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_ ABSTRACT = IR

_ %%e'rtreafment ‘of oStéo:-.and rhehmatojd arthritis wvery offen‘
o ieqﬁ%réﬁ medié}na1 and/or surgical intervention. The 2-ary1propiongc
écfd 'itypet.(Z-APA)' non-steroidal anffinf1ammatory drugs (NSAIDs)
"'édﬁfribdté'z"signif}cantly . to the arsenal of .pharmaco1o§ic :

ibtenventions‘ available. Aﬁ importanf compound within this class of &
"2-APA #derivatives s 'kétoprofen (KT), m%:keted f;r some.ygaré'ip
‘Europe' and now available for use in Canada. To'date,fsludjes of KT

pharmacokinetics” in man and‘apimgl have dealt with tdta1 (ﬁ(—) é]us
_ SZ+) _enantiomer) Conéehtrafions, despite.the.faéf that KT is a éhjra1

‘.Cbmpound ana,Jis administered as the racemitc mixture. .Fufthermorg,
- ‘pharmacologic activity resides primahiTy in the S(;)éenahtiomeri the
‘R(—)—enaptiomer has Tiﬁt1e5or'no activity. In this work, ketoprofen.
was studiéd 1) in healthy subjects, 2) in ybung and elderly arthritic
‘ patiénté, 3) -in patiénts requiring aspiratiOh of’synoyia1 fluid from
the knee, 4) 1in patients fo]idWing cholecystectomy surgery, in the
presence and absénce of probenecid dnd 5) in the SpraQue-Daw]ey rat.
‘Tﬁésé : stud{es , Qeré' cdnducted' following fthé' déVelobement of a
' SEZEeospécifié;"éénéﬁtive and _convenient high. perférménée 1iquiq

_chromatographic (HPLC) assay:._ In man, ftﬁeret\Wasf‘Titt1e '6r hd o

stereagéTéhtivity_‘in the pharmacokinetics of intact KT!ih plasma.
Although there was viftua]]y no conjugated drug in the plasma of.
young subjects and young patients, there was a substantial

concentration of glucuroconjugated KT in elderly patients’ plasma



4

a2

w1th greater s than :R .configuration ‘ Ln"urine, the drug was
e11m1nated ent1re1y as the conJugate, S- KT was predomfnant Ur1nary
e11m1nat1on of. these conJugates in e]der1y patients was reduced as’ a;
function of age. Ketoprofen was eliminated to a m1nor extent through"
bile. The b111ary pathway did not comp]etely compensate for reduced

urinary excret1on of KT’ caused by rena] dysfunct1on or probenec1d

" . Concentrations of the two enantiomers in synovial fluid did not

appear to be different, however maximal concentrations " of bo%h

isomers -in the joint were attained at a Tater time than in p]asmeL

N | _
Man did~"not appear to invert R(-)- to S(+)- KT. 1In rat, substantial

stereose]ect1v1ty in the disposition of KT enantiomers in.plasma was

Voo
observed. Moreover, rat is able to extensively bioinvert R(-)- to

//'

S(+) KT both system1ca11y and presystem1ca11y in the gut. The major

: e11m1nat1on pathway in rat is through bile, and not urine.

R
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/1. INTRODUCTIOM
1.1. The Drug

1.1.1. History

Ketoprofen  (KT) is a 2-ary1probionic :acid (2-APA) type i
non-ster&%da] antiinflammatory drug (NSAID). This compound was first
synthesized by Farge, Messer and Moutonnier -at ‘Rhone-Poulenc in
France, in 1967, following the introduction of ibuprofen; a
| prototype, 3 years ear]jer.v Lafer, %n 1973, KT was iﬁfroduced as an
antiinflammatory drug onto ‘the Europe;n market. Today, the drug is_
~ used 'e%tensive]y’l in many cquntries in the treafment of‘ both
fheumatoid and osteoarthr‘ft%’s.1 L

Ciinica]i.expefience with KT is no& extenSive, éXCeeding more than
3 million patient-years.  Therapeutic éxperience has rated KT as
being at <1east "as effective as aspirin, indomethacin, and.ibuprofen
‘in:rﬁéumatoid arthritis and similar to aspirin in Qsteoarth;'itis.2

i

1.1.2. Physicochemical Proberties s

The chemical ’structures of KT, (1)2-(3-benioy1pheny1) pfopionic
acid, and its glucuronic acid conjugate are depicted in Figure‘l—l.

Ketoprofen is a white, or. slightly co]ored, odorless,
sharp-bitter- tasting ‘crystalline powder, with .a molecular we{ghp of
254.29.3 The drdg js soluble fn benzene, ethéno], chioroform,
acetone, ether and'a1kaiine solutions, but is practically

1
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Fig[‘l-f?\/hhemical structures of KT (1) and its glucurenic acid

conjugated metabolite (2).



insoluble in water, and has a melting point of 93-95° 3

Due to the presence of an asymmetric carbon center, KT exists as

enantiomers. and is marketed as the racemic mixture under numerous—

el

trade names.4; Both enantiomers have been isolated and assigned

absolute configura;jons.3

1.1.3. Mechﬁnism of Actiqn

The chief action§ of the NSAIDs, including KT, are due to their
‘aﬁtiinf1ammatory, ana]geﬁdc and antipyretic properties.2’5"7 The
therapeutic : ivity .of NSAIDs,’yin genera],’_;;SEyrs to be due
primarily ;to their inhibition of prostaglandin s)nthesis.8 More
specifically, NSAID act{vity involves the revefsib]e inhibition of
cyclooxygenase, the enzyme responsible for catabolism of arachidonic
acid into prostiggandins and thromboxanes.s’s’gz_

' More recently, however, the notion that NéﬁIDé so]e]ylinQiEjfythe
cyclooxygenase enzyme has beeﬁ questioned. The lipooxygenase pathWay
of arachidonic acid metabolism hés AEéen implicated in the
inf]ammatory response, as products” such as Tleukotriene By are -
significant inflammatory mediafors. Interférence with 1eukotfiehe

synthesis, and thus inflammation, may be attributed to NSAID
6 . .

a

therapy.
b The role of interleukin 1 in the pathogenesiﬁ of a number of
chronic diseases, including rheumatoid arthrifis, is becoming
increasingly clear.10 . Despite this knowledge, the effect of NSAIDs
on interleukin 1 is not clear. It is known thaf'cycjooxygenase
inhibitors interfere with some‘of the effects of interleukin I, but

the interaction is not specific.11

1



Otherv‘phérmacologic properties thathT possesses, and which may
beé related to antiinflammatory and anaTgesic activity include its
bradykinin inhibitory,' and . Tlysosomal membrane stabilizing

effects.2’7ﬁ

1.1.4. Side Effects and Toxicity

The resufts of both, short- and 16ng—term toxicology tests on
animals and tests on humans indicate that KT is a relatively safé
drug-.7 Although the side effects may be numerous, they are usually
not severe.l2  The reported side effects include gastrointestinal,
renal, hepific, hematologic, anaphylactoid and skiq‘reactioﬁs, and
central nervous system and special ' senses toxieities. These side
effects have recent1y~béen summarized-in an excellent review.®

The LDgg in many mammalian species has been 1n9estigated bofh
in -acute and subacute studiés.2 In acute studies, drug toxicity
was characterized by sedation, adynamia, diarrhea,:- and emesis.
Gastrointestinal lesions were revealed atzautopsy. Subacﬁte studies
resulted in gastrofntestinal toxici iés_in the rat énd dog, whéreas

the  baboon had T1ittle gastrointestigal irritation. Rats also

exhibited renal toxicities.?
Teratogenicity studies -of KT 'admihistefed. to moUsé, rat and
rabbit were carriéd' out.7 ‘Thé drug was devoid\hf‘any embryotokic
“effects, - excepf' for rabbits receiving high doses. In this case, the’
observed 's]ight embrydtbxic éffect was attributed to the general
decline of the condition of the rabbits. o
Thére was no eyidence of carcinogenicity of mutagénicity of KT

when standard screening assays were perfor‘méd.2 '
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1.1.5. Pharmacokinetics

1.1.5.1.- Absqrptiony o

Pharmacokinetic  studies in humans show that KT is rapidly

absorbed after an oral dose413'16

13,17

and tqit absorption j& virtually

complete. As exbected, the vrate of absorption is delayed by

administration = of various sustained release pr‘oducts.lev10
61though the rate of absorption may also be altered by the presence
of food,ls’20 the extent of absorption does not change. Similar

conclusions were made when KT and sucralfate were administered

: concurraQijy.14 . Both the rate and extent of absqrption, however,

show circadian changes where bioavailability is maximal at

0700 h.21

1.1.5.2. Dfstr;bution _

Ketoprofen is  rapidly distributed,13‘ with a volume of
distribution (vd) ,of approximately 0.1 L/kg.8 The drug is highly -
protein bound .(approximate1y ﬁ?%) m;in]y to a1bum1'n_.22 Ketoprofén
slowly penetrates into synoviél fluid, and has a mean residence time
in  the knee joint about three times that of the systemic

v &
cjrcu{ation.23 '

1.1.5.3. Metabolism and Elimination.
Ketoprofen is extensively metabolized, forming .an ester
g1ucuroconjugate,2’17’24 The conjugateq, drug is then eliminated

via the. kidneys, to the extent of 50-90% of the administered

doseg17’24"\vA]though_ previous investigators reported up to 50% of -

KT was eliminated 1in the urine~ as intact vdr‘ug,”’24 Upton et
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al. have demonstrated that, in fact, virtually 100% of the‘érug
excreted renally is as conjﬂgates.25 This discrépancy is likely
"due to the inherent iﬁstabi]ity of the ester. glucuronide conjugates,
which qu{fk1y, hydrolyze back to ‘the parent drug during various
sto}age and hand]ing‘ procedures.25’26 A hydroxylated metabolite of.
KT has also - been identified in rat27'a1tﬁngh t%e pfesence of this
metabolite in.man has not been proven. _
N THe process of conjugation and subsequent renal elimination hqé
fecent1y ‘been studied in elderly patients, %nd in patients with
impairéd remal function.., In one nstudy;zs no observable changes
occurred in - the elderly, whereas another study29 sugggsfed‘that
g]ucuronidation W the elderly @35 jmpa{red. In pa;ients with
compromised renal function, a Tonger t%. for KT was observed3®
~ which, according to the authors; was expected as cqnjugated KT relies
onvrenal function for excretion. |

B

1.1.6. !ariabi]ity in Response

In general, there is a ‘poor c%rre]ation betwéen dose and/or
concentration " of aninisteredo NSAIDs and response between
jndividuaTs.6 Apart  from di%ficu]ties fn :assessing .patient

‘respbnse' to NSAID therapy,6 numerous suggestions héveibeen made as
to why this might_ be- the case. These suggestions caﬁ be broadly
categorized to encompass either pharmacodynamjéjér pharmacokinetic
princinTes. ‘ T

/Pha?mécodynaﬁic factors which‘ may be involved in explaining the

. basis of variability of response to NSAIDs include 1) there are

numerods - chanisms of action (see sectifn 1.1.3.), 2) the

e



N | - 7
contribufion of each qf the mechanisms of actien to‘the overall— - .
effect‘_of the crug is” not clearly understood, and.ﬁ) there are

.numerous  specific cellular effects - which are ﬁindependent of
cyclooxygenase | inh:bit on.3! Thus,  the ;p1iniea1 relevance and
contribution of various Pharmacodynamic processes is a matfer'of
quest ion. | SR | B

A]thpugh .there 1is_a better correlation between concentration (as

opposed to dose) of administered NSAID and effect, this correlation

" has been sup;ising1y_'difficu1t to - demonstrate. For drugs such as
naproxen32 epﬁ fenc]ofenac33. a sjgnificant »cbrrelatfon between
plasma confentrafioh .and effect has previously been_reported. *For
other drugs sueh ‘as KT, | howeVer, no such correlation has'been
obserQed As a resu]t dos1ng of many of the NSAIDs 1nc1ud1ng KT is -
1arge1y emp1r1ca1 '

In 'addition to the eboyef mentioned pharmgcodynamic'obstac]es,
* there are numerous pharmacokinéiic problems whieﬁ éust be considered .
when . attembting to define a concentration versus effect
relationship for many of the NSAIDs inc]uding KT. Many‘of these
pharmacokinetic obstacles regard1ng NSAID therapy have recent]y been
, reylewed by Day et 37.6 and include Factorsﬁ such as binding of
'drug to p]asma anq synovial fluid prote1ns, kinetics of tr%nsfer of

%

'drug into synovial fluid, ~ terminal e]1m1nat1on 14, ~metabo11sm and

excretion, and the effects of various pathologies and/or age on drug
disposition. - However} \Ferhaps one of the most important
considerations deals with the stereoselective pharmacok1net1cs of the

L . (
2-APA NSAIDs.34-37 - -



1.1.7. Rationale ,

<

As ethe 2 APA NSAIDs are chiral in nature, an 1mportant aspect of_

their use in rheumato1d and osteoarthr1tls is the sﬁereose]ect1v1ty'_

of action. The- ant11nf1ammatory propertwes are ascr1bed ma1n1y toﬁtfﬁ |

4

the S-enantiamer (eutomer) . whereas the R enant1omer (d1stomer) has- o

e.litt1e or ..no act1v1ty As the enant1omers d1fﬁer 1n the1r 1nherentiv

actjyity,],eit;fﬁtsi therefore clear 'that attempts to corre1atev_

- cbntentratidn51 of tota] KT '(R— p1us S- enant1omer) w1th effect are-

‘ po1nt1ess Nevertheless, v1rtua11y all data to date’ dea1 with tota]

rather than enantiomeric concentrat1ons of drug - To further

comp11cate this issue, the“R;enantiOmek May be metabo11ca11y'inverted

| to “the;-mohe"active,:S—enantiomer. The general app]icabi1ity,pfj'~"i

bjoinversion"toh all members of ‘the 2-APA C1a$slothSAfDS has been

suggested.35 :Therefbre;' depehdihé on_-the rate of inversion, the

R-enantiomer may be considered as either a pro-drug, or as ’‘isomeric -

ba1]ast’?37' Despite the'fact that these-compouqes are marketed ahd

1

administered as racemic mixtures, little information exists regarding’

the enantiose]ective pharmacokinetics in  humans. [t was thereﬁOre
'proposed /that the enant1omers of KT, a 2-APA NSAID would be stud1ed
ih deta11 in an attempt to de11neate the pharmac9k1net1cs of both the

- and S enant1omers in man and rat
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2. HPLC ASSAY OF KETOPROFEN ENANTIOMERS IN HUMAN PLASMA AND
URINE® |

2.1. INTRODUCTION -

Ketoprofen (KT), a 2-arylpropionic acid type (2-APA)
no: steroidal antiinf]ammatdry drug (NSAID), co: :ains a ¢hiral
center, and is mérketed as a 50:50 racemic mixture of the S(+)- and
- the R(-)-enantiomers. The'S\+)-isomer’is usua]]y'responsible for the
antiinf]ammétbry activity of the 2-APAs, whereas the R(-)-isomer is

1 It 1is thrrefore important'to measure

Tess actiVe, or inactive.
levels of the active enantiomer when seeking a correlation between
drug Tevels in blood and clinical efficacy and/or foxicity. The
reéu]tant information using stereoselective techniques kikely forms
the basi$ of a more ratioﬁa] approach to therapy with KT. |

Singh et a1.2-4 pr§V10u51y -described a stereoselective ga§
chromatographic  method .kfor the separation of several NSAID
enantiomers, inciuding KT. However, the'methoJ w#s time-consuming,
as derivatization included a lengthy heating period. Sallustio -’
al.” vreborte& an '.enantiospecific high performance 1iquid
chromatographic assay for ketoprofen»and fendpkofen. This method was
also time consuming,v and lacked the desiréd‘ sensitivity for KT.
6

Bjorkman reported ~an HPLC assay for the enantiomers of

* . version of this chapter has been published:
R.T. Foster and F. Jamali. J. Chromatogr. 416,388-93 (1987).




indoprofen. The method involved extraction of unchanged drug,
conversion  to & mixed anhydride with ethyl ch1oroformat§§
derivatization with L-leucinamide, extraction. of the formed
diastereoisomers with ah organic solvent, evaporation and injection
into the HPLC. , Using this sam$1e preparation method, Bjorkman

noticed interfering peaks in his chromatograms. We adopted the above
method to assay KT enantiomérs in human plasma and urine and noticed
three ma]]A interfering peaks. dHence, ghe assay was substantially
modified. After submission oF this péper, it was.brought'to.our
attentioh by the Editor of the Journa1'that a paper by ngrkman 7
describing an HPLC assay .of KT enantiomers in plasma, based on the

method useé' in indoprofen determination, had been recently accepted
( for publication. To: avoid the fnferfering peaks, Bjofkman 7 Used
an ion-pairing procedure to extract KT enantiomers from plasma. His
assay, however, as - compared to the one reported here involved a
lengthier sample preparation process and was less sensitive. The

method reported herein also has the advantage of being applicable to

the analysis of conjugated KT in urine.

