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Abstract: Objectives: The aim of this study was to establish an ultra-performance liquid chromatography-tandem
mass spectrometry (UPLC-MS/MS) method for the detection of osimertinib in rat plasma, lung and brain tissues.
Methods: Forty-eight rats were randomly divided into an experimental group (receiving osimertinib at doses of 5, 8,
and 10 mg/kg) and a control group. After continuous intragastric administration for 15 days, samples of blood, lung,
and brain tissue were collected. Chromatographic separation was achieved using a BEH C18 column with gradient
elution, employing a mobile phase of water (containing 0.1% (v/v) formic acid) and acetonitrile. The concentration of
osimertinib in the samples was determined using an AB SCIEX 5500 triple quadrupole mass spectrometer operated
in positive electrospray ionization (ESI+) and multiple reaction monitoring (MRM) mode. Results: A UPLC-MS/MS
analytical method for determining osimertinib concentrations was successfully established and validated. A linear
relationship was observed for osimertinib concentrations in plasma within the range of 1-300 ng/mL, and in lung
and brain tissues within the range of 0.5-50 ng/mL. The selectivity, accuracy, precision, matrix effect, extraction
recovery, and stability all meet the requirements of methodological validation criteria. Conclusions: A rapid and sen-
sitive UPLC-MS/MS method was developed and validated for quantifying osimertinib concentrations in rat plasma,

lung, and brain tissues, providing a valuable tool for pharmacokinetic and tissue distribution studies.
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Introduction

According to the World Health Organization,
lung cancer has emerged as the leading cause
of cancer-related deaths in recent years, both
in China [1, 2] and globally [3]. Clinically, lung
cancer is categorized into small-cell lung can-
cer (SCLC) and non-small cell lung cancer
(NSCLC) [4, 5]. NSCLC accounts for approxi-
mately 85% of all lung cancer cases, with near-
ly 75% of patients diagnosed at the middle or
late stages of the disease [6, 7]. Among these
cases, 11%-60% of NSCLC patients harbor
mutations in the human epidermal growth fac-
tor receptor (EGFR) gene [8, 9]. EGFR-tyrosine
kinase inhibitors (EGFR-TKIs) are the current
first-line standard treatment for advanced-
stage NSCLC patients with EGFR mutations
[10-12].

Osimertinib, a third-generation EGFR-TKI, has
demonstrated potent inhibitory effects and
central nervous system (CNS) therapeutic activ-
ity against EGFR mutations, including T790M,
Ex19del, and L858R [13-15]. Due to its rela-
tively small molecular weight and excellent lipid
solubility, osimertinib can effectively cross the
blood-brain barrier, enabling control of NSCLC
brain metastases in patients with EGFR-posi-
tive mutations [13, 16]. In 2020, osimertinib
was endorsed by both the National Com-
prehensive Cancer Network (NCCN) and the
Chinese Society of Clinical Oncology (CSCO)
guidelines as a first-line treatment for patients
with advanced EGFR-mutant NSCLC [17, 18].

Currently, the primary methods for determining
the concentration of EGFR-TKIs in samples
include high-performance liquid chromatogra-
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phy (HPLC), HPLC-tandem mass spectrome-
try (HPLC-MS/MS), ultra-performance liquid
chromatography-tandem mass spectrometry
(UPLC-MS/MS), and other quantitative analyti-
cal techniques [19, 20]. Both HPLC and HPLC-
MS/MS are commonly employed to measure
the concentrations of osimertinib and its
metabolites in plasma or tissue samples [21-
23]. However, these methods are time-inten-
sive, involve complex sample preparation pro-
cedures, and require relatively large sample
volumes (100 L), which limits their utility in
pharmacokinetic studies [23]. In contrast,
UPLC-MS/MS has been successfully applied to
measure osimertinib concentrations in blood
with improved efficiency [24-26]. Despite this,
most quantitative studies of EGFR-TKIs have
primarily focused on plasma samples [27, 28],
with limited research addressing the simulta-
neous quantification of drug concentrations in
both plasma and tissues [29].

In this study, we successfully developed and
validated a UPLC-MS/MS assay for the simulta-
neous quantification of osimertinib in rat plas-
ma, lung tissue, and brain tissue. Additionally,
this method was effectively applied to investi-
gate the pharmacokinetics of osimertinib in
rats.

