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Background: Talazoparib (BMN673) is a new poly(ADP-ribose) polymerase inhibitor that

has been FDA approved for patients suffering from metastatic breast cancer with germline

BRCA mutations.

Method and Results: In the current study, an accurate and efficient liquid chromatography-

tandem mass spectrometry (LC–MS/MS) analytical methodology was developed for TZB

estimation in addition to its metabolic stability assessment. TZB and lapatinib (LAP) (which

is chosen as an internal standard; IS) were separated using reversed phase elution system

(Hypersil C18 column) with an isocratic mobile phase. The linearity range of the established

method was 5–500 ng/mL (r2 ≥ 0.999) in the human liver microsomes (HLMs) matrix.

Different parameters were calculated to confirm the method sensitivity (limit of quantifica-

tion was 2.0 ng/mL), and reproducibility (intra- and inter-day precision and accuracy were

below 3.1%) of our methodology. For evaluation of TZB metabolic stability in HLM matrix,

intrinsic clearance (9.59 µL/min/mg) and in vitro half-life (72.7 mins) were calculated. TZB

treatment discontinuations were reported due to adverse events and dose accumulation, so in

silico metabolic vulnerability (experimental and in silico) and toxicity assessment (in silico)

of TZB were performed utilizing P450 Metabolism and DEREK modules of StarDrop

software.

Conclusion: TZB is slowly metabolized by the liver. TZB was reported to be minimally

metabolized by the liver that approved our outcomes. We do recommend that plasma levels

be monitored in cases when talazoparib is used for a long period of time, since it is possible

for TZB to bioaccumulate after multiple doses to toxic levels. According to our knowledge,

the current method is considered the first LC-MS/MS methodology for evaluating TZB

metabolic stability. Further drug discovery studies can be done depending on this concept

allowing the designing of new series of compounds with more safety profile through

reducing side effects and improving metabolic behavior.

Keywords: talazoparib, metabolic stability evaluation, human liver microsomes, tandem

mass spectrometry, DEREK, StarDrop software

Introduction
Breast cancer is considered the major reason of death in women, and as stated by

the American Cancer Society, in 2018, there were around 41,400 deaths associated

with breast cancer in the USA.1 The frequent germline mutations linked to breast

cancer are in the ovarian and breast cancer susceptibility gene 1 (BRCA1) or
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BRCA.2,3 Around 10% of breast cancer patients were

diagnosed with germline BRCA1/2 mutations, that make

their disease more vulnerable to a poly(ADP-ribose) poly-

merase (PARP) inhibitors (e.g. talazoparib) that is consid-

ered as a new class of drugs.4

PARP inhibitors are ADP ribose molecular analogs that

stop the interaction among the PARP enzyme and ADP

ribose, and also perform as a PARP capturing that not only

affects DNA repair, transcription and replication as it also

has direct fatal breaks of double-strand DNA through

collapsing stalled replication forks during S-phase.

Presently, there are two PARP FDA-approved drugs for

metastatic breast cancer: olaparib (Lynparza, AstraZeneca

Inc.) and talazoparib (Talzenna, Pfizer).5

Talazoparib (BMN673, Figure 1) is utilized for the treat-

ment of patients with metastatic breast cancer that were

diagnosed with germline BRCA mutations. It has been

FDA approved after a successful Phase III trial exhibited

greater progression-free survival if compared to chemother-

apy. TZB exhibited more potent antitumor responses at very

lower concentrations if compared to other PARP inhibitors6,7

and also exhibited a higher degree of catalytic inhibition of

PARP enzymes. TZB has also showed 100 fold potency at

PARP–DNA complexes trapping in preclinical studies if

compared to olaparib.6–8

Literature review revealed that no published work was

found for TZB quantification in HLMs or TZB metabolic

stability investigation. Consequently, these outcomes

prompted us for establishing a reliable and accurate analyti-

cal method for estimation of TZB level. Accordingly, an

isocratic LC-MS/MS analytical method was developed for

the assessment of TZB concentration in HLMs matrix. The

discussed procedure provided about 99.5 ± 2.43% recoveries.

