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Introduction
Posaconazole is a highly lipophilic drug. It is one of the more 
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Instrument

The LC-MS system consisted of an Agilent 1100 MSD (Santa Clara, 
CA, USA) equipped with an Agilent 1100 LC system (Santa Clara, CA, 
USA). The reversed-phase column used was Phenomenex Kinetex C18 
(2.6 µm particle size, 50 mm length, 0.21 mm ID, Torrance, CA, USA).

Standard solutions

Stock solutions of posaconazole and I.S. were prepared in methanol 
(500 µg/mL and 1000 µg/mL, respectively) and stored at -20°C. A 
working I.S. solution was prepared at a concentration of 150 ng/mL 
in 0.1% formic acid in acetonitrile and was kept at +6°C until sample 
preparation.

Standard curve and quality control samples

A serial dilution technique was employed to obtain the final 
standard concentration in the range of 0.48-10.07 µg/mL for all organs 
except heart and lungs (0.51-10.14 µg/mL). Calibration curves were 
prepared daily. Quality control samples at two levels were also prepared 
daily from independently prepared stock solutions in mouse tissues.

Sample preparation

Pre-weighted mouse organs including liver, heart, brain, kidney 
and lung were placed in 0.9% NaCl and homogenized by probe 
sonication for up to 5 minutes depending on the tissue type. After 
sonication, NaCl volume was adjusted to 1:6 w:v, except for the heart 
which was adjusted to 1:10 w:v. Posaconazole was added at different 
concentrations for standard curves and quality controls (QCs).

Extraction procedure

Acetonitrile containing internal standard (200 µL) was added to 
100 µL of homogenate/sample in a 2 mL glass HPLC vial and then 
vortexed for at least 20 seconds. After centrifugation at 2000 × g for 5 
minutes at ambient temperature (room temperature), 1 µL aliquot of 
supernatant was injected onto the Agilent LC-MS system.

Instrumental condition

Chromatography was performed at 40°C at a flow-rate of 0.51 mL/
min using a gradient condition. The mobile phases consisted of 25 
mM formic acid as solvent A and 100% acetonitrile as solvent B. The 
analysis was run in a gradient with an initial flow of 30% B for 4 min 
increased to 75% B, then decreased to 30% B for 1.5 min, making a total 
run of 5.5 min.

Mass spectrometry

Mass spectrometry was operated in SIM using electrospray 
ionization in positive mode at the following ions: m/z 351 for 
posaconazole and m/z 348 for the internal standard. The gas 
temperature was set at 300°C, drying gas flow at 10 L/min, nebulizer 
pressure at 25 psi and voltage cap at 3500 V.

Validation

The protocol described by Shah et al. [13,14] was employed for 
method validation. Linearity was determined through two quality 
controls (QCs) including blanks for each tissue. Results were taken 
from inter-day precision for 5 organs. Standard and control were 
calculated separately against the calibration curve from the same tissue. 
The quantification analysis was based on the ratio peak height analyte/
peak height I.S. and equal weighting in a linear regression analysis 
equation. 

Low and high quality controls were run five times in pentaplicate 
in each tissue and quantitated by standard curves in the same matrix 
to evaluate the intra-day precision and the inter-day precision in each 
tissue. Each run also included blank samples for all tissues to detect 
interfering substances. Limit of detection (LOD) was theoretically 
calculated through signal to noise ratio (S/N). Stability of the analyte 
stock solution in methanol and working solution in plasma was 
established at different time points and temperatures.

Extraction recovery, matrix effect, and process efficiency were 
investigated for each organ at one concentration level. Posaconazole 
was added A) before protein precipitation, B) after protein precipitation 
and in C) initial mobile phase composition. Analyte peak area ratio of 
A/B corresponded to extraction recovery, B/C to matrix effect, and A/C 
to process efficiency [15].

Analytical data treatment

Chromatograms and all the quantitative results were measured 
using Agilent LC/MSD ChemStation software Rev. B.04.02.SP (Santa 
Clara, CA) while the statistical results were obtained using ANOVA 
(version 6.84, licensed to ACB, Dr. Anders Kallner, Dept. of Clinical 
Chemistry, Karolinska University Hospital, Sweden, qmtoolbox@
gmail.com). 

Results and Discussion
Specificity

Representative SIM chromatographs of selected tissues obtained 
from post dose human patient (post mortem) and blank mouse tissue 
are presented in Figures 1-10. No significant interfering peaks were 
detected at the retention times of the peaks of interest, neither as well 
as nor in the ion channel, in the post dose sample. The retention times 
for posaconazole and I.S. were 2.9 min and 1.7 min, respectively.

Sensitivity and selectivity

LOD was calculated as 3 times S/N, i.e. approximately 500 mAU 
(Table 1), where the S/N was approximately 166 mAU according to 
base line. The lower limit of quantification (LLOQ) was 0.48 µg/mL for 
all organs, except the heart and lungs, where it was 0.51 µg/mL (Figures 
11 and 12).

No quantifiable carry over effect in any tissue homogenate was 
found in blank samples after injection of approximately 10 µg/mL 
posaconazole; however, a larger injection volume will affect the 
symmetrical form of a chromatogram.

Accuracy and precision

Accuracy and precision for the 5 organs were established from 
the analysis of standard curves and QCs (Table 2). The standard curve 
was lineal over the concentration range 0.5-10 µg/mL for all organs. 
The average slope for every organ was 1.010 (1.004 – 1.022) while the 
average correlation for every organ was 0.997 (0.992 – 0.999).

