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Grover et al.: Development and Validation of Diclofenac in Human Plasma
According to Food and Drug Administration requirements, a simple, sensitive and specific liquid 
chromatography-tandem mass spectrophotometry method for quantifying diclofenac in human plasma 
was developed and fully validated. Electrospray ionisation in the positive mode produced protonated 
ions, which were utilised to detect analyte and fluconazole (internal standard). Protein precipitation 
generated by acetonitrile was used to extract the analytes, followed by liquid-liquid extraction with ethyl 
acetate. The reversed phase separation was performed on a Chromolith speed ROD RP-18e (4.6 mm×50 
mm) column with a simple isocratic mobile phase of 10 mM ammonium acetate in water, pH adjusted 
to 4.5 using acetic acid:acetonitrile in the ratio of (20:80, v/v) at a flow rate of 0.5 ml min-1. On a triple 
quadrupole mass spectrometer, fragmentation of Diclofenac m/z 296.10- (parent) and 250 (product) and 
Fluconazole m/z 307.20- (parent) and 220 (product) for internal standard was monitored. The devised 
method was verified in human plasma spanning a concentration range of 18.75 to 2000.25 ng ml-1, with 
a correlation coefficient (r2) of 0.9948. The detection was carried out using an electrospray ionisation 
approach on a triple quadrupole mass spectrometer that was used for multiple reaction monitoring. 
The intraday precision and accuracy values obtained from six different sets of quality control samples 
evaluated on different occasions ranged from 96.22-113.46 % and 2.66-9.95 %, respectively. For the 
analyte and internal standard, the overall recoveries were 61.98 3.97 and 55.01 1.18, respectively. The 
described approach was used to analyse diclofenac in human plasma samples with great performance.

Key words: Diclofenac, validation; liquid chromatography-tandem mass spectrophotometry; human 
plasma; multiple reaction monitoring; pharmacokinetics

Diclofenac sodium, also known as 
2-[(2,6-dichlorophenyl)amino]benzeneacetic acid, 
monosodium salt, is a non-steroidal anti-inflammatory 
medication. It is used to treat mild to moderate pain, 
osteoarthritis and rheumatoid arthritis. Diclofenac 
sodium is rapidly and completely absorbed when 
taken orally. Diclofenac binds to plasma albumin in 
large amounts[1-3]. Diclofenac has a molecular weight 
of 296.18. Fig. 1 shows the chemical structures of 
diclofenac sodium and fluconazole[4-7].

Diclofenac has been quantified using a variety 
of analytical methods. High-Performance Liquid 
Chromatography (HPLC) methods for the 
determination of diclofenac in human plasma were 

developed by Nasir et al., Yilmaz et al. and Dahivelkar 
et al.[8-10] described a very sensitive HPLC technique 
with a lengthy retention duration. Many published 
procedures are less sensitive, have long retention 
duration and need multiple sample preparation 
processing stages, according to the findings[4-8].

Nasir et al.[8] devised an HPLC approach that 
included column swapping. A fully automated 
method based on liquid-solid extraction and column 
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liquid chromatography was disclosed. An automated 
robotics system that aliquots biological samples, 
inserts the internal standard, extracts the drug from 
an acidified biological matrix into an organic phase, 
and concentrates extracts for analysis using a directly 
interfaced HPLC system was also built.

An extremely sensitive (1 ng ml-1) HPLC approach 
based on electrochemical detection for the 
measurement of diclofenac in biological fluid 
was described. Another HPLC approach with 
electrochemical detection for the quantitative 
measurement of diclofenac potassium in plasma was 
also reported. Another electrochemical detection-
based HPLC approach that requires twofold drug 
extraction utilising an organic solvent has been 
created. a rat plasma Ultra Performance Liquid 
Chromatography-tandem Mass Spectrometry 
(UPLC-MS/MS) technique based on Liquid-Liquid 
Extraction (LLE) was developed. Another Liquid 
Chromatography- tandem Mass Spectrometry (LC-
MS-MS) approach for the determination of diclofenac 
in mouse plasma has also been disclosed[9,10]. 

