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ABSTRACT

Objective: The aim of this study was to develop and validate bioanalytical methods for estimation of 2-(4-ethoxyphenyl sulphamido) pentanediamide
(PC), an investigational anticancer agent, in various organ/tissue matrices to study various Pharmacokinetic parameters using 1C-MS.

Methods: Freshly prepared tissue homogenates from Sprague-Dawley rats were used as matrices to develop the bioanalytical method in 1C-MS to determine
Cmax, Tmax, AUCo-;, AUCo-ins, T1/2, and mean Residence Time (MRT). The distribution study was conducted by administering PC orally to Sprague-Dawley rats
and quantifying PC in different excised organs at different points. A non-compartmental analysis was done using ‘PK solver’ software.

Results: In all the tissue matrices, the concentrations of PC were found in the linear range of 10 to 5000 ng/ml. High level of precision, accuracy, and
recovery, with negligible matrix effects, were found. PC was distributed in all tissues except the brain. Pharmacokinetic parameters such as Tmax
and MRT were between 1.11+0.12 to 2.33+£0.11 h and 2.17+0.16 to 4.01+0.25 h respectively in the liver, lung, heart, spleen, kidney, and thymus.

Conclusion: Simple and sensitive IC-MS methods for PC in different tissue matrices were developed and validated. As PC does not cross Blood Brain
Barrier (BBB), it will not adversely affect Central Nervous System (CNS). PC is absorbed fast from Gastro Intestinal Tract (GIT) to blood and
subsequently reaches the different tissues. Consequently, a fast onset of action will be seen. To sum up, PC is a probable potential anticancer agent

with no or minimal adverse effects on CNS.
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INTRODUCTION

2-(4-Ethoxyphenyl sulphonamido) pentanediamide (PC) was
developed as an antineoplastic and antiagiogenic candidate drug by
S. Sen et al in their affiliated laboratory [1]. An exhaustive
preclinical trial has been undertaken by the inventors. The present
work is a part of the pharmacokinetic study of the investigational
agent, PC. The chemical structure of 2-(4-Ethoxyphenyl
sulphonamido) pentanediamide is shown in fig. 1.
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Fig. 1: Structure of 2-(4-Ethoxyphenyl sulphonamido)
pentanediamide

The antitumor and antiangiogenic properties of PC were already
established through the biological investigation on RPMI-8226 (Human
multiple myeloma cell line) and Human Umbilical Vein Endothelial Cells
(HUVEC). The non-toxicity of PC towards normal cells was established
through the biological assay on the vero cell line [1].

The pharmacokinetic investigations were already made to
determine the serum concentrations of PC in rat serum after the
administration to Sprague-Dawley rats through intravenous and oral
routes. A conclusion was made that PC has good oral bioavailability
(73.2%) and is a suitable candidate for oral administration [2].
However, the serum concentration parameters of PC are not
sufficient to understand the distribution pattern of PC in various
organs and tissue components. A further investigation is required to

determine the pharmacokinetic parameters in various tissues.
Bioanalytical method development and its validation are the
primary steps for the biopharmaceutical evaluation of the
compounds. The molecules behave differently in different biological
matrices, so one cannot use the same developed method of the
compound for all biological matrices.

The aim and objective of the present work are to develop and
validate bioanalytical methods of PC in various organ/tissue
matrices using 1C-MS and apply the validated methods to determine
the concentrations of PC in various tissue matrices to understand
behavior of PC through pharmacokinetic parameters.

MATERIALS AND METHODS
Chemicals and materials

2-(4-Ethoxyphenyl sulphonamido) pentanediamide (PC) was
synthesized and purified (99%) by S. Sen et al [1]. HPLC-grade
acetonitrile and HPLC-grade water were purchased from ‘Merck life
Science Private limited (Vikhorli Mumbai)’. Whatman Puradisc-13
syringe filters (PTFE) with pore size of 0.2 pm diameter were used for
filtration. Animal studies on Sprague Dawley (SD) rats were carried
out as per the approval given by the ‘Institutional Animal Ethics
Committee’ (IAEC) of the ‘College of Pharmaceutical Sciences,
Berhampur’ (CPCSEA, Reg. No. 1170/PO/Re/S/08/CPCSEA). All the
Sprague-Dawley rats used for the studies were purchased from West
Bengal livestock Development Corporation limited, Buddha Park,
Kalyani, Nadia, India (Regd No. 2109//GO/ReRcBiBt/S/20/CPCSEA).

