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ABSTRACT .

Insects can be used as altemauve specimens for faxrcotog:cal analyszs w]zen convennonal posr~ :
mortem samples are not avmlable as drugs that can be de!ected in severely decomposed mmes of a
corpse may still be found in the insects that did feed on the corpse Several studxes zllustmre the grear po-

tential importance of entomatoxacology for providing additional mformarzon on cause af death. This study
was aimed to study the effect of mtoxzcanon with codeine phasp)‘mre in decomposed bod:es on the devel-
_ apmem of carrion ﬂ:es and on the evaluatzon of poszmortem interval ( PMI) The gxpenmem was per-
Jormed durmg swummer season from !ast of June 0 the mid of July Four mbbzts rwo control and wo in-
Jected with lethal dose af codeme phosphate Were used. Each one was placed in a cardboard box ﬂoored
: with muddy soil and protected wn‘h a metal cage ng"erent developmental stages of Chrysomya albiceps
were collected and studied for both bwloglca[ and morpholog;cal changes usmg dtssectmg hght micros-
copy. There were morphalog:cal changes in the form of dtsﬁgurmg of segments loss of colouration and
abnormalmes in the shape of both anterior and posterior spzmcles in the larvae, while the adult Jflies
show rudimentary wings, abnormal bands on the undersurface of thé abdomen Jfading of yiormal col-
ourto complete loss of it.” Also there were biological changes in tlze form of acceleration in the develop-
ment during life cycle and mcomplete emerge of some adult Sfies from their pupae in the ingected group.
These acceleratzon of developinent lead to bias in estimation of postmortent interval up to' 24h when esti-
" mation baséd on larval development and 48h when estimation based on pupal development. This work
should provide - data for the use of morphological and biological changes that occur in Chysomya

" - albiceps as indicator for death from lethal dose of codeine Phosphate and to'estimate the post mortem in-

terval.
INTRODUCTION - . insects associated with a dead body, pri~
T marily to determine time since death and
Forensic entomology is the study of the is very valuable tool in homicide investi-
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gations Worldw1de (Anderson, 2001) In—.__:"'
sects are the first witnesses to a crime, the
high proportion of blowflies reflects the

rapidity and accuracy with which these
flies will locate dead bodies often within

only minutes after death (Hall, 1995; Fau-
cheree et al., 1999; Anderson, 2002). The: ...

attraction of a large numbers of adult

blowflies occur as a result of odour of de-
cay, which are mainly due to bacterial ac- -

tion on dead tissues. Thus the major stim-

ulus to the aduit flies is an olfactory

rather than a visual one (Gill, 1982; Hall,

2002). They are of great forensic impor-
tance as they are sometimes the only way
to estimate PMI (Chittars et al, 2005).
However, the information prov1ded by "~

these mseets, partlcularly durmg their im-

mature stages, may be distorted by the' B

presence of toxic substances in the corpse

They can affect the _develop_mental time
of the larvae feeding on the cadaver, that

can affect the estimation of the PMI (Bou-

rel et al., 1999; Estrada et al., 2006; Fremdt

et al., 2007).

The first documented forensic _ente_mol- S
ogy case is reported by the Chinese lawyer.

and death investigator Sung Tzu in the
13th century in the medicological text
His Yuan Lu (Muknight, 1981; Benecke,
2001).

Entemotoxicology is a'relatively new
emerging branch of forensic' entomology
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explozts fiesh feedmg msects as alternauve
, '_'_:_"'tox1colog1cal specimens because they bio-

accumulate drugs and toxins (Gunn et al.,

- 2006).

.Codeine. is a. psychoactive alkaloid ob-
tained from the opium (papaver somnifer-
um). [t is especially used in therapeutic for

- its analgesic and antitussive properties

(Maurer et al., 2006). Codeine is often
abused as a substitute of heroine, and can
be found in fatal cases as a result of drug
intoxication after accidental or criminal

administration (Kintz et al., 1991; Iensen

: and Hansen 1993)

" The objective of the study was to inves-
tigate the effect of codeine phosphate on

the deveiopment of necrophagous flies af-
 ter exposure of the carrions to the lethal

dose and 1ts effect on the esnmation of the

o PML

MATERIAL AND METHODS

1~ Codeine phosphate powder was ob-
~ tained from Knoll, USA.
2- Laboratory spoon, different size of
~ jars, bottle of alchol (Ethanol 70 %).
.. 3~ Distilled water (for dissolving co-
deine phosphate and for control rab-
bits). |

~ Methods:-
Time of study:-

~Daily weather data (mean of maximum
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“and minimum temperature” and ‘relative
“humidity) were aquired from the Egyptian
~ Meteorological Authority, Assiut station
which occurs within the University Cam-
pus during a period of 28 days in summer
from 20/6/2007 to' 17/7/2007, the maxi-
- mum temperature was varied from 42 to
45 at shade.

