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ABSTRACT 

Objective: This study is mainly focused on the development and validation of a robust liquid chromatography–tandem mass spectrometry (LC–
MS/MS) method to accurately evaluate the pharmacokinetics (PK) and metabolite profile of 19-Monoaminothiazole (19MAT), a newly synthesized 
compound showing promising antiviral activity against dengue virus (DENV). The work additionally integrated in silico metabolite prediction tools 
with experimental in vivo metabolite identification data to comprehensively understand the metabolic fate of 19MAT. 

Methods: Triple-quadrupole LC–MS/MS method was developed and validated as per ICH M10 (International council for harmonization of technical 
requirements for pharmaceuticals for human use) guidelines for its selectivity, linearity (1.27–1270 ng/ml), accuracy/precision, recovery, matrix 
effect, stability in rat plasma to quantify 19MAT to assess the PK after IV (Intravenous) and PO (Per oral) administration. Waters Xterra RP® C18 
(150 mm × 4.6 mm, 5 μm) column was used in reverse phase separation of analyte and internal standard. Pharmacokinetics was assessed in 
Sprague Dawley rats (n=3 per dose group). BioTransformer 3.0 and SMARTCyp3.0 were used to predict metabolites, and a targeted LC–MS/MS 
strategy was used to identify the metabolites in plasma, urine, and feces. 

Results: The assay showed linear response with r²>0.99, recovery 48–63% with acceptable matrix factors, precision ≤~11% RSD (Relative 
standard deviation), and stability up to 45 days (−20/−70 °C). 19MAT exhibited rapid oral absorption (Tmax ≈ 0.42 h), moderate half-life (PO: 4.20 h), 
high Vd (IV: ~1977 ml/kg), and bioavailability of 23.82%. Seven metabolites were identified via plasma, urine, and feces involving 
hydroxylation/dihydroxylation, O-dealkylation, and glucuronidation. 

Conclusion: The integrated workflow establishes validated quantitation approach, appropriately identified pharmacokinetic properties, and maps 
metabolic pathways for 19MAT, supporting preclinical optimization. 
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bioavailability 
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INTRODUCTION 

Thiazole and aminothiazole heterocyclic scaffolds are two classes that are often used as new chemical entities (NCEs) due to their pharmacophoric 
versatility and documented antiviral potentials across multiple viral families. These scaffolds are likely to have metabolic problems, such as 
breaking down quickly in oxidative environments, opening their rings, and making intermediates that could be reactive. These problems have made 
it even more important to include drug metabolism and pharmacokinetics (DMPK) properties early in the drug discovery and development stage to 
improve the efficiency of antiviral discovery programs and reduce attrition at later stage [1-3]. 

Thiazole and aminothiazole rings are often undergo S-oxidation, N-oxidation, desulfurization, and oxidative cleavage, producing unstable low-level 
metabolites that require high resolution MS (HRMS) for accurate detection and structural identifications [4–6]. Because thiazole metabolism can 
generate electrophilic or reactive intermediates, early identification is essential to mitigate safety risks. In silico tools can predict probable soft 
spots, while in vitro systems such as liver microsomes, subcellular fractions, and hepatocytes help confirm metabolic pathways and identify 
structural elements requiring modification [4, 7, 11, 12]. 

Radiolabeled studies using preclinical species provide comparative metabolic profiles to ensure that they are exposed to human-relevant thiazole 
metabolites [13–23]. Modern LC-MS platforms, including triple quadrupole systems for quantitative analysis and hybrid ultra-high performance 
liquid chromatography (UHPLC) MS/MS instruments are widely used for structural elucidation due to their sensitivity and ability to detect diverse 
thiazole-derived metabolites [8, 9, 13]. Targeted (MRM) LC-MS metabolomics approaches further enhance metabolite coverage and confidence in 
identification [25–30]. 

Within this context, a new aminothiazole derivative, 19 monoaminothiazole (19MAT), was synthesized as part of a dengue virus (DENV)–focused 
discovery program. Subsequent research evaluated its pharmacokinetic profile, in vitro metabolic profile, oral bioavailability, and metabolite 
disposition [29]. A highly sensitive and selective LC–MS/MS method was developed and validated in accordance with ICH M10 and prevailing 
industry practices to facilitate comprehensive metabolite screening across the matrix [32, 33]. The primary objective was to know the absolute 
bioavailability of 19MAT following oral and intravenous administrations and to understand its metabolic disposition in rat plasma, urine, and feces, 
as well as in microsomal incubation systems. 

In silico prediction (BioTransformer 3.0 and SMARTCyp 3.0) was used to predict the biotransformation and sites of metabolic liability and to 
understand the basis for subsequent experimental confirmation [34, 35]. A structural analogue of 19MAT was used as internal standard for 
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quantitative analysis. LC–MS/MS assay was rigorously assessed for accuracy, precision, recovery, matrix effects, and stability under diverse storage 
conditions, prior to its use [36]. This integrated experimental computational approach helped in identification of phase I and phase II metabolites, 
supported the understanding of metabolic pathways, and allowed a comprehensive assessment of PK characteristics. These data collectively furnish 
essential insights into the bioanalytical performance, pharmacokinetics, and biotransformation of 19MAT, hence endorsing its ongoing development 
as a potential antiviral candidate against DENV [29, 32–35]. 

MATERIALS AND METHODS 

Chemical and reagents 

Novel aminothiazole19MAT (C18H16N3O2S, 339.41, purity ≥97%) and its structural analogue 21MAT, which was used as an internal standard 
(C18H17N3O3S, 355.41, purity ≥97%), were synthesized as part of the research work obtained from BITS, Ranchi, Manesar. HPLC-grade solvents, 
acetonitrile, methanol, formic acid, ammonium formate, sodium phosphate, phosphate buffer sachet, Verapamil, nicotinamide adenine dinucleotide 
phosphate (NADPH)and dimethyl sulfoxide (DMSO), were procured from Sigma-Aldrich (Mumbai, India). Research grade (RandD) formulation 
excipients Propylene glycol (PG), N-methyl-2-pyrrolidone (NMP), and Solutol® HS 15 were procured from Sigma-Aldrich. Micro and semi-
microbalances were sourced from Radwag (Mumbai, India) and used for weighing. Refrigerated centrifuge and micropipettes were from Eppendorf, 
Germany. Water dispensing system was from Evoqua, Xylem Inc., USA, used for all the reagents for the experiments. 

