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ABSTRACT

Back pain and menstruation pain are generally treated with a combination of paracetamol (PCM) and
pamabrom (PAMA). In this study, a liquid chromatography/tandem mass spectrometry (LC-MS/MS)
method for the simultaneous quantification of PCM and PAMA from human plasma is developed and
validated for the first time. The analytes and the internal standard (IS), diclofenac, were eluted on a kromasil
C;5(100x 4.6 mm, 5 um) column using a simple optimized mobile phase after being treated by liquid-liquid
extraction. Using the electrospray ionization technique, quantification was carried out using a hyphenated
tandem mass spectrometer with a flow rate of 0.4 mL/min and completing the entire run time within 4
minutes. For PCM and PAMA, the calibration curve was linear (r > 0.995) for the range of 40-8000 ng/
mL and 20-4000 ng/mL, respectively. This method produced reliable findings since it was verified for
specificity, accuracy, recovery, linearity, precision, matrix effect, and stability investigations, and the
results were determined to be within acceptable parameters. The current study’s findings demonstrated
that this technology’s simplicity, rapidity, and sensitivity allow for routine usage in exploratory or clinical

DOI: monitoring of both medications in human plasma.
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INTRODUCTION

Paracetamol (PCM), N- 4-hydroxyphenyl acetamide,
is a para-aminophenol derivative of nonsteroidal anti-
inflammatory medications that is extensively used as
an over-the-counter analgesic-antipyretic drug with low
anti-inflammatory effect (NSAIDs). PCM is an essential
medicine used to treat mild to moderate pain and to reduce
fever when an anti-inflammatory action is not required.!)
Pamabrom (PAMA) is a chemical compound composed of
2-amino-2-methyl-1-propanol and 8-bromotheophyllinate
in a 1:1 ratio. PAMA, a xanthine diuretic, improves
glomerular filtration rate and renal tubule permeability
while decreasing salt and reabsorption of water in the
proximal tubule.!?! This combination is recommended as
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an over-the-counter remedy to alleviate menstrual fluid
retention.

The logic behind mixing medications for pain management
is that various drugs interact with different receptors,
resulting in distinct pain processes that may improve pain
relief. PAMA tablet formulation is available in conjunction
with PCM for treating a variety of problems such as back
pain, transient water gain reduction, and menstrual pain
treatment.!®!

Several analytical approaches have been described to
quantitatively identify PCM in biological matrices, together
with high-pressure liquid chromatography (HPLC) when
combined with cetirizine, and it can also be analyzed
usingliquid chromatography-tandem mass spectrometry
(LC-MS/MS) when used in combination with other
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Fig. 1: The representative mass spectral scan with possible

fragmentation product ion of a) Paracetamol b) Pamabrom and c)
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medicines such as ketorolac enantiomers,®! guaifenesin,[el
chlorpheniraminel’!and their tertiary combinations.[1%
Compared to PCM, very limited methods such as stability-
indicating HPLC were reported to determine PAMA in an
aqueous medium,* and in combination with ibuprofen.
[121 The PAMA was estimated from human plasma at once
by HPLC-UV detection.['* Few researchers have described
the simultaneous quantification of both analytes in an
aqueous medium by spectrophotometry,[**16] HPLC,['"]
HPTLC['® and stability-indicating HPLC in presence of
its potential impurities.['"2% Until far, no LC-MS/MS
approach for simultaneous analysis of PCM and PAMA
from biological fluids has been published. For this reason,
developing a quick and accurate LC-MS/MS approach is
critical. Consequently, this work was the first to provide
a simple, quick, and sensitive LC-MS/MS method for
quantifying PCM and PAMA in human plasma.

MATERIALS AND METHODS

Chemicals and Reagents

The PCM, PAMA and IS were provided by Rajat Pharma
(Mumbali, India). Rajat Pharma supplied the PCM, PAMA,
and IS (Mumbai, India). Rajkot volunteer blood bank
at Gujarat, India, provided human plasma control with
K3EDTA anticoagulant. Analytical grade ammonium
formate and HPLC-quality acetonitrile, methanol, and
tert-butyl methyl ether were provided by Spectrochem
Pvt. Ltd.in India. Throughout the investigation, ultrapure

TR T W

B—rw———TE

# B & H B B W

£
113
£
]

