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1-(4-(Pyrrolidin-1-yl-methyl)phenyl)-3-(4-((3-(trifluoromethyl)
phenyl)amino)quinazolin-6-yl)urea (ZCJ14), a novel epider-
mal growth factor receptor (EGFR) inhibitor, with diarylurea
moiety, displays anticancer effect. In the present study, an LC-
MS/MS method was established to determine the concentra-
tion of ZCJ14 in rat plasma. Furthermore, the method was
applied to investigate the pharmacokinetic characteristics of
ZCJ14. Chromatographic separation of ZCJ14 and internal
standard (IS) [1-phenyl-3-(4-((3-(trifluoromethyl)phenyl)ami-
no)quinazolin-6-yl)urea] was accomplished by gradient elu-
tion using the Kromasil C;3 column. The selected reaction
monitoring transitions were performed at m/z 507.24—436.18
and 424.13—330.96 for ZCJ14 and IS, resp. The established
method was linear over the concentration range of 10-1000 ng
mL". The intra- and inter-day precisions were <11.0 % (except
for LLOQ which was up to 14.3 %) and the respective accura-
cies were within the range of 87.5-99.0 %. The extraction re-
covery and matrix effect were within the range of 88.4-104.5 %
and 87.3-109.9 %, resp. ZCJ14 was stable under all storage con-
ditions. The validated method was successfully applied to the
pharmacokinetic study of ZCJ14 in rats, and the pharmacoki-
netic parameters have been determined. The oral bioavail-
ability of ZCJ14 was found to be 46.1 %. Overall, this accurate
and reliable quantification method might be useful for other
diarylurea moiety-containing drugs.

Keywords: ZCJ14, epidermal growth factor receptor inhibi-
tor, LC-MS/MS, pharmacokinetics, bioavailability

The epidermal growth factor receptor (EGFR) belongs to the family of receptor tyro-
sine kinases (RTKSs), which plays a vital role in the regulation of tumor growth, differen-
tiation, survival and invasiveness (1). Among the recognized RTKs, EGFR has been exten-
sively studied and clinically validated as an important target for chemical therapies (2, 3).
Various small molecules were synthesized and evaluated as potential inhibitors of EGFR.
Among them, gefitinib, erlotinib and lapatinib were launched successfully to treat cancer

*Correspondence; e-mail: zhangl_2020@163.com

415



S.-J. Zuo et al.: Quantitative analysis and pharmacokinetic study of a novel diarylurea EGFR inhibitor (ZCJ14) in rat plasma using a
validated LC-MS/MS method, Acta Pharm. 71 (2021) 415-428.

in clinical studies (4, 5). The common structure shared by gefitinib, erlotinib and lapatinib
is 4-anilinoquinazoline, whose structure-activity relationship was elucidated (6). How-
ever, in most of the patients that initially showed a dramatic response to these EGFR inhi-
bitors, there was a progression of disease due to the acquisition of a second mutation in the
EGFR-TK gene (7, 8). Thereupon, third-generation of EGFR inhibitors (osimertinib and
WZ4002) was developed to overcome the second mutation, viz.,, T790M mutation in the
gatekeeper of the kinase domain (9-11). What is more, a great number of compounds with
various structures have been developed as EGFR multi-target inhibitors to enhance the
anticancer effects (12-18).

In our previous work, we integrated tertiary amine group, urea moiety and 4-anilino-
quinazoline scaffold into one molecule to look for novel EGFR-TK inhibitors and antican-
cer agents (19). The results of biological activity evaluation in vitro indicated that the cell-
based activity of the compound 1-(4-(pyrrolidin-1-yl-methyl) phenyl)-3-(4-((3-(trifluoromethyl)
phenyl)amino)quinazolin-6-yl)jurea (ZCJ14) increased by 7-fold compared to gefitinib
against the lung adenocarcinoma epithelial cell line (A549). Further studies showed that
compound ZCJ14 can potently suppress the tumor growth in vivo. Thus, ZCJ14 might serve
as a potential EGFR inhibitor and anticancer candidate.

To carry on the pharmacokinetic study of ZCJ14, it is necessary to develop a new method
that could determine ZCJ14 in biological samples. Different analytical methods for EGFR
inhibitors have been searched for, developed and validated in diverse biological samples
(20-23). Compared with HPLC and other methods, due to high sensitivity and specificity,
LC-MS/MS method is more favorable for the pharmacokinetic study of a novel compound.
Thus, the purpose of the present work is to establish a reliable method to extract and deter-
mine ZCJ14 from biological samples by using the LC-MS/MS method. To prove its feasibility,
we verified indicators such as selectivity, precision, accuracy, matrix effect, recovery, stability
and dilution effect of ZCJ14. Subsequently, the method was applied to the pharmacokinetics
and bioavailability study of ZCJ14 in vivo. The data thus obtained could serve for further
preclinical investigation and direct the clinical application of ZCJ14.

EXPERIMENTAL

Reagents and solvents

ZCJ14 (purity 96.9 %) and internal standard [IS, 1-phenyl-3-(4-((3-(trifluoromethyl)phe-
nyl) amino)quinazolin-6-yl)urea, purity 98.0 %] were synthesized in our laboratory (struc-

HN/©\CF3

ZCJ14
HN/©\CF3
SRASS:
o N
Fig. 1. Chemical structures of 1-(4-(pyrrolidin-1-yl-methyl)phenyl)-3-(4-((3-(trifluoromethyl)phenyl)

amino)quinazolin-6-yl)jurea (ZCJ14) and 1-phenyl-3-(4-((3-(trifluoromethyl)phenyl) amino)quinazo-
lin-6-yl)urea (IS).

