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Abstract

Forensic science integrates analytical chemistry, toxicology, and forensic
medicine to generate objective scientific evidence for criminal
investigations. The identification of pharmaceutical substances recovered
during investigations is particularly important in medico-legal cases
involving alleged illegal confinement, physical assault, coercion, or
suspected drug administration. Gas Chromatography—Mass Spectrometry
(GC-MYS) is a widely established analytical technique for identifying
volatile and semi-volatile organic compounds by combining efficient
chromatographic separation with mass spectral characterization. Its
sensitivity, selectivity, reproducibility, and compatibility with spectral
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databases, particularly the National Institute of Standards and Technology
(NIST) Mass Spectral Library, make it valuable for forensic drug analysis.
The present study demonstrates the application of GC-MS for the
qualitative identification of active pharmaceutical ingredients (APIs) in
seized therapeutic drug formulations recovered during the investigation of
an alleged case involving prolonged illegal confinement and repeated
physical assault. The analytical findings provide objective evidence
regarding the chemical composition of the seized exhibits. Although
chemical identification alone cannot establish drug misuse or criminal
intent, its correlation with medico-legal findings and other corroborative
evidence can strengthen forensic interpretation. The study focuses
exclusively on qualitative API identification, without quantitative
estimation or dosage verification.
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Introduction

The application of analytical chemistry in forensic science has become increasingly important for the identification and
characterization of pharmaceutical substances encountered during criminal investigations. Therapeutic drugs recovered
from crime scenes or seized during medico-legal investigations often provide valuable scientific evidence that assists
in reconstructing events, establishing the nature of offences, and corroborating witness statements. Accurate
identification of active pharmaceutical ingredients (APIs) is particularly significant in cases involving illegal
confinement, poisoning, drug-facilitated crimes, and suspected administration of medications intended to incapacitate
or influence victims [1,2].

Modern forensic toxicology integrates advanced analytical instrumentation with medico-legal investigation to
provide objective and scientifically defensible evidence for judicial proceedings. Among the available analytical
techniques, Gas Chromatography—Mass Spectrometry (GC-MS) remains one of the most reliable and widely accepted
methods for qualitative identification of volatile and semi-volatile organic compounds. The technique combines high
chromatographic separation efficiency with mass spectral fingerprinting, enabling definitive compound identification
through comparison with validated spectral libraries such as the National Institute of Standards and Technology (NIST)
Mass Spectral Library [3, 4]. Owing to its high specificity, sensitivity, reproducibility, and international acceptance,
GC-MS continues to serve as a reference analytical technique in forensic laboratories worldwide [5].

Pharmaceutical preparations encountered in forensic casework frequently include analgesics, antidepressants,
anxiolytics, sedatives, antihistamines, and neurological medications. Although these drugs are intended for legitimate
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therapeutic use, they may also be encountered during criminal investigations involving unlawful restraint, prolonged
confinement, coercion, domestic violence, or physical assault. Scientific identification of such pharmaceutical
formulations enables investigators to verify the authenticity of seized materials, determine their pharmacologically
active constituents [6, 7]. Consequently, reliable laboratory confirmation of APIs contributes substantially to the
evidentiary value of pharmaceutical exhibits.

GC-MS has been extensively applied for the identification of pharmaceutical compounds in complex forensic
matrices because of its excellent analytical performance and ability to distinguish chemically similar compounds. Mass
spectral matching against validated reference databases provides highly reliable compound confirmation, while
retention time information further strengthens analytical confidence. The technique has been successfully employed for
forensic identification of analgesics, antidepressants, antiepileptic drugs, antihistamines, psychotropic substances, and
numerous other pharmaceutical agents recovered from seized exhibits and biological samples [4, 8].

Among the pharmaceutical compounds investigated in the present study, Flunarizine is a selective calcium channel
blocker widely prescribed for migraine prophylaxis and vestibular disorders. Tromethamine is an organic amine
commonly used as a buffering and salt-forming agent in pharmaceutical formulations, whereas ketorolac methyl ester
is the methyl ester derivative of ketorolac, an NSAID widely used for the short-term management of moderate to severe
pain, whereas Sertraline is a selective serotonin reuptake inhibitor (SSRI) extensively used for depression, anxiety
disorders, obsessive-compulsive disorder, and post-traumatic stress disorder. Although these medications are routinely
prescribed in clinical practice, their forensic significance increases considerably when recovered during criminal
investigations, where their identification may provide important contextual evidence regarding the circumstances
surrounding the alleged offence [9—-11].

