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The fii'st section of this thesis deals with general methods

* of experimentation and materials used in this period of study.
| The second section describes experiments to study the
effects of a non-steroidal a_nti-inflammatory drug on the
responses of sheep of various degrees of immunity to a challenge

of Ostertagia circumcincta. Treatment with meclofenamic acid of

adult immune sheep tended to reduce the number of parasites at
necropsy, but did not alter the plasma pepsinogen response after
challenge when compared to untreated controls.

A similar result was obtained in the study with previously
parasite-naive lambs. Méclofenamic acid treated animais :
contained fewer parasites at necropsy, but plasma pepsinogen
activities were similar to untreated controls.

Finally, previously parasite-naive lambs were infected with

adult O, circumcincta parasites. All animals showed parasite

eggs in the faeces indicating establishment. -Those animals
whlchrecelved parasites from untreated donors, and were themselves
untreated with meclofenamic acid/ shoﬁed a rise in plasma
pepsinogen activities, which was lnot observed in the other
" groups. Meclofenamic acid was subsequently found to inhibit
parasite larval motility in vitro which could explain the above
results. | 4
Section three is concerned with the effects of various drugs

on the responses of adult immune sheep to Ostertagia circumcincta

challenge.
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Treatment ,v‘Jithb a corticosteroid allowed larger numbers of
parasites to eétablish and produced higher plasma pepsinogen
activities. Leukotriene Cy concentration in gastrointestinal
mucus was lower than that measured in the other groups, producing
evidence fo: a possible protective role of this substance against
parasites.

Sheep treated with a mucolytic, bromhexine hydrochloride had
fewer parasites at necropéy and lower plasma pepsinogen
activities when compared to the control group.

Omeprazole, a drug that raises intra-abomasal pH produced
unexpected results. Plasma pepsinogen activities rose towards
the end of the experiment. However parasite numbers were. very
sméll at necropsy. Omeprazole treatment may have altered plasma
pepsinogen activity, either directly by its action on aboxhasal pH
or via stimulation of géétrointestinal hormones e.g. gastfin._
Altérnatively, its effect may have been to allow the larval
challenge to establish, but when the adult parasites emerged, the
omeprazole treatment having finishéd, the host was able to remove
them,

The responses of isolated gastrointestinal smooth muscle
were studied in section four.

Contractions of the tissue in response to acetylcholine was
thé consistent feature of both bovine and ovine abomasal and
duodenal smooth muscle.

| Histamine and prostaglandins E; and E, generally caused
contraction of bpvine duodenal preparations. In contrast, few
ovine duodenal preparations contracted to prostaglandins E and
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E5 and histamine, 5-hydroxytryptamine and leukotrienes Byr Cy
and D4 failed to produce a response in the smooth muscle of
abomasal and duodenal preparations tested. Administration of

O. circumcincta homogenates to ovine abomasal and duodenal

tissues from immune animals failed to produee a Schultz-Dale
reaction. |

In vitro studies using parasitic larvae Were presented in
section five, Faecal and mucus homogenates from immune animals
dld suppress larval motility in the test system used.
Prostaglandins E; and E, and leukotriene C, also appeared to have
an adverse effect on parasite motility. The usefulness of these
studies to investigate the effectiveness of possible anthe_lmintic
drugs was also discussed. |

The final ,sevction deals with studies carried out on

benzimidazole-resistant strains of 0. circumcincta.

One strain (HFRO resistant) was passaged through lambs ‘and
the effect of | treatment with fenbendazole monitored using the egg
hatch assay as a measure of the level of resistance of the
strain.

Daily variations in the level of resistance were detected.
Despite passaging of this strain through five lambs and treatment
with fenbendazole on four occasiens, the level of resistance did
not alter., Another resistant strain (Moredun) was investigated
and found to have a lower level of resistance than the HFRO

strain.
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expressed as a percentage of the total number of
parasites.
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GENERAL MATERTALS AND METHODS
Faecal egg counting technique

Faecal samples were collected per rectum and examined for
parasite éggs by a modified McMaster technique (Gordon and
Whitlock, 1939).

3 g of faeces were weighed and added to 42 ml of water.
This was homogenised and the resulting suspension was passed
through a 250 um sieve (Endecotts Ltd.). The filtrate was
collected, mixed and a 15  ml ‘sample removed and centrifuged in a
glass, flat bottomed tube for three minutes at 1500 x g. The
supernatant was discarded and the remaining pellet agitated ﬁsing
a Vortex mixer, ; |

Saturated salt solution was added to make a total volume of
15 ml and the faecal suspension was mixed. Only sufficient of
this suspension was removed to fill both sides of a McMaster worm
egg coﬁnting slide (Gelman Hawksley Ltd.). Eggs within both
grids (0.15 ml) were counted using a light micfoscope ana the
result multiplied by 50 to obtain the number of eggs per gram of
faeces. 4 |
Baernanisationtechﬁiquetodetectthinistagelarvaeinfaec%

| The improved Baermann technique described by Henriksen
(1965) was used. |

10 grams of freshly passed faeces were weighed and placed on
a gauze strip whvich was made into a bag. The bag was suspended
in a sedimenting flask containing warm water and left for 24
hours. Larvae which migrated from the faeces into the water were
collected in the bottom of the flask. The supernatant was

carefully removed to leave 10 ml of the residue. 1 ml aliquots
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were taken of the residue and examined under a light microscope
using a larval counting slide. All the residue was examined.
The number of larvae per gram of faeces was then ¢alculated.
Salt flotation technique to detect third stage larvae in faeces
A tecﬁnique similar to that employed for detecting parasite
eggs in faeces was used as an additional method of larval
detection. Saturated salt solution was added to the faecal
homogenate and this ‘was used to fill a larvae counting slide.
Using a light microscope, the number of larvae were counted.

Abomasal parasite identification and estimation of parasite
numbers :

Processing of abomasal contents and mucosa

The abomasum was acquired at necropsy and opéned along its
greater curvature. The contents were collected and fhe pH
‘estimated. The mucosal surface of the abomasum was gently washed
 with water to remove all food particles and the washings added to
the contents.
| The volume of the abomasal contents was made up to two
litres with water. This was well mixed and 200 ml aliquots taken
’into labelléd containers to which 20 ml of 40% vformalin Qas
added.

The abomasal mucosa was removed using the edge of a glaé.s
microscope slide and incubated at 42°C in a pepsin-hydrochloric
acid mixture foi eight hours. Approximately 1 : 3 (v/v) was
added. It was périodically shaken during this time. After
digestion, the volume was made up to two litres with water,

aliquots were taken and formalised as above.



The 'pepsin-hydrochloric acid mixture was made up as follows.
80 g of pepsin A (British Drug Houses) were added to seven litres
of cold water. 240 ml of hydrochloric acid were added and the
total volume made up to eight litres with water.

Estimation of parasite mumbers

The abomasal contents and mucosal digests were well mixed
and 2 ml aliquots were transferred to petri dishes marked with a
. grid. Several drops of a 45% iodine solution were added and
decolourised with a 2.6% sodlum thiosulphate solution,

Parasites weré counted and differentiated into adults, male
and female, fifth stage larvae (young adults) and fourth stage
larvae. | o

The fourth stage larvae are distinguished by their smallér
size and lack of mature reproductive system.

Fifth stage larvae, oﬁ:' young adults, are larger. The .
females have vulval flaps but no eggs in the uteri. ‘The males
have spicules, gubernaculum and bﬁrsal rays but they have not
attained maturé adult dimensions.

7 Adults are mainly distinguished on a size basis. Often the
female uteri are filled with eggs.
Estimation of plasna. pepsinogen actiirity

The concentrations of. pepsinogen in plasma samples were
estimated using a method modified from that described by EdWards,
Jepson and Wood (1960). The plasma was incubated at 37°C with
bovine serum alburﬁin substrate (Fraction V, Sigma Chemicals Ltd.)
at pH 2 for 24 hours. The phenolic amino acid (tyrosine)
liberated was estimated using Folin-Ciocaiteu's reagent (BDH

Chemicals Ltd.). Corrections were made for normal non-incubated,



concentration of tyrosine-like substances and also the release of

these substances due to J_'.ncubation of bovine serum albumin alone.

Method:

1.

The pH of a 2% solution of bovine serum albumin (BSA) was

adjusted to pH 1.5 using 2N HCl on the day of use.

- Each plasma sample was divided, 0.5 ml to be incubated and

0.5 ml to be the non-incubated control. 2.5 ml of the
acidified BSA was added to both samples.
The test sample was incubated at 37°C for 24 hours in a

sealed container.

- The unincubated controls were immediately precipated by the

addition of 5 ml of 4% trichloroacetic acid (TCA).

To calculate the release of tyrosine-like substances frqm
incubation of BSA alone, BSA blanks were made up. These
consisted of four containers all containing 2.5 ml BSA with
0.5 ml of deionised water. Two were incubated with the
samples, two were immediately precipitated with 5 ml of
4% TCA.

The precipitated suspensions were allowed to stand for 30
minutes and were then filtered through Whatman No. 44 filter
paper. The filtrate was stored in a refrigerator until the
incubates weie ready.

The incubated samples were precipitated and filtered as

described above.

1 ml of each filtrate was transferred to suitably labelled

vessels containing 10 ml of 0.25 N NaOH.



9., 1 ml 6f each of the tyrosine standards, respectively 0.2,
0.4 and 0.6 umoles of tyrosine/ml, were also added to 10 ml
of 0.25 N NaOH.

10.. A reagent blaink was set up containiﬁg 1 ml of water wiﬁh
10 ml of 0.25 N NaOH. |

11. To all these, 1.5 ml of diluted Folin-Ciocalteu's reagent
was added. This had been diluted (1 : 2 v/v) with deionised
water immediately prior to use.

12. Thirty minutesr later the blué colour was read using a
spectrophotometer at 725 nm.

Results |

The reading for the 'reagent blank was substracted frofn al]‘.‘
readings.

The readings for each unincubated sample was subtré.cted from
that for the incubated sample.

| The calculation of tyrosine released from incubation of BSA

alone was subtz:acted from each sample value. From the tyrosine
standards a factor was calculated to convert all the readings to
umoles of tyrosine. This factor was used to convert all readings
to umoles of tyrosine released on incubation due to action of
activated pepsinogen in 0,125 ml plasma in 24 hours. The result
was converted to umoles of tyrobsine released by 1,000 ml of

plasma per minute - International Units (I.U.).

