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ABSTRACT

The potential for effective chemoprophylactic or
chemotherapeutic intervention in equine influenza
has been enhanced by the advent of rapid
diagnostic technologies. Therefore, we investigated
the pharmacology in the horse of 2 anti-influenza
medications, amantadine and fdmantadine. » vitro
studies indicate that both compounds suppress
replication of several strains of equine-2 influenza
virus. We developed methods for their analytical
detection and investigated their bioavailability,
disposition, and adverse reactions in horses. Both
compounds are potentially effective for
chemoprophylaxis in horses. However, they can
cause unpredictable and potentially lethal seizures
after iv administration, although no adverse reactions
have been detected after oral administration.

INTRODUCTION

Influenza is a common acute equine respiratory
disease. Vaccination has been only partly effective in
its control due to a combination of inadequate quality
controls, antigenic ‘drift’ of circulating virus strains
and inherent limitations of the equine immune
system. Clinical signs associated with influenza
infections include fever, lethargy and increased lung
sounds due to excess mucus production. The
desquamation of the ciliated respiratory epithelium
and damage to the mucociliary escalator function
expose the lower respiratory tract to other invading
particles; consequently infected horses should he
stall-rested for 3 or more weeks to allow complete
recovery of ciliary function.

Influenza itself is seldom life-threatening in horses
but it predisposes them to secondary bacterial
infections that can be. Also, it may predispose them
to chronic respiratory tract abnormalities such as
exercise induced pulmonary haemorrhage (EIPTD. In
an influenza outbreak, the disease spreads rapidly to

every susceptible in-contact horse; consequently
influenza may be responsible for the suspension of
racing operations at affected race tracks. Control of
influenza in exposed racing horse populations is,
therefore, of significant economic benefit.

Until recently it took upwards of 3 days, and a
suitably equipped diagnostic laboratory, to confirm
a diagnosis of equine influenza infection. This
precluded effective veterinary intervention against
the viral infection except for quarantine measures.
However, diagnostic technologies have been
developed that provide the capability for rapid
confirmation of a diagnosis in the field. One such
test is the Directigen FLU-A kit (Becton Dickinson
Corp., Maryland, USA) which can detect equine
influenza virus in nasopharyngeal swabs from
naturally and experimentally infected horses
(Chambers et af. 1994). The test is simple, self-
contained, easy to interpret and requires only 15
min to obtain the result. This allows the veterinarian
to institute rapid therapeutic intervention.

In man, amantadine hydrochloride has been
approved by the US Food and Drug Administration
for treaument and prophylaxis of all types of
influenza infection since 1976, A related compound,
rimantadine hydrochloride, was approved for
influenza treatment and prophylaxis in adults, and
prophylaxis in children, in 1993. These medications
are used primarily in high risk populations including
immunocompromised persons and elderly persons
in nursing homes. Amantadine (1-adamantanamine)
is an aliphatic, highly water-soluble polycydlic
primary amine with a pKa of 10.1 and molecular
weight of 151. The derivative rimantadine (o~
methyl-1-adamantanemethylamine) is an alkylated
amine with a2 pKa of about 10.1 and molecular
weight of 179; it was developed o improve the
bicavailability and reduce the toxicity associated
with amanadine administration which includes
nervousness, tremor and sometimes seizures
(Hayden et al. 1983; Aoki et al. 1985; Anon 1994).

Page 355



TABLE 1: Pharmacokinetic parameters of amantadine after administration of 10 mg/kg bwt iv and 20 mg/kg

bwt orally {mean = sd)

Dose {mg/kg bwt) Volurne of distribution (Vkg) ty/z {B-phase) Clearance (ml/min/kg) Biocavatlability
iv 10 487 +1.9 1.83+08 368 £124
Oral 20 - 337214 185.2 £ 183 60—-40%

Bryans ef al. (1966) first demonstrated that
amantadine was effective in protecting horses
against challenge with influenza virus. Rees et af
{1997) extended this to show that, based on in vitro
testing, contemporary strains of equine-2 influenza
virus (Equine/KY/91, KY/92, KY/93, KY/94,
Miami/63) retained sensitivity to amantadine and
also were sensitive 10 rimantadine., Thus these
compounds, the first generation of anti-influenza
chemo-therapeutic agents approved for clinical use,
may also be useful for treatment/prophylaxis of
equine influenza. We therefore evaluated the
pharmacology and kinetics of these compounds to
determine safe and effective dosing protocols in the
horse. This report presents preliminary findings on
the pharmacokinetics and adverse reactions to
amantadine and rimantadine in the horse.

MATERIALS AND METHODS

Pharmacokinetic analyses were performed after iv
(n=5) or oral (n=5) administration of amantadine or
rimantadine to adult Thoroughbreds of 412-603 kg
bwt. The horses were in good health, regularly de-
wormed, and kept on pasture except on days of
experiments. They were given complete physical
examinations including blood counts and serum
chemistry profiles before and after all treatments,

Amantadine HC| was purchased from Aldrich
Chemical Co., Missouri, USA. Rimantadine HCl was
provided by Forest Pharmaceutical Co., Missouri,
USA. Drugs were administered either by iv injection
into the left jugular vein or oral intubation using a
stomach tube. Plasma samples were taken from the
right jugular vein using Vacutainer sodium heparin
tubes (Becton Dickinson Corp., New Jersey, USA),
separated by centrifugation and stored at -20°C
until analysed.