To the best of our knowledge, there is no method 
for analysing diclofenac sodium in rabbit plasma. 
The current study presents a high-throughput, easy, 
accurate and precise UPLC-MS/MS approach for 
diclofenac detection in rabbit plasma samples. The 
accuracy, precision, specificity, recovery, linearity 
and stability properties of the method were all 
validated. The benefits of the current method include 
a rapid and simple extraction operation employing 
only one solvent, a short run-time, low noise and 

good sensitivity and selectivity. Various LC-MS/MS 
methods are available[11-16].

The purpose of this current research was to explore the 
high selectivity and sensitivity of triple quadrupole 
MS system with an electrospray interface for 
development and validation of LC-MS/MS method 
for quantification of Diclofenac in human plasma 
using its structural analogue, Fluconazole as internal 
standard. The target Lower Limit Of Quantitation 
(LLOQ) for the method was ~20 ng ml-1.

MATERIALS AND METHODS

Chemicals and reagents:

Diclofenac (Potency (w/w 99.7 %) and Fluoxetine 
(99.9 %) reference standards were obtained 
from MSN laboratory (Hyderabad, India). J.T. 
Baker provided the HPLC grade acetonitrile and 
methanol (Philipsburg, USA). Ammonium acetate 
(analytical grade) was acquired from Sigma 
Aldrich (Mumbai, India), sodium carbonate (HPLC 
grade) was purchased from Merck Specialties 
(Mumbai, India), and acetic acid (AR grade) 
was purchased from Merck Specialties (Mumbai, 
India) (RFCL Chemicals New Delhi, India). 
Vials from Eppendorf (Torsens products Pvt Ltd 
Kolkata, India) Millipore's Milli Q water purifying 
equipment was utilised to prepare the water for the 
LC-MS/MS analysis (Bangalore, India). Human 
plasma was obtained from Cauvery Diagnostics 
and the Hyderabad Blood Bank and kept at -20° 
until use.

Fig. 1: Structure of (a): Diclofenac and (b): Fluconazole
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Instrumentation and chromatographic conditions

HPLC Perkin-Elmer 200 Series (Perkin-Elmer 
Instruments LLC, Shelton, CT, USA) was used to 
perform chromatographic separation. It included a 
quaternary pump, a degasser, and an auto sampler 
with a thermostatted column compartment. The 
chemicals were evaluated on a reversed phase 
chromatographic column (50 mm×4.6 mm internal 
diameter) made by Chromolith Speed RODRP-18e 
(Merck KGaA, Germany). The temperature of the 
column was maintained at 352 degrees Celsius. A 
pre-mixed mixture of 10 mM ammonium acetate 
buffer and acetonitrile (20:80, v/v) was pumped at 
a flow rate of 0.5 mL min-1 as the mobile phase.

Mass Spectrometric analytical conditions

Multiple reaction monitoring (MRM) mode was 
used to detect mass using an API 4000 Q-Trap 
triple quadrupole apparatus (Applied Biosystems 
MDS SCIEX, Toronto, Canada). In positive 
ionisation mode, a turbo electrospray interface was 
used. Table 1 summarises the mass spectrometer's 
key operating parameters. The software package 
Analyst 1.4 was used to process the data (Applied 
Biosystems MDS SCIEX).

Standards and Quality Control (QC) sample 
preparation:

Diclofenac primary stock solution for calibration 
standard and QC samples were produced separately. 

Diclofenac primary stock solution and fluconazole 
(Internal Standard (IS)) primary stock solution 
were produced in methanol to a final concentration 
of 1.0 mg/ml each. Methanol was used to prepare 
further dilutions for calibration curve standards and 
QC samples. Spiking of aqueous dilutions made 
from original stock solution in plasma resulted 
in an eight-point calibration curve of diclofenac 
(18.75-2025 ng ml-1). 

QC samples were generated in bulk at four 
concentration levels; 18.45 ng ml-1 for the LLOQ, 
35.49 ng ml-1 for the Low QC (LQC), 422.50 ng 
ml-1 for the Medium QC (MQC), and 1689.99 ng 
ml-1 for the High QC (HQC). When not in use, 
primary stock solutions were maintained at 2-8°. 
Spiked calibration standards and QC samples were 
kept at a temperature of less than -50°.

