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ABSTRACT

The effect of Ostertagia circumcincta on the secretory function of the ovine abomasum
was studied in vivo and in vitro. In vivo, sheep were infected with larval or adult
parasites and the changes in serum pepsinogen, serum gastrin and abomasal pH
monitored. In vitro, the effect of worm extracts and incubates on the secretion of
gastrin, somatostatin and pepsinogen were investigated using segments or dispersed cells
of ovine abomasal mucosa. Using these, and a further perifusion technique, the

pharmacology of gastrin and somatostatin secretion in the sheep was also investigated.

The in vivo study revealed that adult worms transferred directly into the abomasum of
parasite-naive sheep initiate immediate changes in serum pepsinogen, gastrin and
abomasal pH, showing that larval stages are not essential for the pathophysiological
changes. These changes also occurred following infection with larvae but not untl
about five days post-infection. The increase in abomasal pH and serum gastrin occurred
at a similar time, regardless of the dose of larvae or the route of administration. Serum
pepsinogen levels increased before gastrin and pH. The normal range for serum
pepsinogen, serum gastrin and abomasal pH in the parasite-free sheep were defined (0-
500 U tyrosine/litre, 12-64 pM and 2.34-3.26 respectively). When abomasal pH rose
and was maintained above pH 5.5 in sheep infected with larvae, serum gastrin levels
rapidly returned to normal. When pH subsequently declined below 5.5, gastrin rapidly
returned to elevated levels. By three weeks after infection of parasite-naive sheep with
larvae, pH had returned to the normal range despite the continued elevation of serum
gastrin. Infection with adults and larvae significantly increased the wet weight of the
abomasum and this occurred within 8 days of infection with adult worms. Tissue

gastrin levels were decreased by infection.

- In vitro, solutions prepared with larvae and adult O. circumcincta had no effect on, or
inhibited, gastrin release. These same solutions had no effect on, or stimulated,
somatostatin secretion. Inhibition of gastrin secretion was always accompanied by
increased somatostatin secretion although the converse was not true. Worm-derived
solutions that inhibited gastrin release were possibly contaminated by microorganisms.

Incubation of medium contaminated by an inoculum of abomasal content but without



worms produced solutions that potently stimulated somatostatin and inhibited gastrin

release.

The pharmacological study revealed that mechanisms that have been identified in the
regulation of gastrin secretion in other animals are present in the sheep. GRP, nicotine
and carbachol but not adrenaline stimulated gastrin secretion from segments of antral
mucosa in a concentration-dependent manner. Carbachol did not consistently inhibit
somatostatin secretion and in most experiments somatostatin and carbachol release were
both stimulated. Atropine inhibited basal gastrin release from segments of mucosa
indicating a degree of tonic cholinergic discharge. Atropine partially or completely
prevented the gastrin response to carbachol. VIP and GIP both stimulated somatostatin
secretion but had no effect on gastrin, suggesting that somatostatin either does not
restrain gastrin in the sheep or that this is maximal at basal levels. Somatostatin

antiserum was not associated with increased gastrin secretion in most experiments.
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PREFACE

Nematodes are common parasites of ruminants in New Zealand which cause reduced
productivity and serious economic losses to the pastoral industry. Soulsby (1965) cites
examples where helminth infections of sheep reduce the growth rate of ewes by 30%,
decrease food intake by 50% in six weeks, reduce wool production by 40% and cause
a 78% decrease in milk production by lactating ewes. In some studies, it was shown
that treating the infection largely restored production, although the losses already
accrued were never fully recouped. The control of parasites and the minimization of
their effects on animal performance in intensive livestock systems is thus of great

importance.

Ostertagia circumcincta is one of the economically important species within the
Trichostrongylidae which cause ovine parasitic gastroenteritis. Conventional methods
of control of this abomasal parasite rely heavily on the use of anthelmintics to which the
worms are progressively developing resistance and consequently are becoming less
effective, time-consuming and costly. The levels of infection to which sheep are
exposed, particularly at certain times of the year, can be significantly reduced by skilled
management techniques that require detailed knowledge of the life cycle of the parasite.
The greater incidence of drench resistance has increased the importance of developing
new anthelmintic strategies such as vaccination. Another alternative is the exploitation
of the physiological effects of the parasite on the abomasum whereby parasite control
may be achieved through interfering with these processes and thus cause an environment

unfavourable for the establishment of the parasite.

Infection with O. circumcincta alters abomasal function: inhibiting acid secretion and
causing the hypersecretion of gastrin and increased levels of circulating pepsinogen. It
is important to determine which, if any, of these effects are of benefit to either the
parasite or the host or whether they may have an adverse effects on either one. There
is gathering evidence that the hypergastrinaemia often associated with ostertagiasis
contributes to inappetence (Fox et al., 1989a,b). It seems unlikely that the relationship
between the parasite and its host has evolved in such a way that both partners cannot
initiate changes from which it derives some benefits. It might be expected that the



parasite has developed means to improve its ability to establish ih the host, but the host
has also evolved mechanisms to restrict adverse effects and even to aid in expulsion of
the parasite. One may speculate that the inhibition of acid secretion may be a
mechanism developed by the parasite to produce a less harsh environment. On the other
hand, undoubtedly the development of immunity by the host allows older animals to
restrict their parasite burdens compared with naive animals. It is important to know
whether the parasite has developed secretory products capable of actively modifying
abomasal function, as interfering with their effects on the stomach may provide a new
approach to the control of parasites. Very little is known about the means by which the
host and parasite interact but it is an important area of research because of its possible

practical implications.

The overall objective of the present experiments was to gain more knowledge of how
the parasite and the host tissues communicate with one another and particularly the role
of the chemical excretory/secretory worm products on abomasal function. It is possible
that these chemicals are not involved in the physiological effects on the host, although
they are known to act as antigens. The physical presence of the worms may produce
all the necessary stimuli to provoke the physiological inflammatory and immune
responses seen in the host. The first aim of the studies reported here was to examine
in more detail the changes in abomasal function after experimental infection of sheep
by either adult or larval O. circumcincta to order to better determine the temporal
relatonship between acid inhibition and the increases in circulating gastrin and
pepsinogen. The second aim was to prepare excretory/secretory products of the parasite,
develop suitable in vitro techniques for studying ovine abomasal tissue and.to use these
to investigate whether worm products have physiological effects on the sheep

abomasum.



