Methampheta-

mine at three different doses at each develop-

mental stage. This study adopted an unconven-

tional methodology, using meat that had been 

exposed to methamphetamine as a model ra-

ther than an animal.  

 
Materials and Methods 
 

Fly experiments 

In the breeding laboratory of Calliphoridae 

flies at the School of Public Health, Tehran Uni-

versity of Medical Sciences, L. sericata fly cul-

ture was done in a temperature and humidity-

controlled environment (28 °C and 50±10% RH). 

Fresh chicken liver was employed to feed 

L. sericata larvae in this investigation. The Teh-

ran Province Forensic Medicine Organization 

provided 98% Methamphetamine. 

The following were the steps to produce 

minced chicken liver: First, chicken liver was 

blended in four separate blenders for 20 minutes 

to ensure that the mince was homogenized even-

ly. Next, the mince was separated into four equal 

groups, each of which mostly had 1000 g of 

chicken liver mince. Each group was then fur-

ther divided into two subgroups of 500 g. Each 

subgroup was then again blended for 20 minutes 

by four blenders, and three different MA dos-

ages (45, 90, and 180 ng/mg), that had been dis-

solved in 10 cc of saline was then added. Sa-

line solution was the only treatment given to the 

control mince (2). 

 Insect cages were used to maintain L. seri-

cata colonies (30x 30x 30 cm). Approximate-

ly 28 °C, 50–10% relative humidity, and natu-

ral light was present in the room. In the mean-

time, 150 g of fresh chicken liver is offered as 

a medium for collecting eggs (2, 21, 22). 

To obtain enough eggs, they were collect-

ed within 3 hours. Once collected, the eggs were 

divided into eight groups, each group was then 

promptly mixed with one of three MA concen-

trations into chicken liver mince. Two samples 

from each group were collected at regular in-

tervals (6 h from 12 to 50 h, and 12 h from 50 to 

168 h). One sample contained 1 gram of the first, 

second, and third larvae (L1-L3), post-feeding 

larvae (PF), pupal (P), adult (A), and even emp-

ty pupa (EP), and the other sample contained 10 

specimens of each one (2). 

In order to determine the MA content of the 

specimens by GC-MS, a 1 g sample was taken 

at each development stage and kept at minus 

20 °C until the sampling time was over. The pro-

cedure was approved using the control EP 100 

mg because of the high chitin concentration. 

Due to this quality, EP was able to offer relia-

ble information for toxicological study. Because 

EP can persist in a decaying body for a long time 

(23, 24). 
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Preparation of samples for GC-MS analysis  

Dichloromethane (CH2Cl2) was added as 

the first extractor solvent to a Falcon tube (50 

ml) containing larvae (L2, L3, and PF), P, and 

EP samples. The organic solvent was discarded 

after washing the L and EP tubes upside-down 

for 5 minutes. L and EP were individually 

ground with a glass rod after crystallization in 

liquid nitrogen, and 100 mg aliquots were then 

transferred to fresh centrifuge tubes (10 ml).  

After that, 2 ml of distilled water was add-

ed to the tube, and the tube was kept at 4 °C 

for 48 h to completely dissolve the matrix. 

The addition of 0.5 mg of NaCl solid had a 

salting-out effect. The method that was opti-

mized for the liquid-liquid extraction was used 

(LLE). Samples were subjected to a 30-minute 

ultrasonic treatment prior to LLE extraction (2). 
 

Liquid-Liquid extraction (LLE) procedure 

Two ml of phosphate buffer was added to 

the L and EP tubes to bring the pH level down 

to 6, after which the tubes were vortexed for 4 

minutes, mixed again for 4 minutes, then cen-

trifuged at 4000 rpm for 8 minutes. Fifty μl of 

Amantadine (internal standard) was mixed with 

3 ml of supernatant and shaken for 4 minutes in 

a wash tube. The pH was then adjusted to 14 

by adding 1 ml of 10% NaOH solution. 

Samples were mixed and vortexed for 10 

minutes. Ethyl acetate: Hexane (1:1.4 ml) was 

added to the tube after mixing for 4 minutes. The 

sample was once again mixed and vortexed for 

10 minutes. The solution was then mixed and 

centrifuged at 4000 rpm for 8 minutes. The re-

sidual solution was re-extracted with ethyl ace-

tate to increase the extraction recovery of MA. 