Experimental design:-

Four male domestic rabbits welglung
- 3.5-4 kg each were used. They were divid-
‘ed into two groups two rabbits on each.
‘The first group of ‘two rabbits injected
with the lethal dose of codeine phosphate;
28 mg/kg body weight, via an.ear vein
“calculated according to paget's formula
~ (Paget and Barnes, 1964), and the other
~ two rabbits used as (control) were injected
with distilled water. The rabbits were me-
chanically sacrified by cetvical dislocation,
and were subsequently placed in card-
~board boxes floored with mudy soil and

‘protected with metal cages with a 10 me-

© ter distance between boxes of the two
study groups.

- Arthropod samplmg and data collec-
Ctiom:- -
*‘During the 28 days per1od of the study,
‘samples were collected twice daily for the
first 8 days, then once daily till the end of
study. All insect forms (larvae, pupae and
“adults) were collected in the following or-
der: First, adult flies flying over or landing
- on the carcasseés by hand net: Second, the
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larvae and pupae which were found on or

“in the specimen collected ‘with a forceps.
‘Finally, the larvae and pupae which were
under the specimen and in the soil till the
.depth of 5 cm.

Laboratory work o

The collected flies were kﬂled by ethyl
acetate and preserved in numbered and
dated vials containing 70 % alcohol for
further identification according to Conte-

‘no et al. (2002).

The collected larvae and. pupae were
divided into three groups:- .

In the first: group 10 larvae were ran-
domly collected from the. carcasses and
were copiously washed with deionized

~water, dried with a filter paper and then

frozen at -20°C for approximately 5 min-

utes: before ‘being -weighted. ' The mean
-weight of .each sample .of these 10 larvae
~was - used to establish the larval growth
ccurve (fresh weight/time).

The second group was killed in hot wa-

~-ter'and placed in vials containing 70 % al-
cohol for further identification. .

- The larvae of the third group were kept
“alive for breeding till the adult stage, they
~‘were reared in'the lab, by transferring into
“dry jars containing small pieces of fresh
“cow liver on a layer of saw dust. The jars
~were closed with gauze to allow proper
“ventilation. -All jars were labeled indicat-
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ing hour, date and environmental data ac-
cording to Tantawi et al., (1996). The time
in hours required for pupariation;, emer-
gence and longevity was recorded: Identi-
fication of adults and larvae were carried
out according to specific keys (Greenberg,
1971; Shaumar et al:, 1989; Wells et al.,

- RESULTS -~

The adult specimens collected during
the study were identified as individuals of
Chrysomya albiceps- (Dipteria: callphori-
dae). This species was the only fly evi-
dence associated to the carcasses either in-
jected or control. - S '

As regard the effect of codeine: phos-
phate on development of larvae of chry-
somya albiceps, it was observed that the
presence of drug was significant for insect
development. The acceleration in thelar-
val growth was observed as regard the
weight and development time. The larvae
that developed on rabbits ingected with
codeine weighted: significantly more-than
the controls. The larval growth was faster
when compared to controls in almost all
hours of observation: (Tables-1.and 2 and
Diagram 1). - The total time of develop-
ment of: larvae :in -the  injected group
was 72 hours, compared- to- that.of con-
trols which was 96 hours (Table 5). Some
abnormal. morphological findings were
observed in association with the larval
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growth acceleration, in the form of more

- pigmented . scales. on .dorsal, surface on
- each segment (Fig.. 1b) compared to. the
control (Fig. la), and some larvae shows

-~ much smaller in size, deformed. and de-

pigmented segment (Fig. 1c), rudimentary

- mouth hooks. (Fig. 2b) compared to the

control (Fig. 2a), absence of anal protuber-
ance (Fig. 3b) compared to the control

_(Flg 3a)

‘As regards the effect of codeine phos-

- phate on: development of pupae of chry-
~~somya albiceps, there was acceleration in

the .total time-of pupariatiori. It took 120
hours in the injected group to obtain pu-