) LIk G

ﬁ_rsuymuuaau

R I R R T R R Bt
in I = 13 LE

Fig. 2: Representative LC-MS/MS mass chromatogram for extracted samples of a) overlay of blank plasma for Paracetamol, Pamabrom
and Diclofenac (IS), (b) Internal standard (Diclofenac) in absence of analytes (zero standard), (c) Paracetamol at LLOQ (40 ng/mL) and (d)
Pamabrom at LLOQ (20 ng/mL).
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Table 1: Effect of pH and polarity on paracetamol and pamabrom recovery

S. no. pH modifier Condition Solvent Observation
Peak intensity/area®  Peak shape®

1 0.1 N NaOH Alkaline Tert butyl methyl ether + +
2 0.1 N NaOH Alkaline Ethyl acetate + +
3 0.1 N NaOH Alkaline Di-ethyl ether : Di-chloromethane (70:30,v/v)  + +
4 Water Neutral Tert butyl methyl ether ++ +
5 Water Neutral Ethyl acetate + +
6 Water Neutral Di-ethyl ether : Di-chloromethane (70:30, v/v) + +
7 0.1 N HCI Acidic Tert butyl methyl ether ++ ++
8 0.1 N HCI Acidic Ethyl acetate ++ +
9 0.1 N HCl Acidic Di-ethyl ether : Di-chloromethane (70:30,v/v)  + +

2High= ++, Low: +
bSymmetrical: ++, Asymmetrical: +

Table 2: Accuracy and precision of PCM and PAMA in human plasma.

Intra - assay (n=6) Inter - assay (n=18)
Analytes Nominal conc. (ng/mL)
Precision (% RSD) Accuracy (%) Precision (% RSD) Accuracy (%)
40 8.5 87.6 7.9 89.3
120 4.4 94.6 4.3 93.5
PCM
600 2.1 97.3 1.9 97.0
7200 9.5 97.8 6.7 104.6
20 7.3 87.4 6.0 90.4
60 6.7 90.3 6.3 91.4
PAMA
300 3.0 90.8 3.3 90.5
3600 8.3 96.1 10.2 96.1

PCM: paracetamol; PAMA: pamabrom

Table 3: Extraction recovery and matrix effect of PCM, PAMA (at three QC level) and IS in the human plasma

Analytes Nominal conc. (ng/mL) Recovery Matrix effect
%recovery® + SD 9%RSD Matrix factor® + SD %RSD
120 923 +5.6 6.0 09+0.1 8.1
PCM 600 91.8+1.7 1.8 09+0.1 6.1
7200 89.9+19 2.1 09+0.1 5.7
60 105.7 +9.4 8.9 1.1+0.1 6.8
PAMA 300 92.3+2.0 2.2 09+0.1 5.0
3600 91.0+1.5 1.6 1.0+0.1 8.1
IS 500 92.7£2.7 3.1 09+0.1 83

PCM: paracetamol; PAMA' pamabrom; IS: internal standard (diclofenac)

2The percentage of the mean peak area of the analytes obtained from pre (C) and post (B) spiked plasma processed samples at equivalent
concentrations [].

b The ratio of the mean peak area of post spiked samples (B) to those of pure standard solutions in the mobile phase (A) at the same
concentrations [].

water was used from MilliQ-Elix system, (Millipore Pvt. an integrated dehumidifier, a pulse-free technique for
Ltd., Gujarat, India). Without additional purification, all supplying solvent (LC-20AD), and an efficient online
reagents were utilized. degasser (DGU-20A5R). The HPLC was connected to
an LC-MS8030 triple quadrupole mass spectrometer
(Shimadzu, Japan) using an electrospray ionization (ESI)
The LC-MS/MS system included a column oven with source. Lab Solution software, Shimadzu, Japan, version
forced air circulation (CTO-20AC), an auto-sampler with ~ 5.53, was used to regulate all LC and MS parameters.

Instrumentation

610 Int. J. Pharm. Sci. Drug Res., September - October;, 2022, Vol 14, Issue 5, 608-615
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Table 4: Stability results for paracetamol and pamabrom under different conditions (n = 6).