2.2. EXPERIMENTAL

2.271. Sample preparation

: ‘ : ~
~ To 0.5 mbL plasma samples containing KT was added 100 ul of an

aqueous solution of 100 ug/mL racemic fenoprofen ca]cium (ETi Lilly,

Indianapoh’s,Z IN., USA) as internal standard (IS) and 100 uL 0.6 M -

~ sulfuric acid as acidifier. The resultant was extracted with a

S
N ~_



mixture of 5% jsopropanol in isooctane after Vortex mixing for 30 s
and tentrifuging at 1800 hg]ative centrifugal force for 5 minutes.
The organic phase was transferred to. a clean glass tube and 3 mL
- ater .(HPLC grade, Fisher) was adged.‘ Samples were again Vortex
mixed forJ 30 s and cehtrifuéed for 3 minutes. The organic layer was
discarded -and 200 uL of 0.6 M sulfuric acid was added. Chloroform
(3mL) wasvadded to this, and the samb]es were,Vortéx mixed (30 s) and
centrifuged (3 min).. The aqueous. phase was then discarded. The
remaining organic phase was evaporated to dryness (Savant Speed Vac

-concentrator-evaporator 100H, Emerston Instruments, Scarborough,

Canada). The residue was dissoTved in 100 ﬂi 50 mM triethylamine in

“acetonitrile. To this mixture wés added, at 30 s.interva1s, 50 uL 60
mM ethyl chloroformate in acetohitri]e, and 50 ul of a mixture of 1 M
L-Téucinamide hydroch’ﬁride (Sigma, St. LQuis, Mo., USA) and 1 M
triethylamine in m: "l nol. After‘z min., 50 ul of water was added.
-Aliquots of 10 to 40 uL of_the so]&tion were injected into an HPLC.

Conjugated KT was aha]yzed‘ih 100 to 500 ul urine after alkaline

hydrolysis with 25 to 125 ul, respectively, of 1 M sodium hydraxide.-

The samples were then acidified with 0.6 M sulfuric acid using 100 ul

in ‘excess of the 1 M sodium hydroxide volume used for hydrolysis.
. st . 1

The sample preparation was then carried out ds described for plasma.

P

2.2.2. Other druqs tested

( Fenoprofen (Eli 'Lilly, Toronto, Canada), flurbiprofen (Boots,
U.K.), ibuprofen (Upjohn, Don Mills,-Canada), naproxen (Syn 2x, Palo
Alto, . CA, U.S.A.), etodolac (Ayerst, Montreal, Canada), and

P

tiaprofenic acid (Roussel, Montreal, Canada) were also subjected to

15



derivatization with L-leucinamide using the ahnve sample preparation

method.

2.2.3. Dosing ‘

A 19 yean-o1d (77.8 kg) healthy 'subject received 50 mg KT
(Orudis, Rhone—Pou{enc, Montreal, Canada) ‘and donated 4 ml venous
blood. The blood was co]}ectéd 2 and 12 h after the dose into a
héparinized Vacutainer, centrifuged, the plasma portion séparated‘and
- stored at -20° until analysed. Urine collected from 12 to 24 h was

also analyzed.

The study was approved by the Medical Ethics Committee of the

University of Alberta Hospital and a written consent form was signed

by the subject.

2.2.4. Standard curves

The enantioners were quantified against sets of standard
solutions prepa#éd by spiking a]iquots-df 0.5 mL blank plasma with
racemic KT (Rhone Pou]eqc, Montreal, Canada). Final concentrations
of the enantiomer§>were 0ﬂ05, 0.1, 0.25, 0.5, 1.0, 2.5 and 5.0 mg/L.
Aliquots of 0.5 mL urine were similarly spiked with KT to give final
concentrations of 0.5, 2.5 and 5.0 mg/L. The solutions were subjected

to analysis according to the method described for samples.

2.2.5 Extraction efficiency

To//4§§sess the efficiency of the extraction methbd, spiked

solutions of racemic KT (1.0 and 5.0 mg/L in plasma and 1.0 and 10.0

mg/L in urine) were extracted (n=3) in the absence of IS using the
. \ | -

16



above method. After evaporation of the chteroformic Tayer, the

}extracted racemic KT was dissolved in 200 ulL methanol and 100 ul IS

solution was added. Aliquots of 10 - 40 uL of these solutions were"

chromatographed .according to a non-stereospecific HPLC assay.8 The
area rafios (racemic KT/IS) of the eluting peaks were compared with
those of solutions of similar concentrations which were injected
directly into the HPLC withput extraction. The order of elution of
_the- enantiomers was determined by testing the retention time of a
peak eluted from a pure S(+)-KT (Rhone—Pou}enc, Montreal, Canada)

solution.

2.#.6. Instrumentation v -

The HPLC consisted of a Waters (Mississauga, Ont. Canada)
Model 590 pump, Model 712 Wisp, Model 481 UV spectrophotometer, and a
 Model 3390A Hewlett-Packard (Avondale, PA, USA): iﬁtegrator. At
ambient temperature, a 10 cm reversed-phase column (Whatman Partisil
5 0DS-3, Whatman, Clifton, NJ, USA) attached to a 5 cm guard column
packed with 37-53 ’um‘ C18 material was wutilized througﬁout the

- ! experiment.  The mobile phase, 0.06 M potassgum dihydrogen phosphate;

acetopitrile;. triethylamine (64:36:.02) was pumped at a flow rate of

1.0 mL/min. and the detector wavelength was 275 nm. The peak area

method (enantiomer/IS) was used to calculate response.

2.3. RESULTS AND DISCUSSION

1

L .Figure 2-1 depicts chromatograms of blank plasma, blank urine and

a - plasma sample spiked with 0.25 mg/L of each enantiomer.

Diastereoisomers of both the R(-)- and S(+)-KT, and IS eluted at 9.8,

17



Fig.

2-1.

A
B
Ek_,\____
) 34
) -

‘ J
0 10 20 .
Minutes -
HPLC of blank plasma - (A), blank urine (B), and plasma
spiked with 0.25 mg/L of each enantiomer of KT {(C).

Injection volumes: 40 ul for plasma and 20 ulL for urine

solutions. Attenuation: plasma, changed from 1 to 2 at

14.5 min; urine, 2. Peaks: 1, R(-)-KT; 2, S(+)-KT; 3,

R(-)-1S; 4, S(+)-IS.
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11.3, and 17.7, 19.9 min, respectively.

" No interfering peaks were observed. An exce]Tent linear

correlation between peak area ratios (2nantiomers/IS) and enantiomer
concentrations was found (r2 ~> J.995) over .the enantiomer

concentration range of 0.05 to 5.0 mg/L for plasma and 0.5 to 5.0

mg/L  for urine. The best-fit lines passing thfough the data points-

were described wusing the peak area ratio (Y), and the concentration
in ug/mL  (X), where Y = .4161X + .0067, and Y = .4243X - .0037 for

R(-)- and S(+)-enantiomers in plasma, respectively. The standard

curves describing urine samples were Y = .5813X + .0059, and Y =

.5880X + ..0422 for R(-)-  and S(+)-enantiomers, respectively. The
coefficient of variation (C.V.) over the examined concentration
ranges for plasma aéd urine was Tless than 10%.

The . 2 h plasma sample had 2.27 mg/L of R({-)- and 2.03 mg/L”of
S(+)-enantiomer, while the 12 h sample had ‘0.13 mg/L of each
enantiomer (Fig. 2—2)..‘A 12-24 h collection of urine contafned 0.12
and 0.18 mg of the R(-)- and’S(+)-eﬁantiomer, respectively (Fig.
2-2). Based on these 'observation53 the minimuh quantifiable
!concentration (MQC) in- plasma of 0.05 mg/L found for this assay was
essential if the drug concentrations were to be followed for ﬁp to 12
h post-dosing. Bjorkman / set his MQC at 0.25 mg/L wﬁi]e he also
reported KT enantiomer' concentrations of-approxim&te1y 0.1 mg/L 7 h
after a single dose‘ of KT. Our assay, therefofe, offefs a higher
sensitivity over that reported py Bjorkman 7.

The extraction _yield fromfgfgsma (peag—area ratio comparisons of

S
~extracted versus directly chromatographed solutions) for the racemic

19



-

Fig. 2-2.

’J 0 10 20

Minutes

HPLC ~of 2 h (A) and of 12 h (B) plasma samples, and of

12-24 h wurine samples (C) after a 50 mg oral dose of KT.

Injection volumes were 10, 40 and 40 uL for A,B and C,

: : e
respectively. Attenuation:- plasma, changed from 1 to.2 at
14.5 min; urine, 2. Peaks: 1, R(-)-KT; 2, S(+)-KT; 3,
R(-)-IS; 4, S(+)-IS.
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mixture was 77.58% and 78.15% for 1.0 and 5.0 mg/L, respectjvely.
For urine samples, the yields were 75.51% and 73.96% for 1.0 an§§ﬁ0.0
mg/L racemic KT, respectively.

The maximum UV absorbance for derivatized KT enantjomers was 250
nm. HoWeve;, as three small interfering peaks were consistently
present at this wavelength, the assay was carried out at 275 nm.
'Theée interfering - peaks which weré also observed by Bjorkman during -

the analysis of indoprofen ©

, and kefopréfen 7 seem to be a major
prob1em in using the method originally uti]ized by Bjorkman . For
analysis of‘ KT enantiomers, Bjorkman 7 used ijon-pair extraction to
avoid these peaks. By ‘changing both the wavelength and methpd of
extraction we also developed a simple and convenient HPLC method free

of unwanted peaks. Additionally, preparation was rapid, as 12°

samples required approximate1y 60 minutes;'

Al

It is worth mentioning that the applicability of this method was L

also tested for fenoprofen, flurbipfofen, 1bup§ofen, naproxen,ﬁf;/
etodolac and tiaprofenic acid. - @hi]e all of the compounds formed-
diastéreqiﬁomers with L-leucinamide, satisfactory resolution of the
enantiomers was {noted only for fenoprofen and flurbiprofen under the
conditions employed. With the exception 'of naproxen, péaks
representing the enantiomers of othéf compounds did not iﬁterfere
with. those of R- and S-KT. This assay is stereospecific, convehiént

and suitable for determination of plasma and urine concentrations of

KT following therapeutic doses.
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3. Pharmacokinetics of Ketoprofen Enantiomé?s in Hea]fhy Subjects
Following Single and Multiple Doses™ l v ;
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The stereoselective diéposition of chiral compounds has reéenp}y
been given- much consideration.!-9 Interest in enantioselective

4 ‘s
pharmacokinetics has _been - generated from the realization that

7

: N \ ) ‘ .
constituent enanEiETffg of a' chiral cofipound may exhib+%—diﬁferent

s

pharmacologic and toxicologic. properties.® 8 An important group of

cﬁ%;;] compounds, the 2-arylpropionic acid type (2-APA) non-steroidal
/ , .

- antiinflammatory drugs (NSAIDs), are commonly used in the treatment

of Jjoint and connective tissue disorders. Many bf the 2-APAs exhibit

stereoselective disposition  kinetics . and also undergo a

unidirectional bioinversion of the less active R- to the active
S-enantiomer.5'8 It therefore follows that; a]though there is a
wealth of Ynformation rggardiag ;he tofa] drug éoncentration (R; plus
S-enantiomer), this knéw]edge cannot be extrapolated to individual
enantiomers, and may in fact, be mis]eading.7’8 “
Several ~studies detailing ketoproﬁ%n (KT) disposition kinetics }n

o
humans have been reported.l0s. 11 However, none of these studies

N

* “

rsion of this chapter has been published:

77, 70-73 (1988). - L
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used stereospecific techn%quesp In- this paper, we report the -

‘ pharmacokinetics of ketoprofen enantiomers, following single énd
multiple dbses, using a sensitive, convenient and enantiospecific
HPLC method. 12 : : \
]

3.2. METHODS - S

v

3.2,1. Druh,administration andysample collection

The projéct was conducted 1in accordance with the principles of -

the Dec1aration of Helsinki, and was performed following approval by

the Institutional Review Committee.

Eight healthy volunteers (Table 3-1), participated in the study

after giving written informed consenf.v On the first morning of the .

study (at 0800 h). following an overﬁight fast, subjects were given 50

mg racemic KT (Rhone-Poxﬁen’c Phar—'m.’Inc., Montreal, Canada) m‘ a

g1a§s of water. No food was allowed for two h after dosing. Venous
: o

blood . (4-5ﬁ mL) was collected into.heparinized tubes at- 0, 0.25, 0.5,

0.75, 1, 1.5, 2, 4, 6, 8 and-12 h from an indwelling catheter

o

snserted in a forearm vein.-Urine (total output) was collected at O,W

3, 6, 12 and 24 h.‘Thé day aftef'sing?é doée administratibn, KT was

given as 50 mg g6h for a total of 13 doses. After administration of

-

the final dose, plasma and urine samples were again collected in ‘the

, | ‘ .
. manner - described above. =~ Blood samples were centrifuged and plasma
‘separated. The specimens were stored at -20° untf1'an3)yzed, using a

. . .

previously reported enantiospecific HPLC:assay.12

> -~
N b



. assessed’ ﬁsjng ‘the Student’s

25
No - other drugs were 'a]]oWéd seven dﬁys pridr to, or during the

study period. ) - g

3.2.2. Treatment of data

b Plasma enantiomer cohcentfations wefe plotted versus
time.  The .area under the*p]ésma KT coﬁcentratién curve (AUC) from
~“1‘,1'me 'ofl'édmin;strétion to 12 h (affer single dose), and from time of
ad@inistratioq; ;o 6 h (fQ]]qwing multiple dosing), was &3}£u1ated
- using .the linear trapezoid$1' method. Fof,the single dose AUC, the
area from the; Tast. datak point "to infinity JCiast/B) was added fé
AUCh.12- _l The‘ apparehf elimination rgte 6onstant, B, was calculated
ffom1 the best-fit ’Hing tthygh the log-linear terhina] phase of the
- Clirves. t:. The plasma c]e;rancé (C1/F=dose/AUC), and volume of

distribution (Vd;F=C1/§) were calculated for R-KTICOnsidéiing the
‘dose to be equal to ohe¥ha1f of:the administerédLﬁacemate, and F to
be the fraétjon of the dosé_abgorbed. As Ehe possibi]ity’of;R;Ato
S-isomer finveréiqn .cou1d ndt be‘_ruled odt, and conseqqént]y the
fraction _of the doﬁe entering the _systedic circu]étfon:.aSa§“KT
feméined’vunknown,i 1 and Vvd 6%\ the S-Qnantipmer could noi"be

{

calculated. Half-1ife (t%) was»ta]cu]ated as‘0.693/B.SThe extént of -

) o e . ) .
conjugation in plasma and in uring was calculated by subtracting

unchanged from the ‘total (un hanged' Tus conjugated) KT beforewanﬁ'.v
after  hydrolysis, respectiv . Differences. ' between . '%e

. . : ‘. : RS
pharmacokinetic  parameters- ~of - ‘the individual enantiomers. were’

red t-test, at o=0.05. The data
.7

-

- are expressed  as ‘means+SD.
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3.3. RESULTS

Figure 3-1. depicts the plasma KT enantiomgrs"concentrations
vefsus timé cﬁhvé fq]]owing single and mu]tip]e doses of 50 mg
racemic KT in subjéct 4 a§ répreséntativevof the Samp]e popu]atﬁon.
"Tables 3-2  and 3-3 contain bharmaéokinetic’parameters of S- and RAKT
aftgr_ éing]e and .ﬁu]tfp]e. doses, ‘respectively. In plasma, the
‘ concehtration of R-KT tend- t6 - be consistently gfeater than S-KT.
The obserQed3 difference,'"a]though small, was signjficaﬁt ir all
sgmples with the exception of those taken at 0.5 and 6‘h3f011owing
single doses, ‘and Q.25 and 0.5 h following hu]tip]e doses. The peak
plasma  copcentrations\ (Chax) were also significant]y gfeater for
R-KT s COmPaFEd"to\\§;KT following multiple doses. waever, after
the single ‘dosing regimen; this:difference in Cpay values Qas only

signffitant if subject 5 was deleted from the-group.\
;&hen examining ‘mthe AUC of the enantiomers, a small but

signifitant difference was observed, oWingvto the fact that the AUC

of R-KT was consistently greater than that of S-KT. However, ti4s of.

the enantiomers were not significant1y different.