IS
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ture identification of ZCJ14 and IS are given in the supplementary material). The structures
of both compounds are shown in Fig. 1. Methanol and acetonitrile (HPLC grade) were
purchased from Merck (Germany). Formic acid (HPLC grade) was purchased from Kemiou
Chemicals (China). The tri-distilled water was obtained by the Millipore water purification
machine (Millipore, USA).

Animals

Blank rat plasma was collected from Sprague-Dawley rats. Thirty male Sprague-Daw-
ley rats (body mass: 250 + 10 g) were obtained from the Laboratory Animal Center of Xi'an
Jiaotong University. They fasted overnight before the experiment and had free access to
water. The experimental procedures were in accordance with the National Institutes of
Health Guide for Care and Use of Laboratory Animals and were approved by the Institu-
tional Animal Care Committee of Xi‘an Jiaotong University (Shaanxi, China).

Instrumentation

TSQ Vantage triple quadrupole LC-MS/MS system (Thermo Fisher Scientific, USA)
was used. The chromatographic analysis was conducted by a Dionex Ultimate 3000 UPLC
system (Thermo Fisher Scientific) stocked with an Ultimate 3000 Pump and CTC Pal auto-
sampler (CTC Analytics AG, Switzerland). Chromatographic separation of ZCJ14 and IS
were accomplished by a Kromasil C,5 column (AkzoNobel, 150 x 4.6 mm, 5.0 um).

Centrifugation was performed on a cryogenic high-speed centrifuge (Allegra X-22R,
Beckman, USA). Vortex generator (Vortex-Genie2, Scientific Industries, USA) was used in
sample preparation. The Xcalibur software (version 3.0.63) was used for instrument control
and data processing.

Optimization of LC-MS/MS conditions

Various experimental conditions were optimized to obtain symmetric and high-reso-
lution peak shapes for the analyte. Mobile phases, such as acetonitrile/water, methanol/
water and acetonitrile/methanol/water in different ratios, were evaluated to optimize the
chromatographic conditions. It was discovered that the ionization and separation effects
of methanol were more successful than those of acetonitrile. Formic acid was essential for
the mobile phase to form a symmetric peak shape. Thus, as a result, two mobile phase elu-
ents in a gradient mode were used for chromatographic analysis, including a mixture of
0.1 % formic acid (A) and methanol (B). The flow rate was 0.5 mL min™. The gradient elu-
tion was programmed as Table I. Ten (10 pL) of the samples were injected into the system
through an auto-sampler, with the column temperature set to room temperature, and the
tray temperature in the auto-sampler maintained at 4 °C.

Table 1. Gradient elution program

Time (min) 0 1 2 8 9 10
50 50 2 2 50 50

Mobile phase
50 50 98 98 50 50
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Fig. 2. a) Precursor ion (m/z 507.24) of ZCJ14, b) precursor ion (m/z 424.13) of IS, c¢) product ions (m/z
436.18, 331.16, 106.25) of ZCJ14, d) product ions (m/z 330.96, 311.17, 270.85) of IS.

The mass spectrometer was operated in the electron spray ion positive mode. The
acquisition was conducted at multiple reaction monitoring (MRM) modes. ZCJ14 and IS
gave abundant singly charged protonated precursor ions [M+H]" at m/z 507.24 and 424.13 in
Q1 scan mode, resp. (see Fig. 2). ZCJ14 and IS gave in abundance product ions at 11/z 436.18
and 330.96 in the product ion scan, resp. (see Fig. 2). Therefore, the selected reaction moni-
toring transitions for ZCJ14 and IS were performed at m/z 507.24—436.18 (collision energy:
15.3 V) and 424.13—330.96 (collision energy: 26.1 V), resp. The radiofrequency (RF) lenses
for ZCJ14 and IS were 158.3 V and 182.3 V, resp. Other mass spectrometer conditions were
as follows: sheath gas pressure of 241.3 kPa, aux gas pressure of 55.2 kPa, positive ion spray
voltage 3500 V, negative ion spray voltage 2500 V, ion transfer tube temperature 300 °C and
vaporizer temperature 400 °C.

Preparation of stock standards and quality control (QC) samples

ZCJ14 and IS were dissolved in methanol to a concentration of 1.0 mg mL~" to prepare
the stock solutions. Stock solutions were then diluted with methanol to prepare the working
standards of ZCJ14 ranging from 200 to 20,000 ng mL™ and an IS solution of 200 ng mL™".
Calibration standards in plasma were prepared as follows: 5 uL of each working standard
was spiked with 95 uL blank rat plasma to reach the concentration of 10, 25, 50, 100, 250, 500,
1000 ng mL™. QC plasma samples were prepared at 20, 100, and 800 ng mL™ in the same
manner.
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Sample preparation

The plasma samples were prepared ut infra: 100 uL of each plasma sample was spiked
with 5 pL IS solution (200 ng mL™), followed by the addition of 500 uL acetonitrile. After
a 20-s vigorous vortex mixing, the mixture was centrifuged for 15 min at 13000 rpm; the
supernatant liquid was then filtered through Millipore filter and 10 pL of the filtrate was
injected into the LC-MS/MS system.

Method validation

During the course of method validation, selectivity, calibration curve, the lower limit
of quantification (LLOQ), accuracy, precision, recovery, matrix effect, dilution effect and
stability were evaluated (24).

