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Abstract
The statistical analysis of Meta forensic investigation data is so essential step. It is used to examine, analyze and possibly
document forensic investigations results. The met analysis is used to demonstrate the effective immature stage and limited drug
dose which are used in forensic investigation. In the current study, the cluster analysis and general estimation equation model
were applied to the secondary data of Lucilia cuprina, consumed the muscle tissues of drug-injected rabbits. The statistical
analysis was done on all morphometric- and biochemical-data of L. cuprina immatures. This information can be used to estimate
the effective entomotoxicological sample and limited detected dose that will be used in the forensic application. Also, the results
showed that the clonazepam dose 6 mg/ml has a unique cluster in almost morphological and biochemical data. Besides that,
the prepupal stage can be used as an effective stage in forensic investigation. These findings will enhance the use of insects in
forensic investigations.
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Introduction

A scientific field called digital forensics deals with gathering,
examining, analysing, and maybe documenting objects and
reconstructing events in order to offer them as evidence to
the court. Although databases typically include evidence,
traditional digital investigations frequently excluded them
until recently. Despite the fact that the discipline is still in its

infancy, due to the growing amount of information that may
be used in solving various crimes and the numerous risks
linked with the information held on many databases, it is
quickly becoming a crucial component of many investigations.
The ability to analyse the metadata is crucial nowadays to
maximize the utilization of raw data investigations [1,2].

The use of flexible investigative tools, such as forensic
entomology, can help with the investigation of the crime
investigation. The latter’s efficacy was demonstrated in
instances involving highly damaged cadavers [3-6]. Numerous
species of insects, which comprise the most prevalent and
diverse class of arthropods on Earth, can be found near
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cadavers [7]. The Callphoridae, and particularly L. cuprina,
could arrive to carrions shortly after death [6,8,9]. Estimating
the post-mortem interval may be aided by their sizes and
developmental stages, is so crucial in forensic investigations
[10]. Furthermore, in some earlier entomotoxicological
experiments, calliphorid flies provided more sensitive
results in contrast to human specimens [11,12]. Xenobiotics
may impact the rate of decomposition of the human body as
well as the growth and aggression of insects [13-16]. These
theories led entomologists to conduct additional research
investigations on the impact of xenobiotics on the growth
rate and biochemical characteristics of the crucial insects
for forensics. Cocaine, and diazepam have been successfully
detected by dipteran flies [17,18]. Diazepam: According to
the Carvalho National Institute on Drug Abuse, the victim
percentages grew by over 4.3 times between 2002 and 2015
[19]. Numerous medications have the potential to spread
up the food chain, and their effects can be examined inside
insect tissues and throughout the insect life cycle [20,21].
The impact of a medicine on insects varies depending on the
species, according to the discipline of entomotoxicology [2224].

Several methods of analysis have been used to determine
how drugs and toxins affect crucial insects in forensic
investigations. They comprised quantitative studies as well
as developmental analyses, which measured the weight,
length, and width of immatures as well as the life cycles of
insects [25,26]. By the use of HPLC-MS and other analytical
techniques, to quantitative analysis [18,27-29]. Additionally,
the potential of the blowfly Callphora sp. to serve as a
forensic sample at a crime scene was confirmed by using a
color approach to identify diazepam and other drugs in the
bug. The drug was detected from the adult stage to adults
in the next generation [30]. However, no studies have
examined how insects that ate poisoned or drugged corpses
were affected by the bioaccumulation of damaging critical
components, as measured by protein carbonyl levels and
DPPH. The proposed approaches for measuring antioxidants
were affordable, straightforward, sensitive, and selective
analyses [31,32]. This might be useful in the field of forensic
entomology.

