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Purpose: Tandutinib (MLN518 or CT 53518) (TND) is a novel, oral, small-molecule 
inhibitor of type III receptor tyrosine kinases utilized for the treatment of acute myeloid 
leukemia (AML).
Materials and Methods: In silico prediction of hepatic drug metabolism for TND was 
determined using the StarDrop® WhichP450™ module to confirm its metabolic liability. 
Second, an efficient and accurate LC-MS/MS method was established for TND quantification 
to evaluate metabolic stability. TND and entrectinib (ENC) (internal standard; IS) were 
resolved using an isocratic elution system with a reversed stationary phase (C8 column).
Results: The established LC-MS/MS method exhibited linearity (5–500 ng/mL) with r2 

≥0.9999 in the human liver microsomes matrix. The method sensitivity was indicated by the 
limit of quantification (3.8 ng/mL), and reproducibility was revealed by inter- and intraday 
precision and accuracy (below 10.5%). TND metabolic stability estimation was calculated 
using intrinsic clearance (22.03 µL/min/mg) and in vitro half-life (29.0 min) values.
Conclusion: TND exhibited a moderate extraction ratio indicative of good bioavailability. 
According to the literature, the approach developed in the present study is the first estab-
lished LC-MS/MS method for assessing TND metabolic stability.
Keywords: tandutinib, metabolic stability assessment, in vitro half-life, validated LC-MS 
/MS methodology

Plain Language Summary
Tandutinib is a novel anti-cancer agent that is used for the treatment of acute myeloid 
leukemia via the inhibition of type III receptor tyrosine kinases. The method developed in 
this study is the first validated LC-MS/MS analytical approach for tandutinib quantification 
in the human liver microsomal (HLM) matrix. The methodology showed adequate sensi-
tivity, was ecofriendly (due to less consumption of organic solvent), accurate, had a -
high percent recovery, and required little time to complete. The method was applied to 
evaluate tandutinib metabolic stability in the HLM matrix. In silico evaluation and experi-
mental metabolic stability analyses were performed. The experimental data was analyzed 
using in silico WhichP450™ module of StarDrop software. Drug discovery studies can be 
performed utilizing this approach and will allow the development of a new drugs with 
greater safety profiles without affecting pharmacological activity. The estimation of tandu-
tinib metabolic stability was determined by calculating its intrinsic clearance (22.03 µL/min/ 
mg) and in vitro half-life (29.0 min). Tandutinib exhibited a moderate extraction ratio from 
the liver compared to other previously studied tyrosine kinase inhibitors which indicates its 
potential for good in vivo bioavailability. From these positive outcomes, we tandutinib 
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administered to patients will not be subject to rapid excretion or 
dose accumulation inside the human body.

Introduction
Tyrosine kinase inhibitors (TKIs) are a class of drugs that 
inhibit the intracellular signals stimulating malignant cell 
proliferation by selectively blocking kinase enzyme 
activity.1 Tyrosine kinases are enzymes that regulate the 
transfer of a phosphate group of ATP to the hydroxyl groups 
of a tyrosine moiety on target proteins. These kinases act as 
switch (on or off) for several cellular functions.2 Tyrosine 
kinase activity controls crucial cellular processes, including 
the cell cycle, cell death, and proliferation. Uncontrolled 
proliferation in several types of cancers is induced by growth 
factor receptor-mediated signaling. In cancer cells, a failure 
in the control mechanism may result in excessive phosphor-
ylation and persistent pathways in an activated state of 
growth.3,4 Acute myeloid leukemia (AML) is considered 
a myeloid malignancy that consists of a heterogeneous 
molecular panel of mutations contributing to differentiation 
blockade and accumulation of myeloid progenitor cells and 
hematopoietic stem cell proliferation.5 The first-generation 
inhibitors of FMS-like tyrosine kinase 3 (FLT3) mainly 
included lestaurtinib (CEP-701), midostaurin (PKC412), 
sunitinib (SU11248), and tandutinib (TND).6