The ‘meén of the ratios of S:R-KT concentrations throughout the.

entire collection times for plasma was 0.81+0.19 "and 0.8710.11,

 following single aﬁd multiple dosing, respectively. The mean'S:R AUC

~ratios Fo]]owing éti]e and multiple dosfng were 0.85+0.09, and

10.91+0.04, respectively. .

There were no significant differences between the<Bparmacokinetic

parameters when comparing single and mu]tip]e.dosing regimens. Peak
plasma cor =ntrations. were rapidly achieved (Tmax) in all subjects

27



Fig. 3-1.
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Table 3-2.  Pharmacokinetic Parameters Following a Single 50 mg Dose

of Racemic Ketoprofen

29

Subject 1 2 3 4 5 6

7 - 8 an
- D)
Tmax, h L .
S 2.0 0.75 0.75 2.0 2.0 0.5 1.0 1.5 1.3
. (0.64)
R 2.0 0.75 0.75 2.0 2.0 0.5 1.0 1.5 1.3
(0.64)
Cmax, mg/L
S 1.78 4,10 3.62 2.92 2.03 3.90 2.94 3.85 3.14
(0.88)
R 1.91  4.13 3.69 3.11 2.27 3.94 3.24 4.02 3.29
) (0.83)
t%, h
S 2.19  2.00 2.26 3.29 3.27 3.28 2.35 1.44  2.51
(0.69)
R 2.90 2.46 3.01 3.56 4.71 8.25 2.21 3.29 3.80
(1.95)
AUC, (my/L)h
S 4.52 5.73 6.11 8.19 - 5.73 6.43 4.35 6.31 5.92
(1.20)
R 5.40 6.39 6.17 9.11 6.91 ° 9.41 5.10 7.53  7.00
(1.59)2
Vd/F, L
R 19.3 140 17.6 14.4 24.1 31.7 15.8 15.8  19.1
(6.04)
Cl/F, L/h
R: 463 3.91 4.05 2.74 3.62 2.66 4.90 3.32 3.713
© {0.81)
ZXu0-24, mg .
S 16.9 24.7 20.6 12.5 21.0 36.1 20,9 22.2 21.9 .
§ . . . (6.82)
R 13.3 21.2 26.8 10.3 17.9 30.4 18.3 19.9 18.5
o : © - (5.95)

¢ Significantly different from the S-enantiomer.



b

Table 3-3. Pharmacokinetic Parameters Following Multiple Doses (50 mg q6h)

Subject 1 2 3 4 S 6 7 8 Mean
- ' (so0)
Tmax, h N .
S 4.0 0.75 0.75 0.75 2.0 0.5 0.75 1.5 1.4
i (1.2)
R 4.0 0.75 0.75 0.75 2.0 0.5 0.75 1.5 1.4
(1.2)
‘ Cmax, mg/L i .
S 0.64 2.53 3.22 4.01 1.97 2.77  2.88  3.18 2.85
- _ (1.00)
R 0.73 2.57 - 3.29 4.08 2.35 2.78  3.18  3.39  2.80
= (0.99)2
t%, h
S . 2.66 3.15 2.53  4.66 2.07 3.39 400 3.11  3.19
{0.82)
R 3.32 3.79 3.46 4.28 2.46 5.50 3.48 3.96 3.78
. {(0.88)
AUC, (mg/L)h v .
S 2.60 4.57 5.22 5.69 10.7 4.46 3.47 6.5 5.4]
‘ . . (2.46)
Rt 2.97 504 530 6.11 1199 4.71 4.09 7.33  5.93
: : (2.74)2
Vd/F, L v : - ’
R 40.1 27.6 23.5 25.6 7.47  42.1 40.7 18.9 21.5
. (11.6)
C ’F, L/h ' ' ‘ : 4
R 8.42 4.96 4.72 4.09 2.10 5.31 6.11 3.41  4.89
. ' (1.88)
~u0-6, mg
S 19.1 23.3 19.5 20.8 21.3 17.6 17.8  29.1 21.2
. . (4.78)
R 15.6. 19.0. 16.2 18.4 18.9 15.1 15.2  26.4 18.1
. : ~ - (3.79)8

g Significantly different from the S-enantiomer.
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(Tables 3-2 and 3-3), excebt one, where a 4 hour Tag-time was
observed after multiple doses.

Only neg1fgib1e amounfs of intact‘ enantiomers were found in
urine. The ycumu1ative amount of conjugated S-KT_excreted.in urine
was 21.9+6.82, and 21.1+4.74 mg following sinQ]e and multiple doSing,
respectively. "~ The cumulative amount of conjugated R-KT was-
significantly less being 18.5+5.95, and 18.1+3.74 mg following single
and multiple dosing, respectively. The mean S:R ratios of cumulative
conjugated KT following single and multiple dosihg were 1.19+0.05 énd'

1.17+0.05, respectively.

3.3.4. DISCUSSION |

| The observed mean t% of S- and R-enéntiomers were 2.51+0.69 and
3.80£1.95 h (single dose), and 3.19+0.82 and 3.78+0.88 h (multiple
doses),” respectively. - These values are longer than 1.1310;0710 and
1.5 h13 reported by others for a racemic mixture of the
enantiomers.- Thév§eason for this discrepancy may be due to the fact
that -owing to the -sensitivity of our assay, we were able to fo]1dw
plasma KT concentrations for as long as 12 ~h as opposed to
approximately 8 ‘h fol]owed; by others. A s]owérﬂdecline in plasma
concentration of both enantiomers followed the 1nifié1 rap{d
disappearance suggesting multi-exponential dispositkdﬁ'kinetics. It
is fmportant to note that the true terminal t% of KT enantiomérs may
be even 1ongef :than these reported here as, due to the limited data
‘points; the termina] slope of the concentration-time curve may have
been  overestimated. In  fact, Delbarre et al.,14 . using
tritiated KT, showed an initial t% of 1.4 h, followed by a terminal
t% of 1.2 days. ' |
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‘It is documented that for many of the 2-APAs, there is a
significant difference in the dispdsition of‘the two enantiomers.
- The wusual case is. that the 'S- predominates over the less active

R-enantiomer in p1asma.6

Recently, it has been shown thét
tiéprbfehic acid does not exhibit stere&se]ective pharmacoki?etics.
In féct, the plasma, ‘synoviai fluid and_ urinary levels of fhe
enantiomers of this drug were superimposab]e.,3 Ketoprofén appeéﬁs'
to be another excéption to this generalization. A1thougH we observed
a very  small, but significant difference in the disposition of the
enantiomers, the R-and not the S-enantiomer was “the predominént
isomer in plasma. However, the S-enantiomer was more bkéva]ent in
urine. ~While the S:R-KT concentratfon ratios in plasma were, on
average, 19 and 13% less than unity, in urine the rat16§ were 19‘and
17% more than unify fo]]oWing single - andfﬁnu]tjp]e. dosing,

respectively. . | j - \\

The observed differences in the disposition kinetics of KT S.

- -
- enantiomers may be_ attributed to various mechanisms. The major K

.

eTiminationA paﬁhway, of KT s through ester glucuronidation. In
healthy subjects, 'the formed conjugates are readily excreted through
the fené] and/or biliary routes with “very little systemic .
accumulation.1® We observed conjugated:unchanged KT, p]asma
concentration ratios to be 0.12 and 0.07 for S;. and R-KT,
re;pective]y. "~ The greatér plasma iniact R-KT concentration coupled
with = the observed 1éss extensive urinary excretibn of the conjugated
R-KT as compared to S-KT seem tb_indicaﬁe preferential conjugation fn
favor of the S-enantiomer. However, considering that over 80% of the

drug is eliminated through conjugation, an enantiomer with-greatef



affinity for conjugation is expected to be eliminated with a t4
significantly shorter ‘than the othef;_ The proposed stereoselective
conjugation, however, ‘may not have been extensive enough to result in
significant differences in the enant1omers t4 (Tab1es 3-2 and 3-3).

The u?1nary recovery of the given doses averaged 82% (44% as S-
and 38% as R-conjugated.KT). The unrecovered 18% may have found its
way into the™bile. If so, it becohes plausible to suggest
preferential bi]ééry excretion‘ as, another reason for the observed
stereoselectivity in urinary ,éxcretion of KT enantiomers. . As
compared -to S-KT, R-KT may be excreted more in bile and less in
urine. The -biliary excretibn of acidic cohpounds may be an active,

16

and  hence competitive process. - Therefore, conjugated KT

enantiomers may compete for biliary excfétion. The extent of such a

competition may become greater and more c1inica11y relevant if thé

renal- route bécame partly blocked and consequent]y the biliary
pathway emerges a§~«the major route. 17 This hypothesis is currently
being tested ‘ﬁn. e]der]y arthritic patients in whom the kidney
function is reduced. -
'The metabo]ic inversidﬁ of one enantiomer to anothers may also

be  another possible mechanism giving rise to stereoselective

33

pharmacokinetics. However, proof of inversion can only be

unequivocally acceptable if pure enantiomers are admﬁnisfered,‘or:if
more than 50% of a racemic dose is 'recovéred as one of the
A enantiomers, f.e,, recovery > dose. The possibi]iéy of an inveriion,
“therefore, cannot be ruled out based on data presented here. The
extent of inversion (if any), however, cannot be substantial as only

small differences between the two enantiomers were observed in urine.



IG' subjects wfth " normal ~kidney function, the significant
differencés in the pharmacokinetics of KT enantiomers are so small
that clinically they may be considéred negligible. However{ it has
been reported that kidney dysfunction significantly reduces the
_ clearance of conjugated drugs  such as KT18,. énd it has been
suggésted that in such;Bconditiohs, the biliary pathway may become

more involved 1in elimination of' the drug.17 Hence, preferential

renal or biliary eliminations of these labile conjugates may result

in preferential accumulatfon and then -hydrolysis of the active or. -

less active enanjioﬁg;Ev/in the body of these patients. These

hypotheses are bging tested in our laboratory.
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~enantiomers in  human plasma and urine., J. Chromatogr.
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4. PHARMACOKINETICS OF KETOPROFEN_ENANTIOMERS IN YOUNG AND ELDERLY
ARTHRITIC PATIENTS FOLLOWING SINGLE AND MULTIPLE DOSES”

4.1. INTRODUCTION

Recently, much attention | has - been directed teward
mftereose]ective pharmacokiﬁetics of chiral compounds.l'11 This
Idin'cer*est@:\ in part, has included investigation of the 2-arylpropionic

acid (ZjAPA) non-steroidal antiinflammatory drugs (NSAIDS). Many of
the 2-APA NSAIDS not only demonstrate enantioselectivity in their
kinetic disposition, but also exhibit,a unidiréctional bioinversion
of the. less active R- to the more actiQe S-enentiomer. [t therefore
follows that investigation of these compounds must 1ﬁvo1ve\ a
stereospecific assay, as data geherated'from methods measdring total
(R- p]usﬂS-enantiomef) concentrations may be mi§1eading.

We have ‘recentfy developed a stereospecific HPLC method for the
assay - of ketoprofen (KT) enantiome;s in plasma and urine. 2 This
method was applied to determine ‘the .pharmaeokinetics of KT
.enantiomers in hea1thy subjecfs following single and multiple

11 4

doses. s . the disposition kinetics of KT have’ been shown to be

* A vers1on of this chapter has been published:
R.T. Foster, F. -Jamali, A.S. Russe]], and S.R. Alballa. J. Pharm
Sci. 77, 191-95 (1988) .
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different -in fhe e1der1y,13 we dec1ded to 1nc1ude e]der]y, as well

as young patients. in our study | Moreover, as the’ effects of
“arthritis on the pharmacok1net1cs of KT are not established, we
% /

examined arthr1t1c patients. In this paper, we report the -

pharmacokinetics of KT enantiomers in young and in elderly arthritic _

patients following single and mu]tib1e doses, using the previously

reported HPLC method.12 -

"4.2. METHODS . ~ <

4.2.1. Drug administration and sample co]Tection

The: project was condutted in accordance with the principles of

the Declaration of Hé}sinki. Approval of fhe Institutiona1 Review
‘{Committee was obtaineq prior to conducting the study.

A total of nine ypuné (44+12 years), and nine elderly (7214.6
years) arthritic patients (Tébie 4}1) were recfuited by the Division
of. Rheemato1ogy, University of Alberta. Patieﬁts with Fheumatojd
arfhritis.;(RA) or -osteoarthritis (0A) were fnc]uded in the sﬁudy,
after giving written informed consent.

Following an overn1ght fast, each patient recelved 50 mg racemic
KT capsu]es (Rhone Pou}%et Pha?ma “Inc., Montreal, Canada) at 0800 h,

1, i‘wb‘ 4‘.\‘ ¢

a]ong w1th one. g]ass 6fx;ai \¢A200 mL). No food was allowed for two

h after dosing. After. adm1nf§trat1on of KT, venous blood (4 - 5 mL)
was collected via an 1ndwe111ng catheter inSérted in a forearm vein
into heparinized tubes at 0, 0.25, 0.5, 0.75, .1.0, 1.5, 2.0, 4.0,

6.0, 8.0, and 12 h. Urine (total output) was collected on the same

- 38



day, at intervals of 0-3, 3-6, 6-12, and 12-24 h. On another
pccassion, KT was administered in @H1tib]e doses given.as 50 mg -g6h
for a total of 13.doses. Plasma samples were ‘collected in the ﬁdnner
previous1y described, following :adminiétration -+ the final dose.
'Urine. (tota] output) was again collected fromv0-3, and from 3-6 h.

After co]Tection of blood samples, plasma was separated by

centrifﬁéation. ' A1 specimens were stored at -20° prior to
'ana1ysis.'- No other NSAIDs were allowed during, or two days prior to
the study. o

e Py L 4

k4.2.2. Determination of unchanqed and conjugated drug

- 'Plasma and wurinary concentrations of KT enantiomers present . as

intact and ester conjugates were measured using a stereospecific

a.ssay.12 Samples were assayed before and after alkaline hydrolysis

(1 M NaOH) and the difference between the’%wo readings was counted as

the concentration of the conjugated KT enantiomers.

