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ABSTRACT

A simple, sensitive high-performance liquid chromatography (HPLC) assay
for diclofenac measurement in human plasma was fully validated and
diclofenac stability was studied. After one-step extraction of 1 ml plasma
with 5.0 ml of tert. butyl methyl ether and reconstitution in mobile phase,
naproxen (internal standard, |S) and diclofenac eluted at 3.9 and 8.3 min-
utes, respectively, on a Nova-Pak C , 4-um cartridge at room temperature
(RT), and were detected using a 996 photodiode array detector set at 276
nm. The mobile phase, 0.2% glacial acetic acid (pH = 3.0) and acetonitrile
(51:49, viv), wasdelivered at 2.0 ml/min. Calibration curveswerelinear inthe
range0.02-1.92 ug/ml, and intra- and inter- run coefficients of variation were
<5.3% and < 10.1 %, respectively. Extraction recovery and intra- and inter-
run biaswere =86 %, < 12%, and <10 %, respectively. Diclofenac was stable
inplasmafor 5 hoursat RT (> 97 %), 7 weeks at -20°C (= 93 %), and after 3
cycles of freeze at -20°C and thaw at RT (> 91 %). In extracted samples,
diclofenac was stablefor 16 hoursat RT (>97 %) and 48 hoursat -20°C (> 99
%). Stock solution of diclofenac (1 mgin methanol) was stablefor 24 hours
at RT (104 %) and 7 weeksat -20°C (91 %). T he assay was successfully used
to determine plasma diclofenac level after the ingestion of a therapeutic
dose. The data indicate that the described assay is suitable for therapeutic
drug monitoring and bioequivalence studies in humans.

© 2009 Trade Sciencelnc. - INDIA

KEYWORDS

Diclofenac;
Naproxen;
HPLC,
Stability;
Validation.

INTRODUCTION

Didofenac sodium, 2-[ (2, 6-dichlorophenyl) amino]
-benzeneacetic acid monosodium salt (CA S number:
15307-79-6), bel ongsto the non-steroidal anti-inflam-
matory drug group with analgesic and antipyretic ac-
tivities?2, Itsoral bioavailability isabout 50% and it
circulates 99% bound to plasma proteing?. It has 2
main inactive metabolites, an aromatic hydroxylated
metabolite and aconjugated metabolite®.

Severd methodsfor the determination of diclofenac

in pharmaceutical $*™ and biological fluids have been
reported23, including high performanceliquid chro-
matography (HPLC)[*&1€  gas chromatography
(GO and gas chromatography coupled with mass
spectrophotometry (GC-M S)22, However, they were
not validated for clinical use. Moreover, littleinforma:
tionisavailableonthestability of diclofenac®.
Theaimsof the current study wereto 1) establisha
simple, fully vaidated diclofenac HPLC assay in hu-
man plasmato be used in bioequival ence studiesand
therapeuticlevel monitoring, and 2) determinethe sta-
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bility of diclofenac under variousdlinica |aboratory con-
ditions.

EXPERIMENTAL

Apparatus

Theliquid chromatograph consisted of WatersAl-
liance 2690 SeparaionsModule, a4-pm (particle-size),
8x100 mm Nova-Pak C , radia compression cartridge
in conjunction withan RCM-100 radial compression
module, aNova-Pak C  4-um insertin conjunction
with Guard Pak pre-column module, and Waters 996
photodiodearray detector (Water Associates, Milford,
MA, USA) set at 276 nm. Datawerecollected witha
Pentium 11 computer using Millennium?® Chromatog-
raphy Manager Software (Water Associates, Milford,
MA, USA).

Chemicalsand reagents

Diclofenac (Figure 1-a), and theinterna standard
(1S) naproxen (CAS number; 22204-53-1) (Figure 1-
b) were anaytical grade and obtained from USP
(Rockville, MD, USA). Acetonitrile and methanol
(HPLC grade) were purchased from Fisher Scientific
(Fairlawn, NJ, USA). Tert. butyl methyl ether wassup-
plied by FlukaChemikaAG (Buchs, Switzerland). Gla-
cial acetic acid was purchased from BDH chemicas
Ltd (Poole, England). Water for HPLC was prepared
by reverse osmosis and further purified by passing
through aMilli-Q System obtained from Millipore Co.
(Bedford, MA, USA).