For estimation of in vivo metabolic clearance rate

using in vitro intrinsic clearance, three models were used

including dispersion, parallel tube and venous

equilibrium.9,10 In the current work, the metabolic stability

of TZB including intrinsic clearance and in vitro half-life

[t1/2] in HLMs were computed according to “in vitro half-

life” approach, using the “well-stirred” model11,12 as it is

considered the most widely used model in in vitro drug

metabolism experiments. These parameters could be uti-

lized for calculation of different physiological parameters

(e.g, in vivo t1/2 and hepatic clearance). TZB treatment

discontinuations were reported due to adverse events and

dose accumulation.13 So, metabolic stability (in silico and

experimental) and toxicological study (in silico) were

done. The estimation of a drug bioavailability gives

a picture of its metabolic fate. If it is a rapidly metabolized

drug, it will show a low in vivo bioavailability value thus

short duration of action.14 TZB is a very slow extraction

ratio drug that is slowly excreted from the body compared

to other previous studied TKIs in our laboratory.15–18 This

reveals the possibility of dose accumulation inside the

body, so TZB conc. should be monitored carefully.

Experimental
Materials
Pooled HLMs (Product Number: M 0567, male human liver)

was purchased from Sigma-Aldrich (USA) and stored at

−70°C. HLMs consists of a mixture of liver microsomes

pooled from various individual human donors. Standard

powders are of analytical grade (AR) and organic solvents

are HPLC grade. HPLC grade water (H2O) was arranged by

in situ Milli-Q plus filtration system (USA). Talazoparib

(99.89%) and lapatinib (99.83%) were procured from Med

Chem. Express Company (USA). Acetonitrile, HLMs,

pooled (M0567), formic acid (HCOOH) and ammonium

formate (NH4COOH) were procured from Sigma-Aldrich

company (USA).

LC-MS/MS Methodology
Chromatographic parameters were adjusted to attain the

optimum separation of TZB and LAP (IS) with acceptable

elution time of 4 mins. The total run time is divided into

three segments: from 0.0 min to 1.0 min to waste, from 1.0 to

2.3 mins TZB MRM parameters and from 2.3 to 4.0

mins LAP MRM parameters. The aqueous part pH (10

mM ammonium formate) of the mobile phase was fixed at

3.8 as higher pH caused a peak tailing and retention time

delay. The aqueous/organic part (acetonitrile) ratio was fixed

at 32:75% as increase acetonitrile ratio resulted in bad reso-

lution and overlapped peaks while acetonitrile decrease gen-

erated elution time increase. Various stationary phases wereFigure 1 Chemical structure of talazoparib and lapatinib (IS).
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utilized as HILIC columns but TZB and LAP were not

retained and optimum results were achieved using an

Agilent Hypersil BDS-C18 column (125 mm length, 3.0

μm particle size and 2.0 mm internal diameter). MRM

analyzer mode was utilized for TZB estimation to discard

any interference from the HLM matrix components and

increase the developed method sensitivity. The elution time

for TZB and LAP was 4 mins with good separation. The

chemical structure of TZB contains both acidic and basic

groups, so it could be analyzed in both negative and positive

mass analyzer modes. The intensity of the LQC peak of TZB

at negative mode is high comparing to positive mode

(Figure 2).

A triple quadrupole (QqQ) mass analyzer with an electro-

spray ionization source (ESI) operated in the negative charge

mode for TZB mass analysis and in the positive mode for

LAP detection was used for analytes estimation. Nitrogen gas

(11 L/min) was utilized for drying for nebulizer spray inside

the ESI source and as a collision gas (55 psi) for product ion

generation in the collision cell. Flow injection analysis was

used for mass parameters optimization to attain the highest ion

intensity so as to elevate sensitivity of the developed analy-

tical methodology. ESI temperature and capillary voltage

were fixed at 350°C and 4000 V, respectively. Data analysis

was performed utilizing the Agilent Mass Hunter software.

TZB was estimated using multiple reaction monitoring

(MRM) mass analyzer mode for the mass transitions (parent

to daughter fragments) from 379→296 and 379→283 for

TZB and 581→365 and 581→350 for LAP). The fragmen-

tor voltage (FV) was fixed at 140 and 145 V with collision

energy (CE) of 30 eV and 32 eV for TZB, and FV of 140

V and 142 V with CE of 30 eV and 32 eV for LAP. MRM

mode was utilized for TZB quantification to remove any

interference from the HLM matrix constituents and increase

the LC-MS/MS method sensitivity (Figure 3).

