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SUMMARY

The pharmacokinetics of four trimethoprim/sulphonamide
formulations (Trivetrin, Tribrissen, Duphatrim -and Leotrox)
available for treatment of bacterial infections in sheep were
compared in five sheep after intramuscular administration at a

total dose rate of 15 mg.kg'1 of active ingredients (12.5 mg.kg’1

L trimethoprim).

sulphonamide plus 2.5 mg.kg~

The maximum concentrations of trimethoprim in plasma
occurred at one hour after intramuscular administration of
Trivetrin and Leotrox. After administration of Tribrissen and
Duphatrim intramuscularly, trimethoprim was not detected in
plasma (< 0.1 pg.ml"1).

The mean plasma elimination half-life of trimethoprim was
1.3 and 1 hour after administration of Trivetrin and Leotrox
respectively.

The maximum concentrations of sulphadoxiné, sulphadiazine,
sulphadiazine and sulphatroxazole occurred at 2, 1, 1 and 1 hours
after administration of Trivetrin, Tribrissen, Duphatrim and
Leotrox respectively.

The mean elimination half-lives of sulphadoxine,
sulphadiazine, sulphadiazine and sulphatroxazole were 4.8, 2.9,
2.6 and 9.30 hours after intramuscular administration of
T:ivetrin, Tribrissen, Duphatrim and Leotrox respectively.

No significant differences were found between the plasma
concentrations of trimethoprim and sulphadoxine administered at 1

and 3 intramuscular sites.



Bioavailability of sulphadoxine and sulphatroxazole were 81
and 88% respectively.

The study revealed that administration of
trimethoprim/sulphonamide combinations in solution type products
(Trivetrin and Leotrox) produced better pharmacokinetic profile
than those of suspension type products (Tribrissen and
Duphatrim). |

The degree of plasma-protein binding of sulphadoxine,
sulphadiazine and sulphatroxazole was found to be 50, 14 and 70%
respectively which appeared to be well correlated to their rates
of elimination from plasma.

A aetailed study was made of the pharmacokinetics of the
commonly used flukicidal drugs, a new sulphonamide product,
clorsulon, the salicylanilides rafoxanide, closantel and
oxyclozanide, and a unique benzimidazole triclabendazole which
has flukicidal activity with no nematodicidal activity.

All the flukicidal drugs studied showed markedly long plasma
elimination half-lives and a high degree of binding to plasma-
proteins. |

Following administration of clorsulon to cattle
subcutaneously as a 10 and 20% suspension at 4 mg.kg'1 and orally

1 , the drug was rapidly absorbed and the maximum

at 7 mg.kg™
concentrations in plasma occurred at 24, 12 and 24 hours at a
mean concentration of 2.3, 4.3 and 4 }.1g.ml"l respectively. Mean
elimination half-life of clorsulon in cattle was 29.9, 20.5 and
16.4 hours following adl;linistration of the drug subcutaneously as
a 10 and 20% suspension at a dose rate of 4 mg.kg"‘I and orally at |

1

a dose rate of 7 mg.kg ' respectively.
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Binding of clorsulon to bovine plasma-proteins was found to
be 94%.

Following oral administration of rafoxanide at 7.5 mg.kg"1
to fluke-free sheep, the drug was slowly absorbed and the maximum
concentrations (23.6 pg.ml'1) occurred three days after drug
administration and was followed by very slow elimination with a
mean plasma elimination half-life of 16.6 days.

Rafoxanide residues in bile, liver and muscle in sheep were
found to be low relative to the concentration of the drug in
plasma. A mean concentration of 0.2 }chg.ml"I and 0.4 }1¢j.;.r;1"I of
rafoxanide was detected in bile and liver respectively after 28
days of drug administration at 7.5 mg.kg"I while in muscle, the
drug was not detected (< 0.1 pg.gr'1 ).

Rafoxanide was found to be 86.4 and 87.9% efficient against
six and ten week old flukes when infected sheep were treated with
7.5 and 2.5 mg.kg"I rafoxanide respectively when these flukes
were counted as adults at 14 weeks after infestation.

The study demonstrated that this putative efficacy may be
misleading in that the drug may only be effective by virtue of
the drug still being present when the immature flukes reach
maturity. Clearly the current methods for testing for activity
against immature flukes are inadequate when very persistent drug
such as rafoxanide is being tested.

The pharmacokinetics of rafoxanide administered orally at
7.5 mg.kg"1 to fluke-free sheep were found to be significantly
different than those of infected sheep.
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Absorption of closantel following oral administration at

1 was also slow and the maximum concentration of

7.5 mg.kg™
45.0 pg.ml'1 occurred at two days after drug administration.
Elimination of closantel waé slow having a mean plasma
elimination half-life of 14.5 days.

Residues of closantel in bile, liver and muscle obtained at
various times after drug administration were low relative to
those in plasma. Mean concentrations of 28.3, 0.7 pg.ml"1; 1.7
and 0:7;x;g’1 closantel were detected in plasma, bile, liver and
muscle one day after drug adminisﬁration and these concentrations
declined to 18.0, 0.0 pg.ml'1; 1.2 and 0.4 pg.g'1 28 days
respectively after administration of the drug.

Oxyclozanide was found to be more rapidly absorbed and the
maximum concentrations in plasma (18 ngnl'1) occurred 24 hours
after oral administration of the drug at a dose rate of
15 ngqjq. Elimination of oxyclozanide was more rapid than that
of rafoxanide and closantel with a mean plasma elimination half-
life of 6.4 days.

Following the oral administration of triclabendazole to

“1, the drug was rapidly metabolised to the

sheep at 10 mg.kg
sulfoxide and the sulfone. The parent compound was not detected
in the plasma samples at any time (< 0.05 ngnl"1), the maximum
concentrations of triclabendazole sulfoxide and triclabendazole
sulfone occurred at 36 and 48 hours after drug administration and
were 12.8 and 13.0 }Jg.ml"1 respectively. |

Fenbendazole administered orally to sheep at 10 ng«j'1 was

rapidly absorbed and was also metabolised to the sulfoxide

(oxfendazole) and the sulfone (oxfendazole sulfone).
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Following oral administration, the maximum plasma
concentrations of fenbendazole, oxfendazole and the sulfone
occurred at 24, 24 and 48 hours and they were 0.34, 0.45 and
0.21 pg.ml'1 respectively.

Plasma elimination half-lives of triclabendazole sulfoxide,
triclabendazole sulfone, fenbendazole, oxfendazole and
oxfendazole sulfone were found to be 42.8, 25.0, 21.8, 23.7 and
35.0 hours respectively following administration of
triclabendazole and fenbendazole alone to the same six sheep at a
dose rate of 10 mgr.kg'1 of triclabendazole and of fenbendazole.

The pharmacokinetics of triclabendazole and fenbendazole
were found not to be altered following administration of both
drugs together from those when each drug was administered alone.

Triclabendazole was detected at a low concentration in bile
(0.6 pg.ml’1) in sheep treated with triclabendazole orally at

T while it was not detectable in plasma at that time.

10 mg.kg™

Triclabendazole sulfoxide and triclabendazole sulfone were found

in bile in concentrations lower than those in plasma.
Plasma-protein binding of rafoxanide, closantel,

oxyclozanide and triclabendazole and its metabolites (the

sulfoxide and the sulfone) were found to be > 99%.



PRINCIPLES OF PHARMACOKINETIC ANALYSIS

Pharmacokinetics is the study and characterisation of the
time course of drug absorption, distribution, metabolism and
excretion.

The study of pharmacokinetics has been of increasing
usefulness in recent years in designing suitable dosage regimens
for the maintenance ofbadequate plasma or tissue concentrations.
The relationship of the pharmacokinetics of drugs to the
intensity and duration of their action (pharmacodynamics) has
also become recognised as an important area of pharmacology. The
increasing power of computers has led to much more rapid
calculation of pharmacokinetic parameters thereby making their
usefulness much greater.

Generally, pharmacokinetics is concerned with generating the
best-fit equation for the plasma concentration/time curve after
administration of single or repeated doses of a drug. From the
calculated equation a number of important parameters can be
derived, the absorption half-life, the elimination half-life, the
apparent volume of distribution, etc. The theory of
pharmacokinetics as applied to domestic animals has been well
described in the recent book by Baggot (1977) and detailed
backgroﬁnd to the use of all the terminology used in this study
can be found there. A glossary of terms as used in this study

follows.
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For most drugs the disposition curves can be fitted to a bi-

(or less cammonly a tri-) exponential term of the type.

C = Aty Be Bt 4oVt | ete.
Where C is the plasma concentration at time t. A, B are plasma
drug concentration intercepts, e is the base of natural logarithm
and t is the time, and these are geherated by iterative least-

squares methods from the observed values.
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GLOSSARY AND FORMILA OF THE PHARMACOKINETIC PARAMETERS

Cp

t1/2x

t 1/2 8

Ve

The initial concentration of drug in plasma
after intravenous administration of a single

dose. It is expressed by pg.ml'1.

Cp°=A+B
Where A is the extrapolated zero-time plasma
drug concentration of the ¢ phase. B is the
extrapolated zero-time plasma drug
concentration of the (3 phase.

The half-life of ¢ phase expressed in units
of time.

t1/2a = 0.693/cx.

Half-life of the [3 phase expressed in time
units.

The term can be defined as the time required
for the body to eliminate one half of the
particular drug and it is given by the
expression 0.693/(3 .

The apparent volume of the central
compartment expressed in ml.kg™ . |

Dose (i.v.)
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vd

AUC

The apparent volume of distribution and is
expressed in ml.kg_1. It can be defined as
that volume of fluid which would be required
to contain the amount of drug in the body if
the drug was uniformly distributed at a
concentration equal tob that in the plasma.
The apparent volume of distribution (Vd) can
be calculated in a number of ways, by
‘extrapolation, area, pseudo-equilibrium and
steady state methods, with each method having
limitations. These limitations have been
discussed by Baggot (1978). Most commonly Vd
is calculated. by the area method using the

following equations:-

a/a + B/f3

Area under the plasma concentration versus

time curve and is expressed in pg.m1'1.h. It

- can be calculated by the trapezoidal method

(Baggot 1977).

t Cp (t)
AUC = cpdt +  -———- -
[ B
o
Where t = the time at which last sample was

taken; Cp (t) = the concentration of the

drug in the last sample. B: the
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elimination rate constants
Kqo : First-order distribution rate constants
between the central and peripheral compartment, and
is expressed in units of reciprocal time
(min~?, h71).
=0+ =Ky - Ky

First-order distribution rate constants

between the peripheral and central compartment.
= (A. 8 ) + (B.a )/cp°

Koy : First-order rate constant for elimination of
the drug from the central compartment.
= a B/ Ky

CLp : Body clearance. It is the volume of blood
cleared of the drug expressed in ml.kg"1 per
units of time.
= B +Vd(area)+1000.

Biocavailability : It is the amount of the administered drug
which entered the systemic circulation. It
can be calculated from the area under plasma
concentration/time curve (AUC) obtained after
intramuscular (i.m.) or subcutaneous (s/c) or
oral administration and that after
intravenous administration (i.v.) of equal
doses of the drug (Baggot 1977).

AUC (i.m., s/c, oral)

AUC (i.v.)



STATISTICS
Student's "t" test for paired samples was used to test
intra-individual significance.
One-way analysis of variance and two-way analysis of
variance were used where appropriate.

Calculations of these statistics were done using a Minitab

computer programme.
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SECTION I



GENERAL INTRODUCTION

There is a continuous search for the development of new
antibacterial agents with different modes of action due to the
increasing problem of development of resistance of pathogenic
bacteria to chemotherapeutic agents, both in man and animals.
These antibacterial agents have to be highly effective against
the resistant pathogens, safe to the host and possess good
pharmacokinetic and pharmacodynamic properties.

The sulphonamide antibacterials were the first
chemotherapeutic agents used for the treatment of bacterial
infections in man. They were first discovered during an
investigation with an azo dye called Prontosil (Gelmo 1908).
Soon after that it was observed that in tissues, prontosil
linkage split to yield a component "Sulphanilamide" to which the
antibacterial activity is related. Sulphanilamide (Figure (1))
is the basic group of all sulphonamides and from this more than
5,000 variations have been synthesised although only a few are in
clinical use.

The sulphonamides are bacteriostatic drugs which act by
interfering with the uptake of para-amino benzoic acid (PABA) by
the micro-organisms. PABA is an essential component of the
enzyme folic acid which is required for the synthesis of nucleic
acid. Thus its uptake will interfere with bact-erial cell
division.

For many years, it was thought that the antibacterial
~activity of sulphonamides might be improved when used with
inhibitors of bacterial dihydrofolate reductase (Hitchings et al

1952a). Combination of sulphonamides with inhibitors of



dihydrofolate reductase will enhance the antibacterial activity
of both drugs to include micro-organisms which are known to be
resistant to the action of each drug when given alone (such as

Proteus, Bordetella and Neisseria species). Furthermore their

combination provides another advantage as less volume of drug
‘will be required to produce therapeutic concentrations adequate
for antibacterial activity thus reducing the risk of drug
toxicity due to less drug residues in the body.

Inhibition of dihydrofolate reductase has been shown to be
one of the properties of 2,4-diamino pyrimidines (Hitchings et al
1948; Falco et al 1949; Hitchings and Burchall 1965; Bushby and
Hitchings 1968). Among these inhibitors trimethoprim (Figure
(2)) has shown to have a broad spectrum antibacterial activity
and with a high affinity of binding to the bacterial relative to
the mammalian dihydrofolate reductase (Hitchings et al 1952b;
Ellion et al 1954; Hitchings and Bushby 1961; Burchall and
Hitchings 1965; Bushby and Hitchings 1968).

The activity of trimethoprim/sulphonamides was confirmed
in vitro and in clinical trials using trimethoprim and different
sulphonamides alone or in combination (Bushby and Hitchings 1968;
Barnett and Bushby 1970; Rehm and White 1970; Bushby 1980; Powers
et al 1980). In man, among the several possible sulphonamides, |
sulphamethoxazelehas been chosen for the combination because of
its high activity and its elimination half-life in man being
approximately similar to that of trimethoprim (Bushby and
Hitchings 1968; Barnett and Bushby 1970). Ih the veterinary

field, although the combination (trimethoprim/sulphamethoxazole)



is also recognised to have improved effectiveness over
sulphonamides alone, different sulphonamides have been used,
sulphadiazine (Figure (3)) and sulphadoxine (Figure (4)),
although there are variations in their elimination half-lives in
different animal species (Rehm and White 1970; Craig and White
1976; Bushby 1980; Powers et al 1980). These combinations have
been commercially available in different formulations, as
injectable solutions or suspensions, or oral boluses, dispersible
powders and as a paste. Recently trimethoprim has been combined
with a sulphonamide, sulphatroxazole (Figure (5)) which is new to
the veterinary market.

Surprisingly, little comparative work has been published on
the different combination products and it was of interest to
investigate the pharmacckinetics of sulphonamide/trimethoprim’in
different products and also to assess whether the suspension-type
products or the products in solution éave better pharmacokinetic
profiles.

During the period of this study, this aspect was completed
successfully. However during this time a new important
sulphonamide ﬁroduct, clorsulon, with major activity against
liver flukes and little antibacterial activity became available.

| Considering the wide problem of fascioliasis throughout the
world and the economic importance of this group of drugs, the
work of this study orientated itself towards a broad study of
flukicidal drugs, especially, since as the work progressed this
group of drugs has shown itself to have unique pharmacokinetic

and pharmacodynamic features.



FIGURE (1)

STRUCTURE OF SULPHANITAMIDE
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FIGURE (2)

STRUCTURE OF TRIMETHOPRIM
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FIGURE (3)

STRUCTURE OF SULPHADIAZINE
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FIGURE (4)

STRUCTURE OF SULPHADOXINE



HoN-

,OCHS OCHg4



FIGURE (5)

STRUCTURE OF SULPHATROXAZOLE
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PHARMAQOKINETIC STUDIES OF TRIMETHOPRIM-SULPHONAMIDE

COMBINATIONS IN SHEEP

(1) Pharmacokinetic studies of trimethoprim-sulphonamide
canbinations in sheep

(1) 1 Introduction

(1) 1.1 Activity

The combination of trimethoprim (2 : 4-diamino-5-(3,4,5-
trimethoxybenzyl) pyrimidine) and several sulphonamides have
become widely used in the treatment of various bacterial and some
protozoal diseases in man since 1968 and in animals since 1970
(Pugsley et al 1969; McGuinness 1969; Sander and Midtvedt 1970;
Rehm and White 1970; Durr 1976; Bushby 1980).

The mixture of trimethoprim and one of the sulphonamides has
been shown to be a broad spectrum preparation having actvivity
against a wide range of gram-positive and gram-negative bacterial

pathogens. These include Escherichia, Streptococcus, Proteus,

Salmonella, Pasteurella, Shigella, Klebsiella, Staphylococcus,

Corynbacterium, Pseudomonas, Clostridium and Bordetella spp

(Bushby and Barnett, 1967; Barnett and Bushby 1970; Simmons 1970;
Bassett 1971; Rasmussén 1971; Marks et al 1973; Wierup 1974;
Batey and Smits 1976).

The activity of trimethoprim-sulphonamide combinations have
been of particular value in the therapy of respiratory,
urogenital and alimentary tract infections in human medicine
(Gruneberg and Kolbe 1969; Hughes 1969; Lal et al 1970; Robertson
et al 1973; Hughes et al 1975; Gower and Tasker 1976; Hills

et al 1976; Smellie et al 1976) and in veterinary medicine



(Anderson 1967; Rehm et al 1968; McCaig 1970; Rehm and White
1970; Craig 1972; Powers et al 1980; Divers et al 1981; Miller
et al 1984).

(1) 1.2 Mode of action

The trimethoprim-sulphonamide combination derives its
activity from the fact that each drug inhibits a different step
in the biosynthetic pathway used by microorganism in the
synthesis of reduced folate cofactors.

Sulphonamides and trimethoprim are both antifolates for
bacteria, interfering with important tetrahydro-folate co-enzymes
but they have no or little effect on mammalian co-enzymes
(Hitchings 1973). Sulphonamides compete with para-amino benzoic
acid for the enzyme which converts this bacterial metabolite to
folic acid. This step does not occur in animals because folate
is a vitamin. Trimethoprim inhibits the enzyme dihydrofolate
reductase which converts dihydrofolic acid into tetrahydrofolic
acid. This step occurs in animals also, but at therapeutic
concentrations, trimethoprim does not affect this conversion in
animals because its affinity for the mammalian enzyme is 100,000
times less than those for the bacterial enzyme {Burchall and
Hitchings 1965; Burchall 1973). The effect of this enzymatic
sequential blockage of metabolism results in a marked synergistic
action (Hitchings and Burchall 1965; Then and Angehrn 1974) and
moreover a combination of the active substances has a
bactericidal effect as compared to the bacteriostatic effect of
each drug when given alone (Bohni 1969; Powers et al 1980). This
synergy permits considerable reduction in the initial

sulphonamide dose and increases the therapeutic effect (Gallien
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1973). Also the combination will be less liable to the
development of resistant strains (Bushby and Hitchings 1968).
Theoretically, since the -efficacy and spectrum of all the
sulphonamides are similar, the choice of any sulphonamide in the
combination is based mainly on its pharmacokinetics being
similar to those of trimethoprim. In man, sulphamethoxazole was
chosen as the most appropriate sulphonamide since it is one of
the more active sulphonamides (on a weight basis) and its rate of
elimination by man is similar to that of trimethoprim (Barnett
and Bushby 1970). In veterinary medicine, as the rate of
excretion of these drugs (trimethoprim/sulphonamides) varies in
different animal species.the human combination
(trimethoprim/sulphamethoxazole) may not be the sulphonamide of
choice, although, in vitro, the sensitivity of the veterinary
bacterial strains to the human preparation showed that only
1.5 percent of the veterinary strains were found to be resistant
to the human preparation (Barnett and Bushby 1970; Romvary and
Horvay 1976). However many sulphonamides have been used
satisfactorily in the Veterinary practice although they have
different half-lives, some of which are the short-acting
sulphonamide (sulphadiazine) (Mc'Caig 1970; Cannon 1976; Craig
and White 1976; Powers et al 1980; Sigel et al 1981 and the long
acting sulphadoxine (Barnett and Bushby 1970; Rehm and White
1970). However the dosage intervals are changed to take account
of the differing half-lives.
| The minimum inhibitory concentration (MIC) of

trimethoprim/sulphonamide singly and in various combination has

11



been determined ig vitro, in a mixture of varying proportions.
It was shown that for the majority of organisms, the maximum
potentiation (measured by reduction in the MIC) occurred when the
ratio is about 1 : 20 (trimethoprim : sulphonamide) (Barnett and
Bushby 1970). This is because the activity of trimethoprim is
~usually considered to be 20-fold higher than that of
sulphonamides (Gallien 1973). However in clinical practice in
humans, it has been shown that the ratio of 1 : 5
(trimethoprim : sulphamethoxazole) in plasma exerts superior
antibacterial activity than the ratio of 1 : 10 or 1 : 20
(Barnett and Bushby 1970; Gallien 1973; Then and Angehrn 1974).
The differences between optimum ratios for in vitro and in vivo
activities is thought to be due to the high concentration of
trimethoprim in tissues relative to that in blood (Bushby and
Hitchings 1968; Bushby 1980).

(1) 1.3 Safety to host

Toxicity of trimethoprim has been subjected to extensive
studies. Inmice, the oral LDgj is more than 2,000 mg.kg'1 and
it was not affected by the co-administration of sulphadiazine at
equal doses. The intravenous LDgy for mice is about 200 mg.kg‘1
and in cats 100 mg.kg™! (Bushby and Hitchings 1968).

Toxicity studies in rats, monkeys and dogs showed that
prolonged daily administration of trimethoprim (for 14 days) at
doses up to 300 mg.kg"1 per day had no obvious effect. At higher
doses, the only toxic effect shown was maturation defects in
haemopoiesis (i.e. effect on bone marrow). However another group
of animals i:eceiving the same dose rate but with a supplementary

folate diet did not show such effects (Udall 1969).
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Teratogenic studies in rats and rabbits showed that
administration of trimethoprim/sulphamethoxazole combination on
days 8 - 16 of pregnancy caused foetal malformation and reduced
weight gain in the rats and does at doses of 160 and 640 mg.kg™!
respectively (Udall 1969). The condition was easily prevented by
supplementary folate diet.

Toxicity studies in cats and dogs, showed that
administration of timethoprim-sulphadiazine combination at doses
of 120 and 300 mg.kg"1 per day respectively for 20 consecutive
days did not cause any changes in bodyweight compared to non-
treated animals. Marked anaemia and leucopenia were seen in cats
in the last week following oral dosage of 300 mg.kg"I per day for
20 consecutive days (Craig and White 1976).

Administration of trimethoprim-sulphadiazine combination
intravenously to horses at doses ranging from 13 - 62 mg.kg"1 was
safe and did not produce any adverse side effects (Miller and
Szczech 1984).

In cattle and pigs, the single administration of
trimethoprim/ sulphadoxine intramuscularly or subcutaneously at

1

doses up to 35 mg.kg ' was without any adverse effect (Rehm and

White 1970).

(1) 1.4 Pharmacokinetics and Objective

The pharmacokinetic profile of trimethoprim in man and in
dogs was described by Kaplan et al (1970). Craig and White
(1976) reported on serum trimethoprim-sulphadiazine

concentrations in dogs and cats given repeated oral and

1

injectable doses of 30 mg.kg™ per day.
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In sheep, dogs and calves, Piercy (1978) reported the
distribution of trimethoprim and sulphadiazine in plasma, tissues

and synovial fluids after oral and intravenous administration of

30 mg.kg™'.

In goats iNielsen and Rasmussen(1976a,b), in cattle Nielsen
e_ta_l(‘l 978) and in horses Rasmussen et _a_l_(1 979) studied the
kinetics of trimethoprim and sulphadoxine after oral and
intravenous administration of the drug at different dose rates.

There is little published information on the kinetics of
trimethoprim-sulphonamide combination in sheep following
intramuscular administration of the commercial injectable
preparations at the recommended dose rates. Therefore the
present study was undertaken in order to study the kinetics of
each active ingredient in sheep following the intramuscular
administration of products containing trimethoprim in combination
with sulphadoxine (Trivetrin), sulphadiazine (Tribrissen and
Duphatrim) and sulphatroxazole (Leotrox), at the recommended dose
rates.

The pharmacokinetics of triméthoprim/sulphadoxine
(Trivetfin) were compared following the intramuscular

administration of the drug at one and three sites.
| Furthefmore, trimethoprim/sulphadoxine (Trivetrin) and
trimethoprim/sulphatroxazole (Leotrox) were administered
intravenously in order to provide a more comprehensive
description of the kinetics of both drugs in sheep.

The plasma protein-binding of each sulphonamide was also
determined in vitro to relate the elimination half-lives of these

drugs to the degree of protein-binding.
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(1) 2 Determination of trimethoprim and sulphonamides in
plasma

The first method developed for the determination of
sulphanilamide in blood was in 1937 (Marshall et al 1937). The
method was photometeric and based on diazotisation and coupling
of the sulphonamide in acid solution to yield coloured product
(N,N-dimethyl-1-naphthylamine (dimethyl- ¢-naphthylamine). The
method had disadvantages of being not reproducible and sensitive
and thus it was modified slightly by Bratton and Marshall (1939)
| who used a different colouring reagent (N-(1-naphthyl) ethylene
diamine dihydrochloride which resulted in an increase in the
sensitivity and reproducibility of the method, and besides, the
developed colour by the reaction was more stable than tiﬁat in the
previous method. This method was furthermore modified by Reider
(1972) to provide a method with greater rapidity of coupling and
more sensitive and reliable, and since then this simple modified
photometeric method (Reider 1972) has been widely used for the
determination of sulphonamidés (the free and total) in body
fluids.

Bushby and Hitchings (1968) used a microbiological assay
method for measuring the concentrations of trimethoprim and
sulphonamide. The method has a limit of sensitivity of 0.03 and
0.01 ;Jg.ml“1 for trimethoprim and sulphonamide respectively. The
disadvantages of microbiological methods, in general, are lack of
precision and reproducibility. The same authors determined
trimethoprim in body fluids using a wv. absorption photometeric
method.

Schwartz et al (1969) developed a sensitive flurometric
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method for the analysis of trimethoprim in body fluids. The
limit of sensitivity of the method is 20 ng.ml—1.

In view of the discovery of high performance 1liquid
chromatography and its usagevin general as the most sensitive
method by which drugs could be measured to a low concentration,
many Hplc methods have been developed for the determination of
sulphonamides (especially sulphamethoxazole) and trimethoprim in
body fluids (Kram 1972; Poet and Pu 1973; Penner 1975; Cobb and
Hill 1976; Vree et al 1978; Singletary and Sancilio 1980; Gochin
et al 1981). Different Hplc methods have been used for the
determination of sulphamethoxazole (Sharma et al 1976; Bye and
Brown 1977; Bury and Mashford 1979) and trimethoprim separately
(Sigel et al 1973; Kirchmeier and Upton 1978; Weinfeld and
Macasieb 1979). All these techniques were very simple and
sensitive to measure concentrations of trimethoprim and
sulphonamides of 0.10 and 1.00 ngnl"1. Recoveries of the method
were high (88 and 83% for trimethoprim and sulphonamide
respectively).

In this study, in spite of the fact that the Hplc analytical
method is considered to be more specific, the method of Reider
(1972) and Schwartz et al (1969) was found to be sensitive,
reliable and most convenient for the determination of
sulphonamides and trimethoprim respectively in the plasma sample.
Under the conditions in the laboratory, the limit of sensitivity
of the methods was 2 and 0.10 ;Jg.ml'1 for different sulphonamides

and -trimethoprim respectively.
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(1) 2.1 Materials and methods

(1) 2.1.1 Trimethoprim method of analysis
Trimethoprim was determined. spectroflurometrically according
to the method of Schwartz et al (1969). The limit of detection
of the method is 0.10 pg.ml'1.
(1) 2.1.2 Reagents
All reagents used were of "analar" grade and they were
prepared using bidistilled water.
- 0.1 N Sodium carbonate solution (14.3 g Na,C03.10 H,0
campleted to 500 ml with bidistilled water.
- 0.01 N HySO4
- 0.1 M Potassium permanaganate in 0.1 N sodium
hydroxide (1.58 g KMnO, dissolved and completed to
100 ml with 0.7 N NaCH).
- 1N H,S04
- Chloroform (Rathburn Chemicals, Scotland).

- Formaldehyde (35%).

(1) 2.1.3 Procedure of analysis

The principle of the analytical procedure is extracting
trimethoprim from plasma with chloroform at basic pH, back
éxtracting into dilute HZSO4 and oxidising with KMn04 (in
alkaline solution} to the fluorescent trimethyoxy-benzoic acid
(TMBA), followed by removal of excess permanganate with
formaldehyde and TMBA is then extracted into chloroform and its
fluorescence measured.

Into a 50 ml glass stoppered test tube 8 ml of 0.1 N Na,(05,

10 ml chloroform and 2 ml plasma samples were introduced using
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glass bulb pipettes$. The tubes were stoppered and shaken for four
minutes on a slow rotary mixer and centrifuged for ten minutes at
3000 r.p.m.

In a 15 ml glass stoppered test tube 4 ml of 0.01 N H5,SO,
was introduced to which 7 ml of the bottom clear chloroform
- extract was added, stoppered, shaken for ten minutes and
centrifuged at 3000 r.p.m. for ten minutes.

In another 15 ml glass tube, 3 ml of the sulphuric acid
extract and 2 ml of alkaline KMnO, solution were introduced. The
extracts were thoroughly vortexed using a rotamixer (Griffin and
George, London) and placed for ten minutes in a water bath at
60°C.

0.3 ml of formaldehyde was added and vortexed followed by
1 ml of 1 N H,SO4, vortexed and placed again in the water bath
(60°C) for ten minutes. Thereafter the extracts were thoroughly
vortexed several times and the tubes were cooled under running
tap water to room temperature (18°C). 4 ml of chloroform was
added to each tube, shaken for ten minutes and centrifuged at
3000 r.p.m. for ten minutes. The lower chloroform layer was
transferred into 10 ml conical glass tubes and immediately its
fluorescence was measured using an Aminco-Bowman
spectrofluoremeter using an Excitation wave length of 275 nm and
Emission wave length of 350 nm.

(1) 2.1.4 Preparation of standards and recoveries

A stock solution of an acid-free aqueous solution of

trimethoprim was prepared as follows:-
In a 100 ml conical flask 100 ml trimethoprim (pure

compound) was weighed and 7.7 ml 1 N He¢l was added. The drug
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particles were Cﬁ53olugd% with a glass rod and left at room
temperature (18°C) for ten minutes to form the hydrochloride.

50 ml of bidistilled water was added and the flask was
placed for five minutes in a water bath (60°C) until the compound
was completely dissolved.

The mixture was then cooled and neutralised under magnetic
stirring by adding 7.3 ml 1 N NaOH.,

The mixture was transferred into a 100 ml volumetric flask
and the wall of the conical tubes was rinsed with bidistilled
water. The solution in the volumetric flask was oompleted to the
mark by bidistilled water. The final solution contained
1000 pg.ml"1 of trimethoprim in 0.9% NaCH. Known amounts of this
stock solution were added to drug;free plasma and taken through
"the procedure of analysis for preparation of recoveries (of
trimethoprim from plasma).

A stock standard solution of 10 }1g.ml'1 of trimethoxy-
benzoic acid (TMBA) in chloroform wa? gﬁfpared. Solutions
containing 0.25, 0.50, 1, 2 and 2.5/{I“?MBA were prepared by
dissolving appropriate amounts of the stock standard solution
(TMBA) in chloroform. The fluorescence of these solutions was.
measured and used for the preparation of a calibration curve.

(1) 2.1.5 Calculations of percentage recovery

Recoveries of trimethoprim from the spiked plasma were
calculated using the following formula:-

Determined concentration of the measured substance

(TMBA) in the final solution (pg.ml™!) x 100

Percentage = ——
recovery Real concentration of the substance (trimethoprim)

to be measured in the sample (pg.m1'1)
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Q = Theoretical concentration of TMBA (pg.ml"1) in the final
solution assuming complete extraction and 62% yield at the
oxidation step.
Thus

2 212.2 62 3
Q==X =—=——- X =--- X -—-- X S (concentration of trimethoprim)

4 290.3 100 4
Concentration of the drug (trimethoprim) in plasma samples was
calculated using the formula:-

1 Fa x Cs
Concentration (pg.ml™') = —=—-——-eem X F
Fs

Where Fa = Fluorescence reading of the analysed sample after

subtraction of the s;ample blank.

Fs = Fluorescence reading of the standard after
subtraction of the chloroform blank.

Cs = Concentration of the drug in the standard.

F = Correcting factor for the conversion yield in the

oxidation step (trimethoprim to TMBA).

Under the working conditions, the percentage of conversion
of trimethoprim to trimethoxy-benzoic acid (in the oxidation
step) was found to be 62%.

The calibration curve was prepared by plotting the
concentrations of TMBA in chloroform versus their fluorescence
reading.

(1) 2.2 Sulphonamide method of anélysis

The concentrations of the unchanged (free) sulphonamide were
determined in the plasma samples using spectrophotometric method

. of Reider (1972) based on that of Bratton and Marshall (1939).
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(1) 2.2.1 Reagents

All reagents were of analytical grade.

McIlvain buffer (pH 5.5) = 43 ml 0.2 M aqueous solution
of citric acid and 57 ml 0.4 M agueous solution of
sodium phosphate (Na,HPO,).

Ethyl acetate.

8 N Hcl.

Acetone (redistilled in glass).

2 N HC1 solution in acetone plus water.

This solution was prepared freshly and immediately before

each series of analysis, by mixing 1 ml of 8 N H€1 with 3 ml of

acetone,

-—

0.1% solution of sodium nitrite in a mixture of 3 : 1

.acetone : distilled water.

5% solution of sulphamic acid in a mixture of 3 : 1
acetone : distilled water.
0.1% solution of & -naphthylethylenediamine
dihydrochloride in a mixture of 3 : 1
acetone : distilled water.

Methanol.

(1) 2.2.2 Procedure of analysis

1 ml Mcilvain buffer (pH 5.5) was introduced into 15 ml

glass stoppered tubes. 0.2 ml of the plasma samples and 5 ml of

ethyl acetate was added to each tube. The tubes were stoppered,

shaken for ten minutes on a slow rotary mixer and centrifuged for

" five minutes at 3000 r.p.m.
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3 ml of the clear supernatant solution was transferred into
10 ml glass tubes and 0.5 ml of acetonic 2 N H€l (freshly
prepared) was added, vortexed thoroughly on rotamixer.

0.5 ml of 0.1% acetonic solution of sodium nitrite was
added, vortexed and left for six minutes at room temperéture.

0.5 ml of 5% acetonic solution of sulphamic acid was added,
vortexed and left for three minutes at room temperature.

0.5 ml of 0.1% acetonic solution of & -naphthylethylene-
diamine dihydrochloride was added and vortexed.

Finally 0.5 ml of methanol was added and vortexed thoroughly
until a homogenous liquid phase was formed.

The tubes were covered by al.uminium foil and left for 20
minutes at room temperature. The extinction of the measured
solutiqn was measured spectrophotometrically using an absorption
spectrometer (Pye Unicam SP8.500 UV/VIS spectrophotometer) at a
wave length of 545 nm.

(1) 2.2.3 Preparation of standards and recoveries

Stock solution of 1000 pg.rnl'1 of each sulphonamide (pure'
compound) was prepared by dissolving 100 ml of the appropriate
sulphonamide in a 100 ml volumetric flask in 1 ml of 1 N aqueous
solution of NadH and the flask was immediately filled up to the
mark with a sorensen phosphate buffer (pH 8.0)
(33.83 g Na,HPO4.2H,0 and 136 g KH,PO, completed with distilled
water to 1 litre).

Stock standard solution containing 100, 80, 70, 50, 30, 20,
15, 10, 5 and 2 }‘1g.ml"1 of each sulphonamide were prepared by
dissolving known amounts of the stock solution (1000 pg.ml‘1) in

sorensen phosphate buffer (pH 8).
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0.2 ml aliquots of drug-free plésma were mixed with 0.2 ml
of the appropriate solution in buffer to yield concentrations of
100, 80, 70, 50, 30, 20, 15, 10, 5 and 2 }:tg.ml'1 in plasma. Each
plasma concentration was analysed by the standard method. The
concentratioﬁ of drug in the plasma was calculated by plotting a
standard graph of concentration versus photometric reading.

(1) 3 Binding of sulphonamides to sheep plasma proteins

The extent of binding of sulphadoxine, sulphadiazine and
sulphatroxazole was determined in vitro using the equilibrium
dialysis method of Rehberg (1943).

Duplicate plasma samples containing 100 pg‘.ml‘1 of the
appropriate sulphonamide were introduced into dialysis tubes
(Visking tube size 1-8/32" Medicell International Ltd., London).
The ends of the dialysis tubes were tied securely and washed
under running tap water to remove any contamination.

The dialysis tube was introduced into a 50 ml glass-
stoppered tube and filled partially with glass-beads. The tubes
were stoppered and centrifuged for 35 minutes at 10°C at
3500 x g.

Plasma ultrafiltrates collected outside the dialysis tube
were analysed for the concentration of the free sulphonamide
using the standard method (Reider 1972).

(1) 3.1 Calculation of the percentage binding

The percentage binding of sulphonamide to plasma proteins
was calculated using the formula:-

Percentage Concentration of drug in plasma ultrafiltrate
binding =100 - | - e e

Concentration of drug in whole plasma
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(1) 4 Experiments with trimethoprim-sulphonamide combination

(1) 4.1 Animals

Six experiments were performed on six clinically healthy
sheep. The sheep were of mixed breed and sex, weighing between
30 - 70 kg and aged 1 - 2 years old.

The intervals between each experiment ranged from one to two
weeks.

The animals were kept on concrete stalls covered with straw,
fed hay and concentrates. Water was available ad libitum.

In some experiments five sheep were used, in others six.
Throughout this series of experiments, the same sheep can be
identified by animal number.

(1) 4.2 Administration of the drug

In each experiment, the combined preparation of
trimethoprim/sulphonamide was administered to each animal at the
recommended dose rate of 15 rng.kg"‘l bodyweight of the active

ingredients (12.5 mg.kg'1

sulphonamide + 2.5 rng.kg_‘I of
trimethoprim).

(1) 4.3 Samples for analysis

Blood samples were withdrawn from the jugular vein using
heparinised syringes 'Monovette, Sarstedt" 20 gauge 1" needles.

Immediately after collection, the blood samples were
centrifuged for ten minutes at 2500 r.p.m. and the plasma was
transferred into 10 ml plastic tubes and stored at -20°C until
analysed.

(1) 4.4 Experiments with trimethoprim-sulphadoxine

A group of six sheep received an intravenous administration
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of trimethoprim-sulphadoxine (Trivetrin injectable solution 24%
w/v [POM] Coopers) in the right. jugular vein. Blood samples were
collected from the left jugular vein before and at 0.25, 0.50,
0.75, 1.00, 1.50, 2.00, 2.50, 3.00, 4.00, 5.00, 6.00, 8.00,
12.00, 24.00 and 27.00 hours after drug administration.

Two weeks later, the group of six sheep were divided into
two groups. Group I sheep received the injectable preparation
(Trivetrin 24% w/v [POM]) as an intramuscular injection at one
site in the gluteal muscle. Group IT received the intramuscular
injection at three different sites in the gluteal muscle.

After two weeks, the injectable preparation was administered
intramuscularly at three different sites to sheep in Group I and
at one site to sheep in Group II.

Blood samples were collected before and at 0.5, 1, 2, 3, 4,
6, 8, 12, 24 and 27 hours after drug administration and the
plasma was collected as described in (1) 4.3.

(1) 4.5 Experiments with trimethoprim-sulphadiazine

Two different preparations of the combined formulation of
trimethoprim-sulphadiazine were used.

