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Summary

Non-steroid anti-inflammatory drugs are commonly used both in medicine and veterinary medicine. The
aim of the paper was to determine the effect of diclofenac calcium, the active ingredient of a medicine called
diclofenac, on the development rate and survivorship of the fly Lucilia sericata (Meigen, 1826) (Diptera:
Calliphoridae). Diclofenac was used at three concentrations: it was mixed with pork meat in proportions 25 mg
of the drug 23 g of meat (dose 1), 50 mg/23 g (dose 2) and 75 mg/23 g (dose 3). To compare the results, a control
sample was used (23 g of drug-free meat). All diclofenac calcium doses delayed the development of L. sericata.
Moreover, all the drug doses (25 mg, 50 mg, 75 mg) resulted in body weight loss of L. sericata larvae. Finally,
all the drug doses increased the mortality of L. sericata. The findings indicate that forensic entomology and
forensic veterinary analyses involving L. sericata need to take into account a potential factor modifying the fly
natural life cycle — the presence of diclofenac calcium in the body. A reduction of the body mass and a longer,
than normal developmental cycle of L. sericata may be of significant in correctly determining the time of death
of humans or animals in cases of diclofenac application.
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The multifaceted nature of veterinary protection of
animals in Poland is reflected in the implementation of
scientific achievements of one of the disciplines of vet-
erinary science, which is forensic veterinary medicine.
The analyzed area of animal veterinary protection is
a different and at the same time specific form. Forensic
veterinary medicine, as a scientific discipline, does not
cover animal protection issues (26). Only its practical
application makes it possible mainly for procedural
authorities and private persons to implement animal
protection, a significant part of which is veterinary
protection.

A large and diverse group of drugs belonging to
the non-steroid al anti-inflammatory drugs (NSAIDs)
is frequently used in both medicine and veterinary

medicine (27). This group includes carboxylic acids,
among the diclofenac. The analgesic, antipyretic, anti-
inflammatory and anticoagulant effects of these drugs
cause that they are often recommended by veterinarians
for the treatment of small animals.

Therapeutic effect of non-steroidal anti-inflammato-
ry drugs is strongly related to toxic effects (28). Some
of these drugs have a destructive effect on the gastric
mucosa, and the intensity of the changes increases with
time of use (27). A few cases of anaphylactic reaction
to diclofenac were also reported (3, 8, 20). The tests on
laboratory animals showed that diclofenac can cause
hepatic and kidney degenerative changes, especially
when it is dosed together with other anti-inflamma-
tory drugs (5, 31, 34). In addition to their therapeutic
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effects, non-steroidal anti-inflammatory drugs can also
cause poisoning. These poisonings can be accidental or
can be caused by the owner’s failure to self-medicate
the animal, or sometimes by an overdose of the drug.
Unfortunately, sometimes the poisoning can be the
cause of the animal’s death (28).

During decomposition of organic matter of animal
origin, including animal and human bodies, a specific
microhabitat develops for different animal taxa as dead
bodies can provide a suitable protection for the fauna,
favorable features of environment (such as tempera-
ture, humidity) are present in such habitats as well as
high nutritious resources are constantly provided for
invertebrates that colonize corpses (2, 15, 16, 32).
Insects, and dipterans in particular, are one of the most
important groups of invertebrates that colonize animal
and human corpses (4). Insects gathered from a dead
body may provide vital information, particularly when
the body is in an advanced state of decomposition or
is skeletonized (10). A correct analysis of entomologi-
cal data provided by insects that colonize corpses is
of enormous significance in establishing the time that
has elapsed from death (PMI, post mortem interval)
(17, 23).

Exogenous substances, such as non-steroid anti-
inflammatory drugs, can affect the development rate
of insects living on corpses as well as their number
which also need to be taken into account while es-
timating the post mortem interval (24). There were
some reports concerning the influence of diclofenac
on development rates of some forensic blowfly spe-
cies (35). But no data about this subject is available for
Lucilia sericata (Meigen, 1826) — the widespread fly
species that is commonly utilized in forensic entomol-
ogy to estimate the post mortem interval (19, 25). This
dipteran is a carrion-breeder and facultative parasite as
well as important sheep myiasis fly (13). L. sericata
eggs may occur on corpses as early as several hours
after death. Larvae hatch after several hours. The time
of the emergence of the consecutive instars depends
primarily on ambient temperature and humidity. Apart
from being used in forensic medicine as well as being
a veterinary problem, these fly larvae are also used in
larvae therapy owing to the fact that they secrete an
antibacterial substance termed lucifensin (9, 11, 22,
37, 38). For this the reason this fly species is bred on
a mass scale (14).