4.2.3.  Treatment of :Data

: . P : . g . . : . .. y .
fﬂﬁia" KT ‘enantiomer concentrations were plotted versus time.
Following single dose administraiioh, the area under the p]ésma.drug
.concentration curve was’ ca]cu]aEgd from time of administration to

infinity' by fhe linear trapezoidal rule, where the area from the ¥ t

, data* point (Cyast) . to :fhfinity was calculated by C1ast/B- The

gpparent e1iminatfon raté constant, "B, was calcul. . from the
.est~fif line passing throdgh: the Tlast three f&hd points of the
log-Tinear terminal phase of the curve. Hé]f—]ifev (t%4) was
ca]cu]atéd as 0.693/8. .Plasma clearance'(C]/F=DOSE/AUC) and volure

X
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.Tab1e 4-1. Patient Characteristics //_"ﬂ

Patient Age. Sex Weight Creatinine Clearance ~ Diagnosis
(years) (kg) - (mL/min)
YOUNG
1 43 F 74.2 125 0A
2 52 F 57.9 113 RA
3 54 M 62.1 99 RA 7
4 55 F 79.9 84 0A
5 47 F 64.7 73 RA
6 34 F 71.5 106 0A
7 55 F 56.1 66 RA
8 35 F 58.2 81 RA
9 20 | F 70.6 113 OA
Mean 44 66.1 96 |,
SD 12 8.3 20
ELDERLY '
10 71 F 41.4 43 RA
11 78 F 70.5 52 RA
12 73 M 66.2 47 RA
13 74 F 48.5 34 0A
14 71 F 58.3 47 » RA
15 66 F 63.1 65 RA
16 78 F 81.2 56 OA .
17 74 M 60.8 53 RA
18 65 F 66.9 6d - 0A
Mean 72 61 51




of d1sizlgﬁf- on (Vd/F=C]/B) were ca]cu]ated for R-KT, where the dose
was - cons1dered to be one-half of the adm1n1stered racemate. The

fract1on of ’ the do’;se*1 absorbed, F, was 1nc1uded in both‘C1 and vd

J

terms P]asma c]earance and volume of d1str1bu2y1on were not -

ca1cu1ated for S- KT, as the poss1b111ty of R to S-bioinversion-could
not be ru1ed out. Consequently, the exact amount of S-KT enter1ng

the systemic' circulation was unknown.  Renal clearance (C1,) was

- calculated where ,C1r=2Xu/AUC. _ LFor‘ this calculation, ZXu was the

cumulative amount of conjugated KT excreted in -urine and AUC was the
' : AN _ Lo ‘ .
corresponding ‘value for conjugated KT in plasma.

The above -calculations -also abp]ied-fé]]oWing administration of

multiple doses. -However, the one exception was ca1eu1ation of AUC.
In this instance, AUC was Ca]chated*frOm time of KT administration
to 6 hours. |

The cuhu]ative amount of drug excreted in urine was calculated

from 0-24 h following s1ng1e' dos1ng, as e]imination df' KT was

a 8°
complete within 24 Thours. Following multiple doses, the urinary

cumulative amount was calculated from 0-6 hours. ik

Pyl

.The pa1redo Student s t-test («=0.05) was used to examine the

d1fferences | .pharmaeokinetic- parameters ' between R-  and.

4 i
-S- enant1omers : (v1th1n groups. - leferences»’between groups were
examined * us1ng a -ohe~way analysis of . vpr1ance The data are
expressed as mean+SD. . f mﬁf;
. . o i
' e .‘ A
4.3. RESULTS . B

4.3.1. Young patients S

‘_iUrine' data fronm patient 3;co&1d not be used, as peaks interfering

)

s : ) RS
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with KT were noticed.<;\\—//

Plasma concentrations of KT enantiomers versus time fadlowing
. . : e : iy

single and mu;tiple doses in patient ./ are depicted in figurethl;fés

this patient <losely représénts the mean of all the young patieﬁts.

Pharmacokire’ parameters pertaining to young arthritic patients‘afe :

" summarized in Tables 4<2 and 4-3. Although the ChaX'Fbr $-KT was

usually Jess than that of R-KT, this difference only showedv

significance _after single dose aéministratiop; gi%i]ar]y,ithe mean
AUC and t% of R-KT seemed_tq be greater than that of S-KT(foT]QWing
both single and mu1tip1e'dbses;1FThe differences,Ahowevér; were not
significant. o % ; - - N ‘
There were ‘no significaﬁt ‘diffefehcésv in any'ﬁ 6f the

pharmacokinetic parameters when single versws multiple doses were

compared. Accimulation of drug  following multiple " dose

administratfdn was negligible.

-

After single dose administration, conjugatéd KT enantigmers in

plasma at Tmax constituted from 0 to 14%, and'frbmroﬂto 5% of the

total (intact plus conjugated) S- and R-KT,‘respéctive1yf‘ Simi]ar1y,

following multiple doses, these values were 0-to’i4%,4anq 0 to 4% of
- total S- and R-KT, respectively. Samples’collected ai other than
Thax genera11; contained negligible concentratfons "of conjugated
enantiomers.. |

2

The KT enantiomers excreted in urine are present almost

f
A\

exclusively as readily hydrolyzable conjugates. Differences in the .

cumulative amount of conjugated S- and R-KT excreted in urine are.

statisti;a11y significant. The mean S:ﬁi ratios of cumulative

conjugated KTf enantiomers in urine were 1.30(+0.11)and 1.29(+0.07)
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Fig. 4-1..

‘ COnéentration,iﬁéfl

Plasma S—(.A) and R—(_D,) intact ketoprofen con'ceﬁtration
vérsus time curves following single (A) and" muTtipTe
(8) 50 mg ‘doses in >svubje.cvt 7 (young arthritic). The
plasma concéntrétions of the conjugated enantiomers were

Yo

negh‘gib]e._
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TABLE 4-2. Pharmacokinetic Parameters Following a Single 50 mg Dose
- of Racemic Ketoprofen to Young Patients ,
w G
Patient 1 2 3. 4 '??Sg* 6 7 8 9 ~ Mean (SD)
KT
Tnax» B ‘ . ’ '
S 0.75 0.75 0.5 1.5 1.00. 1.5 %ﬁi 1.5 0.5 - 1.1 {0.5)
R 0.75 0.75 0.5 1.5 1.0 1.5 : 1.5 0.5 1.1 (0.5)
Cnax» M3/t : .
dagts S 2.74 3.14 2.31 3.12. 0.83 0.83 °2.79 1.99 3.08 2.31 (0.92)
W R 2.79 3.36- 2.29 3.32 0.88 0.88 2.93 1.96. 3.l10 2.39 (0.97)?
AUC, (mg/L)h o
: S 65.527 3.32 6.69 7.58 4.56 4.08 7.56 4.62 5.51 5.49 (1.52)
R 5.52 4.13 5.73 9.08 4.52 4.27  7.52 4.21 5.77 - 5.64 (1.69)
t4, -h o g _ ;
S 2.76 2.57 3.61 2.89 2.57 2.68 2.50 1.55 2.52 :2.63 (0.53)
R 2.44 4.98 3.50 4.97 2.00 3.07 3.45 1.84 2.44  3.19 (1.17)
Vd/F, L | - | _
R 16.18 43.21 20.60 19.64 15.80 25.43 16.60 15.63 15.46 20.95 (8.97)
Cl/F, L/h . : .
R 4.53 6.05 4.12 2.75 -5.53 5.8 3.32 5.34 4.33  4.71 (1.20)
Xu, mg | ;
S ]24.39 20.89 - 15.72 11.87 41.94 13.88 19.52 26.44 21.83 (9.55)
R .20.77 17.35 - 12.07 9.43 32.94 10.31 15.26 19.17 17.16 (7.58)2

Istatistically different from S enantiomer

l



i
‘Table 4-3, Pharmacokinetic Following Multiple Doses (50 mg g6h) of Racemic
Ketoprofen to Young Patients
Patient "1 .2 3 4 S 6 7 8 9 MEAN (SD)
Thaxr h col AR N
o 2.0 0.5 2.0 0.75 2.0 0.5 2.0 1.0, - 0.75 1.3 (0.7)
R 2.0 0.5 2.0 0.75 2.0 0.5 2.0 1.0° -~ 0.75 1.3 (0.7)
Crax+ mg/L
> 2.38 3.92 1.68 3.12 2.65 3.46. 2.11 3.67 .3.14 2.90 (0.75)
R 2.57 3.96 1.68 3.18 2.78 3.46 2.10. 3.33 .3.20 2.92 (0.71)
AUC, (mg/L)h : ' :
S 5.06 3.55 4.22 6.57 6.23 5.46 5.96 5.57 5.87 5.39 (0 97)
R 5.18 3.92 3.98 6.62 6.47 5.47 6.01 4.26 .6.21 5.35 (1.07)
t4, h ‘
S 1.95  3.14 3.41 3.18 3.36, 3.72 2.65 2.55 4.82 3.20 (0.81)
R 3.06 2.53 3.17 5.06 2.50 3.52 3.18 1.93 "~ 2.73 3,08 {0.88)
Vd/F, L S
R 21.00 23.63 28.55 27.00 13.79 21.55 18.91 16.31 16.12 20.76 (5.02)
C1/F, L/h : _ ) .
R 4.83 6.38 6.28 3.78 3.86 4.31 4.16 5.87 4.03 4.83 (1.06)
ZXu, mg . §
‘ S 27.99 5.84 - 16.92 17.30 42.75 128.15 26.50 24.02 '23.68 (10.79;
R 22.98  4.42 - 12.70 13.48 32.51 2}.24 19.27_,29.59 18.40 (8.33)

astatisticél]y different from S enantiomer
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following single and multiple doses, respective]y.

4.3.2. Elderly-patients - g

Of - the 9 elderly patients, one pip{ent (# 10) had an interfering
peak..in plasma and urine, but only fofiowing the single dose KT.

Figure 4-2 depicts plasma concentrations .off.KT enant%omers
versus ’time from pafiént 13, who ‘closely represents the mean of
the sample popu]atiop. ' Tables 4-4 and 4-5 summarize thg»
pharmacokinetic Qata obtained ‘from the elderly sample. As with the
young patient sample, differences betwéen S- and R-KT p]asm;
concentration  following either single or multiple doses were

insignificant. AUCs of R-KT tended to be greater than for S-KT,

however the diffgrences were insignificant. Similarly, t

of S- and R-KT following either single or multiple dosé§ were not

significantly different. _
Tables 4-6 and 4-7 summarize pharmacokinetic parameters fegardiné

conjugated KT -obtained from the elderly subjects after single and

multiple doses, respectively. The data clearly indicate that the -

Cmax and the AUC of conjugated S-KT is significantly gfeatér than

Conjugated drug in plasma: (at Tp,,) constituted up to 30%

6% for S- and R-KT, respecfiv§1y, after administration of a
.single dose. Following multiple doses, conjﬁgates in plasma were up
to 58% and 45%, for S- and R-KT, respectively. Conjugated KT
‘enantiomers in p]asmé obtained from batieht 13 -are depicted in figure

As obsefved wifh_ the young group, - a significant differeﬁce

- between cumulative urinary excretion of conjugated S- and R-KT was

¥ % values
Ry
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Concentratioh, mg/ L

Fig. 4-2° Plasma time cogrsés of fhe intact and conjugated
" ketoprofen in an elderly arthrftic‘patient (# 13). Key:
A, S; O, R;Q, conjugated S; O, conjugated R. '
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Table 4-4. Pharmacokinetic Parameters Following a Single 50 mg Dose

of Racemic Ketoprofen-in Elderly Patients >
Patient  11° 12 13 13 15 6 17 18 MEAN (SD)
T h
max' N o5 . o975 1.0 1.0 1.0 1.0 4.0 0.5 1.2 (1.2)
R 005 075 1.0 1.0 1.0 1.0 4.0 0.5 1.2 (1.2)
Cnax» ma/L - - o
axt " 67 2.0 2.97 4.75 3.10 2.79 0.88 3.02 3.0l (I.09)
R 394 2.96 3.09 4.90 3.08 2.75 0.94 3.35  3.13,(1.12)
AUC, (mg/U)h '
' $ .87 7.00 9.88 7.72 ;&§,79 7.48 5.45 .5.46  6.96 (1.48)
R 7078 7.71 10.29 8.69 Y.14 6.43 5.57 ° 6.69  7.29 (1.69)
t4, h <
s 331 3.90 3.11 3.05 2.33 /.86 3.23 3.36  3.27 (0.49)
R 4.26 13.67 2.93 3.6 2.68 3.13  3.21  3.14 (0.78)
Vd/F, L
R 20.06 17.05 10.13 15.{6 f1.30 14.96 20.41 17.00 15.76 (3.70)
CI/F, L/h /

R 3.21 ~3.24 2.43 2.8%/ 4.86 3.89 4.49 3.74 3.59 (0.82)

IXu, mg -
S 10.45 33.85 17.13 12.78 21.05) 11.30 15.3 17.67 17.45 (7.51)
R 7.04 26.71 13.06 9.68 15.41{ 8.71 11.3%- 1@?85 13.23 (6.12)a

9

dstatistically different from S enantiomer \\
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Tible 4-5.

"y

as

(50 mg q6h) of Racemic Ketoprofen in Elderly Patients

Pharmacokinetic Parameters Following Multiple Doses

Patient 10

1T i1z 13 14 15 16 17 18 HeAN
T h -
TS 100 1.0 .05 o0 1.0 0.75 0.5 4.0 0.5 1.0 (1.2)
R 1.0 1.0 0.5 o0 1.0 0.75 0.5 4.0-,0.75 1.1 (1.2)
Cmax» M9/L
S 310 3.57 3.40 3.52 4.24 3.57 4.34 0.5 2.98 3.26 (1.10)
: R 3.26 3.55 3.43 3.41 431 3.70 4.30 0.60 3.08 3.29 (I.10)
AUC, (mg/L)h . )
S 7.45 572 7.46 5.72 7.92 5.29 7.81 2.%6 5.42 6.17 (1.67)
R 8.04 5.61 7.62 5.33 860 5.42 7.96 2.70 '6.21 6.39 (I.87)
t%, h ' :
S 418 3.55 3.87 3.92 5.11 4.36 3.21 1.55 4.69  3.84 (1.02)
R 4.59 3.8 3.63 4.92 4.32 3.74 3.0 1.76 .3.65 3.77 (0.90)
Va/F, L
R 20.73 24.78 17.26 33.50 18.19-24.26 15.70 13.59 21.21 21.02 (5.98)
¢
CI/F, L/h . \
R 3.1 4.46 3.28 4.69 2.91 4.6] 3.14 5.30 4.03 3.95 (0.86)
ZXu, mg o : £
D 11:76 25.14 14.21 15.14 18.97 13.44 6.13 19.63 14.55 (5.75)
R 8.02 19.25 9.44 11.59 9.40 8.25 4.59 14.83 10.67 (4

.55)2

Istatistically different-from S

enantiomer
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Table4-6.  Pharmacokinetic Parameters of Conjugated KT
Following a Single 50 mg Dose of Racemic Ketoprofen

60

in the Elderly

11 12

‘Fatient 13. 14 15 16 17 18 MEAN (SD)
s 1.0 1.0 1.0 J4.0 1.5 b 4.0 0.5 1.5 (1.1)
R 05 1.0 1.0 J.0 6.0 b b 0.75 1.7 (2.1) -
Cax+ m9/L -
! .S 0.94 0.53 0.90 1.14 0.35 b 0.15 0.67 0.67 (0.35)
R. 0.30 0.33 0.80 0.94 0.13 b b  0.31 0.47 $0.32)2
AUC,_{ing/L)h ' . :
S 2.48°1.99 3.25 2.70 1.17 b 0.90 3.24 2.25 (0.94)
R 0.58 0.76 2.04 1.53 0.82 b b 0.75 ].08 (0.58)2
t%, h : _
S 5.34 2.77 2.10 3.09 1.52 b5 6.75 5.40 3.85 (1.97)
R 2.87 1.52 2.37 2.71 0.55 b b 1.20 1.87 (0.92)%
€l L/h . g N -
S 4.21 17.01 5.27 4.14 13.85 c 17.09 5.45 9.57 (6.11)
R, 12.1.35.1 5.51 6.33 18.8 c ¢ 12.3 15.0 (11.0)

dstatistically different from S enqnfjomer

not detectable

Cunable to clearly determine



Table 4-7. Pharmacokfnetic Parameters of Conjugated
Following Multiple‘Dqses (50 mg qbh)

vd

KT in the Elderly

11

Patient 10 12 13 14 15 16 1 18 MEAN (s0)
. a ,
. Tmax» h . .
S 1.s 1.0 1.0 “0.25 1.0 1.5 0.5 4.0 1.0 1.3 (1.1)
R 075 1.0 1.0 o 1.0 ¢ ¢ 4.0 1.0 1.3 (1.3)
Caax» P9/L ) : .
S 0.78 0.75 0.60 0.69 0.99 0.41 0.61 0.35 “0.66 0.65 (0.19
R 0.50 0.38 0.36° 0.39 0.79 ¢ € 0.17 0.22 0.40 (0.20
«AUC, {mg/L)h B :
S 2.80 1.66 1.35 '1.67 2.46 1.29 .2.27 1.63 1.88 1.89 (.51
‘R 1.69 0.34 0.41 0.57 1.33 ¢ ¢ 0.92 0.25 0.61 (0.59
t%, h' ‘ .
S 6.¢u 4.32 1.99 2.04 3.15 2.01 10.97 8.84 7.3  5.23 (3.32
R- 1.79 0.44 3.10 0.99 2.86 ¢ ¢ b 0.18 1.56 (1.23
Cly, Ut . . -
S b 7.08 18.6 8.51 6.15 8.50 5.22 3:.76 40.4 8.62 (4.52
R b . 23.6 47.0 16.6 8.71 b b 18.4 59.3 29.0 (19.8

T
b

®not detectable

statistically different from S enantiomer
unable to clearly determine .
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noted following both single and mu]t%p]e doses. The cumuTative S:R
ratios of conjugated KT excreted in urine were 1.3410.06 and

1.38i0$14 following §%ng]e and multiple doses, respective}y. After

single’ dosing, the Cl,. was 9.5746.11 and 15.0+11.0 L/h for

conjugated S- and R-KT, respective1y. The values obtaineéd after
. _

multiple doses were 8;6214.52 and 28.9+19.8 L/h qu both“S— and R-KT .

conjugates, respectively. In both‘cases, the differences betweeﬁ the

two enantiomers were significant, where Cl. was greater for

conjugated R-enantiomer.

