
SUMMARY 

Antwhigh-paformana~~dchromatogFaphytrrhaia~enablesconvenient 
and rapid assay of ketoprof~ and naproxen in biological sampIes at a sensitivity 
(lOand2n~~~yinplesma;#)and50n~~in~e)fargrcaterthaa 
previously available. Superior sensitivity is attriiutab!e to the bufEkred neutral eluent 
employed, which yields improved separation from material of biological origin. There 
is no W’ereuce fkom the major ketoprofa and naproxen metabolites tested and 
et reproducibilie and accuracy can be maintained. Moreover, the same system 
can be used to assay probeuecid and also shows promise of appkabiity to ibuprofen, 
feooprof%n and other members of the aryl-alkmic acid class of non-steroidal anti- 
. e 

INTRODUCTION 

Kctoprofcn and naproxen are two of several aryl-alkanoic acid derivati 
auzently’being marketed or undergoiug clinical evaluation as non-steroidal anti- 
. 
mihnmatory agents. Available mys for thcsc drugs in biological fluids include 
thiu-lag or paper chromatography’-4, -quid chromatography after deriva- 
tization~c7, spcctropaiotomebry**, radio-isotope track&, calorimetry or polaro- 
grapv and combinations of these techniques. The methods are ted.ious‘and/or for 
ketoprof&i’~y, porn inadequate sensitivity for pbarmacokiWic dctwminations. 

A high-@ormae liquid chromatography (HPLC) assay for ketoprofcn 
kportcd riceqtlg’ represents au improvement in convenience but offers assay sensi- 
tivitynoIqwatbsn15~~~abauto~thirdthepcakp~concen l -- 
i?om a_.~@ hourly Sl-mg d&e. As a consequence, plasma concen_?~k~ 
traced by tl$s method for no longer than about half of a 6-h dosing iutewal nor for 
more than about 2 h kiter a single dose. Two other reedy reportal HPLC tech- 
nisrpes9~ arc more complex aud Wnsukng, both involving multiple extra&on 
stw$ut *Y imetovtmen thsmsitiVi~a~tOki~l 

Bccauseofthe~~tocertainnscarch’ortrcatment~~this 



Awtonitrik is HPLC grade (Bumlick & hcksou Labs., Muskego& MM., 
U.S~).WaterisdcioniacdandtE#ndistilled~oman~still.AUotha~~~ 
anat~~~~anahrb'aca~grade.In~prrpatationofHpIx:~~batrmarc 
adI#usted to pH and pmai through a 0.4594~1 mmbram Gltcr (Type HA, Milfipore), 
prior to the addition of wetonitrile. Ketoprofm was obtained f?om Ives Labs. (New 
York, N.Y., U.SA.], naproxcn Erom Syntex Labs. (PaIo Aim, Calif, U.SA.) and 
prabencdd from Merck Sharp & Dohme (West Point, PAL, U.&A.). 

Ke#pmf~stan~areso1utionsof100,10 and l.O&nlinO.OlMphos- 
pbs& buffer (Na&pO~KZWO~ at pH 6.0, containing 1.0, 0.1 and 0.01% of 
metham& mpusiWy. The kctoprofm for the MO-&mI salution is first dissolwd in 
the sman amouut of metballot Tbc other two solutions asc obtained by tiquot 
dih~tion. Naproxcn standard solutions of 200,20 and 2&ml in 0.01 M phosphate 
buff&r (pH, 6.0) coatainb~g 5. 0.5 and 0.05% mctbanol, arc prepared simiMy. 
smmiard solution!s arc storai at 4”. 

Tkeassayd&gnbou#ncdinFig. l.Naproxcnisuscdastbeintemalstmdard 
for the assay of kctoprof- and kctoprOten as the internal standard for naproxcn 
atsmy. For analysis of ketoprofm in plasma, 350 pl of naproxen soh~tion (2 &ml) 
is @petted into 2Oml -sap cent&&c tubes to be used for samp?es and standard 
- alike. For ketoprof&n analysis in urine, 350+ of tbc 2O&nI napmxen 
solution is falicn. For naproxen 8s58ys either in.plasma or in urine, 350~1 of the 
IO &ml ketoprofm solution i!s employed. 