LC‑MS/MS analysis conditions 

A triple quadrupole mass spectrometer SCIEX API4500TMLC-MS/MS coupled with liquid chromatography (LC, from Shimadzu) and positive 
electrospray ionization (ESI) source were used for all the sample analysis. A reverse phase Waters Xterra RP® C18 (150 mm × 4.6 mm, 5 μm) column 
was used to separate the analyte and internal standard in the samples. The column oven was maintained at 40 °C, and the autosampler at 5 °C. 
Isocratic elution with aqueous phase of 5 mmol ammonium formate with formic acid (0.1% v/v) and organic phase of a combination of methanol 
and acetonitrile (95:5, v/v) with formic acid (0.1% v/v) were used in the chromatography. The overall ratio of aqueous to organic phase was 
15:85%. A flow rate of 1 ml/min used for all the analysis with injection volume of 10 µl**. Electrospray ionization (ESI) source parameters were 
maintained as follows: collision gas (CAD) – 10, curtain gas (CUR) – 25, source gas1 (GS1) – 60, source gas2 (GS2) – 40, ion spray voltage-5500, 
temperature – 500 °C and dwell time of 200 milli seconds. In addition to these, compound-specific parameters were maintained as declustering 
potential (DP) of 100, entrance potential (EP) of 10, collision energy (CE) of 30, and collision cell exit potential (CXP) of 10, which were maintained 
common for both analyte and internal standard. The MRM transitions of 19MAT and internal standard were m/z 341.2→206.1, 341.2→136.1 (sum 
of the ions was used for the qualification), and m/z 357.2→152.3, respectively [31]. 

 

 
19MAT (Analyte) 

 
21MAT (Internal standard) 

Fig. 1: Structures of 19MAT (Analyte) and 21MAT (Internal standard) 

 

Calibration standard (CC) and quality control (QC) samples in rat plasma 

Stock solutions of 19MAT were prepared in DMSO at 1 mg/ml. One stock was used as standard stock and diluted further to prepare calibration 
standards with 25.3, 50.5, 101, 202, 672, 1120, 3740, 8140, 17700, and 25300 ng/ml concentrations in DMSO. A separate stock was used to prepare 
quality control solutions with 24.7, 75.9, 253, 10100, and 20200 ng/ml concentrations. A stock solution of internal standard (21MAT, 1.0 mg/ml) 
was prepared in DMSO. A working solution of 1 µg/ml internal standard prepared in acetonitrile was used in the analysis. 

To prepare calibration standards and quality control samples, 47.5 µl** aliquots of blank rat plasma were aliquoted, to which 2.5 µl** of calibration 
standard and quality control solutions were spiked and mixed. 150 µl** of internal standard working solution (1 µg/ml prepared in acetonitrile) 
was added to all the samples. The samples were vortex mixed for 10 min at 1500 rpm and centrifuged to separate the supernatant for 10 min at 
14,000 rpm and at 4 °C. Organic supernatant of about 150 µl** was transferred into polypropylene shell vials and sealed. These samples were 
subjected to LC-MS/MS analysis. The final calibration curve range was 1.27 to 1270 ng/ml and QC concentrations of 3.80, 505, and 1010 ng/ml, 
respectively. 

Method validation 

Peak area ratios (peak area of analyte/internal standard) were used to measure the analyte concentration in the matrix. Linear regression analysis, 
y =  mx + C, was adopted with a weighting factor (1/x2), where C is the value of the y-axis intercept, m is the slope of the linear curve, x is 
concentration, and y is the peak area ratio [31]. 

System suitability 

The instrument's suitability was assessed by evaluating the system precision by comparing the %RSD of the area ratios obtained after repeated 
injection of the extracted highest calibration standard sample. Precision of analyte and internal standard retention times were also assessed. 

Specificity and selectivity 

The objective was to assess the endogenous interference with the retention times of the analyte and internal standard in the analytical run. The 
method's specificity was assessed using blank plasma from six different lots, blank plasma spiked with analyte and internal standard, and 
pharmacokinetic study samples. Similarly, selectivity was assessed at 1.27 ng/ml concentration, which was considered as the lower limit of 
quantification (LLOQ). Six lots of interference free blank plasma was spiked at LLOQ level, and the signal-to-noise ratio was calculated against the 
mean baseline noise near the analyte retention time [36]. 
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Linearity (Calibration curve) 

Calibration curve was constructed using 10 non-zero standards (1.27, 2.53, 5.05, 10.1, 33.6, 56.0, 187, 407, 885, and 1270 ng/ml) covering the 
validated concentration range of 1.27 ng/ml to 1270 ng/ml. Linearity was assessed by least-squares linear regression with a weighting factor 
(1/x²). The calibration model was accepted if the coefficient of determination (r²) was ≥0.99. The standard curve was plotted using the peak area 
ratio of 19MAT (y) to the internal standard to the concentration(x) to assess the linearity [31].  

Precision and accuracy 

Three batches each of CC (10 standards) and six sets of QCs were used to validate intra-and inter-day precision and accuracy. For the evaluation of 
accuracy and precision, QC samples of 4 non-zero concentrations (1.24, 3.80, 505, and 1010 ng/ml) were processed on the same day (intra-day) and 
three consecutive days (inter-day). The acceptance criteria followed for accuracy of each back-calculated standard concentration was within ±15% 
of the nominal value, except for LLOQ, which was permitted a deviation of ±20%. At least 75% of all calibration standards, including the LLOQ and 
upper limit of quantification (ULOQ), were required to meet these criteria [31-33]. 

Matrix recovery 

Plasma recovery of 19MAT was determined at 3 QC levels: LQC (low-level QC), MQC (mid-level QC), and HQC (high-level QC) in six replicates. The 
area ratios of analyte to internal standard from extracted QC samples were compared against the aqueous spiked samples without matrix. The 
recovery of the internal standard in the matrix was also assessed, similarly at 1000 ng/ml concentration.  

Matrix effect/factor 

The influence of rat plasma on the recovery of analyte (at LQC and HQC levels) and internal standard was assessed as a matrix effect. The peak areas 
of post-extracted sample were compared to the comparator sample, which was free from matrix. 

Matrix stability 

Stability of 19MAT was assessed at QC concentrations (3.80, 505, and 1010 ng/ml) in rat plasma. The concentrations were tested for stability under 
following conditions: (1) bench top for 5 h, (2) at autosampler for 24 h; (3) over five freeze–thaw cycles at-20 °C and-70 °C and (4) long term 
stability of 45 d of storage at-20 °C and-70 °C [31-33]. 

In silico metabolism prediction 

BioTransformer 3.0 (software version 3.0), in silico module which predicts small-molecule metabolism in mammals and helps scientists identify 
metabolites based on the metabolism prediction was used for initial survey on the prediction of metabolites of 19MAT before actual comparison 
with experimental samples. BioTransformer 3.0 uses knowledge-based and machine learning based approaches to predict small-molecule 
metabolism. SMILE file of 19MAT was used along with EC-based, CYP450, Phase II, human gut microbial and environmental microbial modules [34]. 