Extraction of plasma samples:

In a 5 ml polypropylene tube, an aliquot of 200 ml 
plasma sample and 50 ml IS solutions (1000 ng/
ml fluconazole) were combined. Add 50 ml of 0.1 
% formic acid and vortex, then add 2.5 ml of ethyl 
acetate. The sample was shaken for 10 min at 2000 
rpm on a platform shaker, then centrifuged for 10 
min at 4000 rpm. The organic layer was separated 
from the aqueous layer and evaporated to dryness 
under a nitrogen stream at 50°. The residue was 
reconstituted in 400 l of mobile phase, and 10 l 
were injected for analysis using LC-MS/MS.

Parameter Value
Ion spray voltage (V) 4200
Temperature (°) 420°
CUR (Curtain gas) 20
Collision gas (psi) 5
GS1 (psi) 25
GS2 (psi) 45
Declustering potential (V) Diclofenac: 32.0

Fluconazole: 50.0

Entrance potential (V) 10
Collision energy (V) Diclofenac: 20.0

Fluconazole: 25.0

Collision cell exit potential (V) Diclofenac: 14.0

Fluconazole: 15.0

CEM (Channel electron multiplier) 2400

Sample cooler temperature 6°

Mode of Ionization Positive

TABLE 1: TANDEM MASS SPECTROMETER WORKING PARAMETERS
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Sample preparation:

A simple protein precipitation with methanol was 
used to prepare the samples. One set of plasma 
calibration curve standards, one or more sets of 
QC samples, and plasma samples to be analysed 
were thawed at room temperature or in a water 
bath kept at room temperature. The contents of 
the thawed samples were vortexed to achieve full 
mixing. About 100 ml of material was pipetted into 
a stoppered test tube, followed by 50 ml of 1000 ng 
ml-1 internal standard dilution (except in the blank) 
and vortexed. The extraction solution was added in 
4 ml increments and vortexed for 60 sec. The test 
tubes were placed on a reciprocating shaker for 5 
min at 175 rpm with the stoppers fastened. The test 
tubes were then centrifuged at 4000 rpm for 5 min 
(Eppendorf 5810 R, Eppendorf AG, Germany). 
About 3.0 ml of the supernatant organic layer was 
collected and evaporated to dryness for 15 min at 
50° with a nitrogen flow of 15 psi. The residue was 
reconstituted in 400 l of reconstitution solution, 
transferred to HPLC vials, and a 10 l aliquot 
injected into the chromatographic apparatus.

Data processing and regression:

Analyst software version 1.4 was used to collect 
and process the data. Diclofenac to fluconazole 
peak area ratios were plotted vs. diclofenac 
concentration. Weighted least-squares linear 
regression was used to create the calibration charts.

Method validation:

The bioanalytical method validation followed the 
requirements of the European Medicines Agency 
(EMEA)[17] and the Food and Drug Administration 
(FDA)[18]. Selectivity/specificity, LLOQ, standard 
calibration curve, residual effect, precision 
and accuracy, extended precision and accuracy, 
recovery, matrix effect, dilution integrity test, re-
injection reproducibility, and stability tests were 
used to validate the method. During the method 
validation runs, system appropriateness was 
employed to evaluate the system's performance.

System suitability test:

The System suitability test was performed at the 
start of each method validation run by injecting 
six replicates of an aqueous mixture of MQC 
and a working concentration of IS. The first five 
high system suitability samples were utilised to 

assess the system's consistency, with an allowed 
coefficient of variation of less than 6.0 % for the 
analyte/IS peak area ratio[19-23].

Selectivity/specificity and LLOQ:

Six different sources of blank human plasma 
samples were used to test selectivity and specificity. 
Using prescribed chromatographic conditions, 
an aqueous mixture of analyte(s) and IS was 
produced and injected to examine the retention 
time and mass transition of all peak of interest. 
The proposed extraction process was used to 
generate a blank matrix from at least six different 
batches and LLOQ spiked singly in each batch. 
By comparing the response in the blank matrix 
to the mean response of the extracted LLOQ, the 
inference at the RT of an analyte was evaluated. By 
comparing the response in the blank matrix to the 
mean response of the extracted internal standard, 
the interference at the RT of the internal standard 
was determined.

The selectivity was determined by examining 
blank plasma samples from six separate batches 
for interference at the diclofenac and fluconazole 
retention times. Five replicates of control human 
plasma and plasma spiked with the analyte at the 
lowest level of the calibration curve (18 ng ml-1) 
were analysed to determine sensitivity.