TND (Figure 1, MLN518, or CT 53518) is a novel, oral, 
small molecule designed to treat AML by inhibiting the 
tyrosine kinase (type III receptor), which includes the recep-
tor-type tyrosine-protein kinase FLT3 in addition to platelet- 
derived growth factor receptor and tyrosine-protein kinase Kit 
(CD117).7 TND administered alone showed narrow activity 

in Phase I and II clinical trials in patients with myelodysplas-
tic syndrome and AML but, when co-administered with 
daunorubicin and cytarabine, it showed encouraging anti- 
leukemic activity in phase I/II trials in AML patients and 
prevented FLT3-ITD leukemia cell proliferation and induced 
cell apoptosis.8 In combination with bevacizumab, TND can 
be utilized for the treatment of glioblastoma.9 The maximally 
tolerated dose of TND is 525 mg twice daily.10 TND has been 
approved for fast-track status by the United States Food and 
Drug Administration (FDA) to treat AML.11

To estimate the rate of in vivo metabolism using in vitro 
metabolism data, three basic models could be used: parallel 
tube, dispersion, and venous equilibrium.12,13 In the present 
study, the TND intrinsic clearance and in vitro half-life (t1/2) 
in human liver microsomes (HLMs) were calculated follow-
ing an “in vitro t1/2” approach utilizing the “well-stirred” 
model14,15 as it is the most frequently utilized model in 
experiments of drug metabolism due to its simplicity. 
These parameters (in vitro t1/2 and intrinsic clearance) 
could be utilized to compute different physiological para-
meters (eg, in vivo t1/2 and liver clearance). The estimation 
of drug bioavailability provides a clear approach to predict 
its metabolic mechanisms in vivo. If the examined drug 
undergoes fast metabolism, it will exhibit a short duration 
of action and low in vivo bioavailability value.16–20

Before beginning practical metabolic stability experi-
ments, TND should be tested for its liability to drug meta-
bolism in the liver. Thus, we performed in silico metabolic 
vulnerability for TND using the WhichP450™ module of 
StarDrop® software. In addition, a literature review indi-
cated that TND could be subjected to hepatic metabolism.21 

Figure 1 Chemical structures of tandutinib and entrectinib (internal standard; IS).
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However, there are no analytical methods reported for the 
quantification of TND in the current literature. Thus, the aim 
of the present study was to develop a validated liquid chro-
matography-tandem mass spectrometry (LC-MS/MS) 
method to quantify TND levels in the HLMs matrix. This 
method should be useful to calculate the intrinsic clearance 
(CLint) and in vitro half-life (t1/2) of TND.20 Thus, we 
performed in silico and practical metabolic stability studies 
to determine the metabolic stability of TND to provide 
information relative to its metabolic rate and to allow esti-
mation of in vivo bioavailability.

Materials and Methods
Pooled HLMs (M0567, Male human liver) were purchased 
from Sigma-Aldrich (West Chester, PA, USA) and then 
stored at −70 °C until use. HLMs contain a mixture of 
HLMs pooled from different human donors. The protein 
content was labelled as 20 mg/mL (250 mM sucrose). All 
solvents used in the current study were HPLC grade. All 
drugs and other used chemicals are of analytical grade. 
TND (99.48%) and entrectinib (99.32%) (ENC) were 

procured from MedChem. Express Company (Woburn, 
MA, USA). Acetonitrile, ammonium formate, and formic 
acid were purchased from Sigma-Aldrich (West Chester, 
PA, USA). Water (HPLC grade quality) was prepared 
using Milli-Q plus purification equipment from Millipore 
(Millipore, Bedford, MA, USA).