The presented study seeks to determine the effect
of diclofenac calcium, an active ingredient of a drug
termed diclofenac, on the development rate and survi-
vorship of the fly L. sericata feeding on the corpses of
humans and animals. The findings may provide valu-
able information in the case of an investigation when
a potential cause of death of a human or animal was
overdosing this medicine. Diclofenac calcium is a for-
eign substance (xenobiotic) for L. sericata therefore
a hypothesis was made that this chemical compound
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would have a negative effect on the fly’s development,
affecting its larvae mass, the length of the development
cycle, as well as the mortality of individual instars.

Material and methods

Laboratory trial. The experiment was conducted using
a population of Lucilia sericata — a common fly species
from the Calliphoridae family. The substrate for the larvae
culture was pork liver. At first, a portion of the meat without
the drug was exposed in an outdoor environment to attract
the flies and for them to lay eggs. After the egg packets
appeared on the meat medium, the subsequent procedure
was carried out under laboratory conditions. The egg pack-
ets were carefully transferred to weighed portions of meat
with the appropriate dose of the drug. The drug used in the
experiment was Voltaren Acti Forte (manufacturer: Novartis
Consumer Health GmbH) in the form of film-coated tablets.
One tablet contained 25 mg of Diclofenacum kalicum. The
tablets were crushed and thoroughly mixed with portions of
pork liver. The following variants of the experiment were
prepared: 25 mg of the drug for 23 g of pork liver (dose 1),
50 mg/23 g (dose 2) and 75 mg/23 g (dose 3). To compare
the results, a control sample was used (23 g of drug-free
meat). Forty L. sericata, the second in star larvae (L2,
4™ day of development), were used respectively for the
control and for each of the three variants of the trial which
gives all together 160 larvae used in the experiment. In the
course of the experiment 5 weightings were made. The
weightings took place every three days while the condi-
tion of the larvae (their vitality, ability of movement) was
checked on every day. Larvae were weighed to the nearest
0.00001 g. The experiment lasted until the moment of pupa-
tion of the last L3 larva. The larvae used in the experiment
eventually yielded adults of Lucilia sericata, confirming the
proper determination of larval material. The experiment was
performed at the temperature ~ 23.5°C and relative humid-
ity RH ~ 54%. An analytical balance (WPA 40/160/C/1
RADWAG) was used for larval weightings.

Statistical analyses. Descriptive statistics (sums, means,
range, standard deviation) were calculated using PAST ver.
3.16/2017 software (21). The normality of the data distribu-
tion was checked by the Shapiro-Wilk test. The data were
tested for homogeneity of variance using Bartlett’s test. As
the data had normal distribution and the variances were
equal, the one-way ANOVA test was used to compare mul-
tiple independent samples and then post hoc LSD Fisher’s
tests were used to compare two independent samples. All
statistical tests were applied using the Statistica 13.1 soft-
ware. The statistical significance level was set at p = 0.05.

Results and discussion

Larvae body mass. Significant statistical differ-
ences in the larvae body mass between the variants
of the experiment were found (one-way ANOVA
F.,=12.40,p=0.00000). Fisher’s post hoc LSD tests
detected statistically significant differences between
the control sample and the samples with the three
doses of the drug, whereas no statistically significant
differences were found in the body mass of the larvae
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reared on the feedstuff with the three doses of the drug.
The mean larval body mass was higher in the control
sample (0.04520 g+ 0.0059) than at doses 1, 2 and 3 of
the drug (respectively: 0.04001 g+ 0.0044, 0.03983 g
+ 0.0048 and 0.04096 g + 0.0057) — Figure 1. The
maximum weight of the larvae (0.05938 g) during the
experiment was found in the control sample, and the
minimum weight (0.02568 g) in dose 3.

Subsequent control weightings found a significant
reduction of larvae mass in the samples with the
diclofenac calcium doses (Fig. 2). We also detected
differences in the minimal larvae mass before pupa-
tion depending on the variant of the experiment. The
smallest body mass before pupation in the control
sample was 0.03436 g, in dose 1: 0.02816 g, in dose 2:
0.02996 g, in dose 3: 0.02568 g.

Larvae development rate. During the weightings,
larvae were present in all the variants of the experiment
only on the I, IT and III date of the weighing (4", 7*
and 10" day of development, respectively — Table 1).
On later dates, larvae were present only in some of the
variants of the experiment (Tab. 1, Fig. 2). On day 10
of the developmental cycle in the control sample only
9 larvae were found as the rest had transformed into
pupae. In drug doses 1-3 larvae still predominated.
On day 13 of the development cycle no larvae were
present in the control sample and in the sample with
drug dose 1. On day 16 of development the larvae were
present only in drug dose 3 (Tab. 1).

Larvae mortality. During the experiment, different
larvae mortality was found depending on the variant
of the experiment. One larva died in the sample with
drug dose 1, 3 larvae died in the control sample, 5 in
dose 2 and 8 in dose 3.