4.4. DISCUSSION
wé recently studied the stereose]ective'pharmacokinetics of KT in

a group of young, hea]thy vo]unteers 11 In those hea]thy SUbJeCLS

52

there were no s1gn1f1cant d1fferences between pharmacokinetic indices

calculated after s1ng1e and mu1t1ple doses. In p]asma, small but
s1gn1f1cant d1fferences were found between concentrations - of the
enantiomers (S/R 0.81+0.19 after s1ng1e and 0. 87+0 11 after repeated

doses). More than 80% of the g1ven doses were found in urine as

. conJugated S- and R- KT the predominant enant1omer being S- KT (S/R,

1. 19+0 05 after s1ng1e and\)l 1740.05 after repeated doses) It was

suggested that stereose]ect1ve conjugation followed by'preferent1a1
biliary excretion: of the ebnjugated R-KT enantiomer was responsible

for those obsefvations& In both groups of patients studied ih this

work '(Tab1es 4- 2 to 4- 5 and Fig. 4-1, 4 <2) the genera1 pattern of KT

‘ d1spos1t1on k1net1cs was -similar to that observed in healthy

subJects Although not significant,'djfferences were no§1eed'between°

young  and. elderly patients. These included  a 'greafer Chax>

\
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>

‘ elevated AUC, prolonged t% and smaller Vd in the‘elder1y_patients,

for both enantiomers. AdVenier et az,l3, - using a
nonstereospecific assay to jstudy the phﬁfﬁacokinetics of kT in the
e]der]j, also made similar observations. The efféctfof age, however,
was ignificant and more pronounced: in the- patients studied by
Advenier et a7.13 as3vcompared vto the group reported here. They
attributed their observatigns to a sTower metabolism of the drug in
the elderly. | |

Dose dependent elimination of KT may be an explanation for the

~ discrepancy between the observation of Advenier et al.13 and
ours  as they .administered. a 150 mg dose, i.e., 3-fold greater dose
“than ours. ‘Interestingly, whf]g only negligible.concentrations of
conjugated R- and $-KT were bresent in plasma aof young hea]thy11
;and arth;itic subjects, concentrations in plasma of elderly patients

were substantiaT (Tables 4-6,4-7 and Fig. 4-2). Conjugated'S—KT,

however, ‘was more prevalent than was conjugated R-KT. This indicates
a substantia] presence of the conjugated KT enantiomers (especially
of - S-KT) in the elderly patients.following;SO mg‘doses.‘Howeyer, with

an increase in dose and/or a decrease ‘'in renal function this

‘increased concentration of conjugates may -reach a point where the

availability of uridyldiphosphate '(UDP) g1uéurony1 transferasé system

becomes , the fate Timiting step. Consequently, this results in the

| gatuFation of the jdrug e]imination through formation Bf conjugates.

t : : g
The‘ t¥% may be further prolonged, if following the accumulation caiised

by reduced renal function, ‘the conjugated KT s hydro]ysed i

Viva  back E;to the parent drug.14 Despite the pfesence_ of

considerablé. quantities . of conjugated KT enantiomers (Table 4-6,4-7
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and Fig. 4-2) the t% of the unchanged KT enantiomers in the elderly *.

patients reported here was not significantly affected due,. perhaps,
to the 1)  smaller doses that were given in*thjs study, énd 2) the
rehal‘ functions of our patients were not greatly impaired (creatinine
clearance, 51 i9;4 mL/miq). Advenier\»ét al. 13 aiso repd}téd
that their patien;s had ﬁorma] serum creatinine for their age and
sex. However, the aver%%e age of their patients was conéiderab]y more
than ours (86.3+2.4 fxg 72+4.6 yr). Stafanger ‘et al. 1® ,hotéd a
significant elevation of KT t% in patients with renal dyﬁfunction
where‘thé reported mean creatinine clearance was 37 mL/min. |

An alternative exp1anat16n for the discrepancy between our
observation and that of Advenier et al.}3 may be thai the
hydrolysis - of conjugated KT back to'the‘pareﬁt,cohpound may occur
in  vitro resulting in overestimation of the pharmacokinetic
~ parameters qf intact KTJ‘in young versus elderly patients. Thjs
in- vitro - hydrolysis during analytical procedures - has been
previously notlzbed.ls’17 |

The observéd ratio of‘ conjugated S:R KT excreted in urine, was
virtually identitaT to thaf reportéd previdus]y. Collection of
conjugated R- and S-KT in )urinef{ndﬁcéféq 5 statistically greater
amount of S-KT excreted afterl'adh3ni§tfétion of the racemic dose.
_The cimulative gmountsp of both enantiomers did not support.
bioinversion of R- to S-KT, as the total amount of conjugated S;KT
recovered did not ~exceed 25 mg (i.e., 50% of:the racemic dose).d On
the whole, a trend existed whéreby 5ma11ek amounts of the conjugated
drug were ex¢reté@§in elderly patients. The difference, however, was

not statistica}]y @significaht due  to the unéxpécted]y 1bw urinary



<excret1on of conJugated KT in pat1ent 2 after mu1t1p1e doses (10 26
mg, Table 4- 3) Th1s may have resulted from jnadvertent ]oss of some

ﬁ port1on of ur1ne,¢v' .following a single dose ‘the same patlent

,‘

excreted a total of 38.24 mg of conjugated KT. The reduced urinary®

excretion of KT conjugates in the e]der]y became sii;:ficant when

patient 2 was deleted from Table 4-3. Although, a reduced urinary

| excretion. might imply a reduced absorption, Delbarre et al, 18
previous]y reported complete. biodvaf1abiFTty for KT in the elderly.
In the e]der1y,' an age induced decreased renal functlon may cause
enhanced b111ary excretion of the conJugated drug 19 Nevertheless,
the S to R ratio of conJugated ‘drug excreted in urine, did not change
with = advanced age. _Desp1te the greater cumu]ative amount of
’.eonjugated S-KT in urihe of a1l patients, the Cly. was greaier-for

the R-enantiomer, as determined from the elderly petdent data. \The

Cly Was not ca]cu]ated for young patients, as plasma concentrat1ons

B

of conJugated KT enantiomers were negligible. Similarly, data
generated from patients’ 16 and 17, and from 15 ‘and ‘16 after single

and mu1t1p1e doses, respectively, were not used in statistical

-55

determinations as no conjugated R-KT was detectable in the plasma of -

these ~pafiehts + This -aforementioned abeence of conjugated R-KT in.
some patients’ p1asma, in fact, reinforced the finding that Cl,. was
greater for conjugated R- enant1omer ‘ ‘ s

Our data indicated sUbstantig] ‘presence . of conjugated S-KT in
plasma of' elderly patients which was preferentié]]y eliminated in
u§inegg(4.e; S:R ratio in urine }1); An explanation ' for this

observation may be that although conJugated S-KT is e11m1nated to a

greater extent in ur1ne, ite elimination may be!1mpa1red when renal

<



function 1is vreduced.  However, in such_a patient, R-KT may be more

readily eliminated from the body by its jSminatibn“through biTe.
‘ “ v . ‘ Y 7‘&5 ' )
Upon  increase in dose or further reductjon in the renal function the

formation of the conjugates may become the rate Timiting step causing

accumu]ation_bf the unchanged drug.
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5. PHARMACOKINETICS OF KETOPROFEN ENANTIOMERS IN CHOLECYSTECTOMY' ’,
PATIENTS: INFLUENCE -OF PROBENECID*

5.1.  INTRODUCTION

Ketoprofen (KT, iZe(3-benzoy1phgny1) propionic. acid), é.
2—ary1prop16nic -acid) (2-APA)  derivative ‘is ‘ a. non-steroidai-
antiinf]ammétdry ~drug (NSAID) which is manufactured and’administered
Aas a racemic mixture. Recéht]y, we héve reportedl’z' fhat the
pharmacokinefics of v‘ KT enantiomer; exhibif oh1y ‘iimfted‘
stereoselectivity in ~p1asma of humans. Concentratfons‘of conjugated

S-KT in ’p1asma, however, are greater than thoie of its'antipode in:‘-’

e1def1y batients.2 Conag?a%%d S-KT was also predom1nant in urine..
'In healthy subJects, only ;Lne;1lglb1e amount of intact KT was found
in ur1ne whereas an average of approx1mate1y 80% of the adm1n1stered
dose was found as conJugated KT.

‘ "iﬁ elderly - patfents 2 and  in those receiving probenec1d
' (PB),3 the ur1nary excret1on of conJugated KT is reduced and the
| eyentua] e11m1natjon of ‘total drug is not c]earlyﬂgnderstood. It has
'1beep sugges.’cedl’2 that biliary éxcretion of KT\ may, .in part,

contribute to the overall drug c]earance; however this-hés not been

"*, A version of this  chapter has been submitted for publication:
R.T. Foster, - F. Jamali, and A.S. Russe]] Eur. ~J. Clin.
Pharmacol., 1988. - _ ' :
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Lo
documented for man. Moreover, a compensatory mechghism may exist
between renal and biliary elimination.? Additionally, a]fhough it
is known that enterohepatic recirculation of KT is'significant in

5

rats, its  possible contribution and significance in man s

~unknown.

‘It has been shown for 2-APA NSAIDs such as ibuprofen® 7 and
.

‘Fenoprofen; in man, and KT in rat® that the R enantibmers undergo

S a ,unidikectiona] metabolic inversion to the S enantiomer. Presence ;
' df sUcﬁ. a - metabolic pathway T?;ﬁ* be proven Unéquivoca11y by

ﬁ'administering the R enantiomer and detecting its antipode.

| Alternative]y, indcases where the pure enantiomers are not available,
.recovery of greate?lthén 50% of the adhinfstered yacemfc dose as the
ES enantiomer 'prove$~“jﬁVérsion. For drugs such as KT that ﬁndergo

_Ea¢y1 fé]uéuronidation,‘cthe bi{iary route may be an elimination

5

spathway. Hence, collection of bile and urine may allow for almost

~vcomp]et.e recovery of_vthe: administered racemic dose and provide
*heccesary inqumation regarding‘enantfomér inversion.’ |
To gaih furthef insight into vthé pharmacokinetics 'Of KT
énantiomers in _man, raéemiéf fdbses - were administered to
%chq1ecystectomy patiehts to l)zassess the contribution of thé biliary
" route to the overall e]imihgtion'of drug,-Z)'egamine the possibility
of the; KT enantiomer ﬁnversioh:and, 3) study.the influence of PB‘on '

the pharmacokinetics of KT ‘enantiomers.



5.2. METHODS - - /t;/

5.2.1. Drug_administration and sample collection

The project was . conducted in accordance with the principles of
the Declaration of Helsinki.. Five patients (Table 5-1) wﬁb*wefe to
undergo a ch61ecystectdﬂy, w1th subsequent T-tube drainage of b11e

volunteered to participate in the study.

61

Following a four day recovery period from surgefy, each,patient -

received a 50 mg capsule of racemic ketoprofen (Rhone Poulenc Pharma .

Inc., Montreal, Canada) at 0800 h, with ore glass (200 mL) of water
following an overnJght fast. After drug adm1n1strat1on, venous b1ood
(4-5 mL) was collected into hepar1n1zed tubes ~via an 1ndwe111ng

L
catheter inserted into a forearm vein. Blood samples were collected
. X A : B

at 0, 0.25, 0.5, 0.75, 1, 1*5,,2, 4, 6, 8 and 12 h. Total urine

R

output was co]]ected at 0, 3, 6, 12 and h. S1m11ar1y, total b11e‘
.uutput was collected at 0,452;" 4,
subsequent day, 1 g of PB (MSD Klyk1and Canada) was. adm1n1stered
1.5 h prior to a 50 mg ;apsule/6?~;acem1c KT. Blood, urine and_b11e
were- again collected in a fashion similar, to thatunprevious1y
destribed, with the exception that both urine and bile Were collected
over additiona] intervals of 36 and 48 h to ensure complete recovery’

of drug All spec1mens were stored in n1tr1c ac1d r1nsed conta1ner5'

at -20° pr1or to ana]ys1s No other NSAIDs were a]]owed dur1ng, or

8]

.‘_‘J

two days pr1or to the study R

5.2.2. Deté?mination of druq and cquuuates

A prevfous]y reported stereospecific HPLC assay was utilized to

analyze intact, and KT enantiomers as cOnjugateS ih the specimens.9

6, 8, 10, 12 and 24 h. on a



Patient ‘Age, Sex Weight ] Creatinine Clearance

years ‘mL/_min

1 56 M 86.2

2 70 M 46.7

3 54 M 56:8

4 41 F 71.6

5 58 F 86.0

Mean 56 68 69.5
SD 10 .20 17.6

T~
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Briefly, after acidification o? the.specimen and extraction of KT
enantiomers with ‘5% 1isopropanol/isooctane the 'organic layer was
separated and 3 mL Qater added. ‘The aqueous Tayer was separated and
acidified. After addition of 3 mL chloroform ‘the solution was
Vortex—mixed ‘and the aqueous ?;;EF“&iscarded. Chloroform was
evaporated and the residue derivatized with L-leucinamide in the
pregence of' ethyl chloroformate. After addition of 'wéter, the

~ Solution was 1injected: intp an HPLC equipped with a UV detector (at

275 nm). The mobile phase (36% acetonitrile: 64% 0.06 M potassium

phosphate: 0.02% triethylamine) was pumped with a flow of 1 mL/min .

. ] \
through an end-capped, 10 cm, stainless steel column containing 5
micron reversed-phase packing material.

When ~analyzing bile, 2N perchloric acid (1:1 with bile), was

utilized pﬁihr‘ to vextnéction for sample clean-up. The subsequent

X

extraction f nd derivatization steps were the\\§§me as previously
rgported.9
acid. it?y. | (,f\\

Plasma; ) urfnar} and bi]iary concent;;tjoﬁs of “individual
enéntiomeré were measured before and after é]kq1iné/hydro1ysis. The
, concéntrations of the ester conjugates wereuﬂmeasured as the
difference between the hydrolyzed and unhydro]yzed samples and are

expressed based on equivalent intact KT.

5.2.3. Treatment of Data

Plasma  enantiomer concentrations were plotted versus time.

The area under the phrasma KT concentration-time curve (AUC) was

calculated utilizing the linear trapezoidal rule. The terminal

“%Glucuroconjugated KT was stable in the presence of this .
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elimination rate constant‘(B), was determined from the best-fit line
'throUgh the log-linear terminal phase of the curves. 'The plasma
clearance (C1/F = dose/AUC) and voldme of distribution (Vd = C1/B)

~were calculated for R-KT where the dose was considered to be % of the

administered dose (25 mg). These calculations were not made for

S;KT, as the possibility of R- to S-isomer inversion cou]d not be
ruled out, and hence the fraction of the dose, F, enterihg the
systemic circulation as S-KT remained unknown.l’ﬂ2 Half-1ife (t%)
was ca]cu1a£ed' as 0.693/B. Differences {n the pharmacokinetics

between - S- and“R—KT, and the 1influence of PB ‘were tested for

significance using the Student’s t-test for paired data (a« =

0.05). The data are expressed as mean+SD.

