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Highlights 25 

1. Gas chromatography–mass spectrometry (GC–MS) can detect both nicotine 26 

and cotinine in immatures Calliphora vomitoria. 27 

2. Nicotine does not modify the developmental time of C. vomitoria. 28 

3. C. vomitoria survival during the pupation period is influenced by nicotine. 29 

4. Nicotine also affects C. vomitoria larval length. 30 

 31 
 32 

Abstract 33 

 34 

Entomotoxicology is the application of toxicological methods and analytical procedures on 35 
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necrophagous insects feeding on decomposing tissues to detect drugs and other chemical 36 

components, and their mechanisms affecting insect development and morphology and modifying the 37 

methodology for estimation of minimum time since death. Nicotine is a readily available potent poison. 38 

Because of its criminal use, a gas chromatography–mass spectrometry (GC–MS) method for the 39 

detection of nicotine in Calliphora vomitoria L. (Diptera: Calliphoridae) was developed and validated. 40 

Furthermore, the effect of nicotine on the development, growth rate, and survival of this blowfly was 41 

studied. Larvae were reared on liver substrates homogeneously spiked with measured amounts of 42 

nicotine (2, 4, and 6 ng/mg) based on concentrations that are lethal to humans. The results 43 

demonstrated that (a) the GC–MS method can detect both nicotine and its metabolite cotinine in 44 

immature C. vomitoria; (b) the presence of nicotine in the aforementioned three concentrations in food 45 

substrates did not modify the developmental time of C. vomitoria; (c) during the pupation period, 46 

larvae exposed to nicotine died depending on the concentration of nicotine in the substrate; and (d) 47 

the resultant lengths of larvae and pupae exposed to 4 and 6 ng/mg concentrations of nicotine were 48 

significantly shorter than those of the control. 49 

 50 

Keywords: Entomotoxicology; nicotine; GC–MS; Calliphora vomitoria 51 

52 
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 52 
1. Introduction 53 

 54 

Entomotoxicology is a scientific term involving the combination of entomology and toxicology. One 55 

aspect of entomotoxicology examines the adverse effects of chemicals on living organisms (insects) 56 

feeding on the remains of humans and other animals.1 Toxicological substances (simply referred to as 57 

“drugs” in this study) present in remains can also enter necrophagous insects. Many of these drugs 58 

affect insects, altering their rate of development and survival.2 In a forensic context, the identification 59 

of drugs in necrophagous insects may help determine the cause of death.3,4 This is because the 60 

common toxicological analyses conducted on decomposed tissues (high decay stage of 61 

decomposition or skeletonized remains) were generally less sensitive and yielded almost erroneous 62 

results.2,5–9 As only a modest number of substances and insect species/life instars have been studied 63 

so far, reports on analysis of drugs from insects are limited. Moreover, many early studies used 64 

analytical procedures that are currently obsolete with little or no validation.10 While the detection of 65 

drugs, metals, pesticides, and alcohol has been reported in entomotoxicological studies, there is no 66 

research concerning the detection, analytical quantification, and the effect of nicotine on any 67 

necrophagous entomofauna.10 68 

 69 

Nicotine, 3-(1-methyl-2-pyrrolidinyl)pyridine, is a volatile and water-soluble alkaloid present in the 70 

leaves and stems of the plants of Nicotiana species (Solanales: Solanaceae), which includes 71 

Nicotiana tabacum L., the tobacco plant.11 In such plants, nicotine acts as a botanical insecticide.12 72 

The tobacco plant, or “holy herb,” was first observed by Columbus in the New World, where it was 73 

known to exhibit therapeutic properties that can treat a wide range of disorders. The plant was 74 

scientifically classified in 1560 in honor of Jean Nicot de Villemain, the French ambassador in Portugal, 75 

who introduced tobacco into France and successfully promoted its medicinal use.13 Although efficacy 76 

of tobacco was criticized and people were warned about the negative consequences of tobacco abuse 77 

in the 17th century, it has been still suggested for the treatment of several disorders.13 The outcome of 78 

a study of 128 patients treated with tobacco between 1785 and 1860 showed fatal or poisonous exitus 79 

in only 10% of them.13,14 In 1851, tobacco became the first vegetable poison ever successfully 80 

identified in human tissues: its intake was identified as a contributing factor of death in the 81 

investigation of the Bocarmé murder case.15 Physicians were much aware of using tobacco for 82 

medicinal purposes after 1928, when the alkaloid nicotine was isolated from the plant.13 The 83 

therapeutic use of tobacco declined in the 20th and 21st centuries. At present, nicotine is found in 84 

tobacco products, such as cigarettes, cigars, pipe, and chewing tobacco, and refill solutions for 85 

electronic cigarettes (e-cigarettes). Furthermore, nicotine is present in various formulations of nicotine 86 
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replacement therapy (NRT), such as nicotine transdermal patches, nasal sprays, inhalators, gums, 87 

