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Chiral Inversion of R-(-)-Fenoprofen Enantiomer in Cats
with Toxic Hepatic Disease
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Abstract: The 2-arylpropionic acids (2-APA) or profens, 1s a family of Non-Steroidal Anti-Inflamatory Drug
(NSAIDS), widely used mn human and veterinary medicine for the treatment of the arthritis, musculoskeletal
disorders and hyperthermia. The molecule of fenoprofen (FPF), a member of the familiy of 2-APA, contains an
asymetric carbon atom and exists as two enantiomeric forms, R-(-) fenoprofen and S-(+) fenoprofen . The R~(-)
FPF enantiomer 1s metabolically inverted to their optic antipode, the S-(+) FPF enantiomer as result of the action
of a metabolic pathway known as chiral inversion The liver i1s the principal site for the 2-APA
biotransformation. Severe hepatic disease should alter the percentage of chiral inversion obtamed for R-(-) FPF.
To test this hypothesis we studied the chiral mversion of R-(-) FPF in cats with toxic hepatic disease (THD)
induced by carbon tethrachloride (CCL,). The percentage of chiral inversion in ammmals with THD was 90.5421.1
(meantsd) and the difference with healthy ammals was not statistically significant.
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INTRODUCTION

Fenoprofen (FPF) ([+]-2-[3-Phenoxyphenyl Jpropiomnic
acid) 1s a Non-Steroidal Anti-Inflamatory Drug (NSAIDS),
widely used in human and veterinary medicie in the
treatment of the arthritis, musculoskeletal disorders and
hyperthermia. This drug possesses a chiral centre located
at C, of the propionic moiety and, therefore, exists in
two enantiomeric forms, 3-(+) fenoprofen and R-(-)
fenoprofen. Studies m ammals have shown that
fenoprofen inhibition of prostaglandin synthetase is
highly stereoselective with predominant activity residing
in the S antipode!"?. However, it is marketed as a racemate
(50:50 of each enantiomer). The enantiomers may differ
not only in therr pharmacodynamic properties, but also in
their kinetic dispositiont™™. The degree of kinetic
disposition has been shown to be stereoselective for
fenoprofen enanticmers®”. This sterecselectivity can be
generally explamed on the basis of a metabolic pathway
known as chiral inversion process™ ™. This process of

biotransformation  comresponds  to  a  selective
umidirectional transformation from the mactive R-(-) to the
active 3-(+) enantiomer. This process has been

documented in cats'!, dogs and horses™, sheep™!, rats*
and humans!”, with a considerable variation in extension
according to the species!™ The stereoconversion
mechamsm has been described m different organs such as
liver, intestine, kidney and lungs""". However, the liver

seems to have the predominant role in the chiral inversion
process',

Therefore, it 1s expected that hepatic lesions of
certamn degree might affect the general behavior of these
xenobiotics by reducing their therapeutic effect, or
inducing unwanted, acute or chromie, toxic effects.

As far as we know, no studies have been performed
on the effects of experimental THD on the metabolic
pathway of chiral inversion of FPF in cats .To evaluate
those possible effects, we used carbon tetrachloride to
induce a experimental THD. Carbon tetrachloride (CCl,) 1s
well known as a highly hepatotoxic compound due to its
activation to reactive metabolites which induce
centrilobular necrosis!™'**%,

The knowledge that changes might occur m the
metabolic behavior of a xenobiotic in ammals with hepatic
dysfunction will contribute to the adoption of more
rational therapeutic criteria in patients with hepatic
dysfunction.

The aim of the present study was to study changes
that might occur in the chiral inversion of FPF under toxic
hepatic disease induced by CCl,.

MATERIALS AND METHODS

Drugs and reagents: FPF racemic was obtamned from
Sigma (fenoprofen calcium salt; hidrate. Sigma, Samt
Lous, USA). The R-(-) and S -(+) enantiomers of FPF were
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obtained by stereospecific crystallizations, using o-
methylbenzylamine as a chiral inducer™. After completing
the crystallization process, the final purities determmed by
high precision liquid chromatography were 98.1 and 97.2%
for R-(-) and S-(+) FPF, respectively. Reactives for
determining enzymatic activity were provided by
Biosystem, S.A., Barcelona, Spain (ALP), Wiener, S.A.,
Rosario, Argentina, (ALT y AST). For albumin
determination, reagents were provided by Merck,
Darmstadt, Germany. The remaining compounds
and reagents were obtammed through  usual
commercial channels.

Animals and experimental protocol: Biochemical
determinations prior to treatment with CCl-Ammal
preparation and compound admimstration (Cel, and
FPF enantiomers).

