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ABSTRACT

PART 1. A Review of the Veterinary Anthelmintic Literature

A comprehensive review was undertaken of the pharmacology, efficacy, side effects and toxicity
of veterinary anthelmintics used against nematode parasites. Anthelmintics reviewed for use in
cattle, sheep, goats, horses, dogs and cats include copper, nicotine, arsenic, tetrachlorethylene,
phenothiazine, diethylcarbamazine, piperazine, toluene, cyacethydrazide, bephenium, thenium,
organophosphates, and methyridine. The review was limited to cattle for the benzimidazoles,
pyrantel, morantel, tetramisole, levamisole, avermectin and milbemycins anthelmintics. Efficacy
data is provided in a tabular format which classifies each anthelmintic according to method of

administration and dose.

PART 2 Efficacy of two formulations of moxidectin pour-on and the
effects of treatment on serum pepsinogen and gastrin levels

and tissue gastrin in cattle

Three groups of eight yearling Friesian bulls were used to compare the efficacy of two 5 g/L
pour-on formulations of moxidectin applied at 1ml/10kg (500 mcg moxidectin per kg bodyweight)

in removing naturally acquired gastrointestinal parasites.

At slaughter, 14-16 days after treatment, the burdens of Ostertagia spp. and Trichostrongylus
axei were significantly lower in both the treated groups versus the controls (P<0.01).
Anthelmintic efficacies (based on geometric mean worm burdens of treated and control groups)
were all greater than 99.8% for Ostertagia spp. and Trichostrongylus axei in both treated groups
compared with the controls. A significantly lower burden of adult Cooperia spp. was recorded for
Formulation 1 (P<0.05). The anthelmintic efficacy of the two treatments against Cooperia adults,
early L4 and late L4 were 96.25% (P<0.05), 97.31% and 91.08% respectively in calves treated
with Formulation 1, and 71.44%, 67.14% and 64.29% respectively for calves treated with
Formulation 2. Low numbers of large intestinal worms, Trichuris ovis and Oesophagostomum

spp. in the control cattle precluded any valid efficacy assessment of these species.

Based on these results, Formulation 1 is distinguished from Formulation 2 by its significantly

greater efficacy against adult Cooperia spp.



Serum pepsinogen and gastrin levels were monitored in the three groups of calves after
treatment. All groups showed a steady decline in levels of both pepsinogen and gastrin until
termination on day 14. On only one occasion was there a significant difference in serum
pepsinogen between treated and untreated calves. Following treatment there was a more rapid
and significant decrease in gastrin levels in calves treated with Formulation 1 than Formulation
2. At no stage was there a significant difference between the controls and calves treated with
Formulation 2. There was no correlation between pepsinogen and gastrin levels for any of the
groups. Neither was there a correlation between numbers of Ostertagia spp. and serum
pepsinogen or gastrin. It is suggested that the decreases seen in the control group were due to
lack of larval challenge and normal loss of adult worms resulting insufficient numbers to sustain

a hypergastrinaemia.

Gastrin concentrations were also measured in tissue samples from the pyloric antrum or the
proximal duodenum. There was no significant difference in antral and proximal duodenal gastrin
concentrations between the treatment and the control groups. Antral levels were between 1148-
1323 pM/g which were 25-35 times those found in duodenal tissue (32.3-50.9 pM/g).
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PART 1.

A Review of the Veterinary Anthelmintic

Literature



1.0 [INTRODUCTION

The influence of helminth parasites on intensive agriculture production systems is considerable in
terms of animal health and welfare. There is now a heavy reliance on the use of anthelmintics to
maintain these farming practices, which more recently is starting to take a heavy toll on the
continued efficacy of these compounds. Up until the 1960's, anthelmintics of various levels of
efficacy were used to aid in the management of nematodes. With the discovery of the
benzimidazoles (Brown et al.1961), a new era in parasite control occurred. The success of this
compound stimulated considerable research and as the knowledge of anthelmintic pharmacology
has developed, so has the development of more potent drug analogues, and better and more

effective methods of administration (Prichard, 1986a).

In order for parasites to exist in an animal, they must maintain an appropriate feeding site and ingest
and move food through their digestive tracts. Anthelmintics can be divided into two general classes
as to how they affect parasites. There are those which inhibit metabolic processes, and those which
inhibit neuromuscular co-ordination. The benzimidazoles inhibit metabolic processes by binding to
microtubules which results in disruption of normal cell processes, such as formation of the mitotic
spindle in cell division, maintenance of cell shape, cellular motility, nutrient absorption and
intracellular transport. Anthelmintics which have their effects on neuromuscular co-ordination can
be divided into two groups. Those which inhibit the breakdown of excitatory neurotransmitters
(cholinesterase inhibitors - organophosphates) or mimic the action of excitatory neurotransmitters
(imidazothiazoles - levamisole, and pyrimidines - pyrantel and morantel) and result in spastic
paralysis. The second group either mimic the inhibitory action of the inhibitor neurotransmitter or
cause hyperpolarisation (piperazine, avermectins/milbemycins) resulting in flaccid paralysis. Any
effect on parasite neuromuscular co-ordination, results in the parasite losing its ability to maintain

its position within the gastrointestinal tract or pulmonaty system, and is subsequently expelled.

The “ideal” anthelmintic should have a broad spectrum of activity against mature and immature
(including inhibited larvae); be easy to administer to a large number of animals; have a wide margin
of safety and be compatible with other compounds; result in minimal residues; and be economical

to use.

The following review identifies anthelmintics which affect nematode parasites in cattle, sheep,
horses, dogs and cats. It describes the history of each of the anthelmintics, their pharmacology and
their efficacy against nematodes of the gastrointestinal tract and pulmonary system, and side effects
and toxicity to the treated animals. For the four main action families, the benzimidazoles,
imidazothiazoles, tetrahydropyrmidines and the avermectins/milbemycins, the review has been

limited to cattle.



2.0 COPPER, NICOTINE and ARSENIC 3

21 INTRODUCTION

The use of copper salts for gastrointestinal parasites was first recorded in South Africa by Hutcheon
in 1891 (in the Agricultural Journal of the Cape of Good Hope. 3, 179-181) when it was used for the
treatment of abomasal nematodes in sheep and goats (Hall and Foster, 1918; Gibson, 1962c).
Since then, several different combinations of copper sulphate, nicotine sulphate and arsenical salts
have been used to help combat gastrointestinal parasites (Prichard, 1978). It was only in the 1940's

that these were superseded by phenothiazine (Gibson, 1962c).

