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The presence of some specific drugs in animal tissues may affect the time
of minimal postmortem intervals estimated during forensic entomological
investigations. To test the effects of a specific drug on decomposition, a
field study was conducted at Fayoum University campus, Egypt, from
March to May 2013, using tramadol, a synthetic analgesic opioid used to
treat moderate to severe pain in humans. Albino rats were used as the
animal model during this study. The duration of the fresh stage of
tramadol treated rat (Ttr) carcasses was significantly shorter (2.4
± 0.27 days) compared to tramadol free rat (Tfr) carcasses (6.4
±0.49 days). The dry carcass stage of Ttr lasted longer (10.3 ±0.99 days)
as compared to (7.4 ±0.18 days) the Tfr carcass. The decomposition pro-
cess of the (Ttr) carcass was not significantly faster (24.9± 1.58 days) as
compared to (Tfr) carcasses (29.5 ± 1.69). Lucilia cuprina (Wiedemann),
Chrysomya albiceps (Wiedemann), and Musca domestica L. were less
attracted to Ttr carcass-baited traps than traps with Tfr carcasses.
However, females of Sarcophaga spp. showed a greater attraction to Ttr
carcasses. Females of another sarcophagid fly, Wohlfahrtia spp. exhibited
similar attraction tendencies to both types of trap baits. Larvae of
S. argyrostoma (Robineau-Desvoidy) collected from Ttr carcasses devel-
oped to a significantly longer total body length (10.4±0.04 mm) as com-
pared to the average length of the larvae collected from Tfr carcasses (8.9
±0.34 mm). During days 9–13 after rat death, the relative lengths of larvae
from Ttr carcasses were not significantly different from Tfr carcasses.
Larvae fed on Ttr carcasses pupated 2 days later than the control larvae.

Introduction

Tramadol is a synthetic analgesic opioid used to treat mod-
erate to severe pain in humans (Katz 1996). Tramadol was
initially introduced as a medication for cancer patients
(Sacerdote et al 2000). When taken in overdose amounts,
significant morbidity and mortality can occur (Clarot et al
2003, Rossi 2013). Additionally, fatal intoxication with
tramadol may occur unintentionally (Pothiawala &
Ponampalam 2011). The WHO Uppsala Monitoring Centre
reported 253 cases of death (1%) and 12 cases of sudden

death (0.05%) out of 22,753 reported adverse effect cases
over a 2-year period worldwide (WHO 2006). In Egypt,
tramadol is generally affordable and readily provided inex-
pensively. The drug became a prescriptional only in 2004
(WHO 2006, Fawzi 2011). Egyptians use tramadol as a recre-
ational drug, and also reported as an aphrodisiac but most
commonly as energy boost (Salem et al 2008, Fawzi 2011).
During 2010, a total of 325 out of 640 cases (50.8%)
of tramadol abuse overdose were recorded. Moreover,
109 suicides were linked to tramadol overdoses (17%,
Fawzi 2011).
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After a corpse or a carcass is exposed to the environment,
usually, a predictable pattern of insect succession occurs un-
der certain air temperature conditions (Catts & Goff 1992,
Matuszewski et al 2008, 2010, AbouZied 2014). Forensic en-
tomologists can estimate the minimal postmortem intervals
(PMI) based on the development age of fly larvae present on
a corpse at time of discovery (Amendt et al 2005, Verma &
Paul 2013). The rate of decomposition and the relative se-
quence of attraction of carrion entomofauna can vary when
certain chemicals are present in the tissues of the corpse
(Catts & Goff 1992, Bourel et al 1999, Goff & Lord 2001,
Clark et al 2006).

The objectives of this study were to determine (1) if the
presence of tramadol metabolites in animal tissues affected
the rate of decomposition as mediated by insects, potentially
causing errors in estimating PMI, (2) if the presence of
tramadol in tissues of carcasses either repelled or attracted
flies of forensic importance, and (3) if tramadol presence
affected the relative rate of development of fly larvae.