sublingual tablets, and lozenges.12 In some countries, nicotine is used in toothpastes for extra 88 

whitening.16 Moreover, nicotine is used as a synergist in insecticides.17 89 

Nicotine acts on brain nicotinic cholinergic receptors to facilitate neurotransmitter release (dopamine 90 

and others) and derive pleasure, stimulation, and mood modulation.18 Many authors have found a 91 

positive relationship between tobacco consumption/addiction and suicide.19 Nicotine is associated with 92 

acute toxicity; it is considered one of the most deadly poisons and, at the same time, it can easily 93 

come into contact with normal daily life (e.g., buying smoking products).20 Symptoms of intoxication 94 

include parasympathetic as well as sympathetic stimulation, resulting in miosis, diaphoresis, 95 

tachypnea with increased secretions, nausea and vomiting, headache, incontinence, tachycardia, 96 

paralysis, cardiovascular collapse, and simultaneous respiratory failure.21 Rapid administration of large 97 

doses of nicotine may cause death within a few minutes.21 98 

The median lethal doses (LD50) of nicotine are 50 and 3 mg/kg for rats and mice, respectively, 99 

whereas a dose of 0.5–1.0 mg/kg can be lethal for humans.17,22 The fatal dose of nicotine is therefore 100 

estimated to be 30–60 mg for adults and 10 mg for children.23 101 

The nicotine content of smoking products varies in different countries, over time and between brands. 102 

A cigarette typically contains 10–20 mg of nicotine, but only approximately 1–1.5 mg is absorbed 103 

during smoking.24 Many brands of pipe tobacco and cigars contain at least four to six and 10–20 times 104 

higher amounts of nicotine, respectively.25,26 Recently, e-cigarettes have become popular, whose 105 

refills contain nicotine concentration of approximately 22 mg/mL.27 106 

Nicotine can be readily absorbed by the epithelium of the lung, the nose, skin, and mucosae, 107 

regardless of the mode of administration.28 Therefore, potential poisoning can result from ingestion, 108 

injection, inhalation, and absorption of nicotine by skin and rectum.29 Nonfatal nicotine poisoning 109 

sometimes results from accidental intoxication, caused by unorthodox treatments against worms, 110 

eczema, and constipation,30–32 or suicide attempts using insecticides,21 transdermal nicotine patches,33 111 

and e-cigarette refills.25 Most tobacco products contain a considerable amount of nicotine, of which 112 

only a small percentage is absorbed by the body during normal activities (e.g., smoking).24,34 However, 113 

standard procedures for the extraction of pure nicotine from smoking tobacco are available on the 114 

Internet.35,36 In addition, the content of e-cigarette refills is potentially lethal for adults and children, if 115 

taken other than directed.27 Furthermore, their pleasant flavors (e.g., cotton candy and bubble gum) 116 

could attract children to ingest such solutions.27 The literature reports a number of accidental/sudden, 117 

suicidal, and homicidal cases involving nicotine (alone or mixed with other drugs).29,36–42 118 

Nicotine and its metabolites (e.g., cotinine, the major metabolite of nicotine) can accumulate in human 119 

hair and nails, and these matrices can be used to assess long-term exposure to nicotine from tobacco 120 

products.43 However, such tissues do not provide information about the possible misuse and/or 121 
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overdose of nicotine.12 In a nicotine overdose situation, the toxicological examinations will be focused 122 

on detecting nicotine in the liver, as nicotine metabolites would provide only accessory 123 

information.12,35,44 This study describes the development and validation of a suitable analytical method, 124 

based on gas chromatography–mass spectrometry (GC–MS), to detect nicotine in larvae, pupae, 125 

empty puparia (EP), and adults of Calliphora vomitoria. Furthermore, the effects of nicotine on the 126 

larvae of the necrophagous blowfly C. vomitoria L. (Diptera: Calliphoridae) were examined when 127 

reared on substrates spiked with three concentrations of nicotine, sufficient to cause death in humans. 128 

This study also reports the detection of cotinine, but does not include a method for validating the same. 129 

 130 

 131 

2. Material and Methods 132 

 133 

2.1. Preparation of foodstuff and rearing of C. vomitoria 134 

 135 

C. vomitoria is a common fly species widely distributed in the Holarctic region.45 It is an early colonizer 136 

of carcasses during the cold season, and mainly found in rural areas as the only colonizing species or 137 

in association with Calliphora vicina Robineau-Desvoidy.45 Colonies of C. vomitoria were reared 138 

following the procedures described by Magni et al.46 The flies were caught from the wild around Turin, 139 

Italy, identified by the entomologists using the key of Smith45 and periodically replenished to prevent 140 

inbreeding. C. vomitoria species used in this experiment were harvested from a third-generation 141 

laboratory culture. Flies were provided tap water and sugar ad libitum. Small plastic trays containing 142 

fresh beef liver on water-moistened paper were placed in the cages to obtain eggs. The liver was 143 

checked every 2 h, and following oviposition, four egg clusters containing approximately 1000 eggs 144 

