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SUMMARY 

The arylpropionate anti-inflammatory drug, carprofen, was administered 
intravenously as the racemate at a dose rate of 0.7 mg kg -~ body weight to 
six Friesian bull calves aged 16-17 weeks. Anti-inflammatory and pharma- 
cokinetic properties were investigated using a tissue cage model of inflam- 
mation based on intracaveal injection of the mild irritant, carrageenin. 
Carprofen displayed enantioselective pharmacokinetics, with the R(-) 
enantiomer predominating in plasma at all measuring times. Elimination 
half-life and mean residence time were shorter and volume of distribution 
and clearance were greater for the S(+) than for the R(-) enanfiomer. 
Penetration of both enantiomers into transudate (non-stimulated tissue 
cage) was poor but penetration into exudate (carrageenin-sfimulated 
tissue cage) was good. Carprofen failed to reduce exudate concentration 
of prostaglandin E., and the reductions in 12-hydroxyeicosatetraenoic acid 
were non-significant at most sampling times. The long elimination half-life 
of both R(-) and S(+) carprofen enantiomers and their ready penetration 
into and slow clearance from inflammatory exudate indicate that the drug 
is likely to have a long duration of action in calves. The mechanism of 
action is unknown but it is unlikely to involve inhibition of either cyclo- 
oxygenase or 12-1ipoxygenase. 

I~"~'WORDS: Carprofen; enantiomers; calves; pharmacokinetics; pharmaco- 
dynamics. 

INTRODUCTION 

Carprofen is a 2-arylpropionic acid derivative that has proved to be a relatively 
weak inhibitor of cyclo-oxygenase in laboratory animal studies (Strub el al., 1982), 
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in the dog (McKellar et al., 1990, 1994) and in the horse (Lees et al., 1994). The 
latter authors showed that a dose rate of  0.7 mg kg -~ administered intravenously to 
horses reduced lesion swelling in a model of acute soft tissue inflammation to 
approximately half the volume recorded in placebo-treated animals, but exudate 
prostaglandin (PG)E,_, and serum thromboxane (TX)B,_, concentrations were 
reduced only moderately. It is therefore likely that carprofen acts, at least partially, 
by mechanisms other than inhibition of synthesis of inflammatmy prostanoids 
such as PGE,_,. This may be advantageous when comparing carprofen with other 
non-steroidal anti-inflammatory drugs (NSAIDs), such as phenylbutazone and 
flunixin, in widespread use in veterinary medicine. These drugs, at recommended 
dose rates, are potent cyclo-oxygenase inhibitors in horses (both drugs) or horses 
and calves (phenylbutazone) (Higgins et al., 1984a, 1987; Lees & Higgins, 1984; 
Lees et al., 1987). Since cyclo-oxygenase inhibition is believed to underlie the toxic 
effects of these agents on the gastrointestinal tract, liver and kidney, an agent such 
as carprofen, which acts principally or solely by other lnechanisms, might possess a 
wider margin of safety in clinical use. 

The development of a tissue cage model of acute inflammation by Higgins et al. 
(1984b) has facilitated studies of the pharmacodynamics and pharmacokinetics of 
NSMDs in horses, calves and dogs (Lees & Higgins, 1984; Higgins et al., 1987; 
McKellar et aL, 1994; Landoni et al., 1995; Landoni & Lees, 1995). In this investi- 
gation this model has been used, in association with conventional pharmacoki- 
netic approaches: 
(1) to determine plasma concentration-time relationships and establish pharma- 

cokinetic parameters for carprofen enantiomers in 1 6-17 week old calves and 
to compare the data with the findings of a previous study in 8-10 week old 
calves (Delatour et al., 1996) at a dose rate of 0.7 mg kg -~ of the racemic mix- 
ture administered intravenously. 

(2) to measure the penetration into (a) tissue cage fluid (transudate) and (b) 
inflammatory exudate of carprofen enantiomers; 

(3) to establish the magnitude and time-course of inhibition of exudate PGE._, and 
12-hydroxyeicosatetraenoic acid (12-HETE) synthesis, as markers of exudate 
cyclo-oxygenase and 12-1ipoxygenase actix4ty, respectively; 

(4) to determine the maglaitude and time course of inhibition by carprofen of the 
oedematous swelling induced by intradermal (i.d.) injection of the mild 
irritant, zymosan. 

MATERIALS AND METHODS 

A n i m a l s  a n d  exper imen ta l  des ign  
A cross-over experimental design in six healthy Friesian bull calves, aged 16-17 

weeks and weighing 110-129 kg, was used. Tissue cages, four per animal at subcut- 
aneous sites, on the left flank, were inserted under  deep xylazine (Rompun, Bayer 
plc) sedation and local anaesthesia using 2% (w/v) lignocaine with adrenaline 
(Norbrook Laboratories Ltd). The animals were allowed to recover from surgery 
for 23 days, and this permitted the growth of granulation tissue into the cages 
(Higgins et al., 1984b). 