TZB and LAP Working Solutions
TZB and LAP are dimethyl sulfoxide soluble. TZB working

solution 1 (WK1, 200 µg/mL) was prepared by dilution of the

TZB (2 mg/mL) 10 times with mobile phase. TZB

WK2 (20 µg/mL) was prepared by dilution of the (WK1,

200 µg/mL) 10 times with mobile phase. LAP sock solution

was prepared in DMSO (1 mg/mL) then serially diluted with

mobile phase to prepare LAP WK3 (2 µg/mL).

Establishing TZB Calibration Curve
TZBWK2 (20 µg/mL) was mixed with a 30 µL HLMmatrix

(1 mg protein) in phosphate buffer (total volume is 1 mL) to

prepare 9 calibration levels: 5, 10, 30, 50, 80, 100, 200, 300

and 500 ng/mL that were used for calibration curve creation.

Other three concentrations (15, 150, and 400 ng/mL) were

chosen as the low-quality control (LQC), medium-quality

control (MQC), and high-quality control (HQC), respectively.

One hundred µL of LAP WK3 was then added to each

calibration standards and quality controls. Protein precipita-

tion method was utilized for analytes extraction (TZB and

LAP) according to the following steps: 1 – Two mL of

acetonitrile (precipitating agent) was added to prepared stan-

dards. 2 – Shaking for tubes for 5 mins in a shaker to ensure

good mixing. 3 – Centrifugation for standards at 14,000 rpm

for 12 mins was performed in a thermostated centrifuge (4°C)

to discard precipitated proteins. 4 – One mL of each super-

natant was filtered through a 0.22 µm syringe filter. 5 –

Filtrates were transferred to 1.5 mL HPLC vials. 6 – One µL

Negative

Positive 

Figure 2 MRM chromatograms of LQC of TZB (15 ng/mL) under positive and negative analyzer modes revealing high intensity at positive ESI mode.
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of each sample was injected into the LC-MS/MS system.

Control samples were prepared following the same steps with-

out utilizing the HLM matrix to confirm the absence of prob-

able interference from the HLMs matrix. A linear calibration

curve was established by plotting the peak area ratio of TZB to

LAP (y-axis) and nominal values of TZB (x-axis). The linear-

ity of the described methodology was confirmed by comput-

ing the linear regression equation.

Method Validation
Various parameters were computed for verifying validation

of the established methodology. The analytical LC-MS

/MS method was validated following FDA guidelines.

The least squared statistical method (y = ax + b) was

utilized for proving the linearity of the established calibra-

tion curve that was confirmed by the r2. LC-MS/MS

methodology showed linearity in the range of 5 ng/mL to

500 ng/mL.

TZB Metabolic Stability
The TZB metabolic stability was analyzed by calculating the

TZB remaining conc. after incubation with HLMs. Briefly, 1

µM of TZB was incubated with 30 µL HLMs (1 mg micro-

somal protein) in 1 mL phosphate buffer and the same experi-

ment was repeated for three times to confirm results. Also,

negative controls either in the absence of TZB or NADPH

were utilized to validate the outcomes and to approve that the

decrease in TZB conc. is metabolically mediated. The meta-

bolic reaction was done at pH 7.4 (phosphate buffer) and 3.3

mM magnesium chloride. First, pre-incubation was done at

37°C for 10 mins. Second, the initiation of the metabolic

reactions was done using NADPH (1 mM) for specific time.

Third, stopping of the reaction was performed at time inter-

vals: 0.0, 1.0, 2.5, 5.0, 7.5, 15, 30, 40 and 50 mins by adding

2 mL acetonitrile. From the generated data after sample ana-

lysis, TZB metabolic stability curve was constructed. The

same experiments were repeated in the absence of NADPH

Figure 3 MRM mass transitions of (A) talazoparib (TZB) and (B) lapatinib (IS) showing fragmentation pattern.
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or HLMs to confirm that the rate measured was metabolically

mediated. The % TZB remaining is plotted versus incubation

time. From this plot, time points in the linear range are selected

to plot the natural logarithm (ln) of % TZB remaining versus

time. The slope of the linear part indicates the rate constant for

the disappearance of TZB that was utilized for in vitro t1/2
calculation following the next equation:

In vitro t1=2 ¼ ln2=Slope

Then, TZB Clint was computed by applying the next

equation:19

CLint; ¼ 0:693

in vitro t1=2
:
μL incubation

mg microsomes

In silico prediction of TZB metabolic stability and

toxicity using P450 Metabolism and DEREK modules of

StarDrop software.

