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SUMMARY

The pharmacokinetics and serum thromboxane inhibition of four non-steroidal anti-
inflammatory drugs (NSAIDs) were determined after administration to dogs by the
intravenous, subcutaneous and oral routes.

Flunixin meglumine was first administered at three oral dose rates, 0.55, 1.10 and 1.65
mg/kg, to determine a likely suitable dose rate by this route. At each dose rate the mean
maximum plasma concentration of drug (Cpax ) occurred between 1 and 2 hours. After
0.55, 1.10 and 1.65 mg/kg the Cinax increased approximately in relation to the dose rate
and values were 2.77 + 0.63, 5.03 £ 0.99 and 8.17 £ 2.02 pg/ml respectively. The mean area
under the plasma concentration versus time curve (AUC) was 9.01, 14.62 and 25.98 pg/ml.h after
0.55, 1.10 and 1.65 mg/kg. Maximum mean inhibition of serum thromboxane (TxB2) was 91.47,
98.84 and 97.31 % and occurred between 1 and 2 hours. The area under the TxB2 inhibition
versus time curve was not linearly related to dose rate and was determined to be 5238,
5952 and 6169 %.h respectively for 0.55, 1.10 and 1.65 mg/kg dose rates . On the basis of
the findings from the oral experiments the 1.10 mg/kg dose rate was selected for study after
intravenous and subcutaneous administration.

The decline in plasma concentration of flunixin meglumine after intravenous administration
was best described by a bi-exponential equation. The mean half life of elimination (t1/28) in
dogs was 2.97 hours and the mean volume of distribution at steady state (Vdss) was
189.23 + 46.70 ml/kg. The AUC from observed values after administration at a dose rate
of 1.10 mg/kg was 20.47 £ 2.60 pg/ml.h.

Determination of the AUC after intravenous administration allowed calculation of the
bioavailability (F) after oral administration. After normalisation for dose rate the
bioavailability after oral administration of flunixin to dogs was 74.8, 60.66 and 69.8 %.for
the 0.55, 1.10 and 1.65 mg/kg dose rates respectively, thus indicating that absorption was
approximately linearly related to dose rate administered.

The maximum mean inhibition of serum TxB; after intravenous administration was 99.87
% (0.5 hours), and the area under the TxB7 inhibition versus time curve was 2148 %.h,
approximately 36 % of the area under the TxB> inhibition versus time curve obtained after
the equivalent dose rate administered by the oral route.

After subcutaneous administration at a dose rate of 1.10 mg/kg the Cpax of flunixin in
plasma was 6.36 [Lg/ml, and this occurred at 0.92 hours. Bioavailability was excellent after
subcutaneous administration, the AUC being 26.30 £ 4.73 pg/ml.h (F=101.09 %).



viii
The maximum mean inhibition of TxB, after subcutaneous administration was
approximately equal to that after intravenous administration (99.73 % at 1 hour), as was
the
area under the TxB3 inhibition versus time curve. This AUC was also approximately half
of the AUC produced by the oral administration of the same dose rate.
No adverse reactions were observed after administration of flunixin meglumine to dogs.

After administration at a dose rate of 0.3 mg/kg by the intravenous route to dogs, the
decline in plasma concentration of piroxicam was best described by a single exponential
equation. The fit of the mathematically modelled best fit curve was very poor for all
animals. The t1/,8 was calculated to be 40.16 hours and the Vdgg calculated from observed
data was 178.37 ml/kg. The observed AUC of piroxicam after intravenous administration
was 47.39 pg/ml.h. The maximum mean inhibition of serum TxB, was 96.85 % and this
occurred at 0.25 hours after drug administration. The area under the mean TxB3 inhibition
versus time curve was 5309 %.h.

The Cmax of piroxicam after oral administration at a dose rate of 0.3 mg/kg was 1.35 +
0.11 pg/ml, and occurred at 3.33 ( 1.09 hours). The AUC was 46.77 pg/ml.h showing
that the oral bioavailability of piroxicam was excellent (F = 102.69 %). The mean
maximum inhibition of serum TxB; occurred at 1 hour and was lower than that measured
after intravenous administration (72.45 £ 3.38 %). The AUC for mean TxB; inhibition
versus time was approximately 77 % of that after intravenous administration (4067 %.h).
The intravenous administration of piroxicam was complicated by its poor aqueous
solubility and the need to administer it in ethanol. Some symptoms typical of ethanol
intoxication were noted after intravenous administration, however these did not persist
beyond the first 30 minutes after drug administration. _ '

Large decreases in the number of blood platelets were also detected in dogs after
intravenous administration of piroxicam. Although some improvement was noted
throughout the sampling times, numbers had not returned to normal by the final sampling
times. It is unlikely that this effect was as a result of piroxicam administration as a similar
effect was not observed after oral administration of the drug. It is possible that the decrease
in platelet numbers was a result of ethanol administration. However, previously recorded
ethanol induced thrombocytopenia has only been been associated with chronic alcohol
consumption.

Piroxicam was otherwise well tolerated after administration to dogs by the intravenous and
oral routes.
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Cinchophen was administered to dogs in combined preparations which contained
prednisolone. Both intravenous and oral administration were at a dose rate of 12.5 mg/kg
for cinchophen. As proportions of cinchophen and prednisolone differed in the intravenous
and oral preparations, this resulted in dose rate of 0.15 and 0.06 mg/kg for prednisolone.
The decline in plasma concentration of cinchophen after intravenous administration was
best described by a bi-exponential equation for four of the six animals. The plasma
concentration versus time curves for dogs 5 and 6 were best described by a single
exponential equation. The profile of the curves however, suggested that a proportion of the
drug may have been injected peri-venously although there was no indication of this at the
time of drug administration. Pharmacokinetic values from these animals have been
excluded from mean values. The t!/58 of cinchophen after intravenous administration was
6.84 hours and the Vdgg was 109.73 + 6.88 ml/kg. The AUC calculated from observed
values was 1067.76 (+ 148.87) pg/ml.h.

Mean maximum inhibition of TxB3 was 71.28 % and occurred at 10 minutes (0.17 hours).
The area under the serum TxB5 inhibition versus time curve was 865 %.h.

After oral administration the Cpax of cinchophen was 80.54 (+5.96) pg/ml and occurred at
1.92 * (.49 hours. As a result of differences in the final sampling times after intravenous
and oral administration it was necessary to calculate the bioavailability over a period of 48
hours. The oral bioavailability of cinchophen based on data from four dogs was 95.93 (=
14.65) %.

The maximum mean inhibition of serum TxBj was considerably lower after oral
administration than after intravenous administration (50.43 £ 9.29 %) and occurred at 1
hour. Inhibition did not exceed 71 % in any sample. The mean area under the serum TxBj
inhibition versus time curve was 636 %.h, approximately 73 % of that obtained after
intravenous administration. ’

No adverse reactions were noted after administration of cinchophen by either route.

Tolfenamic acid was administered to dogs at a dose rate of 4.0 mg/kg by the intravenous
and subcutaneous routes. After intravenous administration the decline in plasma drug
concentration was best defined by a bi-exponential equation, however, in all animals this
model was a poor fit. The t!/o8 was 5.91 hours and the observed AUC was 18.10 + 4.12
pug/mlh. A comparatively large Vdss was measured (1246.66 + 293.34 ml/kg). The mean
maximum TxB; inhibition was 91.30 %, and the area under the serum TxB; inhibition
versus time curve after intravenous administration was 1857.02 %.h.
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After subcutaneous administration a Cpax of 4.39 (£ 0.55) pg/ml was measured at 1.40 (£
0.24) hours and the observed AUC was 29.62 pg/mlh. In all but one animal the
bioavailability after subcutaneous administration was calculated to be in excess of 100 %
and the mean value was 165.70 £ 3.10 %. The maximum mean TxBj inhibition was
slightly lower than that measured after intravenous administration (80.37 %). However,
the overall area under the TxB3 inhibition versus time curve was approximately 1.5 times
that after intravenous administration (2784.64 %.h). '

The profiles of the plasma concentration versus time curves for flunixin, piroxicam,
cinchophen and tolfenamic acid, were typical of those seen for drugs known to undergo
enterohepatic circulation.

Serum protein binding of flunixin and meclofenamic acid was measured for dogs, goats
and horses. A wide inter-species variation in protein binding was found. Inter-species
variation was greatest for meclofenamic acid for which binding was 94, 84 and 100 %
respectively for dogs, goats and horses. Protein binding for flunixin in these species was
92, 87 and 87 % respectively.

In vitro inhibition of serum TxB2 production by flunixin and meclofenamic acid was
determined using blood from dogs, goats and horses. Production of TxB, was less
sensitive to inhibition by flunixin in the dog than in the goat or horse and ICsq values of
0.104, 0.018 and 0.036 uM, respectively, were measured. Overall, considerably higher
concentrations were required to achieve the ICsq in these species using meclofenamic acid.
The ICsq values calculated for this drug in vitro were 0.707, 0.757 and 0.299 pM
respectively, for dog goat and horse.




LIST OF TABLES IN MAIN TEXT
Table 1.1 Some functions of major eicosanoids.

Table 1.2 Non-steroidal anti-inflammatory drugs licensed in the United Kingdom for use
in animals.

Table 2.1 Concentration of TxB; in serum of dogs, analysed by three different methods.
Table 2.2 Pharmacokinetic equations.

Table 3.1 Mean (£SEM) concentration (pg/ml) of flunixin in plasma of dogs after
administration of a single dose of flunixin at a dose rate of 0.55, 1.10 and 1.65 mg/kg by the
oral route

Table 3.2 Main pharmacokinetic variables in dogs after admistration of flunixin at dose
rates of 0.55, 1.10 and 1.65 mg/kg by the oral route.