In those tubs to be usai for a ketoprofcn standard cu& ke&profcn solution 
isaddedtoprovidcstan&r& of 0,0.01,0.02,0.05,0.1,02,0.5,1.0,~ 5,lO.and 20 m 
for plasma asgty and O,O.OS, 0.1,0.2,0.5, X.0,2,5,10,20, SO. 75,100 aud 1SOpg s&a- 
dmlsforurincassay. A.naproxcn standard ame hdudes0,0.02,0.04.0.1,0J,0.4, 
l.O,2,4,~10,20,4Oand l~~gnapmxen stm&r$s for plasma assay and 0, Oa 0.4, 

. r 
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1.0,2,4,10,20,40,100,150,200 and 25Opg standards for urine assay. Additionally, 
allstaudard fxuves are run with a tube containing neither ketoprofen nor naproxen. 

The content of all tubes, whether for samples or calibrators is aajusted to 
I.0 ml total volume with 0.01 M phosphate buffer at pH, 6.0. At this stage! 1.0 ml of 
the pIasma or urine to be assayed is added. For naproxen assays, however, 0.1 ml of 
plasma is sufiicient except when extraordinasy sensitivity might be required. For 
standard curves the plasma and urine derive from drug-free donors. 

The pH of each sampk is adjusted by addition of 0.5 ml of 1.0 hf phosphate 
bu&r at pH 2.0 for plaqna assays or, for urine assays, with 1.0 ml of 0.5 M phosphate 
buffer at pH 7.0. After 10 ml of dicthyl ether is added, tubes are vortex@ for 1 min 
andcentrifugedat~ut~gfor3min.The~~~cphaseis~~by 
Pasteur pipette to a disposable -IS-ml culture tub6 and evaporated to dsyncss at 40” 
dthaM&vaarumhorrindetastnamofdrynitrogen.The~isreconstituted 
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Chromatogrqphy . _ 
Samp!es are.loaded onto the HPLC column by an automatic sampler (WSSP 

7loA; Waters Assoc.) with facility to set the injection volume of each sampk inde- 
pendently. Chromatography is performed using a Spherisorb S-F octadeql reversed- 
phase column, 40 x 4.6 mm (A&X), protected by a 40 x 3.2 mm pre-column dxy- 
packed by hand with Vydac revened-phase material, 3M /JED (separations Group). 
The columns are elated with 0.05 M phosphate (Na,HPO~KH#O~ buffer at pH 7.0, . . 
~bctwcen6aadS%ofaatonitritedependingontheconditionof~ 
Spheerb wlumn. Eluent is pumped (Model 6fNlOA HPLC pump, Waters Assoc.) 
through the columns at ZOml/min @sure about loo0 psi.) and monitored at 
262~1 (Varichrom VUV-IO detector; Varian). By employing a dual pen recorder 
(Model 383; Ikear) with a lo-fold dknpancy in setting of the pens (i.e. with the 
pms e@ctiveiy at 0.1 and 0.01 &u.f.s., reqectkly) and utilizing the variable injection 
volume capability of the automated sampkr, a 5ooo-fold ran- of peakbcigbts ratios 
can cotiortablyka ~~bythesystcmwithoutinvolvementoftbeopuator. 
Most effective use of the automatic sampler in tbis way does presume some prior 
knowkdge of those samples generating tbe bigbest cbromatogram peaks. Injection 
volumes are be&vecn 5 and 200 ~1. 