Three mL of the supernatant was transferred to 

a new tube, and the remaining solution was ex-

tracted using ethyl acetate: Hexane (1:1, 2 ml). 

The mixed solution followed 4 minutes of vor-

texing, 8 minutes of 4000 rpm centrifugation, 

and a final 45 °C nitrogen stream drying process. 

One ml of distilled water was added to each 

sample after it had dried completely to make 

it ready for the acetylation process of derivat-

ization (2). 

Derivatization with acetic anhydride (acet-

ylation) 

Derivatization buffer is prepared from 10 

M potassium hydroxide solution and saturated 

sodium bicarbonate (NaHCO₃) solution. To each 

tube containing prepared sample, 500 microliters 

of derivatization buffer and 1 ml of distilled wa-

ter were added. After that, 1500 μl of dichloro-

methane and 100 μl of acetic anhydride (as deri-

vatizing agent) were added to experiment medi-

um. The samples were then centrifuged at 3000 

rpm for 10 minutes after being vortexed for 10 

minutes. 

Organic phase (bottom layer) was then trans-

ferred to another tube and dried for 24 hours. 

Samples were reconstituted in 50 µl of meth-

anol. One µl of each sample was then injected 

into the GC-MS. 

An Agilent 5975 Mass Series and an Agilent 

6850 gas chromatograph were used to conduct 

the GC-MS analysis. Data gathering and instru-

ment control were performed using Agilent MS 

Chem Station software (25). 

The study was conducted using an Agilent 

5-MS capillary column (30 m, 0.25 mm I.D, 0.25 

μm film thickness). The GC method's chroma-

tographic conditions were as follows: 

The injection volume was 1 ml (split less), 

the inlet temperature was 25 °C, and the Helium 

flow rate was constant at 1.5 ml/min (99.999% 

purity). The oven temperature was set to 90 °C 

for one minute, then ramped up to 280 °C at 20 

°C per minute and held for five minutes. Tem-

peratures of 230 °C for the mass source and 150 

°C for the quadrupole were chosen. The ion 

source was run simultaneously in full scan and 

selective ion monitoring (SIM) modes. In full 

scan mode, the scan range was 40–500 m/z, and 

the ions 58,100 for MA (Figs. 1–3), and 136, 

94, 193 for amantadine were chosen for quan-

titative investigation (25). 
 

Determination of the presence of Metham-

phetamine in larvae from human  

Experiments on human cadaver larvae with 

suspected methamphetamine use or overdose 

history were also carried out to confirm the re-
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sults in authentic samples. Cases with the his-

tory of Methamphetamine use were investigat-

ed in the autopsy room of the Forensic Medi-

cine Organization as soon as they were discov-

ered to be infected with larvae. Samples of lar-

vae or pupae were collected using the appro-

priate entomological techniques, and using re-

liable diagnostic keys, larvae of the third age 

of L. sericata were identified. Additionally, ex-

traction and derivatization were carried out for 

the detection of Methamphetamine and its me-

tabolite using GC-MS, as the confirmatory 

method. 

 
Results 
 

GC-MS analyses demonstrated that the MA 

artificially added to the food substrate was pre-

sent throughout L. sericata’s various develop-

mental stages. MA was found in L. sericata lar-

vae of all ages, particularly in the third stage 

larva, pupa, and empty pupa. 

GC-MS analyses were performed (all ages 

of larvae, pupae, EP, and adults) following the 

procedure for liquid-liquid extraction and deri-

vatization by the acetylation method.  

As shown in Fig. 4, the chromatograms ob-

tained from the L. sericata (L3) larval samples 

from treatment 2 regimen (90 ng/mg) analysis, 

retention times for Methamphetamine and 

Amantadine are 8.1 and 8.5 minutes respective-

ly. The same results were obtained from an emp-

ty pupa with treatment 3 regimen (180 ng/mg) 

(Fig. 5). Methamphetamine peaks in L. seri-

cata instar 1 and 2 larvae were not clear and 

sharp, and low pains could not be detected as 

in treatment 1 regimen (45 ng/mg), while third 
instar larvae, pupae and empty pupa were ex-

cellent for detection. It can be justified in this 

way, when the first and second stage larvae are 

on the corpse, the corpse is fresh and bloated 

and the tissues and organs have not been 

seriously damaged yet. 