In addition to laboratory identification, forensic interpretation requires integration of analytical findings with
medico-legal examination, injury documentation, investigative information and chain-of-custody procedures. Such
multidisciplinary evaluation strengthens the scientific validity of forensic conclusions by correlating physical evidence
with clinical observations and investigative findings. Recent advances in forensic science increasingly emphasize
collaborative interpretation involving analytical chemists, forensic toxicologists, forensic physicians, and investigating
agencies to improve the reliability, transparency, and admissibility of scientific evidence presented before courts of law
(2, 12].

The present study describes the qualitative identification of active pharmaceutical ingredients in three seized
therapeutic drug formulations recovered during an alleged case of prolonged illegal confinement and physical assault.
Using GC-MS with NIST Mass Spectral Library matching, Flunarizine was identified in Sibelium® 5 mg Tablets,
Tromethamine and Ketorolac methyl ester in Ketrol-DT® 10 mg Tablets and Sertraline in Sertagess® 50 mg Tablets.
The analytical findings were subsequently interpreted in conjunction with detailed medico-legal examination results,
demonstrating the importance of integrating forensic analytical chemistry with forensic medicine to provide
comprehensive, objective, and scientifically robust evidence that supports criminal investigations and the administration
of justice.

Objectives of the Study

Primary Objective

* To qualitatively identify the active pharmaceutical ingredients (APIs) present in seized therapeutic drug
formulations associated with an alleged case of prolonged illegal confinement and physical assault using Gas
Chromatography—Mass Spectrometry (GC—MS).

Specific Objectives

* To analyze the seized Sibelium® 5 mg, Ketrol-DT® 10 mg, and Sertagess® 50 mg tablet formulations using
GC-MS.

* To identify the APIs in the seized pharmaceutical formulations by comparing the obtained mass spectra with the
National Institute of Standards and Technology (NIST) Mass Spectral Library.

* To evaluate the applicability of GC-MS as a reliable analytical technique for the forensic characterization of
seized therapeutic drug formulations.

* To evaluate the qualitative chemical identity of the recovered pharmaceutical exhibits within the analytical scope
of forensic laboratory testing.

* To demonstrate the value of integrating forensic analytical chemistry, forensic toxicology, and forensic medicine
in strengthening scientific evidence during complex criminal investigations.
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* To highlight the importance of standardized GC-MS methodologies for generating accurate, reproducible, and
legally defensible analytical results that support medico-legal opinions and the administration of justice.

Materials and Methods

Case Background

The present study was conducted as part of a medico-legal investigation involving an alleged case of prolonged illegal
confinement and physical assault. During the investigation, three therapeutic drug formulations were recovered by the
investigating agency and submitted to the Regional Forensic Science Laboratory for chemical examination. The exhibits
consisted of Sibelium® 5 mg tablets, Ketrol-DT® 10 mg tablets, and Sertagess® 50 mg tablets. All exhibits were
received in sealed condition with proper documentation, and the integrity of the chain of custody was maintained
throughout the examination in accordance with standard forensic laboratory procedures and international
recommendations for handling physical evidence [3].

The present study was conducted as part of an forensic investigation involving seized pharmaceutical exhibits
recovered by law enforcement agencies during a criminal case. The chemical examination was performed at the
Regional Forensic Science Laboratory under administrative authorization and strictly following standard operating
procedures for physical evidence examination.

Because the investigation was strictly limited to the qualitative chemical analysis of solid-dose pharmaceutical
exhibits, no human biological specimens, clinical trials or direct animal/human subject testing were involved. All case
background details have been completely anonymized to protect case confidentiality and ongoing judicial proceedings.
Formal ethical clearance for human subject research was not required as no human biological materials or patient
personal data were collected or analyzed; laboratory analysis was performed solely on physical drug exhibits submitted
through standard legal chain-of-custody protocols.