Materials and methods
Instrumentation

All experiments were conducted using the fol-
lowing equipment: an AB 5500 Triple Qua-
drupole Liquid Chromatograph-Mass Spect-
rometer (SCIEX Co., Ltd., Framingham, MA,
USA); a TG16-WS Centrifuge (Changsha Xiangyi
Centrifugal Instrument Co., Ltd., Changsha,
China); an MS105 Micro Analytical Balance
(Mettler Toledo Technology Co., Ltd., Shenzhen,
China); a MIX-3000 Homogenizer (Hangzhou
Mio Instrument Co., Ltd., Hangzhou, China); and
a TJG-25 High-Throughput Ball Milling Ins-
trument (Tianjin Dongfang Tiangyin Science
and Technology Co., Ltd., Tianjin, China).

Drugs and reagents

Osimertinib mesylate standard (purity: 82.0%)
and glimepiride (purity: 99.7%) were procured
from the China Academy of Food and Drug
Control. Osimertinib (batch no.: 2108506) was
obtained from AstraZeneca Pharmaceutical
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Co., Ltd., London, United Kingdom. Methanol
and acetonitrile (both of chromatographic
grade) were supplied by Aladdin Reagent
(Shanghai) Ltd., Shanghai, China. The 0.9%
sodium chloride injection (250 mL) and 5% dex-
trose injection (250 mL) were purchased from
Shijiazhuang Four Drugs Co., Ltd., Shijiazhuang,
China.

Animals

Male Sprague-Dawley rats (n = 48, weight: 200
+ 20 g) were obtained from Stanford (Beijing)
Biotechnology Co., Ltd. (Beijing, China; Animal
Production License Number: SCXK (Beijing)
2019-0010). No other drugs were administer-
ed prior to the experiment, and the animals
were acclimated for one week before testing.
Prior to the experiment, the rats were fasted for
12 hours, with access to water but no food.
During the testing period, the animals were
kept in a quiet room under controlled condi-
tions of temperature (15°C-25°C) and humidity
(55%-65%). Outside of testing, they had free
access to food and water. This study was
approved by the Animal Centre of the Fourth
Hospital of Hebei Medical University (Approval
Number: 2023097).

Chromatographic conditions

A BEH C,, column (50 mm x 2.1 mm, 1.7 ym)
was used for the analysis. The mobile phase
consisted of 0.1% (v/v) formic acid aqueous
solution (A) and acetonitrile (B), applied with a
gradient elution as follows: 0.01-1.5 min, 20%-
80% B; 1.5-4 min, 80% B; 4-4.1 min, 20%-80%
B; 4.1-5 min, 20% B. The column temperature
was maintained at 40°C, with a flow rate of 0.3
mL/min and an injection volume of 1 pL.

MS conditions

Electrospray ionization was conducted under
the following conditions: positive ion mode
with multiple reaction monitoring (MRM). The
parameters were as follows: source voltage,
5,500 V; source temperature, 500°C; collision
energy, 65 V; de-clustering voltage, 163 V; en-
trance voltage, 11 V; exit voltage, 15 V; nebuliz-
ing gas pressure, 55 psi; and heating assist
gas pressure, 55 psi. The monitored transitions
were osimertinib at m/z 500.2 — 72.1 and
glimepiride at m/z 491.2 — 352.0.
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Solution preparation

Preparation of standard solutions, calibration
samples, and quality control (QC) samples: Osi-
mertinib control product (3.07 mg) was accu-
rately weighed, and an osimertinib reserve so-
lution was prepared in 50% methanol at a con-
centration of 0.5 mg/mL. The stock solution
was then accurately measured, and standard
curve samples for rat plasma were prepared by
diluting the stock solution to final concentra-
tions of 1, 3, 10, 30, 50, 100, and 300 ng/mL.
QC samples were prepared at concentrations
of 1, 3, 30, and 240 ng/mL using the same
method. Additionally, concentration gradient
standard curve samples for brain and lung tis-
sues were prepared at 0.5, 1, 3, 5, 10, 30, and
50 ng/mL, and QC samples were prepared at
concentrations of 0.5, 1, 5, and 40 ng/mL.

Osimertinib solution: The osimertinib tablets
were ground into fine powder. A measured
amount of the powder was then weighed, dis-
solved in distilled water, vortexed, and mixed.
The solution was subjected to ultrasonication
until it was completely dispersed and transpar-
ent. Finally, the prepared solution was adminis-
tered to the rats via gavage.

Internal standard solutions: Glimepiride (8.23
mg) was accurately weighed and dissolved in
50% (v/v) methanol to prepare a 1 mg/mL
stock solution, which was then stored at -80°C.
For concentration measurement, the stock
solution was diluted with 50% (v/v) methanol to
a final concentration of 100 ng/mL.