Experimental Analysis of Origin Data
Clonazepam (C1277) Sigma-Aldrich was dissolved in purified
distilled water at four concentrations: 0 mg/mL, 0.7 mg/mL,
1 mg/mL and 6 mg/mL were injected into four Netherlands
rabbits, Oryctolagus cuniculus domesticus. The rabbits were
euthanized by decapitation according to the method of Close
et al. [33], and the approval of Cairo University Institutional
Animal Care and Use Committee (CU-IACUC) under the
number CU-I-F-47-19. The rabbits’ muscle tissues were used
in this experiment as the insect’s foodstuff. The experimental
groups including the following treatment: An egg batch
(~140 eggs) of L. cuprina El-Bassiony [7] was placed on the
foodstuff, and the hatched larvae were allowed to reach the
pupal stage, in a 100 ml plastic container covered with fabric
mesh. The negative control groups were fed on the muscle
tissues of control rabbit (not injected with clonazepam nor
saline), while the positive control groups were fed on the
muscle tissues of rabbit injected with saline. Each control
or treated group was replicated three times. The immatures
were dried, and morphologically measured by using a digital
caliper (MITYTOUO, digital Vernier) and a digital balance
(RADWAG, WTB200). The biochemical analysis included
HPLC-MS to determine the clonazepam concentration inside
the insect was determined according to the methodology
of Rojas, et al. [34]. Also, the determination of the protein
oxidative damage informing of protein carbonyls amount,
was performed according to Levine, et al. [35], the
total protein concentration of samples was determined
spectrophotometrically according to the method of Bradford
[36]. While, the α,α-diphenyl-β-picrylhydrazyl (DPPH), was
determined according to Blois [37].

Statistical Analysis

Secondary Data Source

All experimental groups were subjected to a non-parametric
analysis using a Kruskal-Wallis revealing test with a p-value
of a 0.05. Hierarchical Cluster Analysis (HACA) based
on agglomerative statistics using Ward’s Method was
performed to analyze the data. The use of cluster analysis
is essential to find the potential clusters or groups among
the observational units based on levels of similarity and
differentiation is the aim of HACA [38]. The cluster’s average
similarity is calculated at each level. It is computed how
different each example in a cluster is from that average
similarity. All morphological and biochemical metadata were
investigated using the Generalized Estimating Equation
(GEE). All statistical analyses were performed using IBM
SPSS Statistics for Windows (Version 17.0. Armonk, NY: IBM
Corp.).

L. cuprina was the Meta data of this research were supplied
from a practical study at Entomology department, Faculty of
Science, Cairo University, Egypt.

The non-parametric analysis, using Kruskal-Wallis test,
clarified significant (p < 0.05) differences in most of the

The current study attempted to examine the ability of using
statistical analysis of metadata of forensic study to determine
the appropriate developmental stage and drug-limited dose
in the forensic investigation, especially at clonazepam case.

Materials and Methods
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Results and Discussion
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morphological data of the treated larval, prepupal and pupal
stages of L. cuprina, in comparison with the two control
groups (ϰ2 = 9.9, 13.5, 13.5; df =4, 4, 4; and p value<0.05,
<0.05, <0.05, respectively). A generalized estimated
equation (GEE) showed that the different concentrations of
Clonazepam (0.7, 1, and 6 mg/ml) influenced significantly
Categorical variables

the morphological (weight, length, width), the analytical
(HPLC-MS), and the biochemical measures, in form of DPPH
inhibition percentage and protein carbonyls amount, of
different developmental stages (first, second, third larval
instars, and prepupa) and puparium of L. cuprina (Table 1).

Chi-square (χ²)

df

*QIC

p value

1802

1

50.13

<0.0001

1709.9

1

264.3

<0.0001

Intercept
Weight
Width

6657.8

Length

8645

HPLC
DPPH

4607.5

PC

5264.9

1

1

1

1

Effect of different insect developmental stages
Weight

4473

Width

3679

Length

3338.8

HPLC

341.1

DPPH
PC

73.9
50.5

Width
Length
HPLC
DPPH
PC

15.11
7.3

5.2

79.7

45.3

47.4

50.13

4

264.3

4

4

4
4

59.5

109.9
45.3
47.4

4

50.13

5

264.3

4

4

815.2

5

77.3

110.79

886.6

109.9

4

Effect of different clonazepam concentration
Weight

59.5

59.5

109.9

<0.0001

<0.0001

<0.0001

<0.0001
<0.0001
<0.0001
<0.0001

<0.0001

<0.0001
<0.0001
<0.05

<0.05

<0.05

<0.0001

45.3

<0.0001

16

50.13

<0.0001

15

264.3

5

47.4

<0.0001

Effect of interaction between different insect developmental stages & clonazepam concentration
Weight
Width
Length
HPLC
DPPH
PC