Selectivity. — The selectivity of the method was validated by evaluating the interfer-
ence of endogenous substances at the retention time (t;) of ZCJ14 and IS. The chromato-
grams of six different blank rat plasma samples were compared with blank rat plasma
spiked with ZCJ14 or IS, and rat plasma sample after intravenous administration or intra-
gastrical administration of ZCJ14. The method is considered selective if the peak response
of the endogenous substances was not exceeding 20.0 % of the mean peak response of
Z(CJ14 at LLOQ and not exceeding 5.0 % of the mean peak response of IS.

Calibration curve and limits of quantification. — Each calibration curve should consist of
seven concentration levels (10, 25, 50, 100, 250, 500 and 1000 ng mL™). The ratio of peak area
of ZCJ14 to IS was plotted against the corresponding standard nominal concentration of
Z(CJ14 to acquire the calibration curve. All the curves were fitted to the data by linear least
square regression analysis (1/x? weighting) to determine the intercept, the slope and the
correlation coefficient. The lower limit of quantification (LLOQ) was defined as the lowest
concentration on the calibration curve which should have a signal/noise (S/N) ratio greater
than 10. The calibration curve was acceptable if at least 75.0 % of the back-calculated con-
centrations of the standards were within + 15.0 % of their nominal values, or within +20.0 %
for the LLOQ (24). The LLOQ was estimated as 10 ng mL! by measuring five replicates of
the samples spiked with blank plasma, where the accuracy and precision (1 = 5) should
have been within + 20.0 %. The upper limit of quantification (ULOQ) was evaluated by
analyzing plasma samples with concentration levels over the highest calibration standard
(1000 ng mL™). These plasma samples were analyzed after a tenfold dilution with blank rat
plasma. The ULOQ was set at 1000 ng mL! with precision and accuracy within + 15.0 %.

Accuracy and precision. — Accuracy and precision of the established method were mea-
sured at four QC levels (10, 20, 100 and 800 ng mL™) in five replicates on the same day
(intra-day) and five consecutive days (inter-day). Calibration curves were prepared daily
and were used to determine the actual concentration at each QC level. The intra- and inter-
day accuracy of the analytical method was expressed as a percentage, which was calcu-
lated by the ratio of the measured concentration to the nominal value. The precision of the
analytical method was described by the proximity of repeated measurements of the ana-
lyte (expressed as RSD, %). The acceptance standard should be within 85.0-115.0 % of
nominal concentration and 15.0 % RSD for accuracy and precision, resp., whereas for
LLOQ QC (10 ng mL™), the accuracy and precision should be within +20.0 %.
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Extraction recovery and matrix effect. — The extraction efficiency is evaluated by com-
parison of peak areas of plasma spiked with ZCJ14 carried by the sample preparation and
processing procedures of the method vs. post-extraction blank plasma spiked with ZCJ14.
The extraction recovery of ZCJ14 was measured at three levels of QC samples (20, 100, and
800 ng mL™) with five replicates.

The study of matrix effect (matrix factor) was carried out by comparing peak areas of
the post-extraction blank matrix spiked with ZCJ14 vs. pure solution of ZCJ14. The mea-
surement was performed at three QC levels of ZCJ14 (20, 100 and 800 ng mL™) in five
replicates. The extraction recovery and matrix effect for IS were determined at the working
concentration (200 ng mL™) in the same manner. The extraction recovery and matrix effect
are acceptable if the inaccuracy and RSD are within + 15.0 %.

Dilution effect. — The dilution effect experiment was performed to analyze real samples
with the concentration of analyte beyond the upper limit of the calibration curve. Such
plasma samples were diluted by ten folds with blank rat plasma and the dilution effect was
measured by comparing the calculated concentrations of diluted plasma samples with the
nominal values (expressed as a percentage). The acceptance standard should be within
85.0-115.0 % of nominal concentration (one-tenth) for the dilution effect.

Stability. — Stability investigations were conducted by assaying the plasma samples at
three levels of QC samples (20, 100 and 800 ng mL, each n = 5) under the following cir-
cumstances: (/) short-term stability was determined after storing at room temperature
(25 °C) for 24 h, (ii) long-term stability was determined after storing at —20 °C for 15 days,
(iii) three cycles of freeze-thaw (-20 to 25 °C) was conducted to determine the freeze-thaw
stability. In each cycle, the samples were frozen for at least 24 h and thawed at room tem-
perature. The analytes are assumed stable if the mean value do not exceed +15.0 % around
the nominal concentration.

Pharmacokinetic study and incurred sample reanalysis

The ZCJ14 powder was dissolved in dimethyl sulfoxide (10.0 %, V/V), diluted with
PEG 400 (70.0 %, V/V) and water (20.0 %, V/V) in attempt to prepare a solution with a con-
centration of 10 mg mL™! for oral application. Likewise, the ZCJ14 powder was dissolved in
1.0 % acetic acid aqueous solution (20.0 %, V/V), diluted with PEG 400 (10.0 %, V/V) and
5.0 % glucose injection (70.0 %, V/V) to obtain a solution of 5 mg mL™! for the i.v. administra-
tion.