2.2 PHARMACOLOGY

Drenches used in domestic animals have included copper sulphate solution alone, or combined with
40% nicotine sulphate, sodium arsenite or tetrachloroethylene (Hall and Foster, 1918; Gordon,
1935; Ross and Gordon, 1935; Gordon and Ross, 1936; Gordon, 1939a; 1939b; 1939c; Lapage,
1940; McEwen, 1940; Singer and Baker, 1940;Stewart and Crofton, 1941; Boddie et al. 1941; Porter
et al.1941; Gordon and Whitten, 1941; Willman and Baker, 1943; Martin, 1944; Eveleth and
Goldsby, 1950).

The mode of action differs with each of these compounds. Both copper and lead (in lead arsenate
drenches) have a general poisoning effect on enzymes. The arsenicals react with mercapto groups,
and alter the tertiary structure of many proteins and the active site(s) of enzymes in both the
parasite and host (Prichard, 1978; Rew, 1978). Nicotine is a general neuromuscular blocking agent
and causes spastic paralysis (Prichard, 1978). It is a stimulant of nicotinic receptors in both
autonomic ganglia and neuromuscular junctions in mammals (Taylor, 1992a). Subsequently when
animals are dosed, there is central nervous system stimulation, irritation of the gastrointestinal tract
and increased peristalsis due to stimulation of the parasympathetic autonomic nervous system. It
is assumed that there is also stimulation of the parasite nervous system resulting in a spastic
paralysis, which leads to detachment from its feeding site and subsequent expulsion because of the

increased intestinal paralysis.

23 EFFICACY

These compounds are only given orally for anthelmintic efficacy. It was found in sheep that copper

sulphate was ineffective unless swallowed into the abomasum. In sheep, copper salts stimulate



closure of the oesophageal groove that in up to 88% of animals results in direct passage of the
drench to the abomasum. However, in 30% of animals this mechanism could fail with subsequent
entry of the drench into the rumen (Gordon, 1939b). Repetition of this in some animals will

subsequently lead to inefficacy and clinical parasitism (Gordon, 1939b; Gordon and Whitten, 1941).

While in the early days these anthelmintics provided some treatment against gastrointestinal
parasites, they were limited in their efficacy. The number of published critical or controlled
experiments is small, with many publications being either field observations or trials using small

numbers of animals.

Hall and Foster, (1918) using 100-200ml of 1% copper sulphate solution in sheep found this dose
to be efficacious for abomasal parasites, unlike capsules containing 0.5g powered copper sulphate.
Using faecal egg count reduction and worm counts, no difference was found between starved and
unstarved group animals given 30ml of 2% copper sulphate (Ross and Gordon, 1934). This trial did
prove the efficacy of copper sulphate against adult Haemonchus contortus. Further trials were than
undertaken by to try to evaluate the efficacy of copper sulphate against H.contortus in adult sheep
(Gordon, 1939b). The criterion for efficacy was a greater then 70% reduction in faecal egg counts
(FEC). One fluid ounce (28 ml) of 4% solution was ineffective, only resulting in a 29% reduction in
FEC, but two fluid ounces were very effective (92% reduction in FEC) (Gordon, 1939b). Because
of the larger dose volumes involved with the lower concentrations, the efficacy of 0.5, 2 and 10%
solutions containing the same total dose of copper sulphate were compared. The 42 ml of a 2%

solution was the most efficacious, resulting in an 81% reduction in FEC.

Because of the efficacy limitations from using copper sulphate alone, several other chemicals were
combined with this anthelmintic. These included nicotine sulphate (combination was called CuNic),
sodium arsenite, carbon disulphide and tetrachloroethylene (Hall and Foster, 1918; Ross and
Gordon, 1935; Gordon, 1935; Gordon and Ross, 1936; Gordon, 1939a; 1939b; 1939c; Lapage,
1940; McEwen, 1940; Singer and Baker, 1940; Boddie et al.1941; Porter et a.1941; Gordon and
Whitten, 1941; Stewart and Crofton, 1941; Willman and Baker, 1943; Martin, 1944; Eveleth and
Goldsby, 1950).

Comparative trials with a new anthelmintic (phenothiazine) were carried out and efficacy was based
on either weight gain, FEC reductions or individual worm counts on some animals that had died
during the trial. The CuNic mixture was less effective in sheep (Lapage, 1940; McEwen, 1940;
Boddie et al.1941; Willman and Baker, 1943) or cattle (Stewart and Crofton, 1941) than
phenothiazine. CuNic was found to have anthelmintic action against H.contortus, Ostertagia spp.
and Nematodirus spp., but no effect on Trichostrongylus spp., Cooperia spp., or Trichuris ovis,
based on worm counts or FEC reductions (Singer and Baker, 1940; Stewart and Crofton, 1941;
Willman and Baker, 1943; Gordon, 1935; Levine and Garrigus, 1962; Boddie et al.1941). However,



S

in a trial involving artificial infection of sheep with Trichostrongylus spp. larvae, dosing with copper
sulphate/nicotine sulphate or copper sulphate/tetrachloroethylene solutions at three weekly intervals
was quite efficacious (Gordon and Ross, 1936). The CuNic mixture is more effective against
immature H.contortus then copper sulphate alone (Gordon, 1939a). Treating animals with a
combination of copper sulphate/nicotine sulphate and phenothiazine was less effective than the

copper sulphate/nicotine sulphate solution alone (Stewart and Crofton, 1941).

In generating this information, several different CuNic concentrations have been used by various
workers. The formulation used most frequently in the field was 5% copper sulphate and 5% of a

40% nicotine sulphate, given in doses of 8-20 ml in lambs and 20-30 ml in sheep (Gibson, 1975).

Sodium arsenite has been used alone or in combination with copper sulphate. On its own at
concentrations of 50 or 90 mg in 25 ml of water, it was found to have low efficacy against an artificial
infection of H. contortus (Ross and Gordon, 1935; Gordon, 1935), possibly due to failure of the
oesophageal groove to close (Ross and Gordon, 1935). Combining sodium arsenite with 200 mg
of copper sulphate considerably increased efficacy against adult H. contortus (Gordon, 1935). This
combination was also fully effective against 10-day-old H.confortus larvae, but was only partially
effective against 15-day-old larvae (Gordon, 1939a). Another combination using half a tablet
containing 0.93g of nicotine arsenate and 1g of copper sulphate, either given whole or dissolved in
water, was up to 100% effective against H.contortus but variable against Ostertagia spp. and T.
axei. There was no effect on Nematodirus spp., T. colubriformis or Chabertia sp.(Eveleth and
Goldsby, 1950).