97.11

54.48

657.2

179.3

16

16

15

15

59.5

109.9
45.3

47.4

<0.0001
<0.0001

<0.0001

<0.0001

<0.0001

Table 1: Testing the interaction of different concentrations of clonazepam (negative control, positive control, 0.7, 1, and 6 mg/
ml) on different developmental stages (first, second, third larval instars, prepupa, and puparium) of Lucilia cuprina, in terms of
morphological measurements and, analytical and biochemical analyses, using Generalized Estimating Equation (GEE).
*QIC is the quasi-likelihood under the independence model criterion and is a derivation of Akaike’s information criterion for
GEE.
The clustering, of L. cuprina developmental stages, revealed
that there was a separate cluster group between negative and
https://academicstrive.com/CTPCT/

positive control in weight, HPLC-MS and protein carbonyls
analyses (Figure 1 A,D,F). However, there was a separate
https://academicstrive.com/submit-manuscript.php
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cluster between 6 mg/ml clonazepam treated group in the
rest parameters (Figure 1 B,C,E). Both HPLC-MS and protein
carbonyls analyses declared an obvious dissimilarity pattern
between the control and 6mg/mL clonazepam treated group
(Figure 1A-F). There was a similarity pattern between the
prepupa and pupa stages, and also between the second
and third larval stages in all morphological data (weight,
length, and width) (Figure 2 A-C). Moreover, similar pattern
occurred between the empty puparium and pupa regarding
the concentration of clonazepam (mg/ml) in insect’s tissues
using HPLC-MS, α, α-diphenyl-β-picrylhydrazyl (DPPH)

inhibition percentage (%) and protein carbonyls amount
(Figure 2 D-F). The study by Carvalho, et al. [39] revealed
a direct correlation between the weight characteristics
of C. albiceps and C. putoria larvae and the diazepam drug
concentration, which is consistent with our findings.
Different flies fed on ethanol Tabor, et al. [40], anticholinergic
Oliveira, et al. [41], cocaine de Carvalho, et al. [39] and
methamphetamine all displayed the same reactions [42].
Contrarily, diazepam inhibited the growth of larvae in L.
cuprina treated with larger doses of the medication and in C.
albiceps [43,44].

Figure 1: Dendrogram of the cluster analysis (using Ward’s Method) to evaluate the similarity between different clonazepam
concentrations (negative control, positive control, 0.7, 1, and 6 mg/ml), which has been fed to the developmental stages of
Lucilia cuprina, and the (A) weight (mg), (B) length (mm), (C) width (mm), (D) concentration of clonazepam (mg/ml) in
insect’s tissues using HPLC-MS, (E) α,α-diphenyl-β-picrylhydrazyl (DPPH) inhibition percentage (%) and (F) protein carbonyls
amount in insect’s tissues using (OD/ mg protein/ min).
https://academicstrive.com/CTPCT/
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Figure 2: Dendrogram of the cluster analysis (using Ward’s Method) to evaluate the similarity effect between the developmental
stages (second, early third, and late third larval instars and prepupa) of Lucilia cuprina, which fed on different clonazepam
concentrations (negative control, positive control, 0.7, 1, and 6 mg/ml), and the (A) weight (mg), (B) length (mm), (C) width
(mm), (D) concentration of clonazepam (mg/ml) in insect’s tissues using HPLC-MS, and E) α,α-diphenyl-β-picrylhydrazyl
(DPPH) inhibition percentage (%) (F) Protein carbonyls amount in insect’s tissues using (OD/ mg protein/ min).