Table 3.3 Inhibition (%) of thromboxane B3 in serum of dogs after administration of
flunixin at three dose rates by the oral route.

Table 3.4 Mean (XSEM) concentration (pg/ml) of flunixin in plasma of dogs after
administration at a dose rate of 1.10 mg/kg by the intravenous and subcutaneous routes.

Table 3.5 Main pharmacokinetic variables in dogs after admistration of flunixin at a dose
rate of 1.10 mg/kg by the intravenous route.

Table 3.6 Inhibition (%) of thromboxane B in serum of dogs after administration of
flunixin at a dose rate of 1.10 mg/kg by the intravenous and subcutaneous routes.

Table 3.7 Main pharmacokinetic variables in dogs after administration of flunixin at a dose
rate of 1.10 mg/kg by the subcutaneous route.

Table 4.1 Mean (+SEM) concentration (jg/ml) of piroxicam in plasma of dogs after
administration at a dose rate of 0.3 mg/kg by the intravenous route.



Table 4.2 Main pharmacokinetic variables in dogs after administration of piroxicam at a
dose rate of 0.3 mg/kg by the intravenous route .

Table 4.3 Inhibition (%) of thromboxane B, in serum of dogs after administration of
piroxicam at a dose rate of 0.3 mg/kg by the intravenous and oral routes.

Table 4.4 Main pharmacokinetic variables in dogs after administration of piroxicam at a
dose rate of 0.3 mg/kg by the oral route.

Table 4.5 Inhibition (%) of thromboxane B in serum of dogs after administration of
piroxicam at a dose rate of 0.3 mg/kg by the oral route .

Table 5.1 Mean (SEM) concentration (pg/ml) of cinchophen in plasma of dogs after
administration at a dose rate of 12.5 mg/kg by the intravenous and oral routes.

Table 5.2 Main pharmacokinetic variables in dogs after administration of cinchophen at a
dose rate of 12.5 mg/kg by the intravenous route.

Table 5.3 Inhibition (%) of thromboxane Bj in serum of dogs after administration of
cinchophen at a dose rate of 12.5 mg/kg by the intravenous route.

Table 5.4 Main pharmacokinetic variables in dogs after administration of cinchophen at a
dose rate of 12.5 mg/kg by the oral route.

Table 6.1 Mean (SEM) concentration (pg/ml) of tolfenamic acid in plasma of dogs after
after administration at a dose rate of 4.0 mg/kg by the intravenous and subcutaneous route.

Table 6.2 Main pharmacokinetic variables in dogs after administration of tolfenamic acid at
a dose rate of 4.0 mg/kg by the intravenous route.

Table 6.3 Inhibition (%) of serum thromboxane B2 in serum of dogs after administration
of tolfenamic acid at a dose rate of 4.0 mg/kg by the intravenous route.

Table 6.4 Main pharmacokinetic variables in dogs after administration of tolfenamic acid at
a dose rate of 4.0 mg/kg by the oral route.



Table 6.5 Inhibition (%) of thromboxane Bj in serum of dogs after administration of
tolfenamic acid at a dose rate of 4.0 mg/kg by the oral route.

Table 7.1 Some drug ligands known to bind to sites I and II on the serum albumin
molecule.

Table 7.2 The extent of plasma protein binding in man for some common NSAIDs.

Table 7.3 Binding (%) of flunixin and meclofenamic acid to serum protein of three animal
species.

Table 7.4 Concentration (j1g/ml) of unbound flunixin and meclofenamic acid in blood of
dogs, goats and horses when the total blood concentration is 5 pg/ml.

Table 8.1 Level of significance in differences in inhibition of in vitro serum TxB5 produced
by a range of buffers and ethanol solutions.when compared with 0.85 % NaClL

Table 8.2 Inhibition (%) of thromboxane B2 production in the serum of dogs. Blood
clotting occured in the presence of flunixin.

Table 8.3 Inhibition (%) of thromboxane Bs production in the serum of goats. Blood
clotting occured in the presence of flunixin.

Table 8.4 Inhibition (%) of thromboxane B2 production in the serum of horses. Blood
clotting occured in the presence of flunixin.

Table 8.5 Mean inhibition (%) of thromboxane B3 production in the serum of dogs, goats
and horses. Blood clotting occured in the presence of flunixin.

Table 8.6 Inhibition (%) of thromboxane Bj production in the serum of dogs. Blood
clotting occured in the presence of meclofenamic acid.

Table 8.7 Inhibition (%) of thromboxane B production in the serum of goats. Blood
clotting occured in the presence of meclofenamic acid.

Table 8.8 Inhibition (%) of thromboxane B3 production in the serum of horses. Blood
clotting occured in the presence of meclofenamic acid.



xiv

Table 8.9 Mean inhibition (%) of thromboxane B production in the serum of dogs, goats
and horses. Blood clotting occured in the presence of meclofenamic acid.

Table 8.10 Computed ICsq values for flunixin and meclofenamic acid inhibition of serum
thromboxane B, production in vitro for dogs, goats and horses.

" Table 8.11 Estimation of the unbound concentration (UM) of flunixin and meclofenamic
acid in test solutions which produced in vitro ICsq values for serum thromboxane By
generation in three animal species.

Table 9.1 Calculated factors for the prediction of the efficacy of four NSAIDs in the dog.



XV
LIST OF FIGURES IN MAIN TEXT
Figure 1.1 The body's response to injury at the cellular level.
Figure 1.2 The arachidonic acid, cyclooxygenase and lipoxygenase pathways.
Figure 1.3 Major groups of non-steroidal anti-inflammatory drugs available today.
Figure 1.4 a and b Structures of some non-steroidal anti-inflammatory drugs.
Figure 2.1 Representation of radioimmunoassay for measurement of TxB in serum.
Figure 3.1 Typical chromatogram of flunixin in dog plasma.

Figure 3.2 Mean concentration (pg/ml) of flunixin in plasma of dogs after oral
administration at three dose rates .

Figute 3.3 Mean (£SEM) concentration (pg/ml) of flunixin in plasma of dogs after
intravenous administration at a dose rate of 1.10 mg/kg.

Figute 3.4 Mean (SEM) concentration (g/ml) of flunixin in plasma of dogs after
subcutaneous administration at a dose rate of 1.10 mg/kg .

Figure 4.1 Typical chromatogram of piroxicam in dog plasma.

Figure 4.2 Concentration (itg/ml) of piroxicam in plasma of dogs after administration by
the intravenous route at a dose rate of 0.3 mg/kg body weight.

Figure 4.3 Mean (SEM) concentration (g/ml) of piroxicam in plasma of dogs after
administration by the intravenous route at a dose rate of 0.3 mg/kg .

Figure 4.4 Mean (SEM) concentration (ig/ml) of piroxicam in plasma of dogs after
administration by the oral route at a dose rate of 0.3 mg/kg .

Figure 5.1 Typical chromatogram of cinchophen in dog plasma.

Figure 5.2 Concentration (1g/ml) of cinchophen in plasma of dogs after administration by
the intravenous route at a dose rate of 12.5 mg/kg .



xvi

Figure 5.3 Mean (SEM) concentration (pg/ml) of cinchophen in plasma of dogs after
administration by the intravenous route at a dose rate of 12.5 mg/kg .

Figure 5.4 Mean (£SEM) concentration (ug/ml) of cinchophen in plasma of dogs after
administration by the oral route at a dose rate of 12.5 mg/kg .

Figure 6.1 Typical chromatogram of tolfenamic acid in dog plasma.

Figure 6.2 Concentration (1g/ml) of tolfenamic acid in plasma of dogs after administration
by the intravenous route at a dose rate of 4.0 mg/kg .

Figure 6.3 Mean (SEM) concentration (f1g/ml) of tolfenamic acid in plasma of dogs after
administration by the intravenous route at a dose rate of 4.0 mg/kg body weight.

Figure 6.4 Concentration (g/ml) of tolfenamic acid in plasma of dogs after administration
by the subcutaneous route at a dose rate of 4.0 mg/kg body weight.

Figure 6.5 Mean (£SEM) concentration (pg/ml)of tolfenamic acid in plasma of dogs after
administration by the subcutaneous route at a dose rate of 4.0 mg/kg body weight.

Figure 7.1 Typical chromatogram of meclofenamic acid in dog plasma.

Figure 8.1 Mean inhibition (%) of thromboxane B9 production in the serum of dogs, goats
and horses. Blood clotting occured in the presence of flunixin.

Figure 8.2 Mean inhibition (%) of thromboxane B production in the serum of dogs, goats
and horses. Blood clotting occured in the presence of meclofenamic acid. '



AUC

LTs
LTB4

MAT

xvii

ABBREVIATIONS

Adrenocorticotrophic hormone
Antidiuretic hormone

Adensoine diphosphate

Akaike's Information Criterion
Adenosine monophosphate
Acetylsalicylic acid

Adenosine triphosphate

Area under the curve

Absorbance units full scale deflection
Degrees Celcius

Effective dose in 50 % of sample
Bioavailability

Glycosaminoglycan polysulphated esters
Hours

High pressure (performance) liquid chromatography
5-Hydroxytryptamine

Concentration which produces 50 % inhibition
Kilogram |

Litre

Leukotrienes

Leukotriene By

Molar

Mean absorbance time

Mononuclear phagocyte



mg

min.