(1.2 g) were deposited using a fine paintbrush onto beef liver aliquots (500 g × 4) already spiked and 145 

homogenized with different concentrations of nicotine (control (C): 0; T1: 2; T2: 4; and T3: 6 ng/mg). 146 

The appropriate nicotine spiking concentrations were selected based on the concentrations that would 147 

most likely cause death in humans.22 Liver was used as the fly food substrate because it is the typical 148 

medium for forensic entomology experiments47,48 as well as it has the highest affinity for nicotine.12 149 

Experimental  livers were  homogenized with  increasing  volumes  (250,  500,  and  750  μL)  of  a  1000  ‐ng/mg 150 

nicotine solution. The hHomogenization was performed using an A11 basic Analytical mMill (IKA®‐Werke GmbH 151 

& Co.).  To disperse  the  analytical  standard,  aA T18 digital ULTRA-TURRAX (IKA®-Werke GmbH & Co.) 152 

was used  to  disperse  the  analytical  standard. Each experimental liver was placed on  a  roundcircular 153 

plastic tray (Ø 14 cm with moistened paper on the base to prevent desiccation) with a  height sides  (of 154 

10 cm) to observe the start of the larvae post-feeding instar. Each plastic tray was placed on top  of  5 155 
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cm of dry sand (5  cm height) within a larger plastic box (22  x× 40  x× 20 cm), which was covered with a 156 

fine mesh cloth and sealed using an elastic band. Sand was used sofor  the post-feeding larvae couldto 157 

leave the food substrate and pupate. Immature and adult flies were reared at the  laboratory 158 

temperature  of  23°C°C laboratory  temperature  with approximately 20% relative  humidityRH and a 159 

photoperiod (h) of 12:12 (L:D). In  this  study,  Ttemperature data in  this  study  were recorded using 160 

Tinytag® data‐ loggers with data being recordedfor every 1 hour. 161 

 162 

 163 

2.2. Sample collection 164 

 165 

Two samples, one consisting of 30 individuals and another amounting to 1 g from each treatment, 166 

were collected when C. vomitoria reached the second (L2), third (L3), post-feeding (PF), pupal (P), 167 

and adult (A) instars. EP were also collected. 168 

Each sample of 30 individuals was used for morphological analyses. The instar and the length of each 169 

individual were determined following the standards and guidelines for the best preserving method in 170 

forensic entomology.49 The length of each individual was measured the day after preserving, using a 171 

stereomicroscope (Optika SZM-2) equipped with a graduated lens.50 172 

Each sample weighing 1 g from each of the instars was stored at −20°C until the end of the sampling 173 

period and was analyzed to detect nicotine. Larvae of L2 and L3 instars were sacrificed and stored 174 

only after careful cleaning of each individual with water and neutral soap to remove any external 175 

contamination. Adults were not provided with food or water and were sacrificed 2 days after their 176 

emergence. The analytical method was validated using 100 mg of control EP, chosen as the target 177 

matrix because of their high chitin content. EP were chosen as they have longer lifetime, and in such 178 

circumstances they may represent the only reliable sample for toxicological analyses.51 179 

When the larvae reached the PF instar, 100 individuals from each treatment were placed in separate 180 

boxes. The time to pupation and the total number of pupated individuals, as well as the time to 181 

eclosion and the total number of emerging adults were recorded. 182 

 183 

 184 

2.3 Toxicological analysis 185 

 186 

Chemicals and reagents – Liquid (-)-nicotine (≥99%) and (-)-cotinine (1000 mg/L in methanol) were 187 

purchased from Sigma-Aldrich® and (2,4,5,6)-d4-nicotine (98%) was purchased from CDN Isotopes®. 188 

Standards solutions of (-)-nicotine in CH3OH (1000, 100, 10, and 1 mg/L) and (2,4,5,6)-d4-nicotine 189 
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(used as the internal standard, ISTD) in CH3OH (1000, 100, 10, and 1 mg/L) were prepared from the 190 

liquid pure standards. Dichloromethane (CH2Cl2), methanol, sodium hydroxide (1 M in water), and 191 

trichloromethane (CHCl3) were also purchased from Sigma-Aldrich®. 192 

 193 

Sample preparation for GC analysis – Larvae (L2, L3, PF), P, EP, and A samples were placed 194 

separately in Falcon tubes (50 mL), and dichloromethane was added as part of the preliminary wash. 195 

The tubes with larvae and pupae were then placed in a vortex for 2 min and the organic solvent was 196 

discarded. Meanwhile, the EP were dried at room temperature under nitrogen. Following crystallization 197 

with liquid N2, they were crushed using a glass rod and 100-mg aliquot was placed in a new tube. In 198 

order to validate the method, control C. vomitoria EP were spiked with different amounts of nicotine at 199 

this stage, by adding different volumes (0, 5, 10, 25, 35, 50, and 60 L) of methanol solution of (-)-200 

nicotine (10 mg/L). Then, 1 M NaOH was added to reach a final volume of 2 mL and 50 L of 201 