Materials

Three seized pharmaceutical formulations were analyzed:

* Article 1: Sibelium® 5 mg Tablets

» Article 2: Ketrol-DT® 10 mg Tablets

* Article 3: Sertagess® 50 mg Tablets

Analytical-grade methanol (HPLC/GC grade) was used as the extraction solvent. Helium (99.999% purity) served
as the carrier gas during GC—MS analysis. Mass spectral identification was performed using the National Institute of
Standards and Technology (NIST) Mass Spectral Library, which provides authenticated reference spectra for compound
identification.

Experimental conditions of GC-MS

GC conditions:

Column: 30 m x 0.25 m .D, 0.25 um film thickness, SH-Rxi-5Sil MS stationary phase. Injector temperature: 275
°C, Injection mode: Split, Split ratio: 10:0, Oven temperature program: 200 °C for 2 min, raised by 15 °C /min to 260
°C, and then raised by 25 °C /min to 320 °C where it was kept constant for 1 min, Total run time: 9.4 min, Injection
volume: 1 pL.

Mass spectrometry conditions:

Mode: Electron impact ionization mode using energy of 70 eV, ion source temperature: 220 °C, interface
temperature: 250 °C. Full scan mode using the mass range of 40-600 amu with a scan speed of 2000.

Sample Preparation

One tablet from each pharmaceutical formulation was separately pulverized using a clean mortar and pestle to obtain a
homogeneous powder. Approximately 20-50 mg of each powdered sample was transferred into separate glass
extraction vials. The powder was extracted with 1-2 mL of methanol, followed by vortex mixing and sonication for
approximately 10—15 minutes to facilitate dissolution of the active pharmaceutical ingredients.

The extracts were centrifuged to remove insoluble excipients, and the clear supernatant was filtered through a 0.22
um PTFE syringe filter into clean GC autosampler vials. Fresh disposable laboratory consumables were used during
sample preparation to minimize the possibility of cross-contamination.
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Quuality Assurance

All analyses were performed following established forensic laboratory quality-assurance practices. Laboratory
glassware and analytical instruments were cleaned and verified before analysis. Fresh extraction solvents were used for
each sample, and appropriate procedural precautions were adopted to avoid contamination or analytical bias. The
analytical workflow complied with internationally accepted forensic laboratory practices to ensure the reliability,
reproducibility, and scientific validity of the reported findings [3, 13].

Chemicals and Reagents

Analytical-grade methanol (>99.9%, GC grade) was used as the extraction solvent for the preparation of tablet extracts
prior to GC-MS analysis. Helium (99.999% purity) was employed as the carrier gas for chromatographic separation.
The purity of all reagents complied with the requirements for chromatographic analysis to minimize background
interference and ensure reliable analytical performance. No derivatization reagents were required, as the pharmaceutical
formulations were analyzed directly following solvent extraction.

For compound identification, the acquired mass spectra were compared with the National Institute of Standards and
Technology (NIST) Mass Spectral Library, which provides validated reference spectra for qualitative identification of
organic compounds. Instrument calibration, routine performance verification, and analytical quality assurance were
carried out according to the laboratory's standard operating procedures and internationally accepted quality management
practices to ensure the accuracy, precision, and reproducibility of the analytical results [14, 15].

Results and Discussion

GC-MS analysis of the three seized pharmaceutical formulations resulted in the successful qualitative identification of
their respective active pharmaceutical ingredients (APIs). The chromatographic separation produced well-resolved
peaks, and the corresponding electron ionization (EI) mass spectra exhibited characteristic fragmentation patterns.
Comparison of the acquired spectra with the National Institute of Standards and Technology (NIST) Mass Spectral
Library (NIST 23) provided high-confidence identification of the detected compounds. The analytical findings were
consistent with the labeled therapeutic compositions of the seized formulations and provided objective scientific
evidence regarding the identity of the recovered pharmaceutical exhibits [4, 7].

Identification of Flunarizine in Sibelium® 5 mg Tablets

GC-MS analysis of Sibelium® 5 mg Tablets confirmed the presence of Flunarizine, a selective calcium channel
blocker widely prescribed for migraine prophylaxis and vestibular disorders. The chromatographic peak corresponding
to flunarizine generated a characteristic EI mass spectrum that matched the reference spectrum in the NIST library,
confirming its identity.
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Figure 1A GC-MS Spectrum of Flunarizine.