Sample handling methods

Rat plasma samples were retrieved from -80°C
storage, thawed, and mixed at room tempera-
ture by vortexing. The samples were prepared
using the methanol protein precipitation meth-
od. To each 1.5 mL plastic centrifuge tube, 20
uL of plasma sample was added, followed by
20 pL of internal standard solution (100 ng/mL
glimepiride) and 100 pL of methanol. After vor-
tex mixing (2,000 rpm for 2 min) and centrifuga-
tion (11,000 rpm for 5 min), the supernatant
(30 yL) was collected. This supernatant was
then diluted with 270 L of 50% methanol, vor-
texed (2,000 rpm for 2 min), and analyzed by
injection into a chromatography column. The
data and chromatograms were recorded.
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Brain and lung tissues were retrieved from the
-80°C freezer, thawed at room temperature,
and weighed. They were then supplemented
with water at a 1:3 ratio and homogenized
using a ball mill. The tissue samples were pro-
cessed in the same manner as the plasma
samples.

Selectivity: For plasma samples, selectivity was
assessed by comparing the peak areas of six
blank plasma samples, plasma samples from
different rats treated with 1 ng/mL osimertinib,
and plasma samples from rats administered
osimertinib via gavage. This comparison aimed
to determine whether any endogenous plasma
components interfered with the detection of
osimertinib.

For lung and brain tissues, selectivity was eval-
uated by comparing the peak areas of six blank
tissue samples from different rats, tissue sam-
ples from rats treated with 0.5 ng/mL osimer-
tinib, and tissue samples from rats adminis-
tered osimertinib via gavage. This comparison
helped identify whether any endogenous com-
ponents in the lung and brain tissues interfered
with the detection of osimertinib.

Residual effects: A standard curve and the QC
plasma sample handling method, as described
above, were used in this analysis. After in-
jecting a plasma sample at the upper limit of
quantification on the standard curve, a blank
sample was also injected. The ratio of the
peak area of osimertinib in the blank sample to
that of the sample at the lower limit of quantifi-
cation was calculated to assess the residual
concentrations.

Standard curve and linear range: To generate a
gradient standard curve, blank plasma was
used to create seven serial 3-fold dilutions,
ranging from 1 to 300 ng/mL. The samples
were then injected into a chromatography col-
umn for analysis, and the peak areas were
recorded. The concentration of osimertinib (on
the x-axis) and the peak area ratios (on the
y-axis) were weighted (1/X?) using the least
squares method for regression analysis, allow-
ing the determination of the regression equa-
tion.

Accuracy and precision: Blank plasma was
used to prepare osimertinib QC samples at dif-
ferent concentrations (1, 3, 30, and 240 ng/
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mL) by diluting the working solution. Six parallel
replicates of each QC concentration were pre-
pared following the sample processing method
described above, and the solutions were then
injected into the chromatography column.
Three consecutive analytical batches were ana-
lyzed to evaluate both intra-batch and inter-
batch precision.

Matrix effects: Six blank rat plasma samples
from different sources were used to prepare
osimertinib QC samples at concentrations of
3 and 240 ng/mL, with six replicates prepared
for each concentration. The peak areas of
osimertinib (a) and glimepiride (b) were record-
ed following the sample processing method.
Water was used to replace plasma, and the
peak areas of osimertinib (A) and glimepiride
(B) were recorded in the same manner. The
matrix effect for both the substance to be
measured and the internal standard was calcu-
lated by determining the ratio of the peak
area in the presence of the matrix to the corre-
sponding peak area without the matrix (a/A or
b/B, respectively).

Extraction recovery: QC samples were pre-
pared at three concentrations (3, 30, and 240
ng/mL), with six replicates of each concentra-
tion prepared in parallel, following the sample
processing methods described previously.
Additionally, a blank plasma sample was ob-
tained from rats, and after protein precipita-
tion, the supernatant was collected. The con-
trol QC solution of the substance to be mea-
sured and the internal standard solution were
added to the supernatant. Six samples of each
concentration were prepared in parallel and
analyzed by UPLC-MS/MS.