Chromatogr aphicconditions

Themobilephase consisted of 0.2%glacid acetic
acid (pH = 3.0) and acetonitrile (51:49, v/v) and was
ddivered a aflow rate of 2.0 ml/minat roomtempera-
ture. Themobile phase wasfiltered through a0.22um
size membranefilter (Millipore Co., Bedford, MA,
USA) and degassed before use. The autosampler was
programmed toinject 100 ul into the chromatograph
witharuntimeof 10 minutes.

Prepar ation of stock and working solutions

10 mg diclofenac sodium wasdissolvedin 10 ml
methanol to produceastock solution of 1 mg/ml. The
stock solution was used for stability studiesand to pre-
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parea20ug/ml working solutionin plasma Thework-
ing solution wasused within oneweek.

10 mg naproxen wasdissol ved in 10 ml methanol
to produceastock solution of 1 mg/ml. An1Sworking
solution of 5.0pug/ml was prepared weekly in mobile
phase.

Calibration standar d/Quality control samples

Cdlibration sandardswereprepared by mixingnine
different volumes of diclofenceworking solutionsin
blank human plasmato producefina concentrationsof
blank, zero (blank plasmaspiked with ISonly), 0.02,
0.04, 0.05, 0.08, 0.12, 0.24, 0.48, 0.96, and 1.92ug/
ml. Quality control (QC) sampleswere prepared by
mixing four different volumesof diclofenac working
solution in blank human plasmato producefinal con-
centrations of 0.02, 0.06, 0.90, and 1.80 pg/ml.
Sampleswerevortexed for 20 seconds, then aliquots
of 1 ml of calibration sandards QC samplesweretrans-
ferred into Teflon-lined, screw-capped, borosilicate
glassculturetubesand stored at -20°C.

Samplepreparation

Aliquotsof 1 ml of calibration standard, QC, or
volunteer sampleswere dlowed to equilibrateto room
temperature. To each tube, 150ul of the 5.0ug/ml IS
working solution was added and vortexed for 10 sec-
onds. After theaddition of 5.0 ml of tert.butyl methyl
ether, sampleswerevortexed again for 1 minute and
centrifuged for 5 minutes at 6000 rpm at room tem-
perature. Theorganiclayer wascarefully collected, dried
under agentle stream of nitrogen at 40°C, andtheresi-
due was reconstituted in 250ul mobile phase. After
centrifugation at 3500 rpm for 2 minutes, the superna
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Figurel: (a)Structureofdlclofenac(C22 H,,-CI-N,-O,).
(b) Sructureof naproxen, theinternal standard (C-H -
CI-F-N,-0)
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TABLE 1: Specificity of diclofenac assay

Drug name Retention time
Diclofenac 8.3
Naproxen (1S) 39
Aspirine 18
Acetaminophen 14
Ranitidine 17
Nicotinic Acid* 15
Ascorbic Acid* 12
Caffeine* 14
Ibuprofen 25
Omeprazole 5.6

1 mg/ml solutions in methanol (or water*) were diluted in mo-
bile phase to 10 pg/ml and 100 pl were injected.

Minutes
Figure2: Overlay of calibration curvechr omatogramsof
diclofenac spiked with 1S, inter nal standar d (napr oxen)

tant was transferred into the auto-sampler vialsand
100ul wereinjected. Theruntimewas 10 minutes.

Sability studies

Sahility of diclofenacin plasma Adequate number
of aliquotsof two QC samples(0.06, and 1.80 pug/ml)
were prepared. Five diquotsof each QC samplewere
extracted and immediately analyzed (basdline), five
aliquotswereleft for 2 or 5 hoursat room temperature
before analysis (counter stability), fivealiquotswere
extracted, stored at room temperaturefor 16 hoursor
at -20°C for 48 hours, and then analyzed (auto-sam-
pler stability), and five aliquots were stored at -20°C
for 7 weeksbeforeanaysis (long term freezer stabil-
ity). Finally, fifteen aliquots of each QC samplewere
stored at -20°C for 24 hours. They were then left to
completely thaw unassisted at room temperature be-
forebeing returned to -20°C for another 24 hours. The
cyclewasrepeated threetimes (freeze-thaw stahility).
Stock solutionsstability: Fiveaiquotsof diclofenacor
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thelSstock solutionwerediluted to 10 pg/ml in mobile
phase and analyzed at baseline, after storage for 24
hours at room temperature, or after storage at -20°C
for 7 weeks.