Quantitafion .. 
Standard curves are run daily. Quantitation is based on peak height ratios, 

i.e. the height of the peak representing the compound being assayed divided by the 
height of the pegk representing the internal standard. Since assays cover a Averal 
thousand fold spread @ concentrations, each standard curve is split into a higb, 
medium aad low r+nge to avoid excessive weight beiig given to more concentrated 
standards. An umveigbtai least-squares ngression is fitted to each range Me- 
pcadently. The ran- are defined in Table I (under linearity specifications) where it 
atabenotrdthat~aresetwithaaov~poftwocalibrators~p~inthe 
0mlapregionanxlhvaysquanti@tedu!dngtbe10wcrrangc 
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assay of ketoprofen and naproxen in plasma and in urine are shown in Table 1.
Linearity specifications for the urine assay including the conjugate hydrolysis step
are almost identical to those shown for assay of the unconjugated material. The
naproxen/plasma assay specifications given in Table I are for 20 to 100,000 ng in a
0.1 ml sample with detection at 262 nm (uncorrected). Greater sensitivity (down to
2 ng/ml) can be achieved with detection at 229 nm and/or by taking 1.0 ml of plasma.
Ketoprofen sensitivity, usually more critical than naproxen sensitivity, is, however,
compromised if both agents must be assayed at 229 nm, e.g. with unattended auto
matic sampling. When taking 1.0 ml of plasma and assaying for naproxen at 262 nm
the coefficient of variation for concentration-normalized peak height ratios was 10.3 %
in the range 20 to 400 ng/rnl (5 points). Assaying 1.0 ml of plasma at 229 nm the
coefficient of variation in the range 2 to 20 ng/rnl was 4.7% (5 points).

Typical plasma concentration-time profiles and urinary excretion rate plots
obtained with this assay can been seen in Fig. 2 for ketoprofen and in Fig. 3 for
naproxen. Profiles of the type shown were completely redetermined on separate days,
thus using separate standard curves. For all points within a profile, the mean ratio of
the second determination to the first was 0.993 (S.D. = 0.065; n = 12) for ketoprofen
in plasma, 1.008 (S.D. = 0.042; n = 8) for ketoprofen in urine, 1.005 (S.D. = 0.036;
n = 15) for naproxen in plasma and 1.007 (S.D. = 0.041; n = 6) for naproxen in
urine. While the assay itself therefore appears to have excellent reproducibility
characteristics, over longer periods of time such consistency may not be obtainable
since evidence to be presented in a subsequent publication indicates that urine samples
containing ketoprofen or naproxen can change upon storage.

Retention times are approximately 10 and 16 min for naproxen and keto
profen. The metabolites, 3'-hydroxy- and 4'-hydroxyketoprofen12 and desrnethyl
naproxen-", are completely resolved from their parent compounds, being eluted
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Fig. 2. Plasma concentration-time profile (A, left axis) and urinary excretion rate plot (0, right axis)
in one individual after a single 50-mg ketoprofen dose.
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. I Fm3.Plasmam Pdku.kfta%is~and~~raoeP~(0,~srris) 

aftmthehrtofasuksoftwbdaily375rag v doses (dii%mt iadividuak). 

much e8rlier. Ibaprofcn, fenoprofm and probenazid can be chromatographed on the 
same system with retention times of 24,20 and 18 min. Salicylatc clutcs much earlier 
than evm naproxm and thus does not intcrfkre. A large peak from the plasma of 
mostindlviduals, even those drug&cc, is apparent about 40 min aftes sample i&s 
ti~.Byad~gthcsampleinjectioninteEvalitispossr’bletocausethispeakto 
7s yd of the subsequent chromatogram.1tistbisschedulewbichgoveIns 

rcquenq of injecticm of plasma extrwts; for ktoprofentnapoxem 
assaysusuallyoneperl8to2Omin. 