(2,4,5,6)-d4-nicotine (1 mg/L in CH3OH) solution was added as the ISTD. The tubes were sealed and 202 

placed at room temperature to extract/dissolve the matrix. The digested sample, after elimination of 203 

the solid residues, was extracted twice with 1 mL of 1:3 (V/V) methanol:trichloromethane solution and 204 

dried at 50°C under nitrogen stream. After drying, the analytes were recovered with 100 L of 205 

methanol and 2 L of the solution was injected into the GC–MS instrument. 206 

 207 

GC–MS – Analytical determinations for the detection of (-)-nicotine and its metabolites (e.g., cotinine) 208 

were performed using an Agilent 6890N Network GC System coupled with an Agilent 5973 Inert Mass 209 

Spectrometer operating in the electron impact ionization mode. Samples (1 µL) were injected by 210 

programmed temperature vaporization (PTV) into an HP-5MS, 30 × 0.25 mm i.d. and 0.25-µm f.t. 211 

capillary column. The initial injector temperature was 60°C for 0.10 min, which was increased by 212 

10°C/min for 2.60 min up to 300°C for a total run time of 15 min. The initial oven temperature was 213 

maintained at 60°C for 0.4 min, and increased by 20°C/min for 2.60 min up to 300°C for a total run 214 

time of 15 min. The carrier gas was ultrapure He (1.0 mL/min; SIAD, Bergamo, Italy). During 215 

preliminary GC–MS analyses, full mass spectra were acquired. The background subtracted mass 216 

spectrum for (-)-nicotine and (-)-cotinine (using EI in full scan mode) is shown in Figure 1. In order to 217 

complete the quantitative analysis, the mass analyzer was operated in the selected ion-monitoring 218 

(SIM) mode. The m/z values of the ions selected to identify nicotine were 162, 133, 84, and 42; and 219 

that for cotinine were 176, 119, and 98. 220 

 221 

Method validation – Nicotine detection method was validated according to ISO/IEC 17025 222 

requirements and ICH guidelines.52,53 The validation protocol included quantitative determination of 223 
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nicotine in larvae, P, and EP: specificity, linearity, limit of detection (LOD), limit of quantification (LOQ), 224 

extraction recovery (ER%), repeatability, and carry over were determined. 225 

 226 

Specificity – A total of 10 samples of the control EP were used to ascertain specificity of the method, 227 

of which five were spiked with 1 mg/L of ISTD. For all ion chromatograms, the specificity test was 228 

successful if the S/N ratio was <3 at the expected retention time of the target analytes. 229 

 230 

Linearity – The linearity of the calibration model was checked by analyzing control EP samples (100 231 

mg) spiked with nicotine solution at concentrations of 0.5, 1, 2.5, 3.5, 5, and 6 ng/mg, and cotinine 232 

solution at concentrations of 1, 2, 3, 4, 5, and 6 ng/mg; (2,4,5,6)-d4-nicotine with a final concentration 233 

of 1 ng/mg was used as the ISTD. The linear calibration parameters were calculated by least-squares 234 

regression, and the correlation coefficient (R2) was used for a rough estimation of linearity. 235 

Quantitative results from area counts were corrected using the ISTD signal. 236 

 237 

LOD and LOQ – These parameters were calculated for both nicotine and cotinine as the analyte 238 

concentrations, whose response provided a signal-to-noise (S/N) ratio of 3 and 10, respectively, as 239 

determined from the least abundant qualifier ion. The S/N ratios at the lowest calibration level (LCL) 240 

were used to extrapolate the theoretical LOD and LOQ, which had been subsequently verified by 241 

blank EP samples spiked at concentrations close to LOD and LOQ. 242 

 243 

ER% – ER% was evaluated at two concentrations of nicotine in control EP: 2 and 6 ng/mg. For each 244 

of these concentrations, five samples were spiked before the digestion step of the matrix and five after 245 

extraction. ER% was calculated by the average ratio of the analyte concentration determined after its 246 

extraction (first set) to the one determined on the spiked extract (second set). 247 

 248 

Repeatability (intra-assay precision) – Repeatability was calculated as the percent coefficient of 249 

variance (CV%) after spiking 10 samples of control EP with two concentrations of nicotine: 2 and 6 250 

ng/mg. Repeatability was considered acceptable when CV% < 20%. 251 

 252 

Carry Over – Carry-over effect was evaluated by injecting an alternate sequence of five negative EP 253 

samples and five blank EP samples spiked with nicotine at a concentration of 6 ng/mg. S/N ratio < 3 254 

indicates the absence of carry-over effect. 255 

 256 

 257 

2.4 Statistical analysis 258 
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 259 

Concentrations of nicotine and cotinine in larvae and pupae as well as their respective lengths in 260 

different treatments were analyzed by one-way analysis of variance (ANOVA) and Tukey test. 261 