Material and Methods

Study area

The current study was conducted at the campus of Fayoum
University, Egypt (29.32°N, 30.84°E, 52 m a.s.l) during
March–May 2013. A digital maximum minimum thermo-
hygrometer was used to record daily temperature and the
relative humidity (RH%).

Animal model

The laboratory rat, Rattus norvegicus (Wistar albino strain),
was used in this study. Fifty rats were used with an average
weight of 203± 12.9 g and were kept at the animal house of
Zoology Department, under controlled temperature (25–
27°C) and relative humidity (30–40%). The Committee of
Zoology Department, Faculty of Science, Fayoum
University, on Animal Research and Ethics (FU-CARE) permit-
ted the use of the experimental rats; approved and moni-
tored the method of euthanizing the animals (permission #
I25-013). FU-CARE follows the CITES no. 123 of 18 March 1986
and 2005 revision of the European convention for the pro-
tection of vertebrate animal used for experimental and other
scientific purposes (http://conventions.coe.int/Treaty/EN/
Repo r t s /HTML/ 1 23 . h tm ) and the Commi s s i on
Recommendation of 18 June 2007 on guidelines for the
accommodation and care of animals used for experimental
and other scientific purposes (C (2007) 2525: http://ec.
europa.eu/transparency/regdoc/rep/3/2007/EN/3-2007-
2525-EN-1-0.Pdf).

Dose determination

Tramadol hydrochloride tablets (200 mg) (Zydol® SR Tabs;
Grünenthal Ltd, UK) were provided by Prof Mohamed
Abdel-Hakim (Faculty of Medicine, Al-Azhar University,
Egypt). The maximum recommend adult human dose is
two tablets/day (http://www.drugs.com/pro/Tramadol-
tablets.html). Each tablet (weight 0.35±0.03 g) was ground
in a dry-sterilized porcelain mortar with pestle. The corre-
sponding dosage for the albino rats was calculated according
to Paget and Barnes (1964) as equal to 6.3 mg/200 g rat. An
overdose of 12.6 mg/200 g dissolved in 0.2 ml distilled water
was administered to rats twice a day. Each rat was injected
intraperitoneal.

Stages of decomposition

Twenty albino rats were weighted and divided into two
groups of 10 rats each. One group was injected twice a day
with 0.2 ml of isotonic 0.9% saline solution as control
(tramadol-free rat; Tfr). The second group was injected twice
a day with 0.2 ml of 12.6 mg/200 g rat (Ttr) until the death of
each individual. Tfr rats were killed by cervical dislocation
(Cressey 2013) not damaging the external tissue including
the head. This protocol is recommended by CITES No. 123.
After the death of the Ttr rats (4–6 days), a whole rat was
transferred to a metal box of 0.75×0.5 × 1 m with a metal
mesh cover and base, and labeled with date of death. Boxes
were placed 500 m from each other. Boxes were placed in
five garden sites in Fayoum University Campus. Boxes were
examined daily to observe the stages of decomposition of
each carcass. The experiment lasted from 24 March to 20
April, 2013. The pattern of the stages of decomposition was
determined according to Gennard (2007), Matuszewski et al
(2008, 2010), and Wang et al (2008).

Field collection of the larvae

The previous experiment was repeated (during 24 April–20
May). Ten rats were used, one group (five rats) was used as
the control (Tfr), and the other group of five rats was treated
carcasses (Ttr) as described before. After the end of the bloat
stage, larvae were detected invading the body cavity of the rat
carcass. Collection of the fly larvae was carried out at random,
using ametal scoop with a bowl of 5 cm3. Collected larvae were
killed by immersion in boiling water and preserved in 75% eth-
anol until identification. Larvae were identified according to
Zumpt (1965) and Szpila (2010). Sarcophaga argyrostoma
(Robineau-Desvoidy) larvae were identified according to
Greene (1925) and Draber-Mońko et al (2009). Two sets (20
larvae each) were collected from Tfr and Ttr carcasses.
Collected larvae were reared in the laboratory to reach the
adult stage, in order to confirm the identification.
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Larval development