SMARTCyp3.0 prediction of metabolism sites 

The prediction on the sites for metabolism from cytochrome P450-mediated drug metabolism was referred from SMARTCyp 3.0 server web 
application (www.farma.ku.dk/smartcyp, accessed on 02 February 2025). SMARTCyp3.0 used for P450 site-of-metabolism prediction was applied 
using SMILES inputs, with scoring based on activation energy, accessibility, and predicted 2D solvent-accessible surface area [36-38]. 

Intrinsic clearance of 19MAT in rat liver microsomes 

The in vitro metabolism of 19MAT was investigated in rat liver microsomes, along with half-life and intrinsic clearance (CLint). Liver microsomes 
procured from XenoTech LLC (Kansas, USA) were used at protein concentration of 20 mg/ml. The experiment was conducted at 0.5 µM for test 
compound and Verapamil was used as positive control [40]. 

Sodium phosphate buffer, liver microsomes and NADPH were incubated for 10 min at 37 °C. Addition of 2.5 µl** of 100 µM test compound has 
initiated the reaction. Aliquots of samples were collected at 0, 5, 10, 20, and 30 min, and mixed with acetonitrile to stop the reaction. NADPH-free 
control reactions were performed with similar conditions and samples were collected at 0 and 30 min. The samples were mixed with internal 
standard, centrifuged at 4,000 rpm for 20 min and supernatant was used for LC-MS/MS analysis. 

The time-dependent metabolism of 19MAT was monitored using LC-MS/MS method. The data was fitted to the one phase exponential decay 
equation (A =  Aoe-kt) using GraphPad Prism® software (by Dotmatics). The half-life (t1/2) generated by the software has been reported. Intrinsic 
clearance was calculated using the formula. 

CLint=
� ×������ �� �������� ������� (��)

������� ������� (��)
 

where, k = decay rate constant (min-1) 

In vitro metabolite identification in rat liver microsomes 

Rat liver microsomes suspended in a NADPH-generating system at 0.5 mg/ml with a 0.1 M phosphate buffer (pH 7.4) were used in the experiment. 
Experiment was conducted at final incubation concentration of 0.5 µM of 19MAT to initiate the reactions after a preincubation for 5 min at 37 °C. 
19MAT free reaction mixture (Sodium phosphate buffer, liver microsomes and NADPH) was used as control. Samples were collected at 0, 30, 60 and 
120 min and mixed with acetonitrile. In all cases, NADPH-free control reactions were performed in a similar manner, and samples were collected at 
0 and 120 min and quenched in acetonitrile. The samples quenched were centrifuged at 14,000 rpm for 10 min and an aliquot of supernatant was 
taken for LC-MS/MS analysis identification of metabolites. 

Pharmacokinetic study 

Six male Sprague–Dawley rats (weight 200±20 g) used were obtained from Vivo Biotech (Hyderabad, India). Formulations prepared with 10 % 
NMP, 30 % PG, 30 % Solutol HS 15, and q. s sterile water for injection were used in the study. The selection of vehicle composition was for ensuring 
adequate solubility, dose accuracy, and physiological compatibility for both intravenous and oral administration. For the oral formulation, the 
vehicle choice was to enhance drug solubilization, stability in the gastrointestinal environment and intestinal conditions. For the intravenous 
formulation, pH adjustment was within a physiologically acceptable range (pH 6.5–7.5) to reduce the risk of vascular irritation and maintain 
chemical stability. Osmolarity was controlled to be close to isotonic conditions (~280–320 mOsm/kg) to avoid hemolysis or vein irritation. These 
parameters were optimized to ensure smooth IV administration and minimize formulation-related variability in pharmacokinetic outcomes. The 
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rats were divided into two groups of three each. Overnight fasted rats of the first group were dosed intravenously at a 1 mg/kg dose with a 2 ml/kg 
dose volume through the tail vein. The second group of rats were treated orally at 10 mg/kg dose with a 10 ml/kg dose volume. These doses are 
selected with an objective of complete absorption, first-pass metabolism, and quantifiable plasma levels, while the IV dose is kept lower to avoid 
excessive systemic exposure. The 10-fold difference therefore reflects a pharmacokinetic rationale aimed at compensating for low or variable oral 
bioavailability, enabling reliable estimation of PK parameters. Formulations of these dosages were at 0.5 mg/ml and 1 mg/ml of 19MAT, 
respectively. Pharmacokinetic study was conducted in compliance with institutional animal ethics guidelines and approved by the institutional 
animal ethics committee (IAEC Approval No.: Proposal No. ADG-42_PKR/May-2022, dated 27 May 2022) [17, 19, 23]. 

Sample collection 

Plasma samples were collected from the rats after IV treatment at pre-determined timepoints of 0 (pre-dose), 0.083, 0.25, 0.5, 1, 2, 4, 8, and 24 h 
post-dose. Similarly, samples were collected at 0 (pre-dose), 0.25, 0.5, 1, 2, 4, 8, and 24h post-dose from rats treated orally. At each time point, about 
0.2 ml of blood was collected from the retro-orbital plexus into the polyethylene tubes containing dipotassium ethylenediaminetetraacetic acid 
(K2EDTA) at 20 µl** per ml of blood (200 mmol K2EDTA in water). For plasma separation, all the blood samples were centrifuged at 14000 rpm at 4 
°C for 10 min. The separated plasma samples were stored in labeled containers at-70±10 °C until analysis. In addition, the urine and fecal samples 
were collected separately from 0 to 6 h and 6 to 24 h after dosing.  

Sample preparation for metabolite identification 

Plasma 

Sample aliquots of 50 µl** were mixed with 150 µl** of internal standard (1000 ng/ml in acetonitrile), which precipitated the proteins and extracted 
the analytes of interest [31]. All the samples were vortexed for 10 min at 1500 rpm and centrifuged for 10 min at 14,000 rpm (~11000 g, 4 °C). After 
separation, 150 µl** of the organic supernatants were transferred into polypropylene shell vials and sealed with polyethylene plugs. The samples 
were injected into the LC-MS/MS apparatus in aliquots of 10 µl** each for analysis. 

Urine 

To the aliquots of urine samples, 2 volumes of acetonitrile-water (50:50, v/v) were added and vortexed for 20 min at 1500 rpm. The samples were 
centrifuged for 15 min at 14,000 rpm (~11000 g, 4 °C). The supernatant was dried under a nitrogen stream, and dried pellets were reconstituted 
with100 µl** of acetonitrile–water (50:50, v/v) and used for metabolic profiling and identification [15]. 

Feces 

Each fecal sample was thoroughly mixed with water (three times the weight) and homogenized to get a uniform slurry. To aliquots of fecal 
homogenates, three times the volume of acetonitrile-water (50:50, v/v) was added for the proper extraction of the analyte and vortexed for 20 min 
at 1500 rpm. Samples were centrifuged at 14,000 rpm (~11000 g, 4 °C) for 15 min to separate the organic supernatant. The supernatant was dried 
under a nitrogen stream and reconstituted with 100 µl** of acetonitrile–water (50:50, v/v) and used for metabolic profiling and identification [15]. 