Pupation and eclosion rate were analyzed by one-way ANOVA and Pearson’s chi-squared test. 262 

Statistical significance was set at p < 0.05. Calculations were performed using IBM SPSS Statistics 22 263 

software package. 264 

 265 

3. Results 266 

Entomotoxicological analyses by GC–MS confirmed the possibility to detect both nicotine and cotinine 267 

in different life instars of C. vomitoria reared on food substrates containing different concentrations of 268 

nicotine. However, this study is focused on the development of a GC–MS method for the 269 

determination of nicotine only, because the parent drug represents the target analyte in the cases of 270 

lethal poisoning. The results concerning cotinine are provided as supplementary information. 271 

 3.1 Method validation 272 

 273 

The following parameters were obtained: coefficient of linearity (R2), LOD, LOQ, ER%, and 274 

repeatability (CV%) (Table 1). Specificity was satisfactory and no carry-over effects were observed. 275 

 276 

 3.2 Nicotine and cotinine concentration  277 

 278 

A summary of concentrations of nicotine and cotinine found in different treatments and instars of C. 279 

vomitoria is reported in Table 2. 280 

GC–MS analyses confirmed that the nicotine artificially added to food substrates was present in the 281 

different instars of C. vomitoria as well as in the EP. Nicotine treatments revealed the absence of 282 

nicotine (lower than LOD) in L2 and A samples and all control samples. The highest concentration of 283 

nicotine was found in the EP of C. vomitoria from the T3 treatment, whereas lower concentrations 284 

were determined overall from the T1 and T2 treatments. The amount of nicotine found in all treatments 285 

and instars was found to be significantly different from that in the controls. Statistical differences were 286 

also found between T1, T2, and T3 treatments (Table 2). 287 

Cotinine was observed only in P and EP of C. vomitoria, with the highest concentration recorded in EP 288 

from T3 treatment. As with nicotine, these cotinine concentrations proved significantly different from 289 

the control and between treatments (Table 2). 290 

 291 
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 3.3 Growth rates and survival 292 

 293 

The presence of nicotine in food substrates had no significant effect on the development time of flies 294 

(Table 3): the time from oviposition to eclosion was similar for control larvae and for larvae feeding on 295 

liver containing various concentrations of nicotine (Table 3). On the contrary, nicotine present in food 296 

substrates did not affect C. vomitoria survival during the early instars of development (until the P 297 

instar). Later, the presence and increasing concentration of nicotine (and cotinine) significantly 298 

affected the fly survival during metamorphosis (Table 3). Table 3 shows that during the PF instar, only 299 

a small number of larvae died before pupation (2/100, 2/100, 3/100, and 5/100 in C, T1, T2, and T3, 300 

respectively), while after metamorphosis, lesser flies eclosed in the treatment groups (83/98, 77/97, 301 

and 62/95 in T1, T2, and T3, respectively) than in the control (90/98) (Table 3). The survival of the 302 

adults reared in T3 was significantly lower than all the other treatments and the control. The survival of 303 

the adults reared in T1 was not significantly different from that of the control and T2. The survival of 304 

the adults reared in T2 was significantly different from that of the control and T3 treatments. 305 

 306 

3.4 Larval and pupal length 307 

 308 

Significant differences were observed in the average length of larvae and pupae between control and 309 

treatment groups (Table 4). Significant differences occurred in the length of L3, PF, and P instar for all 310 

treatments with respect to the control, but not in the length of L2 for all the treatment groups, which 311 

were not significantly different from control (Table 4; Fig. 2). No significant differences were observed 312 

between the treatment groups. 313 

 314 

 315 

 316 

4. Discussion 317 

 318 

Relatively large amounts of nicotine are currently found in smoking products, NRT products, 319 

dentifrices, and a few insecticides.12,16,17 Cases of death by nicotine poisoning, either accidental or 320 

intentional, are occasionally reported. The necrophagous insects feeding on highly decomposed 321 

remains are likely to be the only reliable resource for conducting toxicological analyses for a fatal 322 

event involving missing people. 323 

Entomotoxicology literature reports only a limited number of studies focusing on the search and 324 

detection of alkaloids (e.g., amphetamine, cocaine, codeine, mitragynine, methadone, morphine, 325 

pholcodine, propoxyphene, and other opiates) in insects (mostly blowflies, but also beetles and their 326 
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residuals).10,54 Unfortunately, majority of them were case studies or simply reports on the extraction of 327 

alkaloids from insects (sometimes not identified beyond the Family level). Furthermore, the analytical 328 

method of validation and the effects of such drugs on the morphology, development, and survival of 329 

the insects are generally omitted. 330 

To the best of the authors’ knowledge, this study is the first of its kind to determine the comprehensive 331 

effects and residual presence of the alkaloid nicotine in C. vomitoria flies reared on liver homogenized 332 

with nicotine. The validated GC–MS analytical procedure detected the presence of both nicotine and 333 