Standard calibration curve and residual effect:

Linearity was determined by examining a minimum 
of three analytical batches and using weighted 
least-square linear regression to calculate the 
concentrations of injected calibration curve 
standards. A calibration curve was made out of a 
blank sample (a plasma sample processed without 
the IS), a zero sample (a plasma sample processed 
with the IS), and eight non-zero samples ranging 
from 18.75 ng ml-1 to 2000.25 ng ml-1, including 
LLOQ. A correlation coefficient (r2) of 0.99 or 
greater was required for a calibration curve, and 
each back-calculated standard concentration had 
to be within 15 % deviation of the nominal value, 
except at the LLOQ, when the maximum allowed 
variation was set at 20 %.

Precision and accuracy:

Calculating the percent Coefficient of Variation 
(percent CV) for each level determined the method's 
precision. On the same day, repeat analysis of 
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Diclofenac plasma samples was undertaken to 
determine intra-day accuracy and precision. A 
calibration curve was included in the run, as well 
as six replicates of LLOQ, LQC, MQC and HQC 
samples. Three precision and accuracy batches 
were analysed on three consecutive validation days 
to determine inter-day accuracy and precision. The 
deviation from the nominal concentration at each 
concentration level was supposed to be within 15.0 
%, except for LLOQ, when it should be within 
20.0.

Recovery:

For replicate spiked QC samples, the absolute 
recovery of Diclofenac and the internal standard 
was determined (LQC, MQC and HQC). 100 l of 
diluted aqueous QC samples (LQC, MQC, and 
HQC) containing equivalent concentration to 
spiked QCs, 50 l of IS dilution (1000 ng ml-1), and 
250 l of reconstitution solution were used to make 
five sets of recovery comparison samples. As a 
result, the same amount of Diclofenac and internal 
standard is transferred in comparison samples as it 
is in the extracted QC samples.

Stability:

Stock solution, freeze-thaw, bench-top, In-
injector, refrigerated, room temperature, and long-
term stability of diclofenac were studied as part 
of method validation. The stock solution stability 
was assessed by comparing it to freshly made stock 
solution at room temperature and at 2-8°. During 
freeze-thaw cycles, the stability of the spiked 
human plasma samples was assessed. For one and 
three freeze-thaw cycles, a replicate number of 
low and high QC samples were analysed. The fresh 
spiked calibration curve standards of concentration 
range equivalent to that utilised for the calculation 
of precision and accuracy were employed to 
quantify the freeze-thaw QC samples.

At 0, 3 and 5 h the bench top stability of five sets 
of low and high QC samples was assessed. The 
precision and accuracy of the QC samples were 
calculated using newly spiked calibration curve 
standards of concentration ranges identical to those 
used in the precision and accuracy calculations. 
The processed replicate low and high QC samples 
were placed in the auto injector three times and 
data was obtained for a period of 24 h to measure 
the in-injector stability. The QC samples were 

quantified against newly spiked calibration curve 
standards of concentration ranges equal to those 
used to calculate precision and accuracy for the 
computation of diclofenac stability. The response 
ratio of internal standard over analyte of each 
QC sample at 0, 6 and 24 h was compared to the 
respective response ratio of the 0 h samples for 
calculating internal standard stability.

After 9 d, the stability of the refrigerated stock 
solution was tested by injecting 5 duplicates 
of two dilution mixtures containing diclofenac 
equivalent to the middle QC sample concentration 
and IS equivalent to the working concentration. 
One dilution mixture contained diclofenac dilution 
from stored stock, whereas the other contained 
diclofenac dilution from fresh stock. For diclofenac 
stability calculations, the mean reaction ratio of 
diclofenac stored stock to IS was compared to the 
fresh stock value.

At 0 and 6 h, the stability of room temperature 
stock solutions was tested by injecting 5 replicates 
of a prepared stock dilution mixture comprising 
diclofenac equivalent to the middle QC sample 
concentration and IS equivalent to the working 
concentration. For diclofenac stability calculations, 
the mean response ratio of diclofenac upon IS at 6 
h was compared to the 0 h value. Similarly, for IS 
stability estimates, the mean response ratio of IS 
after diclofenac at 6 h was compared to the 0 h 
value.