MRT

No
NSAID

PG
PGI,

pKa

PMN

mRNA

SD
SEM
tl/p 8
Tx
Ve
vd
Vd,
Vdss

xviii
Milligram
Minute
Millilitre
Mean residence time
Nanometers
Number
Non-steroidal anti-inflammatory drug
Probability
Prostaglandin
Prostacyclin
Negative logarithm of hydrogen ion concentration of an aqueous
solution ‘
The pH at which half of the functional groups in a solution are charged
and half are neutral (for acidic and basic functional groups)
Polymorphonuclear leukocytes
Ribonucleic acid
Messenger Ribonucleic acid
Pearson linear correlation coefficient
Standard deviation of the mean
Standard error of the mean
Half life of elimination
Thromboxane
Volume of the central compartment
Volume of distribution
Volume of distribution (area)

Volume of distribution at steady state



\LS

Hg

Versus

Micrograms
Microlitre

xix



Chapter 1
GENERAL INTRODUCTION



1.1 SOME HISTORIC ASPECTS OF INFLAMMATION

It is thought that the process of inflammation may have first been recognised almost 2000
years ago. Early medical writings from Egypt dating from about 1650 B.C. include a
word which can be translated as "inflammation” and which was used to describe
wounds. These scrolls are thought to contain material first recorded in writings produced
1000 years earlier. It was not, however, until sometime during the first century A.D. that
the major signs of inflammation were set out by Cornelius Celsus, thereby providing an
early clinical definition of inflammation.

The four "cardinal signs" - "rubor et tumor cum calor et dolore" (redness and swelling
with heat and pain) remain the classical definition to this day. The only change being the
addition of a fifth sign "functio laesa" ("disturbed function") by Rudolph Virchow during
the 19th century.

Advances in science during the 19th century allowed some progress to be made towards
understanding the tissue changes responsible for the appearance of the cardinal signs.
The study of the microcirculation of frog mesentry after trauma led Cohnheim (1867) to
recognise and describe its role in the pathology of inflammation.

1.2. CHANGES SEEN IN INFLAMMATION

The macroscopic changes - erythema, oedema, tenderness and pain seen as a response to
tissue damage are a product of many underlying processes both vascular and cellular
(figure 1.1). The precise nature of the processes is complex and is dependant to some
extent upon whether the inflammation is acute or chronic.

During acute inflammation characteristic changes at the site of injury include dilation and
increased permeability of the small blood vessels resulting in leakage of fluid into the
interstitial spaces. Dilation of vessels at the site of injury has been shown to result in an
increased blood flow of up to ten times normal levels (Ascheim and Zweifach, 1962) and
this response may last for several hours. Small vessels are normally fully permeable to
water but only slightly permeable to plasma proteins. As a result of increased
permeability, passage of plasma proteins into the extravascular tissue increases (Majno
and Palade, 1961) and leucocytes also pass through the walls of small blood vessels in
the damaged area (Cohnheim, 1882). Initially, polymorphonuclear leucocytes (PMNs,
neutrophils) are most abundant at the site of inflammation. These cells migrate in
response to chemotactic factors released from injured cells which exist in a concentration
gradient, increasing towards the site of injury. It is thought that PMNs are able to detect



the concentration gradient of chemoattractants by spacial sensing (Zigmond, 1974), that
is, by detecting the difference in concentration across the cell's own length. When cells
are close to the source of chemotactic chemicals their movement becomes more random
due to the absence of a gradient and, although movement continues, it acts to keep the
PMNs moving within the area of injury. In addition to stimulation of chemotaxis,
increased adhesiveness of PMNs is seen to occur at this time. This aids the escape of
cells through vessel walls and later accumulation at the target site (Wilkinson, 1978). On
arrival at the site of injury PMNs begin to phagocytose any particulate matter, such as
bacteria, which may be present. It is thought that they may also secrete lysosomal
contents directly into the area. Some lysosomal discharge can occur during phagocytosis,
however even in the absence of phagocytosis secretion of lysosomal content has been
noted. This phenomenon, sometimes referred to as 'reverse endocytosis’ (Henson,
1971a, Henson, 1972, Weissmann ¢t al, 1972), may occur as a result of leucocyte
exposure to immune complexes on a surface which is not capable of being phagocytosed
by the cell (Hawkins, 1971, Henson 1971b). Release of lysosomal enzymes has also
been noted when certain materials such as crystals of monosodium urate gain access to
the vacuolar system of the cell resulting in cell damage and death (Allison,1971). Such
episodes are seen to appear in inflammation associated with acute gout (McCarty and
Hollander, 1961). Release of lysosomal enzymes aids the digestion of dead tissue cells
and the process of suppuration is the extensive manifestation of this process in one area.
In addition to the possible benefits of this process, it is known to cause tissue damage
and initiate the formation of tissue destructive free radicals of oxygen which in turn
results in the formation of lipid peroxides (Oyanagui, 1976, McCord et al, 1979). These
highly reactive substances are thought to stimulate the activity of phospholipases resulting
in the release of arachidonic acid from phospholipid (Rainsford 1984a). Material which
cannot be disposed of in this way is ingested and removed by macrophages. The overall
increase in cells within the extravascular space due to vessel fenestration will also
facilitate accumulation of cells at the site of inflammation. Additionally, it has been seen
in vitro that damaged cells are able to stimulate chemotaxis of leucocytes by the release of
chemotactic factors. Cytotoxins are released from viral infected cells (Ward et al, 1972)
and actively phagocytosing leucocytes are known to release substances which attract
other leucocytes (Keller and Borel, 1971). A further important function of PMNs is
presentation of complement to the immune system (Unanue, 1972).

PMNs have a relatively short life span which has been estimated to be 3-13 days in blood
and about 24-48 hours at the site of inflammation (Hurley, 1978).

After the initial acute phase of inflammation in which PMNs are dominant, mononuclear
phagocytes (macrophages) and lymphocytes become the characteristic cell types. The



profile of cell type at the site of inflammation is distinct and time related. It is not clear if
the delayed arrival of mononuclear phagocytes is due to their slower movement or a
response to different chemoattractants. Mononuclear phagocytes are predominant in
chronic inflammation or in acute inflammation which is resolving. Acute inflammation
may be only a preliminary response followed by chronic changes, for instance in
conditions such as rheumatoid arthritis. During chronic inflammation the affected area
does not return to normal after the initial acute inflammatory response and the principal
significant difference is characterised by a variety of immunological events and the
production of fibrous tissue.

The precise mechanisms and triggers which result in the development of chronic
inflammation are poorly understood. The three mechanisms considered by Dawson and
Willoughby (1985) present the current accepted theories and it may be that chronic
inflammation results from any one or a combination of these mechanisms. Firstly, it may
be that the initial stimulus may be persistent and poorly removed from the body.
Secondly, the regulatory substances normally released during the response to invasion or
trauma may become abnormal, this may result in a perpetuating response. Finally, the
modification of endogenous proteins by physical or chemical means (such as thermal
damage or incomplete degradation during phagocytosis) could result in its perception as a
foreign protein.

Large numbers of macrophages and lymphocytes at the site of inflammation are
characteristic of chronic inflammation, whatever its cause, and consequent stimulation of
the immune system occurs. Antigen is presented to T lymphocytes by the macrophages
(Unanue, 1972) and proliferation and differentiation of T lymphocytes occurs. T helper
cells thus produced, interact with B lymphocytes to produce plasma cells which are
responsible for the production of antibody (Dawson and Willoughby, 1985). These
events are regulated by Interleukins 1 and 2 which are produced by macrophages and T
lymphocytes respectively. If conventional wisdom that inflammation is essentially a
protective mechanism is accepted, then it seems likely that chronic inflammation, in many
cases, may be a result of a breakdown of this mechanism.

The tissue and cellular changes seen in inflammation are largely mediated or modulated
by chemical substances which are naturally produced within the body. The first discovery
of the action of chemical mediators in the process of inflammation was made by Lewis
and Grant (1924). These workers produced local irritation with vascular dilation and
oedema by intra-dermal injection of histamine. More recently, work by Willis (1969) and
Di Rosa et al (1971a) indicated that release of mediators in acute inflammation was a
sequential process beginning with the release of the histamine and 5-hydroxytryptamine



(5-HT). These amines are produced by enzymatic catalysis of amino acids, principally in
mast cells (histamine) and platelets (5-HT), and are stored in intracellular granules
(Bowman and Rand, 1984). The effect of these compounds is short lived and their
release is followed by the generation of peptides such as bradykinin. Investigation has
shown that antihistamines and 5-HT antagonists have little effect in the treatment of
inflammation except during the first 90 minutes (Youlten, 1978). Bradykinin has a more
prolonged effect, and Ferreira et al (1974) suggested that this step in the sequence may
last for at least six hours after the initial damage has occurred.

There is little doubt that prostaglandins play a positive and direct role in inflammation.
Inflammatory effects have been noted after intra-dermal, intravenous or intra-arterial
injection of prostaglandin (PG) E; and prostacyclin (PGIy) and large doses of PGE; and
PGF2a1pha When given intramuscularly or subcutaneously cause local pain. A synergistic
response to prostaglandins in the presence of bradykinin also has been demonstrated
(Ferreira, 1972).

The time course of generation of prostanoids during inflammation has been investigated
using equine models (Higgins et al, 1987). Maximum concentrations of PGE; were
detected at 12 hours, 6-keto-PGFa1pha (the stable derivative of PGIy) at nine hours and
thromboxane Bj (TxB> ), the stable derivative of thromboxane A (TxA2) at 6 hours.

In addition to histamine, 5-HT, kinins and prostaglandins a further group of pro-
inflammatory substances has been identified. These substances are the leukotrienes (LTs)
and LTBy is thought to play a major role in the cellular chemotactic response which may
lead to chronic inflammation. Leukotrienes are produced de novo by the action of
lipoxygenase enzymes on the unsaturated carbons of arachidonic acid (Kitchen et al,
1985) (figure 1.2). ,

Generation of LTs has been shown to be on a similar time scale to PGs. It has been
demonstrated that concentrations of LTB4 reach a maximum at four to eight hours in
inflammatory models using rats and ponies (Simmons et al, 1983; Higgins and Lees,
1984a).

