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ABSTRACT: Two species of blow flies (Diptera: Calliphoridae)
were reared on tissues from rabbits administered different dosages
of morphine. These species, Protophormia terraenovae and Cal-
liphora vicina are among the first wave of insects colonizing a dead
body. Two series of 3 rabbits were given dosages of 10, 20, and 40
mg/h of morphine over a 3 h period via ear artery perfusion. A mor-
phine blood level plateau was attained after 1 h of perfusion. Two
other rabbits were used as controls. Samples of tissues collected
from rabbits using a coelioscopic technique were determined to
have morphine concentrations similar to those encountered in hu-
man overdoses and were correlated with dosages of morphine ad-
ministered. All samples from control rabbits were negative for mor-
phine. Larvae and puparia of both species were regularly collected
from each rabbit for toxicological analysis. Concentrations of mor-
phine in larvae reared on rabbit carcasses containing morphine were
significantly lower than concentrations found in the tissues. There
was a decrease in concentration in morphine observed in transition
from feeding 3rd instar larva to puparium. A correlation between
larval concentration and tissue concentration was found only in
feeding 3rd instar larvae.

KEYWORDS: forensic science, morphine, heroin, entomotoxi-
cology, rabbits, forensic entomology

In earlier studies using a controlled experimental animal model,
we determined that concentrations of morphine in larvae of Lucilia
sericata fed on tissues containing morphine were 30 to 100 times
lower than in the tissues (1). A correlation was observed between
morphine concentrations in larvae and concentrations in muscle
and fat tissues only during the feeding portion of the 3rd instar. No
correlations were observed for other developmental stages and
metabolism of the drug by the larvae appears to vary with stage of
development. In the present study, we evaluate the development of

two additional species of Calliphoridae under the same experimen-
tal conditions and seek to analyze possible variations in the
pharmacokinetics for these species. The species, Protophormia ter-
raenovae and Calliphora vicina, are among the earliest invaders of
a decomposing body and are frequently used estimations of the
postmortem interval. We have investigated the concentrations of
morphine in the feeding 3rd instar larvae, prepuparial (post-feed-
ing) larvae, and puparia for these species reared on rabbit carcasses
containing different concentrations of morphine and attempted to
detect correlations between concentrations of morphine in tissues
used as food and the concentrations in the insects fed on those tis-
sues.

Materials and Methods

Two series of domestic rabbits with weights ranging from 2.68
to 4.50 kg were administered dosages of 10, 20 and 40 mg, respec-
tively, of morphine hydrochloride via ear artery perfusion over a 3
h period (0.08, 16.16, and 32.32 mg free base morphine equiva-
lent). Morphine hydrochloride was diluted in 150 mL isotonic
saline solution for administration. Theses dosages and rates of per-
fusion were calculated to obtain morphine tissue concentrations
similar to those encountered in cases of fatal human overdoses.
These parameters were calculated based on earlier studies (2). Dur-
ing the perfusion, a lethal plateau of morphine concentration was
obtained after 100 min. This level was consistent with the dosage
administered and remained constant for the duration of the perfu-
sion. For each study, one other rabbit, weights of 2.69 and 4.42 kg,
respectively, were used as a control and received only 150 mL of
isotonic saline via ear artery perfusion.

Following perfusion, rabbits were sacrificed in a Carbon Diox-
ide Chamber. Samples of organs and tissues (cardiac blood, liver,
fat, deep muscle, and skin) were taken as in previous studies (1,2)
and analyzed for morphine concentration. Immediately following
sampling, tissues were homogenized in a Potter-Elvehjem homog-
enizer and then centrifuged. Two aliquots were made of the super-
natant and these were stored at 220°C until analysis.

Eggs of uniform age of P. terraenovae and C. vicina were ob-
tained from colonies of these species which had been established
from specimens collected from decomposing human remains. Ap-
proximately 400 eggs of P. terraenovae were placed in the eyes,
nose, and mouth of rabbit carcasses labeled as R1, R2, R3, and C1.
In a similar manner, approximately 400 eggs of C. vicina were
placed into the eyes, nose, and mouth of rabbit carcasses labeled as
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R4, R5, R6, and C2. Time at which eggs were placed was labeled
as TO. Carcasses were placed into plastic boxes covered with wire
netting to prevent contamination by other insect species. Boxes
were placed in a closed room under normal daylight conditions.
Temperatures were recorded during each step in the process. At
regular intervals, random samples of 10 larvae were taken from
each carcass, dried, and frozen. For analysis, larvae were homoge-
nized in a Potter-Elvehjem homogenizer, centrifuged, and the su-
pernatant analyzed. Morphine concentrations were determined
using a sensitive and specific technique (Coat-a-count Serum mor-
phine RIA, Behring Diagnostic, Rueil, France, Detection limit: 1
ng/mL). Samples anticipated to have concentrations greater than
the highest concentration (250 ng/mL) were diluted with human
serum prior to assay. Following manufacturer’s instructions, con-
centrations were determined twice.