Pharmacokinetic and bioavailability studies were carried out using twelve Sprague-
-Dawley rats. They were randomly divided into two groups (1 = 6). The first group received
intravenous injection through a jugular vein (25 mg kg™ bm) and the second group re-
ceived an oral dose (50 mg kg™ bm ) via oral gavage. The dosage of this arose from the
previous study (19). A maximum of 200 pL blood samples was collected from the rat femo-
ral artery into heparin containing polypropylene tubes before dosing and at 0.167, 0.5, 1,
1.5,2, 4, 6,10, 20 h after the i.v. administration. For peroral administration, blood sampling
was performed in the same way, before dosing and at 0.167, 0.5, 1, 2, 4, 12, 16, 18, 20, 22, 24,
26, 28, 36, 44 h after administration. Plasma was harvested after centrifuging the blood
samples at 3000 rpm for 10 min at each time point. Plasma was then stored at —20 °C before
analysis.

420



S.-J. Zuo et al.: Quantitative analysis and pharmacokinetic study of a novel diarylurea EGFR inhibitor (ZCJ14) in rat plasma using a
validated LC-MS/MS method, Acta Pharm. 71 (2021) 415-428.

Pharmacokinetic parameters of ZCJ14 were calculated by PKSolver 1.0 (25) using non-
compartmental methods (26). The maximum peak plasma concentration (C,,,) and the
time to reach C,,, (T,.,) were determined based on the observed concentration-time
curves. The area under the plasma concentration-time curve (AUC,_; .s) following admi-
nistration per os was obtained by PKSolver 1.0. The AUC following the i.0. administration
was calculated using the modified method, which was based on the trapezoidal rule and
pseudo-equilibrium (27). The absolute oral bioavailability (F) was calculated using the
following Equation I:

AUC(i.g.)/ dose(i.g.)

F(%)=
2 AUC(i.v.)/ dose(i.v.)

(1)

Incurred sample reanalysis (ISR) was conducted using 24 blood samples from twelve
Sprague-Dawley rats mentioned above: two samples from each subject, one near C ., and
the other at the elimination phase. When the reanalyzed results are compared with the
original data, the percentage difference in the value should be within + 20.0 %.

RESULTS AND DISCUSSION
Method validation

Specificity and selectivity. — Representative chromatograms of blank rat plasma, blank
rat plasma spiked with IS and ZCJ14 (LLOQ, 10 ng mL™), a plasma sample harvested at
0.5 h after the i.v. administration of 25 mg kg™ ZCJ14 to rats are shown in Fig. 3. The
chromatograms revealed clearly that the interference peak from the endogenous matrix
was not observed during the retention period. Chromatographic parameters investigated
by the characterization of QC samples are shown in Table II. The results indicated the
suitability of the method.
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Fig. 3. Representative selected monitoring LC-MS/MS chromatograms [intensity (cps) versus time
(min)] including: a) blank rat plasma, b) blank rat plasma spiked with 10 ng mL™ (LLOQ) ZCJ14 and
IS, ¢) rat plasma sample collected 0.5 h after i.v. administration of ZCJ14.
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Table 1I. Chromatographic parameters

Instrument  Capacity Resolution Tailing Plate count
Compound tg (min) precision factor R®) factor ™)
(RSD, %) (k) i ()
zCJ14 477 0.26 6.22 - 1.28 5919
IS 6.00 0.39 8.15 411 117 14994

Calibration curve, ULOQ and LLOQ. — Within the concentration range of 10-1000
ng mL7, calibration curves of rat plasma spiked with known amounts of ZCJ14 were linear
with the coefficient of determination > 0.99. All the back-calculated concentrations of the
standards were within + 12.5 % of their nominal values. The representative linear regres-
sion equation acquired by least squared regression was y = 0.00367x — 0.00294437 (R? =
0.9904), where y is the ZCJ14/IS peak area ratio and x is the concentration of ZCJ14.

The LLOQ for ZCJ14 was 10 ng mL™ (S/N > 10) and the precision and accuracy at LLOQ
were within + 12.1 %. The ULOQ for ZCJ14 was 1000 ng mL with the precision and accu-
racy within + 8.6 %.

Precision and accuracy. — The precision and accuracy of ZCJ14 in rat plasma gained from
analyzing QC samples at LLOQ, low, medium, and high levels (10, 20, 100 and 800 ng
mL™) were satisfactory under the present method validation conditions. The intra- and
inter-day precision of ZCJ14, as presented in Table III, were within the acceptance limits
(RSD < 14.3 %). Assay accuracy was found to be within the range of 87.5-99.0 % (n = 5).

The results indicated that the bioanalytical method developed in this study was pre-
cise and accurate enough for assaying ZCJ14 in rat plasma within the established concen-
tration range.

Matrix effect and extraction recovery. — Table IV summarizes the matrix effect and extrac-
tion recovery of ZCJ14 and IS. The matrix effect for ZCJ14 was 93.6 £ 4.9, 1099 + 7.2 and 87.3 +
5.3 % at concentration levels of 20, 100 and 800 ng mL~, resp. The matrix effect for IS (200 ng

Table I11. Inter- and intra-day precision and accuracy of ZCJ14 in rat plasma

ZCJ14 Inter-day Intra-day
nominal Measured . Model Measured . Model
conc. . Precison . Precison
- 1) concentration (RSD, %) accuracy concentration (RSD, %) accuracy
(ng m (ng mL)° ' (%) (ng mL)° ’ %)
10.0 99+1.2 12.1 99.0 98+14 14.3 98.0
20.0 17.5+0.8 4.6 87.5 18.7 +2.0 10.7 93.5
100.0 945+73 7.7 94.5 95.8 +5.8 6.1 95.8
800.0 743.5 £ 81.6 11.0 929 7252 +494 6.8 90.7

2Mean + SD, n = 5.
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Fig. 4. Plasma concentration-time profiles of ZCJ14 in rats following a single peroral dose of: a) 50 mg kg™
and b) i.v. dose of 25 mg kg™ of ZCJ14. Data are expressed as mean + SD (11 = 6).

mL™) was 87.8 £ 5.2 %. The results showed that under the working conditions the matrix
effects on ZCJ14 and IS were acceptable. At the same concentrations, the extraction recovery
for ZCJ14 was 92.1 +12.7,101.0 £ 2.9 and 88.4 + 6.2 %, resp., whereas for IS it was 104.5 £ 9.7 %.