Eight healthy adult cats weighing between 3.2 and 4.4
ke were placed in individual cages for three weeks. Blood
samples for biochemical determination were obtained from
each cat two days before CCl, administration.
Determinations included hemogram, serum creatinine,
alanine aminotransferase (ALT), aspartate
aminotransferase (AST) and serum alkaline phosphatase
(ALP). All Cats were considered apt for the test and
divided in two groups of four animals each. They were
anesthetized and a K33 Teflon catheter was
mtroduced m jugular vein according to the technique
previously described™?.

After recovery from anesthesia, each cat received a
single dose of 0.15 mL kg~' BW of CCl, subcutaneocusly.
In order to assess the progress of acute exposure to the
drug, blood samples of 2 ml. were collected from the
jugular vein every six hours for a period of twenty four
hours after CCl, admimstration to determine serum enzyme
concentration. Increases of twenty, ten and fivefold in
serum enzyme activities of ALT, AST and ALP,
respectively were considered as indicative of hepatic
damage. Normmal reference values were ALT: 28-91, AST:
9-46 and ALP: 10-77 TU/L¥*, Previous studies carried out
with CCl, in cats showed, that induction of toxic hepatic
disease with enzymatic activity values equal to the ones
found m this test, were reached 24 h after subcutaneous
administration of 0.15to 0.3 mL kg™ of CCL™Y These
references are similar to the maximum hepatonecrogenic
effect (24h) of CCl, induction in rats carried i
other  experimental works®. Based on these
references, we chose 24 hrs
administration .

Four animals were administered R-(-) FPF and the
other four, S-(+) FPF, at a dose of 1 mg/kg mtravenously.
The enantiomers were dissolved in a mixture of 200 pL

out 1In

for FPF enantiomer
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DMSO and 800 pl physiological solution. Blood samples
(2 mL) were collected at 5, 10, 20, 30 min and 2, 6, 8 and
12 h after FPF enantiomer administration. Plasma was
obtamed by centrifugation and then stored at-20°C for
future analysis.

Histopathology: In order to assess nduced hepatic
damage by CCl, the cats were euthanized with
pentobarbital and liver sections from different lobes were
examined by light microscopy.

Analytical methods

Biochemical determinations: ALP, ALT and AST
activities were determined by kinetic method, at 37°C,
using a Lisa 200 measuring device Hycel Autoanalyser,
Lisahio Group, France!™®!. Serum albumin concentrations
were determined by colorimetric techniquest™ ™!l
Determination of serum creatinine concentration was
made by the Jaffe method™. Protein electropheresis was
made using cellulose acetate in alkaline medium (sodic
veronal buffer 0.4 molar). Band development was made

using amide black coloring™.

Histopathologic technique : Liver samples were fixed in
10% buffer formaldehyde, processed by routine methods

and colored with hematoxilin-eosin®.

Physical-chemical extraction, chromatographic analysis
and determination of R-(-) and S-(+) FPF concentrations:
The enantiomer (500 p1.) was extracted from plasma using
Sep-Pak™ cartridges C18 (Waters Associated, Milford,
MA, USA). The Sep-Pak™ cartridges were prepared with
4 mI. methanol followed by 1 mI. of PO,H, (1 % in water).
The plasma (500 ul.) was passed through a C18 cartridge
and was rinsed with 1 mL of water-methanol (80:20) and 1
mL hexane. The FPF was eluted with 8 mL methanol
(100%). The recovery of R-(-) and S-(+) FPF was 92.6 (C.V:
8.0) and 90.0 % (C . V: 7.10), respectively. After elution, the
FPF was concentrated to dryness under nitrogen
atmosphere. The dried residue was derivatized with
L-leucinamide (Fluka, S.A., Saint-Quentin Fallavier,
France), in accordance with a method adapted from Foster
and Jamali®”. This procedure converts enantiomers into
diastereoisomers, which can be analysed using an achiral
High Performance Liquid Chromatography (HPLC)™. To
accomplish the diasterecisomeric conversion, 100 ul
triethylamime (50 mM), 50 pL ethylchloroformate, 50 pL
L-leucinamide hydrochloride (1 M) and 50 pl. water were
successively added to the dry extract. The derivatised
extract solution was analysed by high performance liquid
chromatography system (LKB, Pharmacia), Pump model
2949, UV variable detector model 2141 and software HPLC
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Table 1: Pharmacokinetic parameters of FPF enantiomers in animals with toxic hepatic disease and normal animals (Castro et al., 2000). (Values in the same

line with equal superindexes are different; Student ¢ test, p<005)

Toxic hepatic disease

Normal animals

Kinetic parameter R-(-) FPF

S-(+) FPF

R-(-) FPF S-(+) FPF

AUC (0O-t) ugmL™)

CL (mL/hkg™)

t1/2elh.