In part 1 of the study, at time 0, three calves received 0.7 nag kg -~ carprofen 
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(Zenecarp Injection, Grampian Pharmaceuticals Ltd) intravenously and three 
received no treatment (controls). A 7-day interval was allowed between the two 
parts of the cross-over. In part 2, treatments were reversed. Also at time 0, each of 
the six calves received an intracaveal (i.c.) injection of the mild irritant carra- 
geenin; 0.5 ml of 1% (w/v) sterile solution injected into a single tissue cage. The 
three non-injected tissue cages were used to collect, in rotation, tissue cage fluid 
(transudate) at pre-determined times, whilst the carrageenin injected cage was 
used to harvest inflammatory exudate. Also at time 0, intradermal (i.d.) injections 
(three per calf) of 0.1 ml volumes of sterile aqueous solutions of zymosan in saline 
(1%, 0.25% and 0.0625%, w/v) were made into clipped and shaved areas on one 
side of the neck. The left neck was used for zymosan injections in part 1 and the 
right neck was used in part 2 of the cross-over. Lesion swelling (volume) at i.d. 
sites of zymosan injection were monitored at pre-determined times, as previously 
described (Delatour el al., 1996). 

Blood, exudate and transudate samples 
Samples of blood (for determination of plasma carprofen enantiomer concen- 

trations and circulating leucocyte numbers), inflammatory exudate (for determi- 
nation of carprofen enantiomer and protein concentrations, leucocyte count and 
concentrations of the eicosanoids PGE,_, and 12-HETE) and transudate (for deter- 
ruination of carprofen enantiomer concentrations, protein concentration and 
leucocyte numbers) were collected at pre-determined times. All samples were 
placed on ice prior to centrifugation. Blood samples (10 ml) for measurement of 
plasma carprofen concentration were collected in Li-heparin monovettes 
(Sarstedt Ltd). K-EDTA tubes obtained from Sarstedt Ltd were used to collect 
blood samples (5 ml) for determination of leucocyte counts. Exudate and transud- 
ate were collected in tubes containing 10 btg BW 540C (Glaxo Wellcome plc), a 
dual cyclo-oxygenase lipoxygenase inhibitor, incorporated to prevent the artefac- 
tual generation of eicosanoids in vitro. To each tube 50 IU heparin were also 
added. All plasma, exudate and transudate samples were stored at -20°C prior to 
analysis. Prior to freezing, exudate and transudate samples were centrifuged 
within 30 min of collection for 10 min at 4°C and 2500 g and the supernatant 
removed. PGE,_, concentration in exudate was measured by radio-immunoassay as 
previously described (Higgins & Lees, 1984a). 12-HETE concentration in exudate 
was also measured by radio-immunoassay ([:~H] RIA Kit: Advanced Magnetics 
Inc.). Cell counts were determined within 3 h of sample collection using a Coulter 
Counter (Model ZM) and protein concentrations were measured using the Biuret 
reaction (Model Gilford SPA 300). Lesion volumes and carprofen concentrations 
in plasma, exudate and transudate were measured as described previously 
(Delatour et al., 1996). Pharmacokinetic constants were also calculated as 
described by Delatour et al. (1996). 

RESULTS 

Pharmacokinetics of carprofen and its enantiomers 
The calves used in this investigation were almost twice as old (16-17 weeks) and 
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weighed almost twice as much (116-119 kg) as those used in a previous investi- 
gation of carprofen pharmacokinetics (Delatour et al., 1996). Plasma concen- 
tration data are presented in Table I. Some pharmacokinetic parameters (for defi- 
nitions, see Table II) were similar in the two groups of calves (A, B, 0t, t,½~, Vc, 
Vda,.c, and Vd~). However, there were statistically significant differences for other 
parameters [[B, t~½~, MRT, C1 and Cp(48h)]. Elimination half-life was significantly 
shorter in the older calves for total drug (43.4 vs 33.8 h), R(-) enantiomer (49.7 
vs 37.7 h) and S(+) enantiomer (37.4 vs 29.1 h). Mean residence times and plasma 
drug concentrations at 48 h were also shorter for both enantiomers in older calves 
(Table II). 

Enantioselective pharmacokinetics of carprofen was previously reported in 8-10 
week old calves (Delatour et aL, 1996). Differences in pharmacokinetic variables 
between (R-) and S(+) enantiomers were again apparent in the older calves used 
in this investigation (Table II). The differences were for all pharmacokinetic para- 
meters except A (zero time intercept, distribution phase) and volume of the cen- 
tral compartment, statistically significant. Thus, t~ and t~ were shorter for the 
S(+) carprofen enantiomer, whilst Vd,,,,.:, and Vd~ were smaller for the R(-) enanti- 
omer. MRT was longer and C1 was slower for the R(-) enantiomer and Cp(48h) 
and AUC~_v~.~ were both greater for the R(-) enantiomer. 