RESULTS 

Method development 

The chromatographic conditions were optimized for sufficient sensitivity for detecting 19MAT and its internal standard. The method development 
trials showed that both analytes eluted within a narrow polarity range and did not require a gradient separation from endogenous matrix 
components. Isocratic elution was selected over gradient due to the chromatographic behavior of 19MAT and internal standard with sufficient 
retention, resolution, and peak symmetry under a fixed mobile-phase composition. After evaluating combination of various aqueous and organic 
solvents (both isocratic and gradient elution) for setting up the chromatography, an isocratic combination of 5 mmol ammonium formate with 
formic acid (0.1% v/v) and mixture of methanol and acetonitrile (95:5, v/v) with formic acid (0.1% v/v) were found suitable in the ration of 15:85, 
v/v. These conditions were used in all the LC-MS/MS analysis. Also, a good separation was achieved by using Xterra RP® C18 (150 mm Χ 4.6 mm, 5 
μm) column for analyte and internal standards after evaluating many columns of different brands and stationary phases. Positive ionization (ESI+) 
mode was able to provide proper signal for both 19MAT and its internal standard, and stable MRM transitions were used in the quantification. 

LC‑MS/MS method validation 

System suitability 

To confirm the system's suitability through the experiments, on each occasion the % coefficient of variation (%CV) for the peak area ratio (analyte 
to internal standard) of six injections at the ULOQ level was assessed. The retention times of both analyte and internal standards were consistently 
within±0.5 min during method validation, and % CV was ≤ 2% for both peak area ratio and retention times.  

Specificity and selectivity 

All six lots of blank plasma samples did not show any interference at the retention time of 19MAT and internal standard, confirming the specificity 
of the analytical method. The selectivity of the method was assessed based on which 1.27 ng/ml was selected as the LLOQ concentration. The 
method demonstrated acceptable accuracy and precision at the LLOQ which was within ±20% of the nominal concentration, and within-run 
precision (%RSD) was ≤20%, confirming the reliability of quantification at the lowest level. These results confirm that the assay is sensitive enough 
to detect and quantify the analyte at low plasma concentrations. 

Linearity 

The calibration curves drawn on different days of experiments were found to be linear using the least squares regression of the 1/x2 weighting 
factor. The coefficient of determination (R²) value was more than 0.99 for all runs, indicating an adequate linear fit. Analyst® 1.7 was used for data 
collection, integration, and quantification. On each occasion, the percentage deviations of the back-calculated concentrations for calibration 
standards were within±15% of the nominal. At LLOQ, the accuracy was within±20% of the nominal value. The results confirmed that the LC-MS/MS 
method had a proper instrument signal and consistent response, which was reproducible across all the experiments. 

Precision and accuracy 

Both percentage relative errors and % relative standard deviations were used to determine accuracy and precision. The intra-day accuracy was in 
the range of 89.70 to 107.49%, and the inter-day accuracy was within the range of 85.00 to 105.57%. The intra-day and inter-day precision values 
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were less than 10%. Acceptance criteria of±15% from nominal concentrations was followed for calibration standards except for LLOQ for which a 
limit of± 20% was maintained. The results were within the acceptance limits as the ICH M10 guidelines. The inter-day precision near the LLOQ 
showed variability of approximately 10% (≤20% at the LLOQ). While this level of variability is considered acceptable for low-concentration 
measurements which might be signal variation, leading to slightly increased day-to-day fluctuations. Despite this, the observed precision remains 
well within allowable limits and does not compromise the reliability of LLOQ-level quantification. The data is presented in table 1. 

Matrix recovery 

The recovery of 19MAT and internal standard from rat plasma was ranging from 48 to 63% and 48 to 51%, respectively, evaluated at LQC, MQC, and 
HQC levels. Although the recovery was moderate (due to protein binding of the analyte limiting the extraction from matrix, extraction efficiency of 
the method, and physicochemical properties of the analyte (e. g., polarity, solubility), it was consistent and reproducible, meeting the acceptance 
criteria for accuracy and precision during method validation. The data can be referred to from table 2. 

Matrix factor 

The % CV was less than ±15%, and the matrix factor was within the allowed range of 1.06±0.00 at the LQC level and 1.20±0.03 at the HQC level. 
Apparent inconsistency in the matrix factor calculated from post-extraction spiked samples, with RSD values of 14.37% and 0.00% reported at 
different QC levels likely from very low absolute signal variation between replicates or instrument-precision limits. Such differences are not 
uncommon and may be influenced by sample composition, endogenous substances, or slight extraction-recovery variations across lots. Matrix factor 
greater than 1 indicates possible ionization enhancement, which are expected part of LC–MS/MS analysis and is acceptable as long as the effect is 
consistent, reproducible, and does not compromise accuracy or precision of the method which was confirmed as both accuracy and precision met 
validation criteria, confirming that the matrix effect did not adversely impact quantification. The data are presented in table 2. 

Matrix stability 

19MAT was stable in rat plasma for five hours when stored at room temperature. Similarly, the analyte was also stable in the matrix for up to five 
freeze-thaw cycles at-20 °C and – 70 °C. Also, 19MAT was stable in rat plasma up to 45 d at both − 20 °C and − 70 °C. All the stability evaluations 
were made at LQC and HQC levels, and at all the above experimental conditions, with % changes less than 10 at all conditions. The experimental 
findings can be referred to in table 3. In addition, the stability of 19MAT and the internal standard in the stock solution was evaluated for 7 d (short-
term) at room temperature and for approximately 3 mo (long-term) at 4 °C. 

 

Table 1: Precision and accuracy summary of the method 

Analyte Concentration(ng/ml) QC level %RSD  RE (%) 
Inter day Intra Day Inter day Intra Day 

19MAT 1.22 LLOQQC 10.79 6.26 -1.61 0.81 
3.75 LQC 9.94 6.56 1.79 3.68 
500 MQC 10.36 3.91 1.89 4.75 
1000 HQC 5.27 4.09 6.04 6.63 

Inter-day (n = 18) and intra-day (n = 6); RE: Relative error, %RSD: Relative standard deviation; LLOQQC: Lower Limit of Quantification Quality 
Control, LQC: Low Quality Control; MQC: Mid Quality Control; HQC: High Quality Control; QC: Quality Control 

 

Table 2: Recovery and matrix factor 

Analyte QC level Concentration(ng/ml) Recovery mean (%) Matrix factor RSD (%) 
 LQC 3.75 54.10 1.06 0.00 
19MAT MQC 500 63.52   
 HQC 1000 47.78 1.20 2.50 