Flunarizine possesses antihistaminic and calcium-channel-blocking properties and acts by reducing excessive calcium
influx into neuronal cells. Although the drug is primarily prescribed for prophylactic treatment of migraine and vertigo,
it may also produce adverse effects such as drowsiness, fatigue, dizziness, impaired psychomotor performance, and
sedation in susceptible individuals. Consequently, forensic identification of flunarizine becomes important whenever
the medication is recovered in criminal investigations involving allegations of unlawful confinement, coercion, or
physical assault, where documentation of pharmaceutical evidence contributes to reconstructing the sequence of events.
The present findings demonstrate the capability of GC—MS to accurately identify flunarizine in seized pharmaceutical
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Figure 1B. Corresponding GC-MS NIST library match of Flunarizine.

Identification of Tromethamine and Ketorolac Methyl Ester in Ketrol-DT® 10 mg Tablets

Analysis of Ketrol-DT® 10 mg Tablets revealed the presence of Tromethamine and Ketorolac methyl ester. Ketorolac
is formulated as a salt with tromethamine. The detection of ketorolac methyl ester rather than unchanged ketorolac is
attributed to in situ thermal transesterification/esterification with the extraction solvent (methanol) under un-derivatized
GC-MS conditions. Therefore, these detected species confirm the presence of the parent formulation, ketorolac
tromethamine.
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Figure 2A GC-MS Spectrum of Tromethamine

Mass spectral matching with the NIST library confirmed the identity of both detected compounds. The presence of
ketorolac-related compounds is consistent with the pharmaceutical formulation intended for analgesic therapy. In
medico-legal investigations involving physical assault, identification of analgesic medications may assist investigators
in evaluating whether pain management drugs were available or administered during or after the alleged incident.
Although the analytical findings alone cannot establish drug administration, they objectively confirm the identity of the
seized pharmaceutical evidence submitted for forensic examination. Similar applications of GC—MS for identification
of analgesic drugs have been reported in forensic pharmaceutical investigations because of the technique's excellent
selectivity, reproducibility, and spectral reliability [6, 16-17]. GC-MS Spectrum of Tromethamine and its corresponding
NIST library match is shown in Figures 2 (A, B). GC-MS Spectrum of Ketorolac Methyl Ester and its corresponding
NIST library match is shown in Figures 3 (A, B).
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Figure 2B Corresponding GC-MS NIST library match of Tromethamine

]U()_ 05
80 210 Figure 3A
60
40+ 77 269
204
n 40 5\_1 65 gil | 115 1]1_3 152 167 180 2 236 256 § 281 298 313325 356368380 403 433 451 475 489 505 520532 549 573

Lk Ty

10 40 70 100 130 160 190 220 250 280 310 340

i i T
370 400 430 460 490 520 550 580

Figure 3A GC-MS Spectrum of Ketorolac Methyl Ester
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Figure 3B Corresponding GC-MS NIST library match of Ketorolac Methyl Ester

Identification of Sertraline in Sertagess® 50 mg Tablets

GC-MS examination of Sertagess® S50 mg Tablets identified Sertraline, a selective serotonin reuptake inhibitor
(SSRI) commonly prescribed for major depressive disorder, generalized anxiety disorder, panic disorder, obsessive-
compulsive disorder, and post-traumatic stress disorder. The chromatographic retention behavior and characteristic EI
fragmentation pattern showed excellent agreement with the corresponding NIST reference spectrum.
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Figure 4A GC-MS Spectrum of Sertraline

Sertraline exhibits a well-established mass spectral profile that enables reliable identification using GC-MS following
appropriate extraction. Detection of Sertraline in the seized tablets confirmed the labeled pharmaceutical composition
and demonstrated the suitability of GC-MS for routine forensic identification of antidepressant medications. Such
analytical confirmation is valuable in criminal investigations whenever pharmaceutical products constitute relevant
physical evidence requiring scientific verification before judicial proceedings [18-19]. GC-MS Spectrum of Sertraline
and its corresponding NIST library match is shown in Figures 4 (A, B).
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Figure 4B Corresponding GC-MS NIST library match of Sertraline

Forensic Significance of the Analytical Findings

The principal objective of forensic pharmaceutical analysis is not merely to identify chemical constituents but also to
provide scientifically reliable evidence that supports the overall criminal investigation. In the present case, GC-MS
conclusively established the chemical identities of the APIs present in the seized therapeutic drug formulations, the
analytical results strengthened the evidentiary value of the recovered pharmaceutical exhibits.