Instrumentation and condition for 1C-MS method development

The analysis of the samples was carried out using liquid
Chromatography hyphenated with Mass Spectrometry (LC-MS)
which consisted of an HPLC system (Perkin Elmer with 1X-50 pump)
and Triple Quadrupole Mass Spectrometer (Perkin Elmer, QSight
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220). Similar 1C-MS conditions were maintained as they were in the
pharmacokinetics studies of the same compound (PC) [2].

Experimental animals and laboratory conditions

Healthy (two to three months old) Sprague-Dawley rats of body
weight ranging from 250-300 g were used as experimental animals
both for blank tissue matrices preparation and distribution study.
Before conducting experiments, Sprague-Dawley rats were kept in the
laboratory for a minimum of seven days to acclimatize to the
laboratory environment. Rats were provided a proper diet with an
unlimited drinking water supply. Food was withheld a night before the
experiments. Standard laboratory conditions of 12 h dark-light cycle,
25%2 °C temperature, and 50+20 % humidity were maintained [3-5].

Collection of organs/tissues and preparation of blank tissue
matrices

Eight healthy, untreated sprague-dawley rats (4 males and 4
females) were selected for the collection of organs/tissues. The rats
were euthanized by an overdose of inhalation general anesthetic
agent, isoflurane. The organs of interest such as the stomach, small
intestine, liver, lungs, heart, spleen, brain, kidneys, and thymus were
excised and immediately cleaned with phosphate buffer saline pH
7.4 (PBS). After cleaning each organ, the surfaces of the organs were
dried using filter paper. Without further delay, each Organ was
chopped into small pieces and transferred to a hand homogenizer
with a small quantity of HPLC-grade water. The coarsely
homogenized tissues were then transferred along with the
remaining portion of water to a motor-driven homogenizer and
were homogenized for 20 min to get fine homogenate. The volume of
water added during the homogenization process was 3 times the
volume of tissue. The tissue homogenates were pooled separately
for individual organs. The pooled homogenates were then
centrifuged at 10,000 rpm for 15 min. The supernatants were
collected as blank matrices for the above-mentioned tissues.

Preparation of calibration standard (CS) and quality control
(QC) samples of PC in various tissue matrices

100 pl supernatant of each tissue was taken in individual
microcentrifuge tubes, followed by the addition of 100 ul reference
standard solutions of different concentrations of PC to produce the
final calibration standards (CS) of 10, 20, 60, 100, 500, 1000, 1500,
2500, 4500, and 5000 ng/ml and quality control (QC) samples of 10,
30, 500, and 4000 ng/ml. The mixture was agitated for a few
seconds using a vortex mixer and set aside for 30 min. To this
mixture, 800 pl of acetonitrile was added for protein precipitation.
The mixtures were stirred thoroughly for 5 min using a vortex
mixer. The centrifugation process of the above mixtures was carried
out at 14,500 rpm for 15 min. The partial supernatant liquid was
collected and passed through a PTFE (hydrophilic filtration) syringe
filter with a 0.2 um pore size and 13 mm membrane diameter. The
filtrate of every individual sample was collected as the final sample
for 1C-MS analysis. As the extraction process involved fewer steps
and clean extracts were obtained after filtration, no internal
standard (IS) has been used in any steps of sample preparation [6].

Method validation

‘Food and Drug Administration (FDA) guideline on bioanalytical
method validation, guidance for industry’, was followed to perform the
method validation [7]. The following parameters such as selectivity,
sensitivity, calibration curve, and linearity range, the lower limit Of
Quantification (LLOQ), the Upper limit of Quantification (ULOQ),
accuracy, precision, matrix effect, recovery, stability in the matrix
(freeze-thaw stability, bench-top stability, long-term stability) and
auto sampler stability were validated as per the guideline [8-22].

Selectivity

The blank tissue matrices (tissue matrices of the stomach, small
intestine, liver, lungs, heart, spleen, brain, kidneys, and thymus)
were spiked with the reference standard of PC to produce 1LOQ
concentration. The blank individual matrix chromatogram was
compared with the chromatogram obtained for the spiked tissue
matrix and the selectivity was determined.
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Sensitivity and calibration curve

The sensitivity of the instrument towards PC was evaluated by
determining the 10D (lower limit of detection) and 1LOQ. The
chromatograms of PC with the minimum concentrations produce
signal-to-noise ratios (S/N) of 3:1 and 10:1 were established as 10D
and 1LOQ respectively [18].