After 9 d of storage at/or below 50°, long-term 
stability was evaluated. Five replicates of QC 
samples with low and high concentrations were 
taken out of the freezer and allowed to thaw. 
These samples were extracted and injected 
into an auto injector. The QC samples were 
quantified against newly spiked calibration curve 
standards of concentration ranges equal to those 
used to calculate precision and accuracy for the 
computation of diclofenac stability.

Matrix effect:

The matrix effect was investigated to show 
that there is no significant endogenous input 
from human blank plasma that impacts analyte 
measurement. The matrix impact was assessed by 
comparing freshly spiked calibration standards to 
low and high QC samples from six separate batches 
of human plasma in duplicate. If the variation of 
the mean test responses was less than 15 % of 
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the nominal concentration, no significant matrix 
impact was evaluated.

Dilution integrity:

Five sets of MQC and HQC samples were dilute 
two times with human plasma, while another five 
sets of MQC and HQC samples were dilute five 
times with human plasma. These QC samples were 
examined in conjunction with calibration curve 
standards, and the concentration of the QC samples 
was estimated using an appropriate dilution factor.

Carryover effect:

The carryover test was used to ensure that 
contamination was not carried over from one run 
to the next. The test began with the injection of 
a blank plasma sample, followed by the injection 
of a sample at the concentration of the calibration 
curve's highest level. The carryover impact was 
tested by injecting replicates of processed blank 
matrix samples after spiked human plasma samples 
from the processed ULOQ standard (STD-H). The 
average area of LLOQ standards was compared to 
the area in the blank sample (STD A). At the same 
retention durations for the analytes and IS, no 
substantial interference peaks (20 % of the LLOQ 
area and 5 % of the IS area) should be visible in 
the chromatograms of the blank plasma.

RESULTS AND DISCUSSION
It was important to use tandem mass 
spectrophotometric (MS-MS) detection to design 
a method with the requisite LLOQ (18.75 ng ml-

1), as this provides a better limit of detection. 
MS-MS detection's inherent selectivity was 
thought to be useful in constructing a selective 
and sensitive technique. In positive ionisation 
mode, the product ion mass spectra of diclofenac 
and the IS are presented in fig. 2. To acquire the 
product ion spectra, the major [M]+ and [M+H]+ 
ions for diclofenac and IS respectively, were 
employed as the precursor ions. 

For diclofenac, the most sensitive mass transition 
was from m/z 535.3 to m/z 288.2, while for the 
IS, it was from m/z 409.1 to m/z 205.2. The 
MRM state file parameters were optimized to 
maximise the analytes response. The parameters 
in Table 1 are the outcome of this optimization. 
Several trials were conducted to optimise the 
chromatographic parameters, particularly the 

mobile phase composition, in order to produce 
good resolution and symmetric peak shape, as 
well as a reduced run time for the analyte and 
the IS.

Various combinations of ammonium acetate 
buffer and methanol/acetonitrile were explored 
based on the literature. Acetonitrile was chosen 
over methanol because it lowers the baseline 
more effectively. The buffer was held at a 
molarity of 10 mM and blended with acetonitrile 
in a 2:8 ratios for better peak shape. The flow 
rate was tested between 0.2 and 0.8 ml min-

1. The chromatographic system was designed 
with the goal of providing a shorter run time to 
ensure maximum throughput while also taking 
into account matrix effects and acceptable peak 
shapes. The analyte and the IS were eluted at 
1.5 and 1.6 min, respectively, due to the high 
proportion of organic solvent in the mobile phase 
[10 mM ammonium acetate/acetonitrile (20/80, 
v/v)]. To achieve short run duration with good 
peak shape within 2.0 min, a flow rate of 0.5 
ml min-1 was chosen. Fluconazole, a structural 
counterpart of diclofenac, was utilised as an 
internal standard.

Six replicates of MQC dilution and working 
concentration of internal standard were used to 
test the system's repeatability. Every day, before 
beginning any method validation exercise, a 
system appropriateness test was done. Table 
2 shows the coefficient of variation that was 
achieved. Fig. 3 shows a chromatogram of 
Diclofenac aqueous standard mixture with 
internal standard.

The plasma samples that did not show any 
interfering mass peak at the retention periods of 
Diclofenac and IS were chosen from six blank 
human plasma batches that were examined for 
selectivity. Fig. 4 and fig. 5 show representative 
chromatograms of blank human plasma sample 
and blank human plasma with internal standard, 
respectively.