Identification of TZB vulnerability for metabolism was

indicated by the composite site lability (CSL). The out-

comes from the WhichP450™ module are presented by

the pie chart and utilized for the identification of most

likely cyp450 isoform that has the main role in TZB

metabolism. Screening for the predicted toxicity of TZB

was performed using DEREK software that was also uti-

lized to screen for structural alerts for TZB.

Results and Discussions
LC–MS/MS Methodology
LAP was chosen as IS in TZB quantification as the same

method of extraction could be applied for both TZB and

LAP in the HLM matrix (TZB and LAP recoveries were

99.62 ± 2.3% and 97.2 ± 1.3%, respectively) and the

elution time of LAP is near to that of TZB. The established

procedure is fast with 4 mins run time (Figure 4). Both

TZB and LAP are TKIs and were not concurrent given to

the same patient, so the developed LC-MS/MS method

could be used for pharmacokinetics or therapeutic drug

monitoring (TDM) for patients under TZB treatment.

Figure 5C shows the TZB LQC MRM chromatograms.

Validation Parameters
Specificity

Figure 5 shows good separation of the TZB and LAP peaks

and the absence of endogenous peaks in the blank HLM

matrix at the same retention time of TZB and LAP that

confirmed the current analytical method specificity. No carry

over effect of TZB and LAP was observed in the MRM mass

spectra chromatograms. TZB and LAP chromatographic

peaks were eluted at 1.82 mins and 2.78 mins, respectively.

Sensitivity and Linearity

The linearity range and r2 for the proposed analytical

method were 5–500 ng/mL and ≥0.9999, respectively. The
line regression equation of TZB calibration curve was y =

1.4443x - 2.8203 R2 = 0.9995. LLQC peak exhibited high

signal-to-noise (S/N) ratio and a perfect peak shape confirm-

ing the sensitivity of the LC-MS/MS method. RSD values of

the six repetitions of each standard level were <3.81%

(Table 1). The calculated LOD and LOQ were 0.61 ng/mL

and 2.0 ng/mL, respectively. Back calculations for the 12

TZB standards (calibration standards and QC samples) in

the HLM matrix firmly established the successfulness of the

depicted analytical method.

Figure 4 Overlayed MRM chromatograms of TZB calibration levels.
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A

B

C

Figure 5 MRM chromatograms of (A) blank HLMs, (B) blank HLMs with IS, and (C) LQC of TZB (15 ng/mL).
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Precision and Accuracy

Accuracies and precisions values are acceptable according

to the FDA guidelines.20 The values of intra-day and inter-

day precision and accuracy of the adopted methodology

were 0.67 to 4.7 and −1.66 to 1.47, respectively (Table 2).

The average TZB recoveries were 99.62 ± 2.3%.

Extraction Recovery and Matrix Effects

Table 3 shows the recovery percentages of the QC

samples for computing the TZB concentration in the

HLM matrix. The recovery of TZB in the spiked HLM

matrix was 99.62 ± 2.31% (relative standard deviation

[RSD] <2.21%). LAP recovery was 97.2 ± 1.3. Matrix

effect absence on TZB or LAP was validated by analyz-

ing two HLMs batches (set 1), which were spiked with

the TZB LQC (15 ng/mL) and LAP (100 ng/mL). Set 2

batches were prepared using the mobile phase instead of

the HLM matrix. Matrix effect factor was computed by

applying the next equation:

Matrix effect of TZB ¼ Mean peak area ratio Set1=Set2� 100

Matrix effect of LAP ¼ Mean peak area ratio Set1=Set2� 100

The tested HLMs containing TZB and LAP exhibited

matrix effects of 99.62 ± 2.31% and 97.2 ± 1.3, respec-

tively. IS normalized matrix effect (IS normalized MF)

was calculated by applying the next equation:

IS normalized MF ¼ Matrix effect of TZB=Matrix effect of LAP ISð Þ

The IS normalized MF was 1.01 and it lies in the

satisfactory range.21 Hence, these findings revealed that

the HLM matrix had no obvious impact on the ionization

of TZB and LAP.