Abamasal canmulae
The abomasal cannulae used in these experiments were made of

' a lightweight Teflon material. The design and dimensions are

shown in Figures 1 and 2. The essential part.was the barrel



which fitted into the fistula between the abomasal lumen and the
skin. The barrel was threaded and it had an internal diameter of
13 mm and length of 55 mm.‘ _

An internal flange was permanently attached to the barrel
and lay within the lumen of the abomasum. This was concave
towards the abbmasal lumen. The peritoneal flange lay between
the perioneal surfaces of the Visceré. and the abdominal wall,
This had large holes which allowed fibrous tissue to grow through
and hold the cannula in place.

The external flange fitted onto the barrel externally
against the skin to stop the external end of the barrel from
slipping into the abdominal cavity.

The barrel was closed with a cap.

Cannulation of the ovine abomasum

The animal was anaesthetised with sodium pentobarbitone
administered intravenously (Sagatal, May and Baker Ltd.) at a
dose of about 20 mg/kg bodyweight. Anaesthesia was maintained by
inéremental doses as required.

The cannula was inserted by a technique based on that
described Hecker (1974). |

The animal was placed on its left side and the operative
area clipped and cleaned. A right, (paracostal) incision was
made in the lower third of the abdomen and the abomasum located.
The fundus and pyloris of the abomasum were exteriorised as far
as was possible. The area surrounding the abomasum was packed
with sterile swabs.
| A horizontal incision was made into the abomasal wall on the

greater curvature at the fundic/pyloric junction. The incision
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was just large enough té allow entry of the internal flange of |
the cannula., The barrel of the cannula was placed close to one
end of the incision. Inverting sutures were placed to close the
incision using sterile cat gut ending at the bérrel of the -
cannula. The sutui:es were continued around the barrel, inverting
the abomasal wall around it. The peritoneal flange was screwed
onto the barrel to hold the abomasal wall between the peritoneal
and internal flange of the cannula. The barrel of the cannula
was stuffed with swabs to prevent escape of contents. The
abomasum and cannula were returned to the abdomen and the
abomasum allowed to lie in its normal position. The cannula was
exteriorised through a separate stab incision juét large eﬁough
to allow the barrel to pass through. This second incision was
generally anteroventral to the first. The external flange was
then added to lie against the body wall. The original incision
was closed in several layers using standard surgical techniques.
The swabs were removed from the cannula and the barrel was
stopperéd using a screw cap.
Preparatiai of larval inoculum

The‘ animals that were 1_:o provide the parasitic

Ostertagia circumcincta larvae (L3) were examined from day 21

post-infection for the presence of parasite eggs in the faeces.
When a positive faecal egg count was obtained all faeces from the
animal were collected by means of a bag suspended over and below
the anus by a harness. Male animals were used in this procedﬁre
to avoid urine contamination of the faeces. The faeces were
collect’ed’ from the bag twice daily and divided into aliquots of

approximately 100 grams. Each aliquot was placed in a glass jar



for ihcubation. Where the faeces were very soft, a small amount
of vermiculite was added to make a firmer mass.

The faeces were incubated for ten days at 22°C to allow
development of the eggs through first and second larval stages to

the infective, third-stage larvae (L3) of 0. circumcincta. At

the end of the incubation, warm water was added to each of the
jars to cover the faeces. This was left for three hours to allow
the faeces to break up and the larvae to migrate into the water.

The faecal mixture was passed through a coarse sieve to
remove the large faecal matter. The filtrates from the same
"~ animal wére then pooled. The resultant liquid was further
filtered using a Buchner apparatus and two 20 cm milk filter
papers (Maxa filters, A. McCaskie) which allowed further removal
of faecal matter.

Once all the fluid was removed, the filter paper was placed
on top of a Baerman apparatus. This consisted of a glass funnel
sealed at the narrow end with rubber tubing and a clip. The
apparatus was filled with warm water. The filter paper was
floated on the top of the water supported by a 150 um metal
sieve, The larvae emerge. into the warm water and by gravity are
collected at the bottomv of the funnel leaving the remainder of
the faecal contamination on the filter paper. A minimum of six
hours was allowed for this process. The larvae were then run off
into a collecting vessel.. The number of larvae present was
estimated by counting 40 aliquots of Q.025 ml, the collecting
vessel was vigorously shaken prior to withdrawal of each aliquot

to prevent iarval clumping. The larval concentration was



adjusted to less than 30 per 0.025 ml to allow more accurate
counting and» when the larval concentration had been estimated,
the volume required to make the required inoculum was calculated.
This volume was pipetted into universal bottles and the total
volume made up to 20 ml with water, which wés used to dose
animals per os.

Statistical methods

Generally, results were analysed for statistically
significant differences using the Student's t-test for unpaired
data. The levels of significance are designated,

P (probability) < 0.05 * |

p : < 0.01 *k

P ' < 0.001  ¥k%

Data obtained from abomasal parasite counts were treated
diffefently. Analysis of x}ariance was carried out where there
were more than two groups. With two groups, t-tests for
populations with uneciual variances were carried out after
transformation of the data to 1oga.fithms. |

The in vitro studies into benzimidazole resistant strains of

Q. circumcincta were analysed using probit transformation to

estimate the EDg (the dose of drug required to affect 50% of the
individuals under test). |

The proportion of individuals affeéted are converted into
probit values, which are plotted against the log dose of the
drug. The best straight line is calculated by using the method
of maximum likelihood to weight the results. In this, the doses
that give responses close to 50% are considered more important

deterimants of the EDgy than those producing 0 or 100% response.



The method of least squares was then applied to the weighted
values to produce a straight line. The dose of drug

corresponding to a probit of 5 was then found, the EDg.
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FIGURE 1






FIGURE 2

The abamasal canmula in situ






STUDIES INTO THE EFFECT OF A NON-STEROIDAL ANTI-INFLAMMATORY
DRUG, MECLOFENAMIC ACID, ON THE RESPONSES OF SHEEP TO

0 l l - - : . I

INTRODUCTION
Pepsinogen

Pepsinogen is pl_‘oduced by the zymogen cells within the
gastric glands of the acid-producing stomach. These cells
synthesise, store and secrete pepsinogen (Ito, 1981).

In histological sections, the ’basal cytoplasm stains
strongly with basic dyes, indicating cytop'lasm rich in rbugh
enddplasnlic reticulum (RER).

At the cells' luminal surface there are a few microvilli and
the cell membrane has a thin glycoprotein coat. The lateral cell
membranes are relatively smooth and are joined to adjacent cells
at their apices by typical junctional processes. These consis't’

of two areas, the tight junction (zonula occludens) in which the

outer dense laminae of the adjacent cell membranes are fused and

the ihtermediate junction (zonula adherens) where the membranes
bare separate. The intercellular space is filled with
mucosubstance that acts as an adhesive. Adjacent cytoplasmic
condensations contain numerous intermediate filaments which are
anchored to the membrane by electron dense plaques (Banks,
1986a). |

Desmosomes (macula adherens) are also present. These do not

encircle the cell, but are scattered at discrete locations.

These are similar to the intermediate junctions. The
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intercellular space is filled with a sialic-acid rich material.

Gap junctions are also involved in joining the adjacent
cells. These are like tight junctions but the small
inﬁe:cellular space present contains an orderly array of
hexagonal subunits, which consist of proteins that extend through
the cell membrane and are in contact with each other. These
junctions act as diffusion barriers from the gland lumen to the
blood vessels, facilitate diffusion between component epithelial
cells and permit intercellular communication. | | |

Langley in 1881 described the zymogen cell as the site of
pepsinogen sythesis‘which is then stéred in granﬁles prior to
release. This has remained as the basis of our understanding of
the zymogen cell.

Many different types of pepsinogen have been isolated
(Samloff, 1971). These, when released, are acted upon by acid
and by pepsin itself to produce its active form, pepsin. This is
the result of removal of a number of amino acid residues from the
pepsinogen; some of the various peptides‘formed in this process
can act as pepsin inhibitors.

Pepsin is formed within the gland lumen and écts within the
stomach as a protease. The definition of pepsin is a protease
that exists és an inactive stable zymogen and is formed in the
presence of acid. It clots milk. Tt is active at acid pPH and
inactive at neutral or‘slightly alkaline pH.

The pepsinogen is released from the cell by exocytosis. A
wide variety of agents have been shown to stimulate pepsinogen

secretions (Hersey, Norris and Gilbert, 1984). Cholinergic
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agents stimulate pepsinogen secretion, an action that is
specifically inhibited by atropine indicating a muscarinic
receptor mechanism,

Histamine stimulates secretion, although in some species it
has only a weak effect (Hirschowitz and Sachs, 1969). B-
adrenergic agonists, cholecystokinin-octapeptide (CCK-OP),
gastrin, insulin and secretin can all stimulate pepsinogen
release (Koelz et al, 1982; Hersey, May and Schyberg, 1983;
Kasbekar, Jensen and Gardner, 1983; Raufman gg, 1983).
Gastrin stimulates pepsin output in a number of species. It is
thought that thesekall act via cyclic adenosine monophosphate
‘(CAMP) or calcium ions (Caz,"'), these being secondary mediators
(Raufman et al, 1983; Hersey, Norris and Gilbert, 1984).
- Therefdre, the zymogen cell appears to possess a multitude of
receptors, adrenergic, cholinergic and two types of peptide
receptors (sec;:etin and CCK-like). Prostaglandins can also
inhibit pepsinogen output in response to histamine, |

The association between plasma pepsinogen activity and
parasitism -

- Pepsinogen haé, for a long' time, been recognised as present
in the blood, the source being the gastric zymogen cells
(samloff, 1971). It is uncertain whether, in normal
~ f"circumstance’s, it enters through endocrine release from the cells
- directly into the blood stream, or from degenerating cells.