Stability studies: Osimertinib QC samples were
prepared at low and high concentrations (3
and 240 ng/mL, respectively) according to the
standard blood sampling method previously
described (six samples per QC concentration).
The stability of osimertinib in simulated plasma
samples was then evaluated under various
conditions: at room temperature for 6 hours, in
plasma samples stored at -80°C for 30 days,
and after four freeze-thaw cycles. The con-
centration of the QC samples was analyzed
according to the standard curve on the same
day. The measured concentrations were re-
quired to be within £+ 15% of the labeled con-
centration for relative error (RE), and the rela-
tive standard deviation (RSD) should be < 15%.
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Dilution test: The drug concentration in lung tis-
sues obtained from rats in the osimertinib
group was within or above the assay range. To
accurately measure the drug concentration in
lung tissues, dilution experiments were per-
formed using blank lung tissue. Specifically, the
upper limit of quantification for the concentra-
tion in the samples was assessed by diluting
the samples at a 3:5 ratio with lung tissue
from blank rats (n = 6). If the RSD is < 15%, the
reliability of the dilution method is confirmed,
ensuring that the dilutions used for the sam-
ples provide acceptable accuracy.

Pharmacokinetic studies

The Sprague-Dawley rats were randomly divid-
ed into a control group and an experimental
group (5, 8, and 10 mg/kg) with 12 rats per
group. The control and experimental groups
were gavaged with distilled water and osimer-
tinib (5, 8, and 10 mg/kg), respectively, once
daily for 16 days. Blood samples (approximately
0.4 mL) were collected from the orbital region
of the rats into ethylenediamine tetraacetic
acid (EDTA) anticoagulant tubes at 0.5, 2, 4, 8,
12, and 24 hours following oral administration
of osimertinib on days 1 and 15. At the end of
the experiment, plasma samples, along with
lung and brain tissues, were simultaneously
collected. The rats were euthanized by intra-
peritoneal injection of 150 mg/kg pentobarbi-
tal sodium. Plasma was centrifuged at 3,000
rpm for 10 minutes at 4°C, and the superna-
tant was collected and stored at -80°C, along
with the lung and brain tissues.

Results
Selectivity

Following UPLC-MS/MS analysis of osimertinib
and glimepiride in plasma and tissues, the
retention time was approximately 1.60 and
2.35 minutes, respectively (Figure 1). The re-
sults indicated that impurity components in the
blood, lung, and brain tissue samples did not
interfere with the detection of osimertinib.

Residual effects

A blank sample was injected after plasma sam-
ples at the upper limit of quantification of the
standard curve (300 ng/mL). No residue of
osimertinib was observed in the blank sample,
and the ratio of the peak area of the internal
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Figure 1. Typical chromatograms of osimertinib (left) and glimepiride (right). (A) Blank plasma and (B) blank plasma plus osimertinib 1 ng/mL and glimepiride 100
ng/Ml. (C) Plasma of the experimental group treated with 5 mg/kg gavage. (D) Blank lung tissue. (E) Blank lung tissue plus osimertinib 0.5 ng/mL and glimepiride
100 ng/mL. (F) Lung tissue of the experimental group treated with 5 mg/kg gavage. (G) Blank brain tissue. (H) Blank brain tissue plus osimertinib 0.5 ng/mL and
glimepiride 100 ng/mL. (I) Brain tissue of the experimental group treated with 5 mg/kg gavage.
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Table 1. Calibration range, typical calibration curve linear regression equation, and correlation coef-

ficient (R?) of osimertinib

Drug Specimen Linear range (ng/mL) Standard curve Correlation coefficient
Osimertinib Blood 1-300 Y = 0.0297X+0.00192 0.9960
Lungs, brain 0.5-50 Y = 0.696X-0.00114 0.9978

Table 2. Precision and accuracy of osimertinib in rat plasma

were calculated using six blank

(n=16) rat plasma samples obtained

Batch Precision (RSD%) Accuracy (RE%) from dlf_feren'F sour.cgs after treat-

Within a batch (except LLOQ) 5.90-12.30 7.35--5.43 me':‘t with Oi'mf”'“'bgat '0(;“’ ;28

Within a batch (LLOQ) 9.16-12.10 9.42-2.63 igh concentrations (3 an

B batch LLO 6.19-11.90 456139 ng/mL). These results are shown
etween batches (except LLOQ) B TR in Table 3. The preset criteria

Between batches (LLOQ) 11.40 -3.38

were met. The experimental re-

LLOQ, lower limit of quantification; RE, relative error; RSD, relative standard

deviation.

standard was 0.03%. These findings indicated
that the residual effect did not impact the pre-
cision or accuracy of the assay.