These data demonstrated that the extraction of the analyte from rat plasma could offer
acceptable recovery with suitable precision and accuracy.

Dilution effect. — The dilution effect for ZCJ14 was measured by analyzing plasma sam-
ples at three concentrations (200, 1000 and 8000 ng mL™). Each sample was diluted 10 times
with blank rat plasma before analyzing and the accuracy was 87.2, 86.9 and 105.4 %, resp.
The results confirmed that the plasma samples could be diluted with blank rat plasma and
analyzed with reasonable accuracy.

Stability. — As shown in Table V, room temperature storage of QC samples for up to 24
h has little effect on the quantification of ZCJ14 (accuracy between 93.0 and 112.4 %, RSD
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Table 1V. Matrix effect and recovery of ZCJ14 and 1S in rat plasma

Compound Conc. Matrix effect RSD Recovery RSD
(ng mL™) (%)* (%) (%)* (%)
20 93.6+4.9 5.2 921+11.7 12.7
zCJ14 100 109.9£72 6.6 101.0+£29 29
800 87353 6.1 88.4+6.2 7.0
IS 200 87852 59 104.5+9.7 9.3

aMean +SD, n =5.

Table V. Stability of ZC]14 in rat plasma

Nominal concentration Found concentration

Conditions (ng mL1y: (ng mL-1y? Accuracy (%) RSD (%)
20.0 18.6+2.2 93.0 19
t:il};e ng;‘:e 100.0 106.2 +9.1 106.2 8.6
800.0 899.5+126.2 112.4 14.0
20.0 199 +2.7 99.5 13.8
15 days, —20 °C 100.0 1129 +89 1129 78
800.0 814.6 +55.1 101.8 6.8
20.0 19.6 2.7 98.0 139
Three iryec‘fezs‘thaw 100.0 109.8 4.0 109.8 37
800.0 806.3 + 106.4 100.8 13.2

2Mean + SD, n = 5.

Table VI. Mean pharmacokinetic parameters of ZCJ14 in rats following per os or intravenous administration

Type of administration

Parameter
p.o. (dose: 50 mg kg™)? i.v. (dose: 25 mg kg™)?
AUC 45 obs (Mg h mL™) 6731.7 £ 694.8 7294.3 +1499.6
MRTj ins gps () 222+21 53+15
tn (h) 7729 59+14
Tnax (h) 180+13 -
Crnax (ng ML) 3504 +63.7 -
Cl (mLh g - 20+0.2
Vz (mL g™ - 172+3.3
F (%) 46.1 -

aMean +SD, n = 6.

within 14.0 %). ZCJ14 was stable at —20 °C for 15 days with accuracy values 99.5-112.9 % and
RSD <13.8 %. The changes in ZCJ14 concentration after three freeze-thaw cycles indicated
no stability problems (accuracy between 98.0 and 109.8 %, RSD < 13.9 %).
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Pharmacokinetic study and
incurred sample re-analysis

The newly-established LC-
MS/MS method has been success-
fully applied in this research and
achieved satisfying results for
the quantification of ZCJ14 in rat
plasma after i.v. or per os admini-
stration of 25 or 50 mg kg™ ZCJ14,
resp. As some of the plasma
samples exceeded the standard
curve range, proper dilution of
these samples was carried out
with blank rat plasma using the
verified dilution factors and re-
analyzed. The mean plasma con-
centration-time profiles are
shown in Fig. 4. The pharmacoki-
netic parameters calculated by
non-compartmental analysis are
summarized in Table VL.

In the plasma concentration-
time profiles of ZCJ14 after ad-
ministration per os, two peak con-
centrations were observed after 1
h and 18 h and the concentration
of the first peak was lower than
the latter one. Therefore, we put
forward two possible reasons for
this double-peak phenomenon.
Firstly, the occurrence of the first
peak concentration may be relat-
ed to the solubility of ZCJ14.
Compound ZCJ14 is lipophilic.
After peroral administration,
only one portion of ZCJ14 was ab-
sorbed into the bloodstream.
Thus the absorption of ZCJ14 was
slow. With absorbing the ZCJ14,
blood concentration increased
slowly, which led to the forma-
tion of a second peak after a long
period of time. Secondly, gastric
motility may be affected by
ZCJ14. This may explain the for-
mation of double peaks in the

Table VI1I. Incurred sample re-analysis data of ZC]14

Intravenous (dose: 25 mg kg™ bm)

Per os (dose: 50 mg kg™ bm)

Reanalyzed Difference

conc. (ng mL™)

Sampling Initial conc.

Subject

Reanalyzed Difference

Sampling Initial conc.