TND Metabolic Vulnerability Assessment 
Using the WhichP450TM Module of 
StarDrop Software
Characterization of TND liability for metabolism was per-
formed utilizing the WhichP450™ module of StarDrop 
software. The composite site lability (CSL) value was 
used to indicate the degree of metabolism.22–25

LC-MS/MS Methodology
LC-MS/MS chromatographic parameters were adjusted to 
achieve a good resolution of TND and ENC (internal 
standard, IS) with adequate sensitivity (Table 1). The 
Agilent Mass Analyzer (6410 QqQ) equipped with an 
electrospray ionization source (ESI) was operated in the 

Table 1 Analytical Parameters

Agilent 1200 Triple Quadrupole 6410 QqQ

Isocratic mobile phase ACN (40%) ESI source Positive ionization mode

10 mM 
ammonium 

formate in H2 

O (60%)

pH 3.5 (few drops of HCOOH) Nitrogen gas Drying of spray droplets

Injection volume: 2 μL Flow rate 11 L/min

Flow rate: 0.4 mL/min. Pressure 55 psi

Agilent ZORBAX SB-C8 Length (50 mm.) Source 
temperature

350 ºC

Particle size (3.5 μm) Capillary 

voltage

4000 V

2.1 mm ID Mode MRM mode

PN: 871700–906 Collision cell gas High purity nitrogen

Analytes 

IS

0.0 to 0.5 min. To waste Mass analyzer Mode Transition

TND 

MRM

Positive m/z (563 → 126), 

FV: 140 V, CE: 20 eV

0.5 to 1.2 min. TND MRM

1.2 to 2.0 min. ENC MRM ENC (IS) Positive m/z (561 → 302), 

FV: 135 V, CE: 15 Ev

Positive m/z (561 → 284), FV: 135 V, 

CE: 14 Ev

Abbreviations: FV, fragmentor voltage; CE, collison energy.
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positive mode of ionization and was utilized for ion gen-
eration. Nitrogen gas (11 L/min) was used for spray dro-
plets evaporation and for fragmentation of ions at 55 psi in 
the collision cell. The flow injection analysis autosampler 
program was utilized to optimize the parameters of the 
Agilent 6410 QQQ mass spectrometer to achieve the ele-
vated ion sensitivity. ESI positive mode for generation of 
ions exhibited a higher peak intensity compared to the 
negative mode as these compounds are basic. The capil-
lary voltage was optimized at 4000 V to avoid parent 
insource fragmentation that results in decreasing peak 
intensity. ESI temperature was adjusted to 350°C. 
Agilent Mass Hunter software was utilized to manage 
instruments, data acquisition, and data analysis of the out-
comes. TND was estimated using the multiple reactions 
monitoring (MRM) mode (parent to fragment ions) from 
563→126 for TND (Figure 2A) and 561→302 and 
561→284 for ENC (Figure 2B). The collision energy 
(CE) inside the collision cell was adjusted to 20 eV and 

15 eV for TND and ENC, respectively, while the fragmen-
tor voltage (FV) inside the ESI source was adjusted to 140 
V and 135 V for TND and ENC, respectively. The MRM 
mode was used to avoid HLMs matrix-related interference 
and to increase the sensitivity of the developed LC-MS 
/MS analytical method (Figure 2).

TND Working Solutions
TND and ENC exhibited good solubility in dimethyl sulf-
oxide (DMSO) at concentrations of 35 mg/mL and 31 mg/ 
mL, respectively. Stock solutions (SS) were obtained by 
dissolving the appropriate weight of each powder in 
DMSO to a concentration of 1 mg/mL. The TND working 
solution (WK) 1 (100 µg/mL) was prepared by ten-fold 
dilution of TND SS (1 mg/mL) with the mobile phase. 
A second dilution of WK1 for the mobile phase was 
prepared as WK2 (10 µg/mL). ENC WK3 (2 µg/mL) 
was prepared by a two-step dilution of the ENC SS 
(1 mg/mL) in the mobile phase.