Spheriwb column We is about 300 ketoprofm plasma samples but longer for 
mine samples or for those plasma samples where only 0.1 ml is extra&d If 8 300- 
samplecolumn lifeappearsshort,thepotentialasershouldconsiderthattheanalytical 
~~~~forthisassayis~~~~asapffcolumn(guardcolumn) 
and is thmefore oBkrcd at about one=thkd to one&K the cost of conventional 
mdytkal cx&mms Siice column packing g!memlly Ems to lose efllciency with 
inawing lemgtb of columns, the 4.O-m~ Sphcsisorb wlnmn has a sclativcly high 
plate wunt per cm length. When new it chasacteristically gives a 17OCk~platc 
puf?mmw. wkcn ranning ketoprof~ plasma assay& the vydac precolmlu is 
spacked (handpacked, dry) with every Sphesisorb column &ange. 
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logical origin, for aU pract&l pWposes in the position of the ketoproftn peak since 
thisexttaneouspeak~about4%ofththtightofa~krepresentingSCcg/ml 
of ketoprofen. it is probable that biogenic material contributes 30% or more to the 
peak arising f?om a plasma sample which contains only 0.5 &ml of ketoprofen. 
Thus both previously reported RPLC techniques give rtsults of doubtful accuraw 
for plasma samples with less than about 15 pg/ml of ketopro&n. 

Farinotti and MahuzieP reported the peak tight ratios they obtained from 
plasm staudards amtai&g between 0.5 and 15 &ml of kttoprofcn. The concen- 
tration-normal&d peak height ratio had a codWent of variation of 190/, indicating 
marked deviation from lincariity fat their plasma assay (ii contrast, 3.0 to 4.4% for 
thisconceJltrationrangewiththe cment~y).Indeed,~trendingcanbcscea 
in the standard plot for caliiiirators less than 5 ccg/ml; Tfthe peak height ratio-concen- 
tration relationship reported by-F&otti and Mahpzicrp is used to convert the peak 
height ratio showu for their 0.5 pglml caliitor, then the prcdictcd concentiation is 
O-2g crglml, a 44% unde&stimate. The prediction for the 1.0 &ml caliirator is 
O-84 &ml (16% uuW*) but more accurate for the25- to H-&ml standards. 
In~~~~~,.~~~carvesprrparsd~tfsemetbodd~~inthecurrent 
paper, the prediction for the 10 ng,/ml poti was 10.9 & 1.9 tig/ml (mean & SD.) and 
for the 2O n&ml point was 20.6 h 1.3 ng/mL 

Compared to their plasma assay, the urine assay‘of Farinotti and Mahuzier 
has better linearity with a cceEcient of variation of normal&d peak height ratios 
of9%(33%*ththc current asmy, even with amcentsations 2OO times less). m- 
n-us pealrs are not apparent in the blank uriue chr~mato~~ they show, but the 
minimum urine cdiirator used is-sot less thaa lOtcg/mt This does not compare 



tccbaiq~~~ 0fk1 adl clucnt amdit@ns for-virtually complete supprcGon of 
ionization, judgingthat rctaltioll Will k &kCtCd aCCOdhg to pH/partition QIEIcepts. 

Many compounds, hoycver, might be so iipophilk that their parWon into a non- 
potarphaseissignifiarntevenatp)Fswhere~inttataqrrcorrsphaseistm-i~ 
It is, for exam* po&lile to extract kctoprofa and naprom into ctber at a pH 
appnraching7(araactiopforthturineassay)whmposs’blytessthaol%inthe 
aqueous phase is ns&nkd. Less pm&ion into the C; -ptimamintis 
probably achicvcd at pH 7.0 than at 3.5 (cJ eiuents of 8% acetonitrile used here with 
35~~01~byJ~~~etrrl.)bpt,nevtrthekJs,partitionapparstobcstitl 
sueiult to give saGsfactozy chrouWogfaphy and a bask for sqaration of ketoprof- 
and napsoxen from compounds int&aing at lower pH_ 

Itisthrtspossl’ble,,u~gabPffcrcdneutralctr#nt,to~~tthecon- 

vahncc of HPLC for assay of both ketoprofcrr and nap- at a &tivity much 
greater than previously awilabk Moreover, the system dcscrii, or wry simpIc 
variants of this system, show promise of gawal application to a series of simikr 
compounds all ass&a&d with an&iito~ therapy. 
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