Inside the laboratory (24°C and 30–35% RH), two sets of five
rats each were prepared. One set was used as the control
(Tfr), the other set of five rats was injectedwith tramadol (Ttr).
Since S. argyrostoma larvae were dominant among both sets
of the rat carcasses in the field experiment, this species was
used to study the effect of the tramadol on larval develop-
ment. Each rat carcass was isolated inside (2000-ml) glass
bottle, covered with muslin, and fastend with rubber
band. Each glass bottle was supplied with 20 laboratory
reared virgin, 10-day-old S. argyrostoma adults (10 males
and 10 females). Adults were chosen at random as reared
from each of the five rats. A small vial of wet cotton and a
small vial of sugar crystals were, also, placed inside each glass
bottle. Adult flies were removed 48 h later. Glass bottles
were examined for larvae. Collection of the larvae was car-
ried out during 5, 9, 13, and 16 days after rats were killed.
Using a spoon with a bowl of 5 cm3, larvae were randomly
chosen from each glass bottle. Larvae were fixed by immer-
sion in boiling water, labeled as control or treated, and pre-
served in 75% ethanol. The maximum body lengths of
S. argyrostoma larvae were determined according to Day
and Wallman (2006). Statistical comparisons between the
mean lengths of S. argyrostoma larvae collected from Tfr
and Ttr groups were carried out using Student’s t test on
SPSS software (version 15; SPSS, Chicago, Illinois, USA).

Collection of adult flies

Two groups of yellow plastic fly traps were used. Each group
comprised three traps. The first group was baited with three
Tfr carcasses, whereas the second was baited with three Ttr
carcasses. The traps were hung 1.5 m from the soil surface,
distributed 500 m apart from each other, labeled with death
date, and type of bait. All the traps were exposed to a sunny
unshaded area on the campus of Fayoum University. This
experiment lasted for 10 days. The experiment was repeated
twice, during March 19–29 and April 12–22 2013).

Traps were transported daily to the insectary of the
Department of Zoology, Faculty of Science, Fayoum
University. Traps containing live flies were placed in a freezer
for 30 min to kill them. Adult flies were removed, counted,
sorted to families, dried, mounted, and pinned for further
identification. Calliphorids were identified according to
Zumpt (1965) and Shaumar et al (1989). Adult sarcophagids
were identified to the generic level according to Lehrer
(2006). The identification of forensically important
Sarcophagidae is based on examination of only males and
required taxonomic expertise (Jordaens et al 2013). All counts
of female sarcophagid species were listed as Sarcophaga
spp. orWohlfahrtia spp.

Since the data differences of the collected flies from the
different traps were not normally distributed, fly catch was
expressed as percentage of adults/trap/day. Statistical com-
parisons between fly catch of both Tfr and Ttr rat carcasses
were examined with Z test in GraphPad® Prism 4 software
(GraphPad Software, Inc. La Jolla, CA, USA).

Results

Average temperatures of 21.1 ± 0.6, 22.1 ± 0.6, and 24.7
±0.4°C were recorded during March, April, and May, respec-
tively. The relative humidity varied over a narrow range, al-
most constant duringMarch (30±2.2%) and April (30±2.1%),
with slight increase during May (31 ± 1.96%). Wind velocity
ranged from 28 ± 0.9 km/h during March up to 31
±0.7 km/h duringMay. No precipitation was reported during
the study period (Egyptian Meteorological Authority, Cairo,
Egypt with permission).

The duration of the fresh stage was significantly shorter
for the Ttr carcasses (2.40±0.27 days) than for the Tfr car-
casses (6.4±0.49 days, t = 7.07, df= 18, p=0.0001) (Table 1).
No significant difference was observed during the duration of
the bloat stage of Ttr carcasses (4.7 ±0.87 days) as compared
to the bloat stage of Tfr (7.0±0.73 days; p=0.058). Also, the
duration of the active decay stage of Trt carcasses was not
significantly shorter (7.4±0.91 days; t=0.553, p=0.587) as
compared to 8.3 ± 1.35 days in case of Tfr carcasses. During
the dry carcass stage, Ttr carcasses exhibited a significantly
longer duration (10.3 ±0.99 days; t=2.83, df= 18, p=0.017,),
as compared to 7.4 ±0.18 days in those of Tfr carcasses. The
overall decomposition of the Ttr carcasses was not signifi-
cantly faster (24.9± 1.58 days) as compared to Tfr carcasses
(29.5± 1.69 days; t= 1.98, df= 18, p=0.06).