A

B

Figure 2 MRM mass spectra Tandutinib (TND) (A) and entrectinib (internal standard; IS) (B) presenting the proposed fragmentation pattern.
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TND Calibration Standards
The HLMs matrix was prepared by mixing the mobile 
phase with 30 µL HLMs (1 mg protein/phosphate buffer) 
after deactivation with DMSO. Calibration standards were 
prepared by diluting TND WK2 with the HLM matrix to 
generate nine calibration standards: 5, 10, 30, 50, 80, 100, 
200, 300, and 500 ng/mL that were utilized for construc-
tion of the TND calibration curve. Four levels (5, 400, 
150, and 15 ng/mL) were selected as quality controls for 
the analytical method: a lower limit of quantification 
(LLOQ), a high quality control (HQC), a medium quality 
control (MQC), and a quality control (LQC), respectively. 
A 50 µL volume of ENC WK3 (2 µg/mL) was added as 
the IS to all prepared quality controls (QC) and calibration 
levels. A protein precipitation extraction methodology was 
used for TND and ENC extraction.26–28 Precipitation of 
proteins was achieved by adding 2 mL of acetonitrile to 
standard levels and quality controls. Next, removal of 
precipitated undesired proteins was performed by centri-
fugation at 14,000 rpm for 12 min in a refrigerated cen-
trifuge (4°C). Confirmation of the purity of the supernatant 
was achieved by filtration of 1 mL using a 0.22 µm 
syringe filter then the filtrates were transferred to 1.5 mL 
vials and 5 µL was injected into the LC-MS/MS system. 
Control samples were prepared as mentioned above with-
out HLMs to confirm the absence of interference from 
matrix constituents during the elution times of the ana-
lytes. A TND calibration curve was constructed by draw-
ing the peak area ratio of TND to ENC (y-axis) and TND 
exact values (x-axis). The analytical method linearity was 
verified by calculating the linear regression equation.

Method Validation
Different validation parameters for the established LC-MS 
/MS analytical method were calculated following the 
guidelines for bioanalytical method validation established 
by the FDA in addition to the general regulations of the 
International Conference on Harmonization (ICH).26,29 

The validation of the developed methodology was deter-
mined using specificity, sensitivity, linearity, accuracy, 
precision, extraction recovery, stability, and the matrix 
effect. The statistical method (least squared: y = ax + b) 
was used to compute the equation of the calibration curve 
for TND. The LOD and LOQ were computed as recom-
mended by the Pharmacopeia30 using slope of the calibra-
tion plot and the standard deviation (SD) of the intercept:

LOD ¼ 3:3
SD of intecept

slope 

whereas

LOQ ¼ 10
SD of intecept

slope 

TND Metabolic Stability Estimation
The metabolic clearance of TND including the intrinsic 
clearance and in vitro t1/2 were calculated by estimation of 
the TND level after metabolic incubation with HLMs for 
50 min in the presence of cofactors. Metabolic incubations 
were achieved in phosphate buffer (pH 7.4) with 3.3 mM 
MgCl2. Briefly, 1 µM of TND was incubated with 30 µL 
HLMs (1 mg protein/mL phosphate buffer) at 37°C for 10 
min before the addition of NADPH. To confirm outcomes, 
the same metabolic experiment was performed three 
times.31 The start of the metabolic pathways was triggered 
by adding NADPH (1 mM) for certain time intervals. 
Quenching of the metabolic sequence was performed at 
certain time points: 0, 2.5, 5.0, 7.5, 15, 20, 30, 40, and 50 
min by adding 2 mL ice-cold ACN. The extraction and 
injection procedures were performed as described earlier. 
Analysis of data was performed using the Mass Hunter 
software, the TND concentration at each time point was 
determined, and the TND metabolic stability curve 
was plotted. Considering the TND level at 0 min time 
was 100%, the residual percentage of TND was plotted 
against time. From this plot, linear range points were 
selected to establish the curve indicating the natural loga-
rithm of the proportion of TND remaining over time. The 
linear part of the slope indicated the rate constant for the 
TND metabolic decrease that was utilized to calculate the 
in vitro t1/2 calculation according to the following 
equation:

In vitrot1=2 ¼
ln2

Slope 

Next, the TND intrinsic clearance CLint (µL/min/mg) was 
computed using the following equation:32

CLint; ¼
0:693

in vitro t1=2
�

μL incubation
mg microsomes 

The CLint could be classified using the average liver 
weights and microsomal protein concentrations reported 
in the literature.14,33–35
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Results and Discussion
In silico TND Metabolic Liability
The definition of the metabolic landscape of TND provides an 
indication of the vulnerability of the molecules chemically 
active sites with reference to metabolism by CYP3A4 
enzymes, and to better understand the formation of TND 
metabolites and to determine potential chemical structure 
modifications able to enhance metabolic stability. This reveals 
that at position C35, C36, C37, C38, and C39 of the piperidine 
ring, the methylene group at position C33 adjacent to piper-
idine ring, C1, C2, and C3 of the isopropoxy group are the 
most labile sites of metabolism while the C41 methoxy group 
is moderately liable. These results indicated that the piperidine 
ring is responsible for the metabolic instability of TND, which 
was in agreement with our practical experiments. The CSL 
exhibited in the top-left of the metabolic landscape with 
a value of 0.988 indicated it was a high liability area for 

TND metabolism; thus, the method developed herein was 
used to study the metabolic stability of TND (Figure 3).

The Development of the LC–MS/MS 
Analytical Method
ENC was chosen as the IS in the TND estimation as the 
protein extraction methodology could result in impurities 
from the HLMs matrix. TND and ENC extraction recoveries 
were 102.67% ± 4.17% and 98.4% ± 0.75%, respectively. 
The elution timepoint of the ENC elution near the TND was 
an indicator of good resolution. The run time was rapid (2 
min). TND and ENC are both TKIs and will not be co- 
administered to the same patient; thus, the developed meth-
odology could be used for pharmacokinetics or therapeutic 
drug monitoring for patients under TND treatment.

Parameters for the liquid chromatographic separation of 
TND and ENC that define the resolution of analytes, 

Figure 3 Proposed metabolic vulnerability of TND using StarDrop software (WhichP450™ module).
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including the stationary phase nature, pH, and mobile phase 
composition were optimized. The pH of the 10 mM ammo-
nium formate solution was adjusted to 3.5. Increasing pH 
above than this value caused a peak tailing and increased 
retention time. The mobile phase was composed of 60% 10 
mM ammonium formate solution and 40% ACN. Increasing 
the ACN concentration generated overlapping peaks and 
a poor separation, while decreasing ACN generated an 
increase in the run time. Different compositions of stationary 
phases were tested, such as polar columns (HILIC columns), 
however, neither analyte (TND or ENC) was retained and 
the best outcomes were achieved utilizing a C8 column (L: 
50 mm, PS: 3.5 μm and ID: 2.1 mm) (Figure 4).

TND and ENC were eluted at 0.82 min and 1.49 min, 
respectively, with satisfactory peak resolution. The elution 
time for the established chromatographic method was 2 min. 

There was no observed carryover from the control HLMs 
matrix chromatograms. Figure 4B shows the TND calibra-
tion levels overlayed with the MRM chromatograms.

Validation Parameters
Specificity of the LC-MS/MS Method
Figure 4 shows the adequate separation of the TND and 
ENC chromatographic peaks and the absence of interference 
peaks in the control HLMs matrix at the analyte retention 
times, and reveals the specificity of the established chroma-
tographic method. In the blank MRM total ion chromato-
grams, no carry-over effect of TND and ENC was observed.