Five sh'eep received an intramuscular administration of
trimethoprim-sulphadiazine (Tribrissen injectable suspension 24%
w/v [POM] Coopers). Two weeks later, the sheep received the
’other injectable suspension "Duphatrim' 24% w/v (POM) Duphar.

Blood samples were collected before and at 0.5, 1, 2, 3, 4,
6, 8, 12, 24 and 27 hours after administration of each
preparation.

(1) 4.6 Experiments with trimethoprim-sulphatroxazole

Five sheep received an intramuscular administration of
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trimethoprim-sulphatroxazole (Leotrox injectable solution 24% w/v
[POM] Leo). Blood samples were collected before and at 0.5, 1,
2, 3, 4, 6, 8, 12, 24, 27, 32, 48 and 51 hours after
intramuscular administration.

A further experiment was carried out using three sheep of
the Finn-Dorset x breed, weighing between 40 - 42 kg and aged
between 10-12 months. The sheep received an intravenous
administration of trimethoprim-sulphatroxazole (Leotrox 24% w/v)
in the left jugular vein. Blood samples were collected from the
right jugular vein before and at 0.25, 0.50, 0.75, 1, 1.5, 2,
2.5, 3, 4, 5, 6, 8, 12, 24, 27, 32, 48 and 51 hours after the
intravenous administration.

Treatment of blood samples was- as described in (1) 4.3.

(1) 5 Results

(1) 5.1 Experiment with trimethoprim-sulphadoxine

After intravenous administration, the concentrations of
trimethoprim and sulphadoxine in individual sheep and the mean
concentration + S.E.M. in plasma are shown in Table (1) 1. The
concentrations of trimethoprim and sulphadoxine in plasma
plotted égainst time on a semilogarithmic axis are shown in
Figures (1) 1 and (1) 2 respectively.

The disposition curvesof trimethoprim and sulphadoxine which
were analysed using the non-linear iterative .least square curve-
fitting programme CSTRIP (Sedman and Wagner 1976) was found to be
best described by a two compartment open model fitted to the
equation C = Ae” at | pe- Bt. The values of the kinetic

parameters of trimethoprim and sulphadoxine obtained from the
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analysis are listed in Table (1) 2 and (1) 3 respectively.

Following the intramuscular administration, absorption of
trimethoprim and sulphadoxine was rapid and the maximum
concentrations of trimethoprim and sulphadoxine occurred at 1 and
2 hours respectively after the intramuscular administration at
both one and three sites respectively (Tables (1) 4 and (1) 5).
Figure (1) 3 shows mean concentration of sulphadoxine in plasma
following administration of Trivetrin at one intramuscular site.

The plasma concentration/time curves of trimethoprim and
sulphadoxine after intramuscular administration at one and three
sites showed that both drugs were eliminated from plasma in
accordance with a two compartment open model. Values of the
kinetic parameters which describes the AUC, absorption and
elimination phases of trimethoprim and sulphadoxine in sheep
after intramuscular administration at one and three sites are
shown in Table (1) 6.

The bioavailabilities of sulphadoxine and trimethoprim
calculated as the ratio of the averaged AUC i.m./AUC i.v. were
found to be 81 and 87% respectively.

(1) 5.2 Experiments with trimethoprim-sulphadiazine

The concentrations of sulphadiazine in plasma following
intrémuscular administration of Tribrissen and Duphatrim to five
sheep are shown in Table (1) 7 and (1) 8 respectively.

The mean maximum concentrations of sulphadiazine in plasma
of 42 and 33 /ug.ml'1 occurred at 1 hour after administration of
Tribrissen and Duphatrim respectively (Figures (1) 3.

A two compartment open model was found to best fit the

plasma concentrations time data of sulphadiazine following
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administration of Tribrissén and Duphatrim.

Half lives in the absorption (t 1/2«) and elimination
(t 1/23) phases calculated from the computer generated
pharmacokinetic constants (A, ¢, B,B) of sulphadiazine following
intramuscular administration.of Tribrissen and Duphatrim are
illustrated in Table (1) 9.

Trimethoprim was not detected in the plasma samples at the
limit of detection of the method (0.10 ngnl'1). However,
samples between 0.5 and 6 hours contained "traces" of
trimethoprim (i.e. < 0.10 pg.ml‘1).

(1) 5.3 Experiments with trimethoprim-sulphatroxazole

The plasma concentrations of trimethoprim.and
sulphatroxazole in each animal and the mean + S.E.M. after
intramuscular administration of Leotrox are tabulated in
Table (1) 10.

The mean concentration of sulphatroxazole is repreéented
graphically in Figure (1) 3.

The pharmacokinetic parameters for trimethoprim and
sulphatroxazole administered intramuscularly to five sheep are
illustrated in Table (1) 11.

Following intramuscular administration of Leotrox, the
maximum plasma concentrationsof sulphatroxazole and trimethoprim
occurred at 1 and 0.5 hours respectively.

Table (1) 12 and Figure (1) 4 shows the concentrations of
sulphatroxazole in plasma following the intravenous

administration.
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Mean elimination half-life of sulphatroxazole after
intravenous administration was found to be 11.70 + 1.00 h. The
kinetic parameters of sulphatroxazole are illustrated in
Table (1) 13.

The percentage biocavailabilities of sulphatroxazole
(calculated as the ratio of the mean AUC i.m./AUC. i.v.) was found
to be 88.

(1) 5.4 Binding of sulphonamides to sheep plasma proteins

Determination of the concentrations of the free sulphonamide
in the plasma ultrafiltrates, obtained after dialysis, according
to the method of Reider (1972) demonstrated that the percentage
of binding of sulphadoxine, sulphadiazine and sulphatroxazole

were 50, 14 and 70 percent respectively.
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TABLE (1) 1

CONCENTRATIONS (pg.ml™ ') OF SULPHADOXINE/TRIMETHOPRIM IN
PLASMA FOLLOWING AN INTRAVENOUS ADMINISTRATION OF TRIVEIRIN
AT A TOTAL DOSE RATE OF 15 mg.kg~| BODYWEIGHT OF ACTIVE
INGREDIENTS (12.5 mg.kg™! SULPHADOXINE

PLUS 2.5 mg.kg™! TRIMETHOPRIM).
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Animal number

Time

(hours) 1 9 39 41 75 88 Mean + S.E.M
Sulphadoxine

0.25 52 64 72 80 65 71 67 + 3.8

0.50 48 52 62 72 55 60 58 + 3.4

0.75 45 49 55 64 53 48 52 + 2.7

1.00 42 47 53 57 49 46 49 + 2.0

1.50 39 45 42 46 45 43 43 + 1.0

2.00 37 43 40 42 37 38 40 + 1.0

2.50 34 37 31 40 35 35 35 + 1.0

3.00 30 33 29 34 32 33 34 + 0.8

4.00 26 30 24 27 29 21 26 + 1.3

5.00 23 26 20 23 26 19 23 + 1.2

6.00 19 21 13 20 22 16 19 + 1.4

8.00 12 13 10 13 16 11 13 + 0.8

12.00 5 3 5 8 11 17 8 + 2.0

24.00 0 0 0 0 4 0 0

27.00 0 0 0 0 0 0 0
Trimethoprim

0.25 6 2.0 1.8 .6 .5 .0 1.6 + 0.20

0.50 0 1.0 1.4 .0 .8 .7 1.0 + 0.10°

0.75 6 0.8 1.0 .6 .6 .5 0.7 + 0.07

1.00 3 0.5 0.7 .4 .3 .3 0.4 + 0.06

1.50 2 0.4 0.4 .2 .2 .1 0.3 + 0.05

2.00 2 0.2 0.3 0 0 0 0.1 + 0.05

2.50 0 0.1 0.2 0 0 0 0

3.00 0 0 0.1 0 0 0 0

4.00 0 0 0 0 0 0 0

5.00 0 0 0 0 0 0 0

6.00 0 0 0 0 0 0 0

8.00 0 0 0 0 0 0 0

12.00 0 0 0 0 0 0 0

24,00 0 0 0 0 0 0 0

27.00 0 0 0 0 0 0 0
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TABLE (1) 2

DISPOSITION KINETICS OF TRIMETHOPRIM IN SHEEP (n=6) AFTER
SINGLE INTRAVENOUS ADMINISTRATION OF TRIVEIRIN AT A TOTAL DOSE
RATE OF 15 mg.kg™! BODYWEIGHT (12.5 mg.kg~! SULPHADOXINE

PLUS 2.5 mg.kg~! TRIMETHOPRIM).

32



Pharmacokinetic Sheep number
S, Averaged

parameters 1 9 39 4 75 88 Mean + S.E.M. Values
cp® (pg.ml~T) 2.70 4.50 2.30 2.70 2.40 4.60 3.20 +  0.40 2.50
A (pg.ml™?) 2.00 2.80 0.40 1.00 1.70 2.80 1.80 +  0.40 0.60
a (h) 3.00 5.60 1.30 3.70 2.80 2.30 3.00 + 0.60 3.50
t 1/2 o (h) 0.20 0.10 0.50 0.20 0.20 0.20 0.20 + 0.05 0.20
B (pg.ml™") 0.80 1.80 1.90 1.80 0.70 1.70 1.50 +  0.20 1.80
B () 0.80 1.00 1.00 1.50 0.80 1.20 1.00 + 0.10 1.40
t 1/2 8 (h) 0.90 0.60 0.70 0.50 0.90 0.60 0.70 + 0.06 0.50
AUC (pg.ml™'.h)  1.70 2.00 2.30 1.50 1.50 1.20 1.70 + 0.10 1.50
Ve (ml.kg™ ') 912.00  554.20 1079.30  923.70 1036.30  548.50 842.30 + 93.70 1010.70
Vd(area) ABH.WQL )

1832.40  1095.00 1130.40 1172.90 2125.80  886.50  1373.80 + 195.00 1199.40
Kq5 ) 0.70 1.70 0.01 0.40 0.60 0.20 0.60 + 0.20 0.30
Ky (h71) 1.50 2.80 1.20 2.90 1.40 2.60 2.00 + 0.30 3.00
Ky (h71) 1.60 2.20 1.00 1.80 1.70 2.40 1.80 + 0.20 -1.60
CLB(ml.kg.” Th™1)

1480.20  1209.30  1077.30 1724.00  2005.00  1533.50 + 139.00 1662.70

1705.00

— ——— ——— ———
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TABLE (1) 3

DISPOSITION KINETICS OF SULPHADOXINE IN SHEEP (n=6)
FOLLOWING A SINGLE INTRAVENOUS ADMINISTRATION OF
‘!RIVEIR]NATA'IUEL]I)SERA’JE(F‘ISHQ.kg-1 BODYWEIGHT

(12.5 mg.kg™| SULPHADOXINE PLUS 2.5 mg.kg~! TRIMETHOPRIM).
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Pharmacokinetic Sheep number

lllllll - —— e ———— Averaged
parameters 1 9 39 4 75 88 Mean + S.E.M. values
Cp° Ata.awldv 75.60 66.30 69.40 77.80 83.50 78.00 75.00 + 2.50 64.80
A Atm.swngv 55.60 46.50 29.40 43.60 29.30 45.70 41.70 + 4.20 30.50
a (b 0.90 0.40 0.50 0.50 0.40 0.40 0.50 + 0.07 0.40
t 1/2 o (h) 1.00 1.50 1.40 1.50 1.80 1.70 1.50 + 0.10 1.60
B Atm.sw|gv 53.80 35.80 40.00 34.30 31.50 20.40 36.00 + 4.40 34.30
B (hT) 0.20 0.10 0.20 0.10 0.09 0.03 0.10 + 0.02 0.10
t 1/2 B (h) 3.70 4.80 4.00 5.70 8.00 2.50 4.80 + 0.70 5.70
AUC Arm.awng.rv 283.80 289.80 288.70 377.50  443.40 771.00 409.00 + 75.40 355.40
Ve Aaw.wmugv 165.30 187.90 180.00 160.70  149.70 160.30 ;mm.mo,H 6.00 192.80
Vd(area) (ML.kg™") .

189.00 263.30 250.00 290.00  327.40 526.80 305.40 + 45,00 289.70

Ki5 (h~1) 0.10 0.10 0.08 0.10 0.08 0.20 0.10 + 0.02 0.08
K51 (1 0.50 0.40 0.40 0.30 0.20 0.20 0.30 + 0.04 0.30
K1 (1) 0.20 0.20 o.wo 0.20 0.10 0.09 0.20 + 0.02 0.20
DrwAEH.wm.:dwnév 42.20 43.30 33.00 28,20 16.20 34.40 + 4.30 35.20

43.30
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TABLE (1) 4

CONCENTRATIONS (ng.ml™!) OF SULPHADOXINE/TRIMETHOPRIM
IN PLASMA AFTER INTRAMUSCULAR ADMINISTRATION OF "TRIVETRIN"
AT ONE SITE AT A TOTAL DOSE RATE OF 15 mg.kg™! OF ACTIVE
INGREDIENTS (12.5 mg.kg™! SULPHADOXINE PLUS

2.5 mg.kg~! TRIMETHOPRIM).
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Sheep number

Time -—— -—= Mean + S.E.M.

(hours) 1 9 39 41 75 88

) o Sulphadoxine - o
0 0 0 6“ 0 0 0 0

0.5 20 7 28 26 16 25 20 + 3.0
1 28 17 39 34 28 33 30 + 3.0
2 - 34 23 35 30 37 34 32 +2.0
3 32 27 28 26 33 26 29 + 1.0
4 27 22 23 21 31 21 24+ 2.0
6 22 16 15 15 29 14 19 + 2.0
8 20 11 10 12 20 8 14 + 2.0
12 13 5 4 7 12 2 7 + 2.0
24 0 0 0 0 0 0 0

"""""""""""""" Trimethoprim

0 0 0o 0 0 0 o o

0.5 0.5 0.3 0.5 0.4 0.3 0.5 0.4 + 0.04
1 0.6 0.5 0.8 0.2 0.4 0.6 0.5 + 0.08
2 0.3 0.4 0.4 0.2 0.3 0.3 0.3 + 0.03
3 0.2 0.2 0.3 0.1 0.3 0.1 0.2 + 0.03
4 0.1 0.1 0.2 0 0.2 0 0.1 + 0.03
6 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0

12 0 0 0 0 0 0 0

24 0 0 0 0 0 0 0
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TABLE (1) 5

CONCENTRATIONS (pg.ml™!) OF SULPHADOXINE/TRIMETHOPRIM IN
PLASMA AFTER INTRAMUSCULAR ADMINISTRATION OF "TRIVETRIN"
AT THREE STTES AT A TOTAL DOSE RATE OF 15 mg.kg™! OF ACTIVE
INGREDIENTS (12.5 mg.kg™| SULPHADOXINE PLUS

2.5 mg.kg™! TRIMETHOPRIM).
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Sheep number

Time - ——— Mean + S.E.M.
(hours) 1 9 39 41 75 88
i Sul;hadoxin; ———————————————
0 0 0 0 0 0 0 0
6.5 27 9 20 17 13 30 19 + 3.0
1 37 16 29 21 20 38 27 + 4.0
2 35 25 34 25 29 35 ’ 31 + 2.0
3 28 24 30 24 34 29 28 + 2.0
4 20 23 25 22 35 25 25 + 2.0
6 12 20 18 14 31 18 19 + 3.0
8 6 15 12 8 29 14 14  + 3.0
12 0 9 7 0 13 8 6 + 2.0
24 0 0 o 0 0 0 0
" Trimethoprim N
0 0 0 0 0 0 0 0
0.5 0.5 0.4 0.6 0.2 0.3 0.5 0.4 + 0.05
1 0.6 0.5 0.7 0.4 0.4 0.6 0.5 + 0.04
2 0.3 0.4 0.5 0.3 0.3 0.3 0.4 + 0.03
3 0.2 0.3 0.3 0.1 0.2 0.2 0.2 + 0.03
4 0.1 0.1 0.2 0.1 0.1 0.1 0.1 +0.01
6 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0
12 0 0 0 0 0 0 0
24 0 0 0 0 0 0 0
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TABLE (1) 6

| VALUES OF THE KINETIC PARAMETERS OF SULPHADOXINE AND
TRIMETHOPRTM FOLLOWING INTRAMUSCULAR ADMINISTRATION OF TRIVETRIN
AT ONE SITE (I) AND AT THREE SITES (III) AT A TOTAL DOSE RATE
QF 15 mg.kg™! BODYWEIGHT (12.5 and 2.5 mg.kg™ !

SULPHADOXTNE AND TRIMETHOPRIM RESPECTIVELY).
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Animal t1/2a (h) t1/28 (h) AUC (pg.ml™?.h)

number I ITI I III I 111
Sulphadoxine

1 0.50 0.40 7.30 2.30 402.50 185.70
9 0.80 1.00 3.50 5.20 203.30 269.00
39 0.30 0.50 3.20 4.30 228.60 258.50
41 0.30 0.80 4.70 2.70 251.70 170.20
75 0.80 1.40 5.50 4.50 379.30 385.00
88 0.50 0.30 2.50 . 4.80 185.80 292.20

Mean

+ S.E.M. 0.50 + 0.09 0.70 + 0.10 4.50 + 0.70 4.00 + 0.40 275.20 + 37.00 260.00 + 31.00

Averaged

values 0.40 0.60 4.80 4.00 286.90 251.00

Trimethoprim

1 0.30 0.30 1.20 1.20 1.40 1.40
9 0.40 0.50 1.00 1.00 1.30 1.40
39 0.30 0.30 1.60 1.50 2.00 2.20
41 0.40 0.50 1.00 1.30 0.70 . 0.80
75 0.70 0.50 1.70 1.00 1.50 1.20
88 0.30 0.30 0.80 1.20 1.00 1.40

Mean

+ S.E.M.  0.40 + 0.06 0.40 + 0.04 1.20 + 0.10 1.20 + 0.07 1.30 + 0.10 1.40 + 0.170

Averaged

values 0.30 0.40 1.30 1.00 1.30 1.30
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TABLE (1) 7

CONCENTRATIONS (pg.ml~') OF SULPHADIAZINE IN PLASMA AFTER
INTRAMUSCULAR ADMINISTRATION OF "TRTERTISSEN" AT A TOTAL DOSE
RATE OF 15 mg.kg~! OF ACTIVE INGREDIENTS (12.5 mg.kg™ !

SULPHADIAZINE PLUS 2.5 m;.kg_1 TRIMETHOPRIM) .
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Time
(hours) 1 39
0 0 0
0.5 47 39
1 42 42
2 31 35
3 25 27
4 18 19
6 11 12
8 8 9
12 4 5
24 0 0

41 75
0 0
42 38
43 41
33 32
22 26
15 21
7 13
3 9
0 5
0 0

43

88

0 0
38 a1 o+
39 42 +
34 33 +
26 25 +
19 18+
10 11

6 7 *

3 3 o+

0 0

2.0
1.0
1.0
1.0
1.0

1.0

3.0

1.0




TABLE (1) 8

CONCENTRATIONS (pg.mg™ ') OF SULPHADIAZINE IN PLASMA AFTER
INTRAMUSCULAR ADMINISTRATION OF "DUPHATRIM" AT A TOTAL DOSE RATE
OF 15 mg.kg™! OF ACTIVE INGREDIENTS (12.5 mg.kg~! SULPHADIAZINE

PLUS 2.5 mg.kg™! TRIMETHOPRIM).
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Time Sheep number
(hours) 1 39 41
0 0 0 0
0.5 22 7 41
1 31 15 40
2 26 27 30
3 17 28 23
4 14 23 16
6 9 14 8
8 5 8 4
12 0 4 0
24 0 0 0

37

41

33

26

19

11

88 Mean + S.E.M.
0 0

34 28 + 6.0
38 33 +5.0
30 29 +1.0

23 23+ 2.0
16 18 + 2.0
9 10 +1.0
6 6 +1.0
3 2 +1.0
0 0
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TABLE (1) 9

VALUES OF THE PHARMAQOKINETIC CONSTANTS OF SULPHADIAZINE
IN SHEEP (n=5) FOLLOWING INTRAMUSCULAR ADMINISTRATION OF
TRIBRISSEN AND DUPHATRIM AT A TOTAL DOSE RATE OF 15 mg.kg™
BODYWEIGHT (12.5 mg.kg™| SULPHADIAZINE PLUS

2.5 mg.kg~! TRIMETHOPRIM).
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Pharmacokinetic parameters

Animal
A o ti1/2a B B t1/2 3 AuC
number 1 ] 1 ’
ng.ml” h-! h pg.ml” h™ h tm.:ﬁv._ .h
Duphatrim
1 - 40.40 2.20 0.30 40.40 0.30 2.70 137.40
39 - 51.00 1.00 0.70 51.00 0.20 3.00 180.20
41 - 58.80 3.80 0.20 58.80 0.30 2.00 161.40
75 - 47.90 4.20 0.20 47.90 0.20 3.00 205.70
88 - 44,60 4.00 0.20 44,60 0.20 2.90 177.00
Mean )
+ S.E.M. -48.50 + 3.00 3.00 + 0.60 0.30 + 0.10 48.50 + 3.00 0.20 + 0.02 2.70 + 0.20 172,30+ 11.30
Averaged
values - 51.20 2.10 0.30 ; 51.20 0.30 2.60 166.00
Tribrissen
1 - 43.00 2.00 0.30 43.00 0.20 3.40 190.20
39 - 47.00 5.00 0.10 47.00 0.20 3.50 228.20
41 - 68.20 3.00 0.20 68.20 0.40 1.80 155.50
75 ~ 46,20 5.00 0.10 46.20 0.20 3.60 229.00
88 - 51.20 4.00 0.20 51.20 0.20 2.80 193.30
Mean
+ S.E.M. - 51.00 + 4,50 3.80 + 0.60 0.20 + 0.03 51.00 + 4.50 0.20 + 0.04 3.00 + 0.30 199.00 + 13.70
Averaged ,

values - 50.40 5.20 0.10 50.40 0.20 2.90 199.40
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TABLE (1) 10

CONCENTRATIONS (pg.ml™') OF SULPHATROXAZOLE/TRIMETHOPRIM
IN PLASMA AFTER INTRAMUSCULAR ADMINISTRATION OF "“LEOTROX"
AT A TOTAL DOSE RATE OF 15 mg.kg™| OF ACTIVE INGREDIENTS

(12.5 mg.kg~! SULPHATROXAZOLE PLUS 2.5 mg.kg~| TRIMETHOPRIM).
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Time Sheep number

(hours) 1 39 41 75 88 Mean + S.E.M.
Sulphatroxazole

0 0 0 0 0 0 0

0.5 60 57 66 63 58 61 + 2.0
1 64 69 73 75 67 70 + 2.0
2 58 72 62 74 69 67 + 3.0
3 52 65 57 66 57 59 + 3.0
4 44 59 41 61 53 52 + 4.0
6 33 48 33 48 41 41 + 4.0
8 31 39 26 43 34 35 + 3.0
12 21 28 17 33 27 25 + 3.0
24 8 11 6 17 17 12 + 2.0
27 7 8 5 14 12 9 + 2.0
32 4 6 3 11 11 7 + 2.0
48 0 0 0 5 3 2 + 1.0
51 0 0 0 0 0 0

Trimethoprim

0 0 0 0 0 0 0

0.5 0.5 0.4 0.5 0.4 0.6 0.4 + 0.03
1 0.3 0.3 0.3 0.5 0.4 0.4 + 0.03
2 0.1 0.3 0.1 0.2 0.3 0.2 + 0.10
3 0 0.2 0 0 0.1 0.1 + 0.03
4 0 0 0 0 0 0
6 0 0 0 0 0 0
8 0 0 0 0 0 0
12 0 0 0 0 0 0
24 0 0 0 0 0 0
27 0 0 0 0 0 0
32 0 0 0 0 0 0
48 0 0 0 0 0 0
51 0 0 0 0 0 0
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TABLE (1) 11

VALUES OF PHARMACOKINETIC PARAMETERS OF TRIMETHOPRIM AND
SULPHATROXAZOLE IN SHEEP FOLLOWING A SINGLE INTRAMUSCULAR
ADMINISTRATION OF LEOTROX AT A TOTAL DOSE RATE OF 15 mg.kg ™|
BODYWEIGHT (12.5 mg.kg~| SULPHATROXAZOLE PLUS 2.5 mg.kg™!

TRIMETHOPRTM) .
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Pharmacokinetic Animal number Averaged

parameters 1 39 41 75 88 Mean + S.E.M. values
o o Trimethoprim
A E@.sﬁ: - 0.90 - 0.70 - 0.90 - 1.30 - 0.90 - 0.90 + 0.10 - 0.80
o (h1) 7.70 1.80 7.70 2.30 6.00 5.00 + 1.30 3.10
t 1/2 & (h) 0.10 0.40 0.10 0.30 0.10 0.20 + 0.06 0.20
B f@.su_.lx_v 0.90 0.70 0.90 1.30 0.90 0.90 + 0.10 0.80
B ™ 1.00 4.00 1.00 0.90 7.00 2.80 + 1.20 7.00
t 1/2 3 (h) 0.60 1.70 0.60 0.80 1.00 0.90 + 0.20 1.00
AUC (pg.ml~'.h)  0.70 1.30 0.70 0.80 1.20 0.90 + 0.10 0.90
i Sulphatroxazole -

A E@.BHIJ ~ 63.80 - 80.60 - 53.50 H:«M”oo - 67.00 Humw.mo + 4.60 - 70.00
a (h™) 8.00 2.70 0.60 4.30 4.50 | 4,00 + 1.20 4.80
t 1/2 o (h) 0.09 0.30 1.20 0.20 0.20 . 0.40 + 0.20 0.10
B (pg.ml™1) 63.80 80.60 53.50 74.00 67.00 67.80 + 4.60 70.00
G (b 1) 0.09 0.08 0.09 0.06 0.06 0.08 + 0.01 0.07
t 1/2 (3 (h) 8.00 8.30 7.70 11.80 11.00 9.30 + 0.80 -~ 9.30

51

——— — —————

AUC Atm.au_..; .h) 735.30 937.20 506.20 1241.80 1056.00 895.30 + 128.00 . 924.70



TABLE (1) 12

CONCENTRATTIONS (pg.ml—“)OFSULPTE'IROXAZOIEINPIA&dAAFER
A SLOW INTRAVENOUS ADMINISTRATION OF "LEOTROX" AT A TOTAL
lI)SERAfIEOF15ng.kg_1OF'JBEACI'IVEIMREDIINIS

(12.5 mg.kg™! SULPHATROXAZOLE PLUS 2.5 mg.kg~! TRIMETHOPRIM.



Time Sheep number

(hours) ) 92 99 Mean + S.E.M.
0.25 66 86 81 78 + 6.0
0.50 73 82 70 75 + 3.0
0.75 79 80 66 75 + 4.0
1 77 75 63 72 + 4.0
1.5 75 69 58 67 + 5.0
2 74 63 56 64 + 5.0
2.5 66 60 53 60 + 4.0
3 65 54 50 56 + 4.0
4 64 48 45 52 + 6.0
5 63 42 41 49 + 7.0
6 62 42 40 48 + 7.0
8 50 35 34 40 + 5.0
12 43 26 23 31 + 6.0
24 24 12 13 16 + 4.0
27 | 21 10 8 13 + 4.0
32 16 8 7 10 + 3.0
48 7 0 0 2 + 2.0
51 6 0 0 2 + 2.0
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TABLE (1) 13

DISPOSITION KINETICS OF SULPHATROXAZOLE IN SHEEP (n=3)
FOLLOWING A SINGLE INTRAVENOUS ADMINISTRATION OF LEOTROX AT
A TOTAL DOSE RATE OF 15 mg.kg~! BODYWEIGHT
(12.5 and 2.5 mg.kg~! OF SULPHATROXAZOLE AND

TRTMETHOPRIM RESPECTIVELY).
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Pharmacokinetic Sheep number : Averaged

parameters 91 92 99 Mean + S.EM. values
cpP(pg.mi~1) 89.70 92.40 89.30 90.50 +  0.90 102.70
A (pg.mi™!) 31.00 36.60 28.40 32.00 +  2.40 10.00
a(h) 0.10 0.50 1.60 0.70 +  0.40 1.30
t 1/2  (h) 6.50 1.40 0.40 2.80 +  1.80 0.60
B (pg.ml™!) 77.80 55.80 61.00 64.90 +  6.60 73.10
B (n) 0.05 0.06 0.07 0.06 +  0.01 0.07
t 1/2 B (h) 13.90 11.10 10.00 11.70  +  1.00 10.00
AUC (pg.ml~lh) 1589.00 966.30 888.60 1148.00 + 222.60 1056.50
Ve (ml.kg™") 139.30  135.30 140.00 138.20 +  1.40 150.30
VA (area) (mlkg ™) 157.70 207.20 201.10 188.70 + 15.60 169.70
Ky, (077 0.01 0.10 0.50 0.20 +  0.10 0.10
Ky (h71) 0.10 0.10 1.10 0.40 +  0.30 1.10
Koy (h7) 0.05 0.10 0.10 0.08 +  0.01 0.80

CIB (ml.kg ih™T1) 7.90 12.90 14.10 5.80 3.80 11.80

|+
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FIGURE (1) 1

SEMITOGARTTHMIC PLOT OF TRIMETHOPRIM CONCENTRATIONS (pg.ml™1)
IN PLASMA VERSUS TIME OBTAINED FOLLOWING A SINGLE INTRAVENOUS
ADMINISTRATION OF TRIVETRIN AT A TOTAL DOSE RATE OF
15 mg.kg™! OF ACTIVE INGREDIENTS (12.5 mg.kg~! SULPHADOXINE

PLUS 2.5 mg.kg~| TRIMETHOPRIM).
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FIGURE (1) 2

SEMILOGARTTEMIC PLOT OF SULPHADOXINE CONCENTRATIONS (pg.ml~1)
IN PLASMA VERSUS TIME OBTAINED AFTER SINGLE INTRAVENOUS
ADMINISTRATION OF TRIVEIRIN AT A TOTAL DOSE RATE OF
15 mg.kg™! OF ACTIVE INGREDIENTS (12.5 mg.kg~! SULPHADOXINE

PLUS 2.5 mg.kg™| TRIMETHDPRIM).
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FIGURE (1) 3

MEAN CONCENTRATIONS (pg.ml™!) OF SULPHADOXTNE,
SULPHADTAZINE, SULPHADTAZINE AND SULPHATROXAZOLE IN FLASMA
OF SHEEP AFTFR INTRAMUSCULAR ADMINISTRATION OF TRIVETRIN,
TRIBRISSEN, DUPHATRIM AND LEOTROX AT A TOTAL DOSE RATE OF

15 mg.kg~! OF ACTIVE INGREDIENTS (12.5 mg.kg™!

SULPHONAMIDE PLUS 2.5 mg.kg'1 TRIMETHOPRIM) .
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FIGURE (1) 4

SEMILOGARTTHMIC PLOT OF CONCENTRATIONS (pg.ml™!) OF
SULPHATROXAZOLE IN PLASMA VERSUS TIME AFTER AN INTRAVENOUS
ADMINISTRATION OF LEOTROX AT A TOTAL DOSE RATE OF 15 mg.kg ™

OF ACTIVE INGREDIENTS (12.5 mg.kg~! SULPHATROXAZOLE PLUS

2.5 mg.kg~! TRIMETHOPRIM).
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(1) 6 Discussion

The residence time of the different sulphonamides used in
this study was found to be dependent on the degree of binding to
plasma proteins. The short elimination half-lives (t 1/203) of
sulphadiazine (2.7 h) and sulphadoxine (4.5 h) corresponds well
with the low degree of binding (14 and 50 percent respectively)
and the prolonged residence of sulphatroxazole t 1/2 ﬁ =93 nh
accords with its moderate degree of binding (70 percent). The
percent binding of sulphadiazine to sheep plasma proteins was
similar to that reported in cows and horses (Nielsen and
Rasmussen 1977; Rasmussen et al 1979) and of sulphadoxine in cows
(Nielsen and Rasmussen 1977).

The distribution and elimination curve of sulphadoxine and
trimethoprim can best be described by the two compartment model

and the biexponential equation:-

for sulphadoxine: Cp = 41.70e~0-50t 4 36, 00e=0-10t

for trimethoprim: Cp = 1.80e~3-00t , 1 50e=1-00t

Similarly the disposition curve of sulphadoxine was
described by a two compartment model in goats following
intravenous and oral administration (Nielsen and Rasmussen 1976b;
Nielsen et al 1978) in cows (Davitiyananda and Rasmussen 1974)
and in swine (Nielsen and Rasmussen 1975a). In horses, the
disposition kinetics of sulphadoxine administered intravenously
was in accordance with a three compartment model (Rasmussen et al
1979) while that of trimethoprim followed a two compartment model

, (Aiexand_er and Collett 1975; Rasmussen et al 1979).
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Following the intravenous administration, distribution and
elimination of trimethoprim and sulphadoxine occurred at
different rates. Distribution of trimethoprim occurred rapidly
| having a mean distribution half-life (t 1/2 &) of 12 minutes.
This value is very similar to that reported in horses (10
minutes; Rasmussen et al 1979). Trimethoprim was eliminated
from plasma rather rapidly (t 1/2 3 = 42 minutes) and was
similar to that reported in goats (30 - 40 minutes; Nielsen and
Rasmussen 1972; 1976b) and considerably shorter than that in
swine (2.5 h; Nielsen and Rasmussen 1975c) in dogs (3 h; Kaplan
et al 1970) in horses (3 - 6 h; Alexander and Collett 1974, 1975;
Rasmussen et al 1979) and man (9 - 15 h; Bushby and Hitchings
1968; Schwartz and Ziegler 1969; Schwartz and Reider 1970; Bergan
and Brodwall 1972; Nolte and Buttner 1973; Andreasen et al 1978).

This short residence time of trimethoprim in plasma of sheep
could lead to a limited antibacterial activity of fhe
combination. However trimethoprim has been found to pass rapidly
into tissues from plasma and attain concentrations in target
tissues higher than those in plasma. This higher concentration-
of the drug in tissues is of value to its antimicrobial activity.
This was confirmed by determination of the concentrations of
trimethoprim in tissues and blood from goats and cows (Nielsen
and Rasmussen 1975b) in pigs (Nielsen and Rasmussen 1975c) in
dogs (Sigel et al 1_981) and in mice (Bushby and Hitchings 1968).
Furthermore calculation of the apparent volume bf distribution
Vd (area) provides an idea of the extent of distribution of a
drug into tissues. The large Vd (area) of trimethoprim in sheep

in this study (1.37 l.kg’1) also confirms that trimethoprim is
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well distributed into tissues. Similar values for VA (area) were

reported for goats (1.2 l.kg‘1

swine (1.4 l.kg'1; Nielsen and Rasmussen 1975c) for horses

; Nielsen and Rasmussen 1972) for

(1.1 and 1.5 l.kg'1; Davitiyananda and Rasmussen 1974; Rasmussen
et al 1979 respectively).

The elimination of trimethoprim in ruminants appears to be
quicker than that in simple stomached animals and is probably due
to differences in the metabolism of the drug in different animal
species (Sigel et al 1973).

The rate of elimination of trimethoprim has been found to be
age dependent. Young goats (two day old kids) eliminated
trimethoprim 4 - 5 times slower (3 h) than the adult goats
(40 minutes) (Nielsen and Rasmussen 1976b).

The metabolism of trimethoprim occurs mainly by oxidation,
in the liver, by the hepafic microsomal enzymes (Nielsen and
Rasmussen 1976b). Trimethoprim has been found to undergo
degradation by ruminal microorganisms (Nielsen and Rasmussen
1976a; Nielsen et al 1978). This degradation reduces the
activity of the drug when administered orally to ruminants and it
is the reason for the inability to detect trimethoprim in plasma
in sheep following oral administration (Piercy 1978). - Microbial
degradation is also the most likely explanation for the reduced
amount of trimethoprim concentrations obtained in horse plasma
after the animals have been fed (Bogan et al 1984).

Sulphadoxiné was distributed more slowly than trimethoprim,
into tissues having a mean distribution half-1life

(t 1/2 ¢ = 90 + 0.1 minutes) which is very similar to that in
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horses (80 minutes; Rasmussen et al 1979). Elimination of
sulphadoxine also occurred at a slower rate than that of
trimethoprim with a mean elimination half-life
(t 1/2 3= 4.8 + 0.7 h). The rate of elimination of sulphadoxine
in sheep is considerably shorter than that obtained in goats
(12 h; Nielsen and Rasmussen 1976b) in swine (8 h; Nielsen and
Rasmussen 1975b) in cows (11 hj; Davitiyahanda and Rasmussen 1974)
in horses (14 h; Rasmussen et al 1979) and in humans (123 -
205 h; Madsen and Iversen 1964; Stuller 1968; Bohni et al
1969).

Distribution of sulphadoxine into tiésues was found to be
less than that of trimethoprim. This is reflected by the small
vd (area) (0.31 l.kg'1) of sulphadoxine in sheep administered
intravenously at a dose rate of 12.5 mg;kg'1. This value is
similar to that found following intravenous administration at
40 mgd«j'1 in goats (0.27 lukg'1; Nielsen and Rasmussen 1976b) in
swine (0.35 l.kg"1; Nielsen and Rasmussen 1975a) in cows
(0.37 l.kg"1; Davitiyananda and Rasmussen 1974) and in horses
(0.39]ﬂkg“1; Rasmussen et al 1979). Administration of
sulphadoxine at higher doses of 120 mg.kg"1 produced similar
Vd (area) in horses fo that after administration at 40 mg'.kg—1
dose rate (Rasmussen et al 1979).

The plasma concentrations/time data of
trimethoprim/sulphadoxine following the intramuscular
administration at one and three sites were in accordance with a
vtwo compartment model.

No’significant.differences (P > 0.05, Paired-t-test) were

found between the plasma concentrations of trimethoprim and
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sulphadoxine administered intramuscularly at one and three sites.

It has been suggested that, for insoluble oily bolus
injections, an increase in the number of injection sites would
cause an increase in the rate of drug absorption because the
absorption of drug from the injection site is proportional to the
surface area of the bolus and thus administration of the dose at
more than one site should increase absorption of the drué because
the surface area/volume increases (Bogan 1983). However, the
results in this study showed that the rate of absorption of
trimethoprim/sulphadoxine was not influenced by the increase in
the number of injection sites. Bogan et al (1981) obtained
higher plasma concentrations of levamisole at one hour after
administration of the drug subcutaneously at five sites in the
thoracic region than after administration of the drug at one
site.

Injury and damage to tissues at the injection sites is
thought to reduce the rate of drug absorption. Following
intramuscular administration of Trivetrin
(trimethoprim/sulphadoxine) and Tribrissen
(trimethoprim/sulphadiazine) in pigs, Rasmussen and Svendsen
(1976) observed marked tissue damage. If tissue damage had
occurred following the intramuscular administration of Trivetrin
to sheep, then the rate of absorption of the drug would be
reduced due to the presence of necrotic and fibrous tissue as a

consequence of tissue damage.

The disposition curve of sulphadiazine in plasma following

‘the intramuscular administration of Tribrissen and Duphatrim was
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in accordance with a two compartment model. Similar findings
were reported in ewes following the intravenous administration of
100 mg.kg'1 sulphadiazine (Youssef et al 1981).

Sulphadiazine was feadily absorbed following the
intramuscular administration of Tribrissen and Duphatrim having
mean half-lives in the absorption phase t 1/2 (@) = 12 and 18
minutes respectively. Elimination of sulphadiazine from plasma
occurred rapidly with mean elimination half-lives [t 1/2
(8)] of 3.0 and 2.7 hours following administration of Tribrissen
and Duphatrim respectively. Following the intravenous
administration of 100 ngqg"1, sulphadiazine was eliminated at a
slower rate (t 1/2 3 = 7.15 h) (Youssef et al 1981) than that
obtained in this study after the intramuscular administration.

Trimethoprim was not detected in plasma samples following
administration of the two suspensions intramuscularly (Tribrissen
and Duphatrim). Trimethoprim was also not detected in plasma in
sheep following the oral administration of Tribrissen at
30 mg.kg™! (Piercy 1978).