cotinine in C. vomitoria larvae, pupae, and EP. Furthermore, nicotine artificially added to their food 334 

substrates produces a significant decrease in the survival of these flies during the period of 335 

metamorphosis, from pupa to adult. 336 

 337 

Nicotine and cotinine concentration – As stated, no information is available pertaining to the effects 338 

of nicotine on blowflies. However, comparisons and analogies can be made with morphine, a more 339 

complex alkaloid than nicotine. The toxicological effects on calliphorids reared on morphine showed 340 

that (1) larvae grown on meat contaminated with a higher dose of drug contained more drug than 341 

those grown on meat with a lower dose55–58; (2) larvae fed with a high drug dose contained less drug 342 

than that of the preceding instar55; (3) the highest percentage (70%) of the drug adsorbed by the 343 

feeding instars was incorporated into the cuticle and excreted with the exuviae (puparium), while only 344 

a minor percentage (30%) was retained in the tissues of the adult fly and excreted with the meconium 345 

(waste products discarded with the first excretion upon emergence of adult age of the fly59)51,55] and (4) 346 

immunohistochemical studies of C. vomitoria larvae reared on food substrates containing morphine 347 

showed an intense immunoreaction at the boundary between exocuticle and endocuticle.60 348 

The current results on nicotine are similar: (1) A higher spiking dose in the liver resulted in more 349 

nicotine detected by GC–MS in L, P, and EP of C. vomitoria with the only exception of PF in T2 350 

treatment, where the amount of nicotine detected was lower (and statistically different) than that in the 351 

T1 treatment (Table 2); (2) larvae fed on any nicotine dose and their subsequent pupae contained less 352 

nicotine than the preceding instar, with the exception of PF in T1 treatment, where the amount of 353 

nicotine was higher than L3; (3) the maximum amount of nicotine in any of the treatments was found in 354 

the EP, while the amount of nicotine in the adult was found to be lower than the LOD of the method. 355 

During pupation, the endocuticle of calliphorids becomes sclerotized, and during the transformation of 356 

the hard dark shell of the puparium, it retains the majority of nicotine. This is also evident when larvae 357 

are fed with a substrate containing morphine.51,55 The fact that EP are generally evident around the 358 

remains for long time after death underlines the toxicological interest of such samples and the reason 359 

why EP were specifically used in this study to validate the analytical method. 360 
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The GC–MS method was also capable of detecting a nicotine metabolite cotinine. Similarly, 361 

metabolites were identified entomotoxicologically for another alkaloid methadone.61 In humans, 362 

approximately 70–80% of nicotine is converted to cotinine.12 It is important to note that cotinine has a 363 

longer half-life than nicotine in the host body and it is therefore considered a good indicator of smoking 364 

and nicotine poisoning.62 However, in cases of nicotine overdose and consequent death, the metabolic 365 

transformations are stopped and the toxicological examinations are concerned mainly on the presence 366 

of nicotine.12 367 

As stated by Gosselin et al.,61 origin of metabolites cannot be clearly elucidated, as they may result 368 

from larvae metabolism or be produced by substrate enzymes. In the case of metabolism of nicotine to 369 

cotinine, both hypotheses are conceivable. In both humans and bovines, nicotine is metabolized to 370 

cotinine primarily by the liver enzyme P450 2A6 (CYP2A6),12,63,64 which may have a residual 371 

postmortem activity.65 In this study, the postmortem activity of the beef liver enzymes could be 372 

accentuated by liver homogenization, releasing the enzymes. Furthermore, the homogenized liver had 373 

never been exposed to denaturing agents (e.g., extreme temperatures, acids, and solvents) that could 374 

inactivate its enzymes. In insects, P450 is a well-known enzyme family that performs many important 375 

tasks such as synthesis and degradation of ecdysteroids and juvenile hormones and metabolism of 376 

xenobiotics.66 In particular, the P450 enzymes appear fundamental for insects that feed on tobacco 377 

plants [Manduca sexta (L.)], while in Musca domestica L., they are responsible for insecticide 378 

resistance.66 379 

As Kharbouche et al.67 stated, a better understanding of drug metabolism in blowflies facilitates the 380 

interpretation of toxicological results. In this study, an appreciable concentration of cotinine was 381 

present only in P and EP samples, which is attributed to the different chemical structure of cotinine or 382 

different kinetics/excretion rate of the metabolite with respect to nicotine. Alternatively, the presence of 383 

cotinine may be due to its longer half-life or the increase of its concentration during the postmortem 384 

period, caused by the residual activity of the liver enzymes. 385 

 386 

Effects of nicotine and cotinine on growth rate and survival of flies – Growth rate of C. vomitoria 387 

is unaffected by the presence of nicotine in the food substrate. Similar results were obtained on 388 