Linearity and Sensitivity of the LC-MS/MS Method
The developed method showed a linear range (5–500 ng/mL) 
and r2 (≥0.9999) for the analytical method. The TND 

Figure 4 Signal-to-noise ratio (S/N) of TND LLQC (5 ng/mL) showing very good sensitivity (A) and overlayed MRM chromatograms of the TND calibration levels (B) 
showing the TND peak (0.82 min) and ENC peak (1.49 min).
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calibration curve regression equation was y = 1.1998x– 
1.768. The LLQC chromatographic peak showed a good 
signal-to-noise ratio and an optimized peak symmetry sup-
porting the sensitivity of the LC-MS/MS method (Figure 
4A). The RSD values for the six replicates of each calibration 
standard were <3.65% (Table 2). Back calculations for the 12 
TND levels (calibration and QC standards) in the HLMs 
matrix revealed the success of the established chromato-
graphic method. The LOD and LOQ were 1.3 ng/mL and 
3.8 ng/mL, respectively.

Accuracy and Precision of the LC-MS/MS Method
Precision and accuracy of results were in accordance with the 
FDA guidelines.36 The values of intraday and interday accu-
racy and precision of the developed method ranged −1.31 to 
10.48 and 0.91 to 4.03, respectively (Table 3).

Extraction Recovery and Matrix Effects of TND
The recovery of the TND QC levels in the spiked HLMs 
matrix was 102.67% ± 4.17% (RSD < 4.1%) (Table 3). The 

ENC recovery was 98.4% ± 0.75%. The absence of a matrix 
effect on TND or ENC ionization was verified by running two 
HLMs batches (set 1 and set 2). Set 1 batches were spiked with 
the TND LQC (15 ng/mL) and ENC (50 ng/mL), while set 2 
batches were made substituting the mobile phase for the 
HLMs matrix. The matrix effects (ME) for TND and ENC 
were calculated using the following equations:

Matrix effect of TND ¼ Mean peak area ratio
Set1
Set2

� 100 

Matrix effect of ENC ¼ Mean peak area ratio
Set1
Set2

� 100 

The HLMs containing TND and ENC exhibited an ME of 
104.53 ± 3.87% and 101.85 ± 2.3%, respectively. The IS 
normalized ME was calculated using the following equation:

IS normalized ME ¼
Matrix effect of TND

Matrix effect of ENC ISð Þ

The IS normalized ME was 1.026 and was within the 
accepted range.37 Therefore, these results confirmed that 
the HLMs matrix exerted no noticeable effect on the 
degree of ionization of either TND or ENC.

Metabolic Stability
The TND concentration in metabolic stability experiments 
was adjusted to 1 µM to ensure that it was below the 
Michaelis–Menten constant for linearity between the ratio of 
metabolism versus the incubation time. HLMs (1 mg protein/ 
mL) were used to verify the lack of non-specific protein 
binding. The TND concentration was calculated using the 
regression equation of the concurrent injected calibration 
curve. The metabolic stability curve of the TND was con-
structed by plotting the incubation time (x-axis) against the 
percentage remaining TND (y-axis) (Figure 5A). From the 

Table 2 TND Back-Calculation of Six Replicates of the 
Calibration Standards

TND Nominal 
Concentrations (ng/mL)

Mean SD RSD 
(%)

Accuracy 
(%)

5 (LLQC) 5.44 0.20 3.65 8.88
10 10.06 0.18 1.78 0.58

15 (LQC) 15.12 0.15 1.01 0.82

30 29.86 0.67 2.24 −0.46
50 49.76 0.85 1.70 −0.47

80 80.28 0.82 1.02 0.36

100 102.00 2.23 2.19 2.00
150 (MQC) 151.59 1.53 1.01 1.06

200 200.67 2.49 1.24 0.34

300 300.53 2.59 0.86 0.18
400 (HQC) 399.71 3.62 0.91 −0.07

500 500.81 3.18 0.63 0.16

Table 3 Intra-Day and Inter-Day (Precision and Accuracy) of the Developed LC-MS/MS Method

TND in HLMs Matrix (ng/ 
mL)

Intra-Day Assay* Inter-Day Assay**

5 
(LLQC)

15 
(LQC)

150 
(MQC)

400 
(HQC)

5 
(LLQC)

15 
(LQC)

150 
(MQC)

400 
(HQC)