When insects were used as biomarker agents, the
identification of pharmaceuticals in insects not only aided
medico-legal forensic applications but also environmental
biomonitoring [32,45]. Previous data proved the ability of
HPLC-MS to detect several drugs in insects. Morphine was
analyzed by HPLC-MS in C. albiceps, and the drug could
be detected in the feeding and post-feeding larvae [46].
Recently, the effect of Viagra overdose plus diazepam on the
third larval stage, pupae, and adult of C. albiceps were tested
https://academicstrive.com/CTPCT/

by using HPLC-MS, and the results ensured the presence of
the two tested drugs in all developmental instar of the insect
[43]. In the current research, the clonazepam concentration
recorded significant increasing in all treated groups (ϰ2
=11.76, 13.2, 13.7; df= 4; p-value <0.05). The different
similarity pattern of the instar stages might imply that
the drug converted into its metabolite form, 7-acetamidoclonazepam. When the larvae consumed the smallest amount
of the drug (0.7 mg/mL), the drug concentration reached
https://academicstrive.com/submit-manuscript.php
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its peak at the start of the second instar. This demonstrates
that the medication bioaccumulates in the tissues of the
insect [22]. The developmental stage of the insect, its eating
environment, and/or the physiochemical stability of a drug
in this insect were all known to affect the bioaccumulation of
medicines in necrophagous insects [22,47].
The other biochemical analysis is protein carbonyls analysis,
which has been used to identify pesticides in freshwater
fish Channa punctata (Bloch). Protein carbonyls analysis is
thought to be an indicator of oxidative stress factors [4851]. The phenolic chemicals found in plants Renault, et al.
[52], or even the usual concentrations of environmental
toxins in insects [53]. In addition to being inexpensive and
easy to use, Dalle-Donne, et al. [48] advocated this study
as an efficient method since protein carbonyls develop and
are more stable than other oxidative chemicals. The current
investigation demonstrated that compared to controls, most
treated groups and developmental stages had greater levels
of damaged protein, as measured by protein carbonyls of L.
cuprina (x2= 13.4, 12.8; df= 4; p-value 0.05, respectively).
Similarly, clonazepam was associated with Alzheimer’s
disease (AD), which was distinguished by a high level of
protein carbonyl quantity [54].

The current data demonstrated a steady decrease in the
protein carbonyls amount from one stage to the next,
particularly in the pupal stage, and this may be associated to
the synthesis of clonazepam metabolites or as a characteristic
of the inactive pupal stage. However, after giving the treated
instars access to the muscle tissues with the highest
medication concentration (6 mg/mL), the amount of protein
carbonyls considerably decreased in all treated instars
compared to the other treated groups (0.7 and 1 mg/mL).
According to (Abdelfattah, et al.; Costa, et al.; BoguszewskaMakowska et al.) [32,55,56] and other researchers, this
could mean that the drug is having both enzymatic and nonenzymatic effects. It could also mean that the equilibrium
between protein oxidation and the redox regulation of
proteolysis is shifting. Additionally, it can demonstrate that
the medicine was absorbed less quickly by the insect than it
was eliminated [22]. Besides that, utilizing DPPH inhibition
% in comparison to the negative control (i.e. the naive
carcass that died without any injections) showed that the
drug was successfully detected in all phases and in the empty
puparium. This demonstrated the potential for employing L.
cuprina’s empty puparium in the event of a late discovery of a
corpse. Additionally, the first, second, and third larval instars’
antioxidant levels considerably increased in comparison
to the positive control, in all drug’s concentrations. A lot of
studies used DPPH in antioxidant’s analyses, for example,
assessing various pharmaceuticals activities Parmar, et al.
[57], investigating of polyphenols in detoxification of free

https://academicstrive.com/CTPCT/

radicals Wei, et al. [58], and assessing the antioxidant ability
of the Malathion-exposed black soldier fly [32].

Conclusion

The concentration of clonazepam in injected rabbits
directly affected L. cuprina growth rate, and significantly
increased their weight, length, and width. Moreover,
the biochemical analyses, such as HPLC-MS and protein
carbonyls amount were effective in detecting the drug in all
insects’ developmental stages. DPPH was a very sensitive
and efficient method to record the biochemical changes
in the drug-injected rabbits, though the insect immatures
feeding habits on carcasses. Also, the empty puparial case of
L. cuprina has proven its validity to detect clonazepam along
the different concentrations, and in case of delayed corpses
discovery. In the current study, we demonstrated that the
ability to use the secondary data of L. cuprina (Wiedemann
1830), which consumed the muscle tissues of rabbits given
drugs, was subjected to cluster analysis and the general
estimate equation model. In the forensic application, this
information can be utilized to estimate the limited detected
dose and the effective entomotoxicological sample.