Standard curves

The concentration of osimertinib (X) and the
ratio of the peak area of osimertinib to the area
of the internal standard, glimepiride (Y), were
used as the horizontal and vertical coordinat-
es, respectively. Linear regression was per-
formed using the weighted least squares meth-
od (1/X?) to obtain the regression equations for
the standard curve of osimertinib (Table 1). The
acceptance criteria were as follows: at least
six of the concentrations had a RE < 15%, and
at least one of the lower or upper limits of quan-
tification met the specified requirements.

Precision and accuracy

The lower limit of quantification (1 ng/mL) and
the RSD of precision within and between batch-
es for low (3 ng/mL), medium (30 ng/mL), and
high (240 ng/mL) QC samples of osimertinib
were < 15%. The RE of accuracy within and
between batches was < 10%. The results dem-
onstrated that the established UPLC-MS/MS
method had good accuracy and high precision,
meeting the requirements for method develop-
ment and application. The specific results are
shown in Table 2.

Matrix effects
The specific results for the peak area ratio of

the QC samples and the internal standard,
along with the osimertinib matrix effect factor,
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sults indicated that the matrix
effect of osimertinib sample pre-
treatment in the rat plasma matrix
complied with the pharmacopeial analytical
method requirements.

Extraction recovery

The results of the extraction recoveries (Table
4) indicated that the average recoveries were
92.9% for osimertinib and 87.9% for glimepiri-
de. These data demonstrate that the recover-
ies of the analytes using this method are high
and stable, confirming the reliability of the ana-
lytical method.

Stability

The results of the osimertinib stability analysis
are shown in Table 5. The precision of the
samples was < 15%, and the deviation of the
average measured value from the theoretical
value was < = 15%. These findings indicate
that osimertinib remains stable in the short
term, long term, and after multiple freeze-thaw
cycles.

Titrations

The precision and accuracy were not affected
by diluting the lung tissue samples at a 3:5
ratio in blank rat lung tissue, with an RSD of
7.34% and an RE of 2.52%. These findings con-
firm that the dilution method was reliable, and
the dilutions used for the samples provided an
acceptable level of accuracy.

Measurement of osimertinib concentrations
in rats

We established and validated a UPLC-MS/MS
method to determine the concentration of

Am J Transl Res 2024;16(12):8008-8022
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Table 3. Matrix effect of osimertinib in rat plasma (n = 6)
Matrix effect %

LQC (3 ng/mL) HQC (240 ng/mL)

Peak area ratio mean value of the substance to be measured 92.30 96.40
Mean internal standard peak area ratio 104.00 107.00
Mean values of internal standard normalized matrix effectors 90.40 87.30
HQC, high-quality control; LQC, low-quality control.
Table 4. Recovery for osimertinib in rat samples (n = 6)

. Peak area after extraction Unextracted peak area Glimepiride
Extraction recovery rate - Undrawn

LQC MQC HQC LQC MQC HQC Post-extraction

Mean 4853 50967 355333 5802 50667 376667 58300 66322
SD 678 7369 44433 653 1861 21888 2291 9807
RSD (%) 14.00 1450 1250 11.30 3.70 5.80 3.93 14.80
Average recovery rate (%) 83.70 101.00 94.30 NA 87.90 NA
Overall recovery rate (%) 92.90 NA NA
Overall variation CV (%) 10.30 NA NA

CV, coefficient of variation; HQC, high-quality control; LQC, low-quality control; MQC, medium-quality control; NA, not applicable;

RSD, relative standard deviation; SD, standard deviation.

Table 5. Stability of osimertinib (n = 6)

e LQC (3 ng/mL) HQC (240 ng/mL)
Prerequisite
RSD% RE% Mean RSD% RE% Mean
Plasma placed for 6 h 25°C 2.76 12.40 -7.89 237.00 9.28 -1.12
Plasma placed for 30 days -80°C 291 10.30 -2.73 253.00 6.77 5.63
Plasma freeze-thaw cycle (x4) -80°C 2.97 491 -1.12 264.00 4.53 10.30

HQC, high-quality control; LQC, low-quality control; RE, relative error; RSD, relative standard deviation.
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Figure 2. Plasma mean drug-time curves of 5 and 8 mg/kg experimental groups. A: 5 mg/kg. B: 8 mg/kg.

osimertinib in rats, using glimepiride as the
internal standard. The blood concentration-
time curves of osimertinib in the 5 and 8 mg/
kg experimental groups are shown in Figure 2,
while the curve for the 10 mg/kg experimental
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group is shown in Figure 3. In rat No. 2 of the 8
mg/kg group, parenchymal brain hemorrhage
was observed, and its blood concentration-
time curve is shown in Figure 4. Additionally, we
determined the concentration of osimertinib in
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Figure 3. Plasma mean drug-time curve of the 10
mg/kg experimental group.