A mixture of copper sulphate and carbon disulphide did give good results against Trichostrongylus
spp., but because of difficulty of administration and untoward effects, this combination could not be
recommended (Gordon, 1935). Another combination trialed involved 2ml of 5% copper sulphate
followed by 10ml of tetrachloroethylene in 10ml of mineral oil. There was a decrease in the number
of Haemonchus and Ostertagia spp., but no effect in the number of Trichostrongylus spp. (Singer
and Baker, 1940).

With the development of oral copper oxide wire boluses for the treatment of copper deficiency in
sheep, a trial was undertaken to evaluate if these had any anthelmintic effect. Following pure
artificial infections with either H.contortus, O.circumcincta or T.colubriformis, 10-week-old lambs
were treated with a higher than recommended dose of intra-ruminal copper oxide wire particles (5g)
(a normal therapeutic dose is 0.1 g/kg). There was a 96% and 56% decrease for the H.contortus
and O. circumcincta groups respectively. However, no effect was seen against 7. colubriformis
(Bang et al.1990). Trichostrongylus larvae (L3 and L4) were shown to be very tolerant of copper
concentrations 100 times those observed in the abomasum in this study (Bang ef al.1990). This

would explain some of the lack of efficacy of copper against Trichostrongylus spp. seen in earlier



trials (Gordon and Whitten, 1941). It was felt that the mechanism for the increased anthelmintic
effect of copper wire compared with copper sulphate solution, was due to a more consistent
elevation of soluble ionic copper from the wire particles once they reach the acid part of the

abomasum.

24 SIDE EFFECTS AND TOXICITY

The use of normal doses of copper sulphate has not been associated with toxicity (Gibson, 1975).
However (Rose, 1933) reported on 12 sheep treated with 200-400 grains of copper sulphate (a
normal dose is 17.5 grains), this was between 12-23 times the recommended dose. Five animals
died within 48 hours and the remainder over the next week. Miraculously four animals survived. The
author showed that animals had been dosed with up to 32 grains with no ill-effects, but references
Theiler, who found that 45 grains or more killed sheep. Excessive copper is locally irritating to the
alimentary mucosa and may cause vomiting, excessive salivation, acute abdominal pain, purging,

melaena, conclusions, paralysis, coma and death (Oeheme, 1987).

The combination copper sulphate/nicotine sulphate drench has a narrower safety margin. Care
needs to be taken with sheep in poor condition whereby the dose of nicotine sulphate should be
decreased (Gordon, 1939a). There were 42 deaths out of 500 lambs following dosing with twice the
recommended dose of copper sulphate and nicotine sulphate and 24 hours starvation. Animals
showed inco-ordination, muscle tremors and extreme prostration before death 2-3 hours after
treatment (Rose, 1936). A similar situation occurred in South Africa where lambs received between
one and a half to twice the dose of nicotine sulphate (3.6-4.8 grains instead of 2.4 grains) and 18/42
died over 2-60 hours. The clinical signs were the same as Rose, (1936) and on postmortem there
was intense haemorrhagic congestion of the abomasum and small intestine with submucosal
oedema, lung oedema and pleural effusion (Crawshaw, 1944). A personal communication by Steyn
(1943) said that a fatal dose of nicotine in adult sheep was 2-3 grains and 10-15 grains of nicotine
sulphate and the results of this accident confirmed the toxic dose of nicotine sulphate to be between
3.2-4.8 grains (Crawshaw, 1944). Another personal communication by Watermeyer (1943) in the
same paper, showed that similar clinical signs of toxicity were seen in cattle dosed with 5 ounces

of copper sulphate/nicotine sulphate mixture.

The use of sodium arsenite or lead arsenate is also not without risk (Gordon, 1939a; Eveleth and
Goldsby, 1950). The toxicity of copper sulphate/nicotine arsenite tablets was evaluated with animals
dying in 48-72 hrs after 2-5 tablets or 3-5 tablets dissolved in water (Eveleth and Goldsby, 1950).

Nicotine sulphate acts on all the nicotine receptors in the nervous system and symptoms seen are

those of central nervous system stimulation, excitement and increased respiration. There is irritation



of the gastrointestinal tract with increased peristalsis and diarrhea. Following the initial stimulation
there is depression, inco-ordination and ataxia with flaccid paralysis and death within a few hours,
usually during a terminal convulsion from paralysis of the respiratory muscles. Treatment is usually
not successful due to the rapidity of onset, though oral administration of laxatives, tannic acid or

potassium permanganate may have helped (Oeheme, 1987).



3.0 TETRACHLORETHYLENE

31 INTRODUCTION AND PHARMACOLOGY

Tetrachlorethylene is a volatile, unsaturated halogenated hydrocarbon, almost insoluble in water but
very soluble in fat (del Castillo, 1969; Vanden-Bossche, 1985). There is no direct experimental
evidence, but it is thought to work like other halogenated hydrocarbons by becoming dissolved in
lipids in muscle cells, particularly those in the muscle innervation processes. This interferes with
muscle function ((del Castillo, 1969) citing Mueller 1929) and theoretically would cause paralysis

of the parasite, resulting in expulsion due to the peristaltic movements of the intestinal tract.

3.2 EFFICACY

3.21 Sheep

The first published use of tetrachlorethylene was by (Schlingman, 1926). Based on the results of
a limited critical trial, he concluded that doses of 5ml were effective against abomasal nematodes
of sheep, but that there was no effect on whipworms. Further work by the same author was only
able to show an anthelmintic effect against Oesophagostomum spp.(Schlingman, 1929). It was
suggested that the variable effects seen with this anthelmintic could be due to it initially entering the
rumen rather than the abomasum (Ross and Gordon, 1935; Gordon, 1935). Ross, (1934) and
Monnig and Quin, (1935) had previously shown that pre-treatment with a solution of copper sulphate
would cause short-term closure of the oesophageal groove, which would result in deposition of other
oral liquids into the abomasum. Critical and controlled trials by Gordon and Ross, (1936) and
Ortlepp and Monnig, (1936) using pre-treatment with copper sulphate solution, confirmed the
hypothesis that tetrachlorethylene needed to be deposited directly into the abomasum for maximum
efficacy against abomasal worms (Table 3.1). Results from controlled trials (Gibson, 1955; Fritts et
al.1958) using tetrachlorethylene without pre-treatment with copper sulphate supported this, with
poor efficacy against H.contortus, O.circumcincta and T.colubriformis. Gibson, (1955) also showed
from his controlled trial that faecal egg count reductions were an invalid method of gauging
anthelmintic efficacy of tetrachlorethylene, as the drug appeared to inhibit egg production by female

worms.