- pae, compared. to 168 hours in controls
.(Tables 3 and 5). It was noticed that the
- cases of pupae was harder and more pig-
.mented in the treated group-c_o_mpa_red to

. controls (Plgs 8 and 9)

- As regard the effect of codeine. phos-
~. phate on adult emergence, significant ac-
- celeration of adult emergence was noticed

in the injected group compared to con-
trols; which took 168 and 192 hours re-

..spectively (Tables 4 and 5). Some develop-

mental abnormalities were observed in the

- adults of the. injected. group, including
.- pale colour (Fig.-5), small size, less appar-
- ent abdominal strips, hypopigmented low-
..er abdominal surface (Fig. 6b), shrunken
- rudinmentary wings (Fig. 7b). It also ob-
.- served that there was arrest.of adult emer-
- gence in some flies of the injected group,

. Vol. XVI, No.1, Jan. 2008
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‘which was not observed in control group
(Fig. 9).

“All the above mientioned findings were
based upon observation in open carcasses
and similar findings were detected in de-
velopmental sequence of collected larvae
reared in the laboratory (Table 6).

- Finally, it was demonstrated that differ-
‘ence observed in the rate of development
‘were sufficient to alter postmortem inter-
“val estimates based on larval development
"by up to 24 hours and estimates based on
‘puparial development by up to 48 hours.

~ 0 DISCUSSION

Although insect remains represent the
main samples available for analyses after
months or years, only a few references
‘deal with the potential toxicological inter-
est of such samples (Bourel et al., 2001). A
drug or toxin can be detected in the larvae
‘when''its rate of absorption exceeds ‘the
rate of elimination, but it is not yet known
“exactly how larvae bioaccurmulate or elim-
imate drugs, and how these affect larval
development (Introna et al., 2001).

" To evaluate whether codeine phosphate
could alter'the development of chrysomya
‘albiceps and, therefore, bias the estimation
‘of PMI, entomological methods based on
the larval ‘growth and or on the duration
of insect development stage were used.

Mansoura J. Forensic Med. Clin. Toxicol.

45

Also to evaluate its effects on the morpho-

logical changes of the different stages.

- In the present work the larvae of the
‘treated group of animals developed faster

than the control larvae. This indicates that
the presence of codeine in the tissue of
treated rabbits stirnulate growth of chry-
somya albiceps during larval period and
this agree with the result of Kharbouche et
al. (2007) in which codeine or its metabo-
lites stimulate the growth of L. sericata
during the larval period.

- Also Carvalho et al.- (2001) observed
that C.albiceps larvae reared on rabbit tis-

sues - containing . diazepam - developed
more rapidly than larvae from control col-

onies.

In the present study there was accelera-
tion in the total time for pupariation and
also ‘acceleration of -adult ‘emergence was
noticed “in -injected ‘group compared to
controls.

‘This agree with Carvalho et al. (2001)
that deals with ‘the effects of diazepam in
fly tissues and verified that there was a bi-

oaccumulation since the presence of the
‘drug had a significant impact on larval

growth; pupariation, adult emergence and
mortality. It means ‘that the drug affects

‘the fly development from the larval stages

until the total mortality of adults. There
were faster development of both calliphor-
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ids led on tissues"containing diazepam
when related to control. -

Previous workers ,Goff et al.{ 1992),Goff
and Lord (1994), Miller et al.(1994) and
Bourel' et al.(1999) using in their experi-
ments methamphetamine, amitriptyline,
cocaine and morphine, showed that these
drugs can alter the rate of development of
some diptera flies.' All these results were
in agreement with the present results.

Studying the effects of heroin on devel-
opment of sacrophagidae (B. pergrina) fed
on intoxicated rabbit tissues. Goff-et al.
(1991) observed- that maggots grow at
rates significanily faster: from 18 to 96 h.
So the effect of heroin alter postmortem in-
terval estimates based on larval develop-
ment by up to 29h and estimates based on
puparial development by 18 to 38h. .