Subject

Mean

Mean

(%)

(ng mL™)

point (h)

()"

(ng mL™) conc. (ng mL™)

point (h)

2.8

5116.5

5187.3

0.2 5045.7

10.0

324.5 2.3
8.8
-6.3

320.7
519

328.3

18.0

-3.2

292.1 287.5

2829

54.3

56.7

44.0

09

6032.8

6005.5

6060.2

0.2
10.0

310.0
60.2

300.2 319.7
59.8

60.7

18.0

6.4

363.4
5521.4

351.7

375.1

1.5
4.6

36.0

1.5
-0.2

5563.0 5479.7

0.2
10.0

278.6 285.1

291.6

20.0

390.0 389.6

389.3

8.9
3.2

43.6

41.7

45.6

36.0

3.3

6015.0

5914.4

0.2 6115.7

10.0

10
10
11

333.8
55.1

328.4
524

339.1

18.0

287.8 -8.2

299.6
5863.9

276.1

9.8
-5.5

57.8
379.6

36.0

2.7

5784.8

5705.6

0.2
1

390.4

401.2

18.0

23.1 -8.6 11 0.0 307.7 290.3 299.0 5.8
6.3

241

22.1

44.0

7013.6 6583.1 6798.4

0.2

12
12

1.6

456.6 460.2

463.8

16.0

-5.3

298.4

306.2

290.5

9.1

88.2 80.5 84.4

36.0

2Represented as [(initial conc. - reanalyzed conc.)/mean] x 100.
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plasma (28). In fact, the irritation of the stomach after administration of gefitinib or other
EGFR-TK inhibitors has been regarded as one of the major side-effects of EGFR-TK inhibi-
tors (29). Thus, as an EGFR-TK inhibitor, ZCJ14 may also have this common problem which
may cause an adverse impact of drug absorption and therefore lead to the double peaks
phenomenon.

Despite the first peak, the plasma concentration of ZCJ14 increased to C,,, of 350.4 +
63.7 ng mL within 18.0 + 1.3 h (T,,,) following peroral administration. Compared with the
published pharmacokinetic parameters of gefitinib in rats (30), in which T, , was 2 h and
Cinax Was 836 ng mL ™ at the oral dose 20 mg kg, the T, .. of ZCJ14 was longer and the C,,,,
of ZCJ14 was lower. The elimination half-lives (t,,) of ZCJ14 were 77 +29hand 59+ 14 h
after per os or i.v. administration, resp. The plasma clearance (CI) of ZCJ14is 2.0 mL h™' g,
which is higher than the CI of gefitinib (1.5 mL h™' g™)) in rats. The oral bioavailability (F)
of ZCJ14 in rats is 46.1 %, which is lower than that of gefitinib (59.3 %). The present phar-
macokinetic data can serve as a basis for preclinical study and may help the research and
development of appropriate dosage forms for clinical application of ZCJ14 under the condi-
tion of rational administration.

During the course of incurred sample reanalysis, the difference between reanalyzed
results and initial data of the same subject samples were within + 9.8 % (Table VII), which
is within the acceptance criterion (+ 20.0 %).

CONCLUSIONS

In this study, a fast, sensitive and specific LC-MS/MS method was established and
validated. Also, the quantification with a complete and detailed elaboration of a novel dia-
rylurea EGFR tyrosine kinase inhibitor (ZCJ14) in rat plasma was conducted for the first
time. The newly developed method was successfully applied to the pharmacokinetics and
bioavailability studies of ZCJ14 after p.o. or i.v. administration to SD rats. The results suggest
that this method is rapid, simple, sensitive and accurate, and may serve as a valuable tool
in further clinical research. The present study can shed some light on the preclinical
research of this novel anticancer agent and may help predict the pharmacokinetic para-
meters in the human body. Studies regarding tissue distribution, metabolism and excretion
are required to be done in the future.

Acknowledgements. — This study was financially supported by Grants from the Foundation of
Education Department of Hebei Province (Grant No. BJ2019060).

Supplementary material available upon request.

REFERENCES

1. N. Marcoux, S. N. Gettinger, G. O. Kane, K. C. Arbour, F. A. Shepherd, Z. Piotrowska and L. V. Seq-
uist, EGFR-mutant adenocarcinomas that transform to small-cell lung cancer and other neuroen-
docrine carcinomas: clinical outcomes, J. Clin. Oncol. 37 (2019) 278-285; https://doi.org/ 10.1200/
JCO.18.01585

2. M. M. Moasser, Targeting the function of the HER2 oncogene in human cancer therapeutics, Onco-
gene 26 (2007) 6577-6592; https://doi.org/10.1038/sj.onc.1210478

426



S.-J. Zuo et al.: Quantitative analysis and pharmacokinetic study of a novel diarylurea EGFR inhibitor (ZCJ14) in rat plasma using a
validated LC-MS/MS method, Acta Pharm. 71 (2021) 415-428.

3.

10.

11.

12.

13.

14.

15.

16.

C. Yewale, D. Baradia, . Vhora, S. Patil and A. Misra, Epidermal growth factor receptor targeting in
cancer: a review of trends and strategies, Biomaterials 34 (2013) 8690-8707; https://doi.org/10.1016/;.
biomaterials.2013.07.100

. T. Ishikawa, M. Seto, H. Banno, Y. Kawakita, M. Oorui, A. Nakayama, H. Miki, H. Kamiguchi, T.