During field collection, fly larvae of three species were
detected after the end of the bloat stage. Larvae of Lucilia
cuprina (Wiedemann) and Chrysomya albiceps (Wiedemann)
were detected first in both the controlled and treated rat
carcasses. Larvae of S. argyrostoma were collected subse-
quently after the two above calliphorid species. Once
S. argyrostoma larvae appeared, larvae of L. cuprina and
C. albiceps became uncommon.

Larvae of S. argyrostoma from Ttr rat carcasses developed
to a significantly longer length by day 5 after rat death (10.4
±0.04 mm; t=2.19, df=21, 43, p=0.03) as compared to the
average length (8.9±0.34 mm) of the larvae collected from
Tfr carcasses (Table 2). On day 9, the average body length of
the larvae collected from Ttr carcasses was not significantly
different (11.6 ±0.76 mm; t= 1.59, df=30, 51, p=0.11) from
that of the Tfr carcasses (13.3 ±0.71 mm). Thirteen days after
rat death, the average length of the larvae (13.4±0.43 mm)
from Ttr carcasses was not significantly smaller (t = 1.08,
df = 49, 69, p = 0.28) than those from Tfr carcasses (14
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±0.34 mm). Larvae fed on the Tfr rat carcasses developed
successfully on day 16 to pupae, whereas the larvae fed on
Ttr rat carcasses developed into pupae on day 18.

The traps baited with Ttr carcasses attracted significantly
lower percentage of adult flies (42.4%) as compared to those
collected from the traps baited with Tfr carcasses (57.6%; Z
test = 2.97, df=380, p=0.004) (Table 3). Both L. cuprina as
well as the Musca domestica L. were not present in Ttr rat
carcass-baited traps. The average number of adults of
C. albiceps attracted to Tfr baited traps (26 adults/trap/day;
23.6%) was significantly higher than those attracted to Ttr
baited traps (6 adults/trap/day, 7.4%; Z test = 2.97, df= 189,
p =0.004). Of the 480 adult sarcophagids, only six were
males and these were identified as S. argyrostoma. The av-
erage number of female Sarcophaga spp. was significantly
more abundant (32 adults, 39.5%; Z test = 3.93, df = 189,
p=0.0003) at Ttr rat carcasses as compared to those collect-
ed from Tfr-baited traps (16 adults, 14.5%) (Table 3). There
was no significant difference (Z test = 1.04, df= 189, p=0.298)
between the number of adult females of Wohlfahrtia spp.
attracted to Tfr carcasses (Tfr, 50 females, 45.4%) and Ttr
carcasses (Ttr, 43 females, 53.7%).

Discussion

A normal dose of tramadol for humans is reported to be
completely absorbed in the blood within 2 h. Meanwhile,
tramadol and its metabolites are excreted by the kidneys

within a mean half-life of 5 h (Karhu et al 2007 http://
www.drugs.com/pro/Tramadol-tablets.html). During the
current study, albino rats were injected with an overdose
(double the normal therapeutic dose). According to
Pothiawala & Ponampalam (2011), higher doses are usually
associated with classic opioid toxicity including respiratory
depression and cardiovascular collapse. Meanwhile, Clarot
et al (2003), Marquardt et al (2005), and Rossi (2013) indi-
cated that tramadol overdose is known to be associated
with significant morbidity and mortality.