Mean 5.44 15.12 151.59 399.71 5.52 14.98 150.95 394.76
SD 0.20 0.15 1.53 3.62 0.22 0.40 3.83 5.34

Precision (%RSD) 3.65 1.01 1.01 0.91 4.03 2.68 2.54 1.35

% Accuracy 8.88 0.82 1.06 −0.07 10.48 −0.11 0.63 −1.31
Recovery (%) 108.88 100.82 101.06 99.93

Notes: *Mean of twelve repeats on the same day; **Mean of six repeats for three days.
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constructed curve, the concentrations that exhibited linearity 
(0–20 min) were selected to plot another curve of time versus 
natural logarithm (Ln)TND remaining (Figure 5B). The slope 
of the linear portion (0.02239) described the rate constant for 
TND metabolism. The linear curve regression equation was 
y = −0.0239x + 4.5469 with r2 = 0.9502, which was utilized 
for the computation of TND in vitro t1/2 (Table 4).19,38–40

Using the following equations:

In vitrot1=2 ¼
ln2

Slope 

The slope was 0.0239.

In vitrot1=2 ¼
ln2

0:0239 

In vitrot1=2 ¼ 29:0min:

TND intrinsic clearance was calculated utilizing the in vitro 
t1/2 method16 as shown in the following equation:41

CLint; ¼
0:693

in vitro t1=2
�

μL incubation
mg microsomes 

CLint; ¼
0:693
29:0

:
1000

1 

CLint;app ¼ 22:03μL=min=mg 

The in vitro t1/2 and Clint of TND were found to be 29.0 min 
and 22.03 µL/min/mg, respectively. Based on these results, it 
can be concluded that TND is a drug with a medium extrac-
tion ratio that shows moderate excretion from the body. This 
reveals a moderate possibility of accumulation inside the 
body and potentially good bioavailability if compared to 
other TKIs (eg dacomitinib). Using the simulation software 
Cloe PK, these results could be also used to predict the 
in vivo pharmacokinetics of TND.42

Conclusions
An analytical method based on LC-MS/MS was developed 
and validated to estimate the pharmacological activity of 
TND. The developed methodology showed adequate sensi-
tivity, ecofriendliness (due to less consumption of organic 
solvent), accuracy, high recovery percent, and rapid execu-
tion. The method was applied to evaluate TND metabolic 
stability in the HLM matrix. Our results showed that TND 
metabolic stability exhibited an in vitro t1/2 values (29.0 min) 

Figure 5 The metabolic stability curve of TND in HLMs (A) and the regression equation of the linear part of the curve (B).

Table 4 TND Metabolic Stability Curve Parameters

Time 
(min.)

Meana (ng/ 
mL)

SD Xa Analytical 
Parameters

0 456.33 5.13 100.00 Regression 
equation: 

Y = −0.0239*Xb + 

4.5469

2.5 392.27 2.41 85.96

5 379.33 2.08 83.13 r2: 0.9502

7.5 335.35 3.06 73.49

15 305.13 4.63 66.87 Slope: −0.0239

20 269.79 5.01 59.12

30 240.27 2.06 52.65 t1/2: 29.0 min and

40 229.92 3.00 50.39 Clint: 22.03 µL/min/ 

mg

50 220.12 7.16 48.24

Notes: aAverage of three repeats; bX, Average of the percent remaining of TND 
for the three repeats; Linear range is indicated by bold font.
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and moderate Clint (22.03 µL·min−1·mg−1) that suggestive of 
a moderate rate of TND hepatic clearance, consequently an 
adequate in vivo bioavailability could be predicted. From 
these good outcomes, we propose that TND could be admi-
nistered to patients without a rapid excretion or dose accu-
mulation inside the human body. The experimental data was 
supported using in silico WhichP450™ module of StarDrop 
software. Further drug discovery studies may be performed 
utilizing this approach, which will allow the development of 
a new series of drugs having an increased safety profile and 
no effect on their pharmacological activity.
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