5.3. RESULTS AND DISCUSSION

5.3.1. Ketoprofen_ alone

Figure 5-la depicts the plasma KT enantiomer concentrations
. &

versus time profile in patient 1 as a representative of the
patient  population. Table 5-2 summarizes the pharmacokinetic

A

parémeters in all patients.

Plasma KT concentrations tend to be stereoselective in all but

one patient (patient 2). During the post-absorptive phase,

concentrations of S-KT were significantly greater than those of R-KT

in patients 1, 3 and 5.‘ Patient 4. on the ofher hand, had.greater

concentrations of -R- compared to S-KT. Previous studies on healthy -

1 )
subjects,
indicated- 1ittle or no stereoselectivity in the plasma concentration

patterns of KT. In these cﬁq1ecystectomy patients, however, the

a

and young and elderly arthritic patients2 also
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Table 5-2. Pharmacokinetic Parameters in Patients after a 50 mg
Dose of Racemic Ketoprofen . . :

Patient 1 2 3 3 B Mean (50)
PLASHA
T .o h
maxts 4.0 1.0 1.0 0.5 1.5 1.6 (1.4)
R 4.0 1.0 1.0 0.5 1.5 1.6 (1.4)
Chaxs mg/L
maxts 1.09 .12 2.41 S.11 2.14 2.57 (1.50)
R 1.00 2.36 2.3 5.19 2.06 2.58 (1.56)
t%, h , | S
s 2.47 2.08  1.89 0.85 1.75 1.81 (0.60)
R 2.47 2.00 1.6 133 169 1.82 (0.43)
AUC, (mg/L)h v L
s 4.74 7.94  5.64 4.78 5.04
R 4.22 8.65.  4.85 5.56 4.37
VA/F, L . _
R 21.1 8.3¢ . 12.0 8.66 . 13.9
CI/F, L/h '
R 5.92 2.89  s5.15 4.50 5.72
IXug_ 94, Mg
0-g4 21.1 114 13.3 16.0 18.4
R 12.8 8.57  8.86 1009 - 12.2
BILE : -
C ’ mg/L . *
max’s 1.61 408 0 2.66 3.66
R 2,18 2.60 0 2.15 3.16
IXbp 04, mg
0-¢4 0.31 041 o 0.10 0.49 0.26 (0.21)
R 0.37 0.27 0 27 0.30 0.20 (0.15)

aSignificantly different from the S-enantiomer.

ey
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Ketoprofen con;entrétion vergus time curves in plasma
(S =.Z§ ; R =0) and bile (S-=<>; R =0). Figures (A) and
(B) depict plasma _and bile, respectively, after a single
50 mg' racemiéﬂ<ora1 dose of . ketoprofen in patient 1.
Figures . (C) and (D). depicf lp]asma and bile curVes,

o] .
prior to ketoprofen in the same patient.

\

respectively, after 'admiﬁiétration of 1000 mg probenecid
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- small differences hetween the two enantiomers concentrations tended

to increase with time and were greater (maximum AUC S:R ratio 1.16)

than those‘”ohserved preVious]y in intact patients (maximum AUC S:R
ratio 0.99). | 'DeSpite the observed trend” of stereose]ectivity,

d{fferencgs :between AUCs and t%s of R- and S-KT, however, were

. 1ns1gn1f1cant due to -the observed 1nter subJect var1at1on

B

- rats,

/ . . >~
Alternatively,, (Ehe difference, ing the pharmacok1net1¢s of KT~

N AR

/?7.3 reported that maximal concentratiens ' of conjugates were in-

. approx1mate]y 5% for each. enantiomer which is w1th1n the exper1menta1

- The mean ty values for both enant1omers were shorter'(S, 1.81; R,

e N
1.82 h) than those prev1ous]_y reported by us for. hea1th)‘3ects (S,
2Q51; R; '3.80 h). ] However, a sma]ler mean Vd/F 1n these patients
(12.8 VS -19.11 L for R) was accompan1ed by a shorter mean t% and

resulted in similar AUCs hetween the two groups of subjects. Shorter

oty

A t¥%s in cho]ecystectomy pat1ents may be attr1buted to the constant:

dra1nage‘ of b11e, and hence the excret1on of conJugated drug Thls"

)

1n{errupt1on of enterohepat1q recirculation of zntac% dnug has

prev1ous1y been reported for KT enant1§ﬁhrs in b11e duct cannuTated
5

i)

appeags 1ﬁeg]igib]e for KT as the cumulative b111ary excretion of both

conjugates did not exceed 2% of  the adm1nﬂ%tered v dose.

-

enant1omers in these pat1en;s as compared to hea]thy 1nd1v1dua]s may

be exp]a1ned by v1rtue of the patients’ -post—surglcal cond1t1on
‘ . T ; .

a1one.10 Iz ’ - - - & - -

“iraet

Only. negligible concentratﬁons of conjugatedoKT enantiomers were

found %n'; p]esma ~ Using .2, nonstereospecific assay, Uptan et

he order of 104 6f those 'for parert erg " This corresponds to o

' In'vhumans, however, the contr1but1on of such a mechan1sm'

67
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error of our. stereospecific assay.

Bile

Despite

v

samples contain

high biliary conce

ed negligible amounts of unchanged KT.

ntrations (up to 4.04 mg/L of S-KT and 3.16

mg/L ~of R-KT), the conjugated KT enantiomers” in bile constituted only

a small

_ R-KT).

underest

fraction of the
The observed bili

imated as a resu

a]]ow for 100%. recovery

depresse

recircul

d"‘iL for one to

excretion may be flow

ation is. not 1ik
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dose (up to 1.96% of S-KT and 1.48% of

ary elimination of KT, however, is probab1y
1t of 1) T-tube drainage of bile does;&pt
of bile!l>13 and, 2) bile f]on in man is
tw? weeks after -surgery12 and biliary

dependentt Neverthe]ess, _enterohepatic

ely to_ contribute significantly to the:

pharmacok1net1cs of KT enant1omers

The

greater

. (Fig 5-

peaked

5.67 h.

parallel -

were ne
-the ter

"afmff

-b111ary concentra
than - that of conJ

1b). | The concen

‘within 3 to 5 h

The ., biliary

to” the bile . ¢

gligible, as  sugg
- \
minal 1og-1inear

the process of ¢

t1on of conjugated- S-KT was consistent]y

ugated R-KT except for some 1n1t1a1 samples

itrations of conjugated enantiomers in bile

and declined with t4s rahging*fron)1,73 to-

excretion rate. versus time curves were

oncentration "versus time . curves. This

- indicated that fluctuations ‘in b11e f1ow over thepco11ect1on per1od

ested by others 12 Moreover the s]ope of

port1on of the curves may,. in fact, ref]ect~ .

onJugatlon (Format1on dependent) or the

b111ary excretlon of the formed conJugates (e11m1nat1on dependent)

S 4

-'As
plasma,

bile 7:t

*indometh

concentrations  of

one may J‘conclude
s an ~ active p
acin.13 o Altern

L4

!

canugated KT were ‘greater in bile than in
that the‘passage“of conjugated drug into
rocess, eimj]ar-ﬂto that suggested for
" *:’. . .

ate suggestjong -psuchb as uptake of"

¢

¢
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conjugated KT into biliary m1ce11es could also exp1a1n the observed
high b11e/p1asma concentration ratios. However, as KT glucuronides
‘have a relatively high molecular weight and are more polar compared
to 1ntact drug, the former suggestion seems the Tikeliest.%
Neg]1g161ea amounts of intact KT enent1omers were e]iminated in
~urine. The cumu]at1ve urinary 'etimination of conjugated KT was
~ stereoselective as consistently greater ;nounts of conjugated SQKT
(16.0+3.87 mg) were e]imtnated compared to the antipode (10.7:1.89
mg). The tota]vurinary‘reCOVery, however, was generally at thz Tower
end of the previous]y -reported range for healthy subjects.l' This
could be, attributed to the observed 1ower creatinine clearance of
.these patients (46.7 - 86.2 mL/nin) as compared to those subjects_in
the' previous study (84 - 142 'ﬁL/min)flt"Interestingly, posittve

Tinear relationships were observéd between the cumulative urinary

69

-t b ~
excretion of conjugated KT enantiomers and cre#tinine clearance (r2 _

= 0.9 for S and 0.97 for R) (Fig. 5-2). A}re]ationship between

total - urtnary{:excretion' of _e11 :dif]unisa]' species-end creatinine’

clearance has similarly been observed.l?

A1thou§h total <output vof both bile and urtne were eollected and‘

R w07 AL »
" the unchanged and conJugated KT concentrat1ons were-measured, on]y an

‘average of approx1mate1y 54%7 of “the adm1n1stered dose cou]d be
’accounted for (Tab]e 5-2) Consequent]y, one may suggest a reduced
.absorpt1on~ in this group® of pat1ents “ Tne comparab1e AUCs, however
between patients in the present study and those prev1ous1y reported
for - healthy subJects,IA may ‘d1spute thev poss1b111ty of reduced

~ absorption. JAlternatively, the presence’ of another elimination

- pathway (eq. hydroxylation) might be.‘another explanation.  This



‘r
ok

4

70

=
L. A
U 20 4
o g} ] A
c o+
~ 28 : '
g 1. A
£512y a8
E © 8
T8 8 00
P T = v .
A SOCRY T} P
Y A
= -0
£ o FEAw:
B S 8- v’i ". 2
ASRER BN E N : ]
5 %7 s 100
.2 .
Creatinine Clearance
(mL/min)
‘. A \ a
* . En
3 ’j),

A Fig. 5-2  Cumulative wurinary e]im%nation of,ketoprofén (S=\Z§ ; R=Q)
' versus creatinine— clearance ' in patients after  orald
.y mdmin stration of - mg racemic ketoprofen. g

L s SR RE .



)

\
SN

pathw;j:)of metabd]tsm' oes previously been reported for rats.t5
However, we .were Unab1e to detect other metabolites due to the
unavai1abﬁ1ity of authentic standards. o

In this situation, the incomp]ete urinary and bi]iary’recovery of

KT does not permit definitive conclusions ‘regarding enantiomeric

1nversion of R- to S-KT. Howeve-, for other 2-APA NSAIDs, inversion

has been ‘proven in man.6-8

5.3.2?‘ Ketoprofen and'Probenecid

’ ' -

~ Probenecid did ;not influence the pattern of stereoselectivity in
(' w

-

the pharmacokinetics of KT (Fig. '5-1c, table 5-3). However, PB”

- coadministration s1gn1f1cant1y prolonged t% and reduced Cl/F of both n

KT enantiomers. Consequently, AUC'vaJues for both R- and S-KT were
. : : Lt B . : .

significantly elevated. These findings were in ‘agreement with those

previously - reported by Upton et al.3 who further fouud a

significant 4- to 5-fold " increase in the plasma concentration of

-«

“conJugated KT fo]fow1ng coadm1n1strat1on of PB given as 500 :mg/6 h.

However we feund no s1gn1f1cant rise in the observed neg]1g1b1e

{

concentrations of the ’conjugated KT in p]asma asfa result of PB

treatment. . One may. attripute this discrepancy to “in vitro

N B

'«hydro1ysis - of conJugates ,‘es\ prev1ous1y reported for other‘

g]ucurocongugated ; compounds 16 17" ) However, our co]]ection -and

»‘k).:

. storage procedures were des1gned to m1n1m12e hydro]ys1s of ¢onjugated

KT. . Moreover, we ana]yzed severa] samp]es 1mmed1ate1y after

‘cq%]ection to’ m1n1m1ze hy ro1ys1s of the ester conJugates and found
only ' ihsignifitant concentra'1ons of _conjugates. . Furthermore,

utilizing,  this assay, . we - previously —observed considerable

[ 4
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Table 5-3. Pharmacokinetic Parameters in Patients after .50 mg
Racemic Ketoprofen and 1 g Probenecid : o
Patient 1 2 3 -4 5 Mean (SD)
PLASMA -
S T h” .
max’s 1.0 1.0
1.0 1.0
2.49 . 5.14
2.31 ., 5.78

Significantly altered by PB co-administration.

/

R irg 378 2.35
. AUC, (mg/L)h :
: S g 32.0 10.3 9
R . 23.8 6.65 1
. Vd/F, L :
O Rs . 233, 5.T2 12.8 4.72
: },I/F,‘ t/h
_R 3.87  1.05 3.76 2.16 3.11 2.79 (1.19)b
n - . . -
IXu - v‘mg : o
0-¢8 24.3  6.235. 7.10.  8.35 .10.8 (6.16)®
R. 9.92  1.89  2.45 3.91 4.30 (3 z\4)a'b,
BILE b
Chiaxe ma/L . - . o
S 2.45 ' 6.51 0.43 8.74 10.4 5.70 (4.19)
§ R 2.88  3.07 0.20 5.21 6.96 3.66 {2.56) .-
Sy gg. Mg . PR , ‘
? ¢ 0.61 -.1.43 ~ 0:03  0.70 -  0.70 0.69' (0.50] " -
- PR 0.59h43 7 0.0 0.4l . 0.50 0.39 (0.22)
_ e N o : '
v f%ﬁ ’ e - )
w“gSignificantIy different from the S-enantiomer. N
»
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concentrations of KT conjugates in elderly patients’ plasma. 2 A
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more 1ikely explanation involves the competitive reduct1on of'f

g]ucuroconjugation of KT caused by the single, but larger, dose of
PBI® given in this study as compared to that in the study by Upton
et al.3 ‘ Furthermore, Sorgel et ay.19 suggested that PB
may actu;11y reduce the availability of uridinediphosphate
g]ucuronyjtransferase "“These findings not on]y suggest reasons for
the neg11g1b1e presence of conJugated enant1omers in p]asma but also
exp1a1n “at 1east in part the reduced ur1nary e11m1nat1on of
conJugates as a consequence of their reduced format1on |

fThe cumulative urinaey - elimination of both~ conjugated KT’
enantiomers . was significantly ° reduced by - PB adm1n1stratqon
E]iminationw of‘.intact KT was negligible. On a s1m11ar basis, PB has
been .shown to interact with\ldrugs such as 1'ndomethac1'n,20'22
naproxeh,23 carprofen,24 zomepi.racﬂzx5 and c]of1brate 26 27 ,

RBv:is a]so known to 1nh1b1t renal tubu]ar secret1on of organ1c
aCids.4 .In such cases where renal e]1m1nat1on is reduced, one
might expect the biliary pathway to act as an a]ternat1ve e11m1nat1on
route Th]S 'compensatory 1nterre1at1onsh1p between ur1nary and

b111ary elimination has prev1ous1y been observed for other drugs when

rena] or hepatic function is comprom1sed 4)2% 15,14 However PB is

a]so known to compet1ve]y reduce b111ary :secret1on of dhugs from

3

-hepatocyt_es.4 ,\ Nevertheless, when PB and KT were coadministered L)

‘*n>

" ~the' present study, an- 1ncrea$e in the cumu]at1ve amounts of. both R-

rﬂ“and S-KT (49 and 59%, respective1y) excreted in'bile (fig. 5 ld) was

jbobserved, " A trend, therefore, of greater conJugated S-KT in bjle

atterv PB adm1n1strat1on was observed Desp1te this trend,, however, a
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sighificantty ‘ 1ncreased cumuTative 'bt1iary 'e1imination was only. -

observed for conJugated R- enantlomer and not the S enant10mer Thish

finding was perhaps . due }to the 1nter subJect variability. Theﬁf

increésed bi]jary elimination causeg by-EB, however, did not totally
aocountA tor the reduced iurtnaryl excretion of KT conjugates. The
'unrecovered portion of the ‘dose might have been e11m1nated through
other | metabo1ic routes s exp]a1ned in the previous sect1on

Findings of - the present study . coup]ed with those of previous studies

of.‘inaproxen23b and zomep1rao25

B

sUppresses phase'II ‘rather than phase I metabolism.
This study 1nd1cates that b111ary elimination of both R- and S-KT
as conjugates ~is.a minor ‘elimination pathway. Consequent1y, the

ektent of enterohepatic circu]ation of KT is negligible. Moreover,

wheh PB -and KT are édministeréd concurrent]y, conjugation and

i

subsequent renal elimination of ‘conjugated KT Ps impaired. ,In'

'part1a1. compensation  for. ”this," the b111ary e]iminatidn of

g]ucuroconjugated drug is enhancgd Th1s,_“owever, is not a totat

compensatory mech&nism suggest1ng that perhaps phase 1 metabo11sm has

i

a1so_ -been enhanced. . Furthermore "t was .observed that these

.'patients,‘ on average, exh1b1ted d1fferent pharmacok1net1cs thah

previous1y reported.l’2 ~ These f1hd1ngs ma. be attr1buted~toﬂthe-

very nature of the patfents’ conditions. B .

indicate that  PB primarily
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_ synovium.