the lung and brain tissues of rats using the
same UPLC-MS/MS method (Figure 5), and the
concentrations of osimertinib in these tissues
are presented below. Figures 2 and 3 demon-
strate that the median time to reach the high-
est blood concentration of osimertinib was 3.3
h on day 15 across the three administered
doses (5 mg/kg, 8 mg/kg, and 10 mg/kg).
Figure 4 shows that the cerebral hemorrhage
did not affect the time to reach the peak con-
centration of osimertinib. As shown in Figures
2-5, the concentrations varied significantly in
plasma, lung tissue, and brain tissue, with the
highest concentrations in lung tissue, followed
by plasma, and the lowest concentrations in
brain tissue.

Pharmacokinetic studies

Pharmacokinetic analysis was performed using
Phoenix WinNonlin 6.4 (Certara, Princeton, NJ,
USA). The relevant pharmacokinetic parame-
ters (Table 6) were analyzed for the different
administered doses (5, 8, and 10 mg/kg). The
time kurtosis ratios R (R =di5C_/d1

cmax cmax max’

Cmax) were 1.77, 1.65, and 1.70, respectively.
These results indicate a certain degree of drug
accumulation in the rats from the experimental
groups. Dose-response curves were plotted
using the log-transformed values of the admin-
istered dose (X) and Cmax (Y) as the x- and
y-axes, respectively. For the D1 dose-response
curve, the equation was Y = 35.31X-18.33, and
for the d15 dose-response curve, it was Y =
58.11X-29.55. The slopes of these curves
were greater than 1, suggesting that osimer-
tinib concentrations increase in a dose-depen-
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Figure 4. Plasma drug-time curve of a rat with cere-
bral hemorrhage.

dent and proportional manner when adminis-
tered at doses of 5-10 mg/kg.

Discussion

In this study, we optimized a UPLC-MS/MS
method for determining osimertinib concentra-
tions in plasma, lung, and brain tissues. During
the preliminary stage, we investigated the
effects of different elution gradients and mo-
bile phase additives on the peak shapes, reten-
tion times, and response values of osimertinib
and glimepiride. The optimized method provid-
ed faster chromatographic analyses while
ensuring good separation by adding 0.1% (v/v)
formic acid to the mobile phase. In optimizing
the MS conditions, we found that osimertinib
exhibited a higher response in the positive ion
mode, with the monitoring ion pair determined
as m/z: 500.2 — 72.1. Additionally, we select-
ed a protein precipitation method for sample
pretreatment. Methanol was chosen as the
protein precipitation agent due to its simplicity,
speed, cost-effectiveness, and minimal envi-
ronmental impact [30]. This method provided
an efficient, sensitive, and accurate approach
for the quantitative analysis of osimertinib. Fur-
thermore, the optimized method was success-
fully applied to a pharmacokinetic study of
drug-drug interactions following oral adminis-
tration of osimertinib in rats.

The rats in the experimental groups exhibited
significant individual variability after drug ad-
ministration. Additionally, more severe adverse
reactions were observed, with the measured
drug concentrations being lower in these rats.
This led to considerable differences in drug
concentrations across biological samples [31].
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Figure 5. Concentrations of osimertinib in the lungs and brain. A: lung concentration. B: Brain concentration.

The concentration of osimertinib in rat plasma
in our study was lower than that reported in
other studies. For instance, Xiong et al. [23]
reported a C__ of approximately 20 ng/mL for
osimertinib in rats at a dose of 4.5 mg/kg,
while Ying et al. [19] observed a C__ of about
300 ng/mL at a dose of 10 mg/kg. One possi-
ble explanation for this discrepancy is that the
rats experienced gastrointestinal side effects,
such as vomiting and diarrhea, due to the anes-
thesia used during the experiment [32]. In our
study, chloral hydrate was employed as the
anesthetic. This agent is known to be corrosive
to the skin and mucous membranes and can
significantly impact the gastrointestinal tract,
which likely reduced drug absorption and con-
tributed to the lower-than-expected concentra-
tion. Additionally, individual variations among
the animals could also have influenced the con-
centration of the drug in their bodies [33].