Vdss (Lkg™)

AUC (O-T)ug mL=) § () after R(-)

1.30
1368.93M
0.76
0.730

8.05
78.
2.58
0.267%
745

1.12
978.6
0.53
0.651%

6.45
117.7@
2.85
04234
5.62

622

manager. The flow rate was 1.5 mL min~'. The UV
detection was set at 232 nm. The diastereoisomer forms
were eluted from RP 18 column (0.4 x 15 cm, 5 um particles
size) with a binary gradient, A : K,PO, 10 mM, B :
acetomitrile. The retention times for R-(-) and S-(+) FPF
were 9.7 and 10.6 mm, respectively. The lnear
regression lines (plasma) for each enantiomer, in the
range of the assay (0.2-15 pg mL.™"), showed correlation
coefficients of r: 0.9990 and 1: 0.9988 for R-(-) and S-(+)
FPF, respectively. The limit of detection was 0.2 ug mL ™"
(C.V: 50 %). The solvents and reagents (Baker Tnc.
Phillipsburg, NI, USA) used during the extraction and
drug analysis were HPLC grade.

Analysis of data: Pharmacokinetic parameters were
estimated using model-independent methods and were
fitted for each animal after intravenous admimstration of
FPF enantiomers using a computer program (PK Solution
®). The area under the concentration-time curve (AUC) of
FPF enantiomers up to the last plasma sampling
time was determined using the linear trapezoidal
method. The enantiomeric conversion percentage of
R-(-) into 5-(+) FPF was calculated using the formula
of Pang and Kwang™.

Inversion rate: AUC ) 4. X dose (3) /AUC
(5 after () < Dose (R)

This formula considers the plasma concentration of
the S-(+) FPF after the individual administration of the
same dose (1mg kg ™) of R~(-) and S-(+) FPF.

Differences between the pharmacokimetic parameters
for R-(-) and S-(+) FPF were evaluated using a t test™. A
p-value<0.05 was considered significant.

RESULTS

Biochemical determinations prior to administration of
Cecl,: Serum enzyme activity determined 48h before CCl,
admimistration were 38+11, 41+21 y 15+11 [U/L for ALT,
AST and ALP, respectively. Creatinine, albumin
concentration and blood cell count were normal.

Biochemical determinations after administration of Ccl;:
Twentyfour hours after CCl, administration (a single dose
of 0.15mlL kg™ BW) , enzymatic activity values were
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Fig. 1. Enzymatic activity values of (1) : ALT, (2): AST, y
(3): FAS, after CCl, administration. Abbreviations:
NV: Normal values. NEA: necessary enzymatic
activity for R-(-) FPF administration. REA: reached
enzymatic activity after subcutaneous

administration of 0.15 mL kg~' BW of CCl

1991807, 25634655 and 25679 TU/L for ALT, AST and
ALP, respectively (Fig. 1). Serum albumin concentration
was 1.78+0.34 gr dl' (Normal value : 3.0-4.6 gr I,
Values are presented as the meantstandard deviation.
Creatinine  concentration was normal.  Protein
electrophoresis showed a reduction in albumin but an

increase 1n 7y - globulins.

Histopathology: Severe hemorrhagic centro lobular
necrosis was observed. Different levels of hepatic
degeneration with predommant polymorphic nuclear
leucocytes was also observed.

Plasma concentration of FPF enantiomers: Mean plasma
concentrations of R-(-) and S-(+) FPF after mtravenous
administration of R-(-) FPF (dose : 1 mg kg™ BW), are
shown in Fig. 2A. No trace of R-(-) FPF enantiomers in
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Fig. 2: Mean plasma concentrations of R-(-) FPF and S-(+)
FPF after intravenous administration of 1mg kg™
BW of R~(-) FPF i (A): ammals with toxic hepatic
disease cause by CCl,, (B) normal ammals

plasma could be detected after admimstration of the same
dose of S-(+) FPF. Ten minutes after R-(-) FPF
administration its concentration was surpassed by that of
S-(+) FPF. The chiral inversion rate was 90.5+£21.1 %.
Values for AUC,; 1, CL and t,,, (half life elimination), for R-
(<) and S-(+) FPF were 1.30 and 8.05 ug.h mL ™, 1368.93
and 78.62 mL h™" per kg and 0.76 and 2.58 h, respectively.
For these parameters, differences between enantiomers
were statistically significant (p<0.05). Pharmacokinetic
parameter values and plasma concentrations, of ammals
with THD are compared with those observed m normal
animals, after the administration of the same dose of FPF
enantiomers ( Table 1) { Fig. 2)M.