Distribution of  cmprofen into transudate and  exudate 
The relatively low values for Vd,,,.~, and Vd~ for total carprofen (147 and 

146 ml kg -~, respectively) indicate that the drug is not widely distributed in the 
body, probably as a consequence of a high degree of binding to plasma proteins. 
This may explain the relatively poor penetration of carprofen into transudate 

Table I 
Plasma carprofen concentrations (Ixg m i  -I ) in calves following i.v. dosing of  

racemic carprofen at 0.7 mg kg -I (mean-srM, n=5) 

Time Total R (-  ) S( + ) 
( h ) cavprofen cmprofen cmprofen 

0.083 10.98_+0.83 5.66_+0.42 5.32_+0.41 
1.0 6.44_+0.49 3.50-+0.25 2.94_+0.25 
1.5 5.40-+0.48 2.99-+0.25 2.50-+0.23 
2.0 5.41 +0.32 3.02_+0.17 2.39_+0.17 
3.0 5.15-+0.35 2.81 -+0.20 2.34_+0.15 
4.0 4.81_+0.19 2.60_+0.12 2.21_+0.07 
6.0 4.22_+0.10 2.28_+0.06 1.94_+0.04 
9.0 3.59_+0.18 1.92_+0.10 1.67_+0.08 

12.0 3.30_+0.20 1.79+0.11 1.51+0.09 
24.0 2.66+0.10 1.49+0.05 1.18-+0.05 
30.0 2.33-+0.09 1.33-+0.05 1.00_+0.05 
36.0 1.86-+0.11 1.08+0.06 0.78_+0.05 
48.0 1.62_+0.07 0.95_+0.03 0.67-+0.04 
96.0 0.75_+0.08 0.50+0.05 0.26+0.03 

Weight=115.7+2.2 kg (part 1); 119.2_+2.8 kg (part 2). 
Age--16 weeks (part 1); 17 weeks (part 2). 
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Table II 
Pharmacokinetic  variables following racemic carprofen administrat ion 

(0.7 mg kg -I i.v.) ( m e a n - . s ~ ,  ~.5) .  

203 

Variable Total R(-) S(+ ) 
cmprofen cmprofen ca,pro fen 

A (/ag ml -~) 6.82_+0.75 3.37+0.38 3.41+0.36" 
B (lag ml -~) 4.66_+0.13 2.49-+0.06 2.22-+0.09tt 
0t (11-') 1.37_+0.18 1.19-+0.15 1.59-+0.24 

(h-') 0.021_+0.001" 0.019+0.001" 0.024+0.001*,tt 
~cz (11) 0.546-+0.081 0.624_+0.089 0.476_+0.067 
t½~ (h) 33.8_+1.7" 37.7_+1.8" 29.1-+l.6*,tt 
Vc (ml kg -~) 62.4_+5.3 61.3-+5.2 63.6-+5.3 
Vd,,.,.,, (ml kg -~) 147.0_+4.4 136.2_+2.9 154.4_+5.4tt 
Vd,, (ml kg-') 146.0_+5.0 140.2_+4.2 154.0_+7.5t 
MRT (h) 49.4_+3.2* 56.0_+3.6* 41.9_+2.8",'H 
CI (ml h -I kg-') 2 . 9 8 4 _ + 0 . 0 9 4  2.524_+0.098* 3.696_+0.113*,ttt 
Cp(48h) (lag ml -~) 1.62_+0.07" 0.95_+0.03* 0.67_+0.04",tt t 

*#'<0.05, comparison of young calves (Delatour et al., 1996) and older calves (this 
investigation). 

tP<0.05, tl-P<0.01, tttP<0.001 comparison of R(-) and S(+) enantiomers. 
A, zero time intercept (distribution phase); B, zero time intercept (elimination phase); cz, 

slope (distribution phase); [3, slope (elimination phase); t½=, half-life (distribution phase); t½~, 
half-life (elimination phase); Vc, volume of central compartment; Vd,r,.,, volume of 
distribution (area method) ; Vd,,, volume of distribution (steady state) ; C1, clearance; MRT, 
mean residence time; Cp(48h), plasma concentration at 48 h; AUC, area number curve 
(0-144 h) for plasma concentration vs time. 