In line with the study by Dong et al. [24], we
found that rats could tolerate the usual dose of
osimertinib (4.5-10 mg/kg). Based on this, we
selected doses of 5, 8, and 10 mg/kg for our
study. Additionally, gastrointestinal absorption
of osimertinib appears to be relatively com-
plete and stable within the 5-10 mg/kg dose
range. This suggests that the proportion of
the administered dose that reaches systemic
circulation (bioavailability) does not change
significantly as the dose increases [34].
Moreover, the metabolic and clearance path-
ways for osimertinib likely remain unaffected
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and unsaturated within this dose range [35],
resulting in consistent elimination rate con-

stants (t, ,) across doses.

It is possible that osimertinib distribution in
lung and brain tissue may not directly reflect
the dose-proportional kinetics observed in the
systemic circulation [36]. At the doses tested
(5-10 mg/kg), distribution mechanisms in lung
and brain tissue may become saturated, lead-
ing to a plateau or a non-linear relationship
between the administered dose and tissue
concentrations. Furthermore, tissue concen-
trations in this study were assessed after 15
days of continuous dosing. The absence of a
dose-dependent trend may be related to the
specific time point chosen for sample collec-
tion, and differences in concentrations may
occur at earlier or later stages of the treatment
course [37]. Consequently, future studies sh-
ould consider investigating the time course of
osimertinib concentrations in lung and brain
tissue, potentially incorporating additional do-
se levels and sampling time points.

After dosing, the rats experienced severe gas-
trointestinal reactions such as nausea, vomit-
ing, and diarrhea on day 1. However, by day 15,
the rats no longer exhibited any gastrointesti-
nal symptoms, leading to differences in peak
times between day 1 and day 15. The peak
time on day 15 was more reliable, with a medi-
an peak time of 3.3 hours across the different
doses. A comparison of plasma, lung tissue,
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Table 6. Pharmacokinetic parameters of osimertinib treatment groups in plasma from rats

5 mg/kg group 8 mg/kg group 10 mg/kg group

PK parameters

Day 1 Day 15 Day 1 Day 15 Day 1 Day 15
T (N) 2.16 £ 0.57 459 +3.74 7.70 £ 6.60 210+ 1.17 2.25+235 416 +1.33
C, . (ng/mL) 6.38+1.61 11.30 £ 3.08 13.48 + 8.79 22.21+9.79 17.04 + 5.91 29.05 + 24.95
Lambda_z (1/h) 0.13 +0.03 0.11 + 0.06 0.09 £ 0.04 0.15 + 0.03 0.11 £ 0.05 0.19 + 0.02
HL-lambda-z (h) 5.79+1.90 8.08 £5.43 9.88 +5.62 4.85 +1.32 10.55 + 11.92 3.69+0.51
AUClast (h* ng/mL) 53.27 + 17.57 138.86 + 33.75 154.00 + 82.10 154.26 + 69.10 150.30 + 31.59 325.92 + 119.59
AUCINF_obs (h* ng/mL) 61.91 + 13.78 166.65 + 44.26 130.08 + 34.04 178.61 + 73.12 201.80 +99.18 289.06 £ 213.19

Vz_F_obs (mL/kg)
CI_F_obs (mL/h/kg)
MRTINF_obs ()