The failure to detect trimethoprim in plasma following
intramuscular administration of suspension formulations puts in
question thé relative effectiveness of the suspension products as
campared with the solution.

It may be argued that the drug is distributed rapidly to
tissues such that with slow absorption from the injection site,
plasma levels never reach detectable concentrations. However

this is doubtful since there is always dynamic equilibrium

between tissue and plasma and from other studies, the reason for
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the rapid decline in plasma concentrations is rapid elimination
rather than redistribution. Thus even in tissues it is very
doubtful whether useful trimethoprim are achieved and certainly
in plasma neither the optimal concentrations (1 : 5) of
trimethoprim relative to sulphonamide are achieved nor are they
maintained for the length of activity of the sulphonamide. Again’
it could be argued that trimethoprim does not require to be
present all the treatment period to exert synergism with the
sulphonamide. Nevertheless it is doubtful whether such large
differences in measurable concentrations will not lead to
relatively poor synergism as compared to other species.
Undoubtedly, in sheep from these results, suspension formulations
should be avoided, although this combination
(trimethoprim/sulphadiazine) has been shown to have a good
chemotherapeutic activity against many infectious diseases in
ruminants (Rehm and White 1970; White and Withnell 1971) and in
small animals (Craig and White 1976; Sigel et al 1981).

The pharmacokinetic profile of sulphatroxazole has not yét
been reported in any animal species as the drug has been
introduced only recently for the treatment of bacterial diseases.
The drug is highly effective against a wide range of gram-
positive and gram-negative bacteria sensitive to
trimethoprim/sulphatroxazole combination. The drug is available
as an injectable solution, bolus and dispersable powder for the
treatment of bacterial infections of alimentary, respiratory and
urinary tracts in sheep, cattle, pigs and horses (Data Sheet

Ivs/1985).
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The plasma concentrations/time data of sulphatroxazole
following intravenous and intramuscular administration of Leotrox
were best fittedi%;o compartment term. Distribution of
sulphatroxazole was relatively slower than that of sulphadoxine,
following the intravenous administration, having a mean
distribution half-life (£ 1/2 &) 2.8 + 1.8 h. This was followed
by a long residence time (t 1/2 8= 11.7 + 1.0 h).

Plasma concentrations of trimethoprim were not determined
following the intravenous administration of Leotrox because it
was .nSSq;dqea[ that they would not be different than those
following the intravenous administration of Trivetrin, =:: the
‘vehicle for these two formulations -are similar (glycerol
formal).

Following the intramuscular administration of Leotrox,
trimethoprim and sulphatroxazole were rapidly absorbed having
mean half-lives of 12 and 24 minutes respectively.

Trimethoprim was eliminated very rapidly t 1/2 8 = 54
minutes while elimination of sulphatroxazole from plasma was
rather slow with a mean elimination half-life of
9.30 + 0.8 hours. Such long residence time of sulphatroxazole in
plasma is probably related to its moderate plasma protein-binding
(70%) as the bound drug is not readily available for tissue
distribution, metabolism and excretion processes. Further
evidence of this is from the low Vd (area) 188.70 nﬂukg“1 and the
long time taken for tissue distribution (t 1/2 o= 2.8 hours).

The bioavailability of sulphatroxazole was found to be
87.5% after intramuscular administration. Surprisingly, the

plasma kinetics of sulphatroxazole were similar after the initial
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few minutes following administration of the drug intravenously or
intramuscularly which will suggest that in cases when a rapid
treatment is necessary the intramuscular route would very
efficiently replace the intravenous route then reducing the risk

of giving such an irritant combination via the intravenous route.
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GENERAL INTRODUCTTION
Fascioliasis is one of the most common diseases of domestic
animals throughout the world and it is of great economic

importance. Human infection with Fasciola hepatica "liver rot

disease" occurs due to consumption of infected raw watercress and
has been reported in Latin America, Great Britain, France, China,
Algeria and other Mediterranean countries (Faust et al 1970;
Brown and Neva 71983).

Two species are involved in the disease, Fasciola hepatica

and Fasciola gigantica. In temperate areas F. hepatica is the

most wide spread species in sheep and cattle but it is replaced
by F. gigantica in many parts of Southern America, Indo-Pakistan
and the Middle East. The epidemiology, pathogenesis and control
of the two species are similar., Sheep and cattle become infested
during grazing by ingestion of the encysted metacercariae on
vegetation. The life cycle of F. hepatica is shown in
Figure (2) 1. The disease manifests itself as three clinical
forms. An acute form which is caused by the extensive
haemorrhage and disruption of liver tissues due to the migration
of immature flukes through the liver parenchyma within six weeks
of infection. This form occurs mainly in sheep (and probably in
goats). The infected animals might die suddenly without showing
any obvious symptoms.

The sub acute form occurs due to the haemorrhage and damage
of liver tissues and also due to anaemia caused by the presence

of flukes in liver for a longer period.
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A chronic form which occurs due to the presence of adult
flukes in bile ducts for many weeks (beginning ten to twelx}e
weeks after infection). In cattle the chronic form is more
common and characterised by anaemia and gradual loss in general
condition. In sheep, in most developed countries, the chronic
form is now the most commonly encountered form principally
because the usé of drugs minimises the challenge to the animal
such that the acute phase is not recognised.

Fascioliasis can also pre-dispose to clostridial infection

(Clostridium novyi) due to the presence of damaged liver tissues

caused by migrating flukes. This form ("Black disease'") is
serious and death often occurs among infected sheep. In most
countriés this form is becoming rarer because vaccination against
this and other clostridial diseases is now routine.,

The‘complete life cycle of F. hepatica has been elucidated
in 1882 (Leuckart 1882; Thoma5'1883) and since then there has
been a continuous search for the production of satisfactory
compounds for the control and treatment of the disease. Flukes
need an intermediate host, a mud snail, (in Europe this is

Lymnaea truncatula) to complete their life cycle. Control of

snails is possible using molluscicides, including copper sulfate
and the more recently introduced "Frescon" (N-tritylmorpholine)
(Boyce et al 1967; Crossland et al 1969) but more general control
of the intermediate host is by destroying the habitat of the
snails by drainage. Routine control, however, is most commonly
done by eradication of the fluke in the reservoir host using

fasciolicidal drugs.
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The fasciolicidal drugs can be separated into five groﬁps
according to their chemical structure.

(1) Halogenated hydrocarbons(carbon tetrachloride,
hexachloroethane, tetrachlorodifluoroethane).

(2) Nitrophenolic and bisphenolic compounds (disophenol,
niclofolan, nitroxynil, hexachlorophane, bithionol sulfoxide).
(3) Salicylanilide and aromatic amines (oxyclozanide,
brotianide, rafoxanide, closantel, diamphenethide).

(4) Benzimidazoles (albendazole, triclabendazole).

(5) Sulphonamides (clorsulon).

An interesting feature of fasciolicidal dfugs of each group
(except albendazole) is the presence of halogen atom. However,
it is unknown whether the halogen atom represents a common
mechanism for the activity of fasciolicidal drugs.

Most of the fasciolicidal drugs introduced to the
anthelmintic market (the chlorinated hydrocarbons and bisphenolic
compounds) are mainly effective against the mature fluke and
those which show activity against the immature flukes in liver
parenchyma are invariably effective against this stage of the
fluke only at doses near their toxic dosage rates (Boray et al
1967; Boray and Happich 1968). Efficacies of most the
fasciolicidal compounds in routine use are represented in
Table (2) 1.

Most of the fasciolicidal drugs in current use are the
salicylanilides and the closely related substituted nitrophenols
(Prichard 1978a). Membe;s of this group have been proven to
exert a high efficacy against mature liver flukes with less

‘~’efficacy against the immature flukes (Broome and Jones 1966;
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Davis et al 1966; Boray and Happich 1967, 1968; Colegrave
1968a, b).

The aromatic amine, diamphenethide ( 3, B'-bis (4-
acetamidophenxyloxy) ethyl ether is unique amongst fasciolicidal
drugs in having superior activity against very young fluke (one
day to nine week-old fluke) (Armour and Corba 1972; Harf enist
1973; Rowlands 1973, 1974; Hughes et al 1974). However, because
of its poor efficacy against adult fluke,its high dosage rate
(100 mg.kg"1) and its relatively high cost diamphenethide is
usually used only when an acute fascioliasis is suspected.
Indeed with the recent introduction of triclabendazole it is
probable that this new anthelmintic will replace diamphenethide
in the control of liver flukes dowri to one or two weeks-old.

The broad spectrum benzimidazole anthelmintic (albendazole)
has been shown to have useful activity against mature liver
flukes only at 1.5 times the dose used for nematodicidal activity
(Knight and Colglazier 1977), however greater efficacy has been
found in sheep by using the drug prophylactically in small daily

doses of 3 mg.kg“1

per day for 35 consecutive days (Rew and
Knight 1980).

The need for a safe and an effective agent with a high
activity against all stages of liver flukes has led to the
discovery of a novel benzimidazole, triclabendazole, with
specific activity against liver flukes (Boray et al 1983). The
introduction of triclabendazole represents a breakthrough in the

treatment of fascioliasis in sheep and cattle. The drug has a

high safety index, low toxicity, low residue problems and an
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excellent act‘ivity against all ages of F. hepatica from the early
immature to the adult stages (Boray 1981; Boray et al 1983;
Turner et al 1984).

The new member of sulphonamides series, clorsulon, has been
shown to be highly effective against mature flukes with lesser
efficacy against the young flukes (Mrozik et al 1977; Ostlind

et al 1977). .

~

All the other fasciolicidal drugé including the chlorinated
hydrocarbons and bisphenolic compounds have lower activity and
greater toxicity than the salicylanilides and the benzimidazoles
(Boray et _qi 1967; Boray and Happich 1968).

The mode of action of most fasciolicidal drugs is by
interfering with the energy metabolism in the parasite. All
members of salicylanilide group act by stimulation of oxygen
uptake and uncouple oXidative phosphorylation in intact flukes
in vitro (Van Miert and Groeneveld 1969; Corbett and Goose
1971a,b; Van den Bossche 1972a; Yorke and Turton 1974; Cornish
‘and Bryant 1976; Cornish et al (1977) and Prichard (1978a)
obtained evidence of uncoupling in vivo. In addition it has been
found that a wide range of salicylanilides inhibit succinate

dehydrogenase activity in F. hepatica in vitro (Duwel and Metzger

1973; Metzger and Duwel 1973). The nitrophenolic and bisphenolic
compounds, like the salicylanilides, are all potent uncouplers of
phosphorylation. Generally the benzimidazoles are considered to
act by a variety of effects. Inhibition of glucose uptake as
primary energy-generating substrate thus starving the parasite to
‘death (Van den Bossche 1972a; Van den Bossche and De Nollin 1973;

De Nollin and Van den Bossche 1973), inhibition of the fumarate
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reductase system (Coles 1977; Rew 1978; Barrowman et al 1984b)
and it has been found that the benzimidazoles bind: in vitro to
tubulin thus preventing microtubule formation (Ireland et al
1979; Barrowman et al 1984a). The sulphonamide, clorsulon, has
been shown to inhibit glucose utilisation and acetate and

propionate formation by mature Fasciola hepatica in vitro

(Schulman and Valentino 1980; Schulman et al 1982).

The relative economic importance of fascioliasis has been
increased in recent years due to the difficulties in the
prophylaxis and control of the disease.

In the U.K., fascioliasis is considered to be the most
economically important disease affecting ruminants (Ross et al
1966; Reid et al 1967; Ross and Todd 1968). The disease is
particularly significant in cattle because it causes loss in
bodyweight in fattening stock and reduces milk yield in dairy
cows (Ross 1970a; Black and Froyd 1972).

During a survey in 52 sdaughter houses in U.K. in 1983 it
was found that 2.7% and 8% of sheep and cattle liversrespectively
were affected by liver fluke (Lowndes 1984).

In the United States, none of the fasciolicidal drugs have
been allowed for use because of residue problems. Only
albendazole has been approved by FDA for therapeutic use in cases
of fascioliasis. However the teratogenic effect of the drug and
its prolonged withdrawal period in breeding herdsreduce its

application.
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During the course of this study new compounds with specific
activity against liver flukes were under development to be ‘
introduced for the treatment of fascioliasis. Such compounds are
closantel, clorsulon and triclabendazole.

Surprisingly, little data has been published on the
pharmacokinetic behaviour of fasciolicidal drugs. Therefore it
was decided to study the kinetics of fasciolicidal drugs in
current use and the newly developed fasciolicides thereby the
course of study with the potentiated sulphonamides was completed
and work directed toward the pharmacokinetics of fasciolicidal

drugs.
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ANTHELMINTIC EFFICACY OF SOME DRUGS USED FOR THE TREATMENT OF FASCIOLIASIS IN SHEEP,

TABLE (2) 1

Maximum Safety
Anthelmintic Recommended tolerated index at Age of flukes Withdrawal )
(formulation) dose rate dose recommended period (days)
dose :
?@.wou: ::m.w.ml: 1 week:. 4-8 weeks > 12 weeks Meat Milk
Oxyclozanide 15 60 4.0 low moderate excellent 14 Nil
(drench,
in-fed)
Rafoxanide 7.5 45 6.0 low high/ excellent 28 Not
(drench) excellent used
Nitroxynil .
(subcutaneous 10 40 4.0 low high/ excellent 30 Not
injection) excellent used
Diamphenethide 80 - 120 400 3.3-5.0 excellent excellent high/ 7 Not
(drench) excellent used
Triclabendazole 10 200 20 excellent excellent excellent 28 Not
(drench) used
low = < 50% high = 75 - 90%
= 50 - 75% excellent = > 90%

moderate
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FIGURE (2) 1

THE LIFE CYCLE OF Fasciol a hepatica
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G F

A. egg hatches on pasture. B. free swimming miracidium penetrates L.truncatula.
C. sporocyst forms in snail. D. sporocyst produces several rediae. E. rediae produce
cercariae. F. mobile cercariae settle on grass. G. metacercariae form. H. on ingestion
by cow or sheep, metacercariae hatch and immature liver fluke migrate to and
penetrate liver. I. immature liver fluke leave liver parenchyma after 6-8 weeks and
settle in the bile duct.



Pharmacokinetics of orally administered drugs

The reason for studying the kinetics of a drug is to follow
the time course of drug absorption, distribution, metabolism and
excretion and to correlate these processes with the extent and
duration of effectiveness of given drug (pharmacodynamics).

| Usually anthelmintics are administered via the oral route
due to the ease of handling by the farmer. Following oral
administration, the concentration of the drug in plasma is
determined to a great extent by the rate of absorption,
distribution and elimination. After absorption of drug into the
blood stream, a proportion of the drug may bind to plasma protein
(mainly albumin) and the remainder, free drug, is dissolved in
plasma. The free drug enters other tissues according to their
blood supply or is eliminated by metabolism and/or excretion.
The degree of distribution of a particular drug into various
organs is determined by certain physicochemical properties of the
drug (its degree of ionisation and the lipid solubility of the
un-ionised molecule). The binding of drugs to plasma restricts
their distribution to the sites of action, thereby giving higher
concentration in plasma relative to that in tissues. As the
bound drug is of high molecular weight, it is unavailable for
glomerular filtration and its rate of excretion will be slowed.
The process of binding is ‘a reversible process and it is

simplified by the following equation.
K

[P] + [D] = [FD]
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Where [P] is concentration of free protein; [D] éoncentration of
free drug and [PD] concentration of drug-protein complex. K; and
K, are the association and dissociation processes rate constants
which are usually extremely short.

According to this equation, if the dissociation of the
complex (PD) is rapid there will be no significant effect on the
rate of transmembrane movement since the free drug crossing
cellular membrane would be rapidly replaced by a newly
dissociating drug. Thus the drug-albumin complex serves as a
resexrvoir of potentially active drug.

Binding of drugs to plasma proteins is usually thought to be
of no great importance unless the extent of binding is
sufficiehtly large such as to reduce the amount of drug available
for distribution to tissues to-a significant degree. The process
of binding is usually reversible and generally occurs to a small
extent. However, occasionally covalent binding occurs and the
process of binding will be irreversible thus limiting the passage
of such drug from blood to tissues. The extent of binding of a
particular drug lies within a range from low (< 50 e.q.
ampicillin, chloramphenicol) moderate, (50-80% e.g. salicylate,
sulphasoxazole), high (> 90% e.g. phenylbutazone, digitoxin,
rafoxanide).

Displacement of one drug by another from its binding site
will result in increasing the proportion of free drug in the
plasma and thus more drug will be available for tissue

distribution leading to incease in the pharmacological action.
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The extent of distribution of drug is another factor which
also influences the concentration of drug in the plasma. An
estimate of the extent of distribution is possible by
determination of the apparent volume of distribution (Vd). This
pharmacokinetic parameter (Vd) helps in relating the
concentration of drug in plasma to the total amount of drug in
the body at any time after pseudo-distribution equilibrium has
been attained. In ruminant animals, because of the large
volume of ruminal fluid which occupies up to 20% of animals'
volume (Dobson 1967) an orally administered drug will attain low
concentration in the rumen. The slow passage of ruminal content
(solid form) also effects the rate of absorption of drugs
especially the poorly soluble drugs e.g. rafoxanide,
fenbendazole, triclabendazole. This effect is of wvalue in
extending their plasma kinetics. The concentration of drug in
the rumen is influenced by the pH of the ruminal content (5.5 -
6.5), the lipid solubility and pka of given drug, adsorption of
drug to ruminal contents, metabolic transformation of some drugs
by ruminal microorganisms, rate of salivary flow, extent of drug
binding to plasma proteins and the rate of elimination of the

drug (biotransformation and excretion).
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CHAPTER I

PHARMAQOKINETIC STUDIES OF CLORSULON IN CATTLE



1. Pharmacokinetic studies of Clorsulon in cattle

1.1 Introduction

1101 Efficacy

Clorsulon : 4 - amino - 6 - trichloroethenyl - 1,3 -
benzendisulfonamide (Figure 2.1.1) is the most promising member
of a series of sulphonamides that possess fasciolicidal activity.
It was developed at Merck, Sharp and Dohme Inc., Rahway, US.A.
(Mrozik 1976; Mrozik et al 1977). The drug has been shown to be
a potent flukicide having high activity against mature and
immature liver flukes in sheep and cattle (Mrozik et al 1977;
Ostlind et al 1977; Malone et al 1984).
In sheep, single intraruminal doses of 15 and 30 mg.kg"1
were found to be 97.2 and 99.7% effective against four and three
week-old F, hepatica respectiveiy. The efficacy of clorsulon
against six week-old flukes was found to be 92.1% after a single
intraruminal dose at 2.5 mg.kg_1 (Mrozik et al 1977). Clorsulon

1 was > 90% efficient

given orally or intraruminally at 2.5 mg.kg™
against mature F. hepatica (16 week-old fluke) (Mrozik et al
1977; Ostlind et al 1977).

Intraruminal doses of 10 and 15 mc_:;.kg'1 clorsulon were found
to be 96.9 and 99.5% effective against eight week-old F. hepatica
respectively in calves. At low doses of 3.75 and 5 mg.kg"1,
clorsulon given either orally or intraruminally was 100%
effective against mature fluke (> 14 week-old fluke) in calves
(Ostlind et al 1977).

The activity of clorsulon against liver flukes in rats was

also studied. Oral doses of 5 and 6.5 mg.kg‘1 were 90 and 100%

effective respectively against mature F. hepatica (> 16 week-old)
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(Schulman et al 1979; Schulman, Valentino, Cifelli and Ostlind
1982).

1.1.2 Mode of action

The mechanism of the fasciolicidal activity of clorsulon has
been suggested to be due to inhibition of the glycolytic enzymes
3-phosphoglycerate kinase and phosphoglyceromutase which results

in a block in glycolysis in Fasciola hepatica (Schulman and

Valentino 1980).

In vivo investigation of the effect of clorsulon on
F. hepatica phosphoglycerate kinase demonstrated that thé drug
was a competitive inhibitor of both 3-phosphoglycerate and ATP
(Schulman, Ostlind and Valentino 1982) thereby depriving the
parasite of its main source of metabolic energy.

Clorsulon has been observed to inhibit the pathway of
glucose oxidation to acetate and propionate in mature F. hepatica
in vitro thus resulting in an inhibition of the proposed sites of
ATP formation (Schulman and Valentino 1980).

It has been reported thefclorsulon binds to rat erythrocytes
via carbonic anhydrase and reaches the parasite via ingestion of
blood (Schulman et al 1979),

1.1.3 Safety to host

Toxicity studies in rats, mice and sheep have shown that
clorsulon is a highly safe drug for use in domestic livestock

(Ostlind et al 1977).

The LDg, in mice was found to be 761 mg.kg"‘I

1

intraperitoneally and more than 10,000 mg.kg~' orally. In rats,

1

clorsulon given at a single oral dose at 10,000 mg.kg™' showed no
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gross toxic effects (Ostlind et al 1977).

Single oral and intraruminal doses of clorsulon at 200 and
400 mg.kg'1 were well tolerated by fluke-free sheep without
showing any toxic symptoms (Mrozik et al 1977; Ostlind et al
1977). Sheep harbouring eight week-old F. hepatica received a
single intraruminal dose of clorsulon at 100 mg'.kg'1 without
showing apparent toxic effects (Ostlind et al 1977).

1.1.4 Pharmacokinetics and objective

The kinetics of clorsulon have not yet been reported in
domestic livestock and the only available data concerning
clorsulon kinetics is in rats.

Following single oral doses of 14c_clorsulon at 6.25 and
12.5mg.kg'1 approximately 75% of the circulating drug was
present in the plasma and the remainder was in erythrocytes. The
maximum concentration of the drug in whole blood occurred at four
hours after dosing (Schulman et al 1979).

Since there is no published data about the kinetics of
clorsulon in cattle therefore, the pharmacokinetic behaviour of
clorsulon was studied in cattle. The extent of binding of
clorsulon to plasma proteins was investigated to serve as a
correlation between the pharmacokinetic behaviour and efficacy of

the drug against liver flukes.
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STRUCTURE OF CLORSULON
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1.2 Determination of clorsulon in serum

A gas liquid chromatographic method (G.L.C.) has been
published for the determination of clorsulon in blood and milk
samples (Van den Heuvel et al 1977). The process of
derivatisation prior to gas chromatography is lengthy and the
overall recoveries are poor (~45%) from both blood and milk.
Besides, the derivatisation techniques are difficult and more _
liable to operator error than most other techniques and
unsuitable for routine analysis.

Current methods used for the determination of sulphonamides
(anti-bacterial) are not suitable for the deterfnination' of this
compound since the limit of detection of methods using the
Bratton-Marshall reaction are sensitive only to about 2 }19;.ml‘1
(Reider 1972). An alternative high performance liquid
chromatography was found to be applicable and reliable for the
determination of clorsulon in serum samples (mean recovery
88 + 3.8%).

1.2.1 Materials and methods

1.2.1.17 Reagents
All reagents used were of "Analar' grade.

Di-ethyl ether

Glass-redistilled, ferrous sulphate washed and stabilised.

Ether was washed with ferrous sulphate solution (5% w/v
Fes0y 7H20) in proportion of 3 : 1 of ether : ferrous sulphate
solution. Washing of ether with ferrous sulphate was necessary
to remove peroxides. The ether was stabilised by adding 1 ml of

1 mg.ml"j pyrogallol (w/v in ether) to every 100 ml washed ether.
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Ether was stabilised in order to prevent further peroxide

formation if the ether was not used immediately.

Methanol

Redistilled before use.

Ammonium carbonate (0.025 M)

Phosphate buffer (pH 7.4)

50 ml 0.2 M K,HPO, and 39.5 ml 0.2 M NaOH made up to 200 ml.

Water-permanganate redistilled

Used to prepare the reagents which was necessary for the

removal of any impurities present in tap water.

1.2.1.2

HPLC apparatus and conditions

Detector = Variable wave 1length ultraviolet
spectrophometer model CE 2012 (Cecil Instruments,
Cambridge, England).

Column dimensions = Septum injector 100 x 5 mm (Shandon
Southern Products, Runcorn, England).

Column packing = Reverse-phase ODS-Hypersil, particle
size 5 pm.

Pump = Altex 110 A.

Recorder = Vitatron 10 mV.

Wave length = 266 nm.

Chart speed = 0.5 cm.min. 1.

Flow rate = 0.7 ml.min.”!.

Mobile phase = Methanol : Ammonium carbonate (0.025 M).
50 : 50. |

Injection volume = 5 pl.

Retention time = circa 2.8 min.

Limit of detection = 0.10 pg.ml™.

86



1.2.1.3 Procedure of analysis

Clorsulon was determined in serum samples by = high
performance liquid chromatography using di-ethyl ether
extraction.

Aliquots of 1 ml of serum samples were introduced into a
50 ml thick-walled glass tube using a 1 ml glass bulb-pipette.
1 ml of phosphate buffer (pH 7.4) was added and followed by 25 ml
of di-ethyl ether. The tubes were stoppered and shaken for ten
minutes on a rotary mixer. 20 ml of the upper ether layer was
transferred to 50 ml thin-walled glass tubes.

A further 25 rnl‘diethyl ether was added to each sample in
the first tubes, stoppered and shaken for ten minutes. 25 ml of
the upper ether layer was removed and combined with the 20 ml
ether extracts in the thin-walled tubes.

Ether extracts were evaporated on a dry-bath at 50°C under a
stream of nitrogen to a volume of approximately 4 - 6 ml. They
were then transferred to 10 ml conical tubes and the walls of
the thin tubes were washed with 3 x 1 ml ether. The washings
were combined each time with the ether extracts in the conical
tubes.

The ether extracts were evaporated to dryness. Sides of the
tubes were washed down with 1 - 2 ml ether and evaporated to
dryness.

For HPLC analysis, the residue was reconstituted in 100 pl
methanol and placed in an ultrasonic water bath for two minutes
to aid dissolution. Residues of 5 ul were injected onto the HPLC

- column using a 10 pl microsyringe.
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1.2.1.4 Preparation of standards and recoveries

Stock solution (100 }Jg.ml”1) of clorsulon in phosphate
buffer (pH 7.4) was prepared by dissolving 10 mg of pure compound
in 100 ml pH 7.4 phosphate buffer.

Spikes containing 0, 0.2, 0.5, 1.0, 2.0 and 5.0 pg.ml~' were
prepared by adding known amounts of the drug in stock solution to
bovine drug-free serum. The spikes were taken through the
analytical procedure with the actual plasma samples.

A standard solution of 10 ;Jg.ml"1 clorsulon in methanol was
chromatographed at regular intervals to monitor any change in
chromatographic sensitivity and to determine the recovery from
the spiked serum samples as follows:-

From the peak heights (pk.ilt) obtained, the percentage
recovery of each concentration is determined using this formula:-

Percentage pk.ht.sample conc.standard ( }Jg.ml"1)

recovery = ————me———————— X m———— -
pk.ht.standard conc.prepared (pg.ml'1 )

vol. of residue (ml) 100
X ————— -—x 100 x ---- (Solvent losses)
vol. of serum used(ml) 96

The percentage recoveries from each of the spiked serum were
calculated (Table 2.1.1) and the concentrations in the serum
samples analysed concurrently were adjusted for recovery using
the calculated mean value for recovery from the spiked samples.
pk.ht.sample conc.standard (pg.ml™)

—_ ¥ ———
pk.ht.standard vol. serum used (ml)

Concentration ( pg.ml"1 ) =

Residue volume (ml) 100

Recovery % 96
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TABLE 2.1.1

REQOVERTES OF CLORSULON FROM SPIKED SERUM

89



Amount clorsulon Amount clorsulon Ratio assayed

added to drug- Mean + S.E.M.

free serum (pg) measured (ng) to added
0.2 0.2 0.2 0.1 0.2 + 0.03 1.00
0.5 0.4 0.5 0.4 0.4 + 0.03 0.80
1.0 1.0 0.8 0.9 0.9 + 0.06 0.90
2.0 1.5 1.6 1.8 1.6 + 0.08 0.80
5.0 - 4.9 4.5 4.7 4.7 + 0.1 0.90

i o . o e S . e o e S T —— T~ T o S T

90



1.3 Experiments with clorsulon

1.3.1 Animals

Fifteen cows of mixed breed, weighing between 350 - 500 kg.
were used in the study.

The cows were divided into three groups (five cows in each
group), fed hay and concentrates, water was available ad libitum.
The study was done in conjunction with Merck and Co., Inc. using
animals belonging to the company.

1.3.1 Drug administration

Clorsulon in a 10% suspension (w/v) was administered

subcutaneously to each of the five cows in Group I at a dose rate

of 4 mg.kg™'.

Group II cows received subcutaneous injection of a 20% (w/v)

suspension at a dose rate of 4 mg.kg’1 .

Cows in Group III were dosed orally with clorsulon at a dose
rate of 7 mg.k -1,

1.3.3 Sampling regimen

Blood samples were withdrawn from each animal from the
jugular vein into wvacutainers using 19 gauge needles immediately
before and at 12, 24, 36‘, 48, 60, 72, 84, 96, 108, 120, 132, 144,
156, 168 and 180 hours after administration of the drug.

1.3.4 Treatment of samples

The blood samples were left to stand (for one hour) at room
temperature (18°C). When the serum was separated it was
transferred into 10 ml plastic tubes and stored at -20°C until

analysed.
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1.4 Binding of clorsulon to bovine plasma proteins

In vitro, the extent of binding of clorsulon to bovine
plasma proteins was investigated.

Boviné drug-free plasma was spiked in duplicate, with
clorsulon at 20 and 40 pg;ml'1. The plasma samples were
introduced into an Amicon centricon microconcentrator
(Figure 2.1.2) and centrifuged using a fixed angle MSE centrifuge
at 5000 x g for two hours. |

Plasma ultrafiltrates were collected in a reservoir cap.
The concentration of free clorsulon in the filtrates were
analysed by high performance liquid chromatography as described
in Section 1.2.1.

1.4.1 Calculations of percentage binding

The percentage binding of clorsulon to plasma proteins was

calculated using the following formula:

Concentration of free drug in plasma ultrafiltrates

% bound = 100 ~ | ==—=——emmme e ——————————————————
Concentration of drug in whole plasma

1.5 Results

1.5.1 Concentration of clorsulon in serum

The concentration of clorsulon in serum of each cow and the
mean serum concentration + S.E.M. at each sampling time after
subcutaneous administration of the 10% and the 20% suspension at

=1 and after the oral administration at 7 r’ng.kg"1 are

4 mg.kg
illustrated in Tables 2.1.2, 2.1.3 and 2.1.4 respectively.
The disposition curves, based on the mean concentrations of

clorsulon in serum of cows in each group are shown in

92



Figure: 2.1.3.

For each animal, the serum concentration/time curve was
analysed using a non-linear iterative curve fitting programme
(CSTRIP) of Sedman and Wagner (1976). The pharmacokinetic model
of the disposition of clorsulon was also fitted to the averaged
serum data. The mean values of individual parameters were found
to be close to those obtained from the averaged data
(Tables 2.1.5, 2.1.6 and 2.1.7).

The pharmacokinetic data of individual animals in each group
were found to conform adequately to a two-compartment open model
using the biexponential equation.

c = As%t 4 Be Bt

For each cow, the elimination half life (calculated from the
terminal phase) and the area under serum concentration/time curve
(AUC) were obtained from the same curve-fitting procedure (Sedman
and Wagner 1976) (Tables 2.1.5, 2.1.6 and 2.1.7).

The elimination half life (t 1/2 ) of clorsulon following
the subcutaneous administration of the 10 and 20% suspensions at
equal doses (4 mg.kg_1) were found to be 29.9 + 3.2 h ‘and
20.5 + 3.2 h respectively. Following the oral administration of
clorsulon at 7 mg.kg'1, the elimination half life (t 1/2 B) was
found to be 16.4 + 1.6 h.

Clorsulon was well absorbed from the subcutaneous tissues to
the peripheral circulation following the administration of the 10
and 20% suspensions to obtain maximum concentration in serum of
2.3 and 4.3 }Jg.ml‘1 at 24 and 12 hours post administration
respectively., Thereafter the concentration of clorsulon in serum

decreased exponentially. At 168 and 144 hours post
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administration, the concentrations of clorsulon in serum fell
below the limit of detection of the method (0.10 pg.ml'1) after
subcutaneous injection of the 10 and 20% suspensions
respectively.

Following the oral administration, clorsulon was also well
absorbed to attain a mean maximum concentration of 4.0 p.g.ml"‘I 24
hours after administration. The concentrations of clorsulon in
serum then declined slowly and clorsulon could not be detected at
120 hours post administration.

1.5.2 Binding of clorsulon to plasma proteins

A mean concentration of 1.2 and 2.3 }1g.ml'1 clorsulon was
detected in plasma ultrafiltrates obtained from plaéma spiked
with 20 and 40 ;.1g.ml'1 clorsulon r;espectively.

According to the equation’described in Section 1.4.1

clorsulon was found to be 94% bound to plasma proteins.
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TABLE 2.1.2

CONCENTRATIONS (pg.ml"‘l) OF CLORSULON IN SERUM AFTER
SUBCUTANBEOUS ADMINISTRATION OF CLORSULON (10% w/v)

AT A DOSE RATE OF 4 mg.kg™! IN FIVE COWS.
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Time Animal number

Mean + S.E.M.

(h) 17 33 49 77 90
0 0 0 0 0 0

12 1.7 2.5 2.3 1.6 3.1 2.2+ 0.3
24 2.2 2.8 2.0 1.7 3.1 2.3 + 0.3
36 1.8 1.9 1.6 1.4 1.7 1.7 + 0.1
48 1.5 1.6 1.5 1.0 0.8 1.3 + 0.2
60 1.0 1.3 0.7 0.4 0.5 0.8 + 0.2
72 0.8 0.6 0.9 0.5 0.4 0.7 +.0.1
84 0.6 0.8 0.8 0.4 0.2 0.6 + 0.1
9 0.5 0.6 0.5 0.2 0.1 0.4 + 0.1
108 0.4 0.5 0.5 0.4 0.1 0.4 + 0.1
120 0.4 0.4 0.4 0.4 0.1 0.3 + 0.1
132 0.3 0.2 0.2 0.2 0 0.2 + 0.1
144 0.3 0.2 0.2 0.1 0 0.2 + 0.1
156 0.1 0.1 0.2 0.1 0 0.1 + 0.1
168 0 0.1 0.1 0.1 0 0

180 0 0 0 o 0 0
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TABLE 2.1.3
CONCENTRATIONS (),lg.ml_1) OF CLORSULON IN SERUM AFTER

SUBCUTANEOUS ADMINISTRATION OF CLORSULON (20% w/v) AT A

DOSE RATE OF 4 mg.kg™! IN FIVE OOWS.
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Animal number

Time -
- Mean + S.E.M.
(h) 16 18 26 32 64
0 0 0 0 0 0
12 1.4 7.7 3.2 2.9 6.0 4.3 + 1.1
24 1.3 4.1 3.5 2.6 6.1 3.5 + 0.8
36 0.9 2.5 2.5 1.4 4.6 2.4 + 0.6
48 0.6 1.6 1.5 0.6 2.2 1.3 + 0.3
60 0.4 0.9 1.3 0.4 1.4 0.9 + 0.2
72 0.2 0.4 0.8 0.2 0.7 0.5 + 0.1
84 0.1 0.3 1.0 0.1 0.6 0.4 + 0.2
96 0.1 0.2 0.4 0.1 0.2 0.2 + 0.1
108 0.1 0.1 0.4 0.1 0.2 0.2 + 0.1
120 0.1 0.1 0.4 0.1 0.1 0.1 + 0.1
132 0 0 0.4 0 0.1 0.1 + 0.1
144 0 0 0.2 0 0.1 0
156 0 0 0.1 0 0 0
168 0 0 0.1 0 0 0
180 0 0 0 0 0 0
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TABLE 2.1.4
CONCENTRATIONS (pg.ml_1) OF CLORSULON IN SERUM AFTER

ADMINISTRATION OF CLORSULON ORALLY AT A DOSE RATE

OF 7 mg.kg™! IN FIVE COWS.

99



Time Animal number

Mean + S.E.M.

(h) 58 84 98 100 106

0 0 0 0 0 0

12 1.7 3.0 2.2 1.7 1.5 2.0 + 0.3
24 - 4.6 2.6 3.6 3.8 5.9 4.0 + 0.6
36 3.7 1.5 1.9 2.6 4.5 2.9 + 0.6
48 1.8 1.3 1.3 1.5 2.2 1.6 + 0.1
60 1.6 0.8 0.7 0.9 1.2 1.0 + 0.1
72 1.1 0.4 0.3 0.5 1.0 0.7 + 0.2
84 0.7 0.4 0.3 0.3 0.5 0.4 + 0.1
96 0.4 0.2 0.1 0.1 0.3 0.2 + 0.1
108 0.3 0.2 0 0.2 0.1 0.2 + 0.1
120 0.1 0.1 0 0.1 0.1 0
132 0.1 0.1 0 0 0.1 0
144 0 0 0 0 0 0
156 0 0 0 0 0 0
168 0 0 0 0 0 0
180 0 0 0 0 0 0
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m2.1.5
PHARMACOKINETTC OONSTANTS FOR CLORSULON IN COWS (n = 5)

FOLLOWING SUBCUTANBOUS ADMINISTRATION OF THE 10% SUSPENSION

AT A SINGLE DOSE RATE OF 4 mg.kg™ ',
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Animal A B o §; t1/2 (@) t1/2 () AUC

number  pg.ml™!  pguml™! b7 h! (h) (h) pg.ml~1.h
17 - 3.80  3.80 0.09 0.02 7.40 32.80 138.30
33 - 5.40 5.40 1.00  0.02 7.00 29.00 173.10
49 - 3.40 3.40 0.20 0.02 3.80 35.60 155.30
77 - 2.30 2.30 0.20 0.02 3.50 34.00 101.60
90 - 6.10 6.10 0.20 0.03 3.70 18.10 126.50

Mean - 4.20 4.20 0.30  0.02 5.10 29.90 139.00

+S.EM. + 0,70  + 0.70  + 0.20 +0.02  + 0.90 + 3.20 + 12.30

Averaged

values - 3.90 3.90 0.10  0.02 5.10 29.70 140.00
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TABLE 2.1.6
PHARMACOKINETTC CONSTANTS FOR CLORSULON IN QOWS (n = 5)

AFTER SUBCUTANEOUS ADMINISTRATION OF THE 20% SUSPENSION

AT A SINGLE DOSE RATE OF 4 mg.kg™ .
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Animal A B o I’ t1/2 (o) t1/2 (B) AUC

number  pg.ml”! pg_.-li\]_."I h'1_ h! (h) (h) _}jci;.ml—1 .h
16 - 2.30 2.30  0.30  0.03 2.70 22.90  67.30
18 - 9.70 9.70 0.10  0.04 4.90 17.10 ©170.70
26 . - 5.00 5.00 oj;; 0.02 B 4.70 —;1.50 193.60
32 - 9.20 9.20 0.10  0.05 5.50 12.90 ~98.50

64 -13.60 13.;; 0.10---—0.03 ) 5.10 18.20 258.00

Mean - 8.00 8.00 0.20  0.03 _ 4.60 20.50 —_—__;;;j;;

+ S.E.M. + 2,00  + 2.00 +0.04 +0.05  + 0.50 + 3.20 + 34,30

Averaged - 7.20 7.20  0.20  0.03 3.10 20.10 - 177.40
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TABLE 2.1.7

PHARMACOKINETIC CONSTANTS FOR CLORSULON ADMINISTERED

(RA[LY'IOFIVE(HVSATASMEII)SERA‘IEOF7HQ.k_1.
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Animal A B o B t1/2 (a) t1/2 (B) AUC

nurber pg.ml”? pg.m}:i h! h‘1__ . (h) (h) E?:Tl‘1.h
58 - 23.20 23.20  0.07  0.05 9.30 15.10 194.10
--;;_- - 5.00  5.00 oj;o 0.03 3.40 22.20 135,50
—-;;-- - ;;.30 14.30 o.1;—_ 0.05 ;.50 13.30 141.60
-;;o -_;;.50 ———10.50 0.07  0.04 - 10.40 17.00 N 99.30
_;;6 - 25.20 25.;0 oj;;____;jos -;joo 14.30 228.30
Mean - 15.60 1;j;;_~ oj;o 0.04 —-_—;:50 16.40 ) 159.80
+S.EM. + 3.80 + 3.80 + 0.02 +0.04 .3_ 1.20 +1.60 + 23.00
Averaged - 9.20  9.20  0.10  0.04 6.40 18j;; -;;;t;;-

—— — —— s - e e s T — - ————— — o——
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FIGURE 2.1.2

CENTRTCON MICROCONCENTRATOR
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FIGURE 2.1.3

MEAN SERUM CONCENTRATIONS (pg.ml~') OF CLORSULON AFTER
SUBCUTANEOUS ADMINISTRATION OF 10% AND 20% SUSPENSIONS OF
CLORSULON TO CATTLE AT A DOSE RATE OF 4 mg.kg™| AND AFTER

ORAL ADMINISTRATION AT 7 mg.kg™l.
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1.6 Discussion

Flukicidal anthelmintics have been shown to bind strongly to
plasma proteiﬁs and therefore they will be excreted slowly from
the body (Broome and Jones 1966; Lee 1973).