Calliphora stygia (Fabricius) reared on substrates containing morphine.55,68 Accordingly, several 389 

authors note that insects may be capable of excreting drugs efficiently, which allows them to maintain 390 

their concentration at levels lower than their food, and grow and survive despite the presence of 391 

drugs.55,58,67,69 Malpighian tubules are considered the place where the physiological mechanism of 392 

excretion takes place. Observations on Drosophila melanogaster Meigen suggest that the rate of 393 

secretion of a drug by Malpighian tubules increases when the insect feeds on a substrate containing 394 

that drug.55,60 Furthermore, the rate of excretion of a drug is related to its chemical structure and 395 
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pharmacological properties.67 396 

Survival data show an interesting result, that is, the survival of C. vomitoria during metamorphosis 397 

decreases with the increasing dose of nicotine in the food substrate. This effect may be attributed to 398 

the ingestion of nicotine during the feeding period, which is not surprising, as nicotine is a natural 399 

insecticide.12 However, GC–MS results clearly show that the concentration of cotinine was higher than 400 

nicotine in P samples. Such a high concentration of cotinine, rather than nicotine, may be considered 401 

the real cause of death of a large percentage of P during metamorphosis. 402 

 403 

Effects of nicotine and cotinine on larval and pupal lengths – Bourel et al.,70 Kharbouche et al.,67 404 

and Rashid et al.54 analyzed the length of immature calliphorids reared on food substrates containing 405 

morphine, codeine, and ketum extract. Results of their studies showed significant differences in the 406 

length of blowflies reared on drug-positive substrates compared with the control. In agreement with 407 

these results, this study shows that larvae (L3 and PF) and P of C. vomitoria reared on a substrate 408 

containing nicotine are significantly shorter in length than the control. In particular, the results of both 409 

the experiments on codeine and nicotine show an “all or nothing effect” on the length of the 410 

immatures: the presence of the drugs in any of the treatments has similar effects compared with the 411 

control, and this effect is not subjected to the amount of nicotine in the food substrate, but only to its 412 

presence.67 As a consequence, as well as stated for other alkaloids, when nicotine is present in the 413 

food substrate, caution must be taken in the estimation of the age of immatures based on their length. 414 

 415 

 416 

5. Conclusions 417 

 418 

Smoking habits and products containing nicotine are common in society, and hence intoxication and 419 

toxicity caused by nicotine could be missed by pathologists, particularly when remains are highly 420 

decomposed, skeletonized, or without additional clues left by the deceased.36 However, nicotine-421 

containing products are easily available and highly toxic to living beings; therefore, the possibility of 422 

nicotine overdose, accidental or intentional, should not be ignored.35 Murder in Three Acts by Agatha 423 

Christie and Behold, Here’s Poison by Georgette Heyer71 are some of the examples found in the 424 

literature concerning murders by nicotine poisoning. 425 

This study validates a GC–MS method to detect the presence of human lethal doses of nicotine in 426 

blowflies. It also shows that C. vomitoria immatures accumulate both nicotine and its metabolite 427 

cotinine and that the length and survival of C. vomitoria feeding on nicotine-containing liver can be 428 

significantly affected by the presence of the drug. Interestingly, although the effect on survival is dose 429 

dependent, that on length is not. Furthermore, C. vomitoria growth rate is not affected by the presence 430 
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of nicotine in the food substrate. 431 

This research underlines the need of further studies concerning nicotine and its effects on blowflies in 432 

topics such as: (a) how does the chronic use of smoking products by people who have committed 433 

suicide affect blowfly development and could this affect the estimate of the minimum time since 434 

death19; (b) the effects of higher nicotine doses on blowflies: LD50 of nicotine is higher in other animals 435 

than humans; (c) how nicotine mixed with other drugs affects blowflies39–41; (d) the presence of 436 

nicotine in blowfly meconium; and (e) nicotine metabolites and their effects on blowflies. 437 
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Table 1 600 

 601 
Parameters calculated for nicotine and cotinine. NC = not calculated. 602 

 603 
Value 

Parameter 
Nicotine Cotinine 

Coefficient of linearity, R2 0.9954 0.9930 

Limit of detection, LOD (ng/mg) 0.13 0.38 

Limit of quantification, LOQ (ng/mg) 0.43  1.2 

Extraction recovery at 2-ng/mg concentration (%) 71.11 NC 

Extraction recovery at 6-ng/mg concentration (%) 69.23 NC 

CV % at 2-ng/mg concentration 14.65 NC 

 CV % at 6-ng/mg concentration 15.80 NC 

 604 
605 
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 605 
Table 2 606 

 607 

Nicotine and cotinine quantification (ng/mg ± S.E.) in C. vomitoria (L2 = second instar, L3 = third instar, 608 

PF = post-feeding instar, P = pupa instar, EP = empty puparium, A = adult instar) through GC–MS 609 

analysis. Quantification was calculated in triplicates. Nicotine LOD = 0.13 ng/mg; Cotinine LOD = 0.38 610 

ng/mg. The groups indicated in brackets (i.e., C, T1, T2, and T3) are the ones whose results proved 611 

significantly different (p < 0.05) from the group indicated in the corresponding column. 612 