Stability conditions QC samples®

LQC
Benchtop stability for 6 h (at ambient temperature) HQC

LQC
Freeze and thaw stability at -20°C (5 cycle)

HQC

LQC
Dry extract stability at -20°C for 24 hours

HQC

LQC
Auto sampler stability at 4°C for 24 hours

HQC

LQC
Long-term stability at -20°C for 28 days

HQC

PCM PAMA
9%Mean stability changed® 9%Mean stability changed®
1.3 1.5
0.1 -2.2
-3.4 -7.1
-4.2 -5.8
-3.5 4.2
1.7 2.8
-0.3 -1.0
-0.4 0.0
-3.0 -6.7
-3.8 -5.9

QC: quality control; PCM: paracetamol; PAMA: pamabrom; HQC:high quality control ; LQC: low quality control
#The concentration of quality control sample for paracetamol is 120 ng/mL (LQC), 7200 ng/mL (HQC); and for pamabrom is 60 ng/mL

(LQC), 3600 ng/mL (HQC)

Mean stability samples — Mean comparison samples

*100

® 9% Mean stability changed =

Instrumental Parameters for Chromatography and
Mass Spectrometry

The chromatographic separation was performed using
a Kromasil analytical C;g (100 x 4.6 mm, 5 pm) column,
and the column oven’s temperature was kept at 40°C.
The acetonitrile:zmethanol (50:50) solution with 2 mM
ammonium formate in water (90:10, v/v) was the mobile
phase, with a flow rate of 0.4 mL/min. A sample volume of
2 uLwasintroduced into the system, and the autosampler’s
temperature was maintained at 4°C and the analytical run
duration was 4 minutes.

Mass parameters for PCM, PAMA, and IS were tuned by
the infusion of a 500 ng/mL solution of each analyte and
constantly switching from positive to negative ion mode.
The interface temperature and voltage of the ion spray
were tuned at 300°C and 4.5 kV, respectively. Nitrogen
was employed as a nebulizing (3 L/min) and drying
(15 L/min) gas. MRM was used to measure analytes using
argon as the collision gas and ionic transitions from m/z
152.0 -»110.1 for PCM in positive mode, m/z 256.9-199.9
for PAMA, and m/z 294.0-250.0 for IS in negative mode.
Collision energies for PCM, PAMA, and IS were set to be
-20eV, 25eV, and 10eV, respectively. The dwell duration
was limited to 100 milliseconds.

Standard and Quality Control (QC) Sample
Preparation

Methanol was used to create the stock solutions of PCM
and PAMA toa 5000 ng/mL as the ultimate concentration
for each analyte. The working solution of the analytes
was then diluted to the required concentrations using a
combination of methanol and water (50:50, v/v). In order
to create the calibration curves, serially diluted spike
solutions were made after spiking (2%) the standard

Int. J. Pharm. Sci. Drug Res., September - October, 2022, Vol 14, Issue 5, 608-615

Mean Comparing samples

solutions into blank plasma. These calibration curves were
created for PCM and PAMA, respectively, at 40, 80, 160,
400,800,1600,4000,and 8000 ng/mL and 20, 40, 80, 200,
400, 800, 2000, and 4000 ng/mL, respectively.

The quality control samples (QCs) were made from the
working standard solutions at four concentrations viz.
40,120,600 and 7200 ng/mL for PCM as well as for PAMA
20, 60, 300 and 3600 ng/mL respectively labelled as a
LLOQ (lower limit of quantification), LQC (low quality
control), MQC (middle quality control), HQC (high quality
control) for both analytes, A working IS solution containing
diclofenac was similarly produced to achieve an ultimate
concentration of 500 ng/mL. Before being examined, all
samples were maintained between 2 to 8°C temperature.

Preparation of Plasma Samples

Liquid-liquid extraction (LLE) was employed to extract
PCM, PAMA, and IS from human plasma during sample
preparation. The spiked samples, along with samples
of standards calibration and quality control had been
kept in a deep freezer at -20°C were defrosted to room
temperature. Before pipetting, these defrosted samples
were appropriately mixed and vortexed. These samples
were then (200 pL) put into 2 mL recovery vials, added
50 pL of an IS, excluding blank samples, and vortexed for
30 s using a vortex mixer. The mixture was then vortexed
with 50 pL of acidic buffer (0.1N HCI) for 2 minutes. After
extraction, 1.3 mL of tert methyl butyl ether was added
to the mixture as an extracting solvent and vortexed upto
5 minutes. The resultant mixture was then refrigerated
centrifuged for 15 minutes around 4000 rpm at 10°C.
The organic phase was then moved to a separate vial and
dried at 40°C with a moderate stream of nitrogen until
dry. After reconstituting the dried samples with 100 puL
of reconstitution solvent (mobile phase), 2 puL of sample
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was injected for chromatographic separation and analyte
quantification.