3.2.2 Cattle

Early work using a critical trial with 5 calves and 1 control was inconclusive about its efficacy as no

worms were found in either the control or treated calves on post-mortem (Schlingman, 1926).



However, it was assumed to be as effective in this species as it had been shown to be against
hookworms and roundworms of other species (Schlingman, 1926). Later, Roberts, (1955) found
variable efficacy against natural infections using faecal egg count reductions and larval culture, as
did (Gibson, 1956) in a controlled trial using an artificial infection of T.axei. It was concluded that the
anthelmintic action of tetrachlorethylene was variable and efficacy much less than phenothiazine
(Gibson, 1956) (Table 3.2).

3.2.3 Other Species

The only critical efficacy trial published on the use of tetrachlorethylene in horses appeared to use
animals which were worm-free before treatment, though there was some effect on the limited
number of bots present (Schlingman, 1926). This anthelmintic was also shown to be effective
against “roundworms” and mature and immature hookworms after critical (dogs and cats)
(Schlingman, 1926; Schlingman, 1929) and controlled trials (dogs) (Miller, 1966a) (Table 3.3).
Further work in dogs found that the use of purgatives (Schlingman, 1926) or the feeding of fat
(Schlingman, 1929) would reduce the drug's efficacy. In the case of fat, efficacy was reduced to
zero (Schlingman, 1929). This would seem to contradict the recommended formulation used in
sheep where it is combined with equal parts of liquid paraffin oil. However, the drug still appears to
have some efficacy (Gordon and Ross, 1936; Ortlepp and Monnig, 1936; Singer and Baker, 1940;
Roberts, 1955) following pretreatment with copper sulphate solution, but this could partly explain
the lack of efficacy found in some trials (Ross and Gordon, 1935; Gordon, 1935; Gibson, 1956).

33 SIDE EFFECTS AND TOXICITY

Tetrachlorethylene is hepatotoxic (Schlingman and Gruhzit, 1927). There appears to be varying
inter-species susceptibility to toxic effects as well as individual variation within species (Schlingman,
1929). The order of increasing species susceptibility to toxic effects is dogs, cats, sheep, cattle and
horses (Schlingman, 1929). A wide variety of clinical signs were seen in affected animals such as
coughing and choking, ataxia, loss of appetite and bloating (Schlingman, 1926; Schlingman, 1929;
Ortlepp and Monnig, 1936; Southcott, 1951; Roberts, 1955; Gibson, 1956; Snow, 1973). The
coughing and choking seen after dosing appear to be related to the volatility of the drug, even when
given in mineral oil as a vehicle, and the sudden onset of giddiness/ataxia within a few minutes
appears to be due to the rapid absorption from the small intestine (Ortlepp and Monnig, 1936). In
South Africa, to help overcome some of these problems, the tetrachlorethylene and liquid paraffin
mixture was reformulated into an emulsion using soft soap (Ortlepp and Monnig, 1936). To help
prevent bloating in sheep, animals were starved overnight and this seemed to help decrease the
incidence (Ortlepp and Monnig, 1936). However, in later trials on cattle (Gibson, 1956), it was felt
that tetrachlorethylene could not be regarded as a satisfactory anthelmintic for this species because
of a lack of efficacy and toxic signs and the availability then of phenothiazine as an anthelmintic.



TABLE 3.1 PERCENTAGE EFFICACY OF TETRACHLORETHYLENE AGAINST GASTROINTESTINAL NEMATODES OF SHEEP
Abomasum Small Intestine Large Intestine References
Dose H. Ostertagia T. axei | Nematodirus | Trich. Cooperia | Bunostomum S. Oesoph. | Chabertia | T.ovis
contortus spp. spp. spp. spp. sp. papillosus spp. ovina

Tetrachlorethylene 0-100 0-40 0-22 0 44 No data Some 0% (Schlingman, 1926;

(2.5-5 ml/animal) Schlingman, 1929;
Ross and Gordon,
1935; Gordon, 1935;
Ortlepp and Monnig,
1936; Singer and
Baker, 1940; Fritts ef
al.1958)

Pre-treatment with 50-100 Some 0-100 Some 0 No data 50-100 No effect Some Some (Ortlepp and Monnig,

copper sulphate 1936; Singer and

(2.5-10 ml/animal) Baker, 1940; Gibson,
1955)

TABLE 3.2 PERCENTAGE EFFICACY OF TETRACHLORETHYLENE AGAINST GASTROINTESTINAL NEMATODES OF CATTLE
Abomasum Small Intestine Large Intestine References
Dose H. placei Ostertagia T. axei T Nematodirus | Cooperia | Bunostomum | Trichurs Oe. Chabertia
spp. colubriformis sp. spp. sp. sp. radiatum sp.

15-30 ml/animal No data 15ml 0-68% No data No data Nodata | Nodata No data (Gibson, 1956)

(Controlled trial) 30ml 68-77%

Pre-treatment with 10ml Highly No data No effect No effect (Roberts, 1955)

sodium bicarbonate | effective

10-15 ml/100Ib!