The precision and accuracy were determined for all five organs 
in pentaplicate for intra-day and inter-day variations. The QC results 
showed a standard deviation <15% for all values obtained, including 
low and high QCs, compared to the nominal values (Tables 3 and 4).

Sample stability

Stock solution in methanol solution was stable for 12 months at 
-20°C. Moreover, working solution in plasma was also stable for 12 
months at -20°C.
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Figure 7: SIM chromatograph obtained from liver tissue of mice used as blank sample (arrow indicates the position of I.S. peak in the upper ion channel, no arrow of 
SRVDFRQD]ROH�LQ�WKH�ORZHU�LRQ�FKDQQHO�
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Figure 8:�6,0�FKURPDWRJUDSK�REWDLQHG�IURP�SRVW�GRVH�OLYHU�WLVVXH�RI�VDPH�KXPDQ�SDWLHQW��SRVW�PRUWHP���SRVDFRQD]ROH�������J�J�WLVVXH��������J�P/�KRPRJHQDWH��
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Figure 9: SIM chromatograph obtained from lung tissue of mice used as blank sample (arrow indicates the position of I.S. peak in the upper ion channel, no arrow of 
SRVDFRQD]ROH�LQ�WKH�ORZHU�LRQ�FKDQQHO�
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Tissue S low concentr Measures height, 
mAU

Theoretical LOD 
concentration

%UDLQ 0.48 mg/L 58000 �������J�P/
Liver 0.48 mg/L 45000 �������J�P/

Kidney 0.48 mg/L 75000 �������J�P/
Heart 0.51 mg/L 36000 �������J�P/
Lung 0.51 mg/L 20000 �������J�P/

Table 1: /2'�ZDV�FDOFXODWHG�DV���WLPHV�6�1��L�H��DSSUR[LPDWHO\�����P$8�

Organ Matrix effect Recovery Process Efficiency
%UDLQ ��� 112% 111%
Heart 101% 105% 106%
Liver ��� 110% ����
Lung 102% ��� 101%

Kidney 102% 107% ����
Human plasma ��� 114% 112%

Table 5: 0DWUL[�HIIHFW��UHFRYHU\�DQG�SURFHVV�HI¿FLHQF\�IRU�DOO�¿YH�RUJDQV��Q ���

Number of 
samples

Average value (µg/mL) SD CV% Accuracy (%)

%UDLQ
Low 5 × 5 1.07 0.03 3.27 101.45
High 5 × 5 8.00 0.26 4.45 �����

Liver
Low 5 × 5 1.12 0.08 7.32 106.48
High 5 × 5 5.17 ���� 5.03 103.66

Kidney
Low 5 × 5 1.12 0.03 ���� 106.46
High 5 × 5 6.52 0.18 2.68 107.60

Heart
Low 5 × 5 0.88 0.04 4.37 87.14
High 5 × 5 7.17 0.37 5.35 113.20

Lung
Low 5 × 5 0.70 0.04 ���� �����
High 5 × 5 5.11 0.30 6.36 �����

Table 3: 3UHFLVLRQ�DQG�DFFXUDF\�IRU�DOO�¿YH�RUJDQV�LQ�SHQWDSOLFDWH�IRU�WKH�LQWUD�
day variations. The QC results showed a standard deviation <15% for all values 
obtained compared to the nominal values.

Control Nominal 
value (µg/mL)

Average value 
(µg/mL)

SD CV % Accuracy 
(%)

%UDLQ
Low 1.05 1.06 0.05 ���� 101.0
High 6.06 6.00 0.37 6.10 ����

Liver
Low 1.05 1.13 0.12 10.64 107.6
High 6.06 6.42 0.31 5.54 106.0

Kidney
Low 1.05 1.12 0.05 4.66 106.7
High 6.06 6.52 0.32 ���� 107.6

Heart
Low 1.01 0.88 0.06 ���� 87.1
High 6.33 7.17 0.50 7.01 113.3

Lung
Low 1.01 0.62 0.07 11.73 61.4
High 6.33 ���� 0.41 ���� ����

Table 4: 3UHFLVLRQ�DQG�DFFXUDF\�IRU�DOO�¿YH�RUJDQV�LQ�SHQWDSOLFDWH�IRU�WKH�LQWHU�
day variations. The QC results showed a standard deviation <15% for all values 
obtained compared to the nominal values.

Standard nominal 
value (µg/mL)

Standard measured 
value (µg/mL)

Accuracy %

%UDLQ

0 0 100.0
0.48 0.44 ����
2.42 2.36 ����

10.07 ����� 100.2

Liver

0 0 100.0
0.48 0.55 114.6
2.42 2.30 ����

10.07 10.10 100.3

Kidney

0 0 100.0
0.48 0.48 100.0
2.42 ���� ����

10.07 10.08 100.1

Heart

0 0 100.0
0.51 0.35 68.8
2.54 2.75 108.3

10.14 10.10 ����

Lung

0 0 100.0
0.51 0.52 102.0
2.54 2.52 ����

10.14 10.14 100.0

Table 2: Accuracy and precision for the 5 organs were established from the 
DQDO\VLV�RI�VWDQGDUG�FXUYHV�DQG�4&V��Q ���

A high control of plasma was exposed to normal light at room 
temperature for 24 and 48 hours respectively and analyzed in triplicate; 
the recovery was calculated to 101.4% at 24 h and 101.9% at 48 h 
showing no sign of degradation.

Extraction recovery

Matrix effects were determined in triplicate at one level by analyzing 
supernatant from 5 different tissues spiked withon  ancatroazo.02 to 1d
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