The high binding of clorsulon (94%) to plasma proteins found
in this study is probably the reason for the long elimination
half life of the drug.

Although the mean concentrations of clorsulon in serum
following the subcutanecus administration of the 20% suspension
were found to be higher than those following the subcutaneous
administration of the 10% suspension in a few early samples (from
12-36 hours), which appears to be due.to rapid absorption in one
animal in Group II (No.18), the disposition kinetics of the two
suspensions appear to be similar in shape. Thirty-six hours post
administration, the concentrations sf clorsulon in serum were
relatively close following administration of both suspensions.

Absorption of clorsulon following the subcutaneous
administration of equal doses of both suspensions was found to be
relatively rapid. Mean absorption half lives (t 1/2 « ) of
5.1 + 0.9 h and 4.6 + 0.5 h were found after the subcutaneous
administration of the 10 and 20% suspensions respectively.

The slow elimination of clorsulon [t 1/2 () =
29.9 + 3.2 h] following subcutaneous administration of the 10%
suspension appears to be of value for a high activity against
liver fluke infections, since the longer elimination of the drug
from the body was found to be associated with a higher flukicidal

activity (Lee 1973).
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In relating the flukicidal activity with the pharmacokinetic |
behaviour of the drugs, it was found that the duration of
exposure of liver flukes to the drug is as important as the high
concentration of the drug in the body (Corba et al 1979). This
is not unexpected of a drug whose putative mode of action
involves inhibition of metabolic enzymes.

The elimination half lives of clorsulon [t 1/2 ( )]
following the subcutaneous administration of the 20% suspension
was found to be not significantly higher (P > 0.05) than those
following the subcutaneous administration of the 10% suspension
at equal dose rates (4 mg.kg'1 ).

The disposition kinetics of clorsulon after the oral

administration at 7 mg.kg"1

is characterised by a slow absorption
phase having a mean absorption half life [t 1/2 (&)] of
7.5 + 1.2 h which was followed by a single rapid elimination
phase with a mean half life [t 1/2 ((3)] of 16.4 + 1.6 h.

When the AUCs of clorsulon for each cow following the
subcutaneous administration of 4 mg.kg“1 of the 10 and 20%
suspension, were corrected to 7 mg.kg'1 (the orally administered
dose rate), and the AUC after the oral administration for each
animal were subjected to one way analysis of variance, it was
found that the AUC after the subcutaneous administration of the
10% suspension was significantly higher (P > 0.05) than those
following the subcutaneous administration of the 20% suspension
and after the oral administration.

The mean bio-availability of clorsulon determined from the

ratio of the corrected mean AUC following the subcutaneous

injection of the 10 and 20% suspension relative to that after the
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oral administration was found to be 152.4 and 98.3% respectively.

The results of the present study shows that administration
of clorsulon subcutaneously or orally to cattle produces
relatively similar patterns of disposition kinetics. It would
also appear that the subcutaneous administration of the 10%

suspension at a dose rate of 4 mg.kg"1

produced high serum
concentrations and for longer periods than after the subcutaneocus
administration of the 20% suspension and the oralhadministration.
This prolonged residence time of clorsulon inlbo&dy is of great

value for a high flukicidal activity.



CHAPTER 2

PHARMACOKINETIC STUDIES OF RAFOXANIDE IN SHEEP



2. Pharmacokinetic studies of rafoxanide in sheep

2.1 Introduction

2.1.1 Efficacy

In 1969 Mrozik et al reported the discovery of a new
fasciolicidal compound, rafoxénide, one of the halogenated
salicylanilides.

Rafoxanide (Flukanide, Ranizole MS & D) is the generic name
of 3,5-Diiodo-3'-chloro-4-(p-chloro-phenoxy)-salicylanilide. The
chemical structure is shown in Fig. 2.2,7. It was synthesised at
the Merck Sharp and Dohme Research Laboratories, New Jersey, USA,
by reacting 3,5-diiodosalicylic acid with 3-chloro-4-(p-
chlorophenoxy)-aniline. Raxofanide is a colourless crystalline
solid compound insoluble in water, moderately soluble in organic
solvents and sensitive to light.

Rafoxanide was introduced to the anthelmintic market as an
oral suspension, given at 7.5 mg.kg'1 (Flukanide MS & D 3.0%
w/v), as an injectable formulation given at 3 mg.k§'1 (Flukanide
7.5% w/v), and as a paste and in combination with thiabendazole
(Ranizole MS & D). |

Since its appearance and general use, rafoxanide has proved

to be an effective fasciolicide against Fasciola hepatica and

Fasciola gigantica in sheep (Mrozik et al 1969; Boray 1969;
Armour and Corba 1970; Campbell _eEil; 1970; Ross 1970; Campbell
and Hotson 1971; Roncalli, Fernandez and Barbosa 1971; Edwards
and Parry 1972b; Horak, Snijders and Louw 1972; Snijders, Horak
and Louw 1973; Annen 1974; Campbell and Brotowidjoyo 1975),
cattle (Snijders, Horak and Louw 1971; Knapp and Presidente 1971;

Snijders, Louw and Serrano 1971; Presidente and Knapp 1972;
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Campbell and Narelle 1972; Snijders and Horak 1975; Whitelaw and
Fawcett 1981; Dobbins and Wellington 1982) and in rats (Duwel and
Metzger 1973).

Activity of rafoxanide against the immature flukes in the
liver parenchyma has been studied. Armour and Corba (1970) have
reported efficacies of 98, 99 and 98% against four week old
flukes when rafoxanide was administered orally at 7.5, 10 and

15 mg.kg"l

respectively, while Ross (1970) found that rafoxanide
was 45 and 67% efficient wheﬁ administered intraruminally to four
month old lambs at 7.5 and 10 mg.kg"1 respectively. Efficacy of
> 50 - 90% was reported by Mrozik et al (1969) when rafoxanide
was given to sheep at 25 - 50 mg.kg"'1 of bodyweight. |

As bovine fascioliasis is mainly a chronic disease the
activity of rafoxanide against the immature fluke in cattle has
not been tested. However recently Dobbins and Wellington (1982)
have reported efficacies of 58 and 60% against six and eight week
old flukes respectively in calves receiving the injectable
preparation at the recommended dose rate of 3 mg.kg"I .

Activity of rafoxanide against gastrointestinal nematodes
has also been tested. In sheep and cattle rafoxanide given at

1

dosage of 5 - 10mg.kg™ ' was highly effective against the adult

abomasal worms Haemonchus contortus and Haemonchus placeil

(Egerton and others 1970; Snijders, Horak and Louw 1971; Horak,
Snijders and Louw 1972; Snijders, Horak and Louw 1973; Snijders
and Horak 1975). This activity of rafoxanide against Haemonchus
spp provides a potent treatment against haemonchosis and

fascioliasis in areas where mixed infection with both parasites
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takes place.
Rafoxanide was also effective against the hook worm

Chabertia ovina and Gaigeria pachyscelis in sheep (Horak,

Snijders and Louw 1972) and against all the parasitic larval

stages of the sheep nasal bot Oestrus ovis (Horak, Louw and

Raymond 1971; Roncalli, Barbosa and Fernandez 1971; Snijders,
Horak and Louw 1973).
Mrozik et al (1969) found that rafoxanide was effective

against Hymenolepis nana and H. diminuta in rodents and against

Schistosoma mansoni in rats.

Clioxanide, another salicylariilide, has .been shown to be
less effective when given intraabomasally than intraruminally
(Boray and Roseby 1969; Campbell and Brotowidjoyo 1975). The
effect of "rumen by pass'" on the activity of rafoxanide against
livef flukes was studied by Campbell and Brotowidjoyo (1975).
They found no differences in activity when rafoxanide was
administered orally, intraruminally or intraabomasally.

Campbell et al (1970) have emphasised that the potency of
rafoxanide is affected by the type of formulation used. The
formulations tested consisted of the polyethylene glycol, silica
gel, bentonite and tragacanth suspension. The formulations were
administered orally to sheep at 15 mg.kg'1 of bodyweight. The
results showed that all the formulations used were partially
active but that the silica gel formulation was fully active at
this dosage. The reasons why rafoxanide should act more

consistently when administered bound to silica gel are not clear.



2.1.2 Mode of action

Like the other salicylanilide fasciolicides, rafoxanide is
known to be a potent uncoupler of oxidative phosphorylation in
animal tissues. It interferes with the production of ATP in the
intact fluke (Corbett 1974; Bryant, Cornish and Rahman 1976;
Coles 1977; Prichard 1978b).

Rafoxanide reduced the concentration of ATP in

Fasciola hepatica both in vivo and in vitro. In vivo flukes

recovered from sheep treated with rafoxanide showed reduction of
total nucleotide concentrations, depleted ATP pools and elevated
AMP pools. In vitro flukes incubated with rafoxanide showed a
decreased ATP, ADP and AMP concentrations, while the
concentration of total nucleotides was not altered (Bryant,‘
Cornish and Rahman 1976).

Duwel and Metzger (1973); Metzger and Duwel (1973); Cornish
and Bryant (1976) have reported that rafoxanide inhibitéd

succinate dehydrogenase activity in Fasciola hepatica in vitro.

Rafoxanide has also been shown to exert an inhibitory effect
on 32pi incorporation in Ascaris mitochondria (Van den Bossche
1972) and to inhibit the succinate dehydrogenase and fumarate

reductase systems, in vitro in Haemonchus contortus.

2.1.3 Safety to host

Rafoxanide used at the therapeutic dose rate of 7.5 mag. kg"1

has proved to be a safe fasciolicidal drug (Mrozik et al 1969;
Sutherland and Batty 1971; Snijdérs, Louw and Serrano 1971).
‘It has a safety index of approximately six. Although the
1

recommended dose rate in sheep and cattle is 7.5 mg.kg™', no

‘undesirable effects have been seen when using single or repeated
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doses of rafoxanide. No toxicity signs were observed in sheep
when rafoxanide was given in single doses of 60-100 mg.kg"1
(Mrozik et al 1969) and in cattle when rafoxanide was
administered at 5-14 times the recommended dose rate (Schroder
1982). |

Rafoxanide given in multiple dosages ranging from 0 -
37.5 mg.kg'1 to lambs (Swan and Schroder 1981) and to calves at
150 mg.kg"1 repeated three times at monthly intervals caused no
adverse effects (Mrozik et al 1969).

The LDg, of rafoxanide for rats is approximately 2300

mg.kg -1

while in sheep and cattle the LDgy has not been
determined (Roberson 1977).

Sheep and cattle infected with liver fluke are more
susceptible to rafoxanide toxicity than are the non-infected
ones. Thus the therapeutic index of the drug is dependent on the
severity of the infection. No deaths occurred in non-infected

sheep receiving dosages of 200 mg.kg"I

while deaths occurred in
naturally infected sheep receiving the same dose (Mroéik et al
1969).

Signs of rafoxanide toxicity were seen in animals receiving
an ‘overdosage of rafoxanide (Pienaar 1977; Prozesky and Pienaar
1977). Blindness and pronounced mydriasis are the most obvious
signs of rafoxanide toxicity shown by sheep given single doses vof
100 mc_:;.kg'1 or more (Mrozik et al 1969, Prozesky and Pienaar
1977; Guilhon et al 1971) and by calves dosed at 45-60 mg.kg"1
(Schroder 1982) and by dogs receiving 3-11 oral doses of

100 mg.kg'1 per day (Brown et al 1972). These signs of toxicity



are similar to the descriptions of sheep suffering from
progressive retinal degeneration (bright blindness) which is

thought to be caused by ingestion of bracken Pteridium aguilinum

(Watson and others 1972) or Helichrysum argyrosphaerum toxicity

in sheep (Basson and others 1975).

Thus in view of these possiblé differential diagnoses, it is
advisable that any diagnosis of rafoxanide toxicity be confirmed
by a plasma-rafoxanide assay (Swan and Schrodef 1981).

2.1.4 Pharmacokinetics and objective

Pharmacokinetic studies of rafoxanide in sheep and cattle
have been less extensive than efficacy studies. In fact there is
no publication concerned with the kinetics of rafoxanide in sheep
plasma and the.work done by Dedek et al (1976, 1977, 1978) was
concerned mainly with the degradation, excretion and metabolism
of rafoxanide in sheep and cattle using radiolabelled rafoxanide
(1311),

From the toxicological point, Swan and Schroder (1981)
measured the plasma concentration of rafoxanide in lambs, treated
with different dosages of rafoxanide, up to 17 days after
administration. Because of the inaccuracy of the assay method
used, their results give little confidence. The pharmacokinetic
behaviour of rafoxanide was therefore examined in sheep plasma
with particular emphasis being placed on plasma protein binding.
Residues of rafoxanide in tissues in sheep were also examined.

It was also of interest to compare the pharmacokinetics of
rafoxanide given alone with those of rafoxanide when given along

with thiabendazole.



FIGURE 2.2.1

STRUCTURE OF RAFOXANIDE
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2.2 Determination of rafoxanide in plasma

Rafoxanide is insoluble in water, moderately soluble in
organic solvents and very sensitive to light.

Few analytical procedures have been published for the
determination of rafoxanide in body fluids or in tissues.

After the oral administration of radiolabelled rafoxanide to
sheep and cattle (Dedek et al 1976, 1977, 1978) the drug was
measured by counting the total radio-activity produced. The
disadvantage in using such technique is that large amounts of
sample are required for the analytical procedure (50 ml or g) and
the method fails vto distinguish between parent compound and
metabolites. |

A gas chromatographic method was developed by Talley et al
(1971) for the determination of rafoxanide in plasma by electron
capture of its di-trimethyl-silyl derivatives. The method
appeared to be sensitive with a detection limit of 0.01 pg.ml"1.
Preparation of plasma samples for the analysis was based mainly
on denaturation of plasma proteins (using 95% ethanol) and the
drug was then detected by a combined gas chromatography-mass
spectrometry. Such facilities were not available in the
department and also the method is unsuitable for routine use.

Swan and Schroder (1981) used a photometric‘method to
determine rafoxanide in plasma. Their analytical method was not

reliable (stated in Section 2.6).
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2.2.1. Materials and methods

2.2.1.1 Reagents
All reagents used were of Analytical Grade.

Di ethyl ether

Redistilled, ferrous sulphate washed and stabilised.
(Section 1.2.1.1)

Methanol

Redistilled before use.

Phosphate-citrate buffer (pH 6)

62.1 ml M/5 disodium hydrogen sulphate (Na, HPO,) and
37.9 ml M/10 citric acid.

Ammonium carbonate (0.05 M)

Water-permanganate redistilled (Section 1.2.1.1)

2.2.1.2 HPIC equipment and conditions

Detector

Reference channel variable wave length UV detector,
Model CE 2012 (Cecil Instruments, Cambridge, England).
Pump

Gilson module 302.

Recorder

Vitatron 10 mV.

Absorbance

0.05 a.u.f.s.

Wave length
282 nm.
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Column
Septum injector (100 mm length x 5 mm i.d.) packed with

a Reverse-phase ODS-Hypersil particle size 5 jm.

Chart speed

1 cm.min."1

Flow rate
0.8 ml.min.-1

Retention time

Circa 3.85 min.

Injection volume

5 pl.

Mobile phase

Methanol : Ammonium carbonate (0.05 M) 80 : 20.

Limit of detection

0.10 pg.ml™!

2.2.1.3 Procedure of analysis

Rafoxanide was determined in plasma samples and plasma
ultrafiltrates by an HPLC method. Di-ethyl ether was used for
the extraction.

1 ml plasma samples was introduced into a 50 ml glass
stoppered tubes, using a 1 ml glass bulb pipette, to which 1 ml
of phosphate-citrate buffer (pH 6) was added.

20 ml ether was added to each tube, using an automatic
dispenser, the tubes were stoppered and shaken on a slow rotary
mixer for 15 minutes.

15 ml of the upper ether layer were transferred to 50 ml

thin-walled glass tubes.
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A further 20 ml ether were added to the first tubes and
shaken for 15 minutes. 20 ml of the upper éther layer was
transferred and combined with the 15 ml ether extracts in the
thin-walled tubes.

Extracts were evaporated on a dry bath at 50°C under
nitrogen to approximately 5-6 ml. They were then transferred
into 10 ml conical glass tubes and the walls of the thin tubes
were washed with 1 ml ether several times and combined each time
with the extracts in the conical tubes which were evaporated to
dryness. The tubes were washed down with approximately 0.5-1 ml
ether and placed on the dry bath until dryness.

'Residues were dissolved in 100 pl methanol and placed in an
ultrasonic water bath for 1 - 2 minutes. 5 pl of residues were
injected onto the HPLC column using a 10 pl microsyringe.

Samples which appeared to contain higher concentrations were
dissolved in volumes of methanol larger than 100 pl. When low
concentrations were expected in samples, more than 1 ml of sampie
was used for the extraction of rafoxanide.

2.2.1.4 Preparation of standards and recoveries

Rafoxanide, 1like most salicylanilide fasciolicides, is
insoluble in water and therefore a stock solution was made up in
methanol by dissolving 100 mg of the pure compound in 100 ml
methanol to make up a stock solution containing 1000 ;.1(_:;.ml-1 .

As rafoxanide is photo-labile this stock solution was made
up freshly each time before ‘the analysis and wrapped in aluminum
foil and stored in a refrigerator for further protection from

light.
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Spikes containing 0.5, 1.0, 10.0 and 20.0 pg.ml‘1 of
rafoxanide in plasma' are prepared by adding an appropriate amount
of drug in methanol and taken through the whole extraction
procedure.

Peréentage recovery of each spike and the concentrations of
rafoxanide in plasma samples were calculated using the equations
in Section 1.2.1.4.

Table 2.2.1 shows percentage recoveries of rafoxanide in the
spiked plasma.

2.2.1.5 Evaluation of the method

Rafoxanide binds highly to plasma proteins (Duwel and
Metzger 1973; Roberson 1977, Dedek et al 1976; Swan and Schroder
1981) and thus it was decided to investigate the effect of
protein binding on the extraction procedure of rafoxanide from
plasma samples.

A series of spikes were made up by adding known amounts of
rafoxanide to drug free plasma and to agqueous solution (water).

1 ml of each spike was introduced into 50 ml stoppered glass
thick tubes to which 1 ml of phosphate-citrate buffer (pH 6) was
added followed by the addition of 20 ml ether. The tubes were
shaken for 15 minutes on a rotary mixer,

17 ml of the upper ether layer was transferred into 50 ml
thin-walled glass tubes and kept as Fraction I.

A further 20 ml ether was added to the first tubes and after
shaking 20 ml of the upper ether extracts was transferred into a
clean 50 ml thin-walled tubes (Fraction II).

Another 20 ml ether was added and the extracts were

transferred into a furt‘her 50 ml thin-walled tubes

123



(Fraction III).

Each fraction was evaporated on a dry bath at 50°C under
nitrogen stream to 5 - 6 ml and then transferred into 10 ml
conical tubes and the walls of the thin tubes were washed three
times with 1 ml ether and transferred to the conical tubes after
each washing. They were then evaporated to dryness.

Residues of each fraction were dissolved in 100 pl methanol
for injection onto the HPLC column.

Table 2.2.2 shows the percentage recoveries obtained in each
fraction.

Recovery of rafoxanide from water was high (mean 98%) and
recovery from plasma was less (mean 75%) (Table 2.2.1) but

satisfactory.
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TABLE 2.2.1

RECOVERTES OF RAFOXANIDE FROM SHEEP PLASMA,

125



Rafoxanide added Rafoxanide measured

to blank plasma

Ratio assayed

(ng) Mean + S.E.M. to added

(pg.mi~T)
0.5 0.4 0.4 0.3 0.4  +0.02 0.80
1.0 0.6 0.7 0.7 0.7  +0.02 0.70
5.0 3.4 3.5 3.7 3.5  +0.08 0.70
10.0 7.0 6.5 7.5 7.0  +0.30 0.70
20.0 16.0 15.6  14.0 15.0  + 0.60 0.75
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TABLE 2.2.2

PERCENTAGE RECOVERTIES OF RAFOXANIDE FROM DRUG-FREE

PLASMA AND AQUEOUS SQLUTION.
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Drug free plasma

Amount rafoxanide
Amount rafoxanide measured in

Total rafoxanide

added (ng) fraction (pg) recovered (ug) % Recovery
I IT IITI
20 8.4 3.6 2.5 14.5 73
30 12.4 5.6 3.8 21.8 73
40 16.0 7.6 5.6 29.2 73
50 22.0 10.4 7.2 39.6 79
Mean: 75%
Aqueous solution ’
20 18.2 1.3 0.1 19.6 98
30 » 29.7 0.1 0.0 29.8 99
40 28.6 1.2 0.0 39.8 100
50 42.4 5.0 0.2 47.6 95
Mean: 98%
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2.2.2 Experiments with rafoxanide

2.2.2.17 Animals

Five sheep of different breed and sex, aged between 1 - 3
years, parasite free were used in the study.

The animals were divided into two groups, three sheep in
Group (I) and two sheep in Group (II). Each group wés housed
separately in concrete stalls bedded with straw. They were fed
hay and concentrates, while water was available ad libitum.

The sheep were weighed one day before the beginning of the
"experiment.
2.2.2.2 Administration of the drug

Group (I) was dosed with rafoxanide (3.0% w/v with 17.6% w/v
thiabendazole "Ranizole"). Group (II) were dosed with rafoxanide
(Flukanide 3.0% w/v). The animals were drenched orally using a
syringe placed on the back of the tongue. Each sheep received
rafoxanide at a dose rate of 7.5 mg.kg'1. Thiabendazole was
given to Group II sheep at a dose rate of 44 mg.kg'1 .

Table 2.2.3 shows animals' weight, suspension and volume of

drug administered to each sheep.

2.2.2.3 Sampling regimen

10 ml blood samples were withdrawn by venepuncture into
heparinised "Monovette" syringes immediately before drug
administration (pre sample) and after 1, 2, 3, 7, 8, 9, 10, 14,
21, 28, 35, 42, 49, 56, 63, 70, 77, 84, 91, 98, 105 and 112 days

after the administration.
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2.2.2.4 Sample.. treatment

Blood samples were centrifuged at 2500 rpm for ten minutes
and the plasma was transferred into 10 ml plastic tubes and

stored at -20°C until analysed.

2.3 Binding of rafoxanide to plasma proteins

The. binding of rafoxanide to plasma prbteins was examined
in vitro. Filtrates were obtained from blank sheep plasma
fortified with known amounts of rafoxanide at different
concentrations using the following different techniques.

2.3.1 Materials and methods

2.3.1.1 Ultrafiltration technique

If a protein solution containing a known amount of drug is
exposed under pressure to a dialys:is membrane, the protein free
filtrate containing free drug only will collect outside the
dialysis membrane. Knowledge of the initial concentration of
drug in the plasma before filtration and the concentration of
drug in the ultrafiltrate will allow the calculation of binding
(Rehberg 1943).

5 ml of drug free plasma fortified with rafoxanide at 10, 20
and 30 }1g.m].'1 were introduced, in duplicate, into dialysis tube
(Visking tube size 1-8/32" Medicell International Ltd., London,
England). The ends of the tubes were folded several times and
tied with a cotton string and washed under running tap water to
remove any contamination. The dialysis tube was introduced into
a 50 ml glass tube which was filled partially with glass beads.
The tubes were centrifuged at 2500 - 3000 r.p.m. at 10°C for
- 30 - 35 minutes. The filtrates collected outside the dialysis

~ 'membrane were transferred into 5 ml plastic tubes and stored at
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-20°C until analysed.

2.3.1.2 Ultrafree drug filter

The technique is mainly based on the ultrafiltration
technique which involves the use of special filter membranes with
different pore size to allow the separation of plasma proteins
from ultrafiltrates.

Two millilitres of the fortified plasma samples were
filtered through an Amicon centricon microconcentrator (Amicon
Corporation, Scientific Division, Upper Mill, Stonehouse,
Gloucestershire) which had a molecular weight cut off 10,000
(Fig. 2.1.2).

The filtrates collected in a reservéir cap were stored at
-20°C until analysed by a high performance liquid chromatographic
method.

2.3.1.3 Equilibrium dialysis technique

A common procedure for the measurement of binding, this
procedure involves the equilibrium of a volume of protein
solution in a dialysis tube with a known amount of a solution of
the drug. Thus, at equilibrium, measuring the concéntration of
free drug outside the dialeis tube will allow calculation of the
amount of drug which was bound to proteins.

Five to seven millilitres of the fortified sheep plasma were
dialysed against 10 ml phosphate buffer pH 7.4 at room
temperature (18°C) and at 37°C. 1 ml of the dialysed solution
containing the free drug (outside the dialysis membrane) was

collected and deep frozen until analysis.
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2.3.2 Method of analysis

A high performance liquid chromatographic method was used
for the anaiysis of the ultrafiltrates as described in
Section 2.2.1.

2.3.3 Calculation of percentage binding

The percentage binding of rafoxanide is calculated using the

formula described in Section 1.4.1.

2.4 Determination of rafoxanide residues in bile and
tissues
2.4.1 Materials and methods

Residues of rafoxanide were determined after oral
administration of rafoxanide (Flukanide 3.0% w/v) to sheep at the
therapeutic dose rate of 7.5 mg.kg-1.

Twenty-eight days after dosing the sheep was slaughtered.
Blood, bile, liver and muscle samples were collected and the

concentrations of rafoxanide were determined.

2.4.2 Determination of rafoxanide in bile

1 ml of the bile sample was extracted into 20 ml di;ethyl
ether. The ether extract was evaporated to dryness on a dry bath
at 50°C under nitrogen. The residue was dissolved in 100 ul
methanol and injected onto the HPLC column.

Preparation of a standard curve was made by extracting blank
bile, obtained from untreated sheep, fortified with rafoxanide at .
different concentrations. The mean recovery obtained from the
extraction of the fortified bile used for the calculation of the
concentration of rafoxanide in bile sample as described in
‘Section 1.2.1.4. Mean percentage recoveries obtained from the

- extraction of fortified bile were 91 + 5.00 S.E.M. (Table 2.2.4).
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2.4.3 Deter’minatipn of rafoxanide in tissues

The HPLC method used for the determination of rafoxanide in
tissues was modified slightly from that developed by Janssen
Pharmaceutical Research Laboratories, B-2340 Beerse, Belgium, for
residues of closantel in tissues.

Method

0.5 g of minced meat and liver was weighed into 15 ml glass
stoppered tubes to which 3 ml of acetonitrile was added.

The tissue was homogenised using an Ultra-Turrax homogeniser
(Janke and Kunkel, Ika-werk, Stanfen, F.R.G.). The homogenates
were vortexed for 30 seconds and centrifuged at 2500 x g for 15
minutes. The supernatant was transferred into 10 ml thin-walled
glass tubes and acidified with 3 ml of 0.4% v/v formic acid
solution in water and vortexed for a few seconds.

The extracts were pumped through a pre-wetted (with water)
"SEP-PAK" C18 cartridge using a 10 ml syringe. The solvent was
displaced by pumping a further 0.5 ml of acetonitrile and the
compound was eluted with 3 ml acetonitrile, collected in a 10 ml -
conical glass tubes and evaporated to dryness on a dry bath at
50°C under a stream of nitrogen.

Residues were suspended in 100 ul methanol and injected onto
the HPIC column.

Analysis of each sample was done in duplicate. Drug free
liver and muscle were fortified with different concentrations of
rafoxanide and carried through the extraction procedure along
with the samples. The method was reproducible (mean percentage
recovery 89 + 6.00) (Table 2.2.4). The HPLC conditions were the

same as described in Section 2.2.1.2. The method had a détection
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limit of 0.10 pg.g~'.

Rafoxanide was also determined in the blood sample according

to the method described in Section 2.2.1.
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TABLE 2.2.3

THE EXPERTMENTAL DESIGN AND DOSAGE REGIMEN OF

RAFOXANIDE ADMINISTERED ORALLY TO EACH SHEEP.
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Sheep

Total dose Volume suspension

Weight Suspension Dose rate
No. (kg) rafoxanide rafoxanide
(mg.kg™") (mg) administered (ml)
39 55 Ranizole 7.5 412.5 13.75
90 58 Ranizole 7.5 435.0 14.50
91 42 Ranizole 7.5 315.0 10.50
92 40 Flukanide 7.5 300.0 10.00
99 40 Flukanide 7.5 300.0 10.00
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TABLE 2.2.4

RECOVERIES QOF RAFOXANIDE FROM SHEEP BILE AND TISSUES .
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Ratio assayed

Amount Amount |
rafoxanide rafoxanide Mean + S.E.M., to added
added (pg) measured (ug)
Bile i
0.2 0.2 0.2 0.2 0.2 + 0.00 1.00
0.4 0.3 0.3 0.4 0.3+ 0.03 0.83
0.6 0.5 0.5 0.6 0.5 + 0.03 0.90
Mean 91 + 5.00
S.E.M.
i Liver and_x:luscl;— i T
0.3 0.2 0.3 0.3 0.3 + 0.03 1.00
0.5 0.4 0.5 0.4 0.4 + 0.03 0.80
0.7 0.6 0.7 0.5 0.6 + 0.06 0.86

Mean 89 + 6.00
S.E.M.

[ ———
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2.5 Results

2.5.1 Concentration of rafoxanide in plasma

The mean plasma concentrations of rafoxanide in individual
sheep and the mean concentrations + S.E.M. following oral
administration of rafoxanide at 7.5 mg.kg';"1 bodyweight are
presented in Table 2.2.5. Figure 2.2.2 shows mean plasma
concentration of rafoxanide versus time curve.

The maximum concentration of rafoxanide in plasma of each
sheep occurred 2-3 days post dosing and the mean maximum
concentration was 23.6 pg.ml'1. Thereafter the mean
concentrations declined gradually to the limit of detection
(0.10 pg.ml'1) 16 weeks after the administration.

The averaged plasma concentration/time data was fitted to a
computer model using an iterative least-square method derived
from the method of Sedman and Wagner (1976). To estimate the
variability of the parameters within the five sheep, the method
was fitted to the individual plasma data as well (Table 2.2.6).

The sum of the weighted squared deviation between the data
point and computer calculated points for each sheep were found to

be best expressed as a tri-exponential term of the form:-
C=nae" Ot Be-Bt + Ce_‘Yt

Area under the plasma concentration/time curve (AUC) and the
half life in the "absorption', "distribution" and "elimination"
phases were also computed (Table 2.2.6). A mean elimination half

life (t 1/27) of 16.6 + 1.2 days was found.
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In comparing the AUC and eiimination half life obtained from
the mean plasma concentration for each Sampling time versus time
in both groups, it was determined that there was no significant
differences (P > 0.05) between the group receiving rafoxanide
alone (Flukanide) or in combination with thiabendazole
(Ranizole). Therefore the results were combined and considered
as one group from which all the pharmacokinetic parameters were
computed.

2.5.2 Binding of rafoxanide to plasma proteins

Filtrates obtained from plasma fortified with rafoxanide at
10, 20, and 30 pg.ml"1 contained a mean concentration of 0.2, 0.4
and 0.4 }1g.ml’1 of rafoxanide respectively when the dialysis
tubing ultrafiltration technique was used.

Rafoxanide was not detected in the filtrates obtained by the |
dialyis equilibrium and ultrafree drug filter technique.

According to the limit of detection of the method
(0.10 pg.ml"1) and the highest concentration of rafoxanide used
(30 pg.ml'1) therefore the percentage binding, calculated using

the equation in Section 1.4.1, will be:-

% bound = > 100 - (0.1 x 100)
30
= 100 - 0.3
= > 99
2.5.3 Determination of rafoxanide residues in bile and
tissues

Concentrations of rafoxanide in the plasma and bile samples
of the sheep killed 28 days after rafoxanide administration were

7.0 and 0.2 }1g.ml"l respectively. In liver a mean concentration
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1 of rafoxanide was detected while in the muscle

of 0.4 pg.g”
sample rafoxanide was not detected at the limit of detection of

the method 0.10 pg.g-1.
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PLASMA CONCENTRATION (pg.ml‘") QOF RAFOXANIDE IN SHEEP

AFTER A SINGLE ORAL ADMINISTRATION AT A DOSE RATE

OF 7.5 mg.kg~] OF BODYWEIGHT.
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Time Sheep No.

(days) 39 90 9N 92 99 Mean + S.E.M.

Baseline 0 0 0 0 0
1 27.0 7.7 14.7  20.6  11.8 16.4  + 3.4
2 26.0  10.0  23.0  30.0  16.8 21.2  + 3.6
3 27.8  16.0  21.4  29.6  22.8 23.6  + 2.5
7 23.4 9.2 21.4  24.0  20.0 19.6  + 2.7
8 18.3 9.3  20.3  21.0  16.8 17.2°  + 2.0
9 18.2 8.6  18.6  20.5  21.2 17.4  + 2.3
10 15.7  10.4  18.0  19.5  14.8 15.7  + 1.6

14 13.3 8.7  14.6  15.4  13.5 13.0  + 1.2
21 10.4 5.3 13.8  12.4  12.2 10.8  + 1.5
28 8.3 4.7 10.7  10.2 9.8 8.8  + 1.0
35 5.6 3.5 9.3 9.8 7.4 7.0+ 1.2
42 3.7 2.3 7.0 5.6 6.0 5.0  + 0.9
49 2.8 1.2 5.3 4.0 3.5 3.4 +0.7
56 1.0 1.6 3.8 2.8 2.8 2.4  +0.5
63 1.5 1.0 2.8 2.5 2.3 2.0  +0.3
70 0.3 0.5 2.4 1.8 1.8 1.4 +0.4
77 0.5 0.5 2.0 1.0 1.5 1.0  + 0.3
84 0.4 0.3 1.4 0.8 0.9 0.8  + 0.2
91 0.3 0.2 1.3 0.8 1.4 0.8  +0.2
98 0 0 0.7 0.4 0.8 0.4  +0.2

105 0 0 0.3 0.3 0.5 0.2 + 0.1

112 0 0 0 0 0
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TABLE 2.2.6

VALUES OF PHARMACOKINETIC PARAMETERS OF RAFOXANTDE DETERMINED
BY A THREE QOMPARTMENT MODEL IN FIVE SHEEP FOLLOWING CORAL

ADMINISTRATION AT 7.5 mg.kg~] BODYWEIGHT .

Animal t 1/2 (o)  t1/2 () t1/2 (V) AUC

no. day day day
pg.ml‘1.day
39 0.2 12.8 17.9 594.0
90 0.9 9.7 | 13.0 305.6
91 0.6 7.9 17.7 721.0
92 0.5 10.2 14.8 704.8
99 0.8 13.3 19.3 698.8
Mean 0.6 10.8 16.6 605.0
+ S.E.M. + 0.1 + 1.0 + 1.2+ 78.6
Averaged
values 0.5 10.8 15.4 577.0
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FIGURE 2.2.2

MEAN CONCENTRATIONS (pg.ml™!) OF RAFOXANIDE, CLOSANTEL
AND OXYCLOZANIDE IN THE PLASMA OF SHEEP FOLLOWING ORAL
ADMINISTRATION OF RAFOXANIDE (7.5 mg.kg™1), CLOSTANTEL

(7.5 mg.kg™1) AND OXYCLOZANIDE (15 mg.kg™ ')
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2.6 - Discussion

After the oral administration, rafoxanide was absorbed
slowly from the gastrointestinal tract to the blood stream and
was detected in the plasma at high concentration at 24 hours,
reached a mean maximum concentration of 23.6 pg.ml'1 2-3 days
after the administration. Thereafter the decline in plasma
concentrations was biphasic.

Once rafoxanide was absorbed , it was reversibly bound to
plasma proteins. The process of binding influences the
distribution and fate of drugs, that are extensively bound and
subsequently acts to further prolong the elimination time of the
drug from the peripheral plasma. Only the unbound or free drug
is available to distribute out of the vascular system and be
subjected to elimination and excretion processes.

By inspection of the estimated curve (Fig. 2.2.2) one term
was associated with the absorption phase (t 1/2(«) = 0.6 + 0.1
days), one with a relatively rapid elimination phase
(t 1/23= 10.8 + 1.0 days) and one with a slower phase
(t 1/2 (Y) = 16.6 + 1.2 days). It is probable that the slower
elimination phase is due to elimination of extensively protein
bound rafoxanide and this may be due to the elimination of plasma
albumin in sheep (plasma albumin turnover rate = 400-480 h,
Holmes et al 1968). The relatively rapid phase will be due to
various influences on less extensively and/or less strongly bound
drug in plasma being exposed to metabolism and/or excretion etc.

The relationship of the volume of distribution to the

kinetics of the elimination of drug from the body is of interest.
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The factors of interaction between drug and the normal
constituents of the body that determine the volumes of
distribution also play a role in influencing the rate at which a
drug is eliminated from the body. Whatever the route or process
of elimination, the rate is in general at least roughly
proportional to the concentration of drug reaching the site of
elimination.

Substances of high molecular weight or substances almost
completely bound to plasma albumin will disappear only slowly
from the vascular system and will have small volumes of
distribution.

The apparent volume of distribution (Vd) is a
pharmacokinetic constant which can be calculated from the total
plasma concentration and can be of value in assessing whether a
drug distributes well or poorly from the plasma into tissue
sites. It is normc—illy calculated in litres.kg -1, Drugs
distributing evenly throughout the animal's body have values of
Vd of 1 l.kg'1 , poorly distributed drugs have Vd values < 1
1.kg”1.  The higher the value of Vd (> 1 l.kg~!) the more
extensive the localisation of drugs in sites other than plasma
water. However, the value of Vd cannot give any information
about the localisation of the sites of concentration.

There are two problems in calculating Vd fdr
salicylanilides. Firstly, Vd is normally calculated from
intravenous data. It can be calculated from intramuscular or
oral administration data provided the amount of absorption is
known. . Unfortunately, salicylanilides are too toxic to be given

intravenously. Secondly, Vd is calculated from a two-compartment
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model and, as the pharmacokinetic data for salicylanilides shows,
these data are best fitted to a three-compartment model. Thus for
rafoxanide, assuming absorption is 100% and using the data points
in the rapid elimination phase i.e. from three to 21 days
(Fig. 2.2.2), Vd (area) was calculated to be 331 ml.kg"1. This
indicates that rafoxanide is very poorly distributed to tissues,
consistent with a highly plasma protein bound drug. If
rafoxanide is less than 100% absorbed, then this calculated value
of Vd will give an overestimate of Vd.