DISCUSSION
Fenoprofen is a Non-steroidal Anti-inflammatory

Drug (NSAID) which belongs to the mam group of
available NSAIDs with a ligh degree of chemical

homogeneity, the 2-arylpropionic acid derivatives or
profens™*. This group contains an asymmetric carbon
atom, a chiral centre located at the C-2 of the propionic
moiety and therefore exists in two enantiomeric forms, R-(-
) oand S-(+). In vitro studies on the relative anti-
inflammatory activity of individual FPF enantiomers have
shown that their effect on cyclo-oxygenase 1s due to the
S -(+) enantiomer'?. The structural characteristic of FPF
can influence its biclogical fate; for example, the chiral
inversion process transforms selectively the inactive (R)-
FPF enantiomer into the pharmacologically active (3)-
form™. The key molecular basis for this mechanism
involves the enantioselective formation of the coenzyme
A (CoA) thioester by long chain CoA ligase™!. The extent
of the inversion 1s different for each profen and is species
dependent and usually unidirectional!.

The liver seems to have a predominant role in the
chiral inversion process (6). In previous studies with
individual enantiomers of FPF in healthy cats, the
percentage of chiral inversion was 93.2+13.7%1,

Carbon tetrachloride is a highly hepatotoxic
compound capable of inducing severe Thepatic
damage”"*). Carbon tetrachloride induced liver damage

has been a very useful experimental model to explain how
free radicals produce cell damage and one of the most
thoroughly studied"®*”. Enzymatic studies have shown
the capacity of this compound to mduce hepatic necrosis
in the cat™1 These studies demonstrated a clear
association between hepatic damage induced by CCl, and
blood increase of biochemical markers accepted as
indicative of cellular damage!™ ***
been specifically validated in the cat. Serum activity
values above 1900 and 2500 IU L™ for ALT and AST,
respectively, and mitochondria
damage™** For ALP, any increase in activity is
considered significant in he cat because of its low cellular
concentration and its short half life due to its quick renal
elimination™. Thus, ALP (256TU L. Normal value: 10-77
[U L™, ALT and AST values measured in this study
show the severity of the lesion produced by CCl, (Fig. 1).
Moreover, histopathologic lesions found in this study are
identical to the ones described for CCL!'"™ and the
necrosis observed matched the highest grade (90 to 100%
necrosis) in the scale proposed by Bernacchi ef al ™.

According to the above description, we would expect
a decrease in the chiral inversion of R-(-) FPF in animals
pretreated with CCl, We would also expect both
enantiomers to accumnulate in the body when admimistered
to animals with liver damage by CCLP*7.

However, chiral inversion in animals with THD
induced by CCI1, was 90.5£21.1 % and the difference with
that observed in a previous study carried out in our

1. These markers have

mean severe cell
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laboratory with normal animals administered with the
mdividual enantiomers of FPF (93.2+12.7 %) was not
statistically significant (p=0.05) (Fig. 2A and B)"*!.

Two mechamsms could account for the similarity of
chiral inversion observed between control and CCl,
treated cats. First, the 2-APA has been shown to suffer
extrahepatic and presistemic chiral inversion in the lumen,
mucous membrane and the wall of the small intestine™**1.
This process has also been found in lungs, kidney and
brain'****!. Hall et al., concluded that, the anatomic site
of the lungs allows them to exert a first passage effect in
intravenous administration of the compound. Although
ten times smaller than that detected in the liver, R-(-) FPF
activation n its coenzyme A thioester takes place in the
rat brain microsomes™. Studies Ir vitro performed in our
laboratory with microsomes from cat kidney showed acyl-
CoA-ligase activity with kinetic parameters similar to
those observed in liver microsomes of the same species
(unpublished data). Complementary tests Im vitro in
extrahepatic tissues of animals with THD such as
epimerization and hydrolysis, would help to evaluate
whether fenoprofenil-CoA: 1) derived to lipid
metabolism, 2) is conjugated with amino acids, or 3)
contributes significantly to keep a high rate of R-(-) to 8-
(+) FPF conversion in vivo.

is

Second, acyl-CoA ligase 1s mostly periportal, since
fatty acids metabolism can only occur in the presence of
oxygen and the periportal zone has 13% more oxygen than
the center of the lobule, which is hypoxic if compared with
other tissues™. In this study, the liver sections showed
a greater structural preservation of the periportal space as
compared to the center lobular zone, which could
contribute to the chiral inversion value obtained™.