RESULTS

Optimization of chromatogr aphic conditions

Inorder toimprove specificity and minimizeinter-
ferencefrom plasmaor sol vent system that may occur
at lower wavel engths, we optimized the absorbance
wavel ength based on photodiode array extracted spec-
tra. We performed the analysisat 276 nm. A mobile
phase composed of acetonitrileand glacial aceticacid
(pH = 3.0) was employed to achieve separation of
diclofenac from IS and minimize background absor-
bance. A satisfactory resol ution of the pesksof interest
was obtained. Under the described conditions, thelS
and diclofenac werewd | resolved withinaruntime of
10 minutes, and their retention timewere 3.9 and 8.3
minutes, respectively.

Assay validation method

The procedures used for validation were as de-
scribed in US food and drug administration (FDA)
bioandytical method validation guidance?.
Specificity

To evauate pecificity, we screened eight frequently
used medi cati ons (dissolved in methanol : water, 50:50,
v/v) and six different batches of human plasma. All
batchesof blank plasmawerefreefrominterfering com-

ponents. Noneof eight commonly used drugs co-€l uted
with diclofenac or thelS(TABLE 1).
Linearity

Linearity wasdeterminedintherangeof 0.02- 1.92
ug/ml usingeght caibration curves. Thedatawereana
lyzed by linear regression using theformula: Conc. =a
+ b (PHR), where Conc. is the concentration of
diclofenac, aistheintercept, bisthedope, and PHRIis
the pesk height of diclofenac divided by the pesk height
of thelS. The concentrations of the calibration stan-
dardsof theeight calibration curveswere back-cal cu-
lated usingtheindividud regressonlines. Linearity stud-
ies (n=8) showed mean (SD) for R? of 0.999 (0.0002)
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aslope of 0.5581 (0.004), and anintercept of 0.0111
(0.0023). Figure2 depictsan overlay of chromatograms
of arepresentative standard curve. Figure 3 showsan
overlay of two chromatograms of plasmasamplescol-
lected from ahealthy volunteer 0.5 and 4 hours after
theora administration of asingle 50 mg diclofenac so-
diumtablet. Thereported C__ of diclofenac sodium
level after theoral administration of atherapeutic dos-
ageof 50mgis1.5ug/ml4, indicating thet the described
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Figure3: Overlay of two chromatogramsof plasmasamples
of avolunteer 0.5and 4 hoursafter theoral administra-
tion of asingle 50 mg diclofenactablet
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TABLE 2: Extraction recovery of diclofenacand naproxen

. Plasma M obile Phase ,x

Nominal *M ean *M ean
concentration Recovery

(ng/ml) peak SD peak SD (%)
height height

D'C(')O(‘;g”ac 466 159 545 221 86

0.90 8382 198.7 9355 459.2 90

1.80 14650 365.8 16035 753.7 91

NPIOXN 4997 6052 586 142 85

*Mean peak height of 5 replicates. **Mean peak height of spiked
plasma sample divided by mean peak height of spiked mobile
phase sample x 100. SD, Standard Deviation

—— Fuyl] Paper
method issuitablefor thergpeutic drug monitoring.
Limit of detection

Thelimit of detection (LOD) wasdefined asthree
timesthebasdinenoise. LOD of diclofenacwas set a
0.01ug/ml.

Recovery

Theextraction recovery of diclofenac andthelS
was determined by dividing mean pesk heightsof five
replicates of three quaity control samples(0.06, 0.90,
and 1.ug/ml) and fivereplicatesof thel S (0.75ug/ml)
that were prepared in plasma (as described under
sampl e preparation above), by mean peak heights of
fivereplicatesof equivaent concentrationspreparedin
the mobile phase. Theresultsof the extraction recov-
ery studies of diclofenac and the IS are presented in
TABLE 2. Recovery was = 86% (mean 89%) for
diclofenac and 85%for thelS.

Precision and bias

Precisionwas calculated as coefficient of variation
(standard deviation divided by mean measured con-
centration x 100) and inaccuracy (bias) astheabsolute
va ueof (1 minusmean measured concentration divided
by nomina concentration) x 100. Theintra-runandin-
ter-run precision and biaswere determined by analyz-
ing four QC samples: 0.02, 0.06, 0.90, and 1.80ug/ml
over threedifferent days (TABLE 3). Intra-run preci-
sionand bias(n=10) rangedfrom2.1 %t05.3% and
from 5%to 12 %, respectively. Theinter-run precision
and bias (n = 20) ranged from 9.1% to 10.1% and
from 4 %to 10 %, respectively.