L Efficacy based on faecal egg count reduction & larval cultures

OT



TABLE 3.3 PERCENTAGE EFFICACY OF TETRACHLORETHYLENE AGAINST GASTROINTESTINAL NEMATODES OF DOGS AND CATS

Small Intestine Large Intestine References
Species Dose Ascarids T.canis T.cati T.leonina Hookworms A.caninum T.vulpis
Dog Adults 0.2 mi/kg 100% No data No data No data 100% 0% (Schlingman, 1926)
(gelatine capsules)
Puppies 0.22-0.48ml/kg Artificial infection (Miller, 1966a)
39-74% 4th stage
91% immatures
94-98% adults
Cat Adults 0.25-0.5ml/kg 100% No data No data No data 100% (Schlingman, 1926;
1929)




4.0 PHENOTHIAZINE

41 INTRODUCTION and PHARMACOLOGY

Phenothiazine has been known to chemists since 1885 (Swales, 1939). It is obtained by fusing
diphenylamine with sulphur in the presence of iodine. This results in a substance that is insoluble
in water, but extremely soluble in organic solvents and mineral oil (Figure 4.1) (del Castillo, 1969).
It was initially used by entomologists in 1935 for the treatment of codling moths (Swales, 1939), but
it was not until 1938 when its anthelmintic properties in pigs were first described (Harwood et
al.1938). However, its insolubility in water made it difficult to formulate for easy administration. This
meant both a high dose and large volume of the drug needed to be given to achieve an anthelmintic
effect eg. lambs and sheep required between 15-20 grammes of phenothiazine per animal. In early
trials, it was formulated to be used as an enema, or in the feed or as an effervescent tablet (Swales,
1939). As the anthelmintic’s popularity increased, it has been further formulated as a wettable
powder, suspension, paste, tablet (bolus) and incorporated into salt, mineral or combined salt-

mineral licks.

After many overseas trials had shown its considerable advantages over the current anthelmintics,
it was introduced to New Zealand in 1941(Whitten and Filmer, 1947).

Figure 4.1 Structure of Phenothiazine
X
0O

To this day, the mode of action of phenothiazine is still unknown. Several trials by various authors
have shown a potent anthelmintic action from a very low concentration of the drug (Taylor and
Sanderson, 1940; Lazarus and Rogers, 1951; Broome, 1962). In vitro trials showed the drug is
absorbed via both the mouth and the cuticle of nematodes, and became irreversibly bound
especially in the intestine, ovary and cuticle (Lazarus and Rogers, 1950; 1951; Knapp et al.1959).
There was debate as to whether the drug was absorbed as a saturated solution (Taylor and
Sanderson, 1940; Lazarus and Rogers, 1950; Rogers, 1951) or via direct solution from the solid
state into the cuticle (Douglas et al.1956; 1959). From pharmacological principles, the saturated
solution theory is the most likely. Because parasites not susceptible to the drug (Nippostrongylus
muris) also absorbed phenothiazine, it was proposed that the difference in toxicity to the parasite
may be due to the dependence of the susceptible parasites on anaerobic energy sources which

phenothiazine was inhibiting (Lazarus and Rogers, 1951). However, this has never been proved.

Another conundrum found with the use of this drug was that parasites exposed to phenothiazine in
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vivo were alive when expelled from the host, and would stay alive in vitro as long as untreated
worms (Lazarus and Rogers, 1950). As had been shown in in vitro trials, these parasites would also
retain the phenothiazine they had absorbed when placed in phenothiazine free medium. This further
confirmed that the phenothiazine was irreversibly bound (Lazarus and Rogers, 1950). Lazarus and
Rogers, (1951) showed that parasites that had absorbed phenothiazine permanently lost their egg-
laying capacity and this supported the field results that showed that a single therapeutic dose in
horses would inhibit faecal strongyle egg production for up to five weeks as well as inhibit faecal

larval development (Gibson, 1945).

Work on the pharmacokinetics of phenothiazine was carried out by (Whitten and Filmer, 1947) and
(Clare, 1947) when they were researching the cause of phenothiazine associated keratitis in calves.
Their work showed that peak blood levels were reached at 24-27 hours after calves were dosed with
10-30g. Farrington et al.,(1962) and Farrington and Thomson, (1962) showed that most of this
absorption was from the rumen rather then the abomasum, and absorption increased with
decreasing particle size (Table 4.1). Work by several authors on phenothiazine particle size showed
a direct relationship between surface area and anthelmintic efficacy (Douglas et al.1956; 1959;

Gordon, 1956, Thomas and Elliott, 1957; Forsyth, 1959).

TABLE 4.1 EXCRETION OF VARYING PARTICLE SIZES OF PHENOTHIAZINE IN SHEEP
FOLLOWING INTRA-RUMINAL ORINTRA-ABOMASAL INJECTION (MODIFIED
FROM (Farrington et al.1962; Farrington and Thomson, 1962)).

Particle Method of Faecal Excretion Urinary Excretion Miscellaneous
size administration excretion
(cm?g)
Percent Days Post Percent Days Post Percent
Faecal Treatment Urinary Treatment Miscellaneous
Excretion Excretion Loss
1,000 Intra-ruminal 70-72 0-3 16-22 0-1 6-9
11,500 Intra-ruminal 39-45 1-2 41-54 0-2 7-12
Intra-abomasal 75-83 0-3 9-12 0-2 7-15
21,100 Intra-ruminal 26-37 1-2 52-63 0-2 9-11

In both calves and sheep, the ingested phenothiazine is converted into phenothiazine sulphoxide
in the alimentary tract and absorbed into the portal blood system where it is converted in the liver
to form leucophenothiazine ethereal sulphate. This substance is then excreted in the urine and the

bile. Some unconjugated leucophenothiazine and leucothionol is also excreted in the urine along

T jigh an unknown conjugate of phenothiazine (Clare, 1947). These derivatives are initially colourless

™~



when excreted, but are oxidised in the atmosphere to the colour-fast red-brown dyes phenothiazone
and thionol (Gordon, 1939d; 1941; Clare, 1947). It was found that the nature of these excretion

products varies with species, age and dose rate (Clare, 1947).

4.2 EFFICACY

4.21 Sheep

Swales undertook early dose titration trials in sheep to evaluate the anthelmintic effect of
phenothiazine. Though worm numbers were low in the treated animals, he concluded that 0.3-0.5
grammes per pound body weight was effective against Haemonchus contortus, Oesophagostomum
spp. and Nematodirus spp.(Swales, 1938). Since then, many other efficacy trials have been carried

out in sheep and these are summarised in Table 4.2.

Initially, phenothiazine was used similarly to then current anthelmintics ie. a period of starvation
before dosing and the concurrent use of copper salts to close the oesophageal groove to avoid the
anthelmintic entering the rumen (Roberts, 1939). However it was found that therapeutic doses of
phenothiazine worked even if swallowed into the rumen (Gordon, 1939d), and in fact it was more

efficacious if animals were not starved beforehand (Roberts, 1939).

