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approach to explore pharmacy students’ understanding of functionalizing pharmacology in
forensic science. The primary objective of this investigation was to identify strengths and
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enhancing pharmacy education in this field.
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INTRODUCTION

Forensic science is a highly specialized discipline in criminal investigations and legal matters (Roux
et al., 2012). Conversely, pharmacology focuses on understanding the characteristics and impact of drugs
on the human body (Zhou et al., 2016). The convergence of these two fields has given rise to forensic
pharmacology, which encompasses the scrutiny of drugs and toxins to provide valuable insights for legal
and criminal inquiries (Petoft & Abbasi, 2016). Functionalizing pharmacology assumes a vital role in
forensic pharmacology, encompassing the examination of drug metabolism and its physiological effects
(Peters & Steuer, 2019). Functionalization pharmacology assumes a critical role in forensic science by
utilizing deliberate chemical modifications to augment the detection and characterization of particular
compounds (Peters & Steuer, 2019). These modifications involve adding specific chemical groups or tags
to target compounds, thus improving the sensitivity and specificity of analytical methods (Thieme et al.,
2014). This, in turn, enables the more precise identification and quantification of compounds present in
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intricate matrices (Thieme et al., 2014). Functionalization can be accomplished through diverse chemical
reactions, including oxidation, reduction, or conjugation, employing reactive groups such as amines,
carboxylates, or thiols, such as the surface functionalization of upconversion nanoparticles with different
moieties for biomedical applications (Gee & Xu, 2018).

The significance of functionalization pharmacology in forensic science lies in its ability to detect
and identify compounds that pose challenges to traditional analytical methods (Manousi & Samanidou,
2021). Forensic scientists rely on this technique to identify and quantify drugs, metabolites, and toxins in
biological fluids such as blood, urine, and hair (Muehlethaler et al., 2016). Additionally, functionalization
enhances the analysis of compounds in complex matrices, such as soil, water, and food, thereby playing
a crucial role in environmental and food safety investigations (Jiang et al., 2019)

In recent years, significant progress has been made in functionalization pharmacology, leading to
innovative and highly efficient methods for compound analysis (Aljamali, & Alsabri, 2020). Notably,
researchers have made remarkable strides by introducing novel tags and chemistries that substantially
enhance the specificity and sensitivity of detection methodologies (Kumar et al., 2023). In addition,, they
successfully devised streamlined functionalization protocols that effectively reduced the time and cost
associated with the analytical process (Welch, 2019).

Moreover, functionalization pharmacology has diverse applications in forensic analysis,
particularly in identifying and quantifying drugs, toxins, and other compounds in biological and
environmental samples (Yao et al., 2014). Furthermore, this technique can potentially monitor drug
metabolism and pharmacokinetics in vivo, providing valuable insights into drug development and clinical
trials (Madabushi et al., 2022). It is worth noticing that functionalization pharmacology techniques can
improve the accuracy and sensitivity of drug toxicology analyses, which is essential in drug abuse
investigations and post-mortem examinations (Dragan et al., 2021). For instance, functionalization can
enhance the detection of drug metabolites, providing crucial information regarding the timing and dosage
of drug intake (Roszkowska et al., 2019). Furthermore, Functionalization pharmacology can play a
significant role in drug metabolism and pharmacokinetics studies (Caldwell, 1996). By tagging drugs with
specific functional groups, researchers can monitor their distribution, bioavailability, and elimination in
vivo (Zrazhevskiy et al.,). They can also identify and quantify drug metabolites, providing insights into
drug interactions and toxicity (Zhang et al., 2020).

Functionalization Techniques for Analyzing Different Types of Compounds

Functionalization techniques vary depending on the compound being analyzed (Zhang et al., 2020).
For instance, different tags and chemistries can be used to functionalize drugs, toxins, or environmental
pollutants (Chaudhary et al., 2023). In addition, different functionalization methods may be required,
depending on the sample matrix, such as blood, urine, or soil (Yantasee et al., 2010).
For example, various functionalization methods can be used in forensic science, each with advantages
and limitations (Yaseen et al., 2018). Researchers must choose the most appropriate functionalization
method based on the specific analytes, sample matrices, and detection methods (Yaseen et al., 2018).
Common functionalization approaches include derivatization, enzymatic reactions, and click chemistry
(Ansari et al., 2022).