The linearity range of the PC was established by measuring the
range of peak areas which increase linearly with the increase in
concentrations of PC. A concentration range of 10 to 5000 ng/ml
was measured to prepare the calibration curves for individual tissue
matrices. Least-square linear regression of the peak areas of the
analyte were plotted along the Y-axis and nominal concentrations
were plotted along the X-axis. The 1/X2was used for the calibration
curve preparation, as a weighting factor.

Accuracy and precision

The accuracy (percentage relative error, % RE) and the precision
(percentage coefficient of variation, % CV) both for the intra-day and
inter-day study were calculated by analyzing the QC samples (10, 30,
500, and 4000 ng/ml) in the same instrument repeatedly (6 times)
in a day and on three different days. The measured accuracy and
precision was within the acceptable range i. e. within£15%.

Matrix effect

The matrix effect evaluation is very much essential during the
method validation because it reveals the effect of the unidentified
components present in tissue matrices interfering with the
ionization of the analyte during analysis and thereby reducing or
increasing the values of the actual concentrations. Four QC samples
(10, 30, 500, 4000ng/ml) in sextuplicate were prepared in each
tissue matrix and the samples were extracted by protein
precipitation. At the same time, QC samples (n=6) were prepared in
neat solvent (HPLC-grade water) using the same extraction steps.
The matrix effect was calculated as follows [23-26]:

Matrix effect

peak area of analyte in neat solvent — peak area of analyte in tissue matrix 100
= X

peak area of analyte in neat solvent
Recovery

A percentage ratio of the peak areas of QC samples in the blank
tissue matrix to the peak areas of QC samples in the extracted tissue
matrix was calculated for individual tissue matrices to get the
recovery percentage of PC from a given tissue matrix.

Stability

The stability studies of PC in different tissue matrices were conducted by
considering the different experimental conditions to which samples
were exposed. The first condition was the bench-top matrix stability. In
this study, the matrices containing QC samples were kept at room
temperature for 6 h, and after that samples were extracted using the
protein precipitation method and analyzed. A comparison was made
between the above-prepared samples with the freshly prepared samples
in the same matrices. An autosampler stability was conducted by
keeping the extracted QC samples in the auto sampler for 12 h and then
analyzed. The autosampler stability was evaluated by comparing it with
the freshly extracted QC samples. The freeze-thaw stabilities of PC in
matrices were conducted by freezing the QC matrices at-20 °C for 12 h
followed by thawing at room temperature with the three times
repetition of the cycle. The samples were evaluated for freeze-thaw
stability by comparing the chromatograms of the freshly prepared
samples in all the matrices.

For a long-term matrix stability study, The QC samples in tissue
matrices were stored at-20 °C for 20 days and then analyzed and
compared with the chromatogram of the freshly prepared QC
samples in tissue matrices. For all the stability studies four QC
samples triplicate were analyzed. The measured accuracy for all
stability studies were within the acceptable range i. e. within+15%,
consequently, the PC is considered stable in those matrices.

In vivo tissue distribution study

The tissue distribution study was conducted on Sprague-Dawley rats.
The eight different time points for the collection of tissue samples
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were decided by considering the oral pharmacokinetic parameters
such as Tmax, and elimination Ti.. Different time points for the
collection of tissue samples were 15 min, 30 min, 1 h, 2 h, 4 h, and 8h.
Based on the time points, twenty-four male Sprague-Dawley rats were
randomly assigned and divided into 6 groups [22, 27, 28]. Every rat
received a single oral dose of 125 mg/kg body weight by an 18G
gavage needle. After administration of the dose, the rats were
euthanized by an overdose of inhalation general anesthetic agent,
isoflurane at the predetermined time points. The different tissue
samples such as the stomach, small intestine, liver, lungs, heart, spleen,
brain, kidney, and thymus were excised and immediately cleaned with
PBS. After cleaning, each organ surface was dried using filter paper.
The organs were weighed and the weight of the individual organ was
recorded. Without further delay, each organ was chopped into small
pieces and transferred to a hand homogenizer with a small quantity of
HPLC-grade water. The coarsely homogenized tissue was then
transferred along with an additional portion of water to a motor-
driven homogenizer and was homogenized for 20 min to get fine
homogenate. The total volume of water added during the
homogenization process was 3 times the volume of tissue.