LQC: Low Quality Control; MQC: Mid Quality Control; HQC: High Quality Control, Recovery presented in mean %; QC: Quality Control 

 

Table 3: Stability in rat plasma samples under different storage conditions 

Storage condition QC level Concentration (ng/ml) RE (%) 
Nominal Measured 

Short term 
(Room temperature, 5h) 

LQC 3.80 3.57 -6.05 
HQC 1010 1018 0.79 

Autosampler 
(5 °C, 24h) 

LQC 3.80 3.52 -7.36 
HQC 1010 1019 0.89 

Freeze thaw 
(5 Cycles,-20 °C) 

LQC 3.80 3.81 0.26 
HQC 1010 874 -13.46 

Freeze thaw 
(5 Cycles,-70 °C) 

LQC 3.80 3.45 -9.21 
HQC 1010 889 -11.98 

Long term 
(-20 °C, 45 d) 

LQC 3.80 3.47 -8.68 
HQC 1010 885 -12.38 

Long term 
(-70 °C, 45 d) 

LQC 3.80 3.80 0.00 
HQC 1010 1027 1.68 

Measured concentration presented as mean (n=6); LQC: Low Quality Control; HQC: High Quality Control; h-hour; QC: Quality Control 

 

In silico metabolite prediction 
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BioTransformer 3.0 has predicted about 6 phase I (first level reactions) and a single primary phase II metabolite. In silico predictions provided 
information related to the type of metabolic reactions, enzymes responsible for metabolism, isotope mass of metabolites, chemical formula, and the 
protected structure of the metabolites. This information was used in the metabolite prediction as a first step, and the data was compared with the 
obtained from LC-MS/MS analysis of in vitro and PK samples. The metabolite predictions from BioTransformer 3.0 are presented in table 4.  

Site of metabolism (SOM) prediction using SMARTCyp 3.0 

Fig. 2 shows the results of the 19MAT molecule sites liable for metabolism byCYP450. The SMARTCyp 3.0 standard algorithm (CYP3A4) 
demonstrated that the potential sites of modifications were C.15 site (Score = 51.5; Energy = 62.2), C.1 site (Score = 58.4; Energy = 66.4), and C.8 site 
(Score = 63.3; Energy = 69.4). The SMARTCyp 3.0 CYP2D6 algorithm indicated that the potential 19MAT sites of modifications were C.15 site (Score 
= 59.5; Energy = 62.2), C.20 site (Score = 89.4; Energy = 77.2), and C.1 site (Score = 91.1; Energy= 66.4). The SMARTCyp3.0 algorithm has also 
highlighted the potentialCYP2C9 related modifications at C.15 site (Score = 59.5; Energy = 62.2), C.20 site (Score = 87.8; Energy = 77.2), and C.1 site 
(Score = 88.0; Energy = 66.4). The lowest score with theCYP3A4 algorithm wasN.6 (Score = 87.0; Energy = 92.1). With applying the SMARTCyp3.0 
CYP2D6 algorithm, the most discouraged fragmentationwasN.6 (Score = 118.4; Energy = 92.1) and based on the SMARTCyp 3.0 CYP2C9 algorithm, 
the least recommended fragmentationwasN.6 (Score = 115.2; Energy= 92.1). Based on the three different SMARTCyp3.0 algorithms, the primary 
SOM in 19MAT was C.15 which is a methoxy group [37-39].  

 

Table 4: In silico metabolite prediction data from BioTransformer 3.0 

Reaction type Major isotope mass 
(Da) 

Chemical 
formula 

Reaction info Predicted structure 

Phase I metabolism 
O-Dealkylation 325.0884 C17H15N3O2S Enzyme: Cytochrome P450 1A2 

 
2-Hydroxylation of 1,4-
disubstituted benzene 

355.099 C18H17N3O3S Enzyme: Cytochrome P450 1A2 

 
2-Hydroxylation of 1,4-
disubstituted benzene 

341.0834 C17H15N3O3S Enzyme: Cytochrome P450 1A2 

 
2-Hydroxylation of 1,4-
disubstituted benzene 

371.0939 C18H17N3O4S Enzyme: Cytochrome P450 1A2 

 
S-Oxidation of 
sulfoxide to sulfone 

387.0888 C18H17N3O5S Enzyme: Cytochrome P450 2C9 

 
SNP-Oxidation 355.09906 C18H17N3O3S Enzyme: Cytochrome P450 2E1 

 
Phase II Metabolism     
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Aromatic 
OH-glucuronidation 

515.1362 C24H25N3O8S Enzyme: UDP-
glucuronosyltransferase 

 



V. N. Basavanakatti et al. 
Int J App Pharm, Vol 18, Issue 3, 2026, ??-?? 

 

 

(a) 

 

(b) 

 

(c) 

Fig. 2: Site of metabolism prediction for 19MAT using SMARTCyp3.0 for (a) CYP3A4, (b) CYP2D6, and (c) CYP2C9 

 

In vitro intrinsic clearance of 19MAT in liver microsomes 

The intrinsic clearance and half-life values in rat, and human liver microsomes are presented in the table below.  

 

Table 5: Results of in vitro intrinsic clearance in rat and human liver microsomes 

Test item Liver microsomes 0.5 mg/ml protein concentration 
Half‑life (min) CLint (µl/min/mg protein) 
SET‑1 SET‑2 SET‑1 SET‑2 
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19MAT Rat 4.95 5.04 34.56 35.06 
Human 30.3 31.1 5.57 5.66 

Verapamil Rat 15.57 15.97 81 77 
Human 11.24 10.89 113 121 

Final incubation concentration was 0.5 µM; CLint: Intrinsic clearance; Low Clearance Category:<8.6 µl**/min/mg protein (Human); High Clearance 
Category:>47 µl**/min/mg protein (Human) 

 

A clearance value of<8.6 µl**/min/mg protein will be considered as low clearance and>47 µl**/min/mg protein as high clearance in human liver 
microsomes [40]. The values in rat liver microsomes are<15.8 µl**/min/mg protein for low and>86.1 µl**/min/mg protein for high clearance 
values, respectively. 

The data showed that 19MAT undergone high metabolism and medium clearance in rat liver microsomes with a half-life of<6 min and slow 
metabolism and low clearance in human liver microsomes with a half-life of>30 min. 

In vitro metabolite identification of 19MAT in rat liver microsomes 

Mass spectroscopic analysis of 19MAT 

The parent 19MAT was analyzed using LC-MS/MS. The [M+H]+was detected at the m/z 340.4, at the retention time of 38.90 min. In the product ion 
scan mode (MS2), three major fragment ions at m/z136.3and 206.1 were detected. The fragments of m/z136.3 and 205.1 might be a possible 
breakage of hydrazinyl bond between N-N between 6 and 7 positions. However, the fragment at m/z 164.3 could be a possible opening of thiazole 
ring opening at positions 2 and 3. 