Potential Applications of Functionalization Pharmacology in Criminal Investigations

Functionalization pharmacology, the process of adding functional groups to molecules, can
potentially revolutionize the field of forensic science (Ansari et al., 2022). It can provide new insights into
identifying and analyzing evidence and assisting in criminal investigations and prosecution (Zhou et al.,
2016). Functionalization pharmacology can modify the chemical structure of evidence, making it easier
to detect and analyze (Rathinavel et al., 2021). This can be particularly useful in cases where traditional
forensic techniques fail (Peters & Steuer, 2019). For example, the functionalization of drugs and poisons
can help identify the specific drug or poison used in a crime or overdose (Nadar et al., 2021).
Moreover, functionalization pharmacology can aid in criminal investigations and prosecution by
providing key evidence that may be difficult to obtain using traditional methods (Mayr & Machin, 2011).
For example, DNA sample functionalization can aid in identifying degraded or contaminated victims or
suspects (Sijin & Harbison, 2021). It can also aid in identifying individuals from hair, saliva, and tissue
samples, which is important in cases where DNA samples are limited (Castillo-Peinado & De Castro,
2017).
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Limitations and Challenges in the Use of Functionalization Pharmacology in Forensic Science

Although functionalization pharmacology shows enormous potential in forensic science, several
limitations and challenges must be overcome for its development and implementation (Yao et al., 2014).
Functionalization pharmacology is a relatively new area of research that faces several technical
challenges, such as the difficulty in controlling the specific functional groups added to molecules, the
potential for altering the evidence being analyzed, and the lack of standardized protocols (Vivero-Escoto
et al., 2010).

Ethical and Legal Issues Related to the Use of Functionalization Pharmacology in Forensic Science

Another challenge is the ethical and legal issues that arise with functionalization pharmacology in
forensic science (Buchan et al., 2022). There are concerns about privacy, informed consent, and the
potential for misuse or abuse of technology (Abbate et al., 2018). These concerns must be addressed to
ensure functionalization pharmacology is used responsibly and ethically (Iavicoli et al., 2017).

Pharmacy students are professionals who will play an important role in forensic pharmacology.
Therefore, it is crucial to have a good understanding of functionalizing pharmacology. This study assessed
pharmacy students' understanding of functionalizing pharmacology in forensic sciences. It aims to
identify specific areas of strengths and weaknesses in their knowledge and highlight the implications of
the findings for pharmacy education and forensic science.

The Prevalence of Exploring the Understanding of Functionalizing Pharmacology in Forensic Science
among Pharmacy Students

Exploring undergraduate pharmacy students’ comprehension of integrating pharmacological
principles into forensic science is a nuanced and intricate subject. As a discipline, forensic pharmacology
entails applying pharmacological knowledge to legal contexts, encompassing aspects such as legal
disputes, drug regulatory procedures, and the criminal justice system. This field involves a detailed
examination of the actions and interactions of various chemicals within living organisms (Malve, 2016).

This research focused on assessing undergraduate pharmacy students' understanding of
functionalizing pharmacology in forensic science. It aims to evaluate their knowledge, skills, and attitudes
concerning forensic pharmacology and its practical applications. Additionally, it strives to pinpoint gaps
and challenges in the current pharmacy curriculum by proposing enhancements to forensic pharmacology
teaching and learning methodologies.

Recent investigations in this field, such as the study by Alomi et al., surveyed 402 pharmacists and
interns in Saudi Arabia. The findings indicate an insufficiency in pharmacists' knowledge of forensic
pharmacy services, highlighting the need for additional training and education. Similarly, a study by
Alshammari et al. involving 413 pharmacy students and 20 faculty members in Kuwait revealed that while
students exhibited good knowledge of antibiotic usage, they lacked awareness of antimicrobial resistance
and its relevance to forensic pharmacology.

These studies underscore the necessity for further research and development in forensic
pharmacology, particularly in the Middle East, where drug-related crimes and fatalities are prevalent. It
is crucial for pharmacy students, as future healthcare professionals, to be well-versed in forensic
pharmacology, enabling them to address related issues and actively contribute to the prevention and
resolution of legal challenges involving drugs and chemicals.

METHOD

This questionnaire-based study was conducted with 60 undergraduate pharmacy students at the
University of Thi-Qar. The teaching staff were asked online survey questions. This study aimed to analyze
the participants' knowledge of forensic science regarding medical and chemical signs. The key findings
are as follows:
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Participants expressed their opinions according to the following statements:

1.

Vil Lo

o

=0

11.

12.
13.

14.
15.

16.

The distinction between the entry and exit points of the bullet color from the surrounding tissues
was dark brown. Ans (False)

‘Which is more toxic, Ethanol or Methanol? Ans (Methanol)

The time to death was estimated by measuring the potassium concentration. Ans (True).

Is the concentration of sodium and calcium in vitreous fluid after death reliable? Ans (True).
Blood should be taken from the right side of the heart because it contains a low glucose
concentration. Ans (No).

Does the blood urea concentration give the impression that the deceased person had a state of
renal insufficiency due to its rise in the last period before death? Ans (Yes).

Vitreous fluid is not considered to be one of the best body fluids because of its dissociation
immediately after death. Ans (False).

The disintegration of the corpse did not cause H2S (sewage gas). Ans (False).

Corrosive substances do not leave traces if taken. Ans (False).