Swan and Scl’iroder (1981) measured rafoxanide plasma
concentrations in lambs after administration of rafoxanide at
different dosages (0, 7.5, 15, 22.5 and 37.5 mg.kg‘1). In all
tested groups, the maximum concentration of rafoxanide in plasma
was reached at 24 hours after dosing except in one group treated

1 in which the maximum concentration of rafoxanide in

at 15 mg.kg™
plasma occurred later at 48 hours after treatment. The lambs
were 3-4 months old. The incomplete Ireport of their results
gives little confidence in their measurements as concentrations
of 17.6 ).1g.rnl'1 of rafoxanide were detected in the plasma of
untreated lambs.

In cattle, Dedek et al (1978) measured the serum
concentration of rafoxanide after the oral administration of
1311 _rafoxanide at 5 mg.kg"1 dose rate. In their experiment,
- the first sample was taken six days after treatment and no
earlier samples were collected. Therefore they certainly missed

the time at which the maximum concentration had occurred

The rate of elimination of rafoxanide was found to be
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dependent on the dosage .of drug administered. Elimination half-
lives of seven and 10.5 days were found following the oral
administration of 131I-rafoxanide to cattle at 5 and 12 mg.kg'1
bodyweight respectively (Dedek et al 1976, 1977), although Swan
and Schroder (1981) did not report increasing elimination half
lives with increasing dosage.

Rafoxanide is very often administered with the nematodicide,
thiabendazole. The results showed no significant differences
(P < 0.05) in the kinetics of rafoxanide administered alone or
concurrently with thiabendazole. This was not surprising since
it has been found that 14C-thiabendazole eliminated from plasma
within twenty hours after administration of thiabendazole
(44 mg.kg"1) in sheep (Tocco et al 1964). Weir and Bogan (1985)
have also shown thiabendazole kinetics to be rapid in sheep with
metabolism to the 5-hydroxy-metabolite although much less rapidly
and extensively than in cattle.

Failure to detect rafoxanide in plasma filtrates obtained
using the ultrafree drug filter indicates an extensive binding of
rafoxanide to plasma proteins (> 99%). Since the molecular
weight of rafoxanide is 626.01 therefore it should have been
eluted through the filter membrane which had a molecular weight
exclusive of 10,000.

The use of the dialysis tubing ultrafiltration technique for
the determination of the percentage of binding has,{ieﬁgwn to be
unreliable. Variations in the pore size of the dialysis membrane
might allow the passage of some bound drug through the membrane

pores and give misleading results. Contamination of the dialysis

~ tube during the introduction of the spiked plasma and washing the
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tube before dialysis might also add another error factor. These
possibilities might be the reason for the detection of rafoxanide
at concentrations of 0.3 and 0.4 pg.ml‘1 by the dialysis tubing
ultrafiltration technique.

The percentage of plasma protein binding of other drugs
which are known to be less tightly bound to plasma proteins
(< 99%) were also examined in vitro using the ultrafree drug
filter technique. Among these drugs were sulphadiazine and
albendazole sulfoxide. Each compound was added to drug-free
plasma at different concentrations and then filtered through an
Amicon centricon microconcentrator as described in
Section 2.3.1.2. Ultrafiltrates obtained were analysed for the
concentration of the free drug using Reider's method (1972) for
the determination of free sulphadiazine and a high performance
liquid chomatographic method for the determination of albendazole
sulfoxide (Bogan and Marriner 1980). The percentage of binding
of sulphadiazine and albendazole sulfoxide was found to be 14 and
49 respectively.

In view of the different results obtained for the
determination of percentage of binding of rafoxanide to plasma
protein using different techniques, it was found that using the
ultrafree drug filter was the most reliable technique since there
was less opportunity of any contamination and error which might
lead to inaccurate results.

After absorption of rafoxanide from the gastrointestinal
tract, a small quantity of the compound had entered the bile. A

comparison of the low concentration of rafoxanide in sheep bile

‘150



(0.2 pg.ml'1) to the higher concentration of .8 }1g.m1'1 in
plasma which occurred 28 days post administration and the firm
binding of rafoxanide to plasma proteins might support the
conclusion that this drug exerts its effect towards 1i§er flukes
by the consumption of host blood rather than the concentration of
the drug around the flukes in the bile duct.

Furthermore, it has been found that young flukes in liver
parenchyma primarily feed on hepatic cells and blood (Dawes 1961;
Pearson 1963) whereas the adult flukes in bile ducts feed mainly
on blood rather than on biliary epithelium (Jennings et al 1956;
Pearson 1963; Rowlands 1969; Brown and Neva 1983). Thus
rafoxanide will inhibit the young flukes in liver parenchyma, via
ingestion of liver tissues contain;’mg small amounts of the drug,
and as they grow adult and migrate to bile ducts they will be
exposed to more lethal doses of the blood bound drug.

From the safety point of view, animals treated with
rafoxanide are not allowed to be used for human consumption for
28 days after administration in the U.K.

In this study no rafoxanide was detected in sheep muscle at
the limit of detection of the method of 0.10 ;1g.<_:;"1 28 days post
dosing. Therefore consumption of muscle will be safe after 28
days. However the concentration of rafoxanide in liver tissues
(0.4 pg.g"1) might make the consumption of liver from treated
animals unsafe for human consumption after such a period.
Moreover the presence of rafoxanide in plasma at such a high
concentration (mean of 8.8 pg.ml'1) should also preclude the use
of treated animal blood in the making of black pudding and other

blood products at 28 days after administration. It could be that
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the concentrations found in liver tissue were, in fact, due to

blood trapped in the liver at post-mortem and the differences

found between muscle and liver being due to the highly wvascular
nature of liver. Nevertheless whether the concentrations found
reflect the 'correct' liver concentrations or not, is
unimportant, since they will reflect the approximate amount which

could be eaten by a consumer.
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CHAPTER 3

EXAMINATIQQW'IHE'EFFI@CY(FRAFOXANIDEAGA]NSI‘

SIX WEER-OID Fasciola hepatica IN SHEEP




3. Examination of the efficacy of rafoxanide against
six week-old Fasciola hepatica in sheep

3.1 Introduction

The anthelmintic efficacy of rafoxanide against immature

Fasciola hepatica has been described by several authors (Mrozik

et al 1969; Armour and Corba 1970; Ross 1970; Horak, Snijders and
Louw 1972; Edwards and Parry 1972a, b).

The efficacy trials are usually carried out by treating ﬁhe
animals six weeks after experimental infestation with

Fasciola hepatica metacercariae and necropsies are delayed to

allow time for the flukes to mature so that they can be readily
identified and counted. The possibility exists that the efficacy
of rafoxanide against six week-old fluke might be attributed to
the long residence time of the drug in plasma (Chapter 2) and
that as the flukes become adult they will be exposed to the
continued action of rafoxanide by ingesting the bound drug.

Therefore the following experiment was designed to test this

possibility.
3.2 Materials and Methods
3.2.1 Animals

Nine sheep fluke-free, of different breed, sex, aged between
1 - 3 years and weighing between 30 and 60 kg were assigned to
three groups of three sheep on age, weight and breed basis.

The sheep were kept indoors in concrete stalls covered by
straw. Hay, concentrates and water were available ad libitum.

All sheep were drenched orally by 450 viable

Fasciola hepatica metacercariae on Day 0 and the animals were

kept under observation throughout the experiment.
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After six weeks of the infestation, Group 1 sheep were dosed
orally, by syringe, with rafoxanide (Flukanide, 3.0% w/v MS & D)
at 7.5 mg.kg"1 dose rate.

Ten weeks post administration of metacercariae Group 2 sheep
were dosed with a dose which was estimated would produce the
plasma concentration remaining in Group 1 sheep at 10 weeks.
This was done by sampling Group 1 sheep from weeks 6 to 10. The
dose calculated was 2.5 mg.kg"1 (see results section for data).

Group 3 were not treated and kept as controls.

Blood samples were taken from all sheep at 0, 1, 2, 3, 4, 7,
14, 21, 28, 42, 49, 56, 63, 70, 84 and 98 days after infestation.

Blood samples were withdrawn into heparinised syringes
(Monovette, Sarstedt) and the plasma was separated as described
in Section 2.2.2.4.

The plasma samples obtained from all sheep were used for
biochemical analysis as a possible measure of damage to liver
tissues caused by liver fluke infestation which is thought to
increase the concentrations of certain plasma enzymes (see
discussion section for details).

The plasma samples obtained from treated animals were
analysed for the concentrations of rafoxanide in order to compare
the pharmacokinetics of rafoxanide in the infected sheep to those
in the non-infected sheep (Chapter 2). Additional blood
samples were collected at the same times in tubes containing EDTA
for haematological estimation for percentage of eosinophilic
count and determination of haemoglobin values which were
considered to be altered during liver fluke infection (see

discussion section for details).
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Faecal samples were taken from the rectum at intervals
throughout the trial for examination for fluke eggs.

After 14 weeks of infestation all sheep were necropsied and
the livers of each sheep were collected separately and examined
for flukes.

Pieces of gluteal muscle were also taken from each sheep at
slaughter time and kept at -20°C for determination of rafoxanide
residues.

3.2.2 Estimation of the viability of Fasciola hepatica
metacercariae

Metacercariae encysted on cellophane were initially
purchased from the Agricultural Research Institute, Compton,
Berks.

Initially, prior to the sheep experiment, the viability of
metacercariae was estimated both in vitro and in vivo.
3.2.2.1 " In vitro

Twenty-four metacercariae were scraped from the cellophane
strips and collected on a solid watch glass plate.

The metacercariae were washed twice with pepsin solution
(prepared as detailed below) and then incubated in 50 ml pepsin
solution for 2 - 3 hours at 22°C.

During this time the thick outer coatings of the
metacercariae were digested and the young flukes were seen under
the microscope contracting away from the inner cyst wall.

The metacercariae were then washed with warm distilled water
and incubated in 50 ml of trypsin-bile solution (preparation
details below) for three hours at 22°C. This process causes

lysis of the cyst shell and the immature fluke can emerge into
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the solution (Figure 2.3.1).

The numbers of flukes to emerge successfully were counted
and this figure used to deﬁermine the overall percentage
viability which was found to be 75%. |

Preparation of Reagents

All reagents used were of analytical grade.

Pepsin solution

Pepsin 0.5 g
Nacl 0.8 g
1/20 N Hel ~ 100 ml

Trypsin-bile solution

Trypsin 0.4 g

Nacl 0.8 g
Na HCO3 1.0 g
OX bile 20 ml
Dist.water - 80 ml

3.2.2.2 In vivo

Fifty embryonéted metacercariae were scraped from the
cellophane strips and placed in a solid watch glass plate
containing 2 - 3 ml of 0.1% detergent solution in water
(Lissapol, ICI Ltd., Macclesfield, Cheshire). This detergent
solution was used to prevent the sticking of the metécercariae to
the glass plate.

The numbers of métacercariae were checked using a
stereoscopic microscope (Leitz Ltd.).

The solution containing the metacercariae was drawn into a

1 ml syringe to which a short cannula (1.19 mm i.d.) was
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attached.

Two rats (Sprague-Dawley breed) were lightly anaesthetised
by placing them in a jar containing cotton soaked with trichloro-
ethylene for a few minutes. When the rats showed no physical
reflexes, they were held from the back of the neck and the
cannula was introduced into the oesophagus and the solution was
administered.

The syringe was rinsed with the detergent solution and the
washings were administered to the rats as above.

Three weeks later, the rats were killed and the livers were
removed. This time was allowed to see the gross pathological
lesions in the liver which is associated with the migration of
young flukes.

Both livers (Fig. 2.3.2) showed marked fibroblastic canals
which were caused by the migration of the immature flukes through

liver parenchyma.

3.2.3 Post mortem findings

The livers from allAsheep in Groups 1, 2 and 3 were cut
carefully into 5 - 10 mm slices and all visible flukes were
removed and stored for counting. The gall bladders from livers
with no visible flukes were retained and the bile from the
treated animals was collected and stored at -20°C for analysis.

One to two liver slices were squeezed by hand and kept
at -20°C for determination of rafoxanide residues. The remaining
liver slices were incubated in a bucket containing water at 42°C

for 2 - 3 hours.
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The slices were then removed from the warm water, washed and
squeezed manually and the remaining materials in the bucket were
washed onto sieves with 317 um pore size.

The contents of these sieves were collected and examined
microscopically. The number of liver flukes present was
determined by counting the oral suckers recovered.

Analysis of plasma, bile, liver and muscle samples were as
described in Sections 2.2.1, 2.4.2 and 2.4.3 respectively.

The plasma enzyme concentrations were measured using test

kits (BCL, Boehringer Mannheim House, East Sussex).
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FIGURE 2.3.1

In vitro ASSESSMENT OF VIABILITY OF Fasciola hepatica

METACERCARTAE. A : ENCYSTED METACERCARTAE, B : METACERCARIAE

TRYPSIN-BILE SOLUTIONS, C : YOUNG FLURES, D : EMPTY CYST.
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FIGURE 2.3.2

LIVER OF RATS RECOVERED AT AUTOPSY (3 WEEKS AFTER

EXPERTMENTRAL, INFESTATION WITH 50 Fasciola hepatica

METACERCARTAE) SHOWING MARKED FIBROBLASTIC CANALS CAUSED BY

MIGRATION OF IMMATURE FLUKES.
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FIGURE 2.3.3.

.LIVER FROM INFECTED AND UNTREATED SHEEP RECOVERED
AT AUTOPSY (14 WEEKS AFTER EXPERIMENTAL INFESTATION

WITH 450 Fasciola hepatica METACERCARIAE)

SHOWING FIBROBLASTIC CANALS AND SOME

DEGREE OF . CIRRHOSIS.
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3.3 Results

3.3.1 Efficacy trial

The treatment schedule, number of fluke eggs, number of
flukes recovered at autopsy and the percentage efficacy are
summarised in Table 2.3.1.

All the control animals were highly infected with

Fasciola hepatica and the fluke populations were of different

size and length. All livers had some degree of cirrhosis
(Figure 2.3.3). Macroscopically some of the treated livers were
badly damaged and some had normal parenchyma but portions of the
bile ducts were fibroblastic and calcareous. ‘
Rafoxanide was found to be 86.40 and 87.88% effective
against six and ten week-old flukes when administered at 7.5 and

1

2.5 mg.kg ' respectively.

3.3.2 Determination of rafoxanide in plasma

The concentrations of rafoxanide in individual sheep and the
mean + S,E.M., concentration in plasma in both treated groups are
shown in Table 2.3.2.

Rafoxanide was absorbed through the gastrointestinal
epithelium to the circulation and was detected in plasma six
hours post dosing at a mean concentration of 6.3 }Jg.ml"l and rose
to attain the mean maximum concentration of 43.0 )ug.ml'1 after
three days of administration (Figure 2.3.4). Thereafter, a
relatively fast decline in the plasma concentration/time profile
occurred from three to 17 days after dosing and followed the same
pattern as shown by the non-infected sheep. Elimination of

rafoxanide after three weeks was slow and produced a mean
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concentration of 3.4 pg.ml'1 at 56 days after drug
administration.

The plasma kinetics of rafoxanide in Group 2 sheep (treated
at 2.5 mg.kg"1) were similar to those seen in Group 1
(Figure 2.3.4). The maximum plasma concentration occured three
days post dosing at a mean concentration of 14.2 }1<;.ml"l followed
by a relatively rapid decline down to 7.5 mg.kz_:;'1 14 days post
administration. Thereafter the decline was slower and the
concentrations decreased slowly to 3.7 ;1g.ml'1 28 days after
dosing.

Significant differences (P < 0.05) were found between the
mean plasma concentrations in the infected (Group 1) and non-
- infected sheep. The AUC of each sheep in Group 1, 2 and in non-
infected sheep were analysed using one-way analysis of variance.
The AUC for sheep in Group 2 were multiplied by three to provide
a direct comparison to those in Group 1 and in non-infected
sheep. It was found that the'AUC in infected sheep (Group 1
and 2) were significantly higher (P < 0.05) than those in the
non-infected sheep.

3.3.3 Residues of rafoxanide in plasma, bile, liver and
muscle

Rafoxanide was detected in the plasma samples, obtained at

slaughter, at a mean concentration of 3.4 and 3.7 pg.ml'1 after -

1

administration of rafoxanide at 7.5 and 2.5 mg.kg™ ' respectively

(Table 2.3.2).

L were found in

Mean concentrations of 0.1 and 0.3 pg.g~
liver samples after administration of rafoxanide at 7.5 and

2.5 mg.kg™! respectively (Table 2.3.3).
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Rafoxanide was not detected at the limit of detection of the
method (0.10 pg.ml'1) in any bile and muscle samples
(Table 2.3.3) obtained at slaughtering time from treated animals.

3.3.4 Biochemical estimation

The mean concentrations of ALT, AST, AP and YGT in plasma
are shown in Fig. 2.3.5, 2.3.6, 2.3.7 and 2.3.8 respectively.

Plasma ALT activity did not differ significantly from that
of the control group throughout the trial.

The mean maximum plasma concentration of AST and AP occurred
four to six and six weeks after infestation respectively and
declined to normal after treatment in Group 1 sheep.

Significant elevations of plasma concentration of YGT were
seen before treatment in Group 1 and 2 sheep and declined slowly
after treatment but rose again only in Group 1 sheep after 12
weeks of infestation. Typical rise in YGT activity was seen in
the control group and reached a maximum concentration of
116 iU0. 171 nine weeks after infestation and then declined to

levels still higher than the normal levels.
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TABLE 2.3.1
ANTHEIMINTIC EFFICACY OF RAFOXANIDE AFTER ORAI. ADMINISTRATION

AGATNST SIX AND TEN WEEK-OLD Fasciola hepatica IN SHEEP,

Dose rate Time of dosing No.of flukes No.of eggs Efficacy +
Sheep after infection

No. mg.kg"1 (weeks) recovered (/g) (%)
90 7.5 6 21 Negative

95 7.5 6 3 1 86.40
107 7.5 6 3 7

11 2.5 10 2 4

15 2.5 10 4 1 - 87.88
44 2.5 10 18 Negative

30 * * 83 Negative

45 * * 64 15

66 * ‘ * 51 23

*¥ Control (infected and untreated)

(Control mean - treated mean)
+ % efficacy = ——— x 100
' control mean
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TABLE 2.3.2

CONCENTRATIONS (pg.m1-1)(ﬁ‘RAFO)(AN]])EmPIASBMQF'
SHEEP TREATED AFTER 6 AND 10 WEEKS QOF

INFESTATION AT 7.5 AND 2.5 mg.kg™! DOSE RATE.
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Sheep number Sheep number

Time Mean + S.E.M. Mean + S.E.M.
90 95 107 11 15 44 '
pre 0 0 0 o 0 0 0
6 h 4.0 8.0 7.0 6.3 + 1.2 - - - - -
12h 14.0 13.8 21.6 16.5 + 2.6 6.2 6.3 6.0 6.2+ 0.1
1d 24.8 24.2 37.7 29.0 + 4.4 1.8 11.5 9.0 10.8 + 0.1
2d 32.2 36.8 45.3 38.0 + 3.8 14.5 14.5 13.2 14.0 + 0.4
3d 32.4 42.0 54.3 43.0 + 6.4 14.3 14.0 14.3 14.2 + 0.1
7d 24.6 33.4 40.0 32,7 + 4.5 10.8 12.5 12.6 12.0 + 0.5
10d 23.0 26.7 34.8 28.2 + 3.5 - - - - -
14 d 21.7 24.5 29.3 25.2 + 6.5 9.0 | 8.0 5.4 7.5 + 1.0
174 18.6 23.0 31.4 24.3 + 3.8 7.0 6.0 4.0 5.7 + 0.8
21d 14.0 19.2 21.6 18.3 + 2.2 6.4 5.0 3.2 4.8 + 0.9
284 13.7 13.8 16.0 ‘14.5 + 0.7 4,5 4.2 2.4 3.7 +0.6
354 10.4 10.0 11.8 10.7 + 0.5 - - - - -
42 d 4.4 6.2 5.4 5.3 + 0.5 - - - - -
49 d 3.7. 4.0 4.7 4.0 + 0.3 - - - - -
56 d 3.0 3.5 3.8 3.4 + 0.2 - - - - -

Sheep 90, 95, 107 treated at 7.5 mg.kg‘1 when flukes were 6 weeks old.

Sheep 11, 15, 44 treated at 2.5 mg.kg'1 when flukes were 10 weeks old.
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TABLE 2.3.3
CONCENTRATIONS (pg.ml~! or pg.g™1) OF RAFOXANIDE IN

BILE, LIVER AND MUSCLE OF SHEEP AFTER ORAL ADMINISTRATION

AT 7.5 AND 2.5 mg.kg~! DOSE RATE.
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Sample

Sheep Bile * Liver * Muscle *
no. (pC_J-ml'1 ) (}ng-g“1 ) (ng.g™")
%0 ND 0.1 ND
95 ND 0.1 ND
107 ND 0.1 ND
11 ND 0.5 ND
15 ND 0.3 ND
44 ND 0.2 ND
* Each value is mean value of duplicate samples.

ND None detected.

Sheep 90, 95, 107 treated at 7.5 mg.kg™! when flukes were
six weeks old.

Sheep 11, 15, 44 treated at 2.5 mg.kg'1 when flukes were
ten weeks old.
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FIGURE 2.3.4

MEAN CONCENTRATIONS (pg.m1—1)CE‘RAFO)§ANI|Em'IHEPIm
OF SHEEP (GROUP 1, n=3) TREATED 6 WEEKS AFTER INFESTATION WITH

Fasciola hepatica METACERCARIAE AT A DOSE RATE OF 7.5 mg.kg™ |

AND AT 10 WEEKS AT A DOSE RATE OF 2.5 mg.kg™"!

(GROUP 2, n=3).
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FIGURE 2.3.5

MEAN CONCENTRATIONS (iu.l—1) QOF ALANINE AMINOTRANSFERASE
v (ALT) OBTAINED IN PLASMA OF SHEEP IN GROUP 1 (n=3) TREATED WITH

RAFOXANIDE 6 WEEKS AFTER INFESTATION WITH Fasciola hepatica

ME.']E(IRCZRIAEATAII)SERAE(IF7.5ng.kg-1AM)mGKXIP2
(n=3) TREATED AFTER: 10 WEEKS OF INFESTATION AT A DOSE RATE OF

2.5 mg.kg~! AND IN GROUP 3 (n=3) INFECTED AND UNTREATED,
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FIGURE 2.3.6

MEAN CONCENTRATIONS (iu.l—1) QOF ASPARTATE AMINOTRANSFERASE
(AST) OBTAINED IN THE PLASMA OF SHEEP IN GROUP 1 (n=3)
TREATED WITH RAFOXANIDE 6 WEEKS AFTER INFESTATION WITH

Fasciola hepatica METACERCARTAE AT A DOSE RATE OF

7.5 mg.kg™! AND IN GROUP 2 (n=3) TREATED 10 WEEKS
AFTER INFESTATION AT A DOSE RATE OF 2.5 mg.kg™

AND IN GROUP 3(n=3) INFECTED AND UNTREATED.,
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FIGURE 2.3.7

MEAN CONCENTRATIONS (iu.1_1) OF ALKALINE PHOSPHATASE
(Ap) IN THE PLASMA OF SHEEP IN GROUP 1 (n=3) TREATED WITH

RAFOXANIDE 6 WEEKS AFTER INFESTATION WITH Fasciola hepatica

METACERCARIAE AT A DOSE RATE OF 7.5 mg.kg™| AND IN GROUP 2
(n=3) TREATED AFTER 10 WEEKS OF INFESTATION AT A DOSE RATE OF

2.5 mg.kg™! AND IN GROUP 3 (n=3) INFECTED AND UNTREATED.

173



290

~ 250—

v~

AP concentration ( iu.l

N
-
T

-—h

~

o
il

130-

@ —@ untreated
®— @ treated at 6 weeks

®---@treated at 10 weeks

100



FIGURE 2.3.8

MEAN CONCENTRATIONS (iu.1”') OF GAMMA-GLUTAMYL
TRANSPEPTIDASE (YGT) IN THE PLASMA OF SHEEP IN GROUP 1 (n=3)
TREATED WITH RAFOXANIDE 6 WEEKS AFTER INFESTATION WITH

Fasciola hepatica METACERCARTAE AT A DOSE RATE OF 7.5 ng.kg—1

AND IN GROUP 2 (n=3) TREATED AFTER 10 WEEKS OF INFESTATION AT
A DOSE RATE OF 2.5 mg.kg™] AND IN GROUP 3 (n=3)

INFECTED AND UNTREATED.,
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3.5 Discussion

It has been shown that the anthelmintic activity of most of
the flukicidal anthelmintics is influenced by their strong.
affinity for plasma proteins. The process of binding acts to
prolong the half life of the drug in the animal's body and might
provide a possible route by which these drugs are delivered to
the parasite and exert their activity (Broome and Jones 1966; Lee
1973; Guerrero et al 1982). For example, closantel has been

. shown to have a residual activity against Haemonchus contortus

for 60 days after drug administration (Hall et al 1981),
rafoxanide prevented the reinfection with the larval stage of

Oestrus ovis in sheep for 11 days after administration (Horak,

Louw and Raymond 1971).
In this experiment, efficacy of rafoxanide (86.40%) at

7.5 mgkg™]

against six week-old fluke after oral administration
was in general agreement with those obtained after oral
administration of the drug [99%; Armour and Corba (1970) and 97%;
Guilhon et al (1970)], and with those after intraruminal
administration [87%; Ross (1970); 95%; Campbell and Hotson (1971)
and 88.9%; Horak, Snijders and Louw (1972)1.

| Presidente and Knapp (1972) found that rafoxanide given at

7.5 mg.kg"I

was 58.8% efficient against six week-old flukes in
calves. Lower efficacy (37.9%) was reported in cattle by
Snijders and Horak (1975).

The differences in efficacy between sheep and cattle is

- probably due to the greater amount of connective tissues in

cattle liver parenchyma whereas sheep have less connective
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tissues (soft parenchyma) which presents no barrier to the
flukes. Also the short half life of rafoxanide (7 days) found in
cattle following the administration of 5 mg'.kg"1 (Dedek et al,
1977) indicates a more rapid elimination of rafoxanide in cattle.
Since acute fascioliasis is not such a major problem in‘cattle as
in sheep, the aim of treatment against fascioliasis in cattle is
mainly toward the adult flukes.

Against ten week-old fluke rafoxanide given at 2.5 mg.kg"I
showed similar efficacy (87.88%) to that obtained after
intraruminal administration (2.5 ng«;'1) against F, gigantica in
cattle (Snijders, Horak and Louw, 1971). When, however, in this
trial the dosage that was received by sheep harbouring ten week-

1, the efficacy of

old flukes was increased from 2.5 to 7.5 mg.kg™
rafoxanide would be higher than 87.88% as those stages of flukes
which are adult at this stage are more susceptible to the action
of rafoxanide.

The experiment would have been better designed if one of the
sheep dosed after six weeks of infestation had been killed
shortly after treatment to assess the actual efficacy of
rafoxanide against the immature 1liver flukes. But,
unfortunately, the restricted number of sheep used in this trial
made this assessment not possible. Also, obtaining a true count
of immature flukes at about six to seven weeks is very difficult
(and is the reason why all other authors have allowed surviving
flukes to mature before counting) and would also have

.necessitated the killing of equivalent numbers of control

animals. However, fortunately, the results of efficacy of

rafoxanide against six and ten week-old liver fluke obtained in
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this trial was as -expected and confirmed the hypothesis upon
which this experiment was based, namely that rafoxanide has
little efficacy against younger flukes and that the efficacy
reported by previous workers is due to continuing efficacy as the
flukes reach maturity and become blood-suckers.

Flukes recovered at autopsy from sheep treated after six and
ten weeks of infestation were smaller in size (Fig. 2.3.9) when
compared to flukes recovered from control sheep. It is possible
that rafoxanide may be slov} acting and caused considerable
stunting in the growth of the flukes and hence reduce their
pathogenicity.

Knowing the concentration of rafoxanide in the flukes
recovered from the group treatéd six and‘ ten weeks after
infestation would provide further information which is helpful to
interpret whether rafoxanide had affected the immature or the
mature flukes. Unfortunately, however, it was not possible to
measure rafoxanide in the flukes due to the small number of
flukes recovered from both groups which proved to be insufficient
for the analytical procedure.

An experiment was also considered to establish whether
plasma protein-bound rafoxanide accumulates in flukes or whether
biliary concentrations are involved.

It is easily possible to label albumin using 131I.
Therefore giving rafoxanide to a sheep given labelled albumin
would produce the possibility of measuring accumulated rafoxanide
and simultaneously 1311 in flukes and the concentrations should

be well correlated if flukes take plasma albumin. Unfortunately,
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however 31T has a short half life and it was not possible to
devise a regimen to allow rafoxanide to equilibrate with the
albumin in a sufficiently short time before the 1311 decayed.

Changes in plasma enzyme concentration due to liver damage
during the course of natural and experimental fascioliasis in
sheep, goats and cattle have been reported by many authors
(Sewell 1967; Pinkiewicz and Madej 1967; Genchi and Locateli
1969; Thorpe 1968; Thorpe and Ford 1969; Gurlap and Weissenburg
1969; Hughes et al 1974; Anderson et al 1981; Martone et al 1983;
Kumar and Pachaur 1984; Rowlands et al 1985).

Certain of these enzymes exist in high concentrations in
hépatic cells and might be regarded as being good indicators of
liver cell damage e.g. elevation in alkaline phosphatase (AP)
concentration occurs due to lack of biliary excretion, elevation
in alanine aminotransferase (ALT) and aspartate aminotransferase
(AST) concentrations due to disruption of hepatic parenchymal
cells and increase in plasma concentrations of gammaglutamyl
transpeptidase (YGT) due to impaired | synthesis by the liver i.e.
damage affecting the biliary epithelium (Kelly 1974).

The significant (P < 0.05) elevation in the concentration of
AST, AP and 7YGT in plasma of all sheep seen six weeks after
infestation demonstrates the usefulness of such enzymes in
assessing the nature of damage occuring in liver tissues. ALT
activity changes were not significant (P > 0.05), this enzyme
occurring in very low concentrations in ruminants.

Liver flukes are considered as a haematophagous parasite and
animals suffering from fascioliasis show some degree of anaemia,

which is of a normocytic normochromic type (Stephenson 1947;
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Jennings et al, 1955, 1956; Pearson 1963; Holmes et al 1967;
Rowlands 1969; Cawdery 1976; Brown and Neva 1983). 7

In Group 2 sheep (treated ten weeks after infestation) the
values of haemoglobin were found to be significantly lower
(P < 0.05) than those in the control group whereas in Group 1
sheep (treated six weeks after infestation) the values were not
significantly changed (P < 0.05) (Figure 2.3.10).

An increase in the eosinophil count as a response to the
damage of liver tissues caused by migration of the flukes in
liver parenchyma has also been reported in cases of fascioliasis
(Kelly 1974). In all sheep, the percentage of eosinophil count
(Fig. 2.3.11) was not significantly changed (P < 0.05).

It is interesting that there were significant changes in the
plasma concentrations and AUC between the infected and non-
infected animals. The differences in the plasma concentrations
and AUC may be due to the use of different sheep. However, the
sheep were not markedly fat or thin in either group sufficient to
explain such a large difference. 1In fact, one of the sheep in
the infected gfoup (No.90) was used in the previous experiment
(as non-infected). The plasma concentrations were found to be
significantly higher (P < 0.05) when the animal was infected.

However, by inspection of the plasma concentrations of
rafoxanide/time profile, it can be concluded that liver fluke
infection did not alter the overall shape of the plasma
concentration/ time curve of rafoxanide in sheep. The reéson for
higher concentrations in the infected group may be due to i:he

fluke infection causing a reduced rate of hepatic metabolism.
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However, this might be expected to evidence itself as a more
prolonged elimination rather than higher maximum concentrations.
The infected group will be relatively deficient in plasma protein
but this should 1lead to reduced rather than higher
concentrations (the analytical method measures free and protein-
bound drug). Alterﬁatively better absorption may be occurring.
Infection, leading to inappetance, may be prolonging thé gut
passage time allowing a longer time for absorption.

Rumen by-pass has been shown to affect the anthelmintic
activity of benzimidazole drugs against resistant strains of
important species of gastrointestinal nematodes in sheep (Kelly
et al, 1977). Clioxanide, another member of salicylanilide
fasciolicides. has been shown to be less effective against liver
flukes aﬁd.EL contortus when given intraabomasally (Boray and
Roseby 1969; Symons and Roseby 1969; Campbell and Brotowidjoyo
1975), whereas rumen by-pass did not affect the anthelmintic
activity of rafoxanide in sheep (Campbell and Brotowidjoyo 1975).
However using an efficacy experiment for this purpose is a rather
crude way of investigation since individual variation in efficacy
is large,

The plasma rafoxanide concentrations/time curve shown by
both infected groups, shows no evidence that rumen by-pass had
occurred since rafoxanide was detected in only low concentrations
in the earlier samples (six hours after dosihg). Absorption from
the abomasum is relatively faster than that from the rumen.
Therefore if rumen by-pass had occurred a bi-phasic pattern of
absorption would be seen i.e. the drug would be detected in

higher concentrations in samples earlier than three days.
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Residues of rafoxanide obtained in this trial are in
agreement with those found in non-infected sheep (see
Section 2.5.3). Rafoxanide was not detected at the limit of
. detection (0.10 pg.m1'1) in any bile sample obtained from the
sheep at slaughter. This result further confirms the previous
suggestion that the concentration of rafoxanide around the mature
flukes inhabiting bile ducts is probably not the way by which
this anthelmintic reaches the parasite but that rafoxanide bound
to plasma proteins is being ingested by the flukes in liver and
bile ducts as flukeé in bile ducts feed mainly on blood rather
than on tissues (Rowlands 1969; Jennings et al 1956; Pearson
1963). |

Livefs of sheep in Group 1 and 2 contained a mean

concentration of 0.1 and 0.3 }.lg.g"1

of rafoxanide respectively.
In all muscle samples no rafoxanide was detected at the limit of
detection (0.10 pg.g"1) which is also similar to those findings

in the previous experiment.
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FIGURE 2.3.9

FLUKES RECOVERED AT AUTOPSY (14 WEEKS AFTER INFESTATION

WITH 450 Fasciola hepatica METACERCARTAE FROM

A : SHEEP INFESTED AND UNTREATED, B : SHEEP TREATED WITH
RAFOXANIDE AT 7.5 mg.kg~! 6 WEEKS AFTER INFESTATION,
C : SHEEP TREATED AT 2.5 mg.kg~| AFTER 10 WEEKS

OF INFESTATION.
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FIGURE 2.3.10

MEAN VALUES OF HAEMOGLOBIN (g.dl"")MEASURE)]NSHEEP
IN GROUP 1 (n=3) TREATED SIX WEEKS AFTER INFESTATION WITH

Fasciola hepatica METACERCARIAE AT A DOSE RATE OF 7.5 ng.kg_1

AND IN GROUP 2 (n=3) TREATED AFTER 10 WEERS OF INFESTATION AT
A DOSE RATE OF 2.5 mg.kg~! AND IN GROUP 3 (n=3)

INFECTED AND UNTREATED.
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FIGURE 2.3.11

MEAN BOSINOPHILIC COUNT (%) OBTAINED IN SHEEP IN GROUP 1 (n=3)

TREATED SIX WEEKS AFTER INFESTATION WITH Fasciola hepatica

METACERCARTAE AT A DOSE RATE OF 7.5 mg.kg™| AND IN GROUP 2
(n=3) TREATED AFTER 10 WEEKS OF INFESTATION AT A DOSE RATE
RATE OF 2.5 mg.kg~! AND IN GROUP 3 (n=3) INFECTED

AND UNTREATED.
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CHAPTER 4

PHARMACOKINETTIC STUDIES OF CLOSANTEL IN SHEEP



4. Pharmacokinetic Studies of Closantel in Sheep

4.1 Introduction

4.1.1 Efficacy
Closantel : N-{5-chloro-4-[(4-chloro-phenyl) cyanomethyl]-2-

methyl phenyl}-2-chlroxy-3, 5-diiodobenzamide, is a new
injectablé and orally active salicylanilide anthelmintic
discovered by Janssen and Sipido (1977). The structure of
closantel is shown in Fig. 2.4.1. Closantel has been shown to be
efficacous against important species of nematodes of sheep and
cattle e.g. H. contortus (Van den Bossche et al 1979; Hall et al

1980, 1981; Boisvenue et al 1983), mature and immature forms of

Fasciola hepatica and Fasciola gigantica in sheepv and cattle (Van
den Bossche et al 1979; Dobbins and Wellington 1982), bovine and

ovine arthropods, Dermatobia hominis, Hypoderma spp and

Oestrus bovis (Van den Bossche et al 1979; Chaia et al 1981);

Canine hookworm Ancylostoma caninum (Guerrero et al 1982) and

against the larval stage of the tapeworm Taenia pisiformis in

rabbits (Chevis et al 1980). Closantel has been shown to be

active against adult and migrating larvae of Strongylus vulgaris

in horses (Guerrero et al 1983).

4.1.2. Mode of Action

The mechanism of action of closantel against F. hepatica has
been described as disruption of phosphorylation of mitochondria
which occurs both in vivo and in vitro (Van den Bossche et al
1979; Kane et al 1980). Closantel did not uncouple
phosphorylation in rat heart and liver mitochondria in vivo when
rats were injected intramuscularly with closantel at doses of

5 mg.kg~! (Van den Bossche et al 1979).
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In flukes incubated in \_z_i__f:_r_q and flukes recovered from
treated sheep, closantel diminished ATP synthesis, increased
carbohydrate mobilisation and increased end product formation
especially of sucéinate (Kane et al 1980). Such results are
consistent with the hypothesis of the uncoupling activity of most
salicylanilides (Van den Bossche 1976) and thus a similar
mechanism of activity may also be responsible for the varied
activity of closantel against some nematode and arthropod
species. Evidence of an anticholinestrase action of closantel
was -shown in dogs (Holenweger and Taroco 1982). It is not clear
if this action is important in the activity of closantel against
parasites.

4.1.3. Safety to Host

Closantel administered orally or intramuscularly at 5 and

10 mg.kg'1

of bodyweight appeared to be well tolerated by sheep
(Hall et al 1980, 1981). No undesirable signs were shown in one
month old foals treated orally five times at two month intervals
with closantel at doses of 5, 10, 20 and 40 mg.kg"1 (Guerrero
et al 1 983).‘

The injectable .formulation of closantel was shown to be safe
in dogs injected intramuscularly at doses up to 20 mg.kg'1 of
bodyweight (Guerrero et al 1982) and in calves at 2.5, 8.0 and
12.5 mg.kg—1 (Dobbins and Wellinéton 1982; Chaia et al 1981).

4.1.4 Pharmacokinetics and Objective

There are few published data on the anthelmintic activity of
closantel as the drug has only recently been marketed (not in the

United Kingdom) and no studies have been published concerning the

186



pharmacokinetic behaviour of closanﬂtel in sheep. Therefore it
was interesting to investigate the pharmacokinetics of closantel
in sheep with a special emphasis on the plasma protein binding
and tissue residues.

4.2 Determination of Closantel in Plasma

There is currently no published method for the determination
of closantel in body fluids. However it was found that the same
method previously developed for the extraction of rafoxanide into
di-ethyl ether was also applicable to closantel and thus this
method was used for the determination of closantel in plasma
samples.

4.2.1 Materials and Methods

4,2.1.1 Procedure of Analysis

Closantel was extracted from plasma samples into di-ethyl
ether and determined by an Hplc method as described in Chapter 2,
Section 2.2.2.3 using U.V. detection,

Residues were dissolved in 100 jpl methanol and injected onto
the Hplc column. The limit of detection of the method was
0.10 pg.ml'1. Closantel was detected at a wave length of 254 nm.
Using the Hplc conditions described in Section 2.2.1.2 closantel
had a retention time of 3.85 minutes. |

4.2.1.2 Preparation of Standards and Recoveries

A stock solution of closantel was made up in methanol as
described in Chapter 2, Section 2.2..1 .4.