In ostertagiasis in cattle and sheep a rise in plasma
pepsinogen activity has been associated with the emergence of the
young adults from the gaystric glands (Anderson et al, 1964;

Armour, Jarrett and Jennings, 1966; Jennings et al, 1967). This
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was thought to be associated with structural damage and loss of
the junctional prdcesses joining adjacent cells, leading td an
increased permeability of the gastric mucosa (Anderson et al,
1965). This would result in pepsinogen, present in the gastri¢
lumen in greater concentration than normal due to the elevated
abomasal pH, passing into the blood and plasma proteins from the
blood, into the gastrointestinal tract. Mulligan, Dalton and
Anderson (1963) showed that associated with the hypoalbuminaemia,
there was a shortened half life of plasma albumin ’during
dstertagiasis and, using radioactive labelling that this was
associated with _increased loss into the gut.

Holmes and Maclean (1971) also showed evidence of a plasma

leak and increased albumin catabolism; but these were in decline

14 - 22 days post infection of sheep with O. circumcincta wh.i.le
the plasma pepsinogen remained elevated. They thought this could
be due to a combination of a long biological half life of ovine
pepsinogén, in addition to continuing rises in pepsinogen caused
by developing inhibited larvae. |

Murray (1969) and Murray, Jennings and Armour (1970) showed
by electron microscopy, that the intercellular spaces in animals
parasitised with Ostertégia spp were dilated and filled with

electron-opaque material, probably protein.

In Nippostrongylus brasilienSis infestation of rats, there
is also an increase in permeability of the intestinal wall which
has been visualised by eiectron microscopy. This increase
coincides with increased mast cell numbers and it is postulated

that mediators released by these cells contribute to the
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permeability (Murray, Jarrett and Jennings, 1971).

However,b while plasma pepsinogen activity in young animals
is found to correlate well with the number of parasites present,
in older animals it is more variable (Mylrea ahd Hotson, 1969).
In one study it was found that plasma pepsinogen tended to
increase with age.

Anderson (1972; 1973) found that in older animals, the
plasma pepsinogen activities rose associated with increased
numbers of parasite larvae ingested but few established to cause
damage. It was suggested that this could be _dueito a
hypersensitivity reaction causing an increase in mucosal ’
permeability. This was also discussed by Armour et al (1979)
and Yakoob, Holmes and Armour (1983).

Stringfellow and Madden (1979) failed to demonstrate an
increase in mucosal permeability in ostertagiasis using the
marker horseradish peroxidase. They found that iymogen cells
were bdenuded of pepsinogen‘granules and they concluded that their
results indicated the high pepsinogen in plasma was due to it
being retained in the circulation. Also that the zymogen cells
released pepsinogen directly into the circulation rather than it
passing from the gastric' contents through the damaged mucosa.
McKellar et al (i986; 1987) have also shown rises in plasma
pepsinogen activii:ies in calves transplanted with adult
0. ost'ertagi, A transfer of a mainly adult population of
Ostertagia spp into sheep also produced a pepsinogen rise
(Anderson, Hansky and Titchen, 1985). Therefore, it would seem

that the increased permeability of the gastric mucosa caused by
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larval damage is not the only mechanism for causing the rise in
plaéma pepsinogen activities during ostertagiasis. It is
possible that adult parasites themselves cause damage by moving
in and out of the mucosa. It has been shéwn that the females of

a related parasite O. ieptospicularis lay eggs in gastric glands

and therefore proving their capacity for mucosal damage (Al Saqur

et al, 1980). However, there has not been any evidence for this

occurring in O, circumcincta or O. ostertagi infections.

Alternatively, the adult parasites could affect the
macromolecular 1leak, possibly mediated by their
execretory/secretory products. It is possible that abomasal pH
is similarly directly affected by ‘the adult parasites (Eiler
et al, 1981). |

It has also been suggested that the zymogen cells could be
stimulated by the adults to secrete pepsinogen directly into the
circulation (McKellar et al, 1986; 1987).

Prostaglandins or other mediators could also be involved in
these effects.
Eicosanoids

Eicosanoids are a group of substances that are formed from
their precursor, arachidonic acid. They include prostaglandins,
prostacyclin, leukotrienes and thromboxaﬁes (Moncada, Flower and
Vane, 1985). Of theée compounds, prostaglandins have been the
- subject of many studies. Leukotrienes and thromboxanes were
- discovered later and much work on i:heir actions has yet to be

done.
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Prostaglandins are among the most prevalent of autacoids and
have been detected in almost every tissue and body fluid, except
erythrocytes. They are produced as a result of a wide variety of
- stimuli, and cause, in minute amounts, a wide variety of effects.

Arachidonic acid is found aé a component of the
phospholipids of cell membranes, or in ester linkage in other
complex lipids. The concentration of free arachidonic acid is
low and the biosynthesis of eicosanoids depends on its release by
phospholipases. Prostaglandins are not stored in cells (Piper
and Vane, 1971) and therefore stimuli must influence their
biosynthesis probably via the phospholipases. It would seem'that
an inérease in intracellular calcium concentration (Ca2+) and its
action in éombination with calmodulin acts as the secondary
messenger within the cell and stimulates arachidonic acid
metabolism,

Prostaglandins can be divided into several main classes,
designated by letters. The main classes are then subdivided in
accordance with the number of double bonds on their side chains.
- They are all 20-carbon unsaturated carboxylic acids with a
cyclopentane ring; |

Synthesis begins by the action of cyclo-oxygenase enzyme to
form prostaglandin G, (PGG,) and then prostaglandin H, (PGH,).
Both of these compounds are chemically unstable (see Figure 3).
These are then isomerised enzymatically or non-enzymatically into
different products PGE,, PCF2 or PGD, (Flower, 1978; Moncada,
Flower and Vane, 1985). Prostaglandins A, B and C, which arise

from the corresponding PGE are formed chemically during

17



extraction, probably none occurs biologically.

PGH, can also be metabolised into thromboxane A, (TxA,) with
the action of the enzyme thromboxane synthetase. This compound
is unstabie and breaks down non-er'lzymatic‘allly‘ to the stable
thromboxane TxB, (Hamberg, Svensson and Samuelsson, 1975). PGH,
- can also be used to produce'the unstablé compoundkprostacyclin
(PGIZ) by action of the enzyme prostacyclin synthetase. PGI, has
a double ring structure and is hydrolysed non-enzymatically to
the stable campound 6-keto prostaglandin Flok.

The first step in the formation of the leukotrienes is the
formation of 5-hydroperoxyeicosatetraenoic acid (5-HPETE) by the
action of the enzyme' 5—lipoxygenasé. 5-HPETE can be converted to
5-HETE (5-hydroxyeicosatetraenoic acid) or to leukotriene A4
(LTA4). -Leukotriene A4 can be converted to LTB 4 Or LTCy. LTDy,
LTE4 and LTF, can all be formed stepwise from LTC,.

A mixture c;f leukotrienes, containing LTC4 and LTD, and LTE,
make up the substance known as 'slow reacting substance of
anaphylaxis' (Morris et al, 1980; Lewis and Austen, 1981).

The wide variety of effects caused by prostatjlandins seem to
be mediated by causing a rise of cyclic adenosine monophosphate
(cAMP) within the affeéted cells (Bourne, 1974; Moncada, Flower
and Vane, 1985). There appears to be strong evidence for the
existence of specific membrane-bound receptors for the
eicosanoids in many tissues.

Efficient mechanisms exist for the inactivation of most
prostaglandins. This is important, as such potent, vasoactive

compounds as these could cause widespread effects. The lungs
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play an important role in the inactivation (Flower, 1978).

As previously stated, prostaglandins have a wide variety of
effects, different prostaglandins often having opposite effects
to others. Many articles have reviewed their actions (Higgs
et al, 1981; Higgins, 1985) and those known for leukotrienes
(Piper, 1983). Their mostv important actions are summarised
below. Their effects on smooth muscle are discussed elsewhere.

Cardiovascular system - most prostaglandins cause
vasodilation, but some, at selected sites cause vasoconstriction.
Thromboxane A, (TxA,) appears to bé a powerful vasoconsﬁrictor
(Hamberg, Svensson and Samuelsson, 1975). Leukotrienes seem to
act on microvasulature, to cause plasma exudation (Dahléﬁ et al,
1981). They are also vasoconstricting (Piper, 1983).

Blood - Prostaglandins and prostacyclin exert powerful
actibné on platelets. Generally they inhibit aggregation, but
prostaglandin PGE, exert';s variable effects. TxA, induces
platelet aggregation (Hamberg, Svensson and Samuelsson, 1975).
Leukotriene By (LTBy) is a very potent chemotactic for
polymorphonuclear leukocytes. 5-HETE and prostaglandin E, (PGEq)
are also (Higgs, McCall and Youlten, 1975; Goetzl and Sun, 1979;
Palmer et al, 1980; Piper, 1983).

Gastrointestinal tract - Prostaglandins generally inhibit
gastric acid secretion and stimulate bicarbonate secretion from
rthe gastric mucosa. They also have effects on mucus secretion
and are involved in maintaining blood flow to the stomach. It is
thought leukotrienes can also affect mucus pfoduction. This is

discussed in more detail elsewhere,
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‘ Prosfaglandins also have effects on the kidney, afferent
nerves and pain, the endocrine ‘system, possibly the centi‘al
nervous system and have metabolic effects.

Roleoftheelcosanoldsmmﬂamntoryandmmmeraipms@

Prostaglandins contribute importantly to the 'gen‘esis and
symptoms of inflammation (Moncada, Férreira and Vane, 1978;
Larsen and Henson, 1983).

They are released when tissues are mechanically or
chemically stimulated. Initially the source of the
prostaglandins is the injured tissue, then it could be augmented
by polymorphohuclear leukocytes which produce prostaglahdins
during phagocytosis. Macrophages also could add to the
prostaglandin concentration (Higgs, McCall and Youiten, 1975;
Higgs et al, 1981). Prostaglandins, particularly PGE; have been
detected‘ in inflammatory lesions in sheep (Greenwood and Kerry,
1979). |

Although bprostaglandins do not appear to have direct effects
on vascular permeability, both PGEZ and PGI, markedly enhance

"oedema formation and leukocyte infiltration by promoting blood
flow into the inflamed area (Williams and Morley, 1973; Williams
and Peck, 1977). ’

5-HPETE and 5-HETE may be required for histamine release
from basophils and may aid secretion of histamine and other
mediators from mast cells.