Subsequent to these initial cause and effect discoveries, world wide investigation over the
last 20 years has resulted in a clear picture of the chemical structure and relationships of
many of these substances and those produced as a result of arachidonic acid metabolism
are shown in figure 1.2.

Tissue injury results in the release of arachidonic acid (a 20-carbon unsaturated fatty acid)
from cell membranes. The generation of arachidonic acid from cell membrane
phospholipid is caused by the activation of membrane bound enzyme phospholipase



(Hong and Levine, 1976a and 1976b; Bills ¢t al, 1977). The cell wall associated enzyme
may be activated as a result of changes which cause an alteration in permeability of the
membrane to calcium ions (Borgeat and Samuelsson, 1979). Several phospholipase types
including A> (Hong and Deykin, 1981; McKean et al; 1981, Broekman, 1986) and C
(Bell et al, 1979; Daniel et al, 1986) have been implicated in the release process. Much of
the evidence suggested that phospholipase C was involved in phospholipase A activation
(Lambert gt al, 1986; Resink et al, 1987). However, studies by Hong and Deykin (1981)
and Kaya et al (1989) have shown that activation of phospholipase As may be
independent of phospholipase C in some systems and it now seems likely that
phospholipase A activation may be mediated by G protein (Burch ¢t al, 1986 and
Burgoyne ¢t al, 1987). Arachidonic acid is a pivotal precursor for the synthesis of a large
number of substances (collectively known as eicosanoids) and acts as a substrate for
cyclooxygenase and lipoxygenase enzymes. The term eicosanoid is derived from
eicosatetraenoic acid (arachidonic acid). The action of cyclooxygenase results in the
production of prostaglandins and thromboxane whilst the action of lipoxygenase
produces leukotrienes (figure 1.2).

The pharmacological effects of eicosanoids are many and vary between tissues and
species. The major effects of the eicosanoids produced by the arachidonic acid pathway
are shown in table 1.1.

The biologically active products of the arachidonic acid pathway include the prostanoids
(PGs and PGI) and thromboxane. The most important pro-inflammatory PGs include
PGE and PGF and these display a range of properties which are significant in
inflammation (table 1.1). The principal prostanoid found in inflammatory exudate is
PGE; (Anggard and Jonsson, 1971; Greaves et al, 1971; Gould, 1976; Higgins and
Lees, 1984b). Eiéosanoids, are not stored in the body and many are highly unstable, for
example TxAj has a biological half life 32 seconds (Salmon and Flower, 1979).

Evidence exists that of the cyclooxygenase products generated by circulating leukocytes,
thromboxane is predominant (Morley et al, 1979). Platelets are a major source of
thromboxane in clotting blood but are not thought to contribute significantly to the
cyclooxygenase products found in experimentally produced inflammation (Higgs et al
1983). It has been shown however, that the presence of thromboxane in inflammatory
exudates relates to the presence of migrating leukocytes which are also a lesser source of
PGs (Higgs et al, 1983). PMNs are thought to be a major source of PGs in inflammation
(Higgs et al, 1975) and are also thought to be a lesser source of thromboxane production
(Higgs et al, 1976). The fact that leukocytes are capable of both leukotriene and
prostaglandin production has led Higgins (1985) to suggest that this may indicate some



sort of regulatory and perpetuating role in inflammation by the production of substances
from each pathway.

Leukotriene B4 is the principal biologically active product of the lipoxygenase pathway.
It is a highly potent chemotactic agent and has been shown to cause PMN accumulation jn
vivo following intra-peritoneal, intra-dermal or intra-ocular administration (Bhattacherjee
et al, 1981; Higgs et al, 1981a). LTB4 has also been reported to be equipotent to PGs in
enhancing exudation of plasma in the presence of bradykinin (Bray et al, 1981) and to
have a direct effects on vascular permeability (Higgs et al, 1981b).

1.3. EARLY ATTEMPTS TO CONTROL PAIN

The relief of pain must have been one of man's earliest therapeutic quests, and opium has
long been used to this end. Such drugs act on the central nervous system, being agonists
of the opioid receptor types (mu, kappa and delta) which are present at various sites
within the spinal and other nervous tissue. The quest for the euphoric state induced by
these drugs has, however, led to widespread abuse of opium and other narcotic
morphine-like drugs. Serious addictions have resulted from repeated administration and
as a result use is now restricted to short term relief of severe acute pain, and to patients
who have little prospect of recovery.

The first non-narcotic substances used to control pain were salicylates. In Greek and
Roman times tree bark was chewed to give pain relief and by the 19th century salicylic
acid had been isolated from various plants including the bark of Willow and Poplar trees.
Acetylsalicylic acid (ASA) was the first commercially available non-steroidal anti-
inflammatory drug (NSAID) and was produced by Hofmann of the Bayer Pharmaceutical
Co. in 1893.

1.4. PRESENT DAY ATTEMPTS TO CONTROL PAIN

1.4.1 NON-STEROIDAL ANTIINFLAMMATORY DRUGS

Following the production of salicylic acid and appreciation of its desirable properties,
the search began for more potent analgesics with less toxic side effects. This resulted
in the development of pyrazolone derivatives such as phenylbutazone, which was
produced in 1946. These drugs were supplemented in the 1960s by indomethacin (an
acetic acid derivative) and the propionic acid derivatives such as ibuprofen. Figure
1.3 shows the major groups of NSAIDs available today. The term NSAID or "aspirin



like drug" is used to describe the group of drugs which are mainly organic acids and
which possess anti-inflammatory, anti-pyretic and analgesic properties.

Not all NSAIDs are equipotent anti-inflammatory, anti-pyretic and analgesic agents.
Paracetamol (acetaminophen) has traditionally been considered to be equipotent to
ASA in its ability to control pyrexia and pain, however it had generally been
considered to have little or no anti-inflammatory activity (Lee et al, 1976; Flower et
al, 1985). More recent studies (Mburu ¢t al, 1988; Mburu, 1991) have cast doubt on
this and have demonstrated that paracetamol may be effective in reducing post-
operative swelling and pain in dogs. Similar findings have been reported for human
subjects after oral surgery (Skjelbred et al, 1977). These discrepancies may well
reflect the variety of mechanisms involved in inflammation and it may be that re-
evaluation of individual NSAIDs for use in specific situations could allow a better
correlation of dose and effect produced.

Although a large number of NSAIDs have been developed few of these are licensed
or marketed for use in domestic animal species. Greater affluence within developed
countries and increasing concern for animal welfare has resulted in an increased
interest in the control of pain, particularly in companion animals. In addition,
financial interests motivate the exploitation of animals involved in racing and other
pursuits where their athletic ability is important. This has fuelled research on drugs
which effectively limit reduced performance associated with inflammatory and painful
conditions.

The pharmacokinetics and efficacy of many NSAIDs have been well defined for man.
However, it is well known that large inter-species variations exist in
pharmacokinetics, efficacy and toxicity and this may affect the usefulness of these
drugs in domestic animals (Lees et al, 1991). It is essential that potentially useful
drugs are investigated in each new target species to determine the appropriate
minimum dose rate and inter-dosing interval to achieve maximum efficacy, whilst
avoiding adverse reactions or toxicity.

The non-steroidal agents currently licensed for anti-inflammatory use in animals in the
United Kingdom are phenylbutazone, meclofenamic acid, flunixin meglumine,
naproxen (until recently), cinchophen, carprofen, ketoprofen, dipyrone, isopyrin and
meloxicam (table 1.2.)

Several physiochemical properties are shared by non-steroidal anti-inflammatory
drugs. They are acidic compounds, generally with a pKa of 4.5 or lower (Brune,
1974; Brune et al, 1976) and as a result tend to be highly protein bound (95-99%).



The structures of NSAIDs currently licensed or about to be licensed in the United
Kingdom are given in figures 1.4a and 1.4b and a brief description of the major
drugs now follows.

The pyrazolone group, includes phenylbutazone, dipyrone and isopyrin.
Phenylbutazone is a relatively lipophilic NSAID and as a result is extensively
metabolised prior to excretion; in the horse less than 2% is excreted unchanged
(Maylin, 1974; Lees et al, 1983). Oxyphenbutazone, the major metabolite of
phenylbutazone, has also been shown to exhibit some anti-inflammatory activity
(Domenjoz, 1960). The half-life of elimination of phenylbutazone has been found to
be dose dependent (Piperno et al, 1968) and has been reported to range from 3.5 to
10.9 hours in the horse (Piperno et al, 1968; Norheim et al, 1978). It was first used
in human medicine in the late 1940s in the treatment of rheumatic disorders and
became available to the veterinary profession in the 1950s. It is thought to be the most
widely used NSAID in equine medicine (Tobin, 1981; Lees and Higgins, 1985).
Phenylbutazone has been rated amongst the more effective anti-inflammatory and
analgesic NSAIDs (Menasse et al, 1978). The principal adverse reaction to
phenylbutazone in the horse is the appearance of intestinal lesions (Snow et al,
1981a), however renal papillary necrosis and neutropenia have also been observed
(McKay et al, 1983; Snow and Douglas, 1983). Other pyrazolones are marketed in
preparations which contain more than one drug. Dipyrone is marketed as Buscopan
(Boehringer Ingelheim), a product which also contains the spasmolytic hyoscine and
isopyrin is produced in combination with phenylbutazone as Tomanol (Intervet). In
addition, a combination of dipyrone and the spasmolytic methindizate was marketed
as Isaverin (Bayer), this product has been withdrawn.