The understanding of the mechamisms responsible
for a compound behavior is closely related to the stereo
chemistry of its binding to plasma proteins™ ¥ The 2-
APA circulate highly bound to these proteins (99%),
mostly albumm. Such binding 1s favorable for the S-(+)
enantiomer and dependent on albumin concentration.
Inflammatory states show an increase of acute phase
proteins and a decrease in albumin levels. All the animals
used in this experiment showed lower than normal serum
albumin values for the species and an increase in the
fraction related to the y-globulins. Due to its greater
affinity, the S-(+) enantiomer may saturate the albumine
sites for both enantiomers, increasing the whole body
and the of the
displaced enantiomer

This could explain why both
distribution volume of R-(-) FPF, were greater in
ammals treated with Cel, than in normal ammals

distribution  volume
[56-59]

clearance

clearance and
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(p<0.05); (Table 1). In the same way and although the
differences were not ststifically sigimficant, the AUCs
3-(+) FPF 1s mostly eliminated by glucuromc acid
conjugation®™*. Conjugation metabolism seems to be
less affected than oxidative metabolism in the case of both
acute and chronic hepatic disease!™ . Enantiomer S-(+)
clearance was lower i1 ammals with toxic hepatic disease
as compared to normal ones (statistically significant ;
p<0.05) (Table 1). In the same way and although the
differences were not statistically sigmficant, the AUCs of
both S-(+) FPF and 3-(+) FPF after R-(-) FPF, were greater
in intoxicated animals than in normal ones.

In conclusion, our results suggest that THD does not
alter the chiral mversion process of FPF. This s in
agreement with other reports which show a poor
correlation between hepatic lesion tests and metabolism
alteration of certain compounds # vive™ ™
effect of a supposed hepatic dysfunction on the

1. Moreover the

metabolism of a xenobiotic 13 not always consistent, or

predictable, even f or drugs sharing the same
enzymatic pathway** ",

REFERENCES
1. Caldwell, T, A.J. Hutt and 8. Fournel-Gligleux, 1988.

The metabolic chiral inversion and disposition
enantioselectivity of the 2-arylpropionic acids and
their  biological  consequences.  Biochemical
Pharmacol., 37: 105-114.

Hutt, A.J. and J. Caldwell, 1983. The metabolic quiral
of 2-arylpropionic acids. A novel route with
pharmacological J. Pharmacol,,
pp: 35, 693.

Jamali, F., R. Mehavar and M. Passutto, 1989.
Enantioselective aspects of drug action and
disposition therapeutic pitfalls. J. Pharmaceutical Sci.,
78: 695-715.

Soraci, A. and E. Benoit, 1995. In vitro fenoprofenyl-
coenzyme A thicester formation: Interespecies
Variations. Churality, 7: 534-540.

Turner, P., 1984. Influence of disease in drug toxicity.
Archives of Toxicology, 7. 33-38.

Center, 5., H. Erb and S. Joseph, 1995. Mesurement of
serum bile acids concentrations for diagnosis of
hepatobiliary disease in cats. I. the Ameri. Vet. Med.
Associationn, 207: 1048-1053.

Delatour, P., E. Benoit, M. Bourdin, M. Gobron and F.
Moysan, 1993. Enantiosélectivité comparée de la
disposition de deux anti-inflammatoires non
stéroidiens, le kétoproféne et le carproféne, chez
I'homme et I’animal. Bulletin de Académie. Nationale.
Meéd., 177: 515-527.

CONSEqUETICES.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

J. Anim. Vet. Adv., 5 (3) : 176-183, 2006

Kinhinicki, RD., K. Williams and R. Day, 1989.
Chiral inversion of 2-aryl propiome acids non-
steroidal anti-inflammatory drugs-1. In  vitro
studies of  1buprofen and  flubiprofen.
Biochemical Pharmacol., 38: 4389-4395.
Nakamura, Y., T. Yamaguchi, S. Takanashi, S.
Hoshimoto, K. Twatani and Y. Nakagawa, 1981.
Optical 1somerization mechanism of R (-)
hydratropic  acid derivates. J. Pharmacobio-
dynamics, pp: 43-1.

Wsol, W., M. Skalova and B. Szotakova, 2004.
Chiral Inversion of Drugs Comcidence or Principle.
Current Drug Metabolism, 5: 517-533.