Mass spectroscopic analysis of microsomal incubation samples 

For identifying the metabolites, the samples were compared against the blank sample without 19MAT. There were ions with m/z 326.4 (possible O-
dealkylation), 338.4 (dehydrogenation) and 372.4 (dihydroxylation) observed in Q1 scan. However, due to less abundance these were not found 
significant, and no further fragmentation confirmation could be conducted. 

M1 was detected at the retention time of about 33.0. The molecular ion [M+H]+at m/z 356.9 with a mass difference of 16, suggesting a possible 
hydroxylation. The fragmentation pattern shown ions at m/z 205.2, 164.0 and 152.3 suggesting possible modification around substituted phenolic 
ring and in line with the fragmentation pattern with that of parent. The fragmentation pattern of M1 has been presented in fig. 3. 

 

 

Fig. 3: Fragmentation pattern of M1 metabolite 

 

Pharmacokinetic analysis  

Noncompartmental analysis (linear trapezoidal method; Phoenix™ v8.0) was used to determine the pharmacokinetics of 19MAT following oral 
gavage and intravenous administration. After oral administration, 19MAT exhibited rapid absorption which was confirmed by its shorter time to 
reach maximum plasma concentration (Tmax) with measurable systemic exposure and a longer mean residence time (MRT) when compared with 
intravenous dosing showing a prolonged absorption phase. Absolute oral bioavailability was 23.82%, while the intravenous data indicated 
extensive distribution [19]. The data is tabulated in table 6. The concentration time curves can be referred to from Figure 4 (a) and (b). 

 

Table 6: Pharmacokinetic parameters after IV and PO administration to rats 

Parameters Units PO (10 mg/kg) IV (1 mg/kg) 

[M+H]+: 164.02
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AUC0-t h*(ng/ml) 363±44 865±256 
AUCinf h*(ng/ml) 376±24.4 865±256 
MRTt h 7.82±0.518 2.19±0.173 
Tmax h 0.417±0.144 0.139±0.0964 
t1/2 h 4.20±3.14 1.21±0.49 
Cmax ng/ml 72.7±15.3 958±371 
CL mL/h/kg - 1218±345 
Vd mL/kg - 1977±525 
F (%) - 23.82 - 

AUC0–t (AUC0–inf), area under the analyte concentration versus time curve from time 0 to t h (inf); MRT0–t, mean residence time at time 0–t (inf); 
Tmax, the time of maximum concentration; t1/2, terminal half-life; Cmax, maximum concentration; CL, clearance; Vd, apparent volume of distribution; F 
(%), absolute bioavailability; PO, per oral; IV, intravenous [15]; Data presented as mean±SD (n=3) 

 

a 

 

b 

 

Fig. 4: Mean (±SD) plasma concentration–time profile of 19MAT in rats following (a) intravenous (1 mg/kg) and (b) oral (10 mg/kg) 
administration (n=3) 

 

Identification of metabolites from rat samples 

Product ion scanning (MS2) 

Ionization of 19MAT showed a molecular ion peak at m/z 341.1. This observed value (341.1) is very close and within normal instrumental tolerance, 
especially for low-resolution or unit-resolution MS. In the triple quadrupole analyzer, the parent ion was fragmented into two primary daughter 
ions (with abundance), m/z 136.1 and m/z 206.1.  
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The information related to all metabolites was listed in table 7, including retention time (tR), theoretical and observed molecular mass, major 
fragment ions, and possible structural modifications. The possible structure and its fragments are presented in fig. 5(a). 

M1 metabolite (m/z 356) 

M1 metabolite was detected at a retention time (tR) of about 16.88 min in the full scan mode. This metabolite was detected in all three matrices 
(plasma, urine, and feces). Based on the molecular ion, the metabolite formed because of hydroxylation or N/S oxidation, in addition to the 19MAT 
structure. The possible structure and its fragments are presented in fig. 5 (b). The addition of hydroxy group attachments was predicted to be on 
each side of the phenyl rings. The fragmentation pattern of the metabolite was similar to that of the parent, with one fragment having an m/z of 164, 
and the second one was m/z 152, which might have undergone hydroxylation modification. The third common fragment was at m/z 205. 

M2 metabolite (m/z 372) 

In the full scan mode, M2 metabolite was detected at a retention time (tR) of about 16.55 min. This metabolite could be a di-hydroxylation of the 
parent 19MAT and was detected in all three matrices (plasma, urine, and feces) with good abundance. The predicted chemical formula is 
C18H17N3O4S. 

M3 metabolite (m/z 326) 

At about 16.45 min in chromatography, an M3 metabolite with a chemical formula of C17H15N3O2S was detected, which is a possible O-dealkylation. 
This metabolite was not common and was detected only in feces samples. The possible structure and its fragments are presented in fig. 5(c). The 
fragmentation pattern of the metabolite is similar to that of the parent, with fragments m/z 136 and m/z 191, which might have lost the alkyl group. 

M4 metabolite (m/z 516) 

M4 metabolite was one of the abundant metabolites eluted at about 15.99 min in the chromatography. The chemical formula is C24H25N3O8S, 
possibly due to the possible aromatic OH-glucuronidation catalyzed by UDP-glucanosyltransferase. This metabolite was detected in all three 
matrices (plasma, urine, and feces). The possible structure and its fragments are presented in fig. 5 (d). The fragmentation pattern of the metabolite 
confirms the modification to the parent ion of m/z 340 with fragments of m/z 205and m/z 136. A neutral loss of m/z 176 further confirmed the 
formulation of the glucuronide metabolite. 

M5 metabolite (m/z 388) 

The M5 metabolite was abundant and eluted at about 15.51 min in the chromatography. Its chemical formula isC18H17N3O5S, which was possible 
hydroxylation followed by oxidation at S. This metabolite was detected only in plasma and urine, and it was detected in less abundance. 

M6 metabolite (m/z 342) 

M6 metabolite is one of the less abundant metabolites eluted at about 15.00 min in the chromatography. Its chemical formula, C17H15N3O3S, suggests 
a possible dealkylation followed by hydroxylation. This metabolite was detected in all three matrices (plasma, urine, and feces).  

M7 metabolite (m/z 502) 

A possible dealkylation followed by aromatic OH-glucuronidation catalyzed by UDP-glucanosyltransferase resulted in M7 metabolite, one of the 
highly abundant metabolites eluted at about 11.52 min in the chromatography. This metabolite was detected in only feces. The metabolite was less 
sensitive and less abundant in plasma and urine. The formulation of the glucuronide metabolite was further confirmed by a neutral ion of m/z 176. 

Fig. 5 represents the fragmentation pattern of parent 19MAT (a), hydroxylation metabolite (b), O-dealkylation (c) and glucoronide metabolites (d), 
obtained from the samples of pharmacokinetic study and LC-MS/MS analysis. 