Meclofenamic acid is a member of the fenamate group of carboxylic acids, and was
synthesised as a result of the search for new NSAIDs following the discovery of the
anti-inflammatory activity of phenylbutazone. It is highly ionised at physiological pH
and is highly lipophilic. The marketed preparation contains the sodium salt which has
good bioavailability and is rapidly absorbed after oral administration (Glazko et al,
1978). Meclofenamic acid is generally considered to be amongst the most potent
inhibitors of cyclooxygenase in some animal models (Scherrer, 1985) and is widely
used for the treatment of inflammatory conditions in the horse.

Tolfenamic acid is also a member of the fenamic acid group of NSAIDs. Produced in
the early 1980s, its anti-inflammatory and analgesic activity was studied by
Yamashita et al (1981a, 1981b). These studies found it to be a more potent anti-
inflammatory agent than mefenamic acid, phenylbutazone and aspirin and almost
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equipotent to diclofenac sodium and indomethacin. Its analgesic activity was
estimated to be up to six times greater than phenylbutazone and aspirin and equal to
that of mefenamic acid and diclofenac sodium. These authors also found tolfenamic
acid to be less ulcerogenic than its comparitors and they suggested that it would be
suitable for the treatment of acute and chronic inflammation.

Tolfenamic acid has been licensed in France for use in the dog. It is recommended
that it be administered at a dose rate of 4 mg/kg/day, given as a divided dose by the
intravenous or subcutaneous route.

There are two features which are thought to be common among but unique to
fenamates. Firstly, the ability of to inhibit prostaglandin synthesis is enhanced in the
presence of certain enzyme co-factors (Egan et al, 1978). Inhibition is positively
correlated to co-factor concentration and can be increased by up to 100 times.
Secondly, at physiological concentrations fenamates have been shown to directly
inhibit some actions of PGs (Collier and Sweatman, 1968)

Cinchophen is the only quinolone to have been used in veterinary medicine. It was
first synthesised by Dobner and Gieseke in 1887 and was developed for use in man
during the 1940s for the treatment of gout. It has not been used in man in recent
years, and little is known of its pharmacology. It became available for veterinary use
in the late 1960s and is still available for use in animals. Cinchophen has been
marketed as a combined pharmaceutical preparations containing prednisolone, a
steroidal anti-inflammatory (Prednoleucotropin), phenylbutazone (Butaleucotropin),
and hexamine and quinine (Leucotropin), although this latter preparation has been
withdrawn. At therapeutic dose rates cinchophen and phenylbutazone have been
shown to produce a similar clinical response and similar numbers of adverse reactions
in dogs with degenerative joint disease (McKellar et al, 1991)

Naproxen is a highly lipid soluble propionic acid derivative which was produced in
the late 1960s as a result of research which sought to synthesize a compound with
similar anti-inflammatory potency to phenylbutazone but which displayed fewer side
effects. The raw product comprises two enantiomers of which d-naproxen displays
the greatest anti-inflammatory activity and least adverse effects. The two enantiomers
are separated after synthesis, and d-naproxen used to formulate the pharmaceutical
product. Naproxen is considerably more effective than phenylbutazone in some
inflammatory models; it produces dose related anti-pyresis, and is an effective
analgesic (Roszkowski et al, 1971). It has been found to have a long half life of
elimination in dogs which may be due to enterohepatic circulation (Runkel gt al, 1973;
Frey and Rieh, 1981). Gastrointestinal side effects have been noted with daily dose
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rates as low as 5 mg/kg (Hallesy et al, 1973).

Flunixin is a comparatively new fenamate belonging to the carboxylic acid group of
NSAIDs. The pharmacological preparation which is used for its anti-inflammatory
and analgesic properties is the N-methyl-d-glucamine (meglumine) salt. Its efficacy at
clinical dose rates has been shown to be equivalent to phenylbutazone for the
treatment of canine inflammation and musculoskeletal pain (Kelly and Benitz, 1988).
. Despite a relatively short half life of elimination in the dog, reported as 3.5 hours
(Hardie et al, 1985), the persistence of flunixin in active concentrations in
inflammatory exudate, has been demonstrated for 24 hours (Higgins et al, 1986).
Clinical effectiveness in lameness models in horses has been demonstrated to persist
for 24 hours (Houdeshell and Hennessey, 1977) allowing a daily dosing frequency
of 24 hours.

Carprofen is a propionic acid of the carboxylic acid group and was first synthesised
during attempts to produce a NSAID which had similar anti-inflammatory activity to,
but fewer adverse effects than, indomethacin. It is a racemic mixture in which the
S(+) isomer is thought to be more biologically active and less toxic (Gaut gt al,
1975). Analgesic activity for carprofen has been shown to occur at similar dose rates
to indomethacin, whilst its uléérogenicity is less than indomethacin but greater than
phenylbutazone and acetylsalicylic acid in rats (Maeda et al, 1977). Carprofen
obtained a United Kingdom product licence for use in the dog in 1991.

Carprofen is a comparatively poor inhibitor of cyclooxygenase (Strub et al, 1982),
and has been shown to be ineffective as an inhibitor of lipoxygenase (Baruth et al,
1986). Despite this it has been demonstrated to have good anti-inflammatory activity
using in vivo laboratory models (Maeda et al, 1977). ‘

Developed in the 1970s during attempts to find successor to indomethacin, the
propionic acid derivative ketoprofen is an effective inhibitor of PG synthesis (Patrono
et al, 1976), but has little or no anti-pyretic activity (Kandasamy et al, 1975).
Ketoprofen, a racemic mixture, is highly protein bound and has a t1/28 of 1.5 hours
in man (Delbarre et al, 1976; Ishizaka et al, 1980; Stafanger et al 1981). Recent
studies in the horse have examined the pharmacokinetics of the two enantiomers of
ketoprofen. The t1/28 of each enantiomer was found to be similar, approximately 25
minutes (Jaussaud et al, 1993).

1.42 STEROIDAL ANTIINFLAMMATORY AGENTS

In addition to NSAIDs a large number of compounds with steroidal structure are used
for their anti-inflammatory activity.
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The production of these drugs has its basis in the discovery and understanding of the
functions of the steroid hormones produced by the adrenal cortex. The secretion of
these adrenocorticoids is under the control of adrenocorticotrophic hormone (ACTH),
and as a result of their different principal activities these hormones are classified
mineralocorticoids, glucocorticoids and adrenal sex hormones. Of these groups the
glucocorticoids are of interest in the control of inflammatory disease. In addition to
their anti-inflammatory properties, these naturally occurring glucocorticoids play a
role in the metabolism of carbohydrate, protein and lipids within the body. They are
also known to be inhibitory to immune reactions and to have toxic effects on the
gastro-intestinal tract. Naturally occurring glucocorticoids such as hydrocortisone do
exhibit some mineralocorticoid activity, and this has led to development of synthetic
compounds such as betamethasone and dexamethasone which are largely free of these
properties.

1.43 OTHER COMPOUNDS

In addition to the drugs described, other compounds exist which are also non-
steroidal and anti-inflammatory. The chemistry and mode of action of these
compounds in no Way resembles the conventional NSAIDs. Examples of these
compounds, which occur naturally in the body, include orgotein, hyaluronic acid and
glycosaminoglycan polysulphate esters.

1.5 MODE OF ACTION OF DRUGS USED TO CONTROL
INFLAMMATION AND PAIN

1.5.1 CONVENTIONAL NON-STEROIDAL ANTI-INFLAMMATORY
DRUGS

It was first suggested twenty years ago that the ability of NSAIDs to control
inflammation and pain was related to their ability to inhibit the production of
prostaglandins within the body (Ferreira et al, 1971; Vane, 1971). Although it is now
known that this is an important aspect of their mechanism of action, it is clear that the
action of NSAIDs is more complex. Higgs et al, (1980) demonstrated that the dose
required to produce a response in 50% of subjects tested (ED5q) for treatment of
some gross changes seen in inflammation (leucocyte infiltration and swelling) can be
higher than the dose required to inhibit cyclooxygenase production by 50% (ICsp). In
addition, NSAIDs have been shown to inhibit aggregation and movement of
neutrophils and the generation of superoxide radicals (Di Rosa gt al, 1971b; Kaplan et
al, 1984). Some NSAIDs and corticosteroids are able to inhibit the secretion of
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neutral proteinases from neutrophils (Perper and Oronsky, 1974). These neutral
proteinases are known to be responsible for the activation of complement (Goldstein
and Weissmann, 1974) and kinin systems (Movat et al 1972) and to be capable of
directly causing degeneration of tissue (Oronsky et al,1973).

Stimulated lymphocytes have been shown to generate substances which result in the
release of inflammatory mediators, such as acid hydrolases and collagenase, from
macrophages (Perper and Davies, 1977). Since the ability to induce release of acid
hydrolases and the production of chronic inflammation have been shown to be related
(Davies and Allison, 1976), it has been suggested that inhibition of acid hydrolysis
release may be a site of action for some NSAIDs.

The actions of NSAIDs which result in suppression of production of prostaglandins
are a result of their inhibitory actions on the conversion of arachidonic acid to the
endoperoxide PGGj. This reaction is catalysed by the cyclooxygenase enzyme
system. A variety of inhibition mechanisms exist, some being of a competitive nature,
others irreversible. Aspirin is known to acetylate a serine which interferes with the
site of cyclooxygenation (Roth and Siok, 1978). Platelets, being anucleate, are unable
to regenerate cyclooxygenase resulting in permanent acetylation, thus inhibiting the
activity of the enzyme for the life of the platelet (about 10 days).