Sample preparation for analysis

1 ml of tissue homogenate was transferred to the microcentrifuge
tube and centrifuged at 10,000 rpm for 15 min. The 100 pl of
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supernatant was taken in another microcentrifuge tube, in which
100 pl HPLC grade water was added. The mixture was agitated for a
few seconds using a vortex mixer and after that 800 pl of acetonitrile
was mixed to each tube for protein precipitation followed by
thorough vortexing for 5 min. After vortexing, the centrifugation
process of the above mixtures was carried out at 14,500 rpm for 15
min. The partial supernatant liquid was collected and passed
through a PTFE (hydrophilic filtration) syringe filter with a 0.2 pm
pore size and 13 mm membrane diameter. The filtrate of every
individual sample was collected as the final sample for 1C-MS
analysis. The tissue concentration of PC was calculated in pg of PC
per gram of tissue (pug/g) by the following formula [28].

Cpc (ug/ml) X Vpy (ml)
Wr (8)

Where, Crc = concentration of PC per ml of tissue sample (pg/ml), Vu =
volume of homogenized tissue (ml), Wr = weight of tissue sample (g)

RESULTS AND DISCUSSION

Tissue concentration of PC (ug/g) =

Validation

Selectivity was assayed by observing the reproducibility of retention
time (3.1 min) of PC and there were no interferences of any of the
tissue matrices at that retention time (fig. 2).
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Fig. 2: Typical 1C-MS chromatograms of PC at 500ng/ml in sprague-dawley rats tissue matrices: A) Stomach B) Small intestine C) liver D)
lungs E) Heart F) Spleen G) Brain H) Kidneys I) Thymus

The calibration curves were plotted taking each concentration and
corresponding peak area in six replicates for each tissue matrix. The

linear equations, correlation coefficient values (r?), and linearity
ranges are shown in table 1.

Table 1: Linear equations of calibration curves, correlation coefficient, and linearity range of PC in various tissue matrices

Tissue matrix

Equation of calibration curve

Correlation coefficient (r?)

Linear range

Stomach Y=776.64X+6981.3 0.9992 10 to 5000 ng/ml
Small intestine Y=776.73X+6642.1 0.9991 10 to 5000 ng/ml
Liver Y=842.12X- 32686 0.9958 10 to 5000 ng/ml
Lungs Y=820.37X- 21639 0.9987 10 to 5000 ng/ml
Heart Y=817.29X- 26974 0.9978 10 to 5000 ng/ml
Spleen Y=807.33X- 20837 0.9989 10 to 5000 ng/ml
Brain Y=818.26X- 27525 0.9979 10 to 5000 ng/ml
Kidneys Y=827.59X- 31702 0.9982 10 to 5000 ng/ml
Thymus Y=830.61X- 26195 0.9993 10 to 5000 ng/ml
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High-sensitive methods were developed for each tissue matrix and it
was confirmed from the 10D and ILOQ values i. e. 1 ng/ml and 10
ng/ml which were obtained by calculating S/N>3 and S/N>10
respectively.

The accuracy (%RE) and precision (%CV) of the developed methods
were evaluated. The accuracy of the developed bioanalytical method
for the assay of PC in the stomach, small intestine, liver, lung, heart,
spleen, brain, kidney, and thymus matrices were in the range from-
2.61 to 4.80,-2.40 to 0.46,-2.50 to 4.50,-1.57 to 3.63,-2.17 to 1.23,
0.25 to0 6.60,-3.10 to 0.65, 0.83 to 8.40, and-1.30 to 1.50 respectively.
All the values of ‘accuracy’ were in the acceptable range i. e.
within+15%. The values obtained for ‘precision’ were within the
acceptable limit i. e. within+15%. The results of ‘accuracy’ and
‘precision’ are shown in table 2.

The results of the matrix effects of each matrix are presented in table
3. The matrix effects on the ionization of PC were also very low and
the values were within the acceptable range i. e.£15%.

The recovery of analyte from each tissue matrix is a very important
factor. A high percentage of recovery of the analyte indicates that
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proper extraction steps are used for the process of extraction of the
analyte. The percentage recovery of PC in all matrices is shown in
table 3. The percentage of recovered PC in QC samples prepared in
the stomach, small intestine, liver, lungs, heart, spleen, brain, kidney,
and thymus matrices were in the range of 93.12+1.19 to 97.20+0.79,
94.54+0.62 to 97.26+0.47, 94.12+0.58 to 96.45+0.73, 94.60+0.82 to
97.71£0.50, 94.08+0.33 to 97.10+0.67, 93.46+0.45 to 97.55+0.56,
93.53+1.56 to 97.78+0.89, 94.40+0.84 to 97.20+0.56, and
94.86+0.96 to 96.84+1.85 respectively. The high recovery from the
matrices indicates that the homogenization of tissue and the protein
precipitation process which were utilized for the extraction were
appropriate for PC.