Sability
Thestability of diclofencin plasma, in processed
samples, and under usual storage conditionswasin-

TABLE 3: Intra-run and inter-run accur acy and precision of diclofenac assay

Intra-run (n=10)

Inter-run (n=20)

Nominal
. M ean measured .. . M ean Measured .. .
concentration - *% . * %
(ng/ml) concentration SD (Pcrsil sozn) (OI/?) |)as Concentration SD Fé\e;f s(yoor; (OIZ |)as
(ng/ml) ' (ug/ml) ’

0.02 0.0225 0.0012 53 12 0.0208 0.0019 9.4 4
0.06 0.0589 0.0030 52 2 0.0564 0.0051 9.1 6
0.90 0.9291 0.0195 2.1 3 0.8727 0.0808 9.3 3
1.80 1.7086 0.0509 3.0 5 1.6213 0.1638 10.1 10

*Coefficient of variation (CV) = Sandard Deviation (SD) divided by mean measured concentration x 100. ****Bjas = 1 minus mean
measured concentration divided by nominal concentration x 100.
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TABLE 4: Sability of diclofenacin plasma samplesand stock solution

Stability (%)

*Plasma Samples

. . Unextracted Extracted Freeze-thaw **Stock solution
Nom'”a'( Col?sgn”a“on 2h  5h 7wks 16h 48h One Two Three 24h  7wks
H9 RT RT -20°C RT -20°C «cyce «cycles cycles RT -20°C
0.06 97 97 93 100 99 100 100 o1 100 o1
1.80 99 100 100 97 100 108 100 100

Stability (%) = mean measured concentration (n=5) at the indicated time divided by mean measured concentration (n=5) at
baseline x 100. * Spiked plasma samples were extracted with tert. butyl methyl ether and analyzed immediately (baseline, data not
shown), after 2 or 5 hours at room temperature (2 h RT and 5 h RT), after 7 weeks at - 20°C (7 wks -20°C), or after 1 to 3 cycles of
freezing at -20°C and thawing at room temperature (freeze-thaw); or extracted and analyzed after 16 hours at room temperature
(16 h RT) or 48 hours at -20°C (48 h -20°C). ** Diclofenac, 1 mg/ml in methanol.

vestigated. Theresultsof diclofenac stability studiesare
presented in TABLE 4. The data indicate that: 1)
diclofenac in plasmais stable for at least 5 hours at
room temperature and 7 weeks at -20°C, 2) in ex-
tracted samples, diclofenacisstablefor at least 16 hours
at room temperature and 48 hours at -20°C, 3)
diclofenacin plasmais stable after at |east three cycles
of freeze at -20°C and thaw at room temperature and
4) diclofenacinmethanol (1 mg/ml) isstablefor at least
24 hoursat room temperature and 7 weeks at -20°C.
ThelSinmethanol (1 mg/ml) wasa so stableunder the
same conditions (108 % and 97 %, respectively).

Robustness

Therobustnessof amethod isameasureof itsca-
pacity toremainunaffected by smd| variaionsin method
conditions. It providesan indication of thereliability of
the method during normal gpplications. Therobustness
of the proposed method was eval uated by dlightly al-
tering the strength of theglacial acetic acid, pH, and
amount of acetonitrilein mobile phase. No significant
effectswere observed. Further, the chromatographic
resolution and peak responseswere stable over about
850 injectionsof processed plasmasamplesusing one
cartridge.

DISCUSSION

We describearapid, smple, accurate, and precise
HPL C assay for the determination of therapeuticlevels
of diclofenacin human plasma. Theadvantages of the
current assay include: (1) one-step liquid-liquid extrac-
tion rather than two steps organic extraction™ or solid-
phase extraction®?, (2) arun timeof 10 minutescom-
pared to 40 minutes’¥, and (3) mean extraction recov-

ery for diclofenac of 89 % compared to 50 %Y. Other
previoudy reported assayswerenot devel oped to mea:
surediclofenaclevel inbiological fluids*™, hadrela-
tively high limit of detection of > 25 ng/mi("4¢ or re-
quired dervatization*19,

Limited information hasbeen previoudy reported
on thestability of diclofenac under various conditions
observedintheclinical laboratory!™. The comprehen-
sivestability experimentsthat arereported hereextend
theknown limitsof stability of thedruginplasmato 5
hoursat room temperature, 7 weeksat -20°C, and three
freeze- thaw cycles.

We havea so successfully used the assay to deter-
minediclofenaclevel in ahealthy volunteer after the
ord adminigration of asingle50 mg diclofenac sodium
tablet.

The performance characteristics of the assay to-
gether with theinformation on thetability of diclofenac
under variousconditionsencounteredinthedinica labo-
ratory, indicatethat the assay issuitablefor useinthera-
peutic drug monitoring and bioequivalencestudies.
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