Some members of the fenamate group of NSAIDs, including tolfenamic acid have
been shown to inhibit the synthesis of, and be antagonistic to, the actions of PGs
(Collier and Sweatman, 1968; Vapaatalo et al, 1977). This may explain the poor
correlation which has been noted for inhibition of prostaglandin synthetase and in
vivo anti-inflammatory activity by fenamates.

The search for new NSAIDs has recently led to the production of a group of
compounds which are known as dual inhibitors. These substances are able to inhibit
the activity of both the cyclooxygenase and lipoxygenase enzyme systems, and it may
be that this property will result in even greater anti-inflammatory activity than is
possessed by current NSAIDs. One such compound, BW 755C (3-amino-1-[m-
(trifluoromethyl)-phenyl]-2-pyrazoline) has been shown to inhibit both enzyme
systems and to produce a reduction in experimentally produced oedema. It is thought
that inhibition of leukocyte migration may result from the ability of these compounds
to reduce the production of chemotactic hydroxy acids. Although Higgs et al (1979),
have shown this compound to be highly effective in reducing the PG concentration in
inflammatory exudate, it was less effective than a conventional NSAID
(indomethacin). However, it did have significantly greater effect on leukocyte
migration. These workers also compared BW755C with a steroidal anti-inflammatory
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drug (dexamethasone). The dual inhibitor was found to be equipotent to the steroid in
its ability to reduce PG concentration and reduce leukocyte migration.

Research has also shown tolfenamic acid and sodium meclofenamate, two widely
utilised NSAIDs, to be dual inhibitors in some biological systems (Alanko, 1990;
Boctor et al, 1986).

1.5.2 ALTERNATIVE NON-STEROIDAL ANTIINFLAMMATORY DRUGS

Orgotein (superoxide dismutase) is a metalloprotein which exists as an intracellular
enzyme with a role in the protection of the body against naturally produced
superoxide radicals and has been shown to be a potent anti-inflammatory agent in the
horse (Ahlengard et al, 1978). Superoxide radicals are produced naturally within the
body by neutrophils and macrophages as a defensive mechanism. Any excess which
is produced may result in damage to tissue and the phagocytes themselves. Orgotein
scavenges these excess superoxide radicals, reducing damage and extending
phagocyte viability (Salin and McCord, 1975).

Hyaluronic acid is a component of normal synovial fluid and articular cartilage. It
comprises variable length chains of glucuronic acid or glucuronate sodium with N-
acetyl glucosamine and is used as an intra-articular therapy. It has lubricant properties
within the joint and has been shown to be effective in the treatment of osteoarthritis in
the dog (Schiavinato et al, 1989). It is also thought to inhibit chemotaxis and
phagocytosis of leukocytes (Wigren et al, 1976; Swanstrom, 1978), thereby reducing
the potential for joint damage by neutral proteases which may be released after the
ingress of leukocytes.

Glycosaminoglycan polysulphate. esters (GAGPs) stimulate synthesis of
glycosaminoglycan in chondrocytes (Nevo and Dorfman, 1972) and inhibit enzymes
(such as hyaluronidase and collagenase) which are important in the degeneration of
cartilage (May et al, 1988). Their use has been shown to be effective as a protection
for cartilage exposed to experimentally induced osteoarthritis (Altman et al, 1988;
Altman et al, 1989).

1.5.3 STEROIDAL DRUGS

The anti-inflammatory mechanisms of steroidal drugs are not yet fully understood.
Some possible actions summarised by Malseed (1990) include: stabilisation of
lysosomal membranes resulting in decrease in tissue damage by lysosomal enzymes,
reduction of leukocyte migration and phagocytosis and decreased permeability and
dilation of small blood vessels.
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Despite their potent anti-inflammatory activity glucocorticoids have been shown to be
without effect on cyclooxygenase (Ferreira et al, 1971; Vane, 1971; Lewis and Piper,
1975). The discovery by Flower and Blackwell (1979) that these drugs stimulated the
production of a substance which inhibits phospholipase A3, and thereby prevents
prostaglandin generation resulted in further investigation of this mechanism. Research
by Danon and Assouline (1978) led to the discovery of the role of RNA and protein
synthesis in the action of corticosteroids and is the basis of our current understanding
of their principal mode of anti-inflammatory action.

Corticosteroids circulate in plasma and enter cells to bind with specific intra-cellular
receptors. This results in a change in configuration of the receptors, revealing sites to
which nuclear material is able to bind. On entry into the cell nucleus this complex
interacts with sites on specific genes resulting in an increase in transcription and
mRNA synthesis. Production of specific proteins (lipocortins) is stimulated by this
process, resulting in the inhibition of the enzyme phospholipase Aj and
consequently, arachidonic acid release. Prevention of the release of arachidonic acid
blocks the synthesis of a large number of the identified mediators of inflammation,
significantly, those produced by the action of cyclooxygenase (eg PGE3 and PGI»)
and lipoxygenase (leukotrienes). These biochemical actions result in the changes that
are seen in response to steroidal anti-inflammatory therapy including reduction of
PMN migration and phagocytic activity, and inhibition of deposition of fibrin.

1.6 ADVERSE REACTIONS TO ANTI-INFLAMMATORY DRUGS

1.6.1 NON-STEROIDAL ANTIINFLAMMATORY DRUGS

Prolonged use of NSAIDs in human subjects has led to the discovery of a wide range
of adverse effects. The most widely reported side effects, both in man and animals,
affect the gastrointestinal tract. These include gastric discomfort, emesis, ulceration
and gastrointestinal bleeding. It has been shown that in animals duodenal ulceration is
common. In man gastric ulceration appears to be the more common result of chronic
NSAID therapy (Piper et al, 1981) while ulceration of the large intestine is a more
common feature in horses (Brodie et al, 1970; Snow et al, 1981a). This may be
caused by a number of factors relating to species or drug studied. Lees and Higgins
(1985) have suggested that drug may be bound to components of the diet such as the
cellulose and fibre in hay and therefore be less available to cause damage in the
proximal regions of the gut. As digestion and fermentation occurs, drug may be
released in the more distal sections of the gut where ulceration results. This would
indicate that similar problems might be expected to occur in all herbivore species
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where the dietary components and gut fermentation are similar.

There is no clear picture of the exact mechanism of gastrointestinal ulceration which
results from NSAID therapy. Many factors are thought to contribute, however, the
temporal nature of their action and interactions between these factors is as yet poorly
defined. Those mechanisms currently considered to be relevant are now considered.

~ The majority of NSAIDs are acidic drugs with pKa values of 3 - 6. Local effects have
been observed in the gut which are likely to be a result of the direct physical
properties of the drug, notably damage to and loss of the gastrointestinal mucosal
surface (Cooke, 1976; Rainsford, 1984b). The damaged mucosa has also been
shown to allow increased back diffusion of H* ions which may contribute to this
damage (Cooke, 1976).

It is likely that one action of this trauma is an increase in the local release of histamine
resulting from degranulation of mast cells (Johnson, 1966; Johnson and Overholt,
1967; Parmar and Ghosh, 1981). In addition, it is known that PGE and PGA can
inhibit basal and stimulated gastric secretion (Classen ¢t al, 1971; Wilson et al, 1971).
If this is the basis of an inbuilt control mechanism, inhibition of prostaglandins may
result in an abnormally large response to stimulation by histamine coupled with an
increased basal level of secretion. Several workers ( Ashley et al, 1985; Gana et al,
1987; Kitahora and Guth, 1987) have suggested that a NSAID induced reduction in
blood flow occurs in areas of mucosa which subsequently ulcerate. Ischemia
reperfusion experiments using animal gastrointestinal tracts have shown that
endothelial injury occurred after neutrophil adherence and activation which followed
the production of inflammatory mediators (Hernandez et al, 1987; Granger et al,
1989). Wallace and Granger (1992) have summarised a range of work which
suggests that a similar sequence of events occurs following NSAID administration. It
may be that ulceration occurs due to physical occlusion of the microcirculation by
adhering neutrophils, however, the protective effect of antioxidant enzymes
(Vaananen et al, 1991) indicates that damage may be as a result of tissue-destructive
proteases and highly reactive oxygen metabolites released by neutrophils.

In general, NSAIDs inhibit the metabolic pathways which lead to the production of
adenosine triphosphate (ATP) (Smith, 1966; Whitehouse, 1968; Smith and
Dawkins, 1971; Glenn et al, 1979). Inhibition of ATP may influence regulation of
xanthine dehydrogenase by adenine nucleotide resulting in its conversion to the
oxidase form which is capable of producing superoxide radicals (Granger et al,
1981), thereby creating the potential for greater tissue.damage. Borg (1965) has also
shown that free radicals may be generated from salicylate at an acidic pH such as that
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which occurs in the stomach.

Lowered ATP levels may also lead to reduced synthesis of gut mucosa (Rainsford,
1984c) and one study has shown that aspirin, indomethacin and phenylbutazone are
capable of decreasing the rate of gastric mucus secretion in the dog (Menguy, 1969).

Prostaglandin Ej and PGI are the principal prostaglandins synthesised by gastric
mucosa and are responsible for the inhibition of acid secretion and production of
cytoprotective mucus. It has been shown experimentally that these eicosanoids play a
protective role in preventing mucosal damage produced by NSAIDs (Robert, 1981).
In addition, it has been suggested that accumulation of drug may occur in acid
secreting parietal cells (Rainsford, 1984c). This may be due to the acidic nature of
NSAIDs which are highly unionised within the acidic environment of the stomach,
providing suitable conditions for passage into the mucosal membranes and beyond.
Following entry into the less acidic environment within the mucous and parietal cells
the drugs loose protons and remain ionised and are therefore, trapped. Any
concentration within these cells may lead to an amplification of the range of effects
already described. Blood loss into the interstitial tissues or gut lumen may be
exacerbated by impaired platelet aggregation resulting from the inhibition of
thromboxane production.