. In the case of oral poisoning, the substance causing death can be inferred from the odor emanating

from the stomach. Ans (True)

A high concentration of carbon monoxide gas is not sufficient to cause death if it is under high
pressure. Ans (True)

However, insecticides are not considered fatal to humans. Ans (False)

Skin marks (bluish hands, snake bites, etc.) are important in determining the cause of death. Ans
(True)

There is an antidote to each toxin. Ans (False).

Before starting the autopsy, the body of the deceased was examined outward to confirm the
prominent signs. Ans (True).

Some materials have distinctive characteristics such as blood and tissue color, skin color change,
or a distinctive smell that can be inferred. Ans (False).
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RESULT AND DISCUSSION

Figures (1-a) and (1-b) reveal the participants’ understanding of chemical science in forensics.
Figure (1-a) shows that the students had fair knowledge of the effects of some chemicals on the human
body. Most students realized that methanol was more toxic than ethanol. Approximately 50% of the
patients were aware of the life-threatening high concentration of carbon monoxide under high pressure
and the reliability of the concentration of calcium and sodium in the vitreous fluid after death. However,
figure (1-b) explains that students lack information about the effects of some chemicals on the human
body. It can be seen that the majority of the participants did not comprehend the impact of pesticides and
corrosive substances on the human body. In addition, around two-thirds of the students did not recognize
that not every toxic substance had an antidote, as well as the fact that emissions of hydrogen sulfide gas

during the decomposition of the corpse.
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Figure 1-a. Participants’ knowledge about Figure 1-b. The participants’ knowledge about
chemical signs in forensics. Chemical signs in forensic

Figures (2-a) and (2-b) explain the students’ understanding of medical signs in forensics. From
Figure (2-a), one can conclude that the participants had good knowledge of the medical signs in forensics.
It can be seen that there is an excellent understanding of the effect of some substances on the blood and
skin color, the examination of the corpse prior to the autopsy, as well as the distinction between the
entrance and exit location of the bullet and the color of the surrounding tissue. Furthermore, more than
three-quarters of the participants had a good perception of the effect of some toxins and poisonous
substances as well as some biological tests (blood urea) on the human body after death.

However, Figure (2-b) reveals that the students had a fair understanding of the physical fluids
(vitreous fluid) and the side of the human body from which blood should be taken after death for forensics.

Medical signs

The substance causing the death can be inferred by the smell
emitted by the stomach in the case of oral poisoning

Urea gives the impression that the deceased has kidney failure
because the risen in the last period before death.

Some substances leave distinctive characteristics such as blood
and tissue color, skin discoloration or a distinctive smell that...

The corpse is examined outwardly to stablize the prominent
signs befor starting the autopsy.

Skin signs (bluish hands, snakebites or others) are important
signs for determining the cause of death

The time since death can be estimated by measuring the
potassium concentration.

The entrancs to the gunfire can be distinguished from its exit 93.90% 6 704

by the color of the surrounding tissues, as it characterized by...

0% 20% 40% 60% 80% 100%

B Correct answer B 'Wrong answer

Figure (2-a). Participants’ knowledge about forensic medical signs.
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Medical signs

100%
80%
60%
40%
20%

0%

B 'Wrong answer

H Correct answer

Vitreous fluid isnot  Blood is taken from the right
considered one of the best side of the heart because it
physical fluids to break contains a low concentration
down immediately after of glucose.
death.

Figure (2-b). Participants’ knowledge of medical signs in forensics.

CONCLUSION AND SUGGESTIONS

The present questionnaire study sheds light on pharmacy students’ understanding of
functionalizing pharmacology in forensic science. These results underscore the importance of
comprehensive education in this field for future healthcare professionals. By identifying areas of strengths
and weaknesses, this study serves as a foundation for developing tailored educational programs that can
address the specific knowledge gaps identified. Improved pharmacy education in functionalizing
pharmacology will ultimately contribute to the competence and proficiency of pharmacy students in
forensic science, enabling them to contribute effectively to the criminal justice system and to provide
optimal healthcare services in related domains.

Based on the findings of this questionnaire study, I would suggest that educational institutions and
pharmacy programs consider implementing the following.

1. Incorporate forensic science modules: Integrate specific modules or courses in forensic science

within the pharmacy curriculum. This will help pharmacy students to better understand
functionalizing pharmacology in a forensic context.

2. Enhance practical training: Provide pharmacy students with hands-on training opportunities in
forensic laboratories or through simulation exercises. This will enable them to apply their theoretical
knowledge and gain practical experience in forensic pharmacology.

3. Offer specialized elective courses: Offer elective courses or workshops that focus specifically on
functionalizing pharmacology in forensic science. These courses can cover drug analysis, toxicology,
pharmaceutical crimes, and expert witness testimonies.

4. Collaboration with forensic professionals: Foster collaborations between pharmacy programs and
forensic experts or professionals. This can include guest lectures, mentorship programs, or research
collaborations that expose students to real-world forensic scenarios.

5. Provide continuous education: Encourage pharmacy students to participate in continuing education
programs or conferences focusing on forensic science. This will enable them to remain updated on
the latest advancements and trends in the field.
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