 613 
 614 

Treatment Control (C) T1 T2 T3 

Amount of nicotine 
spiked with liver 0 ng/mg 2 ng/mg 4 ng/mg 6 ng/mg 

Quantification 
(ng/mg ± S.E.) Nicotine Cotinine Nicotine Cotinine Nicotine Cotinine Nicotine Cotinine 

L2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

L3 <LOD <LOD 
0.77 ± 0.12  

(C, T3) 
<LOD 

1.53 ± 0.23 
(C, T3) 

<LOD 
3.08 ± 0.46 
(C, T1,T2) 

<LOD 

PF <LOD <LOD 
0.98 ± 0.15  

(C, T2) 
<LOD 

0.53 ± 0.08 
(C, T1, T3) 

<LOD 
1.06 ± 0.16 

(C, T2) 
<LOD 

P <LOD <LOD 
0.39 ± 0.06 

(C, T3) 
<LOD 

(T2, T3) 
0.50 ± 0.08 

(C, T3) 
1.11 ± 0.17 
(C, T1, T3) 

0.89 ± 0.13 
(C, T1,T2) 

1.84 ± 0.25 
(C, T1, T2) 

EP <LOD <LOD 
0.82 ± 0.07 

(C, T3) 
0.90 ± 0.01 

(C, T3) 
1.82 ± 0.27 

(C, T3) 
1.41 ± 0.12 

(C, T3) 
3.29 ± 0.46 
(C, T1, T2) 

2.78 ± 0.29 
(CT, T1, T2)

Li
fe

 in
st

ar
 

A <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

 615 
616 
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 616 
Table 3 617 

 618 

Time (hour mean ± S.E.) from oviposition to pupation and to eclosion of C. vomitoria larvae, which 619 

were exposed to either liver containing different amounts of nicotine or the control liver. The number of 620 

larvae died before pupation, the number of nonemerged adults, and the number of survivals are also 621 

reported. The groups indicated in brackets (i.e., C, T1, T2, and T3) are the ones whose results proved 622 

significantly different (p < 0.05) from the group indicated in the corresponding column. 623 

 624 
 625 
Treatment  Control (C) T1 T2 T3 
Amount of nicotine spiked with liver 
(ng/mg) 

0 2 4 6 

Larvae third instar N= 100 100 100 100 

Time (h) from oviposition to pupation 163.82 ± 1.01 164.52 ± 1.21 164.62 ± 1.30 163.98 ± 1.31 

Larvae died before pupation 2 2 3 5 

Pupae 98 98 97 95 

Pupae % 98 98 97 95 

Pupae N= 98 98 97 95 

Time (h) from oviposition to eclosion 468.92 ± 1.25 470.92 ± 1.05 470.04 ± 1.24 469.08 ± 1.51 

Nonemerged adults 8 15 20 33 

Survival  90 (T2, T3) 83 (T3) 77 (C, T3) 62 (C, T1, T2) 

Survival % 92 84.70 79.38 65.26 

 626 
627 
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 627 
Table 4 628 

 629 

Mean lengths (mm ± S.E.) of C. vomitoria larvae and pupae related to time of exposure (h) and instar 630 

of life (L2 = second instar, L3 = third instar, PF = post-feeding instar, P = pupa instar). The notation C 631 

indicates significant difference from the control group (p < 0.05). For each time of exposure and each 632 

treatment, N = 30. 633 

 634 
C. vomitoria mean length (mm ± S.E.) 

Treatment Control (C) T1 T2 T3 
Amount of nicotine spiked with liver 

(ng/mg) 
0 2 4 6 

60 (L2) 5.30 ± 0.18 5.32 ± 0.18 5.32 ± 0.18 5.32 ± 0.18 

120 (L3) 18.68 ± 0.33 12.45 ± 0.45 (C) 11.24 ± 0.54 (C) 12.72 ± 0.53 (C)

168 (PF) 17.62 ± 0.29 14.57 ± 0.52 (C) 12.97 ± 0.54 (C) 13.27 ± 0.63 (C)

H
ou

rs
 o

f 
 e

xp
os

ur
e 

(I
ns

ta
r)

 

216 (P) 10.07 ± 0.12 8.42 ± 0.31 (C) 8.14 ± 0.33 (C) 7.93 ± 0.35 (C) 

 635 
 636 

637 
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Fig. 1. Background subtracted mass spectrum of nicotine (a) and cotinine (b) obtained with electronic 640 

impact (EI) ionization. The mass-to-charge ratios (m/z) for nicotine and cotinine are 162 and 176, 641 

respectively. 642 
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 644 

Fig. 2. Mean length (mm ± S.E.) of C. vomitoria immature instars according to treatment type, time of 645 

exposure, and developmental instar. (*) indicates significant difference compared with the control 646 

group (p < 0.05). 647 
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