But, PGEs suppress the secretion of mediators of
inflammation by mast cells in anaphylactic reactions and inhibit

participation of lymphocytes in delayed hypersensitivity
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reactions. They also inhibit the release of hydrolases and
lysosomal 'en2ymes from human neutrophils and mouse peritoneal
macrophages. Prostacyclin appears to inhibit leukocyte adherence
to blood vessel walls.

‘Prostaglandins are also involved in producing the pain and
" hyperalgesia of inflammation. They may also have a role in the
production of fever (Moncada, Ferreira and Vane, 1978; Feldberg
and Milton, 1978).

Leukotrkienes By, C4 and Dy all increase vascular
permeability. LTB4 can increase the adherence and margination of
polymorphs (Dahlén et al, 1981). It also elicts release of B-
glucuronidase and lysbzyme from neutrophils.

Prostaglandins are also thought to play a 'rol’e in .the
control of the immune system (Bourne, 1974; Pelus and Strausser,
1977). In summary, prostaglandin Eq, is thought to influence
the functions of B lymphocytes. Humoralb antibody response is
decreased by PGE4. Prostaglandins also affect T lymphocytes,
particularly T killer cells, in inhibiting their action. PGE is
also active in inhibiting production and release of lymphokines
by sensitised T cells.

 Inhibitars of eicosanoid production

There are a number of enzymes essential to eicosanoid

production that drugs can act upon.
Phospholipase inhibitors

It is thought that glucocorticoid preparations act here and

prevent the liberation of arachidonic acid. This is discussed in

a later section.
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The non-steroidal anti-inflammatory drugs act here and
prevent the formation of prostaglendins (Ferreira, Moncada and
Vane, 1971; anith and Willis, 1971; Vane, 1971; Higgs et al,
© 1981). The formation of leukotrienes is unaffected. It is
thought that some pro-inflammatory effects caused by these drugs,
for example, increased leukocyte migration, may be due to
increased leukotriene formation, by increasing the amount of
ai‘achidonic acid available for lipoxygenases (Adams et al, 1977;
Higgs et al, 1980; Morris et al, 19-80'; Myers and Siegel, 1983;

Piper‘, 1983). This effect is abolished at higher doses of the
" anti-inflammatory drug. |
| ﬁxamples of cycle-oxygenase inhibitors are aspirin,
phenylbutazone, indomethacin and meclofenamic acid.

All these show simiiar toxicity signs associated with
gastrointestinal damage and ulceration. There vis evidence that
some cyclo-oxygenase inhibitors are selective in inhibiting
cyclo-oxygenase from different tissues. For example, sodium
salicylate and the dual inhibitor BW755C have been shown to
~inhibit prostaglandin production generated by inflammation, but
not to affect mucosal cyelo-oxygenase (Whittle et al, 1980).

A number of pyrazoline analogues have been reported to
inhibit both enzymes and therefore block prostaglandin and
leukotriene production.

All of these substances are still at the experimental stage.

BW755C and BW540 are examples. BW755C does not enhance leukocyte
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migration at low doses like some sellective cyclo-oxygenase
inhibitors. It acts to decrease oedema, prostaglandin synthesis
and leukocyte accumulation. | Therefore the actions are similar to
those of glucocorticoids, but do not share the same systemic side
effects (Higgs, Flower and Vane, 1979). In most experimental
models, cyclo-oxygenase inhibitors enhance antigen induced
responses. Corticosteroids and these dual inhibitors do not.
Therefore this is evidence that lipoxygenase acti{rity ’is involved
both in the generation of anaphylactic mediators and the
sensitisatation of smooth muscle to their contractile actions.
Thromboxane synthetase inhibitors

There is currently interest in analogues of imidazole which
appear to inhibit thromboxane synthetase preferentially. One
example of t.hése is dazoxiben (Patrignani et al, 1984).

Lipoxygenase inhibitors

Work is st;_ill in the early stages with these inhibitors.
FPL 55712 has been shown to be a selective lipoxygenase inhibitor
(Augstein et al, 1973; Morganroth et al, 1984). Other products,
piriprost, benoxaprofen and nordihydroguaiaretic acid (NDGA) have
been investigated and found to have similar actions (Morris

et al, 1980; Burka, 1985).
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FIGURE 3

Biosynthetic pathway of the eicosanoids |
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Meclofenamic Acid (N—-(Z,G,didﬂoré—m—tolyl) anthranilic acid)

Meclofenamic acid is a non-steroidal anti-inflammatory drug
and a derivative of N-phenylanthranilic acid, Other members of
this group, the fenamates, are mefenamic, flufenamic, tolfenamic
and etofenamic acids (Flower, Moncada and Vane, 1985). They
possess analgesic; antipyretic and anti-inflammatory properties.
The structure of meclofenamic acid is shown in Figure 4.

It is marketed in Britain for the oral treatment of acute or
chronic inflammatory conditions involving the musculo-skeletal
system of the horse (Arquel granules, Parke Davis). It's
pharmacokinetics have been studied in this speciés (Snow, Baxter
and Whiting, 1981). It is not widely used in human medicine
because of its frequent side effects, particularly diarrhoea,
- which can be severe (Flower, Moncada and Vane, 1985).

Activity

Like other non-steroidal, anti-inflammatory drugs,
meclofenamic acid acts on the enzyme cyclo-oxygenase, which is
necessary for the synthesis of prostaglandins from their
precursor, arachidonic acid (Vane, 1971; Ferreira and Vane, 1979;
Higgs et al, 1981). It is thought that it inhibits this enzyme
by binding to the active site as it's aromatic moieties are
similar to the polyene system in arachidonic acid (Shen, 1979).
Meclofenamic acid is thought to bind irreversibly and therefore
new enzym.es have to be generated before further prostaglandins
-can be formed (Lees and Higgins, 1985).

Cyclo-oxygenase products synergise with other inflammatory

mediators, therefore their removal reduces the effectiveness of
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‘substanc':es such as histamine. Prostaglandin production is not
normally elevated unless there is tissue damage and this explains
why cyclo-oxygenase inhibitors are not analgesic or antipyretic
in the absence of inflammation (Higgs et al, 1981).
In addition, the fenamates have been found to be
prostaglandin antagonists, as they interact with prostaglandin
receptors (Collier and Sweatman, 1968).

Like other non-steroidal anti-inflammatory drugs, the
fenamates are acidic and this is thought to aid their accumulation
~in inflamed tissue (Snow, 1983). Meclofenamic acid is also
highly protein bound in plasma (Snow, Baxter and Whiting, 1981).
It is probable, because of its high protein binding
characteristics, that it remains in tissues after plasma
concentrations are undetectable (Snow, 1983).

Snow, Baxter and Whitihg (1981) have shown that unlike
anothér non-steroidal drug, phenylbutazone, similar absorption in
fasted and non-fasted ponies was obtained after oral
administration of meclofenamic acid.

Taxicity

High doses have been shown to cause ulceration of the
gastrointestinal tract and renal toxicity (Kaump, 1966). Ponies
on low doses were also shown to prdduce a protein—losing
-gastroenteropathy but this was less marked than that seen with
phenylbutazone. There has been some doubt expressed as to
whether the plasma protein drop is attributable to the lesions in
the gastrointestinal tract (Snow et al, 1983). Administration at

the recommended dose rate for ten days was shown to cause a drop
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FIGURE 4

Structure of meclofenamic acid
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in the total protein concentration of plasma, both albumin and
globulin being reduced (’P. Lees and W.E. Allen, cited Lees and
Higgins, 1985). |

Prostacyclin is produced in the gastric and intestinal
mucosa where it has a vasodilator role which maintains local
blood flow and prevents the development of ischaemic areas. The
inhj.bition of cyclo-oxygenase activity in the gastric mucosa is
closely related to ulcerogenicity (Whittle et al, 1980). ‘A
direct topical irritant action could also be involved after oral
admiﬁistration of the drug.

The effects caused by adult stages of Ostertagia spp on

Transplantation of adult parasites directly into the
abomasum has been used by a small number of workers to study the
effects caused directly by adult Ostertagia without the
complication of larval development within the mucosa.

Anderson, Hansky and Titchen (1985) transferred a mainly
adult popu_lation of Ostertagia spp into previously parasite-naive
sheep. Large numbers of parasites were transfe’rred. Rises in
abomasal pH, plaéma pepsinogen and plasma gastrin concentrations
Were observed. The inhibited fourth stage larvae generally
remained inhibited after transfer.

Obviously the fact that larval stages Were transferred could
have damaged the mucosa in the same way as a larval infection to
produce the changes observed.

However, studies by McKellar and colleagues (1986; 1987) in

which adult populations of Ostertagia ostertagia were transferred

into calves proved that a rise in plasma pepsinogen was a feature

26



of thé adult pafasite infection. Calves that had previously been
infected with larval parasites aiso showed a similar rise. A
rise in plasma gastrin concentrations also occurred in animals
receiving the largest number of parasites. There was no
significant change in abomasal pH however. This difference from
the work of Anderson, Hansky and Titchen (1985) could be due to
the fact that fewer parasites were transferréd and a threshold
number of adults are necessary to cause the pH rise, or to the
fact that no larval stages were present.
MATERIALS AND

Aninals

The vadult sheep used in these experiments were Scottish
Blackface ewes aged greater than five years. 'Their weights
ranged between 50 - 60 kg. All had been reared and maintained
since birth on a hill farm known to be infected with

OStertagia circumcincta (Q. McKellar, personal communication).

They were therefore considered to be immune to O. circumcincta.

In contrast, the lambs used in these investigations had been
born and reared indoors in conditions to exclude exposure to

Q. circumcincta. Female and castrated male lambs, aged

approximately five months, were ﬁsed. Their weights ranged
between 20 - 30 kg. at the start of the experiment,

The lambs in the final experiment of this section were
surgically prepared with abomasél cannulae four wéeks prior to

the start of the experiment.
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Administration of O. circumcincta larvae (L3)
For a period of nine weeks prior to the start of the second
experimenf:, using adult immune sheep, each animal was dosed with

2,000 O, circumcincta L3 once weekly, while also grazing

contaminated pasture. This was carried out in order to ensure

immunity to O. circumcincta. The animals were treated with an

anthelmintic to remove any remaining gaStrointestinal parasites
- one week before the start of the experiment. The adult sheep used
in the preliminary study did not undergo this regime of larval
administration. |

The lambs in these studies remained parasite naive untii the
start of the experiment.