It was found that closantel decomposes in solution when
exposed to light so all samples containing closantel were
protected from light by using brown glass tubes and wrapping_ the

tubes with aluminum foil.
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Spikes containing 2, 5, 10, 14 and 20 ;Jg'.ml‘1 of closantel
in plasma were prepared by adding known amounts of the drug.
These were taken through the procedure of analysis together with
the actual samples.

Table 2.4.1 shows percentage recoveries of closantel from
the spiked plasma. |

Calculation of the percentage recoveries in the spikes and
concentration of the drug in the samples was performed using the
equations described in Chapter 1, Section 1.2.1.4.

4.2.2 Experiments with Closantel

4.2.2.1 Animals and Drug Administration

Five sheep of different breed and sex were used in this
experiment., The sheep were dosed nrally with closantel at a dose
rate of 7.5 mg;kg'1‘of bodyweight. The suspension was a ready
formulation for oral administration at a concentration of 15%
w/v.

Table 2.4.2. shows individual sheep weight and volume of
closantel administered orally to each sheep.

4.2.2.2 Samples for Analysis

Blood samples were withdrawn from the jugular vein into
heparinised syringes (Monovette, Sarstedt) using 20 gauge 1"
needles, immediately before the administration of the drug (pre
sample) and at 1, 2, 3, 6, 8, 10, 14, 17, 21, 24, 28, 31, 35, 49,
70 and 91 days after the administration. On the outset a
sampling period of 28 days was used but early analysis of the

samples indicated that sampling should be continued.
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4,2.2.3 Treatment of the Samples

Treatment of blood samples was as described in Section
2.2.2.4. All samples were wrapped with aluminium foil and deep
frozen at -20°C until analysed.

4.3 Binding of Closantel to Plasma Proteins

The extent of binding of closantel to plasma proteins was
determined in vitro using an ultra free drug filter (Amicon
centricon microcentrator) (Fig.2.1.2).

Drug-free plasma containing 10 and 20 ;.1(_:1.m1"1 closantel was
introduced into the filter to which a reservoir cap was
connected. The filter was then centrifuged using a fixed Angle
(MSE) centrifuge at 5000 x g for two hours. The concentration of
the free closantel in the filtrates was determined by a high
performance liquid chromatography as described in Chapter 2,
Section 2.2.1 and the percentage bound was calculated as
described in Chapter 1, Section 1.4.1.

4.4. Determination of Closantel in Bile and Tissue

Residues of closantel were determined in bile and tissues of
three sheep dosed orally with closantel in an experimental
preparation (10% w/v) at a dose rate of 7.5 mg.kg~!.

The sheep were slaughtered 1, 7 and 28 days after the
administration. Table 2.4.3 shows the dose of closantel
administered to each sheep.

Before slaughter blood samples were drawn from the animals
and the plasma was separated and deep frozen until analysed.

Bile and pieces of liver and gluteal muscle were taken at

slaughter and kept at -20°C until analysed.
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4.4.1 Materials and Methods

An Hplc method was used for the determination of closantel
in bile, liver and muscle as described in Chapter 2, Section
2.4.3. Duplicate samples were taken through the extraction
procedure and each sample was analysed for the amount of
closantel present. Blank bile, liver and muscle was carried
through the extraction procedure. The method was reproducible,
accurate and sensitive to 0.10 ug.ml™! and 0.10 pg.g”™! and it was
convenient for rapid routine determination. Table 2.4.4 shows
recoveries of closantel in bile and tissues., Plasma samples were

analysed as described in Chapter 2 Section 2.2.1.
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 TABLE 2.4.1

PERCENTAGE REQOVERIES OF CLOSANTEL IN SHEEP PLASMA

Closantel added

———

Closantel measured

Ratio Assayed

to blank plasma Mean + S.E.M.
(pg) (ng) to added
2 1.6 1.7 1.6 1.6 + 0.10 0.80
5 3.7 3.8 4.0 3.8 0.10 0.76
10 7.8 9.0 8.6 8.5 + 0.30 0.85
14 1.8 10.5 11.0 11.0 + 0.30 0.79
20 17.0  17.8 16.8 17.0 + 0.30

———
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THE DOSE OF CLOSANTEL ADMINISTERED ORALLY TO
EACH OF THE FIVE SHEEP

Weight Dose rate Volume
‘Sheep No. (kg) (mg.kg™ ') administered

(ml)
818 41 7.5 2.05
598 38 7.5 1.90
435 41 7.5 2.05
XNT 3 7.5 1.55
430 39 7.5 1.95
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TABLE 2.4.3

DOSE QF CLOSANTEL ADMINISTERED TO THE THREE SHEEP

‘Weight Dose rate Volume Days from
Sheep No. - administration
(kg) (mg.kg™ 1) (ml) to slaughter
106 64 7.5 ~ Y.80 1
105 62 7.5 4.65 7
111 60 7.5 4.50 28
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TABLE 2.4.4

REQOVERIES OF CLOSANTEL IN BILE, LIVER AND MUSCLE

Amount drug Amount drug Ratio of Assayed
added (pg) measured (ng) to Added
liver and muscle
0.2 n =10 0.2 1.00
0.5 0.4 0.80
0.8 0.7 0.88
1.0 0.9 0.90
2.0 1.9 0.95
Bile
0.4 n= 5 0.3 0.75
0.6 0.5 0.83
1.0 0.8 0.80
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FIGURE 2.4.1

STRUCTURE QF CLOSANTEL
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4.5 Results

4.5.1 Determination of Closantel in Plasma

The mean plasma concentration/time profile of closantel
obtained after the oral administration is represented in
Fig. 2.2.2. Table 2.4.5. presents plasma concentrations of
closantel in each sheep and the mean concentration + S.E.M.

The individual and the mean plasma concentration of
closantel expressed as a function of time was modelled using an
iterative least square method (Sedman and Wagner 1976). The
data was found to be well fitted by a tri-exponential term. The
reciprocal of the observed plasma concentration was applied as a
weighting factor and an improvement in the goodness of fit was
described by a tri-exponential model rather than by a bi-
exponential model (Table 2.4.6).

After oral administration of closantel, the drug was
absorbed to obtain a maximum concentration of 45 ;:tg.ml"1 at two
days post administration, thereafter the plasma concentration
declined triexponentially to a mean of 0.9 pg.ml'1 at 91 days
after dosing.

Individual values of AUC and half life in the "distribution"
and "elimination" phases were obtained by computing the
experimental data (Table 2.4.7). A mean elimination half life
(t 1/27Y) and AUC were found to be 14.5 + 2.3 days and 1035.4
+ 212.4 pg.ml'1 .day respectively.

4.5.2 Binding of Closantel to Plasma Proteins

Closantel (molecular weight 663.07) was not detected in

~ultrafiltrates of plasma containing different concentrationsof
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the drug. Since the highest concentration of closantel used was
20 ;:lg.ml—1 and the limit of detection of the method is
0.10 ;.1g.ml'1 therefore using the equation described in Chapter 1
Section 1.4.1 it would appear that closantel bound > 99% to
plasma protein.

4.5.3 Determination of Closantel in Bile and Tissues

The concentrations of closantel in sheep plasma, bile, liver
and muscle, slaughtered at different times after the oral
administration of closantel at a dose rate of 7.5 mg.kg'1 of
bodyweight is shown in Table 2.4.8.

The concentrations of closantel were considerably higher in
the plasma, liver and muscle samples of sheep slaughtered seven
days after administration than those obtained in the sheep
slaughtered one day after dosing.

Closantel was detected in plasma, liver and muscle samples
28 days post-administration while in bile, closantel was not
detected at that time at the limit of detectién of the method

(0.10 pg.m1~1).
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TABLE 2.4.5

PLASMA CONCENTRATIONS (pg.m1_1) QF CLOSANTEL AFTER
ADMINISTRATION OF AN ORAL SUSPENSION (15% W/V) AT A DOSE RATE

OF 7.5 mg.kg™! BODYWEIGHT TO FIVE SHEEP.
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Sheep no.

Time

(days) 818 XNT 435 598 430 Mean + S.E.M.

Baseline 0 0 0 0 0
1 48.2 40.0 35.3 64.0 34.0 44.3 + 5.5
2 39.0 42.0 46.0 60.0 37.0 45.0 + 4.0
3 43.0 36.0 49.0 45.0 33.0 41.2 + 3.0
6 43.0 35.0 33.0 47.0 31.0 38.0 + 3.0
8 36.0 33.0 27.0 - 24.0 30.0. + 2.5
10 35.0 31.0 24.0 35.0 21.0 29.0 + 2.8
14 29.0 24.0 19.0 36.0 15.0 25.0 i 3.7
17 25.0 23.0 13.0 33.0 11.0 21.0 + 4.0
21 21.0 18.0 11.0 28.0 12.0 18.0 + 3.0
24 18.0 17.0 8.0 24.0 9.0 15.2 + 3.0
28 15.0 12.0 5.0 22.0 6.0 12.0 + 3.0
31 14.0 12.0 4.0 21.0 5.0 1.2 + 3.0
35 14.0 10.0 2.0 18.0 4.0 9.6 + 3.0
49 8.0 5.0 0.4 13.0 1.7 5.6 + 2.3
70 4.0 2.0 0.2 5.0 0.2 2.3 + 1.0
91 1.4 0.5 0.2 2.6 0.0 0.9 + 0.5
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TABLE 2.4.6
A COMPARTSON OF THE COMPUTER GENERATED VALUES OF R-SQUARE

BETWEEN TWO AND THREE COMPARTMENT MODEL FOLLOWING

CORAL, ADMINISTRATION OF CLOSANTEL .

Animal Type of compartment Values of R-square
number ‘
430 2 0.97845
3 0.98991
435 2 0.92432
3 0.99186
598 2 0.80319
3 0.97243
818 2 0.95200
3 0.97736
XNT 2 0.98498
3 0.99542
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TABLE 2.4.7.
VALUES OF HALF LIFE IN "AB&RPI’ICN", "DISTRIBUTION" AND
"ELIMINATION" PHASE (DAYS) AND AREA UNDER PLASMA CONCENTRATION
TIME CURVE (AUC pg.ml™!. days) OF CLOSANTEL DETERMINED BY A
TRIEXPONENTIAL MODEL IN SHEEP AFTER ORAL

ADMINISTRATION OF 7.5 mg.kg™ 1.

Animal No. t 1/2 (a) t1/2 (3) t1/2 (7) AUC_1
day day day pg.ml” ' .days

430 . 0.30 4.60 9.30 571.80
435 0.60 4.00 10.50 630.00
598 0.20 1.60 20.70 1704.00
818 0.13 6.80 18.80 1285.00
XNT 0.20 7.00 13.00 986.00
Mean 0.30 4.80 14.50 | 1035.40
+ S.E.M. + 0.08 +1.00 + 2.30 + 212,40
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TABLE 2.4.8

CONCENTRATIONS (pg.ml~! or pg.g™1) OF CLOSANTEL IN
SHEEP PLASMA, BILE, LIVER AND MUSCLE AFTER ADMINISTRATION OF

. CLOSANTEL AT A DOSE RATE OF 7.5 mg.kg 1.

Concentration of

Sheep Time from 1 closantel 1
No. dosing to pg.ml” Bg.g~
slaughter
(days) Plasma Bile Liver Muscle
106 1 28.3 0.7 1.7% 0.7*
105 7 35.7 0.5 2.3% 1.0%
111 28 18 ND 1.2% 0.4%

oo

* Each value represents the mean of 2.

ND None detected.
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4.6 Discussion

Closantel, like the other salicylanilides, was found to be
highly bound to plasma proteins (> 99%). The high efficacy of
many salicylanilides and substituted phenols against blood
sucking parasites such as H. contortus and hookworm may be
related to their attachment to plasma protein. They probably are
released to kill the parasite after ingestion of the blood. For
example, in an efficacy study, a single administration of
closantel had sufficient residual effect to prevent the

development of infective Dermatobia hominis larvae in calves

during a period of three weeks (Chaia et al 1981) and of
H. contortus up to 60 days after administration in sheep (Hall
et al 1981). Disophenol, which is a fasciolicide used in
ruminants, has been shown to have a prolonged period of
protection against the establishment of adult H. contortus in
sheep while the drug had no apparent effect on the early fourth
stage larvae in arrested development as those stages are not
blood suckers (Gordon 1974; Sinclair and Prichard 1975).
Following fhe oral administration, the rate of absorption of
closantel was relatively slow and the maximum plasma
concentration occurred within 1 - 2 days after dosing
(Fig.2.2.2). This slow absorption of drugs seems to be a
characteristic feature in ruminants which is due to mixing of the
drug with the large ruminal content and then progressive delivery
of the drug to the absorption sites in the gastrointestinal tract
distal to the rumen. The low solubility of closantel in the

aqueous phase probably also contributes to the slow absorption
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phase.

On the basis of the data presented (Table 2.4.7) a two phase
elimination could be distinguished. A relatively rapid initial
phase (t 1/2 (8) = 4.8 + 1.0 days) and a slower terminal phase
(t 1/2 (7Y) = 14.5 + 2.3 days).

The rapid elimination phase is usually considered as a
"distribution" phase where drug is equilibrated with tissues as
well as being metabolised and excreted. The terminal phase is
equivalent to the rate of metabolism and excretion. Nevertheless
in the case of closantel it would be surprising if the
"distribution" phase takes such a long time to occur since, for
most drugs, this phase lasts only a few minutes to hours.

It is possible to consider that initially after absorption
binding to plasma protein is less strong (possibly ionic bonding)
and that the initial phase is due to distribution of the rapidly
dissociatei free drug from blood to the peripheral compartment
and the slower phase due to utilisation and destruction of the
plasma protein'along with strongly associated drugs. Also other
evidence against the initial elimination phasé being a
"distribution" phase is from the low value of distribution of
closantel Vd (area) = 155.4 ml.kg'1 which indicates that only a
small proportion of closantel was distributed to extravascular
tissues. This finding is further supported by the low
concentration of closantel found in the bile, liver and muscle
samples (Table 2.4.8) obtained from animals at different
intervals after drug administration, although there was

considerable animal variation.
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Furthermore, the low levels of closantel in bile compared
with those in plasma (Table 2.4.8) is further evidence which
confirms that ingestion of blood by F. hepatica provides‘the most
likely pathway by which closantel and most other salicylanilides
are presented to the parasite rather than via the biliary
concentration. Moreover the binding of closantel to plasma
proteins considerably prolongs the residence time of the drug in
the bloodstream resulting in a residual effect which also
explains the prolonged activity of closantel against blood

sucking ecto- and endo-parasites.
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CHAPTER 5

PHARMACOKINETIC STUDIES OF OXYCLOZANIDE IN SHEEP



5. Pharmacokinetic studies of oxyclozanide in sheep

5.1 Introduction

5.1.1 Efficacy
A number of drugs have been available for the treatment of

fascioliasis in cattle and sheep since the 1920s. The drugs were
mostly chlorinated hydrocarbons (carbon tetrachloride,
hexachloroethane) and they have proved to be efficacious against
adult flukes in the bile duct (Cawdery 1972; Cawdery and Donnelly
1972) but they are all liable to produce unpredictable toxic
effects with occasional deaths and require certain precautions
during their use (Kendall and Parfitt 1962; Boray et al 1967;
Boray and Happich 1968).

In 1966 Imperial Chemical Industries discovered a new drug
oxyclozanide, which, although its chemical structure has
similarities to the chlorinated hydrocarbons, it belongs to the
group of salicylanilides, a structural grouping which appears to
possess specific flukicidal activity (see rafoxanide and
closantel).

- Oxyclozanide (Zanil) is a white crystalline solid substance
with the chemical name of 3,335,536-penta—chloro—2:
hydroxysalicylanilide. The chemical formula is shown in
Figure 2.5.1.

It is virtually insoluble in water but moderately soluble iﬁ
the common organic solvents. Oxyclozanide is formulated as an
aqueous suspension of 10 p particle size for oral treatment of
sheep and cattle at a therapeutic dose rate of 15 and 10-

1

15 mg.kg™ ' respectively.

At the recommended dose rate (15 n@pkg"1) oxyclozanide was
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found to be > 95% effective against adult Fasciola hepatica and

Fasciola gigantica in sheep, goats and cattle (Walley 1966; 1970;

Boray et al 1967; Boray and Happich 1968; Froyd 1969; Harrow
1969; Cotteleer and Fameree 1971; Campbell and Narelle 1972;
Kadhim et al 1973; Foreyt and Todd 1973).

The activity of oxyclozanide against adult liver fluke is
approximately equal to that of the previously introduced
fasciolicide carbon tetrachloride, hexachloroethane and
hexachlorophene but its therapeutic safety margin exceeds that of
the other drugs (Boray et al 1967; Boray and Happich 1968; Armour
1983).

Like the other halogenated hydrocarbons and salicylanilide
fasciolicides, efficacy of oxyclozanide against the flukes
increases with increasing age of the flukes. Although, in vitro,
experiments showed that both adult and immature fluke,
investigated under the same conditions, were susceptible to the
action of oxyclozanide, in vivo the dose rates had to be
increased aiaproximately to its maximum tolerated dose to achieve
high activity against immature flukes (Broome and Jones 1966;
Boray et al 1967; Boray and Happich 1968). This resistance of
the immature fluke to oxyclozanide was thought to be due to
protein binding of the compound in blood which bathes the
immature flukes in the liver parenchyma (Broome and Jones 1966).

5.1.2 Mode of action

It is well known that the substituted phenols and
" salicylanilides are potent uncouplers of oxidative

phosphorylation (Williamson and Metcalf 1967) and symptoms of
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uncoupling of the host metabolism have been shown for several
fasciolicides (Van miert and Groeneveld 1969; Metzger and Duwel
1973; Duwel and Metzger 1973; Druckrey and Metzger 1973; Van den
Bossche 1976). This is the reason for using the nitrophenols as
anti-obesity drugs in man.

Oxyclozanide has been shown to uncouple rat liver
mitochondria and stimulate oxygen uptake by the intact fluke

(Corbett and Goose 1971a,b) in isolated Hymenolepis diminuta

mitochondria (Yorke and Turton 1974). Such activities are
considered to be due to the uncoupling of oxidative
phosphorylation.

Succinate dehydrogenase complex in liver fluke has also been
identified as a possible site of action of oxyclozanide. Within
a few hours oxyclozanide inhibited succinic dehydrogenase,
decreased ATP and increased pyruvate concentrationvof liver fluke
(Metzger and Duwel 1973). Similar results were observed by
Schacht et al (1971) from the application of another
salicylanilide, resorantel (4-bromo-2,6-dihydroxy-benzanilide) in

Hymenolepis diminuta.

All of these activities are secondary consequences of
uncoupling of oxidative phosphorylation.

5.1.3 Safety to host

For curative treatment of adult F. hepatica infections,
especially in cattle, oxyclozanide has proved to be successful
and with a reasonable safety index at the lowest dose rates which
are highly effective against flukes in the bile duct (Walley
1966; 1970; Jones 1966; Kelsey 1966; Vaughan 1966; Boray et al

1967; Boray and Happich 1968; Froyd 1969; Oakley et al 1984).
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 In rats the oral LDgy is 1000 mg.kg_‘I (Broome and Jones
1966). In sheep Boray and Happich (1968) and Walley (1970) found
a safety index of 4. In cattle the drug was shown to be safe in
doses up to 30 mg.kg™! of bodyweight (Boray et al 1967, Boray and
Happich 1968).

Sheep, goats and cattle tolerated single and repeated
administrations of oxyclozanide at 10-20 mg.kg"‘I (Jones 1966;
Vaughan 1966; Walley 1966; 1970; O'Brien 1970).

Pregnant ewes and cows treated at doses up to 20 mg.kg'1 , Oon
one or many occasions, showed no adverse effect during the
gestation period and all gave birth to normal offspring (Vaughan
1966; Walley 1970). Lactating ewes dosed, when their lambs were

L showed no

1-10 weeks old, with oxyclozanide at 15 mg.kg™
reduction in milk yield or in liveweight gain of their lambs
(Walley 1970). Milking cows receiving the therapeutic dose rate

1 showed temporary reduction in milk yield by 3-18%

of 15 mg.kg™
over 48 hours. The milk yield returned to normal by the third
»day after treatment.

Bulls treated at 15 mg.kg"1 showed slight temporary loss of
libido; sperm studies carried,(gbtl: 24 hours, 72 hours and two weeks
after treatment showed no apparent change.

Toxicity signs appeared in sheep and cattle which had

received 30-40 mg.kg™

of oxyclozanide. The toxic symptoms were
softening of the faeces, increased frequency of defecation,
slight depression and inappetence. At 60 mg.l:c_:;“1 the toxic
effects increased progressively and deaths occurred up to eight

days after treatment (Boray et al 1967; Boray and Happich 1968).
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Post-mortem examination showed inflammation of intestine

especially duodenum, the contents of the rumen and reticulum were
very fluid, and some petechial haemorrhages in the trachea and
- endocardium,

Treatment of sheep, goats and cattle with a combination of
oxyclozanide and other chemotherapeutic agents (sulphamezathine,
organophosphatés, oxibendazole and tetramisole) showed no adverse
“toxicity (Walley 1970).

The above findings indicate that oxcylozanide is a well
tolerated and efficient treatment for cattle and sheep.

5.1.5 Pharmacokinetics

Little attention has been given to the pharmacokinetic
behaviour of most fasciolicidal drugs while extensive studies
have been carried out on their activity against adult and
immature flukes and coﬁcerning their toxicity. Since the
introduction of oxyclozanide there has been no published data on
the kinetics of oxyclozanide in sheep and cattle.

In an efficacy study Froyd (1969) measured the concentration
of oxyclozanide in cattle serum at 19 hours only after
administration at a fixed dose of 10 mg.kg"‘I bodyweight. The
concentrations varied from 8.9-24.7 pg.ml"1.

A milk residue study in ewes showed that following
administration of a single oral dose of 30 mg.kg'1 of
oxyclozanide to ewes shortly after parturition, the maximum
concentrations in the range 0.27 to 1.02 pg.ml"1 occurred during

the 12 hours after treatment (Oakley et al 1984).
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5.1.6 Objective

Oxyclozanide is one of the major fasciolicides in current
use in ruminants in the UK. It is of particular use in
lactating cows as there are nq'restrictions on the use of milk
from cows treated with oxyclozanide.

Oxyclozanide, whose pharmacokinetics have not been reported
either in sheep or cattle, provides an interesting comparison
with closantel and rafoxanide since although all three are
salicylanilides, oxyclozanide has lower efficacy against immature
fluke (Boray and Happich 1968; Walley 1970). Therefore the
pharmacokinetic behaviour of oxyclozanide in sheep plasma and the
degree of binding of oxyclozanjide to plasma proteins were |

investigated.
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FIGURE 2.5.1

STRUCTURE OF OXYCLOZANIDE
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5.2 Determination of Qxyclozanide in plasma

A spectrophotometric method has been used for the
determination of oxyclozanide in plasma samples (Froyd 1969).
The disadvantage in using a photometric method is that of being
non-specific and false resu‘lts might be obtained from other
interféring substances. In the method of Froyd (1969)
oxyclozanide was extracted into chloroform from strongly
acidified plasma and back extracted into borate buffer and the
sample reacted with a colouring reagent suitable for
spectrometric determination.

Oakley et al (1984) used a high performance liquid
chromatographic method for the determination of oxyclozanide in
milk samples. -The method is based on .that described by Froyd
(1969).

Neither Froyd (1969) nor Oakley et al 1984 gave any evidence
about the reliability of their method of analysis. The method
used for rafoxanide and closantel was found to be applicable to
oxyclozanide and produced reliable and satisfactory results (mean
recovery 96 + 1.6%). Thus oxyclozanide was determined in the
plasma samples and plasma ultrafiltrates according to the
analytical method used for the determination of rafoxanide and
closantel in plasma samples as described in Chapter 2
Section 2.2.1.

5.2.1 . Materials and methods

5.2.1.1 Methods of analysis

An HPLC method was used for the determination of
oxyclozanide in the plasma samples as described in Chapter 2,

Section 2.2.1 using di-ethyl ether extraction.
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For the analysis of plasma oxyclozanide samples, the same
HPLC conditions were used (Section 2.2.1.2) except that
oxyclozanide was detected at a wave length of 254 nm, the mobile
phase was Methanol : Ammonium carbonate (0.05 M) 70 : 30 and a

flow rate of 0.5 ml.minute_1

was used in order to separate the
oxyclozanide peak from that of the solvent. Under these
conditions oxyclozanide had a retention time of 5.50 minutes.

5.2.1.2 Preparation of standards and recoveries

The preparation of standard solutions of oxyclozanide was as
described in Chapter 2, Section 2.2.1.4.

Oxyclozanide was added to drug-free plasma in different
concentrations and taken through the extraction procedure
whenever an extraction was made.

Calculations of percentage recovery and the concentrations
of oxyclozanide in plasma samples were as described in
Chapter 1 Section 1.2.1.4. Table 2.5.1 shows percentage
recoveries of oxyclozanide from spiked sheep plasma.

5.2.2 Experiments with oxyclozanide

5.2.2.1 Animals and drug administration

Five parasite-free Finn-Dorset lambs aged between six and
eight months, were used in the experiment. They were housed in
stalls bedded with straw and fed hay and concentrates. Water was
available ad libitum.

The lambs were dosed orally with oxyclozanide (Zanil Drench
fine suspension PML 3.4% w/v) at the recommended dose rate of
15 mg.kg‘1 bodyweight. The suspension was administered using

a syringe placed on the back of the lamb's tongue.

214



Animal weight and volume of drug administered is shown in
Table 2.5.2.

5.2.2.2 Sampling regimen

Blood samples were withdrawn by venepuncture into 10 ml
heparinised syringes (Monovette, Sarstedt) just before dosing the
lambs and at 1, 2, 3, 6, 7, 8, 10, 14, 17, 21, 24 and 28 days
after dosing. |

The plasma was obtained as described in Chapter 2,
Section 2.2.2.4 and deep frozen at -20°C until analysed.

5.3 Binding of oxyclozanide to plasma proteins

In vitro binding of oxyclozanide to sheep plasma proteins
was tested. Oxyclozanide was added in known amounts (5 and
10 pg.m'l"1) to drug-free plasma and filtered through an Amicon
microconcentrator which had a molecular weight cut off 10,000.
The concentrations of free drug were determined in the plasma
ultrafiltrates using the analytical method described in Chapter 2

Section 2.2.1.
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TABLE 2.5.1

PERCENTAGE REQOVERTES QF OXYCLOZANIDE FROM SHEEP PLASMA

Oxyclozanide added Oxyclozanide measured Ratio assayed

to drug free Mean + S.E.M.

plasma (pg) (ng) to added
0.2 0.2 0.2 0.2 0.2 + 0 1.00
0.6 0.5 0.6 0.6 0.6 + 0.02 1.00
2.0 1.8 1.9 1.9 1.9 + 0.02 0.95
10.0 8.5 9.6 9.7 9.3 + 0.30 0.93
20.0 18.2 19.0 18.2 18.5 + 0.30 0.93
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TABLE 2.5.2

DOSE QOF OXYCLOZANIDE ADMINISTERED TO FIVE LAMBS

Animal Weight Dose rate Volume administered

nunber (kg) (mg.kg™") (m1) |
49 39 15 17.20
77 38 15 16.76
80 34 15 15.00
85 33 15 ] 14.56
88 37 15 16.32
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5.4 Results

5.4.1 Determination of oxyclozanide in plasma

Plasma concentrations of oxyclozanide in each sheep and the
mean + S.E.M. concentration at each sample time are shown in
Table 2.5.3.

A maximum mean plasma concentration of 18.0 }1g.ml'1 occurred
at the first sampling time (24 hrs) post administration followed
by a rapid decline to a mean concentration of 3.6 )Jrg.ml"I
within 72 hours after dosing. Thereafter the decline was slower
and oxyclozanide was not detected at the limit of detection of
the method (0.10 pg.ml"1) 21 days post dosing (Figure 2.2.2).

For each sheep, the pharmacokinetic analysis of oxyclozanide
plasma data after oral administration was calculated using the
CSTRIP computer programme of Sedman and Wagner (1976).

For each sheep and for the mean concentrations, a three-
compartment curvé was found to be superior to the two-compartment
curve fit when the computer generated plasma oxyclozanide/time
curves were compared with the experimental data.

Values of area under the curve of plasma oxyclozanide
concentration verus time (AUC) from time 0 to 21 days was
computed from the plasma concentration/time equation for each
animal using the same method (Sedman and Wagner 1976). A mean
- AUC of 51.50 + 8.20 pg.ml"1. day was found.

A mean elimination half life, based on the slope of the
terminal portion of the plasma oxyclozanide curve was found to be
6.40 + 0.8 days. Mean and individual values of pharmacckinetic

parameters are shown in Table 2.5.4.
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5.4.2 Binding of oxyclozanide to plasma proteins

Oxyclozanide was not detected in plasma ultrafiltrates at the
limit of detection of the method (0.10 pg.ml"1) which
demonstrates the strong binding of the drug to sheep plasma

protein (> 99%).
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TABLE 2.5.3

CONCENTRATTONS (pg.ml_1) OF OXYCLOZANIDE IN PLASMA AFTER ORAL

ADMINISTRATION OF "ZANIL" AT A DOSE RATE OF 15 mg.kg™'.
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Time Sheep no.
(days) 49 77 80 85 88 Mean + S.E.M.
Base
line 0 0 0 0 0
1 18.0  14.0  27.0 10.0 21.0 18.0  + 3.00
2 10.0 6.0 16.0 15.0 10.0 11.4  +1.80
3 3.0 2.0 6.0 4.0 3.0 3.6 + 0.70
6 0.2 0.6 0.4 0.4 0.4 0.4  + 0.06
7 0.2 0.4 0.4 0.4 0.4 0.4 +0.04
8 0.1 0.3 0.2 0.3 0.2 0.2 + 0.04
10 0.1 0.2 0.1 0.3 0.2 0.2 +0.04
14 0.1 0.2 0.1 0.2 0.2 0.2  + 0.02
17 0 0.2 0 0.1 0.1 0.1  + 0.04
21 0 0.1 0 0 0 0 +0.01
24 0 0 0 0 0 0 0
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TABLE 2.5.4

PHARMACOKINETIC CONSTANTS FOR OXYCLOZANIDE IN FIVE LAMBS

AFTER ORAL ADMINISTRATION AT 15 mg.kg™! BODYWEIGHT .
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Animal A B C o B Y t1/2 () t1/2 (B) t1i1/2(7) AUC

number r@.awld t@.EHL t@.EHL Qmu\L QmM\L day -1 day day day t@.awld.mmw.
49 120.70 dwo.awln 0.30 2.00 1.30 |||. 0.09 |||||M...wo 0.60 B 8.00 ; 38.40
77 76.30 75.6 n:nnw.qo 2.40 1 .wm |||||| ﬁuv”nuu“...i....m:vwo B s 7.50 33.60
80 123.80 122.70 1.10 2,0 1.00 |||. 2o MUHM_M llllll 0.70 w.q“i 60.80
85 3@.3..:: Amm.ow nnnnn 0.90 wnmuww 1.50 U...‘_o .. 0.20 n:uunwuww nnnnnnnnn M.Mo B 78.50
88 108.40 107.80 .. 0.60 2.30 i MV.”‘_O oH.wo | 0.60 |||..M...._o tn»m.wo

Mean 120.00 119.00 |w o.qo:n 2.50 1.30 IMIW xxxxxx M.wo 0.60 6.40 mfmo_

*S.E.M. + 15.30 + 15.10  + 0.10  + 0.30 + 0.08  + 0.02  + 0.03 + 0.04 + 0.80 + 8.20
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5.5 Discussion

Following oral administration of oxyclozanide at 15 mg.kg"‘I ’
absorption appeared to be relatively slow
[mean t 1/2 (@) = 7.0 + 0.03 h]l. This slow rate of absorption
from rumen is of value in providing prolonged oxyclozanide
concentrations in plasma.

It was unfortunate that the blood sampling schedule was not
adequate during the early period after administration to allow
better kinetic analysis of the experimental data. The sampling
regimen for oxyclozanide had been chosen to provide a direct
comparison with the other salicylanilide fasciolicides used
earlier in this study.

Oxyclozaniae was eliminated rather slowly from the plasma
having a mean elimination half life [t 1/2 (Y)] of 6.4 + 0.8
days.

It is generally accepted following intravenous
administration that the initial rapid decline in plasma
concentration can be attributed to rapid distribution of the drug
extravascularly into the highly perfused tissues, thereafter the
drug will be redistributed into the less perfused tissues and
then eliminated from the body whereas after oral administration
absorption and distribution occurs simultaneously. Within the
blood a fraction of the drug binds reversibly to plasma proteins,
usually albumin, and the remainder undergoes simultaneous
distribution and elimination (which is referred to as
biQtransformatioﬁ and excretion processes).

'~ The intermediate "distribution" phase seen here is rather

L 'dyi_if'fic,ult' to explain. For most drugs a "distribution" phase is
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seen where drug in plasma equilibrates with tissues and this
causes a lowering of plasma concentrations. Since metabolism and
excretion are usually relatively slower, the final terminal phase
is usually considered to equate with elimination. However from
the rafoxanide and closantel studies the concentrations of
salicylanilides in tissues are known to be low, also the
distribution of drugs to tissues usually occurs much more rapidly
i.e. in a few minutes or hours. It is possible that there is
strong and weak binding to plasma proteins; that the relatively
weakly bound drug is available for metabolism and excretion and
this phase accords with "distribution" while the strongly bound
drug does not readily dissociate from proteins and gives a long
terminal elimination.

Strong binding to plasma proteins often refers to covalent
binding but, since oxyclozanide in the terminal phase remains
easily extractable with ether (usually one of the criteria for
distinguishing ionic and covalent binding) therefore oxyclozanide
cannot be too strongly bound. In the absence of more detailed
tissue analysis at each sampling time, the correct explanation of
the triphasic pattern cannot be proved.

The degree of binding of oxyclozanide to plasma proteins was
found to be > 99%. This binding of the drug to plasma proteins
is considered to be an important factor limiting penetration of
the drug into the animal's tissue and reducing drug toxicity.
Although the degree of plasma protein binding of oxyclozanide was
found to be similar to that of rafoxanide and closantel, this

drug is considerably less active against immature fluke. The
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relatively short elimination half life [t 1/2 (7Y)], compared to
that of rafoxanide and closantel, is presumably the reason for
the inactivity of oxyclozanide toward immature flukes.

Broome and Jones (1966) had reported that oxyclozanide is
metabolised in the liver to the glucuronide and that its activity
against mature flukes is through this metabolite being
concentrated in the bile duct where the adult flukes reside.
However, they did not show any evidence that the glucuronide is
active. It is known that the glucuronides are generally
inactive, highly polar metabolites and are rapidly excreted from
the body unless they become hydrolysed by the gut flora and enter
an enterchepatic circulation (Fingl and Woodbury 1975). Thus it
seems unlikely that oxyclozanide is effective through thisl
metabolite.

The activity of oxyclozanide against mature fluke may be
related to its high binding to plasma proteins. Young flukes
probably ingest mainly liver cells containing less anthelmintic
and as they become adult and migrate to the bile ducts they feed
mainly on blood rather than on tissues (Jennings et al 1956;
Dawes 1961; Pearson 1963; Brown and Neva 1983) and come into
contact with the bound oxyclozanide and will be exposed to more
toxic concentrations of the drug.

Oxyclozanide tissue residues were not determined in the
present studyy. However, the high binding of the drug to plasma
proteins, which acts to reduce the incorporation of the drug to
animal tissues, and the small volume of distribution
Vd (area) = 345.3 ml.kg"1 indicates poor distribution into

tissues.
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CHAPTER 6

PHARMACOKINETIC STUDIES OF TRICLABENDAZQOLE AND

FENBENDAZOLE IN SHEEP



6. Pharmacokinetic Studies of Triclabendazole and
Fenbendazole in Sheep

6.1 Introduction

6.71.1 Efficacy

Triclabendazole (Fasinex, Ciba-Geigy) : 6-chloro-5 (2-3-
dichlorophenoxy)-2-methyl thiobenzimidézole, is a noyel
benzimidazole derivative recently introduced to the anthelmintic
market. The drug has been shown to be a potent fasciolicide
efficacious against all stages of F. hepatica in sheep from as
early as one day after infection (Boray 1981; Boray et al 1981a,
b, 1983; Dorchies et al 1983; Smeal and Hall 1983; Wolff et al
1983; Rapic et al 1984; Turner et al 1984) and against
F. gigantica in sheep and goats (Gurlap and Tinar 1984).
Efficacy of triclabendazole against F. hepatica infection in
cattle was similar to those in sheep (Boray et al 1981a).

Triclabendazole has poor activity against cestodes,
nematodes including the important speéies H. contortus and the

trematodes Dicrocoelium dendriticum and Paramphistomum species

(Boray et al 1983; Gurlap and Tinar 1984).

Rumen bypass has been shown not to alter the efficacy of
triclabendazole and the compound was equally efficient (97.8 -
98.8%) against four-week-old fluke when administered by the oral
route or by intraruminal or intraabomasal injection (Boray et al
1983).

Fenbendazole (Panacur, Hoechst) : Methyl-5-(Phenyl-thio)-2-
benzimidazole carbamate introduced in 1974 (Béeder et al 1974)

has proven to be a well tolerated and broad spectrum
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benzimidazole anthelmintic possessing a high degree of activity
against many nematode species in sheep and goats (Baeder et al
1974; Duwel et al 1975b; Kirsch and Duwel 1975; Ross 1975; Kelly
et al 1975; Duwel 1977), cattle (Baeder et al 1974; Duncan et al
1977; Craig and Bell 1978; Callinan and Cummins 1979) dogs and
cats (Roberson and Burke 1980, 1982).

Fenbendazole has also shown a particularly high level of
activity against the developing and inhibited larval stages of
Ostertagia species in sheep (McBeath et al 1977) and in cattle
(Craig and Bell 1978; Duncan et al 1976; Callinan and Cummins
1979).

At recommended dose rates fenbendazole was highly effective
against mature and immature stages of lungworm in sheep (Ross
1975; Relly et al 1975; Cdrba_g;_gl 1979) and cattle (Saad and
Rubin 1977; Downey 1980; Oakley 1980). Fenbendazole was also
effective against cestodes of sheep and cattle at doses higher
than the recommended dose rate (Duwel et al 1975b; Corba et al
1979). The efficacy of fenbendazole against liver fluke
infection in sheep has been variable as repeated and high dose
rates are required for an effective treatment against
fascioliasis (Corba et al 1979; Duwel et al 1975b).

The rumen acts as a reservoir for the orally administered
drug releasing it slowly to the omasum and abomasum. It is
considered that there is a minimum concentration of benzimidazole
necessary for anthelmintic activity (Prichard et al 1978) and
also the duration of exposure to this concentration is important.
Therefore the introduction of benzimidazole into the rumen will

result in prolonging the time for this minimum concentration to
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occur essential for activity against parasites.

In ruminants, after the oral administration of aqueous
suspension part or all of the administered dose will bypass the
rumen vand will be available for rapid absorption in the abomasum
and duodenum, resulting in lower efficacy against
gastrointestinal nematodes. This might explain the low efficacy
of fenbendazole against benzimidazole resistant strains of

H. contortus and Trichostrongylus colubriformis in sheep when the

drug was administered intra-abomasally (Kelly et al 1977).

In a pharmacokinetic study Marriner and Bogan (1980, 1981a,
b) found that the kinetics of albendazole, fenbendazole and
oxfendazole in sheep were not significantly altered when a
proportion of the drug bypassed the rumen (demonstrated by the
early appearance of the drug (within 20 minutes) in the
abomasum). In cattle, Ngomuo and others (1984) found no
significant differences in the area under plasma
concentration/time curve for oxfendazole when the drug was given
by the bral or intra-ruminal route; .neither did albendazole in
sheep when it was given as a paste or as a drench suspension
(Marriner et al 1981).