Ethical Approval

This study was approved by Cairo University Institutional
Animal Care and Use Committee (CU-IACUC) under the
number CU-I-F-47-19.

Funding

This work was supported by the Research services Grant,
Faculty of Science, Cairo University.

Author Contributions

FMA investigation, data calculation, statistical analysis,
and writing the original document. EAA and GME
conceptualization, investigation, supervision, and editing of
the original manuscript. EEA writing the final manuscript.
This manuscript is a part of FMA M.Sc. thesis. All authors
contributed to the article and approved the submitted
version.

Competing Interests

The authors declare that they have no conflict of interest.

Data Availability

The datasets used and/or analyzed during the current study
are available from the corresponding author on reasonable
request.

https://academicstrive.com/submit-manuscript.php

Current Trends in Pharmacology and Clinical Trials

7

References
1.
2.
3.
4.
5.
6.
7.
8.
9.

Aitken C, Taroni F (2004) Statistics and the evaluation
of evidence for forensic scientists. 2nd (Edn.), John Wiley
& Sons.

Rafique M, Khan MNA (2013) Exploring static and
live digital forensics: Methods, practices and tools.
International Journal of Scientific & Engineering
Research 4(10): 1048-1056.
Pounder DJ (1991) Forensic entomo-toxicology. Journal
of the Forensic Science Society 31(4): 469-472.

Waghmare PB, Chikhalkar BG, Nanandkar SD (2015)
Establishing identity and cause of death in mutilated and
Un Identifiable corpses: a challenging task for medico
legal expert. J Forensic Biomed 6(1): 120.
Byrd JH, Tomberlin JK (2019) Forensic entomology: the
utility of arthropods in legal investigations. 3rd (Edn.),
CRC press.
Bhardwaj T, Sharma S, Dalal J, Verma K (2020) The
implication of morphometrics and growth rate of
dipteran flies in forensic entomotoxicology research: a
review. Naturwissenschaften 107(6): 50.

El-Bassiony GM (2020) Blowflies (Diptera: Calliphoridae)
As Forensic Indicators in Egypt with Special Reference to
the Development Data of Lucilia Cuprina (Wiedemann).
Sumerianz Journal of Biotechnology.

O’Flynn MA (1983) The succession and rate of
development of blowflies in carrion in southern
Queensland and the application of these data to forensic
entomology. J Aust Ent Soc 22(2): 137-148.

Bansode SA, More VR, Zambare SP (2016) Effect of
different constant temperature on the life cycle of a fly
of forensic importance lucilia cuprina. Entomol Ornithol
Herpetol 5(3): 183.

10. Bourel B, Tournel G, Hedouin V, Deveaux M, Goff ML,
et al. (2001) Morphine extraction in necrophagous
insects remains for determining ante-mortem opiate
intoxication. Forensic Sci Int 120(1-2): 127-131.

11. Gosselin M, Ramirez M, Wille SMR, Samyn N, Boeck GD, et
al. (2010) Quantification of methadone and its metabolite
2-ethylidene-1,5-dimethyl-3,3-diphenylpyrrolidine
in third instar larvae of Lucilia sericata (Diptera:
Calliphoridae) using liquid chromatography-tandem
mass spectrometry. Journal of Analytical Toxicology
34(7): 374-380.
12. Groth O, Franz S, Fels H, Krueger J, Roider G, et al. (2022)
Unexpected results found in larvae samples from two
https://academicstrive.com/CTPCT/

postmortem forensic cases. Forensic Toxicol 40: 144155.

13. Campobasso CP, Di Vella G, Introna F (2001) Factors
affecting decomposition and Diptera colonization.
Forensic Sci Int 120(1-2): 18-27.

14. El-Samad LM (2016) Seasonality of insect succession
on remains of rabbits treated with amitriptyline
(antidepressant drug) in Alexandria, Egypt. J Adv Biol
9(1): 1783-1798.

15. Fouda MA, Al-Dali AG, Hammad KM, Abdrabou MM,
Kabadaia MM (2017) Detection and effect of ephedrine
sulphate on the development rate of the forensic blow
fly larvae Chrysomya albiceps (Diptera: Calliphoridae)
colonize a dog carcass. Int J Adv Res Biol Sci 4(11): 118126.
16. Boulkenafet F, Dob Y, Karroui R, Al-Khalifa M, Boumrah
Y, et al. (2020) Detection of benzodiazepines in
decomposing rabbit tissues and certain necrophagic
dipteran species of forensic importance. Saudi journal of
biological sciences 27(7): 1691-1698.