On day 0 of each experiment, the adult sheep were challenged

with a single dose of 200,000 O. circumcincta L3, the lambs with

a single dose of 75,000 O. circumcincta Lj.

Administration of meclofenamic acid

Meclofenamic acid (Arquel granules, Parke-Davis) was
administered orally as a slurry made up in 20 ml of water. The
adult sheep received 500 mg of meclofenamic acid daily divided
into two doses givén at 9 a.m. and 5 p.m.

-The lambs received 250 mg of meclofenamic acid daily,
divided into two doses administered as above.

The average dose of meclofenamic acid was therefore 10 mg/kg
bodyweight per day.

The administ_ration of meclofenamic acid began one day prior

to challenge with the O. circumcincta L3 and continued, twice '

,daily, throughout the experiment.
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Sampling techniques

Abomasal fluid

The cannulated lambs in the final experiment of this section
had samples of abomasal fluid taken every second day throughout
the expériment. The animal was restrained in a standing position
and the sample collected into a plastic beakef by allowing the
normal passage of ingesta to push the abomasal contents through
the cannula. The first portion of the sample was discardéd as
not representative, it was assumed to have been present in the
barrel of the cannula for a period of time.

The abomasal pH wés measured immediately after collection
using a upH sensor (Whatmaﬁ Labsales Ltd.). The sample was then
centrifuged at 1,000 x g for ten minutes. The supernatant fluid
was collected and stored at -20°C for estimation of meclofenamate
concentration. -

Blood sampl&_as

Blood samples were obtained from the jugular vein using a
20 gauge 1" needle into heparinised syringes (Monovettes,
Sarstedt). The blood was centrifuged at 1,000 x g for ten
minutes. The plasmé supernatant was removed and storéd at -20°c
until assayed for plasma pepsinogen activity and meclofenamate
concentration. | |

- Faecal samples

Faecal samples were obtained per rectum. They were examined

for the presence of parasite eggs using a'modified McMaster

technique.
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Necropsy

Procedure at necropsy

All the animals were killed by intravenous administration of
sodium pentobarbitone (Pentobarbitone .Forte, Veterinary Drug Co.
PLC) as an overdose. The lambs that were acting as donors ’of

adult O. circumcincta were starved for one day prior to death to

reduce the volume of the abomasal contents.
Sampling techniques at necropsy
Abamasal contents
Abomasal ‘contents were collected at necropsy. The pH of. the
contents was measured using a upH sensor. The contents were then
processed for estimation of parasite numbers as described
previously. |

In the experiment where lambs acted as donors of adult

O. circumcincta, the above procedure was modified because of the
volume of abomasal contents required to be transferred into
,recipient lambs.

In this case, the abomasal contents were collected from each
lamb and the pH measured. The volume of contents of each
abomasum was 'méde up to two litres with water. This was well
mixed prior to taking a 100 ml sample for the estimation of
parasite numbers. 10 ml of 40% formalin was added to the 100 ml
'sample to preserve ir until this Was carried out.

The abomasal contents from group 1 lambs were pooled
together, mixed well and divided equally between four 1,000 ml
glass measuring cylinders. The contents were then allowed to

settle.
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The same procedure was carried out with the abomasal‘
contents fram the lambs of group 2.
Abamasal mucosa
The abomasal mucosa was collected and processed for
estimation of parasite numbers as described previously.

Transfer of abomasal contents containing adult O. circumcincta

The supernatant was carefully poured from each cylinder and
the residue transferred into each recipient lamb via the abomasal :
cannula. The recipients were restrained in standing position and.
a plastic tube was passed through the cannula into the abomasum.
A funnel was attached to the other end of the tube and the

abomasal contents containing the adult O. circumcincta were

transferred into the recipiént abomasum. The cylinder, funnel
and tube were washed with phosphate buffered saline (PBS) to
maximise the numbers of parasites entering the abomasum.
Assay to determine meclofenamic acid concentration in piasma and
abomasal fluid |

The method of Marriner and Bogan (1979) was used to measure
the concentration of free drug in plasma and abomasal fluid. To
1 ml of plasma or abomasal fluid supernatant in a 15 ml stoppered
test tube, 6 ml 0.25 M sodium chloride, 0.3 ml hydrochloric acid
(1 M) and 5 ml carbon tetrachloride were added.

This was shaken on a rotary mixer for ten minutes and
centrifuged for ten minutes at 1500 x g.

3 ml of the lower, carbon tetrachloride layer was removed to
a 10 ml stoppered test tube. Four drops of trichloroacetic acid

solution ( 5% w/v in carbon tetrachloride) were added and mixed
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rapidly. The fluorescence (excitation 360 nm/emission 425 nm)
was measured exactly ten minutes after the addition of the
trichloroacetic acid using a spectrophotometer (Perkin—Elmer-
2000). Solutions of sodium meclofenamate were made up. Six
standa;:ds and blank plasma or abomasal fluid were added fo each
assay. Unknown samples were read from the calibration curve
obtained from these standards. The results were converted to
concentration of free drﬁg i.e. meclofenamate,

EXPERTMENT ‘1
Investigation into the effect of meclofenamic acid on the
responses of adult immune sheep to a single dose challenge o_f
O. circumcincta Ly - A prelm:.mry study
Experimental design

The six adult sheep used in this experiment were divided

into three groups of three, two and one sheep. The single sheep

acted as a control that was treated with meclofenamic acid but

- was not challenged with O. circumcincta (Ls).

Group ~  Sheep Number Procedure

1 96 Meclofenamic acid treatment
' (500 mg/animal/day) .
97 Challenged with 200,000
O.circumcincta (L3)

98

2 47 Challenged with 200,000
48 O.circumcincta (L3)

3 . 38 Meclofenamic acid treatment

(500 mg/animal/day)
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The animals were not slaughtered at the end ofv this
experiment.
| Samples collected

Blood samples were taken daily throughout the experiment.
Results

Plasma concentrations of meclofenamate

The concentrations of meclofenamate in the plasma of sheep
of groups 1 and 3 sheep are shown in Tablé 1.

Figure 5 shows the mean concentrations in groub 1 sheep and
the plasma concentration in the one sheep in group 3. As can be
seen in Figure 5, the concentration of meclofenamate was gréater
than 1 ug/ml one day after the start of administration in group 1
sheep. The concentration remained between 1.0 to 1.6 ug/ml until
day 7 of the experiment when it dropped to below 0.8 ug/ml. A
small rise in conceni:z_:ation to 1 ug/ml occurred on day 12, ‘and
again on day 19 to 0.8 ug/ml.

The sheep that was treated with meclofenamic acid only,
reached higher concentrations initiarlly, greater than 2.0 ug/ml
where it remained until day 9 of the experiment.- The
‘concentration of meclofenamate dropped sharply to below 0.5 ug/ml
for the remainder of the experiment.

Plasma pepsinogen activity

The plasma pepsinogen activities measured throughout this
experiment are shown in Table 2 the mean of each group shown in
Figure 6. b‘From Figure 6, it can be seen that after the challenge

with 200,000 O. circumcincta (L3) on day 0, the mean plasma

pepsinogen activities of both groups of sheep rose. The maximum
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concentration was 1.543 LU. for the group receiving meclofenamic
acid (group 1) and 1.915 I.U. for the untreated control group
, (group 2). Plasma pepsinogen activities then declined in both
groups until day 11 of the experiment. ’I'he plasma pepsinogen of
the group 1 sheep remained below 1.7 I.U., that of group 2 rose
" to reach a maximum of 4.115 LU. on day 19 of the experiment.

The plasma pepsinogen activity shown by the sheep receiving
meclofenamic acid only, was 1.9 I.U. at the start of the
experiment, The activity fell to 1 L.U. and then below.
Discussion

Therefore, a difference was seen in the plasma pepsihogen
‘activities of the two groups of sheep from day 10 of the
experiment. Those animals that did not receive meclofenamic acid
showed a rise in plasma pepsinogen activity probably indicating
damage to the abomasal mucosa by the parasites that had
established and’ were emerging as young adults from the gastric
glands. Therefore the immunity of these sheep was called into
question but as these animals were not slaughtered, no further
steps could be undertaken to prove the establishment of
parasites.

The lower bplasma pepsinogen activity in the group of animals
receiving meclofenamic acid could be due to two reasons:-

1. These animals were able to expel their parasitic challenge
before entry into the gastric glands and subsequent damage to the

abomasal mucosa.
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2. The animals receiving meclofenamic acid were similar to the
control group in that Osteri:agia larvae were able to becomieb
established but the rise in plasma pepsinogen activity was
 blocked in same way by the meclofenamic acid.

The low plasma pepsinogen activities in the sheep receiving
meclofenamic acid only, (Group 3) proved that administration of
meclofenamic acid in sheep does not cause a significant rise in
plasma pepsinogen by damage to the gastrointestinal tract, or by
inhibiting prostaglandin production. Prostaglandins can have an
inhibitory effect on pepsinogen secretion. The plasma
pepsinogen activity of this sheep declined during the experiﬁent
It is possible that loss of parasites and lack of parasité
challenge indoors caused this,
| The difference in the plasma concentration of meclofenamate
at the start of the experiment compared to later, which was shown
by every animal, may be due to weight increases in the sheep
while remaining on the same dose of 500 mg meclofenamic acid per
day. The purpose was to provide an adequate concentration of
meclofenamic acid to be active as an anti—inflammétory agent and
not to study the pharmacokinetics of this drug. An increaséd
rate of metabolism of the meclofenamic acid by the animals could
also be a reason for this decline in plasma concentration after
seven to nine days of administration. Thisv possibility is
discussed later,

The experiment was therefore repeated in a larger number of
sheep, which had been dosed for nine weeks previously with

0. circumcincta larvae (L) in order to ensure immunity to this
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parasite. The animals were slaughtered at the end of the

experiment and abomasal pérasite numbers estinlated.

Investigation into the effect of meclofenamic acid on the
responses of adult immune sheep to a single dose challenge of
0. circumcincta Ly - Study two

Experimental Design

Twelve adult sheep were used in this study. They were

divided into three groups of four sheep.