For statistical evaluation, a linear regression was used of mor-
phine in tissues against initial dosage, and concentration in larvae
against concentration of drug in muscle, skin, and fat tissues.

Results

All blood and tissue samples from rabbits receiving dosages of
morphine hydrochloride were positive for the drug, while all sam-

ples from the controls were negative. For each rabbit, morphine
tissue concentrations were consistent with dosage of morphine
administered (Table 1); however, no strict proportionality was ob-
served. Morphine concentrations in tissues from R2 were 1.5 to 3.2
times higher than for R1, and those from R3 were 1.3 to 3.0 times
higher than for R2. Morphine concentrations for R5 were 1.4 to 2.3
times higher than for R4 and those for R6 were 1.4 to 2.6 times
higher than for R5 (Table 1). Development of larvae of P. terraen-
ovae was as follows: 3rd instar reached at day 5, prepuparial stage
by day 11, and pupariation at day 13. Morphine concentrations for
stages are given in Table 2. Development for C. vicina was as fol-
lows: 3rd instar reached at day 5; prepuparial stage by day 8, and
pupariation on day 13. Concentrations of morphine in develop-
mental stages were significantly lower than those in tissues. Re-
gression analysis shows that concentrations in larvae of P. terraen-
ovae larvae sampled from days 6 and 11 correlate well with initial
dosage of morphine and concentrations in skin, muscle, and fat
tissues as a food source (Table 2). Regression analysis shows that
larvae of C. vicina sampled on days 6 and 7 correlate well with ini-
tial dosage of morphine administered as well as morphine concen-
trations in skin, muscle, and fat tissues used as a food source
(Table 3).

Analyses were not performed on larvae collected on day 8, as
different stages of development were found simultaneously on the
carcasses (late feeding 3rd and prepuparial larvae).

Discussion

In cases of advanced decomposition when tissues and body flu-
ids are not available, insects can serve as alternate samples for tox-
icological analyses. Goff and Lord (3) have extensively discussed
the advantages and difficulties in this new area of forensic investi-
gation and several cases and studies have been published (4,5). In
these cases, analyses of larvae provided a qualitative assessment of
the presence of a drug. In an earlier study, we investigated the con-
centrations of morphine in each stage in the development of the
blow fly Lucilia sericata (Diptera: Calliphoridae) reared on tissues
from rabbits administered different dosages of morphine (1). That
study demonstrated that concentrations in the larvae were 45 to 100
times less than in the tissues used as a food source. Regression
analysis demonstrated a correlation between concentrations in the
3rd instar larvae, initial dosage of morphine administered and con-

TABLE 1—Concentration of morphine in rabbits’ tissues according to
the flow of morphine perfusion (in ng/g).

Tissues 10 mg/h* 20 mg/h 40 mg/h r

Cardiac blood 1293† 2825 4056 0.99
895‡ 2098 2851 0.98

Liver 1572 3814 6659 0.99
1857 2614 4296 0.99

Fat 1676 3299 5804 0.99
1917 3022 4010 0.98

Skin 945 1401 3205 0.99
441 591 1518 0.98

Muscle 800 2588 7713 0.98
777 1341 2294 0.99

* represents the flow of morphine perfusion.
† represents the concentrations obtained for the rabbits R1, R2, and R3.
‡ represents the concentrations obtained for rabbits R4, R5, and R6.
NOTE: r is the correlation coefficient between the injected dosage and the

concentrations in the organs.

TABLE 2—Concentration of morphine in ng/g from larval to pupal stages (Protophormia terraenovae).

Time (days) T °1 R1 R2 R3 r1 r2 r3

5 21–24 81 (2 1 3) 90 (2) 584 (2) 0.93 0.90 0.98
6 21–24 60 (2 1 3) 168 (3) 389 (3) 0.99 0.99 0.99
7 20–23 58 (3) 214 (3) 470 (3) 0.99 0.99 0.98
8 19–23 55 (3) 262 (3) 542 (3) 0.99 0.99 0.97
9 21–25 35 (3) 146 (3) 281 (3) 0.99 0.99 0.96

11 21–25 14 (pp) 51 (pp) 120 (pp) 0.99 0.99 0.99
13 20–22 5 (p) 23 (p) 18 (p) 0.60 0.65 0.43

NOTE:
(2) larvae stage 2.
(3) larvae stage 3.
(pp) post-feeding stage.
(p) pupal stage.
r1 is the correlation coefficient between the muscle and the larval concentrations.
r2 is the correlation coefficient between the skin and the larval concentrations.
r3 is the correlation coefficient between the fat and the larval concentrations.
1 are the minimal and the maximal temperatures exprimed in Celsius degrees.
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centrations in muscle and fat tissues used as a food source. In the
present study, we have investigated two additional species of cal-
liphorids within the initial wave on colonizers of a body. In order
to compare results, the same animal model was used and prepara-
tions of animals, tissues and organs were similar (1). This model
also allows for a controlled level of the drug in blood and other tis-
sues as well as an approximation of visceral levels of morphine
encountered in fatal human overdoses (6).

There was a good correlation between concentration of morphine
administered and tissues concentrations. For each organ sampled,
morphine level detected was within the range of normal human
lethal concentrations (Table 1). All tissues sampled showed a good
correlation with administered dosage, particularly the muscle, skin,
and fat, which are normally the first tissues consumed by larvae
feeding on a body. A good correlation was also observed between
administered dosage and cardiac blood and liver tissue. Morphine
concentrations in larvae of P. terraenovae and C. vicina were 30 to
100 times lower than in the tissues used as a food source, similar to
results obtained earlier for L. sericata (1). Theses results differ from
those obtained by Introna et al. (7). The concentrations in larvae
were quite similar to those in the human tissues used. While both
studies used the same analytical technique (RIA), same fly species
(C. vicina), and sample preparation, one difference did exist. In their
study, Introna et al. (7) used human liver tissue as a rearing medium,
while we used entire rabbit carcasses. Differences in concentrations
in larvae due to differences in feeding substrates are not known. The
RIA assay process used in the present study measures only free mor-
phine (8) and the metabolism of morphine in insects is unknown at
present. As with L. sericata, morphine concentrations in 3rd instar
larvae of P. terranovae and C. vicina show a significant correlation
with concentrations found in muscle, skin, and fat tissues (Tables 2
& 3). This correlation is not seen in later stages of development. The
late feeding 3rd instar period of development for all 3 species is a
period of rapid feeding prior to the start of the post-feeding prepu-
parial stage. During this period, unlike other stages, the rate of ab-
sorption equals the rate of elimination of the drug. The results ob-
tained in these studies do not allow for extrapolation to human cases
but confirm that detection of morphine is most easily accomplished
by analyses of 3rd instar larvae. A small amount of morphine is still
measurable in the prepuparial and puparial stages, as has been noted
in studies dealing with other drugs (9). The larval metabolism most

probably plays a determinant role in the level of the drug present
(10–12). Concentrations of morphine present in earlier stages of de-
velopment have not been presented here as they were variable. Un-
like the 3rd instar larvae, water must be added to the much smaller
1st and 2nd instar larvae before processing and this dilution has pre-
sented difficulties in interpretation of results.
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TABLE 3—Concentration of morphine in ng/g from larval to pupal stages (Calliphora vicina).

Time (days) T°1 R4 R5 R6 r1 r2 r3

5 18–24 118 (3) 42 (3) 161 (3) 0.75 0.82 0.84
6 20–23 163 (3) 145 (3) 420 (3) 0.90 0.95 0.99
7 20–22 147 (3) 130 (3) 425 (3) 0.88 0.94 0.99
8 20–29 19 (3 1 pp) 74 (3 1 pp) 191 (3 1 pp) 2 2 2
9 20–22 5 (pp) 1 (pp) 2 (pp) 0.36 0.38 0.32

13 18–27 0 (p) 0 (p) 3 (p) 0.690 0.79 0.92

NOTE:
(2) larvae stage 2.
(3) larvae stage 3.
(pp) post-feeding stage.
(p) pupal stage.
r1 is the correlation coefficient between the muscle and the larval concentrations.
r2 is the correlation coefficient between the skin and the larval concentrations.
r3 is the correlation coefficient between the fat and the larval concentrations.
2 not done.
1 are the minimal and the maximal temperatures exprimed in Celsius degrees.
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