Method Validation

In accordance with the USFDA’s industrial guidelines,!
the bioanalytical method validation was carried out and
found to meet acceptance requirements for a several.

21]

Selectivity

To look into endogenous interferences at the signal of
analytes and IS, seven distinctlot of human plasma (blank)
were screened (one heparinized plasma and six were
K;EDTA). The LLOQ QC and IS sample were made using
aliquots of plasma samples. The baseline should be < 20%
of the analyte responses at LLOQ QC level.[2?]

Linearity, Accuracy, and Precision

Analysis of an eight-point standard curve covering the
concentration ranges of 40-8000 ng/mL for PCM and
20-4000 ng/mL for PAMA (n=3), as well as the precision
and accuracy batch was used to assess the method’s
linearity. Regression analysis was performed using
the analyte to IS peak area ratio vs concentration. The
concentration at each QC level is quantified using the
regression equation for the calibration curve and the linear
relationship between responses. Least square weighted
(1/x) linear regression was used to independently assess
each calibration curve.

By examining QC samples (n = 6) at each level of PCM
and PAMA on the same batch and in three distinct batches,
it was feasible to assess the precision and accuracy
within and between assays. The batch was composed of a
calibration standard, six QC sample measurements at each
level, and a calculation of the % RSD (Relative standard
deviation) at each level to assess accuracy. The standard
deviation from the theoritcal concentration should not
exceed 15.0%, except for LLOQ QC, when it should be
permitted to be within 20%. For all calibration curves, a
correlation coefficient (r>99) value was preferred.

Recovery and Matrix Factor

Six duplicates of each QC samples (120, 600, and 7200 ng/
mL for PCM and 60, 300, and 3600 ng/mL for PAMA) were
processed by LLE and evaluated for extraction recovery
and matrix effect. Peak areas from the plasma processing
samples before (C) and after (B) the addition of a spiked
drug were compared. The recovery (%) was calculated
using . To assess the matrix effect on plasma, the peak
area after spiked samples (B) was compared to that of
pure standard solutions in the mobile phase (A) at the
same concentrations. By applying, the matrix factor was
computed. IS extraction recovery and matrix factor were
assessed similarly at working concentration (500 ng/mL).
A method’s matrix factor must be within the range of 0.85
to 1.15 ateach QClevel to ensure it is free from the matrix
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effect. The acceptable limits were set at a 15% deviation
from the mean recovery.

Dilution Integrity

Dilution consistency was tested to ensure that samples
may be diluted with a blank matrix without changing
the final concentration if the genuine samples exceeded
the method’s certified calibration range. To do this,
predetermined reference samples were created at
concentrations 1.5 and 4 times greater than the maximum
limit of the calibration range (above ULOQ). To create
diluted quality control samples (DQCs), aliquots were
diluted (1:2 and 1:10) with human plasma to reach
concentrations of DQC (1/2) 6000 ng/mL and DQC (1/10)
3200 ng/mL for PCM and DQC (1/2) 3000 ng/mL and
DQC (1/10) 1600 ng/mL for PAMA, respectively. These
diluted samples were processed and evaluated along with
calibration samples.

Stability

Six duplicates of QC samples (120, 7200 ng/mL for PCM
and 60, 3600 ng/mL for PAMA) were examined under
various settings to assess the sample stability in human
plasma. The bench-top (6 h at room temperature), freeze-
thaw (-20 + 5°C), auto-sampler (at 4°C for 24 hours), dry
extract (2-8°C for 24 hours), and long-term stability
(-20 £ 5°C for 28 days) were all calculated. Concentrations
of both stability samples and newly generated samples
were determined to determine stability. Stability
was represented as the % mean change in computed
concentrations, and sample solutions were deemed stable
ifthe percent mean stability change was found to be within
15% of the starting concentration.

RESULT AND DISCUSSION

Method Development

A fastand accurate assay for the concurrent measurement
of PCM and PAMA has been developed and validated in
human plasma, as well as the MS parameter, extraction
method, and chromatographic conditions.