It is important to emphasize that qualitative identification of seized pharmaceutical exhibits strictly establishes
chemical composition; it does not demonstrate administration to a victim, drug-induced impairment, temporal
association with an assault, or criminal intent. The analytical findings serve exclusively to provide objective laboratory
verification of exhibit identity for investigative records. Such scientifically objective interpretation is fundamental to
modern forensic practice and ensures that laboratory conclusions remain evidence-based and unbiased [20].

It is important to note that this investigation was designed solely for qualitative identification. Quantitative
measurements, such as absolute drug concentration, relative abundance, peak area quantification, and assay comparison
against labeled therapeutic dosages, were not performed as they fall outside the qualitative scope required for initial
exhibit verification.
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Figure 6 GC-MS Chromatogram of Sertraline

GC-MS total ion chromatogram (TIC) analysis was conducted to identify the target compound(s). Flunarizine exhibited
a single integrated retention peak at tr = 21.823 min (100% relative peak area) as shown in Figure 5. Sertraline eluted
at tr = 6.743 min with high chromatographic intensity (100% relative area) as shown in Figure 6. For the multi
component sample, Tromethamine and Ketorolac methyl ester were resolved at retention times of 1.382 min (98.80%
area) and 6.295 min (1.20% area), respectively as shown in Figure 7.
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Figure 7 GC-MS Chromatogram of Tromethamine and Ketorolac Methyl Ester

Role of GC-MS in Forensic Pharmaceutical ldentification

Gas Chromatography—Mass Spectrometry remains one of the most powerful analytical tools available for forensic
pharmaceutical investigations because of its high chromatographic resolution, excellent mass spectral specificity,
reproducibility, and extensive validated spectral databases. Identification based on spectral matching with authenticated
reference libraries substantially reduces analytical uncertainty and enhances confidence in forensic conclusions.

The present study further demonstrates that GC-MS can rapidly and accurately identify active pharmaceutical
ingredients present in commercially manufactured therapeutic formulations recovered during criminal investigations.
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Integration of analytical chemistry with forensic toxicology and forensic medicine enables comprehensive interpretation
of physical evidence and strengthens medico-legal opinions presented before courts of law. Adoption of standardized
analytical protocols, validated instrumentation, and internationally recognized quality-assurance practices further
enhances the credibility, reproducibility, and legal admissibility of forensic laboratory findings [3, 14].

Conclusion

The present study demonstrates the effectiveness of Gas Chromatography—Mass Spectrometry (GC-MS) as a robust
and reliable analytical technique for the qualitative identification of active pharmaceutical ingredients (APIs) in seized
therapeutic drug formulations recovered during a medico-legal investigation. GC-MS analysis, supported by
comparison with the National Institute of Standards and Technology (NIST) Mass Spectral Library, conclusively
identified Flunarizine in Sibelium® 5 mg Tablets, Tromethamine and Ketorolac methyl ester in Ketrol-DT® 10 mg
Tablets, and Sertraline in Sertagess® 50 mg Tablets, thereby confirming the chemical identity of the seized
pharmaceutical exhibits.

The analytical findings provide objective scientific confirmation regarding the chemical identity of the seized
pharmaceutical formulations. These qualitative laboratory results are strictly confined to exhibit identification and do
not infer drug administration, dosing timeline, or biological effect in relation to the alleged physical assault.

The study further highlights the importance of integrating forensic analytical chemistry, forensic toxicology,
forensic medicine, and criminal investigation to achieve comprehensive, evidence-based interpretation of complex
medico-legal cases. Such multidisciplinary collaboration enhances the reliability, transparency, and legal admissibility
of forensic evidence presented before judicial authorities.

In conclusion, standardized GC—-MS methodologies, coupled with validated spectral library matching and rigorous
quality assurance practices, provide a scientifically sound approach for the examination of pharmaceutical evidence in
forensic casework. The adoption of validated analytical protocols and multidisciplinary interpretation will continue to
improve the quality of forensic investigations, strengthen medico-legal opinions, and contribute to the fair
administration of justice.
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