The matrix stability studies of PC in different stability conditions
such as bench-top matrix stability, autosampler stability, freeze-
thaw stability, and long-term matrix stability studies were
conducted for all the matrices and the results are shown in table 4.
The acceptance limit for all the stability studies was calculated in
terms of ‘accuracy’. The ‘accuracy’ for all the test conditions
regardless of matrix, were within the acceptance limit i. e.
within+15%.

Table 2: Accuracy and precision assay

Tissue Nominal Observed Accuracy Precision Observed Accuracy (RE  Precision (CV
matrix concentration concentration (RE %) (CV %) concentration (ng/ml) %) %)
(ng/ml) (ng/ml) (meanSD) (mean+SD)
Intra-d Inter-d*
Stomach 10 10.48+0.58 4.80 5.53 10.56+0.42 5.60 3.98
30 28.75+0.66 -4.17 2.30 28.38+0.89 -5.40 3.14
500 504.00+9.53 0.80 1.89 498.06+8.72 -0.39 1.75
4000 3895.66+70.31 -2.61 1.80 3908.21+62.74 -2.29 1.61
Small 10 9.76+0.69 -2.40 7.07 9.61+0.82 -3.90 8.53
Intestine 30 31.22+1.15 4.07 3.68 30.69+2.33 2.30 7.59
500 508.24+3.82 1.65 0.75 503.66+6.12 0.73 1.22
4000 4018.21+32.24 0.46 0.80 4021.25+25.14 0.53 0.63
Liver 10 10.45+0.61 4.50 5.84 10.26+0.48 2.60 4.68
30 29.25+2.15 -2.50 7.35 29.68+3.19 -1.07 10.75
500 488.24+4.32 -2.35 0.88 498.24+8.11 -0.35 1.63
4000 3985.21£20.93 -0.37 0.53 3979.21£12.85 -0.52 0.32
Lung 10 9.85+0.22 -1.50 2.23 9.79+0.14 -2.10 1.43
30 31.09+1.25 3.63 4.02 31.66£2.19 5.53 6.92
500 492.16+7.55 -1.57 1.53 490.58+7.55 -1.88 1.54
4000 4065.49+23.41 1.64 0.58 4035.26+20.63 0.88 0.51
Heart 10 10.11+0.15 1.10 1.48 10.51+0.27 5.10 2.57
30 29.35+1.58 -2.17 5.38 29.88+2.18 -0.40 7.30
500 506.15+6.25 1.23 1.23 503.55+4.98 0.71 0.99
4000 4015.20+26.71 0.38 0.67 4020.91+21.28 0.52 0.53
Spleen 10 10.66+0.32 6.60 3.00 10.26+0.42 2.60 4.09
30 30.31£2.51 1.03 8.28 30.88+2.91 2.93 9.42
500 502.82+8.29 0.56 1.65 508.77+10.26 1.75 2.02
4000 4010.20+15.05 0.25 0.38 4013.26+18.31 0.33 0.46
Brain 10 9.69+0.13 -3.10 1.34 9.88+0.19 -1.20 1.92
30 29.73+2.11 -0.90 7.10 29.86+3.18 -0.47 10.65
500 496.82+10.46 -0.64 211 495.84+12.55 -0.83 2.53
4000 4026.18+21.51 0.65 0.53 4038.47+19.23 0.96 0.48
Kidney 10 10.84+0.20 8.40 1.85 10.18+0.19 1.80 1.87
30 31.52+3.15 5.07 9.99 31.84+3.85 6.13 12.09
500 509.65+12.77 1.93 2.51 498.14+11.29 -0.37 2.27
4000 4033.39+18.08 0.83 0.45 4028.49+15.46 0.71 0.38
Thymus 10 9.87+0.28 -1.30 2.84 9.79+0.34 -2.10 3.47
30 30.45+2.48 1.50 8.14 30.32+3.19 1.07 10.52
500 493.59+11.02 -1.28 2.23 495.08+12.55 -0.98 2.53
4000 4025.03+18.44 0.63 0.46 4035.49+12.09 0.89 0.30