17. Nolte KB, Pinder RD, Lord WD (1992) Insect larvae used
to detect cocaine poisoning in a decomposed body. J
Forensic Sci 37(4): 1179-1185.

18. Campobasso CP, Gherardi M, Caligara M, Sironi L, Introna
F (2004) Drug analysis in blowfly larvae and in human
tissues: a comparative study. Int J Legal Med 118(4):
210-214.
19. Rates OD (2017) National institute on drug abuse.
Bethesda MD

20. Tabor KL, Brewster CC, Fell RD (2004) Analysis of the
successional patterns of insects on carrion in southwest
Virginia. Journal of Medical Entomology 41(4): 785-795.
21. Boulkenafet F (2016) Caractérisation des insectes
nécrophages, leur utilité en médecine légale et dans les
enquêtes judiciaires.
22. Kharbouche H, Augsburger M, Cherix D, Sporkert F,
Giroud C, et al. (2008) Codeine accumulation and
elimination in larvae, pupae, and imago of the blowfly
Lucilia sericata and effects on its development. Int J
Legal Med 122(3): 205-211
23. Fathy HM, Attia RA, Yones DA, Eldeek HE, Tolba ME, et
al. (2008) Effect of codeine phosphate on developmental
stages of forensically important calliphoridae fly:
Chrysomya albiceps. Mansoura J Forensic Med Clin
Toxicol 16: 41-59.

24. Charabidze D, Gosselin M, Hedouin V (2017) Use of
necrophagous insects as evidence of cadaver relocation:
https://academicstrive.com/submit-manuscript.php

Current Trends in Pharmacology and Clinical Trials

8

myth or reality?. PeerJ 5: e3506.

25. Tullis K, Goff ML (1987) Arthropod succession in
exposed carrion in a tropical rainforest on O’ahu Island,
Hawai’i. Journal of Medical Entomology 24(3): 332-339.

26. Afifi F, Abdelfattah EA, El-Bassiony GM (2022) Impact of
using Sarcophaga (Liopygia) argyrostoma (RobineauDesvoidy, 1830) as a toxicological sample in detecting
clonazepam for forensic investigation. Egyptian Journal
of Forensic Sciences 12: 37.
27. Elian AA (2003) ELISA detection of clonazepam and
7-aminoclonazepam in whole blood and urine. Forensic
Sci Int 134(1): 54-56.

28. Wood M, Laloup M, Pien K, Samyn N, Morris M, et al.
(2003) Development of a rapid and sensitive method for
the quantitation of benzodiazepines in Calliphora vicina
larvae and puparia by LC-MS-MS. J Anal Toxicol 27(7):
505-512.
29. Boulkenafet F, Dob Y, Karroui R, Al-Khalifa M, Boumrah
Y, et al. (2020) Detection of benzodiazepines in
decomposing rabbit tissues and certain necrophagic
dipteran species of forensic importance. Saudi J Biol Sci
27(7): 1691-1698.

30. Gola S, Lukose S (2007) A study of presence of antemortem administered drugs and to analyse them in the
different stages of insect development. International
Journal of Medical Toxicology & Legal Medicine 10(1):
12-15.
31. Sirivibulkovit K, Nouanthavong S, Sameenoi Y (2018)
Paper based DPPH assay for antioxidant activity analysis.
Analytical sciences 34(7): 795-800.

32. Abdelfattah EA, El-Bassiony GM (2022) Impact of
Malathion contaminated kitchen waste on the oxidative
stress parameters of the black soldier fly Hermetia
illucens (Linnaeus, 1758) (Diptera: Stratiomyidae).
Scientific Reports 12: 4583.
33. Close B, Banister K, Baumans V, Bernoth EM, Bromage
N, et al. (1997) Recommendations for euthanasia of
experimental animals: Part 2 DGXT of the European
Commission. Lab Anim 31(1): 1-32.