Stability

We evaluated the stability of TZB in HLMs matrix (1 mg

protein/1 mL phosphate buffer) under common laboratory

storage conditions. TZB in HLM matrix (without NADPH)

showed good stability after storage at −20°C for 30 days.

Measured values were 96.8–102.12% for TZB. Stability

data for TZB are described in Table 4. We did not observe

the degradation of TZB under the mentioned conditions.

Metabolic Stability
A conc. of TZB (1 µM) was incubated with HLMs (1mg/mL).

The conc. of TZB at 1 1 µMwere used to be sure that it is less

than Michaelis-Menten constant so as to establish a linear

relationship between incubation time and the metabolic rate.

The conc. of HLMs at 1 mg/mLmicrosomal protein was used

to be sure that no non-specific protein binding will exist. After

incubation, extraction and purification of TZB, the conc. was

calculated by displacing the peak area ratios in the calibration

regression equation. The metabolic stability curve was con-

structed by plotting the ln percentage remaining of TZB

(y-axis) versus the incubation time (x-axis) (Figure 6). The

regression equation for the linear part of the curve was y =

Table 1 Talazoparib (TZB) Back-Calculated Calibration

Standards

TZB Conc.

(ng/mL)

Meana SD RSD (%) Accuracy (%)

5 (LLQC) 4.94 0.13 2.60 −1.18

10 9.47 0.26 2.79 −5.32

15 (LQC) 14.63 0.36 2.46 −2.46

30 30.46 0.66 2.18 1.55

50 49.18 1.87 3.81 −1.65

80 79.74 1.26 1.58 −0.32

100 104.58 1.54 1.47 4.58

150 (MQC) 151.60 1.90 1.26 1.07

200 199.02 1.56 0.78 −0.49

300 294.03 2.90 0.99 −1.99

400 (HQC) 401.07 3.99 0.99 0.27

500 502.57 7.69 1.53 0.51

Note: aMean of six replicates.

Table 2 Inter-Day and Intra-Day (Precision and Accuracy) of the Developed Methodology

HLM

Matrix

5 ng/mL (LLQC) 15 ng/mL (LQC) 150 ng/mL (MQC) 400 ng/mL (HQC)

Inter-Day

Assaya
Intra-Day

Assayb
Inter-Day

Assay

Intra-Day

Assay

Inter-Day

Assay

Intra-Day

Assay

Inter-Day

Assay

Intra-Day

Assay

Mean 4.99 4.98 14.85 14.75 151.6 152.20 400.95 402.21

SD 0.23 0.15 0.37 0.27 1.90 2.02 6.12 2.71

Precision

(% RSD)

4.70 3.04 2.49 1.82 1.26 1.33 1.53 0.67

% Accuracy −0.18 −0.38 −0.98 −1.66 1.07 1.47 0.24 0.55

Notes: aAverage of six repeats for 3 days. bAverage of 12 repeats on the same day.
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−0.0096x + 4.6022 with r2 = 0.9833 that was used for in vitro

t1/2 calculation (Table 5).22–25

Using the next equations:

In vitro t1=2 ¼ ln2=Slope

Slope was 0.0096.

In vitro t1=2 ¼ ln2=0:0096

In vitro t1=2 ¼ 72:70min:

TZB intrinsic clearance was computed following the

in vitro t1/2 method14 by using the next equation:19

CLint;app ¼ 0:693

in vitro t1=2
:
μL incubation

mg microsomes

CLint;app ¼ 0:693

72:7
:
1000

1

CLint;app ¼ 9:59μL=min=mg

In vitro t1/2 and Clint were 72.7 min and 9.59 µL/min/

mg, respectively.

TZB was reported to be minimally metabolized by the

liver that approved our outcomes.26 Renal excretion of talazo-

parib as unchanged was considered a major route of elimina-

tion and in vivo t1/2 is expected to be long. We do recommend

that plasma levels be monitored in cases where these drugs are

used for long periods of time, since it is possible for TZB to

bioaccumulate after multiple doses to toxic levels.

Table 3 TZB Samples Recovery in HLMs

Conc. of TZB (ng/mL) HLMs Matrix

5 15 150 400

Meana 4.94 14.63 151.60 401.07

SD 0.13 0.36 1.90 3.99

Precision (RSD %) 2.60 2.46 1.26 0.99

Recovery (%) 98.82 97.54 101.07 100.27

Note: aMean of six repeats.