Table 7 presents a summary of the identified and predicted metabolites with masses and fragments. The predicted metabolic pathway of 19MAT is 
presented in fig. 6. 
 

a 

 

b 
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c 

 

d 

 

Fig. 5: (a). Fragmentation pattern of parent (m/z: 341), (b). Fragmentation pattern of hydroxylation metabolite (m/z: 356), (c). 
Fragmentation pattern of O‑dealkylation metabolite (m/z: 326) and (d). Fragmentation pattern of glucuronide metabolite (m/z: 516) 
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Fig. 6: Proposed major metabolic pathways of 19MAT in rats based on in vivo metabolite identification in plasma, urine, and feces. 
Metabolites M1–M7 correspond to those listed in table 7 

 

Table 7: Metabolites of 19MAT identified in rat samples 

Metabolite 
code 

Retention 
time 
(min) 

Theoretical 
mass (m/z) 

Observed 
mass 
(m/z) 

Product ion (m/z) Detected 
matrix 

Proposed biotransformation 

Parent 18.46 340.56 341.1 341.1, 324.3, 282.3, 206.1, 164.3, 136.3 P, U - 
M1 16.88 356.56 357.2 357.2, 340.2, 298.1, 207.0, 205.1, 164.2, 

152.1 
P, U, F Hydroxylation or N/S Oxidation 

M2 16.55 372.56 373.2 373.2, 355.3, 337.2, 331.3, 245.4, 227.1, 
199.1, 159.3 

P, U, F Dihydroxylation 

M3 16.45 326.56 326.3 326.3, 304.4, 191.1, 180.0, 136.2 F O-Dealkylation 
M4 15.99 516.56 516.3 516.3, 340.1, 312.1, 205.1, 136.3 P, U, F O-Glucuronidation 
M5 15.51 387.09 387.4 387.4, 347.3, 239.2, 197.2, 195.2, 177.1, 

133.1 
P, U Hydroxylation+ 

S-Oxidation 
M6 15.00 342.08 343.3 343.3, 327.4, 286.3, 197.3, 193.2, 166.2, 

165.1, 149.2 
P, U, F Dealkylation+Hydroxylation 

M7 11.52 502.56 503.0 503.0, 494.6, 481.1, 177.3, 133.1 F O-Dealkylation+Glucuronidation 

P: Plasma; U: Urine; F: Feces; Theoretical mass calculated for [M+H] 

 

DISCUSSION 

The current study offers a comprehensive assessment of 19-Monoaminothiazole (19MAT) through the amalgamation of bioanalytical technique 
validation, pharmacokinetic evaluation, and metabolic characterization, underpinned by in silico predictions and in vivo LC–MS/MS studies. These 
results provide whole picture of how compounds are absorbed, distributed, and metabolized, which is important for its development as a possible 
treatment. On a broader context, such triangulation of validated bioanalysis, PK, and metabolism is considered critical to derisk the scaffolds which 
are known to undergo a diverse oxidative and conjugative biotransformation specially thiazole-containing antivirals and similar heterocycles [41]. 

The LC–MS/MS method for measuring 19MAT was tested effectively to ensure its reliability and verify whether the same can be used repeatedly 
with the same results. Such validation is necessary to obtain reliable pharmacokinetic data, as any variation in matrix effects or assay performance 
may result in the misinterpretation of critical PK parameters. By meeting all the acceptance criteria of the regulatory guidelines, the validated 
method demonstrated a robust analytical framework that provided confidence in ensuring pharmacokinetic and metabolite profiling outcomes [31]. 
The method's applicability to different biological matrices facilitated extensive metabolic studies in plasma, urine, and feces. The comparable 
analytical approaches are routinely highlighted in recent work on thiazole-based medicinal chemistry and antiviral reports, where metabolite 
identification (e. g., O-dealkylation, S-oxidation) relying on sensitive, selective LC–MS/MS quantitation across various matrices [42]. 

As the primary objective of PK studies is rapid decision-making, not definitive statistical power, smaller sample size (n = 3) was used per dose group 
which is a standard practice during the early discovery evaluation as it offers the best balance between data reliability, resource use, and ethical 
considerations. While triplicate animals are acceptable for exploratory or preliminary PK assessments, the limited number reduces the statistical 
power and may not fully capture inter-individual variability. For future studies, larger cohorts can be used to strengthen the robustness of the 
findings. 

The pharmacokinetic assessment of 19MAT demonstrated that 19MAT got rapidly absorbed into the systemic circulation, signifying advantageous 
permeability and effective uptake. The extended half-life of elimination shows that the drug is cleared slowly from the body, potentially as it spreads 
widely or might change into a different form. This data corresponds with the in vitro metabolic stability results, which also shown that 19MAT 
exhibits modest resistance to enzymatic degradation. This observation aligns with reports which concluded that thiazole derivatives exhibit 
favorable permeability, particularly when lipophilicity and polar surface area balance absorption along with distribution-based terminal phases. 
The data of in vitro metabolic stability shows that 19MAT exhibits modest resistance to enzymatic degradation, which was seen in related thiazole 
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scaffolds with variable microsomal stability, often improved by oxidations of metabolic sites identified in silico or via discovery metabolism 
screening experiments [42]. 

The oral bioavailability of about 23.82% is classified as moderate but acceptable for a new chemical entity, especially for compounds that are 
moderately lipophilic and have concerns about first-pass metabolism. The extensive metabolite formation observed in plasma, urine, and feces 
strongly supports hepatic and intestinal first-pass biotransformation as a major contributing factor for reduced systemic availability. Reviews of 
drug candidates with thiazole ring shown similarly observation about phase I oxidation and phase II conjugation can curtail bioavailability through 
dual-organ (liver/intestine) first-pass, reinforcing formulation or route-of-administration strategies to mitigate loss. The selected vehicle 
composition seems to enable efficient oral delivery, as indicated by quantifiable systemic exposure. The relatively low bioavailability, on the other 
hand, also makes it possible to investigate other ways to provide the drug, including sublingual or intramuscular delivery, which could avoid first-
pass metabolic loss and possibly improve systemic uptake-an approach also reported in antiviral thiazole discovery where parenteral or alternate 
delivery is explored to bypass extensive first-pass metabolism [41, 42]. 

A clear variation was observed between the elimination half-life after intravenous administration (t½ = 1.21 h) and after oral dosing (t½ = 4.20 h). 
The longer apparent half-life in oral route, along with the prolonged mean residence time (MRTpo), suggests the possibility of flip-flop 
pharmacokinetics, wherein the rate of absorption becomes slower than the intrinsic elimination rate. Under such conditions, the terminal slope of 
the oral PK profile reflects absorption rather than elimination. Many heterocyclic drugs with moderate solubility, similar incidences of 
absorption-limited kinetics have been reported which can be sensitive to formulation and intestinal metabolism/transport, suggesting a multi-dose 
designs. This kinetic behavior is consistent with the compound’s physicochemical characteristics and warrants further evaluation using 
multiple-dose or extended absorption models [42]. 