The duration of the fresh stage of tramadol treated rat
carcasses lasted for 2.4 ± 0.27 days, as compared to Tfr
carcasses (6.4±0.49 days). However, the total decomposition
rate of Ttr carcasses was not significantly faster than the Tfr
carcasses during our study period (March–May, i.e., spring
season). In contrast, Wyman et al (2011) reported that during
exposure to summer temperatures, pig carcasses injected with
four different cocktails of 16 drugs decomposed more rapidly.
Each cocktail contained one of the following opioids mor-
phine, methadone, propoxyphene, and oxycodone mixed
with one of each of the following groups: tricyclic antidepres-
sant (TCA; amitriptyline and doxepin), serotonin selective
reuptake inhibitor (SSRI; citalopram, fluoxetine, and
venlafaxine), and benzodiazepine (diazepam). The authors
reported that after 2 days, blood, heart, kidneys, brain, and
vitreous were no longer present, but drug residues in the
liver and muscles persisted for 1 week.

The minimum PMI can be estimated by using the temper-
ature data and the stage of development of the specific

Table 1 The effect of tramadol
overdose injection on the
duration (in days) of the
decomposition stages of albino
rat carcasses.

The stages of decomposition Mean duration (days ± SE) t value Two-tailed
p value

Tfr Ttr

Fresh stage 6.4 ± 0.49 2.4 ± 0.27 7.071 0.000

Bloated stage 7.0 ± 0.73 4.7 ± 0.87 2.025 0.058

Active decay stage 8.3 ± 1.35 7.4 ± 0.91 0.553 0.587

Dry carcass stage 7.4 ± 0.18 10.3 ± 0.99 2.830 0.017

Total decomposition rate 29.5 ± 1.69 24.9 ± 1.58 1.985 0.063

Independent two tailed t test, n = 10, df = 18

Table 2 Comparison between
the average lengths of
Sarcophaga argyrostoma larvae
collected from tramadol treated
(Trt) and tramadol free (Tfr)
carcasses of albino rats.

Days after death Mean length (mm± SE) df1 df2 t value Two-tailed
p value

Tfr Ttr

5 8.9 ± 0.34 10.4 ± 0.04 21 43 2.19 0.03

9 13.3 ± 0.71 11.6 ± 0.76 51 30 1.59 0.11

13 14 ± 0.34 13.4 ± 0.43 49 69 1.08 0.28

16 Pupated 14.5 ± 0.2 – – – –

18 Pupated

Degree of freedom (df1: for the control, df2: for the treated)
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species of fly larvae at the time of collection (Parry et al 2011).
PMI estimates need to be accurate during legal proceed-
ings. The rate of fly larval development can be affected if
tissues of the carcass include drug residues. Such effects
depend on the type of the drug, its concentration, and the
insect species (Parry et al 2011). Carvalho et al (2001) con-
cluded that the presence of foreign substances such as co-
caine in corpses can alter the developmental rates of fly
larvae affecting PMI.

Five days after the death of the Ttr rats, larvae of
S. argyrostoma had a significantly longer body length com-
pared to that of the larvae fed on Tfr rat tissues. Goff et al
(1991) reported a rapid development of the sarcophagid mag-
gots of Boettcerisca pergrina (Robineau-Desvoidy) fed on
heroin treated rabbit tissues as compared to the control, under
laboratory conditions. El-Samad et al (2011) reported larger
sized L. sericata larvae that fed on rabbit tissues treated with
tramadol during 30, 97, and 152 h, compared with the control
under laboratory conditions. Carvalho et al (2001) reported
that larvae of C. albiceps and C. putoria exposed to cocaine-
treated liver developed more rapidly than the corresponding
larvae fed on non-treated liver, after 54 h of exposure. After
30–42 h, these authors reported that larvae of C. putoria fed
on cocaine-treated liver developed more rapidly than larvae
fed on untreated liver (control). However, after 30–42 h, there
were no differences in the average weight of C. albiceps larvae
fed on untreated or treated liver (Carvalho et al 2001).