Tanaka, N. Habuka, S. Sogabe, ]. Yano, K. Aertgeerts and K. Kamiyama, Design and synthesis of
novel human epidermal growth factor receptor 2 (HER2)/epidermal growth factor receptor (EGFR)
dual inhibitors bearing a pyrrolo[3,2-d]pyrimidine scaffold, J. Med. Chem. 54 (2011) 8030-8050;
https://doi.org/10.1021/jm2008634

. S. Kamath and J. K. Buolamwini, Targeting EGFR and HER-2 receptor tyrosine kinases for cancer

drug discovery and development, Med. Res. Rev. 26 (2006) 569-594; https://doi.org/10.1002/med.20070

. E. Avizienyte, R. A. Ward and A. P. Garner, Comparison of the EGFR resistance mutation profiles

generated by EGFR-targeted tyrosine kinase inhibitors and the impact of drug combinations,
Biochem. ]. 415 (2008) 197-206; https://doi.org/10.1042/BJ20080728

Y. B. Li, Z. Q. Wang, X. Yan, M. W. Chen, J. L. Bao, G. S. Wu, Z. M. Ge, D. M. Zhou, Y. T. Wang and
R. T. Li, IC-4, a new irreversible EGFR inhibitor, exhibits prominent anti-tumor and anti-angio-
genesis activities, Cancer Lett. 340 (2013) 88-96; https://doi.org/10.1016/j.canlet.2013.07.005

. L. V. Sequsit, J. C. Soria, ]. W. Goldman, H. A. Wakelee, S. M. Gadgeel, A. Varga, V. Papadimitrako-

poulou, B. J. Solomon, G. R. Oxnard, R. Dziadziuszko, D. L. Aisner, R. C. Doebele, C. Galasso, E. B.
Garon, R. S. Heist, J. Logan, J. W. Neal, M. A. Mendenhall, S. Nichols, Z. Piotrowska, A. J. Wozniak,
M. Raponi, C. A. Karlovich, S. Jaw-Tsai, J. Isaacson, D. Despain, S. L. Matheny, L. Rolfe, A. R. Allen
and D. R. Camidge, Rociletinib in EGFR-mutated non-small-cell lung cancer, New Engl. |. Med. 372
(2015) 1700-1709; https://doi.org/10.1056/NEJMoa1413654

. S. L. Greig, Osimertinib: First global approval, Drugs 76 (2016) 263-273; https://doi.org/10.1007/

540265-015-0533-4

K.S. Thress, C. P. Paweletz, E. Felip, B. C. Cho, D. Stetson, B. Dougherty, Z. W. Lai, A. Markovets, A.
Vivancos, Y. N. Kuang, D. Ercan, S. E. Matthews, M. Cantarini, J. C. Barrett, P. A. Janne and G. R.
Oxnard, Acquired EGFR C797S mutation mediates resistance to AZD9291 in non-small cell lung
cancer harboring EGFR T790M, Nat. Med. 21 (2015) 560-562; https://doi.org/ 10.1038/nm.3854

X.Zhang, F. Xu, L. Tong, T. Zhang, H. Xie, X. Lu, X. Ren and K. Ding, Design and synthesis of selec-
tive degraders of EGFRYSRT79M mutant, Eur. |. Med. Chem. 192 (2020) Article ID 112199; https://doi.
org/10.1016/j.ejmech.2020.112199

Y. Y. Xu, Y. Cao, H. Ma, H. Q. Li and G. Z. Ao, Design, synthesis and molecular docking of o, f-un-
saturated cyclohexanone analogous of curcumin as potent EGFR inhibitors with antiproliferative
activity, Bioorg. Med. Chem. 21 (2013) 388-394; https://doi.org/10.1016/j.bmc.2012.11.031

V.Nelson, J. Ziehr, M. Agulnik and M. Johnson, Afatinib: emerging next-generation tyrosine kinase
inhibitor for NSCLC, Onco Target. Ther. 6 (2013) 135-143; https://doi.org/10.2147/OTT.S23165

B. R. Kang, A. L. Shan, Y. P. Li, J. Xu, S. M. Lu and S. Q. Zhang, Discovery of 2-aryl-8-hydroxy (or
methoxy)-isoquinolin-1(2H)-ones as novel EGFR inhibitor by scaffold hopping, Bioorg. Med. Chem.
21 (2013) 6956—6964; https://doi.org/10.1016/j.bmc.2013.09.027

M. R. V. Finlay, M. Anderton, S. Ashton, P. Ballard, P. A. Bethel, M. R. Box, R. H. Bradbury, S. J.
Brown, S. Butterworth, A. Campbell, C. Chorley, N. D. Colclough, A. E. Cross, G. S. Currie, M. Grist,
L. Hassall, G. B. Hill, D. James, P. Kemmitt, T. Klinowska, G. Lamont, S. G. Lamont, N. Martin, H. L.
McFarland, M. J. Mellor, J. P. Orme, D. Perkins, P. Perkins, G. Richmond, P. Smith, R. A. Ward, W. J.
Waring, D. Whittaker, S. Wells and G. L. Wrigley, Discovery of a potent and selective EGFR inhibi-
tor (AZD9291) of both sensitizing and T790M resistance mutations that spares the wild type form
of the receptor, |. Med. Chem. 57 (2014) 8249-8267; https://doi.org/10.1021/jm500973a

Y. M. Zhang, M. D. Tortorella, . X. Liao, X. C. Qin, T. T. Chen, J. F. Luo, J. T. Guan, J. ]. Talley and Z.
C. Tu, Synthesis and evaluation of novel Erlotinib-NSAID conjugates as more comprehensive anti-
cancer agents, ACS Med. Chem. Lett. 6 (2015) 1086-1090; https://doi.org/10.1021/acsmedchemlett.5b00286