Non-steroidal anti-inflammatory drugs are known to cause inhibition of the
cytoprotective prostanoids - prostaglandins and PGI, (Konturek ¢t al, 1981; Cifone et
al, 1982). Rainsford (1985) has suggested that this may result in impaired blood flow
through the stomach. It is known that hydrogen ions diffuse back into the mucosa
(Kivilaasko and Silen, 1979), any decrease in blood flow in this area will resultin a
reduction in the removal of these hydrogen ions resulting in damage to the mucosa. A
change in mucus synthesis (Rainsford, 1978) may also occur.

Elevation of AMP levels following tissue injury results in conversion of xanthine
dehydrogenase, an enzyme normally abundant in the gastro-intestinal tract, to
xanthine oxidase. The oxidase form of this enzyme is capable of producing free
radicals of oxygen which are known to be tissue destructive (Granger ¢t al,1981;
McCord, 1982; Parks et al 1982). It has been suggested (Rainsford,1984c) that a
similar enzyme conversion may occur if AMP is elevated following NSAID
disruption of oxidative phosphorylation and that the resultant free radical production
may contribute to mucosal injury.

Sensitivity to NSAID induced gastrointestinal lesions has been shown to vary widely
between species (Hallesy et al 1973; Adams et al, 1970; Joulou et al, 1976). The
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minimal ulcerogenic dosage of indomethacin was found to range from 0.5 mg/kg/day
in dogs to 20 mg/kg/day in rabbits (Peck, 1968). Sensitivity to drug induced
intestinal lesions has also been shown to be linked to the extent of biliary excretion of
drug (Hucker et al, 1966; Yesair et al, 1970).

Pharmacokinetic and plasma drug proﬁies which suggest enterohepatic cycling of
NSAIDs in dogs have been reported for indomethacin (Duggan gt al, 1975),
diclofenac (Tsuchia, 1980), naproxen (Frey and Rieh, 1981) and ibuprofen (Rubin
and Papich, 1989). Biliary excretion of drug results in exposure of the gut mucosa to
drug or metabolite even after parenteral administration. Gut ulceration has been
observed after parenteral administration of NSAIDs and this has been linked to the
inhibition of synthesis of prostaglandins by gastric mucosa (Whittle and Vane, 1983;
Meschter et al, 1984).

Brodie et al (1970) found that intestinal sensitivity resulting from orally administered
drug was. greatly reduced or almost abolished after fasting and bile duct ligation
respectively. It may be that a reduction of ulcerogenic effect could be achieved by
administration of drug on an empty stomach and by withholding food for a period
afterwards, thereby reducing biliary flow which is stimulated by consumption of
food. Pierson et al (1961) have demonstrated that gastric bleeding was not
significantly different in patients given aspirin alone, with food, milk or if buffered or
as an enteric coated preparation. A

In addition to the gastrointestinal side effects seen after administration of NSAIDs, a
wide range of other toxic effects of varying severity have been noted in human
subjects. Many of these are not predominant, or have not been identified in the dog.

One other major toxic side effect which has been noted in the dog is renal toxicity
(Nash et al, 1987). Renal toxicity is generally associated with higher doses of NSAID
(Shelly, 1978). For aspirin it has been found that the drug accumulates in the kidney,
especially. the outer cortical regions (Rainsford et al, 1981; Rainsford et al, 1983),
and it has been suggested that this may be due to normal mechanisms which
concentrate anions within the kidney. Some NSAIDs cause acetylation of proteins,
lipids and glycoproteins in the kidney (Rainsford et al, 1981; Rainsford et al, 1983)
and stimulate the production of tissue destructive lysosomal enzymes. Recent work
by Mathews et al (1990) suggests that there may be a risk of renal toxicity at lower
NSAID dose rates when used in combination with some general anaesthetics. These
workers reported nephrotoxicity in dogs after administration of flunixin meglumine at
a dose rate of 1 mg/kg during anaesthesia with methoxyflurane. It has been
established that methoxyflurane is nephrotoxic in man (Hook, 1971). Free fluoride
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ions produced during the metabolism of methoxyflurane have adverse effects on
ADH receptor sites in distal tubules. Toxicity has been directly related to
concentrations of these free fluoride ions in serum (Hook, 1971). Mathews et al
(1990) suggested that the nephrotoxic effects reported for methoxyflurane and
flunixin co-administration may be the result of any one or a combination of effects.
Firstly, the reduction in ‘production of vasodilatory prostaglandins (PGE3 and PGIy),
resulting from the inhibition of cyclooxygenase. This would suppress the protective
role of these substances which act to oppose vasoconstrictor effects which may occur
during anaesthesia. Secondly, there may be competition between methoxyflurane and
flunixin for plasma protein binding sites. As a result the circulating concentration of
unbound flunixin and methoxyflurane Would be higher than when either drug is
present alone. This may result in a more rapid metabolism of methoxyflurane and a
higher concentration of free fluoride. Also, a higher concentration of unbound
flunixin may result in a greater inhibition of cyclooxygenase and a further reduction in
prostaglandin production. Finally, it has been suggested that release of free fluoride
may occur during metabolism of flunixin (which contains three fluoride atoms per
molecule), and that the total concentration of free fluoride may cause greater toxicity
than has been described for methoxyﬂurané alone. McNeil (1992) has also
highlighted the increased risks associated with the use of flunixin after general
anaesthesia when reporting the death of a dog which was administered flunixin and
antibiotics post-operatively. These studies are consistent with studies of Stoff and
Clive (1983) who suggested that high concentrations of angiotensin II and
catecholamines produced during anaesthesia had the potential to produce
vasoconstriction. They considered that this effect would be counteracted by the
production of the vasodilatory prostanoids, the beneficial effects of which would be
lost if the action of cyclooxygenase inhibitors reduced or abolished the production of
these substances. There is little evidence to suggest that renal toxicity is likely to be a
problem in normal patients not requiring general anaesthesia. '

Non-steroidal anti-inflammatory drugs inhibit platelet cyclooxygenase (Gallus, 1979;
Roth et al, 1975), with consequent reduction in cyclic endoperoxides and therefore
TxA2 (Roth and Majerus, 1975). Thromboxane Aj is a potent vasoconstrictor and
platelet aggregator (Hamberg et al, 1975). Prolonged bleeding time has been widely
reported for acetylsalicylic acid (Ivy et al, 1941; Meilke et al, 1969) and results from
this inhibition of cyclooxygenase (and reduction of Tx production). This side effect
can be of major significance in individuals with bleeding disorders (haemopbhilia) or
in cases where NSAID use has resulted in gastric bleeding. It is interesting to note
that this property of aspirin has been used constructively in the prevention of
thrombosis in heart disease (Patrono, 1989).
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NSAIDs are known to uncouple oxidative phosphorylation (Adams and Cobb, 1958;
Whitehouse and Haslam, 1962). It is thought that uncoupling is a result of the ability
of these drugs to defeat the proton gradient which must exist across the mitochondrial
membrane for oxidative phosphorylation to occur. Uncoupling results in a reduced
production of ADP and ATP in the cell. While normal hydrolysis and pyrophosphate
cleavage continues in the cell, the quantity of ATP and ADP decline and the AMP
present in the cell increases. In addition, reduction in the release of ADP from
platelets, which is normally stimulated by substances such as adrenaline and collagen,
may result in inhibition of platelet aggregation. This has implications for the
prolongation of bleeding time as described previously.

A wider range of toxic effects of NSAIDs have been reported in man. In addition to
gastrointestinal irritation and renal toxicity, hepatic damage has been reported after
administration of various NSAIDs including phenylbutazone and naproxen (Juul,
1965; Bass, 1974), and a wide range of NSAIDs are thought to cause bone marrow
aplasia (Davies, 1985).

1.6.2 STEROIDAL DRUGS

There are numerous side effects produced by steroidal anti-inflammatory drugs which
are related to both their mineralocorticoid and glucocorticoid activities. These include
water and electrolyte retention, muscle wasting, delayed wound healing and with
prolonged usage, osteoporosis as a result of alteration of metabolism of calcium. In
addition, the use of these drugs results in suppression of the secretion of ACTH from
the pituitary gland which may cause atrophy of the adrenal cortex after prolonged use.
Sudden termination of administration may result in adrenal insufficiency.

1.7 STUDY OBJECTIVES

The objectives of this study were, firstly to determine the pharmacokinetics of tolfenamic
acid, flunixin, cinchophen and piroxicam in dogs after administration by various routes.
Secondly, to assess the pharmacodynamics of these NSAIDs by measurement of TxB2
inhibition, clotting time and detection of occult blood in faeces. Thirdly, to develop an in
vitro method for assessing cyclooxygenase inhibition, and to use this to compare in vitro
TxB> inhibition when examined as response curves produced by NSAIDs in different
species. Finally to determine the extent of protein binding of NSAIDs used in the in vitro
assessment of inhibition of TxBj in different species.
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Eicosanoid

Thromboxane A2 (TxA2)

Prostacyclin (PGI2)

Prostaglandins (PGs)

PGE

PGD

Leukotriene B4 (LTBg)

Leukotriene C4 (LTCy4)

122

Function

Platelet aggregation,
Smooth muscle contraction, Vasoconstriction,
Thrombosis

Inhibits platelet aggregation,

Smooth muscle relaxation, Vasodilation,
Acid Secretion,

Cytoprotection

Smooth muscle contraction, Vasodilation,
Bronchodilation,

Inhibition of gastric secretion,
Cytoprotection

Smooth muscle contraction,
Vasoconstriction

Bronchoconstriction,
Vasodilation.