On days 9–13 after the death of the rats, the average
lengths of the larvae fed on treated rat carcasses were not
significantly smaller than those fed on free rat carcasses.
Similarly, George et al (2009) revealed that the length
and the width of C. stygia larvae fed on pet minced food
treated with three different morphine concentrations
showed insignificant differences compared to the length
and the width of the larvae fed on pet minced free food. In
contrast, Goff et al (1993) found that larvae fed on rabbit tissues
treated with methamphetamine were smaller in length
but reached the maximum length earlier than those fed
on the control tissues.

On day 16, larvae fed on Ttr rat carcasses reached its
maximum length of 14.5 ±0.2 mm. However, on day 16, the
larvae fed on Tfr carcasses formed pupae more rapidly. It
appears that larvae of S. argyrostoma fed on Ttr rat carcasses
had delayed pupal development. The presence of drugs in-
cluding tramadol and toxins can alter the developmental
rates of carrion feeding insects on tissues from cadavers
(Catts & Goff 1992, Goff et al 1992, Bourel et al 1999, Goff
& Lord 2001, Byrd & Castner 2010, O’Brien and Turner 2004,
Tabor et al 2004).

Adults of L. cuprina, C. albiceps, and M. domestica were
less attracted to Ttr carcasses. Since the fresh stage duration
was longer (6.4 ±0.49 days) in the Tfr carcasses, it apparently
indicated that adult calliphorid females had a longer oppor-
tunity to locate these carcasses. Similarly, Amendt et al
(2005), Smith (1989), and Anderson & VanLaerhoven (1996)
confirmed that female calliphorids visit carrion often within a
few hours after carrion exposure, i.e., during the fresh stage.
Also, Anderson & VanLaerhoven (1996) reported that the
closely related L. illustris are known as primary colonizers of
the exposed fresh stage of a carcass. Voss et al (2009) men-
tioned that adult C. albiceps was considered also as a first
colonizer. Voss et al (2009) found that species of
Sarcophagidae were secondary colonizers of carcasses during
the bloat stage in all seasons except summer.

In this study, at the beginning of the bloat stage (2.4
±0.27 days), a distinctive necrotic odor was apparent. The
prevalence of the necrotic odor seemed to be a key point for
Sarcophaga spp. attraction, which increased the chance for
the female sarcophagid flies to invade the Ttr baited traps
earlier (about 4 days) before being oriented toward the Tfr-
baited traps, since the bloat stage began after (6.4
±0.49 days). The total catch of sarcophagid flies was higher
in the Ttr-baited traps. Possibly, tramadol metabolites accu-
mulated inside the tissues of the rat carcasses increased the
necrotic odor of the carcass’s tissues, more than in the case
of normal control tissues, leading to more attraction of
Sarcophaga spp. females. But, this hypothesis requires fur-
ther investigation and chemical analysis in the future. Adult

Table 3 Comparison between the adult fly catch on tramadol-baited (Ttr) and tramadol-free (Tfr) traps.

Fly species Tfr-baited traps Percentage Ttr-baited traps % Z test value df p value
Mean/trap/day Mean/trap/day

Sarcophaga sp. 16 14.5 32 39.5 3.93 189 0.0003

Wohlfartia sp. 50 45.5 43 53.7 1.04 189 0.298

Total sarcophagids 66 60.0 75 92.6 5.064 189 0

Chrysomya albiceps 26 23.6 6 7.4 2.97 189 0.004

Lucilia cuprina 13 11.8 0 0 3.21 189 0.002

Total calliphorids 39 35.4 6 7.4 4.51 189 0.0001

Musca domestica 5 4.5 0 0 1.94 189 0.05

Fly catch/day 110 57.6 81 42.4 2.97 380 0.004
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females of Wohlfahrtia spp. were nearly equally distributed
between both traps either untreated or treated rat
carcasses.

Adult and larvae of S. argyrostoma could be used as a
possible taxon for determination of minimal PMI in Fayoum
Province, Egypt. In the case of drug (tramadol) abused
corpses, the accurate determination of the death should be
corrected (2 days more) when S. argyrostoma larvae are
present. Additionally, the calliphorids L. cuprina and
C. albiceps also are useful taxa for the determining PMI
estimates.
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