Soract, A., P. Jaussaud, E. Benoit and P. Delatour,
1996. Chiral inversion of fenoprofen in horses
and dogs: An In vive- In vitro study. Vet. Res.,
27:13-22,

Berry, B. and F. Jamali, 1991. Presystemic and
systemic chiral inversion of R-(-) fenoprofen in the
rat. I.  Pharmacol. and Experimental
Therapeutics, 25B: 695-701.

Rubin, A., M.P. Knadler, P.P.K. Ho, L D. Bechtol
and R.L. Wolen, 1985. Stereoselective inversion of
(R)-fenoprofen to (S)-fenoprofen in humans. I.
Pharmaceutical. Sci., 74: 82-84.

Benoit, E., A. Scract and P. Delatour, 1994. Chiral
Inversion as a Parameter for Interespecies and
Intercompound Discrepancies m Enantiospecifc
Pharmacokinetics. Proceedings of the 6th Intl.
Congress of the European Association for Vet
Pharmacol. and Toxicology. Ed.

Cox, JW., SR. Cox, G. Vangiessen and M.J.
Ruwart, 1985. Thuprofen sterecisomer hepatic
clereance and distribution in normal and fatty in
siti  perfused rat liver. J. Pharmacol. and
Experimental Therapeutics, 232: 636-343.

Hall, 5. andX. Quan, 1994. The role of Coenzyme A
1n the biotransformation of 2-arylpropiomc acids.
Chemico-Biological Interactions, 90: 235-291.
Teffrey, P, G.T. Turcker, A. Bye, HK. Crewe and
P.A. Wrigth, 1991. The site of inversion of RE-9-
ibuprofen: studies using rat m situ 1solated
perfused intestine/liver preparations. J. Pharmacy
and Pharmacol., 43: 715-721.

Castro, G. and JI. Castro, 1988 Formacion de
especles quimicas reactivas en la
biotrasnformacion de xenobidtocos y toxicologia.
Acta  Bioquimica Climica Latinoamericana,
2:221-238.

Castro, I., E. Cignoli, C. Castro and O. Fenos, 1972.
Prevention by cystamine of liver necrosis and early
biochemical alterations induced by carbon
tetrachloride. Biochemical Pharmacol., 21: 49-57.

181

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Gibson, T., 1986. Renal disease and drug
metabolism: an overview. Ameri J. Kidney
Disease, 8: 7-17.

Hayball, P. and P. Meffin, 1987. Enantioselective
disposition of 2- arylpropionic acids non-
steroideal anti-inflammatory drugs. TIT- Fenoprofen
disposition. I. Pharmacol. Experimental — and
Therapeutic, 240: 631-636.

Castro, E., A. Soraci, O. Tapia and F. Fogel, 1998. A
preliminary study of the pharmacokinetics of
fenoprofen enantiomers following intravenous
administration of the racemate to cats. Vet. Res.
Commun., 22: 203-208.

Abbatt, L., LL. Davis and C. Neff-Davis, 1978.
Effect of Toxic Hepatitis on Pharmacokinetics of
Salicylate in Dogs. J. Vet. Pharmacol and
Therapeutics, 1: 299-308.

Willard, M., H. Tvedten and G. Turnwald, 1999.
Small Anim. Clinical Diagnosis by Laboratory
Metheds, In: Gastrointestinal, Pancreatic and
Hepatic Disorders. W.B. Saunders Company,
Philadelphia, pp: 243-256.

Everett, R., . Duncan and K. Prasse, 1977. Alkaline
Phospatase, Leucine Aminopeptidase and Alanine
Aminotransferease Activities with Obstructive
and Toxic Hepatic disease in Cats. Ameri I
Vet. Res., 38: 961-966.

Lautt, W. and G. Plaa, 1974. Hemodynamic Effects
of CCl, in the Intact Liver of The Cat. Canadian T.
Physiol. and Pharmacology, 52: 727-735.

Spano, T., J. August, R. Henderson, M. Dumas and
A, Groth, 1983, Serum gamma Y-glutamyl
transpeptidase activity m healthy cats and cats
with induced hepatic disease. Ameri. J. Vet. Res.,
44: 2049-2053.

Bernacchi, A., M. Fernandez, E. Villarruel. E. De
Ferreyra, C. De Castro and Q. Fenos, 1988. Further
Studies on the Late Preventive Effects of the
Anticalmodulin ~ Trifluoperazine on  Carbon
Tetrachloride-Induced Liver Necrosis. Experimental
and Molecular Pathology, 48: 286-300.
Kasmierczak, S. and J. Lott, 1988 Fosfatasa
Alcalina. In Quimica Clinica Métodos,
Panamericana, Buenos Aires, pp: 1083-1087.
Murray, R., 1986. Alanma ammoe transferasa. I
Quimica Clinica: Métodos, Panamericana, Buenos
Adres, pp: 1071-75.