6. Ketoprofen Enantiomers in Synovial Fluid™

6.1. INTRODUCTION

Over the béét few yeérs, there has been widespread interest in
the  implications of stereochemfstry .on the pharmacokinetics of
racemic drugs.l‘5 This interest, in paft, stems from the

realization - that indivi@ua] drug enantiomers may exhibit different -

pharmacokinetics. Ty

[y

An imporfant group ofﬁkhira1 compounds, the 2-arylpropionic acid

o

v
(2-APA} non-steroidal antiinflammatory drugs (NSAIDs), are usually

administered as racemates. ‘“AIhe;two enantiomers not oh]yg@iffer in
their ant%inf1ammatory properties, - but y with feh known
eXceptions,5'8 -also - have different h Bﬁdéﬁécokinefics.4'5

L
~Nevertheless, we are stiij witnessing the ’appea?ance of research

‘articles describing the time-course of these NSAIDs with no
consideration given to the fact that ~data ..generated by
non—stereospecific'aésays can be misieéding.lgz :AJ |

v The  NSAIDs “are primarily used' in 'the treatmenf of Jjoint
disorders, fhué, it {sfproposed that the site of their actﬁoé'is thé‘w
9,10 | Therefofe,‘ in s?udying the antiinflammatory o
' efficécy/p]asma' concentration re]ationship, an understanding of'fhe

“time édhrse of the drug in synovial fluid is essential.’ Recently

* A.version of tHis chapter has been éubmitted for pub]icatioh&
R.T. Foster, F. Jamali and A.S. Russell, Clin. Pharm. Ther.
(1988) :

: " | 78
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Nétter et al. 11 paye ‘reported the total and protein-free
concentration of ketoprofe;"'jq} ‘serum  and  synovial  fluid.
Uﬁfortunate]y, however, Ias their’data dbes not differentiate between
the enantiomers, the contribution of the 'therapeutically active

S-enantiomer remains unknown.

-6.2.. METHODS

6.2.1. Drug administration and'samp1e.to1]ection-
' The project was conducted 1n‘éccordance with the principles of
" the Declaration of Helsinki. | .
In thfs cémmunicatibnlwe report our recent observations regarding .
- the  steady-state plasma éad syhovial fluid concentrations of
ketoprofen .en§ntiomers“in Six rheumatoide or osteb—arthritic_patienis

who were Munder_ﬂgbenggy with ketoprofen for at Jeast 3 days and

i

required knee aspiration (Tab]e‘6;1). \
‘ -Depending on the attending; physician’s assessment of éach
«-patient,  the admfnistered :doses ranged from 156 to 200 mg daily,
given as 50 mg capsules (Rhone-Pou1ént Pharma‘Inc, Montreal, Canada)
: . . —
and in various regimens (Tab]e,6<}). During the study, and two weeks‘
prjorr— no other NSAIDs ‘were admfnistered, / At the F;me thg knee
aspiration waé_ performegﬁl a blood sample (4-5 mL venous blood) was
collected fnta’, a. heparinized tubg: Plasma. was’ sepafated by

centrifugation, and both synovial fluid *and ptasma samples were
) v

N l\
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storeg at  -20° until the time‘of,analysis. A previously reported
steredéﬁécific HPLC me@hod;wés used to analyze ketoprofen enantiomers

: . 5 ) :
in the specimens.1? - ' E N
6.2.2. TIreatment of Data : S s

Differences in the concentrations between S- éﬁd RfKT (in both
plasma aﬁd synovial fTth),' and .differences:lin thg synoyia]
fjuid/p]asma concentratiqns. for both enantiomers were tested for
éignificance using the Studeht’s' t-test for paired déia (a‘ =

. 0.05).
o) T “

©6.3. RESULTS AND DISCUSSION .

[
!

We  have feééﬁtlyizvfeporfed)f;gharﬁégdkinétiésr in:kétdb%dgéﬁiﬁ -
“enantiomers in plasma -éhg_urineufafifheéifﬁig;indiyiﬁﬁﬁls;z7aaq_inf
young and elderly ,arthritiéﬁ batieﬁtgzéihfﬁé_;ifhé cdﬁfgéSAdezfﬁejt‘;;“'
:\indiyiduaT en;htidﬁ%rs in plaﬁha - were, for theu most part, veé}

, §ﬁmilar; ‘ On the‘,other hénd, theA elimination of the conjugated
.'ketoprofen in urine was’ Stereosélective, ‘the vS-enéntiomer being
predominant. There was also :subStantiSﬂ:"stéreosgleéfﬁvitx ijth o
' respeét  to ‘the presence of conj?%aied ketbproFeh/in thenplééma:of
,e]def1y _bat1énts» (S>R).8 As the gynovium is cohsidéfédviovbéié‘;
paft of“éh _extravascglar, compartment,9 the simi]arity obsehved:{ﬁ1
vfhe time cburSeS'of'the enantiomers in plasma may not be extfapo]qtéﬁ7 S
to the synovial fluid. .~ B |

Bésed. dﬁ the data depicted in'TabTe 6-1, one can conclude that

the' concéntrationé of the enantiomers in both plasma and synovi 1"

o



fluid are not -significantly different from one another.
A Eomparison of ketohrdfgn enantiomer concentratiohs in synovial

fluid with those in plasma’ revea]s .an increasing ratio (synovial

f1ufd/p1asmé)"as, timé' progresses through the measured per1od of .

time. Th1s report is in line with others,9 1 and indicates that,

like many other NSAIDs, there s a de]ayed entry of drug into the

synovial fluid. More importantly,. for ketoprofen, there appears to

_be. no d1fference between the rates of %ppearance of the enant1omers
in synov1a1 fluid. . By a6 - .
The ‘dissimi1arity hetWeen. the NSAIDs"tjme courses in plasma and

: synoné1 fluid may explain, at least in part, the frequently observed

<

poor efficacy/plasma ‘concentration correlation.i0 A better -

correlation may, however, exist between the drug concentrations in

p1asma,énd'synovia1 fluid dufing the post-distribution phase.

“8?\\\
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7. Stereoselective Pharmacokinetics of Ketoprofen in the Rat:

' Influence of Route of Administration*

- 7.1. Introduction _
.The non-sterotdal antiinflammatory drugs (NSAIDs) are of great
. - :
clintcal . importance, in the treatment of - rheumatoid  and
. o S ‘
osteoarthritis. An  ‘important sub-group - of NSé}Ds, the
2=ary1propionic acid (2-APA) derivatives, such as ketoprofen (KT),

possess a chiral ‘center, and exist as racemates A]thqugh the

1ite}ature contains numerous scientific articles dealing with the

i
L5}

c]iniéal ‘pharmaCOkinetics of these drugs1 only recently have |

_reports addressed the clinical s1gn1f1cance of the1r stereoselective

~ disposition. 2, 3
It has been observed that the antiinflammatory activitsies’ of the

2 APAs are, ascr1bed to the S-isomer, while the R- enantiomers are

: either inactive or have red\;ed activity. 2. Upon adm1n1strat1on of

some 2-APAs, the R-isomers ~are inverted to the S-ant1podes% The!

exact mechanism of “inversion . ‘is not comp]@telyhclear, although it

_appears vﬁto' be mediated, in part, by coenzyme A 2’4'6 More

recently, it has been . suggested that a s1gn1f1cant port1on of -

'-ihversion may take p]ace in the gastro1ntest1na1 tract during

'absorpt1on 7, 8 Upon adm1n1strat10n o of KT to man,u hoWever,jp}}ig_:

v1rtua11yr no stereose]ect1v1ty in plasma concentrat1ons of unchanged

* A version of this chapter has been accepted for publication:
--R.T. Foster and F. Jamali.'Drug Metab.. Disp. (1988).

o
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KT LNas prérved. ~ On the other hand, the urinary excretion of

conjugatedfﬂﬁKT was ste_reose]ectjve.g’-10 In elderly- patient’s

plasma, however, a substantia]]y'greater‘amount,of conjugated S-KT,

as compared to R-KT, was found. 10

Administration .df KT to rabbitl! resulted in significant

stereo§e1ectivity. which “was, in part, attributed to inversion. The

mabor‘ reason [vfor %fhe oBserved stereoselectivity, howevér, was
at%ributed to differenées Win clearance of the ebantiomérg.
Explorafory studies conducted by wus, in rats, (evea1éd,§Ubétadti€W
'stereose]ect%vityv in” the dispositioh Qf KT'ehantiomers. The rat was

used as a model to study the process of inversion despite diﬁfefenceg

between this species and man. It is our hypothesis thaf KT undergoes

inversion in the' rat, and that the gastrointestinal- tract

substantially contributes to this.

7.2. Materials and Methods = = | 5,
7.2.1. Chemicals

Ketoprofen was a gift from Rhone Poulenc Pharma. Inc. (Montreal,
Canada). The internal standard, fenoprofen calcium, was supplied by

L 3

E1i Li]]y'(Tdrontp,“Canada).” A1l othen chemicals weré-HPLC grade. .

‘Male SprgguéeDaw1ey rats weighing between 250-350 g were used for
the study after approQal was obtained from the Institutiona] Aqua1f

“Welfare Committee. A total‘ of 18 rats'_Were cdtheterjzaq~With‘



silastic tubing (0.025 ih. ID X 0.047 in;'OD) at;the jugu]aY vein
- (Dow Corn?ng; ) M1chlgan, USA) In add1t10n,- four rats were
' catheter1zed w1th po]yethy]ene tub1ng (C]ay Adams, New Jersey, USA)

.at the common bile duct, ‘as’ well as at the jugular vein. During

86

surgery, all ‘“anima1s 'were- anesthet1zed with "methoxyf1urade -

. i\
(Pitman\Moore Ltd. M1ss1ssauga, Canada) ?he an1mals were a]]owed to
\ 'C
recoyer "overnlght beforé the experiment, durlng wh1ch tlme they were

individually housed in p]ast1c metabo11c cages ‘ An1mals that were
S e

bite duct cannu]ated;"were housed in restra1n1ng cages > During’ the

time ﬁhe experiment was conducted, the animals were g1ven~f00d and

water ad Tibitum.
’ \ \'v
U

et

7.2.3. Dosing and Sample Collection

-‘Racemic ketoprofen dissolved in pc]yethy]ene g1yco] 406 was

adhfnistered (10 mg/kg). via the iv (vza Jugu1ar ve1n capnu]a), ip

and po routes. Blood (0.2 mlL).was c911ected from the Jugu]ar vein

cannula at ‘0, 0.25,0.50, 1.0, 2.0, 3.0, 4.0, 6.0,°12.0, and 24.0

"~ hours after administrafion. Between each blood sample collection,

the catheter was. heparinized ‘(10 u/mL)." Urine'wa§ collected af

intervals of. 0-3, 3-6, 6-9,:9-12,;12r24, 24-48, and 48-72 hours after )d

drug admifistration. Bile was co]]ected at 1nterva$s of 0-3, 3-8,

and 6;9“ﬂhours ~after drug adm1n1strat1on Bloo was‘centr1fuged and

the plasma portion separated. ‘A1l samples were 1mmed1ate1y frozen at

©-20° until analyzed. -

7.2.4. Assay ' . _
Concentrations of KT in plasma and:amountc of conjugated:KT in

-
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luriﬁei“,aﬁd-‘ bile were determined by a bYevidus]y reported
'etereospecific HPLC _method.lz' The amount of -conjugated= KT
' e]imihated in bi1e and urine was estimated following aTka]ihe

. ﬁydro1&§is.rz The difference in amount 'of erug'before and after
"o this hydfo]ysis Waf_fﬁke" as.the contribution of the conjugated KT;

K | | |

7.2.5. lPhérmacokinetichna1ysis

The area under the"p1asma concentrat1onf{7he :cdrVe (AUC) was
ca]cu]ated. by the 11near trapezoidal ru1e : The‘area From the last
concentratdon po1nt (C]ast)- “to. 1nf1n1ty was eq1cuiated- as |
Crast/Bs -whé}e B -is the‘terminalfe1imiﬁation rate constant. In eomﬁ\\
Ainstanees; “however, thek true g could not be estimated fo]]owing-pe
doseef This. was due .either to very Tow concentrations of R-KT or
'fluctuatfons in  plasma coneentratiens ‘of S-KT. Alternatively, in
these cases, the mean value of B obtained after iv and fp dosing was
used in caleulations (Table 7-1). The fraction invertedffol1owing'jv
doses was ca]éu]ated as ZXS;Dose/Dose, where ZXS is the cumulative
':amount ~of recevery in bile as S- antipode. Th1s is, however, an'
_uh&efestimafidn of the extent of inversion because the total recovery'
| b11e duct cannu1ated rats was less éﬁan 100% (Tab]e 7-1). After
po’ doses, on thé other hand, the fract1on 1nverted was ca1cu]ated as
1- (AUCR(po)/AUCR(rv)) - assuming | that,n._ absorpt1on wasul?
_comp]ete, ,and _that invereien was the‘majeflpéthway of presystemic

elimination for R-KT.

7.2.6. St..istical Analysis

~ Differences between the enantiomer concentrations -observed in



Connecting 1ines 1nd1cate 1nsvgn1f1cant differences.

->
Table 7-1. PharmacoKinetic Indices After Single 10 mg/kg Racemic Doses of -Ketoprofen
T e ittt e e r et e ieae e e ettt eeee ety r,
Route of AUC h et h vd, 1 _%dose in bile
Adm]nlstrat1on S R S/R- S R S _R S R S/R
iv . ' . = '
+ (bile-duct 170 50.2 3.39 1.1 0.46 0.03 o0.02° 80.6 I1.7 . 8.89
cannulated) «62.5 13.3 4,700 0.95 0.79 0.05 0.11 73.0, 7.83 -9.32
36.0 11.0 3.28¢ -0.67 .°0.55 "0.07 "0.16 " 8l.1' 13.4 * 6703
713.0 - 16.8 4.35 ,0.63 /9.79 .0.02 0.05 76.9 12.6 6.09
& - .
0y N 7, -~
MEAN ° 85.4%°22.8% 3.932 0.832 0.652 0,042 0.093 77.9 11.4 7.08
N3 58.6 18.4 0.70 0.21 0 17 O.OZA 0.06 3.77  2.48 1.54
A A I i&é;é';ﬁ'ﬁ;;ﬁé".
iv N . S R S/R
362 3‘* 4. 68 ~ 10.0 24.4 0.14- 0.67 15 3.1 4.9
518 - 5.3 28.0 0.25 1.0 2.4 0.97 2.4
1362 47 4} 29.0 12.2 6.19 0.04 0.36 12 ° 1.4 8.1
886 82‘3 10.8 10.5 16.7 0.06 0.75 4.4 1.1 4.1
928 97.4: 9.52 13.9  23.1 0.07 0.67 14 1.5 9.6
ht : -
MEAN 811 80.5 11.8 12.4 _.19.7 0.11 0.69 9.5\ 1.6 ~ 5.8
SO 391 20.9 9.93 2.63 8.57 0.09 0.23 5.8" .0.84 X.0
ﬁé .................. f; ......... f ............... et
297 8.17 36.3 17.5 b 0.25 b 44 -0.75 5.9
474 9.31 50.9 b b b b 1.6 0.68 2.4
474 14.1 33.6 b . b b b 6.6 1.1 6.0
386 17.2 22.4 b b b b 9.7 1.3 7.6
400 15.7 25.5\<§/ 11.0 - b 017 b 4.8 0.45 11
MEAN ) 406 12.9 33.7 b b b b 5.4 0.85 6.5
SD 73.4 3.96 11.2 b\" b b‘ b 3.0 0.33 3.0
}b ..................................... MEEEEEERIERIPE f ..... ...........................
744 50.4 4.8 ~12¢3. 4.29 0.06 0.19 16 1.4 12
892 102 8.70 12.8..-37.4 0.06 1.0 10 1.2 9.1
353 36.1 9.80 10.2 11.5 0.14 0.83 8.3 1.4 - 5.6
o 371 34.8 10.7 9.41 15.6 0.14 1.3 4.9 0.6 8.3
MEAN " 590 »55.9 11.0 11.2 17.2 0.10 0.82 10 1.2 8.7
SD 270 35.0 2.64 1.63 14.3 0.05 0.45 4.8 0.40 2.5~
..‘.6&6éaﬁ.§.ﬁ'é"ié;£ ............................... ; ....... ..; .........................
. iv ip po iv ip po
"AUC, S: ——e t%, ’S:. —— _b
: ~?>‘ . R i - R: b
AUC, S/R: e —_ vd, St e b
Rt o b
IXu, S —— ; -
‘ R: —_———— S
a. S1gn1f1cantly different from iv; b. Not calculated due to lnsuff1c1ent data points;
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eachi individual rat were assessed by a paired Stud?nt’s t-test.