*Data expressed as mean+SD; n=6, **Data expressed as mean+SD; n=18

Invivo distribution study

After method validation, the validated methods were utilized in
the tissue distribution study. The concentrations of PC in different
tissues at different time points are presented in table 5. PC was
found in all tissues such as the stomach, small intestine, liver,
lungs, heart, spleen, kidney, and thymus except brain tissue. The
study indicates that PC was unable to cross the BBB. It is a good
indication that adverse effects related to CNS won’t be seen upon

oral administration. PC was distributed in various tissues other
than the brain, in sufficient amounts and remained for a sufficient
time (fig. 3 and 4). The data were analyzed by non-compartmental
analysis using ‘PK solver software’ [2, 29]. The pharmacokinetic
parameters in different tissues are shown in table 6. The reduction
in concentration with time is fast from the stomach and small
intestine, indicating fast absorption of PC from the GIT to blood.
The above fact was also confirmed by the absorption rate constant
(5.054+0.238 1/h) and Tmax(0.612+0.002 h) obtained in our
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previous work on pharmacokinetic study [2]. The oral formulation
of the anticancer drug paclitaxel has low oral bioavailability due to
gut extrusion by p-glycoprotein [30] whereas PC has better
absorption from GIT to blood and it was confirmed from the
distribution pattern. Another oral anticancer drug sunitinib has
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Table 3: Matrix effect and recovery

T1/2 at approximately 40 to 60 h, indicating tissue accumulation
followed by tissue toxicity [31] whereas PC has Ti2 and MRT
ranges from 0.74+0.09 h to 2.71+0.17 h and from 0.51+0.07 h to
3.35+0.22 h respectively in different tissues, indicating no chance
of tissue toxicity due to accumulation.

Tissue matrix

Nominal concentration (ng/ml)

Matrix effect (%) (mean+SD)

Recovery (%) (mean+SD)

Stomach 10 4.25+0.23 93.12+1.19
30 6.22+0.14 95.52+0.50
500 3.75+0.58 97.20+£0.79
4000 5.89+1.26 95.17+0.44
Small Intestine 10 5.81+0.69 94.54+0.62
30 5.07+0.46 96.66+0.23
500 5.82+0.57 96.08+0.59
4000 4.15+2.10 97.26+0.47
Liver 10 5.09+0.47 94.12+0.58
30 3.89+0.52 95.62+1.16
500 5.33+0.80 96.45+0.73
4000 5.19+0.12 94.39+0.19
Lungs 10 7.32+1.29 94.60+0.82
30 5.66+0.71 95.13+0.46
500 6.57+0.58 97.71+0.50
4000 5.38+0.79 96.76+0.12
Heart 10 7.55+0.36 94.08+0.33
30 5.09+1.01 96.32+0.58
500 5.26+0.44 97.10+0.67
4000 6.45+0.52 95.63+0.22
Spleen 10 5.82+0.26 95.88+0.49
30 6.21+0.23 93.46+0.45
500 6.90+0.96 97.55+0.56
4000 5.07+0.28 96.79+0.29
Brain 10 5.15+0.50 93.53+1.56
30 6.28+0.62 97.78+0.89
500 5.55+0.89 93.61+0.74
4000 6.03+0.41 94.83+0.98
Kidney 10 5.05+0.65 95.40+0.25
30 7.22+0.99 96.33+0.70
500 5.42+0.56 94.41+0.84
4000 6.04+0.40 97.20+0.56
Thymus 10 5.87+0.55 94.86+0.96
30 7.25+0.63 94.11+0.75
500 5.50+0.85 95.18+0.60
4000 5.92+0.27 96.84+1.85
*Data expressed as mean+SD; n=6
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Fig. 3: Representative 1C-MS chromatogram obtained from distribution study. Tissue samples collected after 1 h of oral administration of PC (125
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Table 4: Tissue matrix stability study of PC:

Tissue Nominal Stability test condition
matrix concentration Bench-top matrix stability Autosampler stability Freeze-thaw stability Long-term matrix stability
(ng/ml) (at RT for 6 h) (at 10 °C for 12 h) (at-20°Cand RT, 12 hcycle)  (at-20 °C for 20 days)
Observed Accuracy observed Accuracy observed Accuracy observed Accuracy
concentration (RE %) concentration (RE %) concentration (RE %) concentration (RE %)
(ng/ml) (ng/ml) (ng/ml) (ng/ml)
(mean+SD) (mean+SD) (mean#SD) (mean+SD)
Stomach 10 10.55+0.16 5.50 9.53+0.56 -4.70 10.25+0.36 2.50 10.13+0.24 1.30
30 30.26+2.09 0.87 30.89+2.44 2.97 29.41+2.20 -1.97 31.04+1.36 3.47
500 505.22+10.63 1.04 495.68+11.86 -0.86 506.91+9.63 1.38 502.88+8.54 0.58
4000 3959.54+76.05 -1.01 3955.96+85.15 -1.10 4098.26+50.65 2.46 3960.21+£56.09 -0.99
Small 10 10.12+0.45 1.20 9.89+0.32 -1.10 10.51+0.55 5.10 10.23+0.29 2.30
Intestine 30 30.85+2.41 2.83 31.04+2.56 3.47 29.33+2.05 -2.23 31.54+2.16 5.13
500 490.12+9.64 -1.98 502.88+7.54 0.58 504.90+8.21 0.98 496.25+7.70 -0.75
4000 3972.61+£51.87 -0.68 3960.21+60.12 -0.99 4050.91+25.78 1.27 4019.21+40.28 0.48
Liver 10 9.65+0.25 -3.50 9.87+0.54 -1.30 9.74+0.65 -2.60 9.81+0.43 -1.90
30 32.82+2.14 9.40 32.59+2.03 8.63 29.35+2.01 -2.17 29.52+2.96 -1.60
500 490.48+10.63 -1.90 488.74+8.16 -2.25 504.23+9.64 0.85 492.71+8.03 -1.46
4000 3972.21+£59.28 -0.69 3989.41+50.40 -0.26 3967.93+£65.66 -0.80 3986.25+£70.57 -0.34
Lung 10 10.66+0.42 6.60 9.71+0.53 -2.90 9.69+0.83 -3.10 9.45+0.46 -5.50
30 29.64+3.18 -1.20 29.84+2.23 -0.53 31.92+2.96 6.40 28.95+3.09 -3.50
500 485.204£9.19 -2.96 490.86+9.53 -1.83 510.59+8.13 2.12 483.73+7.83 -3.25
4000 3981.20+£70.57 -0.47 3972.28+76.46 -0.69 3946.14+23.87 -1.35 3930.25+80.21 -1.74
Heart 10 10.71+0.66 7.10 9.30+0.69 -7.00 10.26+0.86 2.60 9.43+0.63 -5.70
30 29.09+3.15 -3.03 29.84+2.51 -0.53 32.10+2.47 7.00 28.80£2.55 -4.00
500 490.59+10.44 -1.88 490.86+10.02 -1.83 505.09+10.50 1.02 490.55+10.03 -1.89
4000 4101.52+80.16 2.54 3972.28+72.11 -0.69 4150.28+50.14 3.76 3946.28+50.50 -1.34
Spleen 10 10.58+0.54 5.80 10.77+0.50 7.70 9.85+0.46 -1.50 9.40£0.76 -6.00
30 32.26+2.15 7.53 31.41+2.98 4.70 32.70£2.63 9.00 29.82+2.42 -0.60
500 510.52+12.40 2.10 507.50+9.15 1.50 491.60+10.45 -1.68 492.14+12.44 -1.57
4000 4165.90+55.41 4.15 4180.28+55.75 451 4110.48+62.10 2.76 3801.28+55.93 -4.97
Brain 10 10.10+0.45 1.00 9.40+0.44 -6.00 10.51+0.47 5.10 9.51+0.73 -4.90
30 32.82£2.55 9.40 29.16+3.28 -2.80 32.86£1.55 9.53 28.10£2.46 -6.33
500 512.64+12.75 2.53 480.47+12.18 -391 512.12+14.50 2.42 470.64+14.14 -5.87
4000 4170.90+55.41 4.27 3940.50+£58.66 -1.49 4175.23+56.87 4.38 3840.45£72.50 -3.99
Kidney 10 10.22£0.32 2.20 9.66+0.19 -3.40 10.11£0.78 1.10 9.30£0.53 -7.00
30 31.48%3.08 4.93 32.08x2.92 6.93 32.26%2.15 7.53 28.26%2.77 -5.80
500 492.11£12.44 -1.58 505.69+14.52 1.14 510.13+14.10 2.03 475.52+15.78 -4.90
4000 4059.66+41.58 1.49 4165.57+60.77 414 4196.20+£58.27 491 3890.95+68.82 -2.73
Thymus 10 10.82£0.25 8.20 9.28+0.75 -7.20 9.65+0.18 -3.50 9.5240.27 -4.80
30 33.10+1.65 10.33 32.65%2.72 8.83 32.48+2.81 8.27 28.74+2.11 -4.20
500 511.58+15.88 2.32 493.69+15.10 -1.26 504.12+12.30 0.82 481.95+12.24 -3.61
4000 4170.54+71.82 4.26 3985.57+61.13 -0.36 4145.26+68.46 3.63 3917.47£56.25 -2.06