Vasodilation,
Bronchoconstrction,

Increased vascular permeability,
Leukocyte chemotaxis.

Smooth muscle contraction, Increased vascular
permeability,

Table 1.1 Some functions of major eicosanoids.
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ANTIINFLAMMATORY AGENT LICENSED SPECIES
Phenylbutazone Horses, Dogs
Dipyrone Horses, Dogs, Cats
Isopyrin Horses, Dogs, Cats
Meclofenamic Acid Horses
Flunixin Horses, Dogs, Cattle

Cinchophen (in combination with

steroidal anti-inflammatory)

Naproxen

Carprofen

Ketoprofen

Meloxicam

Dogs, Cats

Horses

Dogs, Horses

Horses, Dogs

Dogs

Table 1.2 Non-steroidal anti-inflammatory drugs licensed in the

United Kingdom for use in animals.



INJURY

Phospholipase

Arachidonic Acid

Prostaglandins Lipoxygenase
Products
Histamine
Vasodilation SHT
Kinins
Complement
Increased
Vascular
Permeability
Collagenases
Neutral
Free Radicals P::t::ses
Oedema Enzymes
Swelling
Pain
TISSUE
DAMAGE

Figure 1.1 The body's response to injury at the cellular level.
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Figure 1.4a Structure of some non-steroidal anti-inflammatory drugs
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GENERAL MATERIALS AND METHODS
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2.1 COLLECTION OF BLOOD SAMPLES, PREPARATION AND
STORAGE

2.1.1 SAMPLES FOR DRUG ANALYSIS

Samples for drug analysis were collected into 10 ml Monovettes (Sarstedt Ltd)
containing 150 i.u. lithium heparin. They were then centrifuged at 1500 g and 4°C
for 15 minutes, the plasma recovered and stored at -20°C until analysis.

Prior to analysis samples were placed in a refrigerator at 4°C overnight and allowed
to defrost. They were then brought to room temperature by standing on the bench for
one hour before use.

2.1.2 SAMPLES FOR ESTIMATION OF PLATELET NUMBERS

Samples for the estimation of the number of platelets in blood were collected into a 10
ml sterile disposable syringe using a 20 g 1 inch needle (Beckton-Dickenson Ltd).
The syringe was removed from the needle and a small volume of blood was
immediately added to vials containing potassium-EDTA (Sarstedt Ltd.) to produce a
concentration of 2 mg EDTA per millilitre of blood. Care was taken to ensure that the
maximum recommended volume of blood was not exceeded and that the sample was
thoroughly but gently mixed with the anticoagulant.

Platelet numbers were estimated microscopically after the addition of one percent
ammonium oxalate. It was possible in most cases to carry out platelet determination
within a few hours of collection of the sample. However, for a few samples which
were taken late in the day or outwith normal working hours, it was necessary to carry
out the procedure on the following day. When required, the samples were stored at
40C until counted. All platelet counts were carried out within 24 hours of sample
collection.

Platelets were counted in the haematology laboratory of the department of Veterinary
Pathology at Glasgow University Veterinary School.

2.1.3 SAMPLES FOR THE ESTIMATION OF CYCLO-OXYGENASE
INHIBITION

The blood remaining in the syringe after the collection of sample for platelet counts
(approximately 9 ml) was retained and placed in a 15 ml sterile glass test tube. The
tube was stoppered and immediately placed in a water bath at 37°C where it was
allowed to incubate without agitation for 90 minutes. After this time the tube was
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centrifuged at 900 g and 4°C for 15 minutes. The serum supernatant was collected
and stored in glass screw-top vials at -20°C until thromboxane analysis.

2.1.4 SAMPLES FOR THE ESTIMATION OF CI. OTTING TIME

The needle used for blood collection was retained in situ. After ensuring that the

blood was flowing freely three unheparinised glass capillary tubes were filled and
immediately placed in a container suspended in a water bath at 37°C. The time was
noted and each tube was tested by gentle inversion at intervals of 30 seconds to
determine if the blood was free flowing or clotted. The time taken for each tube to clot
was noted and the mean clotting time of the three tubes was considered to be the
clotting time for that animal on that sampling occasion.

2.2 COLLECTION OF FAECAL SAMPLES AND TESTING OF
OCCULT BLOOD

Whenever available, faecal samples were gathered daily throughout each experiment from
each pen in which the dogs were housed. As each pen contained two dogs it was not
possible to determine the individual dog from which the faecal stool originated. On
occasions where two separate faecal stools were found in a single pen it was assumed
that they were from different animals.

Testing of faeces for occult blood was carried out at the time of collection using a Colo-
rectal test system (Hoffman la Roche). The peroxidative activity of haemoglobin present
in the faecal sample oxidises a chromatographic paper impregnated with 'gum guaiac' in
the presence of alcoholic hydrogen peroxide. Appearance of a blue colour indicates a
positive result. The test is sensitive to 2 ml of blood mixed homogeneously with 100 g
faeces. Since intestinal bleeding would not result in a homogeneous mixture the test must
be considered qualitative, not quantitative.

2.3 ESTIMATION OF THROMBOXANE B, IN SERUM BY
RADIOIMMUNOASSAY (RIA)

Estimation of TxBj in serum samples collected from dogs after oral administration of
flunixin was carried out at London University by Professor Peter Lees using an in-house
radioimmunoassay validated for dogs. The technique (Higgins and Lees , 1984b) was
based on a modification of the methods of Salmon (1978) and Higgs and Salmon (1979)
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Thromboxane estimation for serum samples collected during all other experiments was
performed using a commercial radioimmunoassay test kit (TRK 780 test system,
Amersham International (UK) Ltd.). The Technical Services Department of Amersham
International confirmed that although intended for use in humans, the kit was suitable for
use in animal species. Nevertheless, prior to use, the system was validated by
comparison with the in-house method of Professor Lees (see 2.3.3).

23.1 ASSAY METHOD

Competition for binding between unlabelled TxB2 and a fixed amount of tritium
labelled TxB2 to a fixed quantity of an antibody provides the basis of the assay.
Quantification (by scintillation counting) of the radioactivity of antibody bound TxB3
allowed calculation of the amount of unlabelled TxB5 in the sample.

The amount of radioactive TxB (3H) bound to the antibody is inversely proportional
to the concentration of non-radioactive TxB; in the system as the quantities of 3H
TxBj and antibody are fixed (see figure 2.1).

2.3.2 MODIFICATIONS OF THE METHOD

The TRK 780 test kit is designed for use with human samples and is therefore
suitable for samples containing 0.05 - 3.0 ng TxB; per millilitre of sample. The mean
serum TxBj2 concentration in normal dogs is 0.89 pg/ml (SEM 0.12 pg/ml)
(McKellar et al, 1990) and therefore direct measurement of the samples was often not
possible.

Three possible modifications to the assay method were considered:

Firstly, dilution of the sample with buffer prior to assay. Secondly, dilution of the
sample with serum from which TxB2 had been remove (‘stripped serum'), and
finally reduction of the volume of serum used in the assay.

The following system was used to assess dilution with buffer -
A Tris : HCI buffer (pH 7.4) was prepared as follows :-
To 800 ml of distilled water were added -

6.61 g Trizma HCl (Sigma Chemical Co.)

0.97 g Trizma Base (Sigma Chemical Co.)

1.00 g Gelatine (B.D.H. Ltd.)
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0.10 g Sodium Azide (B.D.H. Ltd.)

The mixture was stirred and gentle heat applied until all ingredients had dissolved.
After cooling to room temperature the solution was made up to one litre with distilled
water. If necessary the pH was adjusted to pH 7.4 using 1M sodium hydroxide. This
buffer was used as a diluent for samples tested during the validation of the Amersham
test system. The dilution required varied from sample to sample but for normal dog
samples a standard dilution of 1 in 1000 was found to be appropriate.

Stripped serum was prepared as follows -

Flunixin meglumine was administered orally to dogs at a dose rate of 1.65 mg/kg.
Blood was collected after one hour and serum harvested as described earlier. To 100
ml of the serum 10 g of charcoal was added. The mixture was stirred overnight at
40C then centrifuged for one hour at 5000 g. The resulting supernatant was passed
through a 3um filter (Millipore Ltd.) to remove any remaining charcoal. This
procedure was designed to produce serum which was free of TxB. Thromboxane
present in the serum collected after administration of flunixin was absorbed onto the
charcoal.This 'stripped serum' was used as a diluent for samples tested in the
validation of the Amersham test system.

The process of preparing 'stripped serum' was lengthy and required withdrawal of
blood from animals. In addition, the effectiveness of the stripping process would
have been difficult to standardise. As there appeared to be little advantage in the use
of 'stripped serum'’ as a diluent when compared to assay buffer (table 2.1) the use of
assay buffer as a sample diluent was adopted.

Reduction of sample volume was not tested since it was calculated that in some cases
the volume of serum would require to be reduced by 1000 times to permit assay of
TxB3 concentrations. It was considered impractical to accurately measure such
volumes.

2.3.3 VALIDATION

Prior to use of the Amersham test system it was necessary to establish that results
obtained by this method were comparable to those obtained previously. A comparison
of results obtained for samples analysed by both methods showed good correlation
(table 2.1). Small variations in results between methods were considered to be of little
importance since the difference in concentration of thromboxane between samples
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was important in the present series of experiments, rather than the absolute
concentration in any one sample.

2.4 PHARMACOKINETIC ANALYSIS

Pharmacokinetic analysis of plasma drug concentration versus time data was carried out
using a c