Group Sheep Number ' Procedure
1 41  Meclofenamic acid treatment
46 (500 mg/animal/day)
102 Challenged with 200,000
120 Q. circumcincta (L)
2 o 47 Challenged with 200,000
113 O. circumcincta (L3)
124
7496
3 48 Meclofenamic acid treatment
96 (500 mg/animal/day)
98 ’
103

Animals of groups 1 and 2 were killed at the end of the
experiment to estimate abomasal parasite numbers.
Samples collected

Blood samples

Blood samples were collected every three days throughout the

experiinent.
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Fae@l samples

Faecal samples were taken prior to the start of the
experiment, day 12 and day 14 of the experiment, then every three
days. |
Necropsy

The animals weré killed and abomasal samples taken as
described previously.

Results

Faecal egg counts

The results are shown in Table 3.

Very few eggs were detected in the faeces of any of the
- sheep and no difference was detected_ between the groups.

The concentrations of meclofenamate in the plasma of sheep
in groups 1 and 3 are shown in Téble 4 and the mean of each group
in Figure 7.

The mean ¢oncentrations of each group remained around
0.4 ug/ml of plasma during the experiment, the group that
received meclofenamic acid only (group 3) having a slightly
higher mean concentration. The high initial concentrations seen
in the first study were not seen here. It was unlikely thatb the
longer intervals between sampling allowed the high concentrations
of meclofenamate to be missed, as on day 2 of the previous study,
| concentrations of meclofenamate were above 1 ug/ml of plasma.
Plasma pepsinogen activity
The results are shown in Table 5, and the mean plasma

pepsinogen activities of each group in Figure 8.
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o There was a rise in mean plasma pepsinogen activity in both -
groups 1 and 2 after challenge. This reached a maximum on day 5
of vthe experiment (2.402 I.U. in group 1, 2.128 I.U. in group 2).
Thereafter, plasma pepsinogen activity declined below 1.5 I.U. by
day 11 in both groups. This was similar to that found in the
previous study, but pepsinogen activities reached weré generally
higher than here.

However, by day 23 of the experiment, the mean pepsinogen
activity of group 2 sheep had declined to 1.224 IL.U., in marked
contrast to the previous study.

The mean pepsinogen activity of group ‘1 sheep incréased
slightly from day 14 to reach 1.604 I.U. by day 23. Group 3
sheep, who only received meclofenamic acid, had mean pepsinogen
activities belov} 0.5 I.U. throughout the experiment as seen
previously. Therefore meclofenamic acid did not oontribﬁte any
rise in plasma pepsinogen activity when administered alone.

Abamasal pH at necropsy

The results are shown in Table 6.

All animals had an abomasal pH within the normal range
except for two sheep. The high abomasal pH in sheep number 124
in group 2 may be explained by the blood contamination of the
abomasal contents., Sheep number 12O of group 1 had an abomasal
pH of 6.6 which was also above the normal range. This animal had
the highest numbers of parasites at necropsy (15,800) which would

have increased the abomasal pH.
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Nulbers of abomasal parasites

These results are shown in Table 7 and the percentage
establishment of the larval challenge in Table 8.

There was a. large within-group variation in those animals
receiving meclofenamic acid and the untreated controls.

In group 1, sheep number 1 20. had 15,800 parasites, many more
than the rest of the animals in that group. |

The reason for the increased establishment of the larval
challenge in this sheep‘is unknown.

In group 2, two sheep, numbers 47 and 7496 had higher
numbers of parasites than the other two animals. Both ﬁhese
animals showed evidence of inhibited development of Ostertagia,
particularly number 7496. Again, the reason for this is not
know.

When considering the mean of each group, howéver, there
would appear to. be a large differencevbetween groupé. A mean of
4,350 parasites in fhe sheep receiving meclofenamic acid, 13,588
in the control sheep, but this difference is not statistically
sighificant.

Discussion

The results obtained for plasma pepsinogen activity and
meclofenamate concentration in plasma in the preliminary study
were not reproducéd in the »second experiment with adult sheep.

The plasma\pepsinogen response to the parasite challenge was
very similar between treated and untreated groups in the second
study. The peak in plasma pepsinogen activity early in the

experiment probably represents a hypersensitive response to the

39



_incoming larvae as discussed earlier. It WOuld seem unlikely
from this experiment that prostaglandiné are involved in this
response. The difference in plasma pepsinogen activities in the
first study was probably due to differences in the host's ability
to expel the challenge of parasites.

'Ihe high meclofenamate concentration seen at the beginning

of the preliminary study was also not repeated. This was .
probably due to the fact that the sheep in the second study were
in reasonable body condition and their weights were” maintained

' thrbughbut. the experiment. Weight increases in the animals of

' the preliminary study probably contributed to the différent

pattern of plasma meclofenamate concentrations, '

Theré did appeér to be a reductioh in the nﬁmber of
parasites established in the animals treated with meclofenamic
acid, aithough there was a great deal of individual variation.
The differences between. groups were not statistically significant
however. The différent numbers of parasites established also did
not affect mean plasma pepsinogen activities. However, those
animals with the highest number of parasites at necropsy did have
high plasma pepsinogen activities towards the end 6f the
experiment. There did not seem to be a reiationship between
parasite establishment and the possible 'hypersensitive' rise m
plasma pepsinogen aétivity early in the experiment. -

Most of the animals in this experiment alldwed less than 3%
of the parasites to establish. This is considered normal for

animals immune to O. circumcincta (Yakoob, Holmes and Armour,

1983). Very few parasite eggs were detected, even in those
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animals in which larger numbers of parasites established.

The reduction in parasite numbers in meclofenamic acid
7 treated énimals would seem to indicate that the host environment
was made less suitable for parasite establishment by its action
on prostaglandin synthesis., This would be contrary to the
finding by Kelly and Dineen (1976) that prostaglandins can damage

worms in vitro and that they are involved in protection against

N. brasiliensis in the rat. Here suppréssion of prostagiandins
led to a reduced establishment. |

waever, it is also possible that meclofenamic acid exerted |
a direct effect on the parasites. An experiment subsequeht to

these studies investigated the effect in vitro of meclofenamic

acid on O. circumcincta L3 motility (Table 24). It was found
that motility was inhibited by the presence of the drug. In
contrast, another non-steroidal anti-inflammatory drug,
phenylbutazone, did not affect larval motility in vitro
(Table 25)., The animal in the group receiving meclofenamic acid
that harboﬁred the largest number of> parasites (number 120)
generally showed the lowest plasma concentrations of the drug.
Therefore it is probable that meclofenamic acid exerted a direct
effect on the parasites, and caused the reductién in

establishment.
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EXPERIMENT 2
Investigation into the effect of meclofenamic acid on the
respms&sofpémsite—mivelanbstoasingledosedallengeof.
Ostertaqia inct

Eight parasite-naive lambs were used in this experiment and
were divided into two groups.

Group Animal number Procedure

1 49 Meclofenamic acid treatment
57 (250 mg/animal/day)
104 Challenged with 75,000
133 O.circumcincta (L3)

2 52 Challenged with 75,000
63 O.circumcincta (L3)
64 T
85

The animals were killed at the end of the experiment and acted as

donors of adult 0. circumcincta into two subsequent groups of

parasite-naive lambs.
Samples collected

Blood samples

. Blood samples were collected prior to the start of the
experiment and every three déys until death on day 24 of the
experiment,

Faecal samples

Faecal samples were taken prior to'>the start of the
experiment, day 12 and day 14 of the experiment, then every three
“days.
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Necropsy

The animals were killed on day 24 of the experiment and
- samples were taken as described previously, prior to the transfer
of abomasal contents containing adult parasites into other lambs.
Results

Faecal egg counts

The results are shown in Table 9 and Figures 9 and 10. Only
one animal in group 1 had parasite eggs in its faeces. 1In
contrast, all of the animals in group 2 passed parasite eggs.

Therefore, on the days sampled, the animals receiving
meclofenamic acid produced fewer parasite eggs than the control
group of lambs.

Plasma concentrations of'meclofénamate

These results are shown in Tﬁble 10 and thé mean in
Figure 11. There was a large variatioh in plasma meclofenamate
concentrations within the group 1 lambs.

- Animal number 49 had concentrations of meclofenamate below
the level of detection (0.1 ug/ml) from day 5 to day 17 of the
- experiment, This animal had diarrhoea on day 5 of the
experiment, but it improved without treatment within two days.
Animal number 104 also produced diarrhoea on the fifth day of the
experiment which improved without treatment. Subcutaneous oedema
between the rami of the mandible (bottle-jaw) and diarrhoea
appeared in this animal on day 19 of the experiment (day 20 of
meclofenamic acid administration). Biochemical analysis of
plasma samples showed reduced total protein, albumin and globulin

concentrations. A protein-losing enteropathy was diagnosed,
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probably due to meclofenamic acid toxicity. The daily dose of
meclofenamic acid was reduced to half and this was administered
once daily from day 19 of the experiment, The diarrhoea quickly
disappeared by day 21 but the subcutaneous oedema improved more
slowly, a little remaining at necropsy. ‘

Animal number 57 showed signs of bottle jaw on day 20 but no
diarrhoea developed. Meclofenamic acid was édministered as
usual. |

Plasma pepsinogen activity

The results are shown in Table 11, aﬁd the mean qf each
group in Figure 12, The mean piasma.pepsinogen activitiés of
both groups rose rapidly from five days post challenge, both
reaching maximum concentrations at day 14 post challenge.

From day 8, the mean plasma pepsinogen activity of the
animals receiving meclofenamic vacid rose more sharply vthan the
control group, .reaching a maximum of 4.722 I.U. as compared to
3.422 1.0, of the control group. The mean values then fell
quickly to below 2 I.U. by day 20 of the experiment.

Abamasal pH at necropsy

The results are shown in Table 12. All of the lambs had an
abomasal pH above the normal range; although animal number 49 of
group 1 had a lower abomasal pH than the others. B

| Numbers of abomasal parasites

These results are shown in Table 13, and the percentage

establishment of the larval challenge in Table 14.
| There appeared to be larger numbers of parasites established

in those lambs not receiving meclofenamic acid. A mean value of

44



15,313 parasites in group 2 lambs compared to 3,763 in group 1
lambs. But this was not statistically significant.

In the lambs receiving meclofenamic acid, the lamb that
showed severe signs of meclofenamate toxicity, number 104, only
had 100 parasites compared to counts of greater than 3,500 in the
other animals.