6.1.2 Mode of Action

The mode of action of triclabendazole is not clear. The
structural similarity of triclabendazole to the general
benzimidazole class of drugs would suggest that the compound
might act by inhibiting the fumarate reductase system in the
parasite as do other benzimidazoles. The lack of activity of

triclabendazole against nematodes, including H. contortus leads
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to the suggestion that this compound might act similarly to the
salicylanilide flukicides by uncoupling of oxidative
phosphorylaction, even though, most of the salicylanilide
flukicidal drugs show variable activity against H. contortus.

Fasciolicidal drugs generally belong to the salicylanilide
and the related substituted nitrophenol chemical group. These
drugs have been shown to be highly bound to plasma proteins
(Duwel and Metzger 1973, Chapter 2). Therefore they will be
delivered to the parasite through ingestion of the drug bound to
the plasma proteins (mainly albumin) and this provides the most
likely explanation by which these compounds exhibit their
activities toward blood sucking parasites (Broome and Jones 1966;
Lee 1973; Hall et al 1981; Guerrero et al 1982).

As triclabendazole is also thought to bind strongly to
plasma protein (Chapter 6) it is expected that triclabendazole
will be consumed similarly by H. contortus and F. hepatica and
exert an equivalent activity against both parasites. Therefore
the biochemical mode of action of this unusual vdrug needs further
investigation.

Fenbendazole was found to inhibit the fumarate reductase
system in the fermentation pathway of nematodes (Prichard 1970;
Rehm and Bryant 1977; Rew 1978; Barrowman et al 1984b).
Oxfendazole (the principal metabolite of fenbendazole),
fenbendazole 2-amino sulfoxide and fenbendazole 2-amino sulfone

which are known to be inactive metabolites were also shown to

inhibit fumarate reductase system in Ascaris suum in vitro

(Barrowman et al 1984b). The drug also appeared to possess a

neurotoxic effect in Hymenolepis diminuta (Duwel 1977; Prichard
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et al 1978).
Barrowman et al (1984a) demonstrated that fenbendazole and

oxfendazole bind to Ascaris suum tubulin thereby inhibiting the

polymerisation of tubulin into microtubules.

6.1.3 Safety to Host

In sheep and goat, triclabendazole given at the recommended
dose rate of 10 mg.kg'1 has been shown to be a well tolerated and
safe drug (Wolff et al 1983).

The maximum tolerated dose was found to be 200 mg.kg'1 , thus
having a safety index of 20 when given at 10 mg.kg'1 for the
treatment of immature flukes and of 40 when given at 5 mg.kg‘1
for the treatment of adult flukes in sheep (Boray et al 1981a;
1983). Similar observations were found in cattle (Boray et al
1981a,b). No toxicological signs were observed in sheep which
received triclabendazole at 150 mg.kg'1 concurrently with
albendazole, levamisole, oxfeﬁdazole and morantel citrate given
at dosage three times the recommended dose rate of these
compounds (Boray et al 1983).

Fenbendazole has been well documented as a very safe and
non-toxic drug. No teratogenic or embryotoxic effects have been
reported in animals receiving fenbendazole. Rats, sheep and
cattle have tolerated doses of 10,000, 5,000, 2,000 m<_:;.kg’1
respectively (Baeder et al 1974; Duwel 1977).

6.1.4 Pharmacokinetics

There is no currently published data on the pharmacokinetics
of triclabendazole in sheep while the pharmacokinetics of

fenbendazole have already been studied in sheep and cattle.
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14¢ radiolabelled fenbendazole was administered orally to
sheep and cattle at 5 mg.kg_1. A maximum plasma concentration of
0.40 and 0.74 pg.ml~! occurred after 6 - 24 and 30 hours in sheep
and cattle respectively after administration (Duwel et al 1975a).

Marriner and Bogan (1981a) measured the plasma concentration
of fenbendazole and its principal metabolites, the sulfoxide and '
the sulfone, separately using an Hplc method. The maximum plasma
concentration of fenbendazole, oxfendazole and the sulfone of
0.15, 0.29 and 0.17 }Jg.ml_‘I occurring at 24, 30 and 48 hours
respectively after the oral administration of fenbendazole to
sheep at a dose rate of 10 mg.kg'1.

It is likely therefore that the high amounts of fenbendazole
reported by Duwel et al (1975a) resulted from the failure of the

assay method to distinguish between the parent compounds and its

metabolites.
6.17.5 Objective

It has been demonstrated that co-administration of two
benzimidazoles alters their metabolism, and thus parbendazole has
been used to prolong the kinetics and increase the efficacy of
oxfendazole (Hennessy 1985). It seemed a high possibility that
co-administration of fenbendazole and triclabendazole might alter
their pharmacokinetics and thereby possibly increasing or
decreasing the efficacy or spectrum of activity of these
compounds against liver flukes and gastrointestinal nematodes.

Therefore the pharmacokinetic behaviour of triclabendazole
was examined in sheep plasma with or without the co-
administration of fenbendazole after the oral administration of

triclabendézole separately or in combination with fenbendazole at
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a dose rate of 10 mg.kg"1

of each compound. The pharmacokinetics
of fenbendazole were also examined separately in the same sheep
and compared to that when co-administered with triclabendazole.
A special emphasis on the plasma protein binding of
triclabendazole and its metabolites was thought likely to be
helpful in assessing the unique activity of this benzimidazole
compound, among the other members of this chemical group of

anthelmintics, against liver fluke infection.

6.2 Determination of Triclabendazole and Fenbendazole in
Sheep Plasma

Benzimidazole anthelmintics are compounds poorly soluble in
water and partially soluble in organic solvents.

Determination of benzimidazole in body fluids ‘has been
carried out by the use of radiolabelled drugs (Van den Bossche
et al 1982), but such a technique involves the use of a large
quantity of sample and also fails to distinguish the parent
compound from their metabolites.

Many other techniques have been developed for the
measurement of this group of anthelmintics. A flurometric method
was developed by Tocco et al (1965) and Duwel et al (1975a) for
the determination of thiabendazole and fenbendazole respectively.

Nerenberg et al (1978) and Michiels et al (1982) developed
radioimmunocassay techniques for the determination of oxfendazole
and flubendazole respectively in animals.

In addition high performance liquid chromatographic methods
have been developed by Karlaganis et a_i (1979), Alton et al
(1979), Bogan and Marriner (1980), Tsina and Matin (1981) and

Delatour et al (1983) for the determination of various
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benzimidazoles in body fluids and tissue samples of animals and
man.

Bogan and Marriner (1980) found that most of the
benzimidazole anthelmintics extracted well into di-ethyl ether
from alkalinised plasma. The ether was then evaporated and the
residue analysed by high performance liquid chromatography. As
triclabendazole is a member of the benzimidazole group of
anthelmintics it was a logical step to try and extract
triclabendazole into di-ethyl ether. Unfortunately, this
benzimidazole flukicide was found to be poorly extractable into
ether from many different buffers and over a range of pH from
acidic to basic.

Subsequently, triclabendazole was determined in the plasma
sample in this study by a method slightly modified from that
developed by Ciba Geigy, Basle, Switzerland. Fenbendazole was
analysed separately by a standardised method by Marriner and
Bogan (1981a).

6.2.1  Materials and Methods

6.2.2 Triclabendazole Method of Analysis

6.2.2.1 Reagents and Apparatus

All reagents used were of "Analar" grade, and all the
solvents were glass re-distilled except toluene.

Acetone |

Hexane

Toluene

Methanol
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Absolute alcohol

These solvents were obtained from Rathburn Chemicals Ltd.,

Walkerburn, Scotland.

Anhydrous sodium sulphate

Ammonium carbonate (0.05 M)

Saturated sodium chloride (brine)

This solution was made up by adding sodium chloride crystals
to water with continuous shaking (mechanically) until no more
salt was dissolved.

Mechanical shaking device

Griffin and George Ltd., Britain.

Rotary evaporator

Rotavapor-R, Buche, supplied by Orme Scientific Ltd.,
Middleton, Manchester.

Ultrasonic water bath

Dawe Instruments, U.S.A.

Chromatographic column

1.8 cm id. x 20 cm length with teflon stopcock and fritted
disc.

Long column

Quick fit 1.8 cm i.d. x 30 cm length.

Alumina Woelm A-Super I Type W 200 acid (Koch-Light Ltd.
Colnbrook, Berks., England).

Alumina used in the analysis was of activit'y Grade V and
prepared as follows:

To 500 g alumina 95 ml water was added, the container was
stoppered tightly, shaken very well until no lumps could be‘

K obServed. The alumina was left to stand for two hours before it
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was used.
Water
- The water used was permanganate distilled to remove any
impurities (phenols) which might affect the Hplc column.

6.2.2.2 Hplc Conditions

For the analysis of triclabendazole and its metabolites a
high performance liquid chromatographic method was used, while a
different Hplc method was used for the analysis of fenbendazole
and itsrmetabolites, which will be discussed in Section 6.2.3.

Detector

Cecil CE 2012 variable wave length UV monitor (Cecil
Instruments, Cambridge, England).

Pump

Gilson Model 302.

Recorder

Vitatron 10 mV

Absorbance

0.05 a.u.f.s.

Column dimensions

Septum injector 100 mm length x 5 mm i.d. (Shandon Southern
Products Ltd., Runcorn, England).

Column packing

Reverse phase ODS. Hypersil, particle size 5 pm (Shandon

Southern Products Ltd., Runcorn, England).

Wave length
300 nm.
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Mobile phase

Methanol : Ammonium carbonate (0.05 M) 65 : 35.
Flow rate

0.6 ml.minute™",

Chart speed

1 cm.minute™.

Injection volume

5 pl using 10 pl microsyringe.

6.2.2.3 Procedure of Analysis

The Hplc method of analysis of triclabendazole and its
metabolites involved three steps, an extraction, partition and a
column clean up step.

(1) Extraction Step

5 ml of the plasma sample was introduced into a 500 ml
round bottom glass flask. 190 ml of acetone was added. Flasks
were shaken for 20 minutes on a mechanical shaker.

The suspension was filtered through Whatman filter
paper No.1 and 100 ml aliquots of the filtrate wevfe taken for
analysis.

(2) Partition Step

100 ml1 aliquots were transferred into a 1000 ml
separatory funnel to thch 300 ml of water and 50 ml of brine
were added, followed by the addition of 70 ml dichloromethane.
The separatory funnel was stoppered and the contents were shaken
mechanically for five minutes.

The funnel was left to stand for a few minutes until
- two clear layers were formed. The bottom dichloromethane layer

éfwas taken into a 500 ml glass beaker. A further 70 ml of

237



dichloromethane was added to the funnel and shaken as above. The
dichloromethane layer was then combined with the first extract.
A third extraction procedure was carried out and all three
extracts were combined.

The combined dichloromethane extract was filtered
through a glass column containing a cotton plug and 25 g of
anhydrous sodium sulphate. The eluent was collected in a 500 ml
round bottom flask and then evaporated to dryness using a rotary
evaporator at 40°C.

(3) Column clean up step

In a 100 ml vacuum stable container, a slurry of acidic
alumina, activity grade V, in hexane was made up, by adding 20 ml
of hexane to 20 g of acidic alumina activity grade V, the slurry
was placed in an ultrasonic water bath and de-gassed for five
minutes under vacuum.

A chromatographic column was filled with 25 ml of
hexane, and slowly, the freshly prepared slurry was added until a
constant layer of 8.5 cm height was reached.

The solvent was drained to the level of the top of the
column. The drug residue was dissolved in three times 2 ml of
toluene and transferred to the top of the column. The toluene
was allowed to penetrate the column each time until the last drop
touched the top of the column, the next 2 ml of residue in
toluene was then transferred to the column.

The flask was rinsed with 50 ml hexane and this was
transferred to the column, using a pasteur pipette, slowly and

. not disturbing the alumina. The eluent was allowed to drain and

238



then discarded as it contained neither triclabendazole or any of
its metabolites.

100 ml of a mixture of hexane : dichloromethane 40 : 60
was used to elute the parent compound, the eluent was collected
in a 250 ml round bottom glass stoppered flask (Eluant I).

Triclabendazole metabolites (the sulfoxide and the
sulfone) were eluted with a mixture of 120 ml of
dichloromethane : methanol 98 : 2 and the eluent was collected in
a clean 250 ml round bottom glass stoppered flask (Eluant II).

Solvents of Eluant I and Eluant IT were evaporated to
dryness using a rotary evaporator (water bath temperature 40°C).

The residues were dissolved in 3 ml of absolute alcohol
and transferred by pasteur pipette to 10 ml conical glass tubes.
The flask was rinsed twice more with 3 ml of absolute alcohol and
the washings transferred each time to the 10 ml conical glass
tubes. _

The solvent was evaporated to dryness on a dry bath at
50°C under a stream of nitrogen. The walls of the tube were
washed with 0.5 - 1.0 ml of absolute alcohol and evaporated to
dryness on the dry bath at 50°C under nitrogen.

The residues of Eluant I were dissolved in 100 pl
methanol for injection onto the Hplc column. While Eluant IT was
dissolved in up to 1,000 pl depending on the sulfoxide and
sulfone concentrations.

For the analysis of plasma samples for triclabendazole
and metabolites, the Hplc system described in Section 6.2.2.2 was
used.  The retention times for the parent compound and its

' metabolites (Fig.2.6.1) were:-
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Triclabendazole sulfone = 7.8 min.
Triclabendazole sulfoxide = 10.0 min.
Triclabendazole = 36,0 min.

To shorten the retention time for triclabendazole a
higher methanol : Ammonium carbonate proportion was used
(75 : 25) which resulted in a retention time of 5.80 min. with a
flow rate of 1.2 ml.min.” .

The limits of detection of the Hplc method of analysis
of triclabendazole .and metabolites were 0.05 pg.ml™!.

Fenbendazole, oxfendazole, and the sulfone were also
eluted under the Hplc conditions mentioned in Section 6.2.2.2
(Fig.2.6.1) with a retention time of 12.80 minutes for
fenbendazole, while oxfendazole and the sulfone were eluted
together to give one peak with a retention time of 3.20 min.
Therefore for the analysis of fenbendazole and metabolites in
plasma two different Hplc systems were used as described in
Section 6.2.3.

Fenbendazole also appeared in eluant ITI of the.
triclabendazole method but generally the residue was too dilute
for accurate measurement of fenbendazole concentration and,
therefore, in all cases, fenbendazole was measured after separate

di-ethyl ether extraction (Section 6.2.3).
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6.2.3 Fenbendazole Method of Analysis

6.2.3.1 Reagents
All reagents used were of "Analar" grade.

Di-ethyl ether

Glass re-distilled. Washed with 5% aqueous solution of
ferrous sulphate FESO,.7H,0 and then stabilised with pyrogallol
as described in Section 1.2.1.1.

Methanol |

Re-distilled before use.

Ammonium carbonate

(0.05 M).

Ammonium hydroxide

(0.1 M).

Sodium chloride

6.2.3.2 Hplc conditions

Detector
Reference channel variable wave length UV detector

model CE 2012 (Cecil Instruments, Cambridge, England).

Pump
Altex model 110 A solvent monitoring system.

Column dimension

100 mm long x 5 mm i.d. (Shandon), connected to valve
- injector (Negretti and Zambra Model 190).

Column packing

ODS-Hypersil particle size 5 pm.
Absorbance

~.0.05 a.u.f.s.
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Recorder

Vitatron 10 mV.

Chart speed
1 cmomin.~t.
Wave length
292 nm.

Limits of detection

0.01 }1(_:1.ml‘1 for fenbendazole and its metabolites.

6.2.3.3 Procedure of Analysis

A high performance liquid chromatographic method was used
for the determination of fenbendazole and its metabolites in the
plasma samples.

4 ml aliquots of plasma were transferred into 50 ml glass-
stoppered thick-walled tubes using a 4 ml bulb-pipette. 1 ml of
0.1 M NH,OH and 0.4 g of Nacl crystals were added to each sample.

20 ml of di-ethyl ether was added using an automatic
dispenser. The tubes were stoppered and shaken on a rotary mixer

for 15 minutes.

15-ml-of—the—upper ether layer were transferred into 50 ml
thin-walled glass tubes.

Another extraction was carried out by adding 20 ml of di-
ethyl ether to the first tube and the contents were shaken for 15
minutes on a rotary mixer. 20 ml of ether extract was
transferred into the thin tubes and combined with the first
extract.

The ether extract was evaporated down to a volume of 5-6 ml
.on a dry bath at 50°C under nitrogen. Then the extracts were

transferred into 10 ml conical glass tubes and the walls of the
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thin tubes washed three times with 3 ml of ether and combined
with the extract in the conical tube.

The extract was evaporated to almost dry on a dry bath at
50°C under nitrogen. The walls of the conical tube were rinsed
with approximately 0.5 - 1.0 ml of ether and evaporated to
dryness on the dry bath at 50°C.

Residues were dissolved in 100 pl methanol by immersion of
the tube in an ultrasonic water bath for 1-2 minutes and injected
onto the Hplc column.

Two different Hplc systems were used for the analysis of
plasma samples. The first system, Methanol : Ammonium carbonate
(0.05 M) ~70 ¢ 30 was used for the determination of fenbendazole
in sheep plasma. The Hplc conditions are as described in
Section 6.2.3.2 with a flow rate of 0.8 ml.min.”! Fenbendazole
had a retention time of 5.0 min. while oxfendazole and the
sulfone were eluted both together giving one peak in this system.
Therefore a second Hplc system was used for the quantitive

determination of oxfendazole and the sulfone in sheep plasma.

The Hplc system was Methanol : Water 65 : 35 [Perchloric
acid (1.1% w/v) 0.5 pl.ml'1 solvent]. 1In this system oxfendazole
and the sulfone had a retention time of 4.6 and 2.9 minutes
respectively with a flow rate of 0.6 ml.min.” .

6.2.4 Preparation _Qﬁ standard solutions

Stock solutions were prepared from pure drug. 100 mg of
each active compound (triclabendazole and its metabolites,
~ fenbendazole and its metabolites) was dissolved in 100 ml

- methanol to provide a 1000 }1g.ml'1 stock solution. The stock
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solution was used to prepare spiked plasma samples.

Triclabendazole and metabolites were gifts from Ciba-Geigy,
oxfendazole and the sulfone were gifts from Syntex and
fenbendazole was a gift from Hoechst.
6.2.5 Recoveries

Drug-free plasma was fortified with, triclabendazole and its
metabolites, and fenbendazole and its metabolites, at varying
concentrations. These were then taken through the whole
procedure of extraction on each occasion. Table 2.6.1 shows
recoveries of triclabendazole and its metabolites on different
occasions. Table 2.6.2 shows recoveries of fenbendazole and its
metabolites. Calculations of percentage recovery obtained in
each case is as described in Chapter 1 Section 1.2.1.4.
Concentrations of drug and metabolites were adjusted for recovery
using the recovery for the appropriate fortified sample in the
same batch, and the same equation used as described in
Section 1.2.1.4.

6.2.6 Evaluation of triclabendazole method of analysis

The method of analysis of triclabendazole was evaluated to

assess the reproducibility of the assay technique‘ and recoveries
from column-clean up step.

20 mg of triclabendazole, triclab‘endazole sulfoxide and
triclabendazole sulfone were dissolved in 100 ml of toluene to
make up a stock solution containing 200 pg.ml'1 of each compound.

A slurry of acidic alumina, activity grade V, in hexane was
made up as described in Section 6.2.2.3. The freshly prepared
- slurry was slowly introduced onto a chromatographic column which

."‘contaivned 25 ml of hexane to form a constant layer of 8.5 cm
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height.

The hexane was drained to the top of the column. Three
times 2 ml of the stock solution was introduced to the top of the
column and the solvent allowed to penetfate the column each time
before the next 2 ml was added. 50 ml of hexane was transferred
to the column and the elute was discarded.

The parent compound was eluted with a mixture of 100 ml of
hexane : dichloromethane 40 : 60 and the eluent was collected as
four separate fractions (each fraction of 25 ml) in measuring
cylinders.

The metabolites were eluted with a mixture of 120 ml of
dichloromethane : methanol 98 : 2 and the eluents were collected
as four separate fractions (30 ml each fraction) in measuring
cylinders.

Each fraction was transferred to a 50 ml thin-walled glass
tubes and evaporated to dryness on a dry bath at 50°C under
nitrogen.

Residues were dissolved in 100 pl methanol and injected onto

the Hplc column.

Table 2.6.3 shows the percéntage recoveries of
triclabendazole and its metabolites in toluene.

Aliquots of drug-free plasma were fortified with known
~ amounts of triclabendazole and its metabolites and were taken
through the extraction and the partition steps of the method of
analysis of triclabendazole. The residues, obtained after
evaporation of the solvent in the partition step, were dissolved

-~ in 100 pl methanol and injected onto the Hplc column.
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The chromatogram showed an extra peak interfering with the
sulfone and sulfoxide. Thus the column clean up step was
necessary to exclude any substances interfering with the
metabolite's peak.

Attempts were made to extract triclabendazole and its
metabolites into another solvent i.e. di-ethyl ether. Since
triclabendazole is also a benzimidazole it was expected that it
would be well extracted into ether. Thus blank plasma and
aqueous solution (water) were fortified with triclabendazole and
its metabolites in different concentrations (Spikes). They were
carried through the extraction procedure for benzimidazoles as
described by Bogan and Marriner (1980). The results showed poor
recoveries for the three compounds (Mean 16-27%).

Spikes containing triclabendazole and its metabolites were
extracted into ether from phosphate buffer with a pH ranged from
2 to 10. Thé reason for this wide range of pH used was that the
pka of triclabendazole at this time is unknown and it might act

as a basic drug as are most members of benzimidazole because

triclabendazole contains a structure similar to the benzimidazole
structure. The benzimidazoles have been shown to extract well
into ether from phosphate buffer pH 7.4 (Bogan and Marriner
1980). Alternatively triclabendazole might be an acidic drug as
in genel;al most fasciolicidal drugs are and it also has
similarities to the chlorihated phenolic flukicides. Howevér
recoveries obtained from these extractions were also poor.
Different buffers (phosphate—c%trate and borate buffer) were
-also used to extract triclabendazole and its metabolites using

- di-ethyl ether and dichloromethane as solvents, but none of them
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gave satisfactory recoveries to be suitable for the analysis of
plasma samples containing triclabendazole and its metaboliteé.
Therefore the method described in Section 6.2.2 was chosen
for the analysis of triclabendazole and its metabolites. The
method was reliable, sensitive to 0.05 }.lg.ml"l for each compound
and reproducible (Table 2.6.1) in spite of the fact that the
method is quite laborious and a maximum of only four samples

could be analysed daily by one person.
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TABLE 2.6.1

RECOVERIES OF TRICLABENDAZOLE, TRICLABENDAZOLE SULFOXIDE
AND']RIC[AHENDAZOIESULFGQEOBE]NEDQID]FFERENT

OCCASIONS FROM SHEEP PLASMA .
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Amount drug
added to blank Amount

drug measured

Ratio assayed

plasma Mean + S.E.M.

(pg.mi~) (pg.ml'1) to added

"""""""""" Triclabendazole
0.1 -6:07 -6.09 o.oé-_-aiaé- 0.08 0.004 0.80
0.5 0.41 0.46 0.42 0.44 0.43 0.010 0.86
1.0 0.80 0.82 0;85 0.88 0.84 0.020 0.84
4.0 4.00 3.52 3.68 3.24 3.61 0.160 0.90
9.0 8.47 7.65 7.47 7.20 7.67 0.250 0.85

mriclabendazole
Sulfoxide
0.1 0.0é——-0.09 _—6:65-—_6j6§- 0.09 0.003 0.90
0.5 0.43 0.40 0.41 0.45 0.42 0.010 0.84
1.0 0.85 0.83 0.80 0.97 0.86 0.040 0.86
4.0 3.36  3.44 3.28 3.00 3.27 0.090 0.82
9.0 7.65 8.46 7.29 8.00 7.85 0.250 0.87
- Triclabendazole
Sulfone

0.1 0.0; 0.09 6:55—_—6:5§~ 0.09 0.002 0.90
0.5 0.40 0.41 0.44 0.40 0.41 0.010 0.82
1.0 0.83 0.81 0.91 0.88 0.85 0.030 0.85
4.0 3.32  3.44 3.20 2.9 3.23 0.100 0.80
9.0 7.38 7.65  0.120 0.85

7.56 7.74 7.92
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TABLE 2.6.2

REQOVERTES QF FENBENDAZOLE, OXFENDAZOLE AND QOXFENDAZOLE SULFONE

OBTAINED ON DIFFERENT OCCASIONS FROM SHEEP PLASMA .
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Amount drug ,
added to Amount drug measured Ratio assayed

blank plasma Mean + S.E.M,
_ (pg.ml'1) : - to added
(pg.ml™")
o Fenbendazole o
0.08 0.06 —6:68 0.07 0.6;- 0.07 0.004 0.88
0.10 0.09 0.07 0.08 0.08 0.08 0.004 0.80
0.20 0.16 0.18 0.17 0.17 0.17 0.004 0.85
0.35 0.31 0.29 0.29 0.28 0.29 0.005 0.83
------------- Oxfendazole---
0.08 0.06 0.07 -0.06 _-6.07 0.07 0.003 0.88
0.10 0.08 0.07 0.08 0.10 0.08 0.005 0.80
0.20 0.17 0.15 0.14 0.15 0.15 0.005 0.75
0.35 0.26 0.30 0.27 0.26 0.27 0.010 0.77
N ) Oxfendazole S
Sulfone
0.08 -6?6; 0.07 0:55— 0.07 0.07 0.002 0.88
0.10 0.09 0.08 0.09 0.08 0.09 0.003 0.90
0;20 0.6 0.17 0.17 0.18 0.17 0.004 0.85
0.35 0.29 0.3t 0.29 0.28 0.29 0.005 0.83
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TABLE 2.6.3

PERCENTAGE RECQOVERY OF TRICLABENDAZOLE, TRICLABENDAZOLE SULFOXIDE

AND TRICLABENDAZOLE SULFONE IN TOLUENE-

% Recovery
Elute Fraction I Fraction II  Fraction III Fraction IV
I 5.40 - 90.00 4.80 0.34
(triclabendazole)
II(Triclabendazole 0.09 78.70 19.30 0.48
Sulfoxide)
IT (triclabendazole 0.06 78.30 21.30 0.50
Sulfone)
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100.54

98.57
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FIGURE 2.6.1

HIGH PERFORMANCE LIQUID CHROMATOGRAMS OF A STANDARD SOLUTION
OF OXFENDAZOLE AND THE SULFONE (A), TRICLABENDAZOLE SULFONE (B)
TRICLABENDAZOLE SULFOXIDE (C), FENBENDAZOLE (D) AND

TRICLABENDAZOLE (E) IN METHANOL.
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6.3 Experiments with triclabendazole and fenbendazole

6.3.1 Materials and methods

' 6.3.1.1  Animals
Six sheep of different breed and sex, aged between one and
five years, weighing 36 - 61 kg. were used in the experiment.
The sheep were divided into three groups (two in each
group). Each group was kept separately on straw in a concrete
pen and were fed on hay and concentrates diet while water was
available ad libitum.

6.3.1.2 Drug administration

Administration of the drug was carried out on three
occasions. The sheep were drenched orally using a syringe placed
on the back of the tongue and the head of the sheep was held up
after the administration to ensure that all the given dose was
swallowed by the animal.

The formulations used were in the form of aqueous
suspensions; proper shaking was ensured before their
administration.

Three formulations were used in this experiment:-

(1) Triclabendazole 5% w/v (Fasinex).
(2)Triclabendazole/Fenbendazole2.5%/2.5%w/v(Fasinex/Panacur).
(3) Fenbendazole 10% w/v (Panacur).

Formulations (1) and (2) were experimental suspensions§

supplied by Ciba-Geigy. Formulation (3) was purchased.

6.3.1.3 Experimental Design

The animals were weighed one day before the first trial and

they were not re-weighed. The dose for each sheep was calculated
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on the basis of this weight and remained the same for each of the
three trials.

The administration of the formulations were carried out on
-three occasions. Each group was dosed with one of the
formulationson each occasion, at a dose rate of 10 mg'.kg"1 of
bodyweight of each compound.

The interval between each trial ranged from 4-5 weeks. This
interval was important to ensure that the sheep had replaced the
blood losses due to frequent éampling (as two different
analytical procedures were required for triclabendazole and
fenbendazole. 20 ml of blood were being taken at each sampling
time).

The animal's weight, dose volume and the trial dates are
given in Table 2.6.4.

6.3.1.4 Samples for analysis

Blood samples were obtained by venepuncture before and at 1,
2, 4, 8, 12, 24, 36, 48, 72, 96, 120, 144, 168, 192, 216, 240,
264, 288 and 312 hours after each administration.

Sampling of blood and the treatment of blood samples were as
described in Chapter 2 Section 2.2.2.4.

6.3.1.5 Method of analysis

Two different methods of analysis were used for the plasma
samples containing triclabendazole and fenbendazole, they were as
described in Section 6.2.2 and Section 6.2.3 respectively.

6.4 Binding of triclabendazole and its major metabolites to
plasma proteins

Binding of triclabendazole and its major metabolites to

"plasma proteins in sheep was investigated in vitro. The plasma
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sample used in this investigation contained 6, 9, 12, 22 and
30 pg.ml™! of each compound.

2 ml of each plasma samples were introduced into Amicon
microconcentrators which had a 10,000 molecular weight exclusion
(Fig. 2.1.2). The samples were subjected to centrifugation using
fixed rotor MSE centrifuge at 5000 x g for two hours.

Filtrates collected in the reservoir cap were analysed for
the concentration of free drug using a high performance liqﬁid
chromatographic method as described in Section 6.2.2.

6.5 Biliary excretion of triclabendazole

One sheep weighing 35 kg was given triclabendazole (Fasinex)
orally at a dose rate of 10 mg.kg-1. Forty-eight hours after
administration the sheep was slaughtered and samples of blood and
bile were collected for analysis. These were analysed by a high

- performance liquid chromatography as described in Section 6.2.2.
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TABLE 2.6.4

EXPERTMENTAL DESIGN FOR TRICLABENDAZOLE ,
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Trial Animal Weight Volume administered Formulation

date no. (kg) (ml)
11 47,7 9.54 ]
] (1)
91 41.0 8.20 ]
9  61.0 24.40 ]
24.4.84. ] (2)
23 54.5 21.80 ]
0 36.4 3.64 ]
] (3)
12 41.0 4.10 ]
11 47.7 19.08 ]
| (2)
91 41.0 16.40 ]
90 61.0 6.10 ]
29.5.84. ] (3)
23 54.5 5.45 ]
0 36.4 7.28 ]
] (1)
12 41.0 8.20 ]
11 47.7 4.77 ]
] (3)
91 41.0 4.10 : ]
90 61.0 12.20 ]
2.7.84. 1 (1)
. 23 54.5 10.88 -]
0 36.4 14.56 ]
] (2)
12 41.0 16.40 ]
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6.6 Results

6.6.1 Determination of triclabendazole and fenbendazole in
sheep plasma

No parent triclabendazole was measured in any plasma
samples, at any time, Howevei' in a few early samples there was
possible trace amounts present at the limit of detection of the
method (0.05 ;.1g.ml'1 ).

Individual and the mean + S.E.M. concentration of
triclabendazole sulfoxide and triclabendazole sulfone at each
sampling time in the plasma of six sheep after the oral
administration of triclabendazole alone and in a combined
preparation with fenbendazole are shown in Tables 2.6.5.1,
2.6.5.2, 2.6.6.1 and 2.6.6.2 respectively.

The plasma concentration in each sheep and the mean
concentration + S.E.M. of fenbendazole, oxfendazole and
oxfendazole sulfone after oral administration of fenbendazole
alone or in combination with triclabendazole are presented in
Tables 2.6.7.1, 2.6.7.2, 2.6.8.1, 2.6.8.2, 2.6.9.1 and 2.6.9.2
respectively.

Figures 2.6.3 and 2.6.4 respectively show the mean
concentrations/time profile for triclabendazole sulfoxide,
triclabendazole sulfone and fenbendazole, oxfendazole and
oxfendazole sulfone of six sheep after oral administration of
Fasinex (F), .Fasinex/Panacur (F/P) and Panacur (P).

Appropriate graphical analysis of individual plasma
concentration/time curves (Sedman and Wagner, 1976) indicated a
triphasic disappearance of triclabendazole sulfoxide and biphasic

‘disappearance of triclabendazole sulfone, fenbendazole,
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oxfendazole and oxfendazole sulfone which could be describéd by
the equation (C = Ae~0t 4 Be Bt 4 ce "Yt).

Values of the pharmacokinetic parameters of triclabendazole
sulfoxide, triclabendazole sulfone, fenbendazole, oxfendazole and
oxfendazole sulfone are shown in Tables 2.6.10, 2.6.11, 2.6.12,
2.6.13 and 2.6.14 respectively.

The maximum mean concentrations of triclabendazole
sulfoxides in plasma were 12.84 and 11.04 pg.ml™ T which occurred
36 hours after administration of F and F/P respectively.

Triclabendazole sulfone reached maximum mean concentrations,
in plasma, of 10.90 and 13.00 pg_.ml"1 at 48 hours after
administration of F/P and F respectively.

The mean plasma concentrations of triclabendazole sulfoxide
and triclabendazole sulfone fell below the limit of detection at
288 and 264 hours respectively after administration of both
formulations.

Although there were individual variations in plasma
fenbendazole concentrations, the maximum concentration were 0.34
and 0.35 pt;;.ml"l occurring 24 hours after administration of P and.
F/P respectively.

Oxfendazole attained a maximum concentration in plasma
between 24 and 36 hours at 0.45 and 0.41 pg.ml_1 and at 0.54 and
0.53 pg.ml4 after administration of P and F/P respectively.

The plasma concentrations of fenbendazole and oxfendazole
were not measurable at 144 and 168 hours respectively after

~administration of both formulations.
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Oxfendazole sulfone attained a maximum concentration in
plasma at 48 hours after administration of the single (P) and the
combined preparation (F/P). The concentrations of oxfendazole
sulfone started to fall below the detection limit between 144 and
168 hours after administration of P and at 192 hours after
administration of F/P.

For each of the‘drug metabolites measured, a two-way
analysis of variance was used to compare the variations in the
plasma concentration at each sampling time in the six sheep after
administration of triclabendazole and fenbendazole alone or in
combination (Table 2.6.15).

The results revealed significant differences at a few sample
times between the single and combined formulation for
triclabendazole sulfoxide, triclabendazole sulfone and
fenbendazole. The plasma concentrations at these times were
found to be significantly higher (P >0.05) when the combined
formulation was administered. At no time, were the
concentrations of oxfendazole and oxfendazole sulfone
significantly different between formulations. Some significant
differences (P >0.05) were found between occasions for all
compounds except oxfendazole sulfone with the suggestion that on
the second occasion there was greater bio-availability. However,
in comparing the formulations there is ho clear evidence that an
interaction occurs between fenbendazole and triclabendazole such
that their pharmacokinetics are affected either advantageously or
disadvantageously when each drug was administered alone or co-

administered.
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6.6.2 Binding of triclabendazole and its major metabolites to
plasma proteins

Analysis of plasma ultrafiltrates containing the parent
triclabendazole and its metabolites separately showed no
detectable concentration of any of these compounds at the limit
of detection of the method (0.0S pg.ml'1 ).

The filter used had a molecular weight exclusion of 10,000
and since the molecular weight of triclabendazole,
triclabendazole sulfoxide and triclabendazole sulfone are 359.6,
375.6 and 391.6 respectively, therefore they should be eluted
through the filter.

Since the limit of detection of the method is 0.05 pg.ml'1
and the highest concentration used is 30 ].1g.ml"1 the calculated
percentage of binding (according to the equation described in

Section 1.4.1) will be:

% bound = > 100 - (0.05 x 100)
30
= > 100 - 0.17

=> 99%
The fact that these compounds were not detected in the plasma
ultrafiltrate demonstrates that a very high degree of protein
binding (> 99%) occurs with triclabendazole and its metabolites.

6.6.3 Biliary excretion of triclabendazole

The parent triclabendazole was excreted in small amounts
(0.60 pg.ml'1) in bile sample obtained at slaughter (48 hours
after drug administration) while in the plasma triclabendazole

‘wvas not detected at the limit of detection of the method
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(0.05 pg.ml™1).
The concentrations of triclabendazole sulfoxide and
triclabendazole sulfone in bile were 4.85 and 3.80 }chy.ml"| and in

the plasma they were 7.50 and 10.50 pg.ml'1 respectively.
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TABLE 2.6.5.1
CONCENTRATIONS (pg.ml"") OF TRICLABENDAZOLE SULFOXTDE

IN PLASMA OF SIX SHEEP AFTER ORAL ADMINISTRATTON

OF TRICLABENDAZOLE ALONE (FASINEX).
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Time ' Sheep no.

hours 10 12 1 91 23 920 Mean + S.E.M.
Base 0 o 0 0 0 0 0 i 0 0
line
1 0 0 0 0 0 0 0 0
2 0.34 0.21 0.25 0.37 0.32 0.16 0.28 + 0.03
4 1.00 1.72 1.56 3.50 0.98  0.92 1.60 + 0.40
8 6.50 5.46 7.83 8.50 4.11 1.80 5.70 + 1.00
12 6.70 8.00  9.30 11.30 6.57 2.61 7.40 + 1.20

24 12.50 10.00 12.74 19.00 7.20 5.93 11.22 + 1.92

36 10.90 13.30 13.87 20.00 9.46 9.52 12.84

+ 1.62
48 7.00 8.60  9.93 15.00 9.07 6.46  9.34 + 1.25
72 4.80 5.80  4.60  7.32 3.75 4.15  5.07 + 0.53
96  2.90 2.20 1.48  2.80 1.33 2.72  2.24 + 0.28
120 1.20  1.00  0.38  1.70 0.69 1.76  1.12  + 0.22
144 0.44 0.47  0.28  1.30 0.58 0.98  0.68 + 0.15
168 0.40 0.20 0.18  1.36 0.49 0.60 0.54 + 0.17
192 0.34 0.18  0.43  0.12 0.40 0.37 0.30 + 0.05
216 0.17 0.16  0.37  0.10 0.25 0.18  0.20 + 0.03
240 0.14 0.05 0.36  0.07 0.08 0.07 0.13 + 0.04
264 0 0 0.12 0 0 0 0.02 + 0.01
288. 0 0 0 0 0 0 0 0
312 0 0 0 0 0 0 0 0
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TABLE 2.6.5.2
CONCENTRATIONS (].lg.ml—1) OF TRICLABENDAZOLE SULFOXIDE IN PLASMA

OF SIX SHEEP AFTER ORAL ADMINISTRATION OF TRICLABENDAZOLE

IN A COMBINED PREPARATION WITH FENBENDAZOLE (FASINEX/PANACUR)
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Time Sheep no.
hours 10 12 11 91 23 90 Mean * S.E.M.
Base -
line 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0
2 0.53  0.56  0.26 0 0 0.13 0.25 + 0.10
4 1.54 1.05 1.22  0.93 0.45  0.35 0.92 + 0.18
8 4.42  4.40 1.90  4.34 2.27  0.70 3.00 + 0.65
12 5.80  7.48  7.44  9.30 3.88 2.17 6.00 + 1.07
24 10.00  9.10 13.50  7.40 5.87  5.90 8.63 + 1.20
36 9.12  8.10 17.00  9.40  10.38 12.21 11.04  + 1.32
48 6.20 7.75 15.40  9.00 8.17 10.90 9.60 + 1.32
72 2,90  5.10 10.00  4.60 4.25 11.80 6.44 + 1.46
96 1.40 2.74  4.44 1.50 3.44  8.50 3.67 + 1.07
120 0.64 1.60 1.40  1.80 1.68  4.74 1.97 + 0.57
144 0.20 0.57 1.10  0.70 0.91 2.6 0.94 + 0.27
168 0.16  0.37 0.60  0.33 0.33  0.14 0.32 0.06
192 0.10  0.23  0.20 0.14 0.29  0.06 0.17 + 0.03
216 0.07 0.16  0.19  0.10 0.15 0 0.11  + 0.02
240 0 0.06 0.10  0.06 0.08 0 0.05 + 0.01
264 0 0 0.05 0 0.07 0 0.09 + 0.01
288 0 0 0 0 0 0 0 0
312 0 0 0 0 0 0 0 0
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CONCENTRATIONS (pg.ml"'1) OF TRICLABENDAZOLE SULFONE
IN PLASMA OF SIX SHEEP AFTER ORAL ADMINISTRATION

OF TRICLABENDAZOLE ALONE (FASINEX).
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YTJ'_me

Sheep no.
hours 10 12 11 91 23 90 Mean  + S.E.M.
Base |
line 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0
2 0.09 0.24 0.30 0.23 0.24 0.08 0.19 + 0.03
4 0.30 0.51 0.64 0.83 0.75 0.55 0.60 + 0.07
8 1.50 1.22 2.70 2.12 1.79 1.88 1.87 + 0.21
12 2.50 2.80 4.00 5.00 3.56 3.13 3.50 + 0.37
24 9.80 6.70 9.50 13.00 6.89 9.60 9.25 + 0.94
36 11.30 14.40> 15.34 16.20 8.37 9.72 12.55 + 1.31
48 9.50 12.50 14.53 18.00 11.45 11.60 13.00 + 1.21
72 9.00 7.20 10.43 13.00 5.82 6.06 8.60 + 1.41
96 7.10 6.70 5.40 6.30 4.49 2.64 5.44 + 0.68
120 3.70 3.00 3.70 3.40 3.34 1.10 3.00 + 0.40
144 1.23 2.40 1.10 1.20 1.07 0.95 1.33 + 0.21
168 0.80 1.00 0.47 0.42 0.82 0.63 0.70  + 0.09
192 0.43 0.54 0.19 0.26 0.52 0.35 0.38 + 0.05
216 0.20 0.25 0.09 0.13 0.13 0.21 0.17 + 0.02
240 0.09 0.05 0 0.06 0.09 0.07 0.06 + 0.01
264 0.05 0 0 0 0 0 0 + 0.01
288 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

312
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TABLE 2.6.6.2
CQONCENTRATIONS (pg.ml"1) OF TRICLABENDAZOLE SULFONE IN PLASMA

OF SIX SHEEP AFTER ORAL ADMINISTRATION OF TRICLABENDAZOLE IN A

COMBINED PREPARATION WITH FENBENDAZOLE (FASINEX/PANACUR) .