(Fig. 1). Thus, total mean carprofen concentrat ions (lag ml-') in plasma and trans- 
udate were: 5.41 and 0.43 at 2 h, 3.30 and 1.12 at 12 h and 1.86 and 1.25 at 36 h, 
respectively. Only at 96 h did the mean transudate concentra t ion (0.90 ~tg ml -~) 
exceed the plasma concentra t ion (0.75 ~tg ml-~). On the other  hand,  carprofen 
penetra ted  much  more readily into inf lammatory exudate.  Thus, mean plasma, 
exudate and transudate concentrat ions (tag ml -~) of  total carprofen were 4.81, 
2.10, 0.65 (4 h), 3.59, 3.78, 0.82 (9 h), 2.66, 3.50, 1.44 (24 h) and 1.62, 2.16, 1.28 
(48 h), respectively. Exudate carprofen concentra t ion first exceeded plasma con- 
centrat ion at approximately 9 h and thereafter  concentrat ions were greater in 
exudate through to the final sampling time of  96 h (Fig. 1). Drug penetrat ion into 
exudate  occurred relatively rapidly; peak concentra t ion was recorded in most 
animals at 9-12 h. On the other  hand,  peak concentrat ions of  carprofen in trans- 
udate were not  obtained until 24-48 h. 

In spite of  the differing total concentrat ions of  carprofen in the three fluids, 
plasma, exudate  and transudate,  the enan t iomer  concentrat ions expressed in per- 
centage terms were very similar, indeed almost identical, in each fluid at each sam- 
pling time (Table III). 

Lesion v o l u m e  
With the lowest zymosan concentra t ion (0.0625%) adminis tered intradermally 

peak swelling occurred at 3 h. In carprofen-treated calves, lesion volumes were 



smaller at all recording times up to and including 24 h, The reduct ion in volume 
at most recording times from 0-24 h approached or exceeded 40% but differ- 
ences were not  statistically significant (Fig. 2). 

The intermediate  and high zytnosan concentrat ions produced  two swelling 
peaks, at 3 and 12 h (Fig. 2). The magni tude  of the swelling was smaller in car- 
profen treated calves hetween 3 and 12 h. Thereafter ,  lesion volumes were greater 
in drug-treated cah'es. However, the increase with the intermediate  zymosan 
concentrat ion was attribntable wholly to an untypically marked and delayed but  
persistent response in a single animal (calf X). None of  the differences in lesion 
volume between tmtreated and carprofen-treated cah,es were statistically signifi- 
cant at any time point. 

Exudale eicosanoid concentrations 
In non-drug-treated calves, exudate PGE._, was initially (2 h sample) below the 

level of  detection of the radio-immunoassay. Measurable concentrat ions were 
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Fig. 1. Plasma, exudate  and transudate concentra t ions  of  total carprofen (p.g ml -t) following 
i.v. administrat ion of  racemic carprofen ( 0 . 7 m g k g - ' ) .  Carpvofen and carrageenin both 
injected at zero time. Each point  represents tile mean+st-,~l for four calves (exudate and 
transudate) and five cah,es (plasma). 
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Table III 
Plasma transudate and exudate concentrations of  carprofen enantiomers 

(% of  total concentration) following i.v. racemic carprofen dosing (0.7 mg kg-') 
and i.c. carrageenin administration in calves (mean--svM; n=5 plasma, 

)r=-4 transudate and exudate) 

Time Plasma Transudale Exudale 
(h) 

R(-) S(+ ) R(-) S(+ ) R(-) S(+) 
,'a,p,'o.le,, ,'a,p,qle,, ,a,profi,,, ca,prop',, ,'aq,,ole,, ca,proSe,, 

% % % % % % 

2 55.8+0.8 44.2+0.8 57 .3_+1 .6  42.7+1.6 57.1+3.2 42.9_+3.2 
4 54.0_+0.4 46.0+0.4 56.2+2.8 43 .9_+2.8  54 .5_+0.2  45.5_+0.2 
6 53.9+0.2 46.0+0.2 56 .0+_2 .5  43.9+2.5 54 .6_+0.7  45.4_+0.7 
9 53.5+0.5 46.5+0.5 53.6+1.0 46.5+1.0 53.1+1.0 46.9_+1.0 

12 54.1+0.4 45.8+0.5 53.3+1.3 46.7+1.2 54.4+0.6 45.6+0.6 
24 55.8+0.4 44.1+0.4 53 .5_+0.7  46.5+0.7 54.5+0.3 45.5+0.3 
30 56.3+0.7 43.0+0.5 55.6+0.6 44 .4_+0.6  55.9+0.7 44.0+0.7 
36 58.0_+0.2 42.0+0.2 56.1 +0.4 43 .9_+0.4  56.8+0.3 43.1 +0.4 
48 58.9_+0.8 41.1 +0.8 57 .8_+0.4  42.2+0.4 58.0+0.8 42.0+0.8 
96 66.0+1.5 33 .9_+1.6  63 .6_+2.7  36.4+2.7 62.6+2.4 37.4_+2.4 

presen t  in most  samples  at and  heyond  4 h, with a mean  peak  concen t ra t ion  of  
22.5 ng ml -~ occnr r ing  at 9 h. By 96 h, the mean  concen t ra t ion  had  decreased  to 
1.2 ng ml- '  (Fig. 3). In ca rprofen- t rea ted  calves, mean  concen t ra t ions  followed a 
broadly  similar t ime course,  with a peak  concen t ra t ion  of  20.4 ng ml- '  occur r ing  at 
9 11. T h e r e  was no inhibi t ion of  PGE., synthesis at any sampl ing  time. 