The estimated volume of distribution (~2 l/kg) indicates extensive tissue distribution beyond the vascular compartment. This characteristic may be 
advantageous for an antiviral compound, as it increases the chances of achieving therapeutically required concentrations within intracellular or 
tissue reservoirs where viral replication occurs. A larger Vd also support sustained exposure in target organs such as the lungs, spleen, lymphatic 
tissues, and other compartments relevant to viral dissemination. Comparable distributional behaviors have been noted for several thiazole-bearing 
therapeutics, where lipophilicity contributes to tissue partitioning, though high Vd which can complicate clearance predictions and frequency of 
dosing [42]. However, high tissue affinity may also influence clearance pathways and should be considered when designing dosing regimens. 

The metabolic characterization of 19MAT unveiled a complicated biotransformation profile featuring seven major metabolites detected in plasma, 
urine, and feces. These metabolites arose via many pathways—hydroxylation, dealkylation, S-oxidation, and aromatic O-glucuronidation—
demonstrating that 19MAT undergoes significant phase I and phase II enzymatic activities. Such metabolic pathways documented for thiazole and 
aminothiazole scaffolds, which frequently undergo ring-adjacent oxidation (including S-oxidation) and phenolic/aryl O-glucuronidation after 
O-dealkylation [43]. 

Aromatically coupled O-glucuronidation became a prominent phase II pathway, aligning with recognized metabolic trends for heterocyclic and 
aromatic amine-containing scaffolds. The lack of unmodified 19MAT in urine and feces indicates nearly full metabolic turnover, underscoring the 
importance of biotransformation in its elimination profile. This metabolic dominance elucidates the compound's extended half-life, as phase II 
processes frequently have varied enzymatic kinetics, potentially leading to delayed systemic clearance. 

The in vitro metabolic investigation yielded only one mono-oxidized metabolite, suggesting possible discrepancies between microsomal enzyme 
activity and comprehensive in vivo metabolism. This difference shows that in vitro systems may not fully mimic all enzymatic pathways that are 
active in whole organisms. The difference in microsomal outcomes and in vivo complexity has been noted for aminothiazole-containing chemotypes, 
where extrahepatic enzymes, transporters, and co-factors involve metabolic routes beyond liver microsome predictions. This shows how important 
it is to use both methods to get an accurate picture of metabolism. It also suggests that the components of the formulation or physiological cofactors 
may affect metabolic sensitivity in living organisms [41, 43]. 

Enzymes present in the intestine, kidney, lungs, and plasma may contribute to oxidative and conjugative pathways that are not present in liver-only 
microsomal systems. The detection of several metabolites in feces samples suggests possible microbial involvement, since gut flora possesses 
reductases, hydrolases, and deconjugating enzymes capable of generating metabolite species absent in isolated microsomal incubations. 

In silico metabolism profiling identified C15-located on the methoxy-substituted aromatic ring—as the principal site of metabolic liability, indicating 
that this position represents the dominant hotspot for biotransformation within the 19MAT scaffold. This prediction is strongly supported by the in 
vivo metabolite profile, where O-dealkylation of the methoxy group emerged as a prominent biotransformation pathway. The formation of the 
corresponding phenolic metabolite demonstrates that computational tools accurately anticipated the primary site of enzymatic reaction. This 
agreement shows that computer programs can be helpful in the early stages of medication research, especially when it comes to figuring out where 
metabolic hotspots are and how to analyze data. The overlap also shows how strong the LC–MS/MS procedure is in finding expected metabolites 
and confirming predicted pathways. Similar hotspot-guided design cycles have been applied to thiazole and aminothiazole drug candidates to 
mitigate reactive or labile positions (e. g., by blocking benzylic/methoxy sites or exchanging sulfur-containing rings to reduce bioactivation) [43]. 

Overall, the results show that 19MAT has a favorable pharmacokinetic and metabolic profile that could be used for further therapeutic testing. 
Because it is quickly absorbed, stays in the body for a long time, and has predictable metabolic pathways, it is a good candidate for more testing of 
antiviral action and mechanistic investigations. This positioning is consistent with the broader antiviral thiazole research, which identifies the 
scaffold as a productive source with drug-like properties when metabolism liabilities are understood and engineered. But the compound's vast 
metabolism suggests that future research should concentrate on; Comparative analysis of phase I and II pathways across species, with a focus on 
glucuronidation patterns, finding human-relevant metabolites, possibly through hepatocyte tests, alternative formulations or delivery routes to 
optimize systemic exposure, exploration of pharmacodynamic–pharmacokinetic relationships, especially if antiviral potency is demonstrated and 
investigation of potential CYP450 inhibition or induction by 19MAT for understanding of metabolic profile. These next steps are aimed at balancing 
efficacy with metabolic safety and avoiding reactive intermediate liabilities in thiazole medicinal chemistry and metabolism. 

Such investigations will be essential for determining the translational potential of 19MAT and ensuring that its metabolic characteristics support 
safe and effective therapeutic use. The lessons learned from earlier thiazole-based antivirals and drug leads—regarding absorption limits, 
bioactivation risks, and conjugation-driven clearance—provide a clear roadmap for taking the research work of 19MAT, forward. 

CONCLUSION 

This integrated in silico and in vivo study successfully developed and validated a robust LC–MS/MS bioanalytical technique for the quantitative 
analysis of 19MAT in biological matrices. The approach showed very good accuracy, precision, recovery, and matrix stability, which showed that it 
was good for pharmacokinetic and metabolic research. With this validated platform, the pharmacokinetic profile of 19MAT showed that it was 
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quickly absorbed into the body, had a long elimination half-life, and had moderate oral bioavailability. This means that the chosen formulation 
worked well to allow systemic exposure. 

A thorough analysis of metabolites in plasma, urine, and feces revealed seven main metabolites. Hydroxylation, dealkylation, S-oxidation, and 
aromatic O-glucuronidation were found to be the main metabolic processes. The lack of the parent chemical in excreta indicates significant 
biotransformation, corroborated by both in silico predictions and in vivo observations. In vitro metabolism tests revealed only one mono-oxidized 
product; however, the overall results emphasize the necessity for a more comprehensive examination of phase I and phase II pathways across 
several species, including humans. 

This correlative technique provides a fundamental comprehension of the bioanalytical performance, pharmacokinetics, and metabolic disposition of 
19MAT. These results furnish a robust foundation for propelling the chemical into more antiviral assessment, mechanistic in vitro characterization, 
and forthcoming translational investigations. 
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