34. Rojas SA, Duffau BE, Escobar M (2017) Analysis of
Clonazepam in Oral Fluid by SPE-C18 and HPLC-UVDAD. J Anal Pharm Res 5(5): 00152.
35. Levine RL, Garland D, Oliver CN, Amici A, Climent I, et al.
(1990) Determination of carbonyl content in oxidatively
modified proteins. Methods Enzymol 186: 464-478.
36. Bradford MM (1976) A rapid and sensitive method for
the quantitation of microgram quantities of protein
https://academicstrive.com/CTPCT/

utilizing the principle of protein-dye binding. Anal
Biochem 72(1-2): 248-254.

37. Blois MS (1958) Antioxidant determinations by the use
of a stable free radical. Nature 181: 1199-1200.

38. Mohmoud AH, Hussein MY, Ibrahim HM, Hanafy MH,
Salah SM, et al. (2022) Mixed microalgae-food waste cake
for feeding of Hermetia illucens larvae in characterizing
the produced biodiesel. Biomass and Bioenergy.

39. de Carvalho LML, Linhares AX, Palhares FAB (2012) The
effect of cocaine on the development rate of immatures
and adults of Chrysomya albiceps and Chrysomya
putoria (Diptera: Calliphoridae) and its importance to
postmortem interval estimate. Forensic Sci Int 220(1-3):
27-32.
40. Tabor KL, Fell RD, Brewster CC, Pelzer K Behonick GS
(2005) Effects of antemortem ingestion of ethanol
on insect successional patterns and development of
Phormia regina (Diptera: Calliphoridae). J Med Entomol
42(3): 481-489.

41. Oliveira HG, Gomes G, Morlin JJ, Zuben CJV, Linhares AX
(2009) The effect of Buscopan® on the development
of the blow fly Chrysomya megacephala (F) (Diptera:
Calliphoridae). Journal of Forensic Sciences 54(1): 202206.
42. Goff ML, Miller ML, Paulson JD, Lord WD, Richards E, et al.
(1997) Effects of 3,4-methylenedioxymethamphetamine
in decomposing tissues on the development of
Parasarcophaga ruficornis (Diptera: Sarcophagidae) and
detection of the drug in postmortem blood, liver tissue,
larvae, and puparia. J Forensic Sci 42(2): 276-280.

43. Elshehaby M, Tony M, Abdellah NZ, Abd Elreheem
AEM (2019) Effects of sildenafil citrate and diazepam
on developmental stages of forensically important
fly: Chrysomya albiceps (Diptera: Calliphoridae).
International Journal of Entomology Research 5(1): 8289.

44. Pawar HM (2021) Effect of Diazepam on the development
of Lucilia cuprina (Diptera: Calliphoridae). Journal of
Emerging Technologies and Innovative Research 8(3):
1947-1954.

45. Adedara IA, Ajayi BO, Afolabi BA, Awogbindin IO, Rocha
JB, et al. (2021) Toxicological outcome of exposure to
psychoactive drugs carbamazepine and diazepam on
non-target insect Nauphoeta cinerea. Chemosphere 264:
128449.
46. Salimi M, Rassi Y, Chatrabgoun O, Kamali A, Oshaghi
MA, et al. (2018) Toxicological analysis of insects on
the corpse: a valuable source of information in forensic
https://academicstrive.com/submit-manuscript.php

Current Trends in Pharmacology and Clinical Trials

9

investigations. J Arthropod Borne Dis 12(3): 219-231.

47. Ishak N, Ahmad AH, Noor SAM, Ahmad A (2019) Detection
of heroin metabolites at different developmental stages
of Lucilia cuprina (Diptera: Calliphoridae) reared in
heroin-treated meat: a preliminary analysis. Egyptian
Journal of Forensic Sciences 9: 65.
48. Donne ID, Rossi R, Giustarini D, Milzani A, Colombo
R (2003) Protein carbonyl groups as biomarkers of
oxidative stress. Clinica Chimica Acta 329(1-2): 23-38.