In the group 2 lambs there was a wider range in parasite
numbers, two animals, numbers 64 and 85 having counts greater
than 25,000; in contrast, lambs humbers 52 and 63 had less than

5,000 O. circumcincta.

Therefore meclofenamic acid appeared to have an effeét on
the numbers of parasites éstablished. Mean values of 5.02%
establishment in those animals receiving meclofenamic acid
campared to 20.42% in the control lambs.

There appeared to be little difference in the plasma
pepsinogen activities between treated and untreated lambs. The
plasma pepsinogen response was different from that seen with
adult ahimals under challenge. The rise in plasma pepsinogen
occurred later and reached high activities than seen previously.
Thi>s is typical of non-immune sheepb and is associated with
emergence of the parasites from the gastric glands. It is
interesting to note that in young, non-immune animals it has been
reported that plasma pepsinogen activities correlate well with
numbers of parasites established (Mylrea and Hotson, 1969). This
did not seem to occur in this experiment. The highest pepsinogen

activities were seen in the group 1 treated lambs although they -
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harboured‘ fewer parasites at necropsy. At the end of the
experiment, the situation had reversed, so that thé group with
the larger number of parasites (group 2) had the higher
pepsinogen activity. It would have been interesting to monitor
these animals for 1ongei' during this infection, but it was
important to obtain as many adult parasites for transfer as
- possible. The number of parasites would have gradually fallen
after day 24 of the experiment.

The reduction in parasite numbers in treated sheep was again
seen, probably due to the direct effect of meclofenamic acid on
the parasites. |

The high abomasal pH seen in the majority of animals would
be caused by the parasite infection with loss of acid-producing
cells and possible additional inhibition of acid secretion. The
fact that animals in both groups showed this indicates that the
meclofenamic acid was not the cause of the pH rise.
Prostaglandins can have an inhibitory action on acid secretion,
therefore inhibition of prostaglandin production by the
meclofenamic acid could cause a rise in acid production. This
did not occur here.

The toxicity seen in some of the animals was typical of that
described by others (Snow et al, 1983; Lees and Higgins, 1985).

Interestingly, only one animai in the treated group passed
parasite eggs in the faeces compared to all the animals of the
untreated group, and this animal did not harbour the largest
number of parasites within the group. It is possible that

meclofenamic acid has an effect on the egg laying capacity of the
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female parasites as it did not cause a preferential reduction in

the number of female Ostervtagiav(Table 15). Too little
information is available in this study to dréw any conclusions on
this subject.

Therefore it would seem unlikely, from this experiment, that
prostaglandins play a role in the plasma pepsinogen rise in non-

immune sheep challenged with O. circumcincta. Further evidence

for a direct effect of meclofenamic acid on the parasites is also
gi.ven. , | |

EXPERTMENT 3
Investigation into the effect of meclofenamic acid on the

responses of parasite-naive lambs, transplanted with adult

Experimental design |
Eight parasite-naive lambs were used in this experiment.
All of the animals had abomasal cannulae fitted four weeks prior

to the start of the experiment.

Group Animal number Procedure
3 A 1 _
' 51 Meclofenamic acid treatment
(250 mg/animal/day)
B 56 Transplanted with adult
o 93 O.circumcincta
4 A 75
76 Transplanted with adult
: O.circumcincta
B - 79
86

Groups 3B and 4B received adult O. circumcincta from donors

treated with meélofenamic acid. All the animals were killed at
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the end of the experiment.
Samples collected '

Abomasal fluid samples

These were taken prior to, then every two days during thé
- experiment. |

Blood samples

Blood samples were taken prior to the start of the
experiment and then every two days until slaughter.

Faecal samples |

These were taken prior to the start, and every two »déys
during the experiment.
Necropsy

The animals were killed 15 days after the transfer of the

adult O. circumcincta.
Results
Numbers of adult O. ciraumcincta transferred

Table 16 shows the esfimation of the number of adult
parasites transferred to each of the lambs in groups 3 and 4.

Obviously, those animals receiving adult parasiteé from
donors treated with meclofenamic acid received substantially
fewer parasites than those from untreated donors, 3,450 parasites
compared to 15,025,

Faecal egg counts

The results are shown in Table 17 and in Figuresv13 and 14.
A_ll of the animals passed parasite eggs during the experiment.
Parasite eggé were detected in the faeces of the majority of

animals one day post transfer and continued until day 11 of the
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experiment, after which the numbers of eggs declined.

In the group 3 lambs, very high numbers of eggs were
detected, regardless of the origin and therefore the number of
}parasites‘ transferred. -

In the animals not receiving meclofenamic acid (group 4) egg
counts were generally lower., The animals receiving adults from
meclofenamic acid treated animals generally had the lowest number
of parasite eggs. | ‘

 Plasma concentration of meclofenamate

The results are shown in Table 18 and the mean in Figure 15.
Meclofenamate concentrations were generally slightly higher than
those in the previous experiment. There were no signs of
meclofenamate toxicity.

Abomasal fluid concentration of meclofenamate

The results are shown in Table 19 and the mean concentration
in Figure 15. Lower concentrations of meclofenamate were
detected in abomasal fluid than in the plasma of these aynimals.'
Often the meclofenamate concentration was below the limit of
detection. Meclofenamate was not detected in the abomasal fluid
of animal number 56 throughout the experiment. | |

~Abamasal pH

The abomasal pH measurements during the experiment are shown
in Table 20 and the mean pH in Figure 16. The abomasal pH of the
animals in both groups were very similar and remained around pH 3
/ throughout the experiment. There was a slight rise in abomasal
pH after the transfer of adult parasites but this fell gradually
throughout the experiment,
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Plasma pepsinogen aétivity

The results are shown in Table 21 and the mean activity of
the groups in Figure 17. Figure 18 shows the mean activity
dividing the groups according to the origin of the adult
parasites.

The mean plasma pepsinogen activity of the untreated animals
(group 4) was higher than those feceiving meclofenamic acid
throughout the experiment. The animals that received untreated
parasites and were themselves untfeated (Group 4A), showed the
highest plasma pepsinogen activities. The parasites vthat
received meclofenamic acid either as larval stages or when adults
produced lower plasma pepsinogen activities in their recipient
sheep.

Numbers of abomasal parasites

The resulté are shown in Table 22, and the percentage
v establishment of the adults in Table 23. The mean number of
parasites in the two groups were very similar (3,250 in group 3,
3,625 in group 4). When the origin of the parasites were taken
into account and the different numbers transferred,y it is obvious
that those receiving adult parasites from meclofenamic acid
treated donors had fewer parasites at necropsy. When the
percentage establishment of the transferred adults is calculé.ted
however, there is a difference between those parasites from
treated donors and transplanted into untreated sheep (Group 4B)
compared to the rest. The establishment of these parasites was

24.64% compared to 42.60% in untreated recipients receiving

50



‘untreated parasites but due to the small number of animals this
was not statistically significant. |

There was little difference between the establishment of
parasites in the other six sheep. |
Discussion

The plasma pepsinogen rise in the lambs of Group 4A in
response to the transplanted adult parasites is in agreement with
responses found by Anderson, Hansky and Titchen (1985) and
McKellar et al (1986; 1987).

The fact that the other lambs did not show a rise in plasma
pepsinogen activity may be due to the smaller numbers of
parasites transferred to lambs of groups 3B and 4B and the
adverse effect of meclofenamic acid on parasite survival, as
could affect parasites in group 3A lambs., The highest number of
parasites was associated with the pepsinogen rise.
Alternatively, meclofenamic acid treatment could be suppressing
the pepsinogen rise, This is, however, impossible to determine
given the direct toxic effect of ineclofenamic acid on the
parasites.

It is interesting that parasite eggs were detected in most
animals one day aftér transfer indicating establishment of the
parasites. There did not appear to be a suppressive effect on
the egg counts in the group 3 lambs that were treated with
meclofenamic acid, contrary to previous results., High numbers of
parasité eggs were detected in the faeces of both groups of
lambs. This might be dﬁe to the parasites being'present in the

lambs for a short time, no larval development having taken place,
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and less oppbrtunity for host immunity to act and cause a
reduction in parasite egg output. ’i‘he abomasal pH did rise
slightly after the transfer. It is possible that the abomasal
contents of the donor sheep directly caused the rise as the pH
was higher than normal. However, quite small volumes were
transferred. The meclofenamate concentrations were slightly
higher in the plasma than in the previous study. The abomasal
concentrations were low, but detectable and therefore able to
affect the parasites.

Therefore it is possible that prostaglandins are involved in‘
the pepsinogen response to adult parasites, but the fact 'that
meclofenamic acid has a ’direct effect on Ostertagia larvae
in vitro makes it impossible for conclusions to be drawn. This
direct effect had not been anticipated at the start of these

experiments.,
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TABLE 1
Concentrations (ug/ml) of meclofenamate in the plasma of
two groups of adult sheep. Groups 1 and 3, each animal

received 500 mg meclofenamic acid daily. Group 1, each animal

received 200,000 O. circumcincta I on day 0 as a single dose

Group 1 Group 3

Time Mean + SEM
(days) Animal number v Animal number
9% 97 98 38
10 0 0 0 0
0 1.65 1.08  1.00 1.2 + 0.205 1.45
1 1.67 1.27  1.19  1.38 + 0.149 2.02
2 1.88 1.50  0.82 1.40 + 0.310 2.52
3 1.15  1.59 1.03 1.26 + 0.170 2.21
4 1.39 1.83  1.59 1.60 + 0.127 2.27
5 0.83 1.59  1.09 1.17 + 0.223 2.38
6 1.15 1.66 -1.19 1.33 + 0.164 2.67
7 0.99 0.93  0.43 0.78 + 0.178 2.05
8 0.89 0.63  0.37 0.63 + 0.150 2.05
9 0.84 0.75 0.27  0.62 + 0.177 1.30
10 1 0.73  0.70  0.37 0.60 + 0.115 ©0.79
11 0.81 0.45  0.50 0.59 + 0.113 0.51
12 0.99 1.06 1.00  1.02 + 0.022 0.37
13 0.84 1.06  0.53 0.81 + 0.154 0.25
14 0.75 0.82  0.71 0.76 +0.032 0.20
15 0.63 0.48  0.53 0.55 + 0.044 0.20

16 0.67 0.52 0.50 0.56 + 0.054 0.20
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TABLE 1 (Cont'd)

Group 1 Group 3

Time ‘ Mean + SEM
(days) Animal number ' Animal number

96 97 98 38
17  0.84 0.42 0.50  0.59 + 0.129 0.22
18 0.58 0.48 . 0.70  0.59 + 0.064 1 0.25
19 0.89 0.72  0.79 0.80 + 0.049 0.34
20 0.75 0.69  0.47 0.64 + 0.085 0.40
21 0.78 0.55  0.47 0.60 + 0.093 0.34
22 0.70 0.42  0.53 0.55 + 0.082 - 0.37
23 0.93 0.72  0.41 0.69 + 0.151 NS
24 0.81 0.35  0.64 0.60 + 0.134 NS

‘NS Not sampled
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FIGURE 5

Mean concentrations (ug/ml) of meclofenamate in the plasma
of two groups of adult sheep. Groups 1 and 3, each animal
received 500 mg meclofenamic acid daily. Group 1, each animal

rece:.ved 200,000 O.circumcincta I3 on day 0 as a single dose
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TABLE 2

Plasma pepsinogen activities (I.U.) of three groups of

adult sheep. Groups 1 and 2, each received 200,000

O;Cirunncinctalgmday0asasin|gledose.