427



S.-J. Zuo et al.: Quantitative analysis and pharmacokinetic study of a novel diarylurea EGFR inhibitor (ZCJ14) in rat plasma using a
validated LC-MS/MS method, Acta Pharm. 71 (2021) 415-428.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

428

K. M. Amin, F. F. Barsoum, F. M. Awadallah and N. E. Mohamed, Identification of new potent
phthalazine derivatives with VEGFR-2 and EGFR kinase inhibitory activity, Eur. ]. Med. Chem. 123
(2016) 191-201; https://doi.org/10.1016/j.ejmech.2016.07.049

H. Zhang, J. Wang, Y. Shen, H. Y. Wang, W. M. Duan, H. Y. Zhao, Y. Y. Hei, M. H. Xin, Y. X. Cao and
S. Q. Zhang, Discovery of 2,4,6-trisubstituted pyrido[3,4-d]pyrimidine derivatives as new EGFR-
TKIs, Eur. . Med. Chem. 148 (2018) 221-237; https://doi.org/10.1016/j.ejmech.2018.02.051

S.]. Zuo, S. Zhang, S. Mao, X. X. Xie, X. Xiao, M. H. Xin, W. Xuan, Y. Y. He, Y. X. Cao and S. Q. Zhang,
Combination of 4-anilinoquinazoline, arylurea and tertiary amine moiety to discover novel anti-
cancer agents, Bioorg. Med. Chem. 24 (2016) 179-190; https://doi.org/10.1016/j.bmc.2015.12.001

E.R. Lepper, S. M. Swain, A. R. Tan, W. D. Figg and A. Sparreboom, Liquid chromatographic deter-
mination of Erlotinib (OSI-774), an epidermal growth factor receptor tyrosine kinase inhibitor,
J. Chromatogr. B 796 (2003) 181-188; https://doi.org/10.1016/j.jchromb.2003.08.015

A.R. Masters, C. J. Sweeney and D. R. Jones, The quantification of Erlotinib (OSI-774) and OSI-420
in human plasma by liquid chromatography-tandem mass spectrometry, |. Chromatogr. B 848 (2007)
379-383; https://doi.org/10.1016/j.jchromb.2006.10.046

L.Z.Wang, M. Y. Lim, T. M. Chin, W. L. Thuya, P. L. Nye, A. Wong, S. Y. Chan, B. C. Goh and P. C.
Ho, Rapid determination of gefitinib and its main metabolite, O-desmethyl gefitinib in human
plasma using liquid chromatography-tandem mass spectrometry, J. Chromatogr. B 879 (2011) 2155—
2161; https://doi.org/10.1016/j.jchromb.2011.05.056

M. Zhao, C. Hartke, A. Jimeno, J. Li, P. He, Y. Zabelina, M. Hidalgo and S. D. Baker, Specific method
for determination of gefitinib in human plasma, mouse plasma and tissues using high performance
liquid chromatography coupled to tandem mass spectrometry, . Chromatogr. B 819 (2005) 73-80;
https://doi.org/10.1016/j.jchromb.2005.01.027

U.S. Food and Drug Administration, Bioanalytical Method Validation Guidance for Industry, US Depart-
ment of Health and Human Services, FDA, Center for Drug Evaluation and Research (CDER), Silver
Spring (MD) USA, 2018; https://www.fda.gov/media/70858/download; last access date June 1, 2020.

Y. Zhang, M. R. Huo, J. P. Zhou, S. F. Xie and P. K. Solver, An add-in program for pharmacokinetic
and pharmacodynamic data analysis in Microsoft Excel, Comput. Meth. Prog. Bio. 99 (2010) 306-314;
https://doi.org/10.1016/j.cmpb.2010.01.007

B.Ma, Q. Zhang, G.]J. Wang, Z. M. Wu, J. P. Shaw, Y. Y. Hu, Y. B. Wang, Y. T. Zheng, Z. D. Yang and
H. J. Ying, Synthesis and pharmacokinetics of strontium fructose 1,6-diphosphate (Sr-FDP) as a
potential antiosteoporosis agent in intact and ovariectomized rats, J. Inorg. Biochem. 105 (2011) 563—
568; https://doi.org/10.1016/j.jinorgbio.2011.01.001

W.Jiang, ].]. Yang, L. Cao, X. Xiao, X. L. Shi and Y. X. Cao, Modifications of the method for calculat-
ing absolute drug bioavailability, J. Pharm. Pharm. Sci. 19 (2016) 181-187; https://doi.org/10.18433/
J3RG78

N. R. Srinivas, Double or multiple/secondary peaks in pharmacokinetics: considerations and chal-
lenges from a bio-analytical perspective, Biomed. Chromatogr. 26 (2012) 407-408; https://doi.
org/10.1002/bmc.2680

J. B. Johnston, S. Navaratnam, M. W. Pitz, ]. M. Maniate, E. Wiechec, H. Baust, J. Gingerich, G. P.
Skliris, L. C. Murphy and M. Los, Targeting the EGFR pathway for cancer therapy, Curr. Med. Chem.
13 (2006) 3483-3492; https://doi.org/10.2174/092986706779026174

D. Mckillop, E. A. Partridge, M. Hutchison, S. A. Rhead, A. C. Parry, ]. Bardsley, H. M. Woodman

and H. C. Swaisland, Pharmacokinetics of gefitinib, an epidermal growth factor receptor tyrosine
kinaseinhibitor, inratand dog, Xenobiotica34(2004) 901-915; https://doi.org/10.1080/00498250400009189