After a period of field use, several verbal reports were received in the early 1950's suggesting that
phenothiazine was becoming “less efficient” for the treatment of parasitic gastritis in sheep (Gibson,
1951). It was suggested that “drug-resistance” to phenothiazine was occurring (Sinclair, 1953;
Gibson, 1951). Sinclair, (1953) was unsuccessful in trying to induce resistance in a strain of T. axei
in sheep over six parasite generations, though Drudge et al.,(1957a) did isolate an ovine strain of
H. contortus in Kentucky (Kentucky strain B) which appeared to be more “tolerant” to phenothiazine
then other field strains. This strain required between 1-2g/day to inhibit faecal larval development
compared with 0.5g/day for other field strains (Drudge et al.1957a; 1957b).

Gibson, (1951) postulated that this “resistance” was most likely due to either a reduction in the dose
below the therapeutic level for Trichostrongylus spp. or that the particle size of current formulations
was different to earlier preparations. Earlier trials found that the use of unconditioned phenothiazine
was no less efficacious then recrystallised phenothiazine (Habermann et al.1940) and this was
reconfirmed during a controlled trial with commercial formulations of varying particles size (Gibson,
1951). However this was refuted when further work did show that particle size was important for
efficacy (Douglas et al.1956; Whitten, 1956; Gordon, 1956). Fine particles (<15-20 microns) were

more effective at removing abomasal and small intestinal worms, but the coarser particles (20-30



microns) removed large intestinal worms. Once the importance of this was recognised, more work
was undertaken and confirmed a direct relationship between drug purity, surface area and
anthelmintic efficacy (Thomas and Elliott, 1957; Kingsbury, 1958, Fritts et al.1958; Douglas et
al.1959; Baker et al.1959; Forsyth, 1959; Forsyth et al.1961). It was recommended that an optimal
preparation could consist of either 70% <5 microns or 90% <10 microns, and the remainder
containing particles up to 30 microns (Thomas and Elliott, 1957). This was consistent with
recommendations from other trial work for a minimum purity of 85% and a surface area of 12-25,000
sq. cm/g (Forsyth, 1959; Douglas et al.1959; Forsyth et al.1961). When several commercial
formulations were compared against these recommendations, it was considered the variation in
particle size of these formulations could possibly explain some causes of anthelmintic failure in the

field (Baker et al.1959).

Work with both the Kentucky strain B and another “tolerant” strain identified as the “Animal
Husbandry Research Division” strain concluded that some isolates of H.contortus from sheep
differed in their response to various phenothiazine preparations, and these differences were
associated largely with the purity of the phenothiazine test product (Colglazier et al.1967).
Subsequently this “tolerance” was not thought to be a resistance in the classical sense as the
refractory strains were responsive to therapeutic doses of purified phenothiazine (Colglazier et

al.1967; Drudge et al.1959).

Other dosing factors were also investigated. Phenothiazine was shown to be as efficacious in
removing parasites when the dose was divided over consecutive days (Gordon, 1939d). It also
lowered faecal egg counts and inhibited larval development in the faeces for up to four days when
used daily as a salt-lick, but animals needed to ingest a minimum of 0.5g/day (Britton et al.1942;
Martin, 1944: Peterson et al.1944). There were problems due to variable acceptance of different salt
lick formulations, and being unable to regulate individual animal intakes (Elliott, 1970; De Chaneet
and Lewis, 1973). To obtain the maximum anthelmintic benefit from using these salt-licks, it was
important that the animals were moved to pasture which had low levels of infective parasite larvae,

otherwise clinical disease could still occur (Peterson et al.1944).

4.2.2 Cattle

There are fewer publications on the efficacy of phenothiazine in cattle than in sheep. A summary
of published trial work is presented in Table 4.3. The cattle parasite species this anthelmintic is most

effective against are H. placei, O. ostertagi, T. axei and Oe. radiatum.

Trial work with regular low dose phenothiazine treatment was also undertaken in cattle, but as with

sheep, there was wide individual variation both in the volume and regularity of the intake such that



1.6

the 0.5g/day necessary to control faecal larval development and subsequent pasture contamination
was often not ingested (Mayhew, 1959; Mayhew et al.1959).

4.2.3 Horses

Much of the early efficacy work in horses relied on faecal egg count reduction and pre- and post-
treatment larval culture and differentiation. Few critical trials were published and these are
summarised in Table 4.4. When phenothiazine was used at doses of 30-45g per animal, good
efficacy was achieved against the small strongyles (Cyathostomes, Triodontophorus spp. and
Oesophagodontus spp.), less against the large strongyles (S. edentatus, S. equinus and S. vuigarns)
and no effect on the ascarid Parascaris equorum (Harwood et al.1940; Grahame et al.1942; Gibson,
1950; Poynter, 1958). The large strongyles were more susceptible when doses of over 50g/animal
were used (Harwood et al. 1940; Habermann et al.1941). The published FEC reduction work agreed
with the findings of these critical trials. Some authors also claimed high efficacy against T. axei using
doses of 45g (Howell and Britton, 1940). Even when the drug was incorporated at these dose rates
in the horse's feed, there were no problems of animals not ingesting the full dose (Howell and
Britton, 1940; Roberts, 1941; Howell and Britton, 1942).

Low dose treatment of between 1-5 grammes given daily or over several days was also successful
for lowering FEC in the horse (Howell and Britton, 1942; Foster and Habermann, 1944; Gibson,
1945a; 1945b). Gibson, (1945a) was the first to show that this FEC reduction was due to inhibition
of egg production by adult worms as opposed to removing the adult worms, and this inhibition of egg
production would last up to 35 days. When the trial was repeated with ponies on pasture, Gibson,
(1945a) could show over a twelve-month period the corresponding benefits of lowering pasture
contamination with infective larvae. This resulted from both a decrease in the ponies FEC, and
inhibition of larval development in faeces (Gibson, 1945b). This raised two potential concerns from
these trial results (Gibson, 1945b). First that this low level dosing could potentially induce the
development of resistance to this drug, and secondly that animals maintained free of nematodes
might not develop any resistance to future infection with strongyle worms if they were exposed to

these parasites later in life.

4.3 SIDE EFFECTS AND TOXICITY

Phenothiazine is an anthelmintic that has quite a marked difference in toxic effects between species.

For those species that are more susceptible, there can be quite variable individual responses.