Figure 6 shows the chromatogram obtained 

from the second stage larvae of treatment reg-

imen number 3 (180 ng/mg). It should be men-

tioned that at higher doses of Methamphetamine, 

it can also be detected in second age larva. In the 

current experiment, when L. sericata adults were 

killed and analyzed one week after eclosion, no 

Methamphetamine was discovered. Moreover, 

larvae taken from human cadavers with the his-

tory of Methamphetamine use (used for valida-

tion purposes) were also positive, and the meth-

od was validated. 

The chromatogram from larvae samples of 

L. sericata (L3) from the body of a 45-year-old 

man with a history of Methamphetamine ad-

diction was confirmed by our employed meth-

od, as shown in Fig. 7. The chromatogram had 

a retention time of 5.4 minutes. 

A 36-year-old man with a history of Meth-

amphetamine addiction had larvae samples (L3) 

of L. sericata that were similarly positive, 

demonstrating the effectiveness of the study 

procedure (Fig. 8). 
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Fig. 1. Electron ionization (EI) mass spectra of the Methamphetamine (MA): MA monitored at m/z -58,100. 

 

 
 

Fig. 2. The structure of acetylated Methamphetamine 

 

 
 

Fig. 3. The structure of Amantadine (left) and acetylated Amantadine (right) 
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Fig. 4. Methamphetamine and Amantadin chromatograms generated by GS-MS. Retention time (minutes) of each peak 

is marked below the chromatogram. Chromatograms derived from L. sericata (L3) larval samples that were fed on 

chicken liver mince treated with 90 ng/mg MA 

 

 
 

Fig. 5. Methamphetamine chromatogram generated by GS-MS. Retention time (minutes) of each peak is marked below 

the chromatogram. Chromatogram derived from L. sericata (EP) empty pupa samples that were fed on chicken liver 

mince treated with 180 ng/mg MA 
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Fig. 6. Methamphetamine chromatogram generated by GS-MS. Retention time (minutes) of each peak is marked below 

the chromatogram. Chromatogram derived from L. sericata larval samples (L2) that were fed on chicken liver mince 

treated with 180 ng/mg MA 

 

 
 

Fig. 7. The Methamphetamine chromatogram derived from larvae samples of L. sericata (L3) collected from the body 

of a 45-year-old man with a history of Methamphetamine addiction. The retention time (minutes) of MA peak is marked 

below the chromatogram (upper) and electron ionization (EI) mass spectra of the MA monitored at m/z -58,100 (below) 

 

 
 

Fig. 8. The Methamphetamine chromatogram derived from larvae samples of L. sericata (L3) collected from the body 

of a 36-year-old man with a history of Methamphetamine addiction. The retention time (minutes) of MA peak is marked 

below the chromatogram (upper) and electron ionization (EI) mass spectra of the MA monitored at m/z -58,100 (below) 
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Discussion 
 

The current study demonstrated that MA 

could be found in the larvae and empty pupae 

of L. sericata fed with spiked livers contain-

ing MA using GC-MS analysis.  

However, according to our research, L. seri-

cata was sensitive to the GC-MS method when 

it consumed liver that contained 45 ng/mg, 90 

ng/mg, and 180 ng/mg MA. The biological phe-

nomena, such as MA exposure and biological 

absorption, MA toxicity-dose correlations, and 

blowfly physiology, were unpredictable and var-

iable by nature because of the exposure phase. 

This could explain why the liver MA concen-

trations of 45 ng/mg, 90 ng/mg, and 180 ng/ 

mg only showed minor variations.  

Groth et al. demonstrated in a study con-

ducted in 2022 that entomological samples have 

a very high capability in field research. In ad-

dition to various benzodiazepines and synthet-

ic cannabinoids, almost every chemical found in 

human samples were also found in larvae. Un-

expectedly, several drugs, such as the brand-

new psychoactive compounds EAM-2201 and 

U-47700, were only discovered in larvae and 

human hair. Only the liver, lungs, and stomach 

contents contained the benzodiazepine etizolam, 

probably due to its distinctive tissue distribu-

tion in people and/or larvae (26). 

In another investigation by Gosselin et al. 