Table 4 Stability of TZB in HLMs Matrix (1 mg/1 mL Phosphate

Buffer) Under Different Laboratory Conditions

TZB Conc.

(ng/mL)

Mean

(ng/mL)

Recovery

%

Precision

(RSD %)

Room Temperature for

8 hrs

5 5.07±0.26 100.42 5.18

15 14.79±0.27 98.60 1.85

150 151.00±3.80 99.67 2.52

400 401.27±3.59 101.32 0.90

Three Freeze-Thaw

Cycles

5 5.11±0.07 102.12 1.40

15 14.90±0.19 99.33 1.26

150 148.46±2.07 98.97 1.39

400 395.80±3.52 98.95 0.89

Stored at 4°C for 24

hrs

5 4.84±0.15 96.80 3.05

15 14.68±0.32 97.87 2.18

150 149.26±5.52 99.51 3.70

400 395.80±3.70 98.95 0.94

Stored at −20°C for 30

Days

5 4.87±0.13 97.34 2.73

15 14.57±0.34 97.14 2.34

150 144.58±2.32 96.39 1.60

400 395.80±4.74 98.95 1.20

Figure 6 TZB Metabolic stability curve in HLMs.

Table 5 Parameters of TZB Metabolic Stability

Time

(min.)

X Axis

Conc.

(ng/mL)

Y Axis Ln

of TZB %

Remaining

Linear Part of

the Curve

(0 to 15 mins)

Value

0 473.00 4.61 Regression

equation

y =

−0.0096x +

4.6022

1 471.12 4.59

2.5 470.61 4.58 r2 0.9833

5 467.58 4.55

7.5 465.36 4.53 Slope 0.0096

15 462.40 4.50

30 461.95 4.50 t1/2 72.7 mins

40 461.37 4.49 Clint 9.59 µL/

min/kg50 460.84 4.49
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Results of in silico TZB Metabolic

Vulnerability Prediction
The Metabolic Landscape for TZB indicates the lability of

each site with respect to metabolism by CYP3A4 in absolute

terms, to guide the prediction of TZB metabolites and also the

optimization of chemical structure for improving metabolic

stability. This indicates that C1 andC5 on the 1H-1,2,4-triazole

ring are predicted to be the moderate labile sites of metabolism

that matched with experimental work indicating the metabolic

stability of the TZB. The other metabolic soft spots are stable.

The CSL is shown in the top-right of the metabolic landscape.

The result from the WhichP450™ module, shown by the pie

chart used for indication ofmost likely cyp450 isoform that has

a major role in TZB metabolism (Figure 7). Cyp3A4 was

found to have amajor role in TZBmetabolism. In silico results

were supported by the experimental work that indicated the

metabolic stability of TZB.

Results of in silico TZB Structural Alerts

Sites and Toxicity Prediction
In silico toxicity assessment of TZB metabolites was carried

out using DEREK software and structural modification was

proposed to reduce their side effects using StarDrop soft-

ware (Figure 3). TZB shows structural alerts as seen in

Figure 3. That caused the proposed side effects that include

nephrotoxicity and HERG channel inhibition due to haloge-

nated benzene and HERG pharmacophore II (Figure 8).

Conclusions
An analytical LC-MS/MS method was described and vali-

dated for determining TZB. The developed method showed

good sensitivity, was ecofriendly (owing to using little volume

of acetonitrile), fast, accurate, and exhibited high recovery.

The LC-MS/MS methodology was applied for the evaluation

of TZB metabolic stability in HLM matrix. Our findings

demonstrated that the metabolic stability of TZB showed

moderate Clint (9.59 µL·min−1·kg−1) and long in vitro t1/2
value (72.7 mins) that generated the TZB slow cleared from

the blood by the liver. The experimental data were supported

using in silico WhichP450™ and DEREK modules of

StarDrop software. Further drug discovery studies can be

done depending on this concept allowing the development of

new series of drugs with increased safety profile without

affecting its pharmacological action. In silico toxicological

study for TZB was performed using DEREK software that

Figure 7 Proposed metabolic sites for TZB by StarDrop WhichP450™ module.
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revealed structural alerts and proposed side effects. From these

results, we can predict that this drug when given to patients,

liver will have a minor role in the drug excretion and may be

accumulated after multiple doses.
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