The specific nature of the implementation of vet-
erinary protection of animals by forensic veterinary
medicine is influenced by the fact that in recent years its
importance as an applied science has clearly increased
(26). This is due to the development of medical and
veterinary legislation and legislation related to the
protection of animals. The increased interest in foren-
sic veterinary medicine is also fueled by the increased
awareness of the society and the ensuing demands for
animal protection.

Forensic entomology is considered to be an impor-
tant instrument in criminal investigations (36). The
analysis of entomological material can also be used in
forensic veterinary medicine, being one of the practi-
cal tools that enable procedural authorities and private
persons to implement animal protection, a significant
part of which is veterinary protection (26).

Xenobiotics may affect the length of the growth cy-
cle of necrophagous insects in a diversified way. Some
delay insect development and disrupt corpse coloni-
zation, while others reduce developmental processes
compared to controls (7, 18). Entomotoxicological
studies conducted in Turkey on the domestic pig
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Fig. 1. Differences in Lucilia sericata larval body mass (mean
and = SD) in the different variants of the experiment
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Fig. 2. Mean larval masses in individual control weightings/
days of development. For dose 2 on day 13 of development
and dose 3 on day 16 of development — data from individual
records

Tab. 1. The number of larvae on successive days of the
experiment

. Day of development
Variant
4 7 10 13 16
Control 40 39 9 0 0
Dose 1 40 40 37 0 0
Dose 2 40 37 37 1 0
Dose 3 40 37 37 5 1

(Sus scrofa domesticus) clearly indicate that toxic
substances have altered the life cycle of Chrysomya
albiceps (1). This confirms the validity of performing
the above analyses to keep PMI estimation errors as
small as possible.

Similarly, analgesic drugs may have a diversified
effect on the growth of necrophagous insects. Some
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accelerate it, others delay it. Necrophagous insects
react to drugs in a diversified manner. Note that dis-
crepancies are observed even between species belong-
ing to the same fly family. As Wyman (39) reports,
a factor affecting insects growth cycle, apart from the
duration of drug action, is also the stage of decomposi-
tion of the corpse. It has been noted that paracetamol
accelerates the growth rate of Calliphoravicina larvae
from day 2 to day 4 of their development (29). This
may result in a 12-hour discrepancy in PMI estimate.
Ketamine, an anesthetic and analgesic substance, re-
duces the larval instar in L. sericata, whereas morphine
delays the growth cycle of L. sericata (6, 40). Tramadol
hydrochloride delays the growth cycle of Chrysomya
albiceps (Diptera: Calliphoridae) by 2 days compared
to the control group (12). Such different findings may
result from alternations in drug concentration and its
metabolites (7). Shamsuddin et. al (35) found that
diclofenac delayed Chrysomya megacephala develop-
ment for up to 24 hours.

The experiment presented in this paper demonstrated
that diclofenac calcium resulted in delaying larval
development of L. sericata by 3-6 days compared to
the control group. In the control group the last larva
was noted on day 10 from the ovi position, whereas
in drug dose 2 larvae were still present on day 13 of
the cycle, and in drug dose 3 even on day 16 of the
development cycle (see Tab. 1). Thus, the study showed
that the compound extended the growth cycle at the
third larval instar (L3) compared to the control group.
This finding may be of great significance to estimate
the PMI in forensic medicine.

In the presented experiment with the doses of
diclofenac calcium it was also discovered that all the
doses of the drug resulted in L. sericata larvae body
mass reduction. It was partially connected with the
slowing of the development rate of the larvae reared
on substrates containing the drug. Shamsuddin et.
al (35) found that the larvae of Chrysomya mega-
cephala grown on diclofenac-containing substrates
were shorter in comparison to the larvae from control
samples. Similar results were obtained by Oliveira
(30) with reference to the analgesic and spasmolytic
drug Buscopan and Chrysomya megacephala fly. She
found that under the influence of Buscopan the growth
cycle of C. megacephala slowed and the body mass
was reduced.

Some substances may cause huge mortality among
insect larvae, like thiopental in Calliphoravicina (33).
The present study has found that diclofenac calcium in
larger doses also contributed to significant mortality
of larvae.

Conclusions:

1. All the doses of diclofenac calcium slowed the
development of L. sericata larvae. The relationship
was found: the higher the diclofenac calcium dose, the
slower the development of L. sericata.
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2. All the doses of diclofenac calcium resulted in
L. sericata larvae body mass reduction.

3. All the doses of diclofenac calcium resulted in
increased mortality of L. sericata larvae. The relation-
ship was found: the higher the diclofenac calcium dose,
the higher the mortality of larvae.

4. A reduction of the body mass and a longer than
normal developmental cycle of L. sericata may be of
significant in correctly determining the time of death
of humans or animals in cases of diclofenac overdose.
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