Regarding the effects of methampheta-
mine on the development patterns of P.
ruficornis, Goff et al. (1992) illustrated
substantial analogies with the studies car-
ried out on heroin by Goff et al. (1991) and
cocaine Goff et al: (1989). These studies
were in agree withthe results -of the
present study, that it was demonstrated
that differences. observed in the rates of
development were sufficient to alter post-
mortem interval estimates based on larval
development by up to 24h and estimates
based on puparial development by up: to
48h. o o
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- Also +in- (2007) - Kharbouche et - al
showed that the larvae reared on homoge-
nized tissues of pig liver (250 gm) spiked

with 20-ml Na Cl solution (0.9%) contain-

ing lethal - dose of codeine (30 mg/kg),
were observed 29 h before the control
group, o .

Insects are "cold blooded"”, so their de-
velopment is: extremely temperature de-
pendant. Their metabolic rate is-increased

‘with - increased temperature, which re-

sults in a faster rate of development;. so

‘that -the duration: of - development de-

creased in a linear manner with increased
temperature {(Anderson, 1998). These
agree with our results as the temperature

at the time of experiment was very high
up to 4:2"45 -OCS-' RO REE s S

- - Moreover, the aggressive feeding beha-

viour of second and third instar larval of

-C. albiceps onlocal carrion breeding lar-

vae could reset the postmortem insect

~clock by clearing a corpse of all earlier ar-
-rives (Grassberger et al., 2003). These re-

sults -explain the dominance of C. albiceps

-in the present study.

As regards the abnormal morphologi-
cal . findings that were observed in lar-

- vae, pupae and adults in the present study
-no. previous . studies were. reported: to

compare with them. However, these ab-
normal morphological - findings . which

occurred in different stages of C. albiceps
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as a result of lethal dose of codeine phos-

phate indicate that the drug leads to con- -

genital anomalies so further studies must
be considered.

Also this study demonstrated again the

necessity of considering the possible ef-

fects of drugs in tissues on insect growth .
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rates when estimating the postmortem in-

terval using entomological techniques, as

the differences observed in the rates of de-
velopment were sufficient to alter post-

—mortem interval: estimates based on the

larval development by up to 24 h and esti-

mates based on pupal development by
48h.
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Table 1 : Larvae wclght (mg) means of Chrysornya aibxceps relcted to txme of E
- ' collectlon in mjected and controi crroups :

- Time (hours) " Injected Groups Control Groups
12 ' 16.88 - |- 12.84
24 34.81 26.98
36 89.12 48.28
48 195.23 118.5
60 267.53 176.14
72 349.23 217.78

Diagram (1) : Fresh weight vs time of collection of Chrysomya albiceps larvae in
injected and control groups.

Mansoura I.:‘ForensicMed. Clin, Toxicol. ' B Vol. XVI, No.1, Jan. 2008
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Fig. (1) : (a) Normal larvae of C.albiceps of the control rabbit.

(b) Larva collected from the carcass of the injected rabbit (slightly smaller in size,
darker in colour, more pigmented in the darsal surface), and more darker spots on
the dorsal surface of each segment).

(c) Larva of the injected rabbit (much smaller in size, deformed segments and depig-
mented, complete absence of the normal arrangement of the tubercles in each seg-
ment).

Fig. (2) : Two larvae normal control one lto the left (a) and injected one to the right (b) showing:
ill developed head with ill developed mouth hooks.

Mansoura J. Forensic Med. Clin. Toxicol. Vol. XVI, No.1, Jan. 2008
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Fig. (3) : Posterior end of two larvae normal one to the left (2) showing presence of the anal

protuberance and injected (darker) one to the right (b) showing absence of the anal
protuberance. '

Fig. (4) : Normal adult Chysomya albiceps.

Mansoura J. Forensic Med. Clin. Toxicol, Vol. XVI, No.1, Jan. 2008
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Fig. (6) : Two adults of C.albiceps (control to the left (a) and treated to the right (b) showing
that the treated one had less width and depigmented patches in the ventral surface of
the abdomen. :

* Mansoura J. Forensic Med. Clin. Toxicol. Vol.XVI, No.1, Jan. 2008
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Fig. (7) : Two abnormal ﬂws of C.albiceps of the injécted rabbii: :‘él‘;u!:nwing,in the left one (a) de-
pigmented eyes and abnormal depigmentes wings and in the right one (b) shrinked
wings. .

Fig. (8) : Partial exit of the adult fly from pupar-  Fig. (9) : Partial exit of the adult borne dead
- ial case of control rabbit, fly from the puparial case of treat-
ed rabbit showing marked defor-

mities.

Mansoura J. Forensic Med, Clin. Toxicol. “=\al Vol. XVI, No.1, Jan. 2008
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