706272.70 + 273938.6
85203.27 + 22638.54
8.96 + 2.39

333970.80 + 174740.10
32430.84 + 10903.24
13.56 + 7.55

973791.20 + 721293.20
64897.77 + 15827.57
14.98 + 7.87

337653.50 + 88018.61
51841.99 + 20837.96
7.50 + 2.64

604263.10 + 406889.40
54110.48 + 31456.86
15.39 + 16.31

240891.46 + 103649.62
45827.84 + 19590.57
7.43 +0.94
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and brain tissue concentrations at various
doses revealed a broad distribution of osimer-
tinib, with the highest concentrations observed
in lung tissue. This supports the notion that
osimertinib is particularly effective in treating
EGFR-mutated non-small-cell lung cancer com-
pared to other solid tumors. Previous studies
have indicated that osimertinib, a third-genera-
tion EGFR-TKI, has enhanced efficacy over first-
and second-generation EGFR inhibitors [38].
However, this increased efficacy is accompa-
nied by a notable rise in the incidence of
adverse drug reactions (ADRs). ADRs can occur
within a range of 2 days to 1 year following
drug administration, with most adverse reac-
tions happening between 1 week and 1 month
after treatment initiation [39]. These reactions
can affect multiple systems, including the
respiratory, digestive, blood, cardiovascular,
urinary, skin, and ocular systems, with approxi-
mately 65% of ADRs involving the respiratory
and digestive systems [40]. Notably, there
have been reports of patients experiencing
respiratory-related adverse reactions, and in
some cases, the discontinuation of osimertinib
has led to rapid cancer progression and patient
death [41, 42]. In this study, we observed that
some rats exhibited significantly higher drug
concentrations in the lungs or brain compared
to others and displayed signs of irritability. One
rat in the 8 mg/kg experimental group devel-
oped parenchymal hemorrhage, and its blood
concentration of osimertinib was higher than
that of the other rats in the same group. It has
been reported that osimertinib can cause neu-
rotoxic adverse reactions, so the irritability and
other behavioral changes in the rats may be
related to the drug. Autopsy results revealed
that half of the rats in the experimental groups
had severe lung damage. This suggests a
potential link between drug concentrations in
brain tissue and changes in mental state, as
well as a relationship between drug concentra-
tions in lung tissue and lung injury. However,
there is currently no available research to sup-
port this hypothesis, and further studies are
needed to explore these potential correlations.

Monitoring osimertinib concentrations in rat
plasma is crucial for identifying resistance
mechanisms, particularly after the progression
of osimertinib treatment. This approach is
essential for prolonging patient survival and
improving quality of life. Studies on the pharma-
cokinetics of osimertinib, especially in rat mod-
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els, provide valuable insights into drug absorp-
tion, distribution, metabolism, and excretion,
which are fundamental for optimizing drug ad-
ministration strategies and enhancing thera-
peutic efficacy. The determination of osimer-
tinib concentration in plasma and cerebrospi-
nal fluid using ultra-high-performance liquid
chromatography (UPLC) offers high sensitivity,
strong anti-interference capability, and excel-
lent stability, making it an ideal method for
monitoring osimertinib concentrations in blood.
The establishment and application of this
method provides a rapid, simple, cost-effective,
and practical means of blood drug concentra-
tion detection for clinical practice. This app-
roach supports individualized treatment and
therapeutic drug monitoring. Therefore, blood
concentration monitoring and pharmacokinetic
studies of osimertinib in rats are highly signifi-
cant for understanding drug behavior in vivo,
optimizing treatment regimens, predicting hu-
man responses, and supporting drug develop-
ment and approval.

Osimertinib is a third-generation EGFR-TKI wid-
ely used in the treatment of NSCLC. Compar-
ed with previous pharmacokinetic studies of
osimertinib, the present study offers a deeper
understanding of the drug’s distribution and
metabolism across different tissues by deter-
mining its concentration in rat plasma, lung,
and brain tissues. Additionally, osimertinib has
central nervous system activity, making the
measurement of its concentration in brain tis-
sue crucial for evaluating its efficacy against
brain metastases. This study demonstrated
that osimertinib is capable of crossing the
blood-brain barrier and was detected at mea-
surable concentrations in brain tissue, provid-
ing important insights into its distribution with-
in the CNS. The pharmacokinetic properties of
osimertinib in various tissues also help eluci-
date its resistance mechanisms and offer a
theoretical foundation for strategies to over-
come drug resistance. However, while the rat
model offers valuable preliminary pharmacoki-
netic data, its findings may not fully translate
to human pharmacokinetics. Therefore, further
research is needed to establish the population
pharmacokinetics of osimertinib in humans,
particularly in plasma and cerebrospinal fluid,
to address this critical gap.

Adverse reactions to osimertinib can affect
multiple organs, highlighting the importance of

Am J Transl Res 2024;16(12):8008-8022



Determining osimertinib concentration in tissues

clinical monitoring to reduce the incidence of
side effects and ensure patient safety [43]. In
this study, we established and validated a
UPLC-MS/MS method for the rapid, accurate,
and sensitive detection of osimertinib concen-
trations in rats. This method provides valuable
insights into the pharmacokinetics of osimer-
tinib and may serve as a useful tool for future
research and clinical applications, ultimately
guiding treatment decisions and improving
patient outcomes.

Conclusion

A sensitive, simple, and cost-effective UPLC-
MS/MS method was developed for the simulta-
neous determination of osimertinib concentra-
tions in rat plasma and tissues. The method
was thoroughly validated to meet all regulatory
requirements for selectivity, sensitivity, lineari-
ty, accuracy, precision, and stability. As a result,
this method holds great potential as a key tool
to support clinical practice, including therapeu-
tic drug monitoring and pharmacokinetic stud-
ies of analytes, ultimately enhancing treatment
outcomes and providing valuable insights into
drug behavior.
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