Groups 1 and 3, each animal received 500 mg meclofenamic

1.274 + 0.247

.acid daily
_ Group 1 Group 2 Group 3
Time Mean + SEM —————————— Mean + SEM  ————————~wmee
(days) Animal number Animal number : Animal number
96 97 98 47 48 38

0  0.294 0.400 0.428 0.374 + 0.041 0.697 0.381 0.539 + 0.158 1.931 .

1 0.319 0.646 0.610 0.525 + 0.103 0.782 0.504 0.643 + 0.139 1.903
"2 0.397 1.067 1.023 0.829 + 0.217 1.102 0.826 0.964 + 0.138 1.928

3 0.514 1.418 1.384 . 1.105 + 0.296 1.374  1.185 1.280 + 0.095 1.621

4 0.602 1.648 1.448 1.233 # 0.320 1.599 1.420 1.510 + 0.090 1.477

5 0.639 1.905 1,570 1.371 + 0,379 1,588 1.274‘ 1.431 + 0,157 1.396

6 0.735 1.714 1.570 1.340 + 0.305 2.100 1.035 1.568 + 0.533 1.192

7 0.783 2.144 1.487 1.471 + 0.393 2.577 0.989 1.783 + 0.794 1;022

8 0.938 2.216 1.475 1.543 + 0.37M 2.841  0.988 1.915 + 0,927 1.079

9 1.105 " 1.762 1.499 1.455 + 0,191 2,422 1.028 1.725 + 0.697 1.156

10 1.11‘7 1.427 1.499 1.348 + OI.117 1.912 1.120  1.516 + 0.396 1.046

1’1 1.046 1.259 1,532 1.279 +0.141 2.069 1.359 1.714 1v0.355 1.083

12 1.319 1.150 1.459 1.309 + 0.090 2».261‘ 2.081 | 2.171 + 0.090 1.046
13- 1.284 1.080 1.483 1.282 + 0.1_17 2.225 2,332 2,279 + 0.054 1.059

14 1.176 1.044 14.589 1.270 + 0.164 2.429 3.365 2.897 + 0.468 0.964

15 1.093 1.092 1.851 1.345 + 0.253 2.645 | 3.918 3.282 + 0.637 0.938
16  0.998 1.0.56 1.767 2.562 4,097 -3.330 + 0.768 0.902 |
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TABLE 2 (Cont'd)

56

Group 1 Group 2 Group 3
Time - Mean + SEM =~ ———e——emeemeee Mean + SEM —————=me——————
(days) Animal number Animal number Animal number
96 97 98 47 48 38
17 0.945 1.175 1.877 1,332 + 0.281 2,844 4.471 3,658 + 0.814 0.866
18 1.042 1.078 2,072 1.397 + 0.338 2.699 4.915 3.807 + 1.108 0.829
19 1.006 1.139 2.072 1.406 + 0,336 3.108 5,121 4,115 + 1.007 0.782
20 0.981 1.090 2.327 1.466 + 0.432 3.037 4.711 3.874 + 0.837 0.831
21 1.006 1.212  2.715 1.644 + 0.539 3.748 4.180 3.964 + 0.216 . 0.741 :
22 0.945 1.224 2.678 1.616 + 0.538 3.808 3.167 3.488 + 0.321 ~0.887
23 0.898 1.224 2.549 1.557 + 0.505 3.824 2,370 3.097 + 0.727 NS
24 0.874 1.187 2.431 1.497 + 0.476 4.391 2,082 3,237 + 1.155 NS
‘NS Not sampled



FIGURE 6

Mean plasma pepsinogen activities (I.U.) of three groups of
adult sheep. Groups 1 and 2, each animal received 200,000 -
O.circumcincta I3 on day 0 as a single dose. Groups 1 and 3,

each animal received 500 mg meclofenamic acid daily
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TARIE 3
" Numbers of parasite eggs per gram of faeces in three groups
of adult sheep. Groups 1 and 2 sheep each received 200,000
O.Cimmci.m:talgmdayoasasingledose. Groups 1 and 3.
sheep received 500 mg meclofenamic acid daily

Time Group 1 Group 2 Group 3

(days) Animal number Animal number . Animal number
41 46 102 120 47 113 124 7496 48 96 98 103

Z =z =z =z Z =

0 N N N N N N N N N N N
12 N N N 50 N N N N N N N
14 N N N N N N N N N N N
17 N N N N N N N N N N N
20 N N N - 50 N N N N N N N
23 "N N N N N N N N N N N
N = Negative
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TABLE 4

Concentrations (vg/ml) of meclofenamate in the plasm of two
groups of adult sheep. Groups 1 and 3, each animal received

500 mg meclofenamic acid daily. Group 1 animals each received

200,000 O.circumcincta Ly on day 0 as a single dose

0.48 0.7 0.17

Group 1 Group 3
Time Mean + SEM Mean + SEM
(days) Animal number Animal number
41 46 102 120 48 9% 98 103

-1 0 0 0 0 0 (0] 0 0] 0 0

2 0.47 0.34 0.67 0.21 0.42 + 0.10 0.63 0.79 0.47 0.23 0.53 + 0.12°
5 0.30  0.53 0.60 0.21 0.41 + 0,09 0.34 0.41 0.75 .0.47 0f49 + 0.09
-8 0.25 0.29 0.39 0.14 0.27 + 0,05 0.52 0.58 0.25 0.32 0.42 1 0.08
11 0.32 0.33 0.64 0.17 0.37 + 0.10 0.55 0.56 0.44 0.36 0.48 + 0.05
14 0.29 0.30 0.55 0.23 - 0.34 + 0.07 0.29 0.32 0.32 0.31 0.31 + 0.01
17 0.27 0.49 0.55 0.14 0.36 + 1.10 ~ 0.55 0.59 0.45 0.44 0.51 + 0.04
20 0.29 0.43 + 0.14 0.45 0.75 0.71 0.34 0.56 + 0.10
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" FIGURE 7

Mean concentrations (ug/ml) ofmaclofenanatemtheplasmof
two groups of adult sheep. Groups 1 and 3, each animal
received 500 mg meclofenamic acid daily. Group 1, each animal

200,000 O. circumcincta L3 on day 0 as a single dose
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FIGURE 8

Mean plasma pepsinogen activities (I.U.) of three groups of
adult sheep. Groups 1 and 2, each animal received 200,000

O. circumcincta L3 on day 0 as a single dose. Groups 1 and 3,
each animal received 500 mg meclofenamic acid daily
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TABLE 6
Abomsal pi at necropsy on day 23 of the experiment
of two groups of adult sheep. Groups 1 and 2, each animal
 received 200,000 O.circumcincta Ly on day 0 as a single dose.

Group 1 animals each received 500 mg meclofenamic acid daily

Group Sheep number Abomasal pH

1 0 3.6
46 3.0

102 3.6

120 | 6.6

2 47 | 3.0
113 - 4.0
124 g 4.7*

7496 3.2

* blood contamination
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| TABLE 8
Percentage establishment of a sihgle dose of 200,000
| O.circumcincta L3 at necropsy, 23 days post-challenge
oftvngralpsofadultsheep Group 1 sheep also received 500 mg

meclofenamic acid daily .
Group Animal Total number V Percentage
number = number of parasites - establishment
1 oM 100 0.05%
46 1,000 0.50%
102 - 500 0.25%
120 : - 15,800 7.90%

Mean 2.175%

+ SEM  + 1.91

2 47 11,050 5.50%
BERTE 300 0.15%

124 200 . 0.108

7496 42,800 24.40%

Mean  6.79%

+ SEM  + 5,03
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| TABLE 9
Numbers of parasite eggs per gram of faeces of two gfoups of
previously parasite-naive lambs. Groups 1 and 2, each animal

received a challenge of 75,000 O. circumcincta L3 onday 0 as a

single dose. Group 1 lambs also received 250 mg of meclofenamic

acid daily
Group 1 ' Group 2
Time '
(days) - Animal number Animal number
49 57 104 133 52 63 64 85
0 0 0 0 0 0 0 0 0
12 0 0 0 0 0 0 0 0
14 0 0 0 0 0 100 0
17 0 0 0 0 0 0 500 50
20 0 400 0 0 0 0 750 300
23 0 150 0 0 50 0 650 450

24 0 100 0 0 300 50 350 1750
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FIGURE 9

of previously parasite-naive lambs. Group 1, each animal

received75,0000.cimminctal.3<nday0asasingle<bseand
| 250 mg meclofenamic acid daily. No parasite eggs were
detected in the faeces of lambs 49, 104 and 133
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FIGURE 10

Mmbersofparasiteeggspergramoffaec&sindnegraxpof
previously parasite-naive lambs. Group 2, each animal received

75,000 O. circumcincta I3 on day 0 as a single dose
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TABLE 10
Concentrations (ug/ml) of meclofenamate in the plasma of one
g::u:pofpmev:.wslyparas1te—rmvelamhs. Group 1, each animal

received 250 mg <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>