In non-drug- t rea ted  animals,  two 12-HETE concen t ra t ion  peaks occurred,  at 6 
and  96 h. Ca rp ro fen  t rea t lnent  r educed  12-HETE concen t ra t ions  at n ine  out  o f  10 
sampl ing  times, indicat ing possible partial inhibi t ion of  12-1ipoxygenase. However,  
12-HETE p roduc t ion  was not  abol ished at an}* time, and  dif ferences  between drug- 
t rea ted  and  un t rea ted  calves achieved statistical significance at only one  t ime 
(96 11, P<0.05). 

E x u d a l e  a n d  t ransudate  protein concentrations 
Initially, at 2 h, the mean  pro te in  concen t ra t ion  in exuda te  was 39 g 1-', which is 

approx ima te ly  50% of  normal  p lasma pro te in  concen t ra t ion .  In non-drug- t rea ted  
calves pro te in  concenu 'a t ion  subsequent ly  rose, the m a x i m u m  value occur r ing  at 
24 h, when a mean  concen t ra t ion  of  56 g 1 < was ob ta ined  (data not  shown).  In 
ca rprofen- t rea ted  calves, similar increases in p ro te in  concen t ra t ion  occur red  to a 
m a x i m u m  of  55 g 1 -~, again at 24 h. At no t ime poin t  did protei  n concen t ra t ions  
differ  significantly in non- t rea ted  and  drug- t rea ted  calves. 

Protein concenu 'a t ion  in t ransudate  was identical  to the initial (2 h) exuda te  
concen t ra t ion ,  with mean  values of  39 g 1-' in bo th  non-drug- t rea ted  and  car- 
p rofen- t rea ted  calves. Mean concen t ra t ions  of  p ro te in  in t ransudate  showed little 
t endency  to change  with t ime and there  were no dif ferences  beuveen non- t rea ted  
and  drug-u 'ea ted  calves at an}, t ime point  (data not  shown).  
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Fig. 2. Lesion volumes  p r o d u c e d  by i.d. in jec t ion of  (a) 0.0625% zymosan, (b) 0.25% 
zymosan and  (c) 1% zymosan in calves which received no  d rug  t r e a t m e n t  (D) or  ca rp ro fen  
(m) (0.7 nag kg -~ i.v.). Ca rp ro fen  and  zymosan were b o t h  in jected at zero time. Each c o l u m n  
represen t s  the  mean+sEM for six calves. 
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Leucocyte count in whole blood, exudate and transudate 
Leucocyte numbers in whole blood increased in non-drug-treated calves from a 
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Fig. 3. C o n c e n t r a t i o n s  of  (a) exuda te  PGE,., and  (b) exuda te  12-HETE in calves tha t  received 
no  d rug  t r e a t m e n t  (7-1) or  ca rp ro fen  ( I )  (0.7 m g  kg -~ i.v.). Ca rp ro fen  and  ca r r ageen in  were 
b o t h  in jec ted  at zero t ime. Each c o l u m n  represen t s  the  mean_+s~:M for six calves. 
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control value of 8.0x10 :~ 1-' to 11.9x10 u 1 -t at 6 h. Circulating leucocyte numbers 
were increased for 30 h but had returned to normal by 36 h. Similar changes 
occurred in carprofen-treated calves. There were no differences in circulating cell 
numbers between the two treatment groups at any sampling time (data not 
shown). 

Cell numbers in inflammatory exudate rose to a mean peak of 18.5xlff' 1 -~ at 
24 h from 8.4x10~"1 -~ at 4 h. In drug-treated animals leucocyte numbers were 
similar to those in non-treated animals and differences between untreated and 
carprofen-treated calves were non-significant at all times. 

Small nmnbers of cells were present in transudate at all sampling times but 
showed little tendency to change with time. There were no apparent differences 
between the two groups at any sampling time (data not shown). 