(27), larvae produced fewer matrix effects than 

the putrefied human specimens during the ex-

amination for the opioid Methadone. Similar to 

this, other entomotoxicologists stated that the ex-

amination of insects provided more sensitive re-

sults with fewer interferences from by-products 

of decomposition (10). 

The human putrefaction metabolites that of-

ten interfere with analytical techniques may be 

metabolized by larvae (28). Most published in-

vestigations have found that all drugs discov-

ered in human tissues could also be found in 

insect specimens (29–31).  

In actuality, the toxicological examination 

of necrophagous insects occasionally revealed  

 

 
chemicals that were not found in the readily 

accessible human remains (32).  

These and other studies (33, 34) point to 

the significant potential for the study of larvae 

as a supplemental technique to identify at least 

most of the chemicals consumed by the de-

ceased, when human remains are uncommon, 

highly decomposed, or both. 

The ability to detect chemicals in larvae 

may be influenced by a variety of variables. The 

chemicals that the larvae ingest and the degree 

of their bioaccumulation in larvae are determined 

by their feeding region and developmental stage 

(5, 31, 35). Additionally, it is important to take 

into account the drug's physicochemical char-

acteristics and pharmacokinetic behavior in both 

humans and larvae. 

The metabolism and accumulation of drugs 

in necrophagous larvae are now unknown (16). 

Like people, the tissues of larvae should bioac-

cumulate drugs if their rate of absorption exceeds 

their rate of excretion. 

However, it also exhibits a weak link with 

drug absorption rates and raises the possibility 

that environmental factors may have influenced 

the final drug concentration discovered in insect 

tissue. This shows that exposure concentration 

had a substantial impact on toxicological con-

sequences. The relationship between ambient 

temperature and drug metabolism, excretion, and 

stability has been studied in previous works (36–

38). Numerous drug studies have shown that dur-

ing the post-feeding stage, when the larvae were 

excreting drugs from their organs, some of the 

drugs also appear to be absorbed into the cuti-

cle of the pupae (39, 40). Due to the fact that 

pupal cases can sometimes recover years, and 

even hundreds of years, after death, such speci-

mens may be of major importance in toxicolog-

ical analysis (41). 

According to our study, negative results in 

L. sericata adults were predicted because it is 

known that when the flies become adults, they 

quickly eliminate the drugs (38, 42). Metals have 
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been released into meconium in the pupal hind-

gut by Calliphoridae fed on mercury-containing 

fish tissue, according to Nuorteva and Nuorteva 

(1982) (43). They also discovered that the adult 

fly only had 50% of the mercury seen in the de-

veloping larvae two days after hatching (43). 

However, no Methamphetamine was found 

when L. sericata adults were killed and exam-

ined one-week following eclosion in the cur-

rent investigation. 

As previously mentioned, immature fly sam-

ples had low levels of MA that GC-MS was able 

to easily identify. Insect samples as well as sam-

ples taken from dead bodies can be used for post-

mortem drug testing. The utilization of decaying 

tissues and fluids makes toxicological studies 

extremely difficult. There are typically consid-

erable compromises in chromatographic perfor-

mance and separation, extraction recovery, and 

ionization efficiency. Additionally, post-mortem 

tissues have a significant loss in drug stability, 

which makes it challenging to discover new 

drugs (44, 45). 

In this study, larvae were extracted using the 

liquid-liquid approach, and for the first time, 

derivatization was carried out using the acety-

lation method in larval samples 

 
Conclusions 
 

GC-MS made it simple to detect small 

amounts of MA in samples of immature flies. 

Testing for mortality should make use of all tox-

icological investigation tools, including human 

tissue and insect samples. Third instar larvae 

were an excellent and trustworthy sample for 

toxicological studies since they could recognize 

every MA before they were excreted. There is, 

however, little information in the literature about 

the discovery of drug metabolites in fly larvae, 

and less understanding of the mechanisms by 

which larvae metabolize drugs. The pharma-

cokinetics of drugs in various species of larvae 

may therefore be the main topics of future in-

vestigation. 

If results from standard methods are unsat-

isfactory, this would open up the possibility to 

use insect samples as an additional matrix for 

toxicological research. As a result of our re-

search, we advise the preservation of larvae in 

all postmortem situations where they may be 

located on or inside the corpse. 
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