270



271

Time Sheep no.
hours 10 12 1 91 23 90 Mean  + S.E.M.
Base o
line 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0
2 0.10  0.12  0.10  0.18 0 0.5 0.09 + 0.02
4 0.70  0.44 ~ 0.24 0.52  0.18 0.28  0.40 + 0.07
8 3.50 2.21  0.31 1.80  0.59 2.44  1.80 + 0.48
12 6.80  3.90 2.10  3.83  1.65 5.00  3.88 + 0,77
24 7.73 . 7.53  6.00 5.26  3.32 9.64  6.60 + 0.90
36 9.00  7.43 10.00 11.40  8.45  11.24  9.60 + 0.64
48 8.30 9.24 13.00 12.60  8.75  13.30 10.90 + 0.95
72 4.40 6.00 13.80 10.20 ~ 8.18 8.10  8.44 + 1.35
96 2.80  4.60  9.20  6.00  7.83 4.34  5.80 + 0.97
120 1.64  2.80 4.14  5.30  3.22 1.83  3.16 + 0.57
144 0.76  2.00  3.70  2.50  2.57 0.78  2.05 + 0.46
168 0.56 1.28 2.00 0.62  1.51 0.73  1.12 + 0.23
192 0.27 0.78 0.80  0.44  0.95 0.45  0.62 + 0.10
216 0.16  0.60  0.40  0.30  0.56 0.20  0.37 + 0.07
240 0.07 0.33 0.18  0.28  0.33 0.8 0.21 + 0.05
264 0.05 0.16  0.10  0.06  0.16 0 0.08 + 0.02
288 0 0 0 0 0 0 0 0
312 0 0 0 0 0 0 0 0



TABLE 2.6.7.1

CONCENTRATIONS (pg.ml™') OF FENBENDAZOLE IN PLASMA OF SIX SHEEP

AFTER ORAL ADMINISTRATION OF FENBENDAZOLE ALONE (PANACUR).
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Time Sheep no.
hours 10 12 11 91 23 90 Mean + S.E.M.
Base
line 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0

2 0 0 0.02 0.02 0.04 0 0.01 O

4 0.03 0.09 0.13 0.12 0.15 0.13 0.10 + 0.01

8 0.13 0.20 0.27 0.26 0.26 0.28 0.23 + 0.02
12 0.19 0.23 0.38 0.36 0.28 0.38 0.30 + 0.03
24 0.31 0.30 0.35 0.33 0.27 0.47 0.34 + 0.02
36 0.23 0.22 0.27 0.26 0.21 0.26 0.24 + 0.01
48 0.19 0.17 0.18 0.17 0.15 0.28 0.19 + 0.01
72 0.66 0.04 0.09 0.08 0.12 0.13 0.08 + 0.01
96 0.02 0.03 0.03 0.03 0.06 0.05 0.03 + 0.01
120 0 0 0 0.02 0.05 0 0.01 + 0.01
144 0 0 0 0 0 0 0 0
168 0 0 0 0 0 0 0 0
192 0 0 0 0 0 0 0 0
216 0 0 0 0 0 0 0 0
240 0 0. 0 0 0 0 0 0
264 0 0 0 0 0 0 0 0
288 0 0 0 0 0 0 0 0
312 0 0 0 0 0 0 0 0
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TABLE 2.6.7.2
CONCENTRATIONS (pg.ml_1) QF FENBENDAZOLE IN PLASMA OF SIX

SHEEP AFTER ADMINISTRATION OF FENBENDAZOLE IN A COMBINED

PREPARATION WITH TRICLABENDAZOLE (FASINEX/PANACUR) .
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Time Sheep no.
hours 10 12 11 91 23 90 Mean  + S.E.M.
Base
line 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0
2 0.07  0.08 0 0 0 0.02 0.02  + 0.01
4 0.18 0.22  0.07 0.06 0.04 0.04 0.10  + 0.02
8 0.29 0.30 0.28 0.47 0.13  0.13 0.26  + 0.05
12 0.26 0.28 0.33 0.60 0.15 0.18 0.30  + 0.06
24 0.21 0.27 0.53 0.55 0.25  0.30 0.35  + 0.05
36 0.11 0.16  0.33  0.40  0.20  0.24 0.24  + 0.04
48 0.09 0.15 0.25 0.30 0.25  0.25 0.21  + 0.02
72 0.04 0.07 0.16  0.13 -0.15  0.17 0.12  + 0.02
9% 0.01 0.02 0.08 0.05 0.08 0.09 0.05 + 0.01
120 0 0.01 0 0 0.03  0.04 0.01 0
144 0 0 0 0 0 0 0 0
168 0 0 0 0 0 0 0 0
192 0 0 0 0 0 0 0 0
216 d 0 0 0 0 0 0 0
240 0 0 0 0 0 0 0 0
264 0 0 0 0 0 0 0 0
288 0 0 0 0 0 0 0 0
312 0 0 0 0 0 0 0 0
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TABLE 2.6.8.1

CONCENTRATIONS (pg.ml—1) QF OXFENDAZOLE IN PLASMA OF SIX

SHEEP AFTER ADMINISTRATION OF FENBENDAZOLE ALONE (PANACUR).
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Time Sheep no. ;
hours 10 12 11 91 23 90 Mean  + S.E.M.
Base
line 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0
4 0 0 0.10  0.10  0.04 0.04 0.04 + 0.07
8 0.04 0.18 0.15 0.16  0.17 0.20 0.15 + 0.02
12 0.10  0.40  0.25  0.24  0.25 0.44 0.28 + 0.05
24 0.29 - 0.55 0.34 0.34  0.38 0.81 0.45 + 0.07
36 0.26  0.37 0.43  0.42  0.50 0.53 0.41 + 0.03
48 0.23  0.36 0.27  0.30  0.44 0.63 0.37 + 0.05
72 0.11  0.15  0.26  0.26 -0.31 0.35 0.24 + 0.03
96 0.05  0.09 0.05 0.06 0.17 0.11 0.08 + 0.01
120 0 0.02  0.07 0.07  0.04 0 0.04 + 0.01
144 0 0 0.05  0.05 0 0 0.01 + 0.01
168 0 0 0.02  0.03 0 0 0 0
192 0 0 0 0 0 0 0 0
216 0 0 0 0 0 0 0 0
240 0 0 0 0 0 0 0 0
264 0 0 0 0 0 0 0 0
288 0 0 0 0 0 0 0 0
312 0 0 0 0 0 0 0 0
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TABLE 2.6.8.2
CONCENTRATIONS (pg.ml—1) QF OXFENDAZOLE IN PLASMA OF SIX SHEEP

AFTER ADMINISTRATION OF FENBENDAZOLE IN A COMBINED

PREPARATION WITH TRICLABENDAZOLE (FASINEX/PANACUR).
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Time Sheep no.
hours 10 12 11 91 23 90 Mean  + S.E.M.
Base B B o
line 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0
2 0.08 0 0 0 0 0 0.01  + 0.01
4 0.15  0.08  0.05  0.05 0 0 0.05  + 0.02
8 0.35 0.30 0.18  0.27  0.01  0.10 0.20  + 0.05
12 0.41 0.47 0.50 0.54  0.05  0.17 0.35  + 0.01
24 0.40  0.45 1.10  0.74  0.20  0.36 0.54  + 0.13
36 0.41  0.47  0.98  0.67  0.21  0.47 0.53  + 0.10
48 0.24  0.35 0.98  0.65 0.28  0.45 0.50  + 0.11
72 0.09 0.17 0.58  0.30  0.19  0.30 0.27  + 0.07
96 0.08 0.11  0.26 0.12  0.10  0.24 0.15  + 0.02
120 0.07 0.05  0.04 0 0.03  0.08 0.04  + 0.01
144 0.05  0.04 0 0 0 0 0.01  + 0.01
168 0.04  0.02 0 0 0 0 0.01 0
192 0 0 0 0 0 0 0 0
216 0 0 0 0 0 0 0 0
240 0 0 0 0 0 0 0 0
264 0 0 0 0 0 0 0 0
288 0 0 0 0 0 0 0 0
312 0 0 0 0 0 0 0 0
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TABLE 2.6.9.1
CONCENTRATIONS (pg.ml-1) OF OXFENDAZOLE SULFONE IN PLASMA OF

SIX SHEEP AFTER ORAL ADMINISTRATION OF FENBENDAZOLE

ALONE (PANACUR).
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Time Sheep no.
hours 10 12 11 91 23 90 Mean + S.E.M.
Base
line 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0

2 0 0 0 0 0 0 0 0

4 0 0 0 0 0 0 0 0

8 0 0.02 0.01 0.01 0.02 0.02 0.01 0
12 0 0.05 0.03 0.03 0.04 0.05 0.03 0
24 0.08 0.17 0.10 0.10 0.12 0.28 0.14 + 0.02
36 0.12 0.19 0.16 0.16 0.17 0.26 0.18 + 0.01
48 0.13 0.25 0.14 0.16 ] 0.21 0.41 0.21 + 0.04
72 0.11 0.16 0.13 0.13 0.23 0.32 0.18 + 0.03
96 0.07 0.09 0.07‘ 0.07 0.16 0.20 0.11 + 0.02
120 0 0.02 0.05 0.05 0.12 0.11 0.08 + 0.01
144 0 0 0.03 0.04 0.06 0.02 0.03 + 0.01
168 0 0 0.02 0.03 0 0 0.01 0
192 0 0 0 0 0 0 0 0
216 0 0 0 0 0 0 0 0
240 0 0 0 0 0 0 0 0
264 0 0 0 0 0 0 0 0
288 0 0 0 0 0 0 0 0
312 0 0 0 0 0 0 0 0

281



TABLE 2.6.9.2
CONCENTRATIONS (pg.ml_1) QOF OXFENDAZOLE SULFONE IN PLASMA

OF SIX SHEEP AFTER ADMINISTRATION OF FENBENDAZOLE IN A

COMBINED PREPARATION WITH TRICLABENDAZOLE (FASINEX/PANACUR).
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Time Sheep no.
hours 10 12 11 91 23 90 Mean + S.E.M,
Base
line 0 0 0 0 0 0 0 0

1‘ 0 0 0 0 0 0 0 0

2 0 0 0 0 0 0 0 0

4 0 0 0 0 0 0 0 0

8 0.03 0 0 0.04 0 0 0.01 + 0,01
12 0.07 0.04 0.05 0.06 0 0.03 0.04 + 0.01
24 0.1 0.11 0.27 0.19 0.03 0.08 0.13 + 0.03

36 0.12 0.15 0.32 0.28 0.04 0.15 0.17 + 0.04
48 0.11 . 0.13 0.42 0.32 0.09 0.18 0.21 + 0.05

72 0.07 0.1 0.43 0.23 0.08 0.14 0.17 + 0.05

96 0.06 0.08 0.33 0.15 0.08 0.08 0.13 + 0.04
120 0.04 0.05 0.14 0.05 0.04 0.07 0.06 + 0.01
144 0.03 0.04 0.10 0.04 0.04 0.05 0.05 + 0.07
168 0.02 0.03 0.05 0 0.03 0.02 0.02 0
192 0 0 0 0 0 0 0 0
216 0 0 0 0 0 0 0 0
240 0 0 0 0 0 0 0 0
264 0 0 0 0 0 0 0 0
288 0 0 0 0 0 0 0 0
312 0 0 0 0 0 0 0 0
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TABLE 2.6.10
PHARMACOKINETIC CONSTANTS QOF TRICLABENDAZOLE SULFOXIDE AFTER

ADMINISTRATION OF "FASINEX" AND "FASINEX/PANACUR" ORALLY

TO SIX SHEEP AT A DOSE RATE OF 10 mg.kg™'.
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A B c o" B v t1/2 () t1/2 (B) t1/2(7) AUC

Animal
no. t@.aw..._ t@.:PL t@.E.L hl h! h1 h h h t@.:PL. h.
FASINEX
0 - 72.20 68.80 3.30 0.06 0.04 0.01 11.80 17.20 - 52.80 732.00
12 - 39,90 28.70 11.00 0.06 0.04 0.02 11.00 19.30 31.80 675.20
M - 43.60 42,20 1.40 0.07 0.03 0.01 9.50 20.30 86.50 . 820.80
91 - 14.20 69.60 ‘ 55.40 0.30 0.08 0.03 M.qo 8.20 24.50 1186.00
23 - 35.70 24.00 11.80 0.06 0.05 0.02 10.80 14.80 35.80 563.00
90 - 3.40 m.\.po. 54.00 0.20 0.04 0.03 3.27 17.00 25.70 598.50
Mean 8.20 16.00 42.80 762.60
+ S.E.M. + 1.60 + 1.70 + 9.50 + 90.80
Averaged - 9.80 - 36.70 26.90 0.20 ~ 0.10 0.02 3.00 7.30 28.30 758.30 o
FASINEX/PANACUR &
0 - 31.40 29.60 1.80 0.08 0.04 0.02 8.20 28.60 46.00 | 540.70
12 4.00 34.00 30.00 0.30 0.07 0.03 2.20 10.40 27.00 678.30
1 - 75.00 50.40 24.60 0.06 0.04 0.02 11.40 18.30 29.40 1133.60
91 - 33.80 29.60 41.20 0.07 0.03 0.02 10.20 21.60 29.30 659.30
23 ~ 72.60 72.20 0.30 0.05 0.03 0.06 15.00 21.00 44.60 662.40
90 - 65.40 61.70 3.70 0.04 0.02 0.02 18.40 28.70 39.30 1024.60
Mean 11.00 19.80 36.00 783.00
+ S.E.M. + 2.20 + 2.40 * 3.40 + 94,80

Averaged - 22.60 83.70 61.00 0.10 0.06 0.03 5.60 11.70 23.00 794.30




TABLE 2.6.11
PHARMACOKINETTIC CONSTANTS OF TRICLABENDAZOLE SULFONE

FOLLOWING ORAL ADMINISTRATION OF "FASINEX" AND "FASINEX/PANACUR"

TO SIX SHEEP AT A DOSE RATE OF 10 mg.kg~1.
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Animal A B o
e pg.ml"1 pg.ml'1 h!

0 - 81.60 81.50  0.04

12 - 60.60 60.50  0.05

11 - 90.30  90.20  0.05

91 - 98,70  98.60  0.05

23 - 43,00 43.60  0.04

90 - 29.60 29.60  0.06
Mean - 67.30  67.30  0.05
+ S.E.M. + 10.90 + 10.90 + 0.01 +
Averaged - 62.0 62.0 0.05
FASINEX/PANACDR

0 - 28.30 28.30  0.06

12 - 59.80 59.70  0.03

11 -102.00 102.00  0.04

91 - 55.3 55.20  0.04

23 - 41,50 41.50  0.04

90 - 43.30  41.30  0.05
Mean - 55.00  54.60  0.04
4 S.E.M. + 10.20 + 10.30 + 0.01 +
Averaged - 50.50  50.50  0.04

B t1/2 (@) t1/2 (B) auwc
p! h h }Jg.ml_l.h
0.03 17.20 24.50 858.00
0.03 14.80 26.00 979.30
0.03 14.30 21.80 972.80
0.03 14.50 22.00 1089.00
0.03 16.60 27.30 675.20
0.02 11.20 28.40 734.20
0.03 14.70 25.00 884.80
0.01  + 0.80 + 1.00  +63.40
0.03 15.00 25.00 893.0
0.02 11.00 28.20 704.80
0.02 21.00 31.00 856.20
0.03 19.40 26.50 1041.80
0.02 17.40 28.30 864.80
0.02 19.50 33.60 841.80
0.03 13.40 27.00 844.00
0.02 17.00 29.00 858.90
0.01  + 1.60 + 1.00 + 43.00
0.02 16.50 29.30 934.50
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TABLE 2.6.12
PHARMACOKINETTC CONSTANTS OF FENBENDAZQLE AFTER ADMINISTRATTON

OF "PANACUR" AND "FASINEX/PANACUR" QORALLY TO

SIX SHEEP AT A DOSE RATE OF 10 mg.kg_l.
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Animal A B o B £1/2 (@) t1/2 (B) auc
no. _ _ -1 -1
pg.ml pg.ml h h h h pg.ml‘1. h
PANACI}I:- T
0 - 1.60 1.60 0.08 0.05 8.50 14.80 14.30
12 - 0.70 0.70 0.09 0.04 7.40 19.70 12.70
11 - 1.10 1.10 0.10 0.04 6.88 18.57 18.60
91 - 0.70 0.70 0.10 0.03 5.10 21.90 18.00
23 - 0.40 0.40 0.20 0.02 3.34 38.56 19.76
90 - 2.10 2.10 0.07 0.04 9.70 17.40 23.60
Mean - 1.10 1.10 0.11 0.04 6.80 21.80 17.80
+S.E.M. +0.30 +0.30 +0.02  +0.01 +0.90 + 3.40 + 1.60
Averaged - 1.70 1.70 0.08 0.04 8.96 16.00 17.30
FASINEX/PANACUR I -
0 - 0.50 0.50 0.20 0.04 3.30 17.30 10.80
12 - 0.50 0.50 0.20 0.03 3.50 21.30 13.80
11 - 0.80 0.80 0.10 0.02 6.20 29.20 25.90
91 - 2.20 2.20 0.08 0.04 8.30 17.40 28.60
23 ~ 0.60 0.60 0.07 0.02 9.80 29.36 17.68
90 - 1.40 1.40 0.05 0.03 13.00 23.00 20.65
Mean - 1.00 1.00 0.12 0.03 7.40 23.00 19.60
+S.E.M. +0.30 +0.30 +0.03 +0.01 +1.50 + 2.20 + 2.60
Averaged - 1.20 1.20 0.09 0.04 7.90 18.90 18.30
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TABLE 2.6.13
PHARMACOKINETIC CONSTANTS OF OXFENDAZOLE FOLLOWING ORAL

ADMINISTRATION OF "PANACUR" AND "FASINEX/PANACUR" TO SIX SHEEP

AT A DOSE RATE OF 10 mg.kg™!.
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Animal A B o B t1/2 (a) t ;/2 (6;“ AUC
g pgont™l  p b1 b h pg.mi' . h
PANACUR
0 -0.70  0.70  0.08  0.03 8.62 24.40 16.60
12 -3.10 3.0  0.07  0.04 10.60 16.50 28.80
1 -1.80  1.80  0.05  0.03 15.20 26.60 28.90
91 -0.80  0.80  0.07  0.02 9.80 34.50 27.40
23 - 2.0  2.40  0.06  0.03 12.10 21.30 31.84
9 ~ -3.70  3.70  0.06  0.04 11.80 19.19 38.86
Mean ~ -2.00  2.00  0.07  0.03 11.40 23.70 28.70
48.E.M. +0.50 +0.50 +0.04 +0.03 + 0.90 + 2.60 + 2.80
Averaged - 2.60  2.60  0.06  0.04 11.40 18.50 26.30
FASINEX/PANACUR T
0 -0.50 0.5  0.20  0.02 3.33 41.80 28.10
12 -0.90  0.90  0.10  0.02 5.90 30.50 31.60
11 -4.90 4.9  0.06  0.04 10.70 18.90 57.60
91 -3.30  3.30  0.07  0.04 10.40 19.70 43.86
23 -0.70  0.70  0.05  0.02 13.70 29.20 15.30
9  -1.40  1.40  0.06  0.02 12.4 30.80 36.51
Mean ~ -2.00  2.00  0.09  0.03 9.40 29.80 30.70
4S.EM. +0.70 +0.70 +0.02 +0.01  + 1.60 + 2.80 + 3.80
Averaged 3.00  0.06  0.04 11.4 19.00 33.50

- 3.00
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TABLE 2.6.14
PHARMACOKINETIC CONSTANTS OF OXFENDAZOLE SULFONE AFTER

ADMINISTRATION OF "PANACUR" AND "FASINEX/PANACUR" ORALLY TO

SIX SHEEP AT A DOSE RATE OF 10 ng.kg_l.
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t—1/2 ()

Animal A B o4 B t1/2 (f3) AUC
e pg.mlt pg.ml’l nt nt h h pg.ml"l h
PANACUR o B
0 - 0.40  0.40 0.05 0.02 14.00 36.80 12.20
12 = 1.40 1.40 0.05 0.04 14.00 20.40 12.40
11 - 0.40 0.40 0.05 0.02 14.00 36.20 14.00
91 - 0.30 0.30 0.06 0.01 10.80 47.60 15.80
23 - 0.80 0.80 10.03 0.02 20.00 38.50 21.70
90 - 1.00 1.00 0.05 0.03 14.70 30.20 23.00
Mean -0.70 0.70 0.05 0.02 14.60 35.00 16.50
+S.E.M. + 0.20 + 0.20 + 0.01 + 0.01 +1.00 + 3.60 +1.90
Averaged - 1.60 1.60 0.04 0.03 16.40 23.50 16.00
FASINEX;I:Z—XNACUR o B o
0 - 0.20 0.20 0.08 0.01 9.00 51.60 11.84
12 - 0.30 0.30 0.06 0.01 10.80 | 50.50 15.40
1 - 1.70 1.70 0.04 0.02 17.30 32.30 37.00
9 - 1.00 1.00 0.05 0.02 14.60 29.30 21.60
23 - 0.20 0.20 0.04 0.01 17.00 62.70 11.40
90 - 0.40 0.40 0.04 0.02 16.00 41.00 14.70
Mean - 0.60 0.60 0.05 0.02 14.00 44.60 18.70
+#S.E.M. + 0.20 + 0.20 + 0.01 + 0.01 + 1.40 + 5.00 + 3.80
Averaged - 0.80 0.04 - 0.02 ~16.00 31.80 18.20
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TABLE 2.6.15

TWO WAY ANALYSIS OF VARIANCE : TEST FOR SIGNIFICANCE

PLASMA CONCENTRATTIONS

Triclabendazole

o e e o e

Triclabendazole
Sulfoxide Sulfone Fenbendazole Oxfendazole Oxfendazole Sulfone

Hours Formulation Occasion Formulation Occasion Formulation Occasion Formulation Occasion Formulation Occasion
Pre

1

2 *3 *2

4 *2

8 *2 *2

12 *2

24 *2 *2

36 *2 *2 *2

48 *2

72 *2 *2 *1 *2
96 *2 *1
120
144 *2
168 *3
192
216
240
264
288
312

* = GSignificantly different at the 5% level.
The highest parameter when significance is found is marked.
Formulation 1 = Alone Occasion 1, 2 or 3.
2 = Combined
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FIGURE 2.6.2

MEAN CONCENTRATIONS (pg.ml™') OF TRICLABENDAZOLE SULFOXIDE
AND TRICLABENDAZOLE SULFONE IN PLASMA OF SHEEP (n=6) FOLLOWING
ORAL ADMINISTRATION OF TRICLABENDAZOLE ALONE OR IN COMBINATION

WITH FENBENDAZOLE AT A DOSE RATE OF 10 mg.kg~| OF

TRICLABENDAZOLE AND QOF FENBENDAZOLE,
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FIGURE 2.6.3

MEAN CONCENTRATIONS (pg.ml™1) OF FENBENDAZOLE, OXFENDAZOLE
AND THE SULFONE IN PLASMA OF SHEEP (n=6) AFTER AN ORAL
ADMINISTRATION OF FENBENDAZOLE ALONE OR IN COMBINATION WITH
TRICLABENDAZOLE AT A DOSE RATE OF 10 mg.kg~| OF

FENBENDAZOLE AND OF TRICLABENDAZOLE.
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6.7 Discussion

Immediately after oral administration, triclabendazole was
rapidly oxidized to the sulfoxide and subsequently to the sulfone
(Fig. 2.6.4). This oxidétive pathway is shown to be common for
‘the metabolism of sulphur containing compounds (Meshi et al 1970;
Duwel 1977; Marriner and Bogan 1980, 1981a).

The rate of formation of these metabolites was so rapid that
the parent compound, triclabendazole, was not detected in the
plasma samples and only its metabolites were detected at
approximately two hours after administration. A similar finding
is reported for another benzimidazole compound, albendazole, in
sheep (Marriner and Bogan 1980; Gyurik et al 1981).

Once triclabendazole sulfoxide has entered the blood stream
it was reversibly bound to plasma proteins. Based on an
inspection of the plasma concentration/time profile (Fig. 2.6.2)
it could be concluded that the rapid dissociation and
distribution of the free drug, which is immediately replaced by
newly dissociated drug, is responsible for the initial decline of
the plasma curve of triclabendazole sulfoxide (t 1/2 () = 16.0
+ 1.7h), and the slow decline of the plasma curve (t 1/2 (V) =
42.8 + 9.5h) is thought to be attributed to the slow rate of
elimination of the drug since the bound drug is not readily
available for distribution, metabolism and elimination.

Following administration of the combined formulation (F/P)
the initial decline of the plasma concentration/time profile of
. t_ri}c}ab’endazole sulfoxide (Fig. 2.6.2) was relatively slower

(t1 /2 (B,) = 19.8 + 2.4h) and followed by a relatively faster
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elimination rate (t 1/2 (7Y) = 36.0 + 3.4h) than after
administration of triclabendazole alone (F). This might be due
to the effect of competition for binding sites and that the
subsequent binding of fenbendazole had altered the binding of
triclabendazole sulfoxide or might be attributed to alteration in
metabolic rate in liver since both triclabendazole and
fenbendazole are sulfides and have similar patterns of metabolism
via the sulfoxide and the sulfone metabolite.

The decline of the plasma curve of triclabendazole sulfone
followed first order kineticé with a mean elimination half life
(t1/2 B ) of 25.0 + 1.0h and 29.0 + 1.0h after administration of
F and F/P respectively.

The pharmacckinetic behaviour of triclabendazole in cattle
(Bogan et al 1985) appeared to be similar to that in sheep.
Following the oral administration, triclabendazole was rapidly
metabolised to the sulfoxide and the sulfone. The parent
triclabendazole could be detected only at very low concentration
in a few early samples (< 0.05 pg.ml'1).

The maximum concentration of triclabendazole sulfoxide and
triclabendazole sulfone in plasma of cattle after oral
administration at a dose rate of 5 ngqg'1 triclabendazole, were
12.5 and 10.1 pg.ml'1 and occurred at 24-30h and 96-120h
respectively.‘ Ignoring the differences in the administered dose
of triclabendazole to sheep, compared with cattle, it would
appear that the kinetics of triclabendazole sulfoxide in cattle
plasma were relatively similar to that in sheep. This was
reflected by the similarity in the maximum concentration related -

‘fvto dose rate and the time at which the maximum concentration of
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triclabendazole sulfoxide in plasma had occurred in both sheep
and cattle. However the situation seems to be different for
triclabendazole sulfone. The maximum concentration of
triclabendazole sulfone in cattle plasma occurred at a mean time
of 96-120h which is later than that in sheep (36-48h). The
elimination half life of triclabendazole sulfone in cattle was
longer (54.8h) than that in sheep (25.0h).

From this observation it would appear that administration of

triclabendazole to cattle at a dose rate of 5 mg;kg'1

produces
similar plasma concentrations to that in sheep when
triclabendazole was given at a dose rate of 10 mg;kg_1. The
plasma concentrations of triclabendazole sulfoxide, which is
probably the anthelmintically active metabolite, achieved in
cattle are sufficient for a high activity while triclabendazole
sulfone is unlikely to be anthelmintically active., Therefore the
commercially recommended dose rate of triclabendazole for cattle
which is higher (12 mg.kg'1) than for sheep (10 rng.kg'1) could be
similar to that for sheep.

The pharmacokinetic behaviour of fenbendazole in plasma in
sheep, in this study, was in agreement with previous findings
(Duwel_1977; Marriner and Bogan 1981a). After absorption of
fenbendazole, from the gastrointestinal tract to the peripheral
circulation, - the drug was metabolised by the hepatic microsomal
enzymes to the sulfoxide, oxfendazole and the sulfone
(Fig. 2.6.5). N

; MetaboliSm of triclabendazole and fenbendazole to the

stulfoxide and the sulfone appear to be similar. However the
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extent and rate of metabolism of triclabendazole was found to be
quicker than that of fenbendazole. Triclabendazole disappeared
rapidly from the plasma samples and only its metabolites were
detected in much higher concentration in plasma whereas
fenbendazole was detected in plasma for longer duration along
with its metabolites.

An impoftant factor is to know whether it is the parent
compound or one or more of the metabolites which is responsible
for the activity of these drugs against helminths. In an
efficacy study oxfendazole, which is the major metabolite of
fenbendazole, 'has been shown to be more potent than the parent
compound (Averkin et al 1975). Bithionol sulfoxide, which is
used as a fasciolicide in ruminanﬁs, has been shown to have
stronger anthelmintic activity than the sulfide, bithionol
(Godfrain et al 1969a, b; Meshi et al 1970; Vishnyauskas and
Gudonavitchus 1974; Dagorn 1984).

In a pharmacokinetic study, following the oral
administration of albendazole to sheep Marriner and Bogan (1980)
reported that the parent compound was virtually absent from the
plasma and its major Iﬁetabolite, albendazole sulfoxide, was found
in concentrations much higher than albendazole. They related the
anthelmintic activity of this drug to the sulfoxide metabolite.
Furthermore administration of albendazole sulfoxide in feed to

rats infected with Nippostrongylus brasiliensis was found to be

as effective anthelmintically as was albendazole (Marriner 1980).
Subsequent metabolism of the absorbed triclabendazole
sulfoxide and oxfendazole to the sulfone is mainly to enhance the

‘préc'esfsA of excretion (Meshi et al 1970; Mulder et al 1982). The
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maximum concentration of triclabendazole sulfone and oxfendazole
sulfone occurred later and were significantly lower than those of
both triclabendazole sulfoxide and oxfendazole respectively.
Thereafter the sulfone concentrations tended to be higher than
those of the sulfoxide.

One of the main characteristics of flukicidal drugs appears
to be that they are extensively bound to blood proteins, mainly
albumin, and are therefore excreted slowly from the body (Broome
and Jones 1966; Meshi et al 1970; Vishnyauskas and Gudonavitchus
1974). In comparing a number of salicylanilide flukicidal drugs,
Lee (1973) found that the flukicidal activity of salicylanilides
in sheep was dépendent on the extent to which they persist in the
plasma. He found that compounds which had'half lives of less
than 36 h had no detectable fasciolicidal activity whereas
compounds with plasma half lives of 48-84 h were markedly more
active and those with half lives of 5-6 days were very active,
Corba et al (1979) demonstrated the importance of the long
exposure of liver flukes to fenbendazole rather than the
concentrations of the compound in the body.

The same situation apparently exists for triclabendazole,
the strong binding of triclabendazole and its metabolites to
plasma proteins (> 99%) would appear to be the most likely route
by which this benzimidazole reaches liver flukes. Additional
evidence for this suggestion was provided in an experiment in
which one sheep received an oral dose of triclabendazole at a

dose rate of 10 mg.kg™!.
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After the oral administration, the bile : plasma ratio of
triclabendazole sulfoxide and triclabendazole sulfone was 0.65
and 0.36 respectively. Therefore there is no evidence that
flukes are exposed to high concentrations of triclabendazole in
bile. Although albendazole has flukicidal activity (Theodorides
gguglv1975; Knight and Colglazier 1977; Fetterer et al 1982),
Morris et al (1985) have also shown that the biliary excretion of |
albendazole sulfoxide in humans are less than those in plasma.

It has been found that flukes residing in bile ducts feed
~mainly on blood (Jennings et al 1955, 1956; Pearson 1963;
Rowlands 1969) and that each fluke consumes approximately 0.2 ml
of blood per day (Jennings et al 1956). This amount of daily
blood loss caused by flukes is sufficient to produce marked

anaemia which is associated with Fasciola hepatica infections.

Thus ingestion of blood bound drug by the flukes is probably
responsible for the toxic effect of the drug on

Fasciola hepatica.

The pharmacokinetic results presented demonstrate that there
was no indication that an interaction between triclabendazole and
fenbendazole had occurred, when both compounds were co-
administered, and that their pharmacokinetic behaviour was not
altered significantly (either potentiated or reduced). This was
reflected by the insignificant increase in AUC and their plasma
concentration.

It is also clear from this study that triclabendazole
functions quite differently from the other benzimidazoles and
 ‘this may explain the preferential activity of this compound

*fﬁagainst liver_fluke and its lack of activity against nematodes.

- 302



Firstly, analytically it cannot be assayed by the same
methodology as other benzimidazoles. Therefore chemically it
must be functioning in a different way from the others.

Secondly, it is extremely strongly protein-bound (> 99%).
Protein-binding of the other benzimidazoles is unknown and for
comparison, the binding of albendazole sulfoxide was measured and
found to be 49% bound.

'I’hirdly, its availability is considerably higher than other
benzimidazoles. For example, at dose rates of 10 mg'.kg'1 the
maximum mean concentrations of the parent compound plus
metabolites with triclabendazole was 25.84 pg.ml™! whereas for
parent and metabolites of albendazole, fenbendazole and
oxfendazole these were 3.90, 1.00 and 0.96 pg.ml"1 respectively
(Marriner and Bogan 1980, 1981b) (Tables 2.6.7.1, 2.6.8.1 and
2.6.9.1). |

Fourthly, triclabendazole produces higher concentrations in
cattle than in sheep at the same dose rate in contrast to other
benzimidazoles, viz thiabendazole, fenbendazole, oxfendazole and
albendazole where the reverse is true (reflected by increased
dosage rates in cattle for these compounds).

In conclusion therefore, triclabendazole is a unique
benzimidazole and it may be that the cother side groups related to
salicylanilide may be more important to its action than the

benzimidazole nucleus.
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FIGURE 2.6.4

METABOLIC PATHWAY OF TRICLABENDAZOLE
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FIGURE 2.6.5

METABOLIC PATHWAY OF FENBENDAZOLE

305



NS
_C—NH—COOCH;  FENBENDAZOLE

©I m B ,z
N
\0 — NH —COOCH,; OXFENDAZOLE

|l
N
- — N | |
| © I C—NH—COOCH,  SULFONE

N
H



GENERAL DISCUSSION

The pharmacokinetic behaviour of the flukicidal drugs
studied appears to be'very important and relevant to many aspects
of their use and efficacy. The importance of the relationship
between the long residence time of measurable plasma
concentrations and flukicidal activity has been well
demonstrated. Two of the salicylanilides studied, rafoxanide and
closantel have plasma half-lives much longer than any other
commonly used veterinary chemotherapeutic agents.

The differences in efficacy between the three salicylanilide
flukicides rafoxanide, closantel and oxyclozanide can be related
to the differences in their half-lives especially in the case of
oxyclozanide. Thus oxyclozanide which has a relatively short
plasma half-life compared with rafoxanide and closantel, has no
efficacy claimed against immature fluke. |

This study also revealed probable defects in the methods
currently used for evaluation of activity against immature flukes
and that efficacy claimed against immature fluke may not be truly
correct.

It is interesting to consider the practical consequence of
the finding that salicylanilides probably do not kill immature
flukes but only adults. Normally in the UK. infection occurs in
the autumn and fluke at various immature stages are present in
liver during December and January. Lack of activity against
immature flukes will therefore fail to prevent the liver damage
" caused by the migrating fluke, but the extended plasma

'conceﬁtrations will, at least, exert effects against adult flukes
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for 15 weeks. The consequence of this is that one, and at most
two, treatments given in late autumn/early winter should keep
sheep free of chronic infection throughout the year. This would
also confirm the results obtained by Armour et al (1973) when
they gave rafoxanide twice (at the end of spring and beginning of
June) to ewes. The faeces of the ewes remained virtually free of
fluke eggs for five weeks after treatment. However if infection
is heavy, the possibilities of acute or sub-acute infection are
not reduced, and would explain the reason why higher doses (10
and 15 mg.kg'1) than 7.5 mg.kg"I were needed for a high efficacy
against heavy infection with immature flukes as reported by
Campbell et al (1970); Edwards and Parry (1972a).

All the flukicides studied showed a high affinity for
plasma-proteins., This property also appears to be important for
flukicidal activity especially as flukes ingest blood proteins,
particularly albumin, from the time of their invasion of the
liver parenchyma.

A common problem with the flukicides is their hazards to the
consumer and it seems, from the residue studies with rafoxanide,
that the withdrawal period of 28 days may be inadequate.

From the kinetic studies of rafoxanide in plasma and tissue
residues, it can be concluded that administration of rafoxanide
atvlow doses and over a period of time would produce similar
plasma concentrations adequate for flukicidal activity and also
reduces drug toxicity. Thus for example incorporation in feed

over a week of the same total dose will result in very similar

: activity with much reduced possibility of any toxic hazard.
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The withdrawal period of closantel recommended by the
manufacturers is 14 days. However from the residue experiments
it is obvious that consumption of edible tissues especially liver
at 14 days continues to be a hazard to consumers.

In the United States, because the residue hazards of
salicylanilide fasciolicides are recognised, this group of
compounds is not licensed for use in the treatment of liver
fluke., With the increase in the problem of fascioliasis
especially in cattle, there is an urgent need in that country for
a useful flukicide. Albendazole was licensed for use but only as
an emergency measure. Recently clorsulon has been licensed for
liver fluke treatment in the United States and albendazole has
been withdrawn.

With the recent introduction of triclabendazole, it is quite
clear that this compound represents a major and different
approach to the treatment of fascioliasis. Not only because it
possesses better efficacy against all stages of flukes, it would
also appear to present much less of residue hazard to the
consumer (certainly on a quantitative basis). Although the
withdréwal period is also 28 days, it is clear from the kinetic
studies that this is adequate and much safer for the consumer.

The pharmacokinetic study of triclabendazole and
fenbendazole in sheep given separately or in combination showed
that the co-administration of triclabendazole and fenbendazole
did not alter the kinetics of either drug. This is important as
it is probable that this or a similar combination will be used in
ﬁ’éaées where mixed nematode and trematode infection are likely to
eciir, -
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