Differences in pharmacokingkic parameters between routes of

administration” were examined using one-way ANOVA. Where significant

: )
differences were found, Duncan’s Multiple Range test was ustd to

compare the means. The Tlewvel of significance was set at « = 0.05.

r S

A1l results are expressed as mean+SD. Ty -

7.3. Results and Discussion

There were no significant differences in the total (S- plus R=KT)

89

AUC values fo]]owihg all three modes of administration. The drug was -

rapidly absorbed (po and ip doses) and distributéd soon affer dosing,

regardless of route: of administration (Fig. 7-1). There were no

s1gn1f1cant d1fferences between the enant1omers with respect to their
t4. Both R- and S-KT were e11m1nated mainly through biliary
excretion as the ester conjugates (Table 7-1). On]y a minor fraction
of the adminisisred dose was eliminated through the kidneys as the
conjugated drug (Table 7-1). |

S~

7.3.1. .Intravenous Doses

A pséudoequiTibrium was rapidly attained after iv doses (Fig.
7-1)..  The AUCs of S-KT were §n _avérége, approximately ll;fold
greater  than those for R;KT'(Tab1e 7;1) The difference in AUCs of
the %nantibmers could be attr1buted to 1) 1nvers1on of R- to S-KT,
and/or 2) d1fferenf d1str1but1on or e]1m1nat1on k1net1cs

Theu cumu]at1ve amount of drug excreted in urine was 9. 5+5.8 and

1.640.84% for conJugated S- and R-KT, respect1ve1y (Table 7-1).

Despite the trend where greater amounts of S-enantiomer were found in
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Fig.~7-1: KT concentration in p]asma KVersus' time profiles aftér,

A) iQ"dbsing; B) iv-dosing to bile-duct cannu]éted rats,f
- C) po{dOsing, and D)-ip dosing. «ND denotes unquantifiable

concentrations at subsequent times. R-KT,¥; S-k1,0.
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both plasma and urfne, no tonc]usive data was generated for' or

. against, inversion. ' It does, however, 1nd1cate that the enant1omers

'

N
of KT exh1b1t stereoselectivity in the1r d1sposrtmqn ~

Proqf of 1nvers1on can on]y be made by administration of pure

‘R-KT, or by “egkiect1on of >50% of the adm1n1st§£ed dose “as
- .

S-configuration from the e11m1nat1on pathways. As pure R- enant1omer

was® not readily avallahle, and thus cou]d not be used to prove _

k)

bioinversion, four rats were bile duct cannu]ated to enab]e compPete

collection of drug. F1gure 7- 1 dep1cts the mean plasma concentrat1on

A

versus“time curve for bile duct- canru.aacd rats f0110w1ng iv doses.’
fhe resu]ts indicate.that, s1m11ar to obserVat1ons in. 1ntact rats KT
enant1omers demonstrated tstereose1ect]v1ty. The AUCs, however, were
sighifieant]y and substantiadly Towér ~ in  the bile dudt-cannu]ated
'rats when "EOmpared “to intact.rats dosed”iv (Tabie 7—i) §1m11ar1y,
the _mean tAs of 0 83+0.21- and 0.65+0. 17 h were s1gn1f1cant1y shorter
than 12.4+2.63 ‘and 19.718.57 h for S— -and R-KT in b11e duct-
.cannu1ated and - in ‘1ntaét rats, respectively. This 1nd1cates that
»enterohenatic rec1rcu1at1on must contribute substant1a]1y to the AUCs

7

observed in 1ntact rats.

Due,. perhaps, to the constant drainage of bite, the volume of

urine output was negligible. Consequently, urine wa: not collected

from these animals. The mean cumulative amounts ot S- and R-KT 3

‘collelted " as conjugates 1in the bile duct-cannulated rats were
77.943.77 and 11.4+2.48% - of the dose, respective1y. This s

indicattve of at’: least a 56%.R to S inversion. The results prove

91.

four important points that 1)'un11ke humans, rat biliary excretion is .

" the major elimination pathway}jjpr//hT,' 2) ‘there is substantial

-f
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.- enterohepatic rectrcuTation, 3) as  almost. 78% of the given racemic'

.dose was recovered as the S-isomer, there is significant R- to S KT

inversion. in rats, and 4) in the bile duct -cannulated rats, inversion

" 1s " not tak1ng place during recirculation and subsequentvreabsorpt1on.

{ -

b -1).
{Table 7 {)m

‘ 7.3.2. QOral Doses N} _
“In - light : of  suggestions made by Simmonds et at:l for

benoxaprofen, and by Jamai’ er .8 for “ibuprofen, regérding

the contribution of the gastro1ntest1naT tract to inverston, tive‘f

~rats were dosed orally. Similar to iv doses, pTasmaICOncentratioas

of S-KT were s1gn1f1cantTy greater than R-KT (Fig. 7 -1). 'However,l

<

the” extent of the d1fference between the AUC of;enant1omers.was 3

'substant1aTTy greater after oraT'~(§/R = 33.7) thanhaftEr iv (S/R =

>11‘8) doses (Table 7- i) - This_ was ma1n1y due to the fact that _

_s1gn1f1cant1y Jower AUCs were observed for R-KT after po dos1ng

compared to those after. iv. dos1ng (12 9+3 96 vs 80. 5+20 9) " The

AUCs of S- KT and S-plus R-KT og the other rhand, were notjd

-~

s1gn1f1cant1y d1fferent aTthoubh trend of' Touer AUCs after'po .

dos1ng as compared to v dos1ng was not1ced The d1sproport1onaT

Y

reduct1on 1n the AUCs of R-KT after oral dos1ng compared to those o

.after iv doses m1ght be attr1buted to stereose]ect1ve -absorption,

' and/or f1rst pass metabo]1sm \The, urinary data wh1ch re eaTed no:

[N y

S1gn1f1cant d1fferences between the three routes of adm1n1strat1on' o

':coqu not . conf1dent1y ‘be used. to assess b1oava11ab111ty because, in.

a1l cases, the totaT ur1ne output conta1ned Tess than 1]% of the dose ;

as conJugated. enant1omers '(TabTe 7- 1) ~ Although the p0551b111ty of E

\-\,
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o : o T _
stereoselective nabsorption ‘cannot beé ruled out, due to the passive
and nonseTecEjve' nature Aof the.process,l3 it is Tees likely go be
responsibTe for this observation Thus, . the significantly reduced
| AUC' of R-KT after po; as. compared to Ty dos1ng, is ]1ke1y due to a
f1rst pass metaboT1sm and_ possibly its inversion to S-KT. In the
'.Tatter qase one/ woqu expeZt ~a ., greater -AUC for S KT after oraT

' _doses. - However aftEr iv.dosing, the d- Fferences between the AUCs ofn
the S- enant1omers and the inter-animal var1at1on is’so wide that’ they;
ﬁay‘ conceal a further 1ncrease in the extent of 1nvers1on after oraT“v‘
doées.‘ uNevertheTess, the presystem1c inversion for an oraT ‘dose of
KT sappearsv-to_5§fapprox1mate1y 84% after _po doses Th1s is. assumtng

: that‘ inVersTonv is. the soTe pathway of. cTearance of R KT Our- data'
.vsupports_ ouch a postuTate,—~ " the 1nvoTvement of other metabo]1c -
' gathways,.inztthe "presystemic metaboT1sm of . R-KT woqu T1ke1y resuft'f*
| in. smaTTer AUCs for S- KT the reduct1on of S KT AUCs* be1ng the rezuTt
- of Tesser R to S- 1nvers1on. However, as the d1fferences between the‘

AUCs of - S- KT caTcuTated fo]10w1ng e1ther 1v, 1p, or po doses were
Ax1ns1gn1f1cant one can ruTe out the poss1b111ty of the 1nvoTvement of

e . ]

other’ maJor metaboT1c/excretory pathways S o
o S

7.3.3. IhtraperitoheaT Doses .

£

-_;To.ifinvestigate5' the- poss1b111ty ’of> contr1but10n of the :
: gastroihtesttnal ‘tract to the overaTT inversion, KT was adm1n1stered v
'via"the oy foute If the gastro1ntest1na1 tract is a major S1te of
‘ihver§ion, riia thlected after th1s route of adm1n1strat1on shou]d
» be similar - to- that geherated after iv dos1ng Lnterest1ng]y, after
ip‘ doses, . the;.AUCs. of s _and~R KT were S1m11ar to those observed;



“after fv dosing (Table.7-1). The S:R AUC ratios after ip dosing were"

11.0+2. 64 and very close to those after iv adm1n1strat1on (11.8%+9.93)
and 51gn1f1cant1y less than that of 33.7+11.2 observed after oral
dosing. In Tline ‘with earlier reports dealing with benoxaprofen in

rat’  and ibuprofen in man,8 this  suggests that "~ the

gastrointestinal- tract is,  in part, reponsib]e'for the presystemic

enantiomeric inversion of KT in the rat. ‘Nevertheless, for this

'drug, there is still a substantial amount of inversion following iv
doses. =~ According to " recent reports; the kidneys, and to a lesser
~'extent the Tiver, may in fact,"be responsible for a large portion of
the. systemic inversion.14 |

| In ‘summary, the ’reeujts of this . work indicate .thaf rat, in
contrast to man and rabbit,‘ is:a very efficieht invertor of R- to

S-KT The inversion appears to .be 1arge1y a presystem1c process,

where at 1east 84% .of the administered dose of R-KT 1s 1nverted to

~its antipode in the gastrointestinal tract. The observed S:R p]asma‘

'cdncentration- ratios support this suggestion. After all routes of -

administration,” the 'S:R concentration ratio rose progressively with
time. This rise, however, was notAlinear as it tended to be less

pronounced after the first  few samples were co]]ected.. This is

analogous- to the model previously suggested'for a drug where both

systemic  and presystemic  inversion contribute to the -overall

inversion process. 15 The substant1a1 systemic inversion observed .

after both. 1p and iv dosing further: support th1s suggestion.

S1m11ar ' 1buprofen,16_ the observed exten51ve enant1omer1c‘

_inversion of KT® in the rat vappears to be cons1stent w1th its -

previously reported incorporation into ad1pose t1ssue 17 Tnis,

e9 4‘ .
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however, tannot be extrapolated fQ man in whom little or no inversion
has been observed for kt.9>10 |
| Bi]iary éiimination of cdnjugated KT enantiomeés accounts for
apprbximate]y 87% of the administéred dose, whereas urinary
e1{minati0n is only approximately 11%.‘> The 'previoﬁs1y reported
pfedominant hydroxylation of KT in rats,18 therefore, appears to be
‘a minor pathway for KT elimination. In all tases, the majority of
recovered drug is the conjugated S-isomer. Reabéorption of S-KT from
the gastrointestinal tract afgér biliary excretion contributes to the

longe.ity of this isomer.

- am
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8. GENERAL DISCUSSION AND CONCLUSIONS

Prior to the present 1nvest1gat1on it was thought that, in
man, the 2-APA class of NSAIDs all displayed stereoselectiv-
pharmacokinetics,r and that b101nvers1on of the lesser active R-
to the dmore iactlve S- enant1omer was a generaI phenomenon

v

Furthermore, numerous concIus1ons were also made in an attempt

.,

: "_to extrapo]ate results coIIected from animal studies to -therapy'

‘regard1ng humans These genera11tles were postulated Iarger
due to the fact that the 2-APA cIass of NSAIOs area reIat1ver
-homogeneous group of compounds with respect to their chem1stry

To more thgroughly investigate 1nd1v1dua] me nhers of the 2-APA

'iﬂ}cIass' of “ NSAIDs KT was chosen‘ as no data were available

regard1ng its enant1ospec1f1c pharmacok1net1cs in an1maI or man.
‘The present study revealed some 1mportant and perhaps

Isqgr1stng, findings. 1In healthy vo]unteers, it was demonstrated

that 1) kT, “unlike most 2-APA NSAIDs, did not exhibit

stereoselective pharmacok1net1cs in plasma; in urine, however,

there was a greater presence of-conjugated S-KT, 2) inversion B

was .minimal at most. In youig and elderly-arthritic patients,

it was noted. that 1)‘ the- pharmacok1net1c ‘parameters obta1ned
.from young arthritic . pat1ents were similar to those of healthy
- subjects, 2) elderly pat1ents had s1gn1f1cant concentrations of

(2]
7

conjugated'KT-in plasma, 3) urinary elimination of KT as

98
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conjugates was reduced in elderly arthr1t1c pat1ents, and 4) f1nd1ngs

suggested biliary ehmmatmn of%T The contr1but1on oF the biliary

pathway. to e]1m1nat1on of KT was subsequently investigated in another

groupv'et patfents. Thistbarticu]ar study unexpectedly revealed that
KT was not- significantly eliminated through bile. Moreover, in the
presehee of PB (ah inhibitor of repal secretion) biiiary elimination
‘of KT dtd’ not completely compensate for the reduced _urinary
efﬂmination of hT | Perhaps more 1mportant1y, it was suggested that
other, otherw1se minor pathways of e11m1nat1pn became more prominent,

allowing ,for drug - Toss through *ether pathways (presumab]y phase I).
As the recovery of total administered dese was incomplete, no firm
conclusions  regarding enantiomer inversion could be made. It
appeared,, hewever, that any contribution of inversion would be
"minima].at best. . R

’V As the clinical response of KT is pr1mar11y due to its act1v1ty

in synovial fluid, 1t was necessary to 1nvest1gate the disposition of

the. _enantiomers: in synov1a1 fluid. A subsequent study revealed that

\

the enantiomeric p]asma concentratlon rat1os of KT reflected those 1n__

synovial f1u1d ) f

This study a1se demonstrated the importance of species-dependent
pharmacokinetics. bata collected from rats reveaiedtthatl unlike
humans, . 1) | the pharmacokinetics of KT i enantiomers "was
stereoselective, '2) there was R- to S-KT ihversion; 3) urtne was a

~minor e1iminatiphr pathway of conjugated KT, and 4) the biliary
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pathwayA or elimination was the major route\of drug excretion.' It was
further reported that a substantial %irst pass inversion of R- to
S-KT resﬁ]téd upon péssage of drug through the gastrointestinal
trect. This study,. therefore was ab]ex‘to pin-point the
gastrointestfna] tract as the ‘major site.of presystem1c 1nvers1on

whereas the Tlike}y site of systemic inversion was the liver .and/or
kidneys. These results ' not only served to indicate Vimportant
pharmacokinet}c differences between man ‘and rat, \ but’ further
emphas1zed that data of this nature cannot be extrapolated to man.

For drugs such as KT, W1th limited or-no enantiomeric 1nVers1on

the therapeut1ca]1y 1nact1ve. enantiomer may be considered as a

substantial impurity of the dosage form. However, any attembts to

delete the inactive enantiomer or adjust the enantiomeric composition ,

of the dosage‘form muSt only be coﬁducted after carefully considering

the possibilities of interactions between the two enantiemers.

Enantiomers . may interact with - one another, thereby a]tering'

pharmacokinetic parameters In the absence of one enantiomer,
therefore, the “ other may have a totally different pharmaco§1net1c
prof1]e & |

As yet, with a few exceptions, a clear correlation between the

antiinflammatory effects and plasma coneentratio? of NSAIDs has not’

“«

been reported. The data generated in th1s work, hOWever may prov1de

a better understanding as to why such an unc]ear relat1onsh1p exists.
kY ) \
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