*Data expressed as mean+SD; n=6

Table 5: The concentrations of PC in various tissuesat different time points after single-oral administration in sprague-dawley rats

Time (h) Concentration in tissue matrix (nug/g) (mean+SD)
Stomach Small Intestine  Liver Lungs Heart Spleen Brain  Kidneys Thymus
0.25 35.85+4.15 12.36+3.69 3.56+1.07 2.58+1.52 4.32+1.33 0.31+0.11 — 0.52+0.21 —
0.5 16.52+3.39 31.52+5.50 8.17+2.41 9.22+2.60 6.04+2.33 0.95+0.43 — 4.16%2.22 0.71+0.45
1 5.68+2.48 10.72+2.64 12.85+3.38 11.32+4.05 10.56+1.66 5.29+2.66 — 9.70+3.15 1.25+1.02
2 0.28+0.12 2.81+1.02 4.88+1.27 13.55+4.85 9.84+2.27 8.40+2.09 — 12.78+2.05 2.50+1.11
4 — 0.61+0.20 3.64+1.58 4.44+1.26 2.55%1.32 0.72+0.55 — 8.55+2.87 0.52+0.33
8 — — 1.10+0.52 2.29+1.58 — 0.21+0.16 — 1.18+0.77 0.12+0.08
*Data expressed as mean+SD; n=4, ‘—’indicates not detected
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Fig. 4: Concentrations of PC in different tissues at different time points, Data expressed in mean+SD, n=4
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Table 6: Pharmacokinetic parameter of PC in various tissues

Parameter Tissue/Organ
Stomach Small intestine Liver Lungs Heart Spleen Brain  Kidneys Thymus

Cmax (ug/g) 37.20+2.18 31.52+3.41 12.85+¢1.18 13.55+2.16 10.56+1.14 8.40£1.85 — 12.78+2.46  2.50+0.78
Tmax (h) 0.25+0.08 0.5£0.06 1.11+0.12 2.17x0.15 1.26+0.10 2.01+0.08 — 2.33%0.11 2.11£0.07
T2 (h) — 0.74+0.09 2.71+0.17 2.49+0.15 1.37+0.19 1.12+0.12 — 1.68+0.06 1.42+0.10
AUC0-t (ng/g*h)  19.55£2.50 27.77+£3.21 34.03+4.40 50.81+£5.41 28.57+£3.78 19.58+2.85 — 56.14+4.63  6.84+1.52
AUC 0-inf 19.65+£2.83  28.43+3.87 38.33+4.78 59.06£6.85 33.65%+3.74 19.94+3.44 — 59.01£5.55 7.08%2.16
(ng/g*h)

MRT (h) 0.51+0.07 1.01+0.11 3.61+0.20 4.01+0.25 2.36%0.15 2.2520.14 — 3.35+0.22 2.71x0.16

*Data expressed as mean+SD; n=4, ‘—’indicates not available

CONCLUSION

Simple, cost-effective, and sensitive 1C-MS methods for estimation of
PC in different tissue matrices such as the stomach, small intestine,
liver, lung, spleen, brain, kidney, and thymus were developed and
validated. An efficient method for precipitation of protein from the
matrices gave maximum recovery and minimum matrix effects on
PC. As PC is absorbed fast from GIT to blood and subsequently
reaches all the tissues except brain, a fast onset of action will be
seen, and it can be concluded that PC is a probable potential
anticancer agent with no or minimal adverse effects on CNS.

The appreciable perfusion of PC in the different tissues implies that the
investigational drug may be a good anticancer agent on different cancers
of those tissues whose corresponding cancer cell-lines will show
significant selective cytotoxicity in the in vitro studies. Evidently, for this
investigational drug PC, the results of the in vitro cytotoxicity studies will
be in consonance with the in vivo anticancer activities on the cancers of
all the corresponding tissues excepting those studies on brain.
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