Sheep and goats are the most insensitive to the toxic effects of phenothiazine (Roberts, 1939;
Taylor and Sanderson, 1940; Vanden-Bossche, 1985; Costa et al.1982). It was thought that as the



particle size became smaller and more drug was absorbed by the sheep (Farrington et al.1962;
Farrington and Thomson, 1962), there would be an increase in toxicity (Farrington et al.1962).
Sheep treated with a single dose up to nine times the therapeutic dose of ultrafine phenothiazine
(surface area 40,000 cm?/g) showed no ill effects (Arundel, 1962), but earlier trials (Taylor and
Sanderson, 1940) did show that lambs dosed with 10g daily would show toxic signs after one week.
Overseas there were sporadic reports of flock losses after therapeutic doses of phenothiazine
(Hebden and Setchell, 1962; Ames and Robinson, 1965). In New Zealand, eighty-one cases of lamb
losses after therapeutic dosing were reported between 1958-1962 (Salisbury, 1969). These were
associated with hot dry weather and dehydration. Salisbury could replicate this by exposing lambs
on pasture to periods of slow dehydration before treatment (Salisbury et al. 1969). He showed
histological evidence of renal failure, with renal papillary necrosis being seen in the acute stage,
which then moved towards the medullary region of the kidney with chronicity. This suggested local
tissue anoxia, most probably due to vascular stasis (Salisbury et al.1969). It was felt that the slight
diuretic action of phenothiazine could also help accentuate this toxic effect (Salisbury et al. 1969).
However, when these toxicity figures are compared with the millions of sheep dosed over the
twenty plus years plus this drug has been available, the incidence of toxic side-effects is really quite

low.

One of the other side effects seen with sheep after therapeutic dosing was the staining of wool by
the colourfast reddish-brown dye's phenothiazone and thionol. These are formed by the oxidation
of the metabolites leucophenothiazine and leucothionol once they are excreted in the urine (Clare,
1947). To reduce this problem, it was suggested that sheep should be separated soon after dosing

to limit wool staining (Gordon, 1941).

There has only been one report of phenothiazine being associated with reproductive side-effects.
Some ewes produced stillborn lambs after they had been dosed in the last 10 days of gestation.
This suggested there may be a period late in pregnancy when the drug may cause abnormal
parturition (Warwick et al.1946). A trial by Blackwell and Allen, (1955) showed no detrimental effects

on the fertility of ewes when they were dosed the day before breeding.

Cattle on the other hand are more susceptible to toxic side-effects from phenothiazine. Some calves
dosed with 0.5-0.8g/lb body weight showed clinical signs of depression, appetite loss, ataxia,
diarrhoea and in some case's death (Taylor and Sanderson, 1940; Swanson ef al.1940; Roberts,
1941; Riek, 1951; Cauthen, 1953). At postmortem examination, there was extensive ulceration of
the pyloric end of the abomasum (Taylor and Sanderson, 1940; Roberts, 1941). In other cases it
was found that lower doses of 0.1-0.2/lb would still be efficacious and limit these side-effects.
However it was recommended that doses should be either decreased or spread over several days
in anaemic, sick or debilitated animals (Riek, 1951; Cauthen, 1953; Gibson, 1975)



(Whitten and Filmer, 1947) first reported on another side-effect in cattle with the occurrence of an
associated photosensitive induced keratitis. This was first seen in 1943 in young cattle in Taranaki
and occurred 36-48 hours after treatment with phenothiazine (Whitten and Filmer, 1947).
Development of an animal model showed it was due to the presence of phenothiazine sulphoxide
in the aqueous humour of the anterior chamber of the eye, and subsequent exposure of this
chemical to bright sunlight that had a wavelength up to 360 nanometres (Whitten and Filmer, 1947,
Clare et al.1947). The phenothiazine sulphoxide was present in the anterior chamber due to
overloading of the metabolic capacity of the calf's liver (Clare et al.1947). Treated calves could be
protected from the keratitis by providing shelter from bright sunlight on the day following treatment
(Whitten and Filmer, 1947). This side-effect was also able to be produced in sheep (Clare et
al.1947), but apart from the one other report (Gordon and Green, 1951), no other field cases in

sheep have been reported.

In 1942, Taylor, (1942) and Howell and Britton, (1942) reported on several toxicities in horses after
normal therapeutic doses of phenothiazine. There appeared to be no relationship between the
condition, age and weight of the horse. Clinical signs such as colic, diarrhoea or constipation,
jaundice, anaemia and in some case’s deaths were seen (Taylor, 1942; Howell and Britton, 1942).
It appears that phenothiazine may accelerate the effect of serum lysins such as lysolecithin on the
normal haemolysis of horse red blood cells (Collier and Allen, 1942; Gordon, 1945). Subsequently,
treated animals may show anaemia, and bronzed or yellow mucous membranes along with
haemoglobinuria (Grahame et al.1940; Swales, 1940). As shown by several published reports, this
side-effect does not occur in all horses. For example, there were no ill effects reported after giving
therapeutic doses of 20-100g to several foals, weanlings, mares, mares in foal (25 in the last three
months of pregnancy) and stallions (Grahame et al.1940; Howell and Britton, 1940; Howell and
Britton, 1942; Grahame et al.1942; McNally, 1943; Gibson, 1945). Neither were side-effects seen
in ponies kept on long term low dose therapy (1g/day for up to 12 months (Gibson, 1945) nor up to
5¢ three times weekly for six months (Foster and Habermann, 1944). It would appear that some
animals have an exceptional sensitivity to phenothiazine that is not identifiable before dosing
(Taylor, 1942). Treatment of affected animals is aimed at replenishing lost red blood cells and this

may include the use of whole blood transfusions and intravenous fluids (Baird et al.1970).

Dogs, cats and pigs are particularly sensitive to toxicity from phenothiazine and this compound

should not be used in these species (Brander et al.1982).