Gendler, 5., 1986. Albumina. Tn: Quimica Clinica:
Métodos, Panamericana, Buenos  Aires,
pp: 1075-83.

Tovine, E. and A. Selva, 1975. Técmica colorinétrica
para la determinacién de metahemoglobina en
sangre. In: El Laboratorio en la Clinica,
Panamericana, Buenos Aires, pp: 45-46.



33.

34

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

J. Anim. Vet. Adv., 5 (3) : 176-183, 2006

Kaplan, M., E. Renbaum and E. Beutler, 1997.
Gilbert Sindrome and glucose-6-phosphate
dehydrogenase deficiency: A dose-dependent
genetic  interactions  crucial to  neonatal
hyperbilirrubinemia. Proceedings of the National
Academy of Sciencies of the United States of
America, 94: 12128-12132.

Murray, R., 1986. Aspartato ammo transferasa. In:
Quimica Clinica: Métodos, Panamericana, Buenos
Adres, pp: 1102-1108.

McManameon, T. and J. Lott, 1986. Electroforesis
de Proteinas Séricas. In: Quimica Clinica: Métodos,
Panamericana, Buenos Aires, pp: 814-821.

Davies, E., 1984 Histopatologia. In: Manual
de Tnvestigacién Veterinaria. Acribia, Zaragoza,
pp: 125-198.

Foster, R. and F. Jamali, 1987. High performance
chromatography assay of ketoprofen enantiomers
in human plasma and urine. Journal of
chromatography, 416: 338-393.

Sallustio, B., P. Meffin and M. Thompson, 1987.

High peformance liquid chromatographic
quantification of triacylglycerols contamung
fenoprofen  from  biological samples. 1.

Chromatography, 422: 33-41.

Pang, K. and K. Kwan, 1993. A commentary:
Methods and assumptions in the kinetics
estimation of metabolic. Drug metabolism and
Disposition, 11: 79.84.

SAS Institute Inc., 1990. SAS Procedure Guide,
Version 6, Third Edition, Cary, NC: SAS Institute
Inc., pp: 705.

Castro, E., A. Soraci, O. Tapia and F. Fogel, 2000.
Compared chiral inversion of fenoprofen and

ketoprofen in cats. J. Vet. Pharmacol. and
Therapuetics, 23: 265-271.
Lautt, W. and P. Macedo, 1997. Hepatic

Circulation and Hepatology. Drug Metabolism
Reviews, 29: 369-395.

Sevoz, C., C. Benoit and T. Buronfosse, 2000.
Thiosterification of Z-arylpropiomc acids by
recombinant acyl-coenzyme A synthetases (ACSI
and ACS2). Drug Metabolism and Disposition,
28: 398-402.

Klaassen, C. and G. Plaa, 1969. Comparison of the
Biochemical Alterations Elicited in Livers from Rats
Treated With Carbon Tetrachleride, Chloreform,
1,1.2-Trichlorcetane and 1,1,1, Trichloroetane.
Biochemical Pharmacol., 18: 2019-2027.

Blair., P., M. Thompson, R. Wilsor, H. Esber and R.
Maronpot, 1991. Correlation of changes in serum
analytes and hepatic histopathology in rats
exposed to carbon tetrachloride. Toxicological
Lett., 55:149-159.

182

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Center, S., B., Baldwin, H. Erb, S. Dillinghan and
B. Tennant, 1986. Diagnostic value of serum v-
glutamyl transferase and alkaline phosphatase
activities in hepatobiliary disease in cats. J. the
American Vet. Med. Asso., 188: 507-510.
Kourrounakis, P. and E. Rekka, 1991. Effect of
adaptative steroids on the impairment of hepatic
drug metabolic activity caused by hepatotoxic
agents. European J. Drug Metabolism, 3: 37-23.
Teschke, R., W. Vierke and L. Goldermann, 1983.
Carbon tetrachloride levels and serum activities of
liver enzymes following acute CCl, intoxication.
Toxicological Lett., 17: 175-180.

Westphal, J. and J. Brogard, 1997. Drug
administration in chronic liver disease. Drug
Saffety, 17: 47-73.