D I S C U S S I O N  

The question of how carprofen acts is still unresolved. Gaut el aL (1975) showed 
that carprofen is a weak cyclo-oxygenase inhibitor, with the R(-) enantiomer 
being much less potent (eudismic ratio, S:R, 160:1). It possess some activity 
against phospholipase A2 (Hope & Walton, 1983) but it is unlikely that this 
explains the therapeutic effects, since the synthesis of eicosanoids produced by 
both arms of tile arachidonic acid pathway, PGE,_, and 12-HETE ill inflamlnatory 
exudate, was not inhibited ill the present investigation ill calves nor in similar 
studies in dogs (McKellar et al., 1990, 1994). Baruth el al. (1986) further demon- 
strated that carprofen did not affect 5-1ipoxygenase and therefore did not inhibit 
leukotriene (LT) generation. In the present investigation, carprofen tended to 
reduce inflammatory exudate concentrations of the 12-1ipoxygenase product, 12- 
HETE. However, this finding is of questionable significance, since 12-HETE syn- 
thesis was not abolished at ally sampling time and the reduction was statistically 
significant only at the final sampling time of 96 h. The present findings therefore 
provided no evidence of significant activity of carprofen against inflammatory cell 
cyclo-oxygenase or 12-1ipoxygenase. 

McKenzie (1994) recently described interesting actions of several newer car- 
boxylic acid NSAIDs that inhibit cyclo-oxygenase but only at high dose rates. One 
compound, IX 207-987, suppressed adjuvant-induced arthritis and Escherichia coil- 
induced fever but it was not ulcerogenic. IX 207-987 inhibited both interleukin 
(IL)-lo~ and IL-1[3 secretion by human mononuclear cells at concentrations 
achieved in vivo. A recent report by Villaneuva et al. (1993) on ibuprofen and its 
enantiomers provides further insights into possible mechanisms of action of arylp- 
ropionate NSAIDs. These authors showed that rac-ibuprofen inhibited a number 
of human leucocyte functions (superoxide generation, [3-glucuronidase release 
and LTB4 formation) and similar IC:-,0 values were obtained for the S(+) and R(-) 
enantiomers. Moreover, these effects were independent  of cyclo-oxygenase inhi- 
bition. It will be of interest to determine whether carprofen shares any of these 
actions of ibuprofen and IX 207-987; whether such effects might explain its anal- 
gesic and anti-inflammatory actions will be the subject of further studies. 

Previous workers have described pharmacokinetic parameters for total car- 
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profen following administration of the racemic mixture to a number of species. 
Thus, in horses values of 250 ml kg -~ (Vd,,,.~,), 18.1 h (t½1~) and 58.9 ml min -~ (C1) 
have been reported following 0.7 mg kg -~ given intravenously (Lees et al., 1994). 
Corresponding values in sheep are 96 and 118 ml kg < (Vd ........ ) and 26.1 and 33.7 h 
(t½1~) after i.v. dosing with 0.7 and 4.0 m kg q, respectively (Welsh et al., 1992). In 
dogs an i.v. dose of 0.7 mg kg -~ yielded values of 180 ml kg -l (Vd,,,.~,), 3.83 ml min -I 
(CI) and 8.0 h (t{~) (McKellar et al., 1990). In the latter study, elimination half-life 
was similar following oral dosing of carprofen at both 0.7 and 4.0 mg kg -~ dose 
rates. Ill adult cows, 0.7 mg kg -~ carprofen administered intravenously during lac- 
tation produced an elimination half-life of 30.7 h (Lohuis et al., 1991) but a 
greater t½1~ (57.8 h) was reported in an earlier study following the last of five injec- 
tions of racemic carprofen (Ludwig et al., 1989). After a single i.v. injection the 
vohune of distribution was 90 ml kg -~ (both studies) and milk concentrations were 
very low (both studies). 

For the calves used in this study, Vd,,,,.,, was somewhat greater than the values 
reported for adult cattle; values of 152 and 147 ml kg -~ were obtained in 8-10 
week old calves (Delatour el al., 1996) and 16-17 week old animals (this study), 
respectively. In the present study, elimination half-life was somewhat shorter 
(33.8 h) than the value of 43.4 h reported for 8-10 week old calves (Delatour el al., 
1996). MRT was also significantly shorter in the older calves. These differences 
probably represent more rapid biotransformations and /o r  excretion of both car- 
profen enantiomers. 

The present data demonstrate that cattle differ from horses, dogs and cats in 
the pharmacokinetic disposition of each carprofen enantiomer. The R:S AUC 
ratio in this study was 58:42. In the horse the AUC ratio, R:S, was 82:18 after i.v. 
dosing, in the dog after oral administration a ratio of 64:36 was obtained whilst in 
the cat the ratio was 69:31 and 70:30 after i.v. doses of 0.7 and 4.0 nag kg -~, respect- 
ively (Lees el al., 1991; McKellar et al., 1994; Taylor el al., 1995). Pharmacokinetic 
differences were thus qualitatively similar, with the R(-) enantiomer predominat- 
ing, but quantitatively different in these four species. Further studies have shown 
that the enantioselective pharmacokinetics of carprofen in horses and dogs is due 
to inherent differences in elimination pathways and not to chiral inversion 
(McKellar et al., 1994; P. Delatour & P. Lees, unpublished results). Moreover, 
several previous studies in laboratory animals and man, with a range of arylpro- 
pionic acid NSA/Ds, have shown that when chiral inversion does occur, it is almost 
invariably from R(-) to S(+)(Caldwell et al., 1988; Evans, 1992). It is thus unlikely 
that the differences in carprofen enantiomer disposition in calves are attributable 
to chiral inversion. Furthermore, studies by Graser et al. (1991) have shown, fol- 
lowing in vitro incubation of carprofen enantiomers in the presence of cow liver 
homogenate supernatants, that there is no chiral inversion in either direction. 

Processes governing the distribution of carprofen enantiomer.s into transudate 
and exudate do not appear to be enantioselective. Thus, R:S concentrations 
expressed as percentages of total concentration in exudate, transudate and plasma 
were, at all sampling times, very similar. Penetration into transudate was very 
limited and this is predictable fi'om the low volumes of distribution of both enanti- 
omers and the fact that they are probably highly bound to plasma protein. More 
rapid and greater penetration of both enantiomers into inflammatory exudate was 
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demons t ra t ed  in this study and  this is probably explicable in terms of  high b inding  
to plasma pro te in  (and increased b lood  flow to sites o f  acute inf lammat ion) ,  since 
exuda t ion  of  plasma with its a t t endant  proteins  will be accompan ied  by protein-  
b o u n d  drug. As previously descr ibed for  phenylbu tazone  (Higgins el aL, 1984a; 
Lees et al., 1986) and flunixin (Lees & Higgins, 1984) in models  of  equ ine  acute 
inf lammation,  the carprofen  data indicate that the time course of  drug  action and 
the predic t ion  o f  dosage schedules  are more  likely to be d e p e n d e n t  on  drug  
distr ibution into and persistence in inf lammatory exudate  than to d rug  plasma 
concent ra t ion .  

ACKNOWLEDGEMENTS 

This study was suppor ted  by Grampian  Pharlrmceuticals Ltd. Ms P. Marks provided 
technical  assistance and the manuscr ip t  was typed by Pauline Symmons.  

REFERENCES 

BARtrTH, H., BEr~;ER, L. Br~aDSHAW, D. et al. (1986). Newer anti-inflammatory drugs. In 
Carprofen: Anti-inflammatory and Anti-~heumatic Drugs, ed. K. D. Rainsford, vol. 2, 
pp. 33-47. Florida: CRC Press Inc. 

CAI.DWELL, J., Hvrr, A.J. & FOURNEI.-GI(;LEt:X, S. (1988). The metabolic chiral inversion and 
dispositional enantioselectivity of the 2-al'ylpropionic acids and their biological conse- 
quences. Biochemical Pharmacolo~, 37, 105-14. 

DEt.~TOLrR, P., FOOT, R., FOSTER, A. P., BA¢;¢;OT, D. & LEES, P. (1996). Pharmacodynamics and 
chiral pharmacokinetics of carprofen in calves. B~7tish Vete~qnmyJournal 152, 183-98. 

Ev~,4s, A. M. (1992). Enantioselective pharmacodynamics and pharmacokinetics of chiral 
non-steroidal anti-inflammatory drugs. European Journal of Clinical Pharnmcology 42, 
237-56. 

GAUT, Z. W., BARVTH, L., RaNDAH., L. O., ASHt.EV, C. & PAL'tSRt'D,J. R. (1975). Stereoisomeric 
relationships among anti-inflammatory activity, inhibition of platelet aggregation and 
inhibition of prostaglandin synthetase. Prostaglandins 10, 59-66. 

GR.~SER, T. A., JORDAN, J.-C., KaRPF, M. & HOLCK, M. (1991). Determination of carprofen 
enantiomers: application to biological fluids of target species. Acta Veterinm4a Scandinav- 
ica Supplenwnt 74, 247-8. 

HIGGINS, A. J. & LEES, P. (1984). Arachidonic acid metabolites in carrageenin-induced 
equine inflammatory exudate. Journal of Vete~7;nary Phmvnacolo~, and Therapeutics 7, 65-72. 

HI(;¢aNS, A.J., LEES, P. & TA~tOR, J. B. (1984a). Influence of phelaylbutazone on eicosanoid 
levels in equine acute inflammatory exudate. CorneU Vete~inm~an 74, 198-207. 

Hl¢;c;l~s, A.J., LEES, P. & WRIGHT, J. A. (1984b). A tissue cage model for the collection of 
inflammatory exudate in ponies. Research in Veterinmy Science 36, 284-9. 

HIGC.JNS, A.J., LEES, P., SHARSta, S. C. & TA~I.OR, J. B. O. (1987). Determination of flunixin in 
equine inflammatory exudate and plasma by high performance liquid chromatography. 
Equine VeteTinmy Journa119, 303-6. 

HOPE, W. C. & W~TON, A. F. (1993). Comparison of non-steroidal anti-inflammatory drugs 
as inhibitors of phospholipase A,.,. Federation Proceedings, Federation of American Societies for 
Experimental Biology 42, 875. 

L.XNDON~, M. F. & LEES, P. (1995). Comparison of the anti-inflammatory actions of flunixin 
and ketoprofen in horses applying PK/PD modelling. Equine Vete~na O, Journal 27, 
247-56. 

L~DONI, M. F., CUNNI~GHAM, F. M. & LEES, P. (1995). Pharmacokinetics and pharmacodyn- 



CARPROFEN IN TISSUE CAGE MODEL 211 

amics of ketoprofen in calves applying PK/PD modelling..]ou~zal of Veterinary Pharma- 
colog), and Therapeutics 18, 315-24. 

LEEs, P. & HIc:{;INS, A.J. (1984). Flunixin inhibits prostaglandin Ee production in equine 
inflammation. Research in Veterinary Science 37, 347-9. 

Ll.:l-S, P., TAXl.OR, J. B. O., HI{;~;INS, A.J. & SHa~XIA, S. C. (1986). Phenylbutazone and oxy- 
phenbutazone distribution into tissue fluids in the horse. Journal of Veterinary PhaTvna- 
colo~, and Therapeutics 9, 204-12. 

LEEs, P., EwINs, C. P., TA~I.oR, J. B. O. & S~:OC;WlCK, A. D. (1987). Serum thromboxane in the 
horse and its inhibition by aspirin, phenylbutazone and flunixin. B~tish Veterinary Journal 
143,  462-76. 

Ll.:l~s, P. Dl.:l.-vrot:R, P. Bl.:Norv, E. & Fosrt.:R, A. P. (1991). Pharmacokinetics of carprofen 
enantiomers in the horse. Acta Veterinaria Scandinavica Supplement 87, 249-51. 

Lt.:l-s, P., McI~.:l.t_.~l~, Q. A., MAy, S. A. & Lt'I~wlc;, B. M. (1994). Pharmacodynamics and phar- 
macokinetics of carprofen in the horse. Equine Veterinary Journal 26, 203-8. 

LoHt:ls, J. A. C. M., VAN WERVE,:N, T., Br~.~,~'l), A. et al. (1991) Pharmacodynamics and pharma- 
cokinetics of carprofen, a non-steroidal anti-inflammatory drug in healthy cows and cows 
with Escherichia coli endotoxin-induced mastitis. Journal of Veterinary Phmwmcology and 
Thera/jeulics 14, 219-29. 

LtDwl{;, B. M., JoRl~.-~x, J.-C., REKt'X, W. F. & THt'x', R. (1989). Carprofen in veterinm T medi- 
cine. 1. Plasma disposition, milk excretion and tolerance of carprofen in milk producing 
cows. Schweizer Archly Fiir 77erhdlkunde 131, 99-106. 

McKEx'ZH.;, A. R. (1994). Pharmacological properties of IX 207-887. In Non-ste~vidal Anti- 
inflammatory Drugs Mechanisms and Clinical Uses, eds A.J. Lewis & D. E. Furst, 2nd edn, 
pp. 391-410. New York: Marcel Dekker Inc. 

M{:I~:LI.-~, Q. A., P~z-\~sox, T., Boc;..xx, J. A. et al. (1990). Pharmacokinetics, tolerance and 
serul-n thromboxane inhibition of carprofen in the dog. Journal of Small Animal Practice 
3 1 , 4 4 3 - 8 .  

M~:I~:LL\~, Q. A., Dl.:~.-\vot'~, P. & LE~s, P. (1994). Stereospecific pharmacod)~amics and 
pharmacokinetics of carp,'ofen in the dog. Jou~al of Veterinary Pha~vnacolo,~, and Them- 
peutics 17, 447-54. 

S-r~t'u, K. M., A~:P~,H, L. & Mt"I.L~:R, R. K. M. (1982). Pharmacological properties of car- 
profen. European Jou~7~al of Rheumatolo~, and h~flammalion 5, 478-87. 

T.x~:)R, P. M., DH_XTOt'R P., L-~Xt~ON~, M. F. el al. (1995). Pharmacodynamics and enantiose- 
lective pharmacokinetics of carprofen in the cat. Research in Veterinary Science (in press). 

VII.IANI~I'VA, M., HI~ZCKENBFRGER, R., STROBACII, H., PAI.MFR, M. & SCHROR, I~. (1993). Equipotent 
inhibition by R(-)-, S(+)- and racemic ibuprofen of human polymorphonuclear cell 
function in vitro. Brilish Jou~v~al of Clinical Pharmacolo~, 35, 235--42. 

W~.:t.sH, E. M., Baxrz~, P. & NoI_\N, A. M. (1992). Pharmacokinetics of carprofen adminis- 
tered intravenously to sheep. Research in Veterinary Science 53, 264-6. 

(Accepted for publication 23 March 1999") 