TABLE 4.2 PERCENTAGE EFFICACY OF PHENOTHIAZINE AGAINST GASTROINTESTINAL NEMATODES OF SHEEP
Abomasum Small Intestine Large Intestine References
Dose H. Ostertagia T.axei | Nematodirus Trich. Cooperia | Bunostomum S. Oesoph. | Chabertia T.ovis
contortus spp. spp. spp. spp. sp. papillosus Spp. ovina

15-25g 96-100 96-100 86-98 0-100 26-98 0-99 57-90 No data 51-93 70-99 0 (Swales, 1939; Gordon,

/animal 1939d; Taylor and Sanderson,

(0.3-0.7 1940; Habermann et al.1940;

g/kg) Gordon, 1941; 1956; Gibson,
1949; 1959a; 1962b; Douglas
et al.1956; Whitten, 1956;
Thomas and Elliott, 1957;
Fritts ef al. 1958; Kingsbury,
1958; Cairns, 1961; Hebden,
1961; Shelton, 1962; Arundel,
1963)

TABLE 4.3 PERCENTAGE EFFICACY OF PHENOTHIAZINE AGAINST GASTROINTESTINAL NEMATODES OF CATTLE
Abomasum Small Intestine Large Intestine References
Dose H. placei Ostertagia | Trich. axei | Nematodirus | Cooperia | Bunostomum | Capillaria | S. papillosus | Trichuris Oe.
spp. Spp. spp. sp. sp. sp. radiatum
0.1-0.5 g/lb 99-100 17-100 85-100 0 0-49 Slight! 0 0 0 99-100 (Swales, 1940; Porter, 1941;
(0.2-1.1 g/kg) (one trial) (one trial) Cauthen, 1953; Gibson, 1956;
Alicata, 1960; Quinlan, 1986;
Grzywinski and Kliszewski, 1983)

1 Efficacy based on faecal egg count reduction & larval cultures




TABLE 4.4

PERCENTAGE EFFICACY OF PHENOTHIAZINE AGAINST GASTROINTESTINAL NEMATODES OF HORSES

Stomach Small Intestine Large Intestine References
Dose rate T. axei P. equorum Large strongyles Small Strongyles
25-45 g/animal 100’ 0 13-85 70-100 (Grahame ef al.1942;
Gibson, 1950, Poynter,
1958)
80-90 g/animal 95 100 (Harwood et al.1940)

! Efficacy based on faecal egg count reduction and larval culture of faeces (Howell and Britton,

1940)

P



5.0 DIETHYLCARBAMAZINE

5.1 INTRODUCTION

Diethylcarbamazine was developed in the mid 1940's during a search for drugs to combat filariasis
in troops in the endemic regions of the Pacific theatre of war (Hewitt et al. 1947a). Early research
used dogs infected with Dirofilaria immitis as an animal model, but these required too much of the
test compounds and another animal model using Litosomoides carinii a filarial parasite of the cotton
rat (Sigmodon hispidus) was developed. Using this model, more than 500 organic nonmetallic
compounds including 112 piperazine compounds were tested (Hewitt et a.1947a). The best balance
between activity and toxicity was found in the piperazine compounds. The first piperazine that
showed filaricidal activity was 1-carbethoxy-4-methylpiperazine hydrochloride (Hewitt et al. 1947a).
When trialed in the dog, this compound was effective against D. immitis microfilariae but had less
efficacy against adult worms. Side effects in the dog such as nausea, muscular weakness, profuse
salivation and prostration resulted in a better tolerated compound being used. This was 1-diethyl-
carbamyl-4-methylpiperazine also known as diethylcarbamazine (DEC) (Figure 5.1) (Hewitt et
al.1947b).

Figure 5.1 Structure of Diethylcarbamazine
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Trials in humans showed the same microfilaricidal effect of DEC seen in cotton rats and dogs
(Hewitt et al.1947c; Santiago-Stevenson et al.1947; Hawking and Laurie, 1949). A further benefit

of the piperazine compounds was that they could be administered orally. This was unlike many of

the currently available treatments for parasitic disease in humans (Hewitt ef al.1947b).

5.2 PHARMACOLOGY

Publications on the pharmacokinetics and pharmacodynamics of DEC in animals are sparse. What
is published is on research completed in the cotton rat. Indirect evidence indicates that DEC is
rapidly absorbed and excreted (Hewitt et al.1947c; Prichard, 1978; Harned et al.1947). Excretion
is predominately renal with up to 63% of a single dose being removed within twenty-three hours
(Harned et al.1947).

The drug DEC is thought to have more than one mode of action when used for treatment of filariae



and ascarids (Martin, 1997). After treatment of cotton rats, adult filariae were recovered alive and
showed no external or internal changes (Hewitt et al.1947c). In vitro studies did not result in any
gross effects seen in adult Litosomoides carinii placed in solutions of 100-500mg/100ml (Hawking
et al.1950). However, microfilariae from treated rats were shown to be removed very rapidly from
the circulation (ie. within minutes) and with a proportional increase in microfilariae numbers in the
liver. Histopathology of the livers of treated animals showed that within six hours of treatment,
phagocytes surrounded the microfilariae that had localised there (Hawking et al.1948; 1950). In
contrast, when microfilariae were exposed to the drug either in serum from treated animals or
varying concentrations of DEC, there was no lethal effect with microfilariae remaining alive for
several days (Hawking et al. 1948; 1950; Hawking and Laurie, 1949). This suggested that neither
DEC nor any unidentified derivative of it in the body had a direct lethal action on either the adult

worms or microfilariae (Hawking et al.1950).

It was proposed that DEC acts like an opsonin modifying the microfilariae so that they are attacked
by the phagocytes of the reticulo-endothelial system and destroyed (Hawking et al.1948; 1950;
Hawking and Laurie, 1949). This action may be due to alterations of arachidonic acid metabolism
in microfilariae and vascular tissues (Kanesa-thasan ef al.1991; Maizels and Denham, 1992). This
may result in vasoconstriction and an increase in endothelial adhesion causing immaobilisation of
microfilarial parasites, enhanced adherence and cytotoxic activity by host platelets and granulocytes
(Maizels and Denham, 1992). If correct, this would explain why DEC has no action in vitro against
microfilariae and yet is effective in animals not exposed to previous infections of the parasites
(Martin, 1997).

DEC'’s other mode of action is thought to be on the nematodes neuromuscular system. When DEC
was applied to Ascaris neuromuscular preparations, it caused an increase in muscle tone and
spontaneous activity of the preparation (Broome, 1962). However, using in vitro whole and vertically
split worm preparations, applying DEC resulted in an initial increase in activity followed by a
reversible flaccid paralysis (Natarajan et al1973; Kaushik et al1974). More recent
electrophysiological experiments using Ascaris suum preparations revealed that the compound has
a depolarising action. However, unlike piperazine, this is not due to activation of cholinergic or
gamma amino butyric acid (GABA) receptors, but due to inhibition of the outward flow of potassium
from the cells (Martin, 1982).

5.3 EFFICACY

5.3.1 Ruminants