Doki, K., T. Hayakawa, W. Lin, H. Yanaguimoto
and G. Ding, 2003. Effects of the absorption rate
onthe pre-systemic chiral inversion of ibuprofen in
rabbits. J. Pharmacy and Pharmacol., 55: 8-1091.
Sattari, S. and F. Jamali, 1991. Evidence of
absorption rate dependency of ibuprofen inversion
in the rat. Chirality, 6: 435-439.

Sevoz ,C., C. Benoit and T. Buronfosse, 1999. In
vitro study of fenoprofen chiral inversion in rat:
Comparison of  brain  versus liver.
Xenobiotica, 29: 1007-1016.

Spano, T., J. August, R. Henderson, M. Dumas and
A. Groth, 1983, Serum gamma v-glutamyl
transpeptidase activity in healthy cats and cats
with induced hepatic disease. Am. J. Vet. Res.,
44: 2049-2053.

Jungermann, K. and N. Katz, 1989 Functional
Specialization of Different Heptocyte Populations.
Physiological Reviews, 68: 709-769.

Meyer, B., H. Luo, M. Bargetzi, E. Renner and G.
Stalder, 1991. Quantitation of intrinsic drug
metabolizing capacity in human liver biopsia
specimens: Supports for The Intact Hepatocyte
Theory. Hepatology, 13: 475-481.

Barre, 1., G. Houin, F. Brumner, F. Bree and .
Tillement, 1983. Disease-induced modifications of
drug pharmacokinetics. Intl. J. Clin. and Pharmacol.
Res., 34: 215-226.

Hall, 8., M. Hassanzanzadeh-Khayyat, M. Knalder
and P. Mayer, 1992, Chiral Inversion of 2-
arylpropionic acids: influence of protein binding.
Chirality, 4: 349-352.

Piquette-Miller, M., A. Pal, H. Kim, R. Anari and A.
Shazamani, 1998. Decreased expression and
activity of P-glycoprotein in rat liver during acute
inflammation. Inflammation Reseach, 15: 706-711.
Landoni, F. and A. Soraci, 2001 . Pharmacology of
Chiral Compunds:  2-Arylpropionics  Acid
Derivatives. Current Drug Metabolism, 2: 37-51.



60.

61.

62.

63.

64.

65.

66.

J. Anim. Vet. Adv., 5 (3) : 176-183, 2006

Volland ,C., H. Sun and L. Benet, 1990.
Stereoselective analysis of fenoprofen and its
metabolites. J. Chromatography, 534 : 127-138.
Volland, C. and L. Benet, 1991. In vitro
Enantioselective Glucuronidation of Fenoprofen.
Pharmacelogy, 43: 53-60.

Gao, L., G. Treiber, K. Maier, S. Walker and U.
Klotz, 1993. Disposition of Thuprofen in Patients
with Liver Cirrhosis. Climical Pharmacokinetics,
25:154-163.

MclLean, A. and D. Morgan, 1991. Clinical
pharmacokinetics in patients with liver disease.
Clinical pharmacokinetics, 21: 42-69.

Pellizer, A., S. Smid, S. Strasser, C. Lee, M.
Mashford and P. Desmond, 1996. UDP-
glucronosyltransferase in the regenerating rat
liver. I.  Gastroenterology and Hepatology,
11: 1130-1136.

Tegeder, 1. J. Lotsch and G. Geisslinger, 1999.
Pharmacokinetics of opiods in liver disease.
Clinical Pharmacokinetics, 37: 17-40.

Balcells, A., 1993, Pruebas Funcionales
Hepaticas. In : La Clinica y el Laboratorio,
Salvat, Barcelona. pp: 273-316.

183

67.

68.

69.

70.

71.

72.

Sutherland, R., 1989. Biochemical evaluation of the
hepatobiliary system in dogs and cats. Veterinary
Clinics of North Ameri., 19: 899-927.

Vessel E., 1984, Noninvasive assessment in
vivo of hepatic drug metabolism in health and
disease. Annuals of the New York Academic Sci.,
428: 293-307.

Kearns, G ., G. Mallory, W. Crom and W, Evans,
1990. Enhanced hepatic dirug clearence in patients
with cystic fibrosis. J. Pediatry, 117: 972-979.
Kearns, G., 1993. Hepatic drug metabolism in
cystic  fibrosis: Recent developments and
future directions. Annals of
Pharmacotherapeutic, 27: 74-79.

Morgan, D. and R. Smallwood, 1990. Clinical
significance of pharmacokinetic models of hepatic
eliminination. Clinical Pharmacokinetics, 18: 61-76.
Morgan, G., 1999. Benefitial effects of NSAIDs in
the  gastrointestinal  tract.  Huropean T
Gastroenterology and Hepatology, 11: 393-400.