For analysis, internal standards were added to
plasma samples and test and standard compounds
were extracted by using dichloroethane as solvent.
All chemicals and reagents used were HPLC grade
or better. Extracts were analysed for amantadine or
rimantadine by using a gas chromatograph (Varian
3400, Missouri, USA) equipped with a nitrogen-
phosphorus detector. Pharmacokinetic analyses
were completed by using a non-linear regression
program, RSTRIP {Micromath Inc., Utah, USA). Area

under the curve was estimated by linear trapezoidal
approximation with extrapolation to infinity, and
the terminal half life was determined from the slope
of the semilog plot as estimated by the method of
least squares regression.

Multiple dose predictions of peak, trough and
mean steady-state plasma levels of the drugs were
calculated using SCIENTIST (Micromath Inc).

RESULTS AND DISCUSSION

Based on in witro analyses of 50% cell culre
infectious dose reduction, we estimated the typical
minimal inhibitory concentrations of these drugs
against different strains of equine influenza viruses
to be 30-300 ng/ml for amantadine, and
approximately 3- to 10-fold less for rimantadine.
These are similar to the results of others using
influenza viruses of different species including man.
The trough plasma concentration of amantadine at
steady-state achieved by established human
therapeutic regimens for influenza is 300 ng/ml
(Aoki et al. 1985). Qur #n vitro results suggest that
effective dosing regimens for influenza treatment in
horses should maintain trough concentrations of 300
ng/ml for amantadine or 100 ng/ml for rimantadine.

We have completed preliminary analyses of the
pharmacology of amantadine and rimantadine. The
pharmacokinetic parameters generated from iv and
oral administration of amantadine are presented in
Table 1. Preliminary work on the pharmacokinetics
of rimantadine is now in progress; it appears that
these 2 antivirals have similar plasma 7, /s after iv
administration, but their bicavailability, Volume of
distribution and clearance are different, which
affects their disposition during multiple oral dosing.

Amantadine (10 mg/kg bwt} administered iv to
horses produced detectable plasma concentrations
(>50 ng/ml) for about 8 h. The mean tiy, of 1.8 h
is much shorter than in man (16 h; Acki er al 1985),
thus requiring more frequent dosing (bid or tid).
When given orally via stomach tube (20 mg/kg
bwt), variable plasma #, /, 0f 612 h post dose were
obtained in different anlmais and therapeutically
effective plasma concentrations were not attained
in 2 of 6 horses. Withholding feed for several hours
before oral dosing did not affect the bioavailability
of the drug significantly (40-60%).
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High doses of either agent, especially when
administered iv, can be acutely toxic in the horse.
Amantadine causes central nervous  system
stimulation, represented as increased motor activity,
tremors, anorexid, heightened sensitivity to external
stimuli, emesis and convulsions (Vernier ef al.
1969). In the horse, the LDy, for orally administercd
amantadine is reported only as >96 mg/kg bwt
(Vernier et al. 1969 and the oral LDy, of
rimantadine in the horse has not been established.
Our preliminary studies suggest that the oral
rimantadine treatment produces no short term ill
effects. Peak plasma concentrations of amantadine
>2,000—4,000 ng/ml appear to be associated with
seizure, which is similar to plasma concentrations
associated with acute side effects including seizure
in man (Aoki ef al. 1985). Thus iv administration of
these drugs should be at a slow rate (eg <2
mg/kg/min) and should not be by bolus injection.

A potential problem with amantadine or
rimantadine treatment for equine influenza is the
development of viral resistance to these agents.
This has been well documented in other animal
models as well as in human clinical situations.
Amantadine resistance is associated with particular
amino acid substitutions in the influenza viral M2
protein (Hayden et al. 1991); thus current
international surveillance efforts for equine
influenza can be extended readily to detect
incidence of resistant virus strains in circulation. In
man, amantadine-resistant influenza viruses are no
more virulent or transmissible than wild-type
viruses, and the resistance phenotype does not
appear to be maintained in the absence of the drug,.
Thus while amantadine or rimantadine should be
used with care, the likelihood is that development
of resistant viruses will be localised phenomena.

These data indicate that therapeutic levels of
amantadine can be achieved in horses by iv or oral
routes, and our work in this area with rimantadine
is in progress. To date, the only actual equine
influenza viral challenge of either drug in horses is
the experiment of Bryans et al. (1966), which
showed that oral administration of amantadine
(20 mg/kg bwt) bid caused marked reduction in the
duration of virus excretion, from mean 6 days to
1 day, in horses experimentally infected with
equine-2 influenza virus 26 h after the first dose.

In summary, we explored the pharmacology of
amantadine and started work with rimantadine as a
prophylactic or therapeutic treatment for equine
influenza. Both are effective inhibitors of equine
influenza viruses i vitro, and dosing regimens that
yield prophylactic and therapeutic concentrations
of these agents in the horse are being developed.
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EFFECTS OF TRAINING ON PHARMACOKINETICS OF
ANTIPYRINE IN HORSES
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OBJECTIVES

A model was developed, studying training-induced
changes to the pharmacokinetics of antipyrine, to
predict potential influences of training on the
pharmacokinetics and body fluid concentrations of
drugs with low hepatic extraction in horses. The
null hypotheses tested were that treadmill training
of horses would not alter the plasma clearance or
the urinary metabolite excretion of antipyrine (AP).
We expected that training would induce hepatic
P450 enzymes, leading to changes to antipyrine
plasma kinetics as a result of exercise.

MATERIALS AND METHODS

Fourteen adult Standardbreds were split into 2
groups: a ‘training’ group that underwent treadmill
training for 5 weeks, and an ‘untrained’ group that
remained in box stalls for the same period.
Incremental exercise tests were performed prior
to drug administration to determine maximal
oