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ARTICLE INFO ABSTRACT

Article History Sarcophaga has forensic and medical importance because its larvae
Received:14/11/2023 are commonly associated with cadavers. This study aims to determine
Accepted:19 /12 /2023 tramadol and cypermethrin levels in postmortem rabbit tissues and inside
Available: 23/12 /2023  the larvae of Sarcophaga ruficornis that invade these corpses and explore
the histological effects of tramadol and cypermethrin on Sarcophaga

Keywords:_ ruficornis larvae. To accomplish these objectives, three groups of rabbits
Sarcophagidae, were used. The first group received double LDs, of tramadol
Sarcophaga hydrochloride; the second group received double LDsy of cypermethrin;
ruficornis, and the third group received saline solution and was killed by air injection
Entomotoxicology, and used as a control. After the deaths of all rabbits, stomach, liver, kidney,
Tramadol, gall bladder, lung, spleen tissues and Sarcophaga ruficornis larvae were
Cypermethrin, taken. Tramadol and cypermethrin concentrations in postmortem tissues
HPLC. and Sarcophaga ruficornis larvae were analyzed using (HPLC). The

current study demonstrated that all rabbit tissues treated with tramadol and
cypermethrin were positive for these toxins, except tissues of the gall
bladder, lung and spleen, which were negative. However, all control rabbit
tissues were negative. The toxicological analysis showed that tramadol and
cypermethrin were transferred from the administered rabbits to the feeding
Sarcophaga ruficornis larvae. Histological observations revealed various
pathological changes in larvae, especially deformities in the structures of
the cuticular body wall, muscles and fat bodies with damage to the
epithelial cells lining the midgut. Therefore, histological examination of
insects is used in forensic entomology when drugs are suspected as a cause
of death.

INTRODUCTION

The focus of forensic medical entomology, often known as medico-criminal
entomology, involves the crucial role of arthropod evidence in resolving crimes (Byrd and
Sutton 2020). Studying insects involves determining the postmortem interval (PMI), the
place of death and the reason for death (Byrd and Castner 2001). A variety of different
vertebrate and invertebrate scavengers are attracted to a decaying corpse (Mufioz-Lozano
et al., 2019), while decay's products can cause alterations to the original soil flora and
fauna (Barton et al., 2013).
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Sarcophagid flies (also known as flesh flies) visiting a corpse generally originate
from the synanthropic dement, which is native to the subtropics or even the tropics. They
are an integral part of the insect faunal succession and truly represent the first crucial
destruction step necessary for essential decomposition (Pape, 1996; Povolny, 1997 and
Singh and Bharti, 2008). However, sarcophagids have unique characteristics that make it
easier to estimate PMImin when compared to other fly species. Firstly, many flesh flies are
well known for using the ovoviviparous (or ovolarviparous) reproductive technique; they
directly deposit maggots on a corpse instead of laying eggs (Byrd and Castner, 2010; Singh
and Bharti, 2008 and Szpila et al., 2015). Secondly, due to their larger size, they are more
observable than others (Cai, 2015; Pape, 1996 and Tomberlin and Benbow, 2015). Third,
throughout various stages of the decay of corpses, sarcophagid flies become more active
(Anderson and VanLaerhoven, 1996; Povolny, 1997 and Silahuddin et al., 2015).
Furthermore, because they are more effective substrate colonizers than blowflies, they may
play a significant role in the decomposition of buried carrion (Pastula and Merritt, 2013).
Sarcophagagid flies should be widely used to determine the PMI, as previously mentioned.
The presence of toxins or other drugs in decaying corpses affects the growth rate of
forensic insects via food eating or food shackles transmitted by necrophagous insects,
which could be an important cause of inaccurate estimation of the postmortem interval
(PMI) (Abd Al Galil et al., 2020). So, a new field of forensic entomology is
entomotoxicology, which uses forensic insects to detect the presence of toxins or other
drugs ingested by the victim before death via toxicological analysis (Campobasso et al.,
2019 and Samnol et al., 2020).

Opioid analgesics with a central action, such as tramadol, are employed to treat
mild to extreme pain (Shipton, 2000). Tramadol has a dual mode of action that causes its
analgesic and sedative effects by binding to the p-opioid receptor and suppressing the
release of norepinephrine and serotonin, which reduces sensitivity to pain (El-Hadidy and
Helaly, 2015). In contrast to other conventional opioid drugs, tramadol modifies the
activity of neurotransmitters involved in pain modulation, such as norepinephrine and
serotonin, which stimulate descending pain-inhibitory pathways, as well as monoamines
(Wiffen et al., 2017). Tramadol can cause serious morbidity and death when used at
overdose levels (AbouZied, 2016). Tramadol is used as an aphrodisiac and as a
recreational drug, although they mostly use it as an energy booster (Salem, et al., 2008 and
AbouZied, 2016). Only in 2004 did the medication receive a prescription (WHO, 2006 and
Fawzi, 2011). Insect colonization on cadavers may stall as a result of the presence of this
drug in a dead body, which renders the body unattractive to colonize insects after death
(Hamdy et al., 2022).

Cypermethrin is considered a pyrethroid compound that has been broadly utilized
because of its powerful insecticidal properties and slow pest resistance (Aggarwal et al.,
2015). Because of its weak cutaneous absorption, quick metabolism, low tissue
accumulation, and ambient persistence, it is regarded as less hazardous for human usage
(Parajuli, 2006). Only a few instances of accidental pyrethroid poisoning at work have
been reported (Ray and Fry, 2006), however, poisoning with a fatal or suicidal intent is
incredibly rare (Bradberry et al., 2005). However, pyrethroid poisoning may become more
common due to its extensive usage and unregulated over-the-counter availability in our
country (Aggarwal et al., 2015).

This study aims to estimate the postmortem concentrations of tramadol and
cypermethrin in rabbit tissues and Sarcophaga ruficornis larvae and explore the
histological effects of tramadol and cypermethrin on Sarcophaga ruficornis third-instar
larvae.
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MATERIALS AND METHODS

Sampling of Rabbit Tissues for Toxicological Analysis:

Three healthy male rabbits, Oryctolagus cuniculus, were chosen to mimic a
newborn's delicate skin and they were distinguished by a relatively constant size (= 600 +
50 gm). The aforementioned rabbits were purchased locally in a variety of colors. Rabbits
were divided randomly into three groups. The first group received a toxin with a double
LDso of tramadol hydrochloride (LDsp=132 mg/kg) via ear vein injection. A toxic dose of
132 mg/kg of rabbit was calculated according to Aly et al. (2023). The second group
received a toxin with a double LDso of cypermethrin (LDso=126 p/kg) via ear vein
injection. A toxic dose of 126 p/kg rabbit was calculated according to Aly et al. (2023),
while the third group received saline solution at the ear vein and was injected with air to
simulate a natural death situation without the use of any drugs or chemicals and was used
as a control.

After the death of all rabbits, by making a cut on the rabbits' ventral side, tissues
from the stomach, liver, kidney, gall bladder, lungs, and spleen were collected. 1.0 gm of
each fresh tissue was dissected out over a piece of aluminum foil cooled with ice. After
weight, the fresh tissue was put in a small plastic bag and immediately frozen in the deep
freezer (-80) until analysis.

Also, ten third-feeding larval instars of Sarcophaga ruficornis were collected randomly
from all treated rabbit carrions and control groups. All collected insects were placed in
glass vials and preserved in a deep freezer (-80) until analysis.

Tissue Extraction for Toxicological Analysis:

0.1 gm from each sample of different rabbit tissues (stomach, liver, kidney, gall
bladder, lung and spleen) as well as the 3" larval instars from the control and treated
groups was homogenized in 1 ml of phosphate buffer at pH 7.4. 50 ml of the homogenized
samples were mixed with 100 ml of an acidic ammonium sulfate solution (250g of
ammonium sulfate in 1 L of 20% hydrochloric acid). It was shaken for twenty minutes and
then heated in an oven for two hours at 80°C. The pH of the filtered solution was increased
to 8.9 by adding ammonia. Then 100 ml of chloroform-isopropanol was added to the
samples at a ratio of 80:20 v/v and shaken for 20 minutes. Afterwards, it was poured into
the decanter and underneath the organic phase which contained tramadol or cypermethrin,
and was separated in a beaker. After drying, 1 ml of methanol was added to the sample (the
residue) and using a syringe of 0.2 pl, the sample was filtered, transferred, and placed in a
1.5 ml polypropylene Eppendorf tube, where 20 ul of it was introduced into the
chromatographic system (Salimi et al., 2018).

HPLC and Tissue Analysis:

High-performance liquid chromatography (HPLC Agilent 1260 series) with a
UV-visible spectrophotometric detector at 218 nm was used to evaluate the levels of toxins
(tramadol and cypermethrin) in both the control and treated groups. The separation was
carried out using an Eclipse Plus C18 column (4.6mm x 100mm); the mobile phase
consists of 0.1 tri-floro-acetic acid in water, acetonitrile and methanol (70: 25: 5 v/v) at a
flow rate of 1 ml/min. The injection volume was 20 pl for each sample solution. The
column temperature was maintained at 40 °C.

Histological Investigations:

The histological examinations were carried out using the H&E (hematoxylin and
eosin) stain on the 3™ larval instars of Sarcophaga ruficornis according to Bancroft (1996).
Third-instar larvae of Sarcophaga ruficornis were collected from both treated and control
groups and fixed in Carnoy’s solution for 2 hours, dehydrated in 100% ethyl alcohol for
approximately three times (15 minutes each) and cleared in methyl benzoate for about
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three times (8 hours each) and toluine for approximately three times (2 hours total), then
embedded in paraffin wax at 60 °C in an oven for about three times (2 hours each). Leica
RM microtomes were used to slice paraffin wax blocks into 7-micron sections. The
sections were then mounted on glass slides using xylene, rehydrated using descending
ethyl alcohol (100%, 90%, 70%, and 50%), cleared with distilled water and stained with
haematoxylin and eosin (H&E). Dehydration was then accomplished using an ascending
series of ethyl alcohol (50%, 70%, 90% and 100%), washed by xylene and mounted by
DPX (Drury and Wallington, 1976). All sections were photographed and examined using
an Olympus light microscope (BX-50, Olympus, Japan).

RESULTS AND DISCUSSION

Entomo-Toxicological Results:

Results presented in Table 1 and Figure 1 showed that all tissues collected from
rabbits receiving double LD50 of tramadol and cypermethrin were positive for these
toxins, except tissues of the gall bladder, lung and spleen, which were negative. However,
all tissues collected from the control rabbit were negative. The highest concentrations of
tramadol were detected in the stomach and liver, recording 10.23 pg/gm and 8.55 pg/gm,
respectively, followed by the kidney (4.12 pug/gm) and then muscles (1.98 pg/gm). Also,
the highest concentrations of cypermethrin were detected in the stomach and liver,
recording 15.02 pg/gm and 8.11 pg/gm, respectively, followed by the kidney (2.04 pg/gm)
and muscles (1.86 pg/gm). Furthermore, the arrangement of the rabbit tissues might be as
follows, depending on the tramadol and cypermethrin concentrations: stomach, liver,
kidney and muscles.

The toxicological analysis from the current study showed that tramadol and
cypermethrin were transferred from the administered rabbits to the feeding third larval
instar of Sarcophaga ruficornis. However, the concentrations of tramadol and
cypermethrin detected in the feeding third larval instar were observed lower than those
recorded in rabbit tissues. The concentrations of tramadol and cypermethrin were
determined in the 3rd larval instars of Sarcophaga ruficornis, recording 9.03 pg/gm and
5.02 pg/gm, respectively.

Table 1: Concentrations of tramadol and cypermethrin in different postmortem tissues of
rabbits and inside 3rd instar larvae of Sarcophaga ruficornis.

Tissues Control Tramadol | Cypermethrin
Stomach (ug/gm) ND 9.03 15.02
Liver (pug/gm) ND 8.55 8.11
Kidney (ug/gm) ND 4,12 2.04
Muscle (ug/gm) ND 1.98 1.86
Gall bladder (pg/gm) ND ND ND
Lung (ug/gm) ND ND ND
Spleen (pg/gm) ND ND ND
Sarcophaga ruficornis
third larval instar ND 10.23 5.02

Where ND Non detected
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Fig. 1: Concentrations of tramadol and cypermethrin in postmortem rabbit tissues and
inside third-instar larvae of Sarcophaga ruficornis.

Histological Results:

The histological examinations were carried out to control and treat the third larval
instar of Sarcophaga ruficornis.
Normal Histology of Control Larvae:

The integument of the normal third larval instar of Sarcophaga ruficornis is
composed of a cuticle, epidermis and basement membrane. The outer-dense layer of the
cuticle, known as the epicuticle, forms a continuous layer covering the cuticular surface.
The procuticle refers to the area of the cuticle that is between the epicuticle and the
epidermal cell layer, which represents the majority of the entire cuticle and consists of the
exocuticle (the outermost layer) and the endocuticle (the innermost layer). Finally, the
epidermal cell layer (Fig. 2).

The muscle layer found beneath the cuticle consists of bundles of striated fibers
that display a closely packed pattern. Each muscle fiber is composed of a number of
myofibrils that occupy the entire fiber cross-section (Fig. 3).

The midgut of the 3" instar Sarcophaga ruficornis larvae is the longest part of the
alimentary canal. It is coiled and convoluted inside the body cavity and it is the most
effective part of the alimentary canal where digestion and absorption occur. The external
surface of the midgut is extremely smooth, with outer longitudinal and inner circular
muscles. The peritrophic membrane is present within the central lumen of the midgut
tissue, which is preceded by a single layer of cuboidal epithelial cells found on the
basement membrane. The peritrophic membrane is a thin, thread-like structure with a
translucent membrane. Epithelial cells project inward from their basement membranes
(Fig. 4).

The normal fat bodies of Sarcophaga ruficornis consist of two layers: an outer
layer composed of ribbons under the body wall and a visceral layer located between the
various organs. The fat body consists mainly of a large number of storage cells called
trophocytes, which seem to be composed of a nucleus and cytoplasm (Fig. 5).
Histopathological Studies of Treated Larvae:

The third larval instar of Sarcophaga ruficornis treated with tramadol and
cypermethrin suffered from different pathological changes, especially in the cuticle, gut,
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fat bodies and muscles. Tramadol treatment resulted in severe integument damage in third-
instar Sarcophaga ruficornis larvae, where the epicuticle has completely disintegrated and
an exocuticle was observed in some regions; irregular thickening of the cuticle;
disorganization of epithelial cells of the epidermis and the nucleus being absent,
accompanied by the removal of the cuticle from the inner cellular layer of epidermal cells
(Fig. 6). However, larvae of Sarcophaga ruficornis treated with cypermethrin showed
thinning of the cuticular surface with the detachment of epithelial cells of the epidermis
away from the cuticle and the degeneration of the epidermis in some regions, as shown in
(Fig.7).

Transverse sections through the midgut of 3rd larvae of Sarcophaga ruficornis
treated with tramadol showed prominent enlargement, distorted shape and cellular
disorganization of epithelial cells. The nuclei become absent in most cells. VVacuolization
of epithelial cells was noticed, as was the disappearance of boundaries between cells (Fig.
8). While the midgut of larvae treated with cypermethrin showed destruction of the gut
wall in addition to epithelial cell necrosis, we noticed some epithelial cells shrinking and
others expanding. Additionally, the development of vacuoles in epithelial cells and the
separation of certain cells in the lumen were observed (Fig. 9).

The histological effect of tramadol and cypermethrin on muscles was observed as
mild degeneration by the formation of fissures and fragmentation of complete muscular
tissue (Figs. 10 and 11). On the other hand, the third larval instar of Sarcophaga ruficornis
treated with tramadol revealed vacuolization and destruction in the fat bodies in addition to
the disappearance of nuclei and cell boundaries of trophocytes in some regions (Fig. 12).
However, 3rd larvae treated with cypermethrin suffered from more significant
vacuolization on fat bodies; the cell boundaries of trophocytes disappeared and the nuclei
became absent (Fig. 13).

f, : .".“ 4 “, K AR P S

Fig. 2: A light micrograph of the cuticle of the control Sarcophaga ruficornis larvae
showed the structure of a normal cuticle. Ep: Epicuticle, Ex: Exocuticle, En: Endocuticle,
Fb: Fat body, EC: Ceullar layer of epidermal cell, M: muscle fiber. Hematoxline—eosin
stain A (x40) and B (x100).
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Fig. 3: A light micrograph of muscles of control Sarcophaga ruficornis larvae showed
normal muscle fibers. M: muscle fiber. Hematoxline-eosin stain (x40).

Fig. 4: A light micrograph of the midgut of the control Sarcophaga ruficornis larvae
showed normal midgut layers. EP: Epithelial cells, ML: Muscle layer, BM: Basement
membrane, PM: Peritrophic membrane, Lu: Lumen. Hematoxline-eosin stain A (x40) and
B (x400).
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Fig. 5: A light microgrph of the fat body of th control Sarcophaga ruficornis larvae
showed the normal structure of the fat body. Fb: Fat body, Tr: trophocytes. Hematoxline-
eosin stain (x40).

Fig. 6: A light micrograph of the cuticle from Sarcophaga ruficornis larvae treated with
tramadol showed disintegration of the cuticle surface. Ep: Epicuticle, Ex: Exocuticle, En:
Endocuticle, EC: Ceullar layer of the epidermal cell, M: muscle fiber. Hematoxline-eosin
stain A (x40) and B (x100).
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Fig. 7: A light micrograph of the cuticle from Sarcophaga ruficornis larvae treated with
cypermethrin showed destruction and thinning of the cuticular surface and degeneration in
skeletal muscles. Ep: Epicuticle, Ex: Exocuticle, En: Endocuticle, EC: Ceullar layer of the
epidermal cell, M: muscle fiber. Hematoxline-eosin stain A (x40) and B (x100).

X, ':,l
Fig. 8: A light micrograph of the midgut from Sarcophaga ruficornis larvae treated with
tramadol showed vacuolization of epithelial cells with cellular disorganization and the
nucleus being absent in the midgut. V: Vacuolization. Hematoxline-eosin stain A (x40) and
B (x200).
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Fig. 9: A light micrograph of mid-gut from Sarcophaga ruficornis larvae treated with
cypermethrin showed necrosis of epithelial cells with destruction and vacuolization of
epithelial cells, with some cells detached in the lumen. Hematoxline-eosin stain A (x40)
and B (x200).

Fig. 10: A light micrograph of muscles from Sarcophaga ruficornis larvae treated with
tramadol showed depletion in muscles. F: Fissures, Fr: Fragmentation. Hematoxline-eosin
stain (x40).
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Fig. 11: A light micrograph of muscle from Sarcophaga ruficornis Iarvae treated with
cypermethrin displayed destruction in muscle fibers. F: Fissures, Fr: Fragmentation.
Hematoxline-eosin stain (x100).
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Flg. 12: A Ilght mlcrograph of the fat body from Sarcophaga ruficornis Larvae treated
with tramadol showed vacuolization and decomposition in the fat body. V: Vacuolization.
Hematoxline-eosin stain (x100).
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Fig. 13: A light micrograph of the fat body from Sarcophaga ruficornis Larvae treated
with cypermethrin showed vacuolization and decomposition in the fat body. V:
Vacuolization. Hematoxline-eosin stain (x100).

DISCUSSION

A branch of forensic entomology called entomo-toxicology uses forensic insects
such as flies and beetles to detect the presence of drugs or other toxins ingested by the
victim before death. Toxicological analysis conducted in the current study observed the
presence of tramadol and cypermethrin within the rabbit tissues that received double LD50
of these toxins via ear vein injection. Whereas all control rabbit tissues were negative. This
result agreed with those of Tahoun and AbouZied (2017) and Elshehaby et al. (2019a,
2019b).

The current results showed that the highest concentration of both tramadol and
cypermethrin was recorded in the rabbit stomach, followed by the liver and kidney,
whereas the lowest concentration was found in muscles, which could be helpful in
detecting the possible time of toxin or drug delivered. This result agreed with that of (El-
Samad et al., 2011). Williams and Pounder (1997) stated that muscles are the largest single
mass of drugs in the body, which frequently reflects that they have a higher drug burden
than any other mass of tissue. However, working with muscles is challenging and caution
is needed to achieve total medication excretion. This may explain the lower concentration
of toxins detected inside muscles in the present study.

If human specimens are not available for toxicological examination to determine
the presence of toxins or drugs in cadavers, maggots found in decomposing corpses might
be used as an alternative sample (De Letter et al., 2000). The current study carried out
toxicological analysis on the only active feeding larval instars, as they serve as the most
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reliable source for finding toxins inside the corpse. In agreement with this result, Hédouin
et al. (2001) and Tjaderborn et al. (2007) revealed that metabolism and elimination of
drugs by maggots decrease gradually during the development of larvae, and the lowest
concentration of drugs was measured in post-feeding maggots and during pupation. So,
fully grown maggots that actively feed on carrions should be collected first from the crime
scene for toxicological analysis.

Toxicological analysis revealed the presence of tramadol and cypermethrin within
all third larval instars of Sarcophaga ruficornis reared on rabbit carrions exposed to these
toxins. This result agreed with Afifi et al. (2022), who recorded the presence of
clonazepam inside all larval instars of Sarcophaga argyrostoma. Also, EI-Ashram et al.
(2022) stated the existence of aluminum phosphide in third-instar larvae of Chrysomya
albiceps.

According to the results of the current investigation, tramadol and cypermethrin
concentrations found in third-instar larvae were similar to those found in rabbit tissues
utilized as food sources. This result is in harmony with that observed in Chrysomya
albiceps larvae (Elshehaby et al., 2019a) reared on rabbit tissues containing tramadol and
larvae of C. vicina (Introna et al., 1990) reared on human liver tissues containing
morphine. However, some studies were in contrast with the results of the current study,
such as El-Samad et al. (2011) and Tahoun and AbouZied (2017), which found that the
concentration of tramadol within larvae was lower than that in animal tissues. In a similar
vein, studies by Nolte et al. (1992) and Kintz et al. (1994) reported that drug
concentrations in maggots were significantly lower than those in tissues. In addition, El-
Ashram et al. (2022), found the concentration of aluminum phosphide in the 3rd larvae
body was significantly lower than in rabbit tissues.

Histopathology of insects may be a crucial tool in eco-toxicological assessment
since it enables the identification and characterization of internal tissues in insects and
helps us comprehend the acute and long-term effects of drugs or toxins on their various
tissues and organs. Consequently, in the current study, target organ morphology and cell
structure were examined in Sarcophaga ruficornis larvae.

The treatment of the 3" instar of Sarcophaga ruficornis larvae with a double
lethal dose (LDso) of tramadol and cypermethrin caused numerous histological changes in
the cuticle, midgut and some other organs. Changes in the cuticle included degradation in
certain regions of the epicuticle. Vacuoles can be seen between the cuticle and the
epidermis. Damage to muscular layers was observed. Detachment of the cuticle from the
epidermis was reported as well. Similar histological alterations in the cuticle and epidermis
of insects treated with plant extracts and active chemical compounds from plants have been
reported by numerous studies, such as Schllter (1987), which detected some cuticular
abnormalities as well as hypodermal cell degeneration in Epilachna varviests maggots
treated with azadirachtin. As well, Khalaf et al. (2009) observed that the cuticle detached
from the epidermis, the epidermis disintegrated, and the basement membrane was
destroyed when Synthesomyia nudesita larvae were exposed to Cupressus macrocarpa and
Alpinia officinarum volatile oils.

The histopathological effects of tramadol and cypermethrin on the muscles of
larvae in the current study ranged from mild degeneration by the formation of fissures to
severe degeneration by the fragmentation of whole muscular tissue. Also, Khater (2020)
recorded the same result in the larvae of Dacus ciliates treated with azadirachtin and
attributed the occurrence of fissures and fragmentation to the disintegration of the
sarcolemma.

On the other hand, the third instar larvae of Sarcophaga ruficornis treated with
tramadol and cypermethrin revealed apparent vacuolization and destruction of the fat
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bodies. This result is agreed with that of Khater (2020). The midgut was severely affected
by the treatment, with some epithelial cells showing symptoms of shrinking and others of
swelling. Damaged epithelial cell borders were present.

Furthermore, the present study revealed severe damage in the midgut of larvae
treated with tramadol and cypermethrin. This damage included the notable enlargement
and malformed shape in cubical epithelial cells, with a detachment of epithelial cells from
the basement membrane in the lumen. Similar results were recorded in Spodoptera
frugiperda treated with Azadirachta indica (Roel et al., 2010), in the larvae of Chrysomya
megacephala treated with malathion (Bakr et al., 2012), in Chironomus calligraphus
larvae fed with cypermethrin (Lavarias et al., 2017), and in Spodoptera litura exposed to
leaf extract of Mirabilis jalapa (Suryani et al., 2020). Also, the treatment caused other
damage in the midgut, with some epithelial cells showing symptoms of shrinking and
others of swelling; the appearance of vacuoles in epithelial cells was accompanied by the
destruction of the gut wall and epithelial cell borders disappeared. The same results were
obtained in Simulium pertinax larvae exposed to delta-endotoxins of Bacillus thuringiensis
(Cavados et al., 2004), in Blattella germanica exposed to boric acid (Habes et al., 2006), in
Chrysomya megacephala fed on malathion (Bakr et al., 2012), in Periplaneta americana
exposed to N-nitroso-Nmethyl urea (Jain and Ahi, 2014), in Periplaneta americana
exposed to deltamethrin (Majumdar et al., 2016), in Culex pipiens larvae treated with
Carum copticum methanol extract (Al-Mekhlafi, 2018), in Dysdercus koenigii exposed to
deltamethrin (Faizan et al., 2019), and in Sarcophaga ruficornis exposed to cypermethrin
(Mirza and Amir, 2022).
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