Mass Spectrometric Condition Optimization

The analytes were initially examined by system injection
of separate standard solutions without column. It was
decided to use the PCM in positive, PAMA, and IS in
negative ionization modes since they provided more
effective ionization. To get the highest sensitivity feasible,
the MS/MS conditions were tuned. The MRM was used
to keep track of precursor and product ions that might
improve selectivity and lessen interference. Similarly, the
molecular ion [M+H]* of PCM was detected at 152.0 m/z,
the collision-induced (-20 eV) dissociation due to loss of
neutral molecule, namely ketene (CH,=C=0) with proton
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transfer to produce a primary ammoniumionat 110.1 m/z.
The corresponding mass spectrum is shown in Fig. 1a.
The PAMA showed quasi-molecular ion [M-H] at 256.90
m/z of 8-bromotheophyllinate and at collision energy of
25 eV, a significant fragment ion formed at 199.9 m/z. Its
m/z of 256.9 to 1999 transition, i.e., 57 unit losses was
due to CH;NCO loss from di-methyl uracil ring (retro-Diels-
Alder fragmentation reaction). The corresponding mass
spectrum was shown in Fig. 1b.

Diclofenac contains two chlorine atoms and can be
detected in the negative ionization mode. The usual isotope
pattern for the molecular ion [M-H]- was discovered at
294.0 m/z. when the collision energy was set at 10 eV,
a significant fragment ion was identified at 250.0 m/z.
This production was formed due to loss of CO, [M-CO,-H]
(Fig. 1c).

Optimization of Sample Preparation

The sample preparation process should be rapid,
simple, and need the least quantity of chemicals while
maximizing analyte recovery. In this context, a study
of the literature found that the LLE approach was used
to extract PCM and PAMA.[23] However, the recovery
of analytes using this extraction method was only
about 60%. Another approach that has been published
likewise used a larger amount of plasma for sample
preparation and a more volume of injection for getting
results.[?*! Liquid-liquid extraction (LLE) and protein
precipitation technique (PPT) procedures were examined
in sample preparation for improved recovery, extraction
efficiency, and observation of signal-to-noise ratio at lower
concentrations. It was observed that recovery efficiency
was less in PPT compared to LLE, which might be owing
to less protein binding capacity of PCM and PAMA. In LLE
method, to assess the impact of extraction solvent and
pH on analyte recovery, various organic solvents which
were covered within expedient polarity range such as
diethylether, dichloromethane, tert butyl methyl ether,
ethyl acetate, were used at different concentrations and
amount of pH modifier like HCI, NaOH and also without
pH modifier.?>2°] The results expressed that optimal
extraction of selected analytes can be obtained using less
polar organic solvents. As compared to acidic conditions,
recovery of PCM was better in unchanged and alkaline
condition, whereas better recovery value for PAMA and IS
was observed in acidic conditions. Therefore, subsequent
experiments were performed in acidic condition using
methyl tert-butyl ether as solvent. Sample preparation
was required to reduce processing time and achieve the
specified analyte recoveries. There was no endogenous or
exogenous plasma matrix interference. Hence the analyte
recovery, sensitivity, and/or ion suppression remained
unaltered. The summary of results obtained from the
different extraction process is provided in Table 1.
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Optimization of Chromatographic Condition

The technique was made cost-effective by choosing the
mobile phase considering the gaussian peak shape and
early completion of run time, which makes less use of
organic solvent. The mobile phases containing different
proportion of ammonium acetate (2 mM, 5 mM, 10 mM),
ammonium formate (0.1%), formic acid in water (0.5%) as
abuffer, and acetonitrile and methanol as organic solvents
were screened to obtain symmetric peak shape and better
sensitivity. Finally, the desired findings were seen in the
Kromasil C;5 (100 x4.6 mm, 5 um) analytical column using
a variety of combinations, demonstrating that mixture
of acetonitrile and methanol (50:50) 2 mM ammonium
formate in water (90:10, v/v) meets the necessary purpose
with maximum efficacy. A small injection volume of 2 puL
minimized analyte overloading of the column, allowing
for numerous sample analyses on the same column.
The suggested chromatographic settings were created
with the goal of increasing sensitivity while decreasing
chromatographic run time (4 minutes).