A weighted least square regression analysis 
of an eight-point standard curve was used to 
determine the method's linearity. From 18.75 
ng/ml to 2000.25 ng/ml, the calibration lines 
were found to be linear (fig. 6). Least square 
regression analysis with weighting factors 
of 1/x2 was used to determine the best suited 
calibration lines of ratio of Diclofenac to IS 



www.ijpsonline.com

Indian Journal of Pharmaceutical Sciences 746May-June 2023

peak area versus concentration of calibration 
standards. Throughout the validation process, 
the r2 was continuously more than 0.990.

Diclofenac has a quantitation limit of 18.75 
ng ml-1. Fig. 7 depicts representative LLOQ 
chromatograms. For Diclofenac at 18.75 ng 
ml-1, the difference between run precision and 
accuracy was 9.40 % and 95.22 % respectively.

Within-batch precision ranged from 2.6 % to 9.95 
%, and within-batch accuracy from 93.05 % to 

113.46 %. The intra-day precision and accuracy 
ranged from 2.66 % to 9.95 % and 96.22 % to 
113.46 %, respectively. Between-batch precision 
ranged from 5.93 % to 11.20 %, and between-
batch accuracy from 99.23 % to 103.01 %. 
Within-batch precision and accuracy data, intra-
day precision and accuracy data, and inter-day 
precision and accuracy data are represented. Fig. 
8-fig. 10 shows representative chromatograms 
of LQC, MQC, and HQC, respectively.

Fig. 2: Mass spectrum of (a): Diclofenac and (b): Fluconazole

S. No.
Diclofenac Fluconazole Area ratio

Drug area RT IS area RT Drug/IS

1 2899236 1.41 1735900 1.31 1.67

2 3145459 1.38 1876795 1.3 1.676

3 3048985 1.39 1945969 1.3 1.567

4 3014647 1.39 1919477 1.3 1.571

5 2914410 1.39 1904844 1.31 1.53

6 3183973 1.41 1979570 1.31 1.608

Mean 1.395 1.305 1.603

SD 0.012 0.005 0.059

% CV  0.877  0.419 3.687

TABLE 2: SYSTEM SUITABILITY
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Fig. 3: Representative chromatogram of aqueous standard mixture of diclofenac with internal standard

Fig. 4: Representative chromatogram of a blank human plasma sample

Fig. 5: Representative chromatogram of blank human plasma sample with internal standard 
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Fig. 6: Representative calibration curve in human plasma

Fig. 7: Representative chromatogram of LLOQ QC sample

Fig. 8: Representative chromatogram of LQC sample
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Fig. 9: Representative chromatogram of MQC sample

Fig. 10: Representative Chromatogram of HQC Sample

The mean stability of Diclofenac in human 
plasma ranged from 104.85 % to 111.76 % 
for one and 108.50 % to 110.73 % for three 
freeze-thaw cycles. Diclofenac was found to 
be stable (bench top stability) up to 5 h as per 
the acceptance criteria and the mean stability 
ranged from 99.61 % to 111.76 % for diclofenac. 
In-injector stability results demonstrate that 
Diclofenac and internal standard are stable for 
24 h. The mean stability ranged from 98.03 % to 
111.76 % for Diclofenac and 99.60 % to 113.91 
% for the internal standard. The refrigerated 
stock solution stability on 9th d was 106.50 % 
for diclofenac and 98.10 % for IS. 

Diclofenac's mean stability in human plasma 
ranged from 104.85 % to 111.76 % after one 
freeze-thaw cycle and from 108.50 % to 110.73 

% after three. According to the acceptance 
criteria, diclofenac was determined to be stable 
(bench top stability) for up to 5 h, with mean 
stability ranging from 99.61 % to 111.76 %. The 
findings of the in-injector stability test show that 
Diclofenac and the internal standard are stable 
for 24 h. Diclofenac's mean stability ranged 
from 98.03 % to 111.76 %, whereas the internal 
standard's ranged from 99.60 % to 113.91 %. On 
the 9th d, diclofenac's refrigerated stock solution 
stability was 106.50 % and IS's was 98.10 %.