49. Parvez S, Raisuddin S (2005) Protein carbonyls: novel
biomarkers of exposure to oxidative stress-inducing
pesticides in freshwater fish Channa punctata (Bloch).
Environ Toxicol Pharmacol 20(1): 112-117.
50. Fernando N, Wickremesinghe S, Niloofa R, Rodrigo C,
Karunanayake L, et al. (2016). Protein carbonyl as a
biomarker of oxidative stress in severe leptospirosis,
and its usefulness in differentiating leptospirosis from
dengue infections. PLoS One 11(6): e0156085.

51. Yousef HA, Abdelfattah EA, Augustyniak M (2017)
Evaluation of oxidative stress biomarkers in Aiolopus
thalassinus (Orthoptera: Acrididae) collected from areas
polluted by the fertilizer industry. Ecotoxicology 26(3):
340-350.

52. Renault D, Dorrah MA, Mohamed AA, Abdelfattah EA,
Bassal TT (2016) Assessment of oxidative stress and
activities of antioxidant enzymes depicts the negative
systemic effect of iron-containing fertilizers and plant
phenolic compounds in the desert locust. Environ Sci
Pollut Res 23(21): 21989-22000.
53. Abdelfattah E A (2020) Integration between Monitoring
and Bio-Monitoring Systems to Assessment the Impacts
of Normal Levels of Environmental Pollutants. Entomol
Ornithol Herpetol 9(1): 221.

54. Ginsburg ML (1991) Clonazepam for agitated patients
with Alzheimer’s disease. The Canadian Journal of
Psychiatry/La Revue canadienne de psychiatrie 36(3):
237-238.
55. Costa V, Quintanilha A, Ferreira PM (2007) Protein
oxidation, repair mechanisms and proteolysis in
Saccharomyces cerevisiae. IUBMB life 59(4‐5): 293-298.

56. Mańkowska DB, Zagdańska MNA (2015) Protein
Oxidation and Redox Regulation of Proteolysis. In:
Gowder SJT (Eds.), Basic Principles and Clinical

https://academicstrive.com/CTPCT/

Significance of Oxidative Stress. Intech Open.

57. Parmar KA, Patel AN, Prajapati SN, Patel RI (2010)
Antiviral in HEL cell, HeLa cell cultures, antibacterial and
antioxidant activity of Acacia arabica seeds extracts by
the use of DPPH free radical method. Journal of Chemical
and Pharmaceutical Research 2(4): 324-332.
58. Wei X, Zhang Q, Li M (2016) The dissolution of tea
polyphenols and DPPH free radical scavenging capacity
of tea infusion. Food Research and Development 37(6):
1-5.

59. Barbosa TM, Lima LAD, Santos MCD, Vasconcelos
SD, Gama RA, et al. (2018) A novel use of infra-red
spectroscopy (NIRS and ATR-FTIR) coupled with
variable selection algorithms for the identification of
insect species (Diptera: Sarcophagidae) of medico-legal
relevance. Acta tropica 185: 1-12.
60. Belleville G (2010) Mortality hazard associated with
anxiolytic and hypnotic drug use in the National
Population Health Survey. Can J Psychiatry 55(9): 558567.

61. Guzmán ESC, Strong III FC (1982) Determination of
tocopherols (vitamin E) by reduction of cupric ion.
Journal of the Association of Official Analytical Chemists
65(5): 1215-1221.
62. Drummer OH, Odell MS (2001) The
pharmacology of drugs of abuse. Arnold.

forensic

63. Gant DB, Chalmers AE, Wolff MA, Hoffman HB, Bushey DF
(1998) Fipronil: action at the GABA receptor. Pesticides
and the future: minimizing chronic exposure of humans
and the environment 147-156.

64. Hodecek J (2020) Revisiting the concept of
entomotoxicology. Forensic Sci Int Synerg 2: 282-286.

65. Kripke DF, Klauber MR, Wingard DL, Fell RL, Assmus JD, et
al. (1998) Mortality hazard associated with prescription
hypnotics. Biol Psychiatry 43(9): 687-693.

66. Miziak B, Czuczwar SJ (2020) Advances in the design
and discovery of novel small molecule drugs for the
treatment of Dravet Syndrome. Expert Opin on Drug
Discov 16(5): 579-593.
67. Wasowski C, Marder M (2012) Flavonoids as GABAA
receptor ligands: the whole story?. J Exp Pharmacol 4:
9-24.

https://academicstrive.com/submit-manuscript.php