Method Validation

Specificity

No substantial interference from endogenous compounds
was found in drug-free human plasma. PCM, PAMA, and
IS had retention durations of 2.57, 2.20, and 2.86 minutes,
respectively (Fig. 2). At this concentration level, the
baseline noise was found to be < 20% of the PCM, PAMA,
and IS responses.

Linearity, Precision and Accuracy

For PCM and PAMA, the chromatographic responses were
linear across the concentration ranges of 40-8000 ng/mL
and 20-4000 ng/mL, respectively, in human plasma. The
average regressions of the area ratio of peak analytes
to IS at various concentrations were fitted to generate
a typical equation for PCM and PAMA. Average linear
equation obtained for PCM and PAMA were y = (0.006 *
0.0002) x + (0.583 + 0.0329) and y = (0.002 = 0.0001) x +
(0.020 £0.0047), respectively where y represents the ratio
of peak of analytes to that of IS, and x represents plasma
concentration. Throughout validation, the correlation
coefficient, r, was continuously equal to or better than
0.995 for both analytes. Samples from calibration curves
with back calculated concentrations were within 15%
of the theoretical value. The proposed method has a 200
times wide dynamic linearity range for both analytes that
can cover the therapeutic range of PCM and PAMA.

PCM and PAMA intra- and inter-assay precision and
accuracy were determined by evaluating QCs samples at
four concentrations (7200, 600, 120, and 40 ng/mL for
PCM and 3600, 300, 60, and 20 ng/mL for PAMA) in six
repetitions on a within day and between days, respectively,
and the concentration was back-calculated using the
calibration curve. The technique was rapid and consistent,
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with intra and inter-assay accuracy was ranged from
87.6-97.8% for PCM and 87.4-96.1% for PAMA, and for
precision %RSD values were less than 7.9% for PCM and
10.3% for PAMA. With the exception of LLOQ QC, where a
value up to 20% over the theoretical value was permitted,
all accuracy and precision levels felt within the allowable
limitations of 15%. The values in Table 2 indicate better
precision and accuracy.

Matrix Factor and Recovery

LLE was employed to extract PCM, PAMA, and IS from
spiked human plasma. The %mean recoveries ranged from
89.91t092.3% for PCM and from 91.0 to 105.7% for PAMA,
with the matrix factor having a mean value of 0.9 + 0.1 for
PCMand 1.0 + 0.1 for PAMA. The mean recovery and matrix
factor of ISwere achieved 92.7% and 0.9, respectively. The
recovery of PCM, PAMA and IS was high and were noted to
be consistently precise and reproducible (Table 3). Thus,
we could conclude that the proposed method efficiently
recovered PCM, PAMA and IS from human plasma.

Dilution Integrity

The precision (%RSD) values for consistency for 1/2"¢and
1/10th dilutions for PCM were 9.5 and 10.8%, respectively,
and 8.9 and 8.2% for PAMA. While PCM accuracy was 97.35
and 99.52%, respectively, PAMA accuracy was 92.86 and
95.03%. The precision (%RSD) and accuracy (85-115%)
results were within the acceptable limits. Therefore, the
real subject plasma concentrations above the ULOQ can
also be assessed by this method.

Stability

QC samples matched to low and high matrix levels were
used for the stability testing. Since there were no significant
variations from the predicted concentration, PCM and
PAMA were stable throughout all test conditions. Results
fell under the 15% mean stability changed acceptability
threshold. Therefore, it has been demonstrated that this
method may be used for regular analysis (Table 4).

CONCLUSION

A rapid and easy LC-MS/MS technique for measuring
PCM and PAMA levels in human plasma was created and
successfully validated as per the guidance document
of USFDA. This method has considerable benefits over
previously described methods in terms of very effective
liquid-liquid extraction, shorter chromatographic run time
(4 min), only 2% spiking with biological matrix, and lower
sample injection volume (2 pL), making it helpful in high-
throughputbioanalysis. Furthermore, analytes were stable
under typical handling and processing conditions and
provided effective analyte and IS recoveries in the absence
of matrix effect, which contributed to the development
of a reliable method for simultaneously measuring PCM
and PAMA in human plasma. This method may be used
in bioavailability and bioequivalence research, as well
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as regular dose-dependence profiles with the desired
precision and accuracy.
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