For diclofenac and internal standard, the Room 
Temperature Stock Solution stability at 6 h was 
103.94 % and 96.11 %, respectively. Diclofenac 
was found to be stable in the long term after 9 d, 
with stability ranging from 96.83 % to 99.83 %. 
Freeze-thaw, bench top, in-injector (diclofenac), 
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in-injector (IS), refrigerated, room temperature, 
and long term stability data. Results indicate the 
overall recovery of 61.98 %±6.40 for Diclofenac 
and 55.01 %±2.15 for internal standard. Results 
are tabulate in Table 3.

Spiking poor and high QC samples in duplicate 
from each of the six different batches of human 
plasma was used to determine the matrix effect. 
Within-batch precision and accuracy ranged 
from 1.09 % to 3.50 % and 91.00 % to 101.53 
%, respectively, with no matrix impact. Data is 
tabulated in Table 4. 

For two and five times, the results show adequate 
dilution integrity. Within-batch precision and 
accuracy for two times dilution for MQC and 
HQC, respectively, ranged from 1.75 % to 2.87 % 
and 90.42 % to 95.58 %. Within batch precision 

and accuracy for five times dilution for MQC and 
HQC, respectively, ranged from 1.78 % to 2.94 
% and 92.95 % to 94.46 %. Dilution integrity 
data of Diclofenac is given in Table 5. After the 
first and second injections of blank samples, 
there was no carryover effect for Diclofenac or 
the internal standard. Table 6 summarises the 
findings.

For the determination of Diclofenac from human 
plasma using LC-MS/MS with multiple reaction 
monitoring, the approach presented is very 
sensitive and selective. For the quantification of 
Diclofenac in human plasma samples acquired 
for pharmacokinetic and toxicokinetic research, 
this approach provides acceptable precision 
and sensitivity. According to FDA criteria, the 
approach provided is simple, quick, sensitive, 
specific, and thoroughly validated.

QC ID
Absolute % recovery of diclofenac Absolute % recovery of  internal 

standard Overall 
recovery of 
diclofenac

Overall 
recovery 

of internal 
standardLQC M QC HQC LQC M QC HQC

Mean 67 58.85 60.07 53.79 55.64 55.6 61.98 55.01
S.D (±) 1.88 0.86 1.58 0.57 0.91 0.98 3.97 1.18
C.V. (%) 2.8 1.47 2.63 1.05 1.64 1.77 6.4 2.15
N 5 5 5 5 5 5 15 15

TABLE 3: RECOVERY OF DICLOFENAC AND INTERNAL STANDARD FROM HUMAN PLASMA

QC ID LQC HQC
Nominal concentration  

(ng ml-1)
35.49 1689.99

Mean 36.03 1537.86
S.D (±) 1.26 16.8
C.V. (%) 3.5 1.09
Nominal (%) 101.53 91
N 12 12

TABLE 4: MATRIX EFFECT DATA

QC-ID
Two times Five times

MQC HQC MQC HQC

Nominal concentration (ng ml-1) Nominal concentration (ng ml-1)

422.5 1689.99 422.5 1689.99

Mean 382.02 1615.32 399.08 1570.9

S.D (±) 10.96 28.27 7.12 46.13

C.V. (%) 2.87 1.75 1.78 2.94

% Nominal 90.42 95.58 94.46 92.95

N 5 5 5 5

TABLE 5: DILUTION INTEGRITY DATA OF DICLOFENAC
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Sample ID Area Mean Blank 1 (Area) % Carry over Blank 2 (Area) % Carry over

Diclofenac-STD H 650991 652602 0 0 0 0

654213

Diclofenac-STD A 6771 6968.5

7166

Internal standard (Average 
area of IS in Calibration 
curve)

 531833.9 0 0 0 0

TABLE 6: CARRYOVER EFFECT DATA OF DICLOFENAC

It is an appealing approach for high throughput 
bioanalysis of Diclofenac because of its cost 
effectiveness, simplicity, speed of extraction 
procedure, and sample turnover rate of 2.0 min 
per sample. The added benefit of a simple and 
economical protein precipitation extraction 
technique that does not require drying or 
reconstitution, as well as a shorter analytical 
run time, provides high throughput and makes 
it suited for routine volunteer sample analysis. 
The validated method can detect Diclofenac 
in concentrations ranging from 18.75 ng ml-1 
to 2000.25 ng ml-1. The results indicate the 
method to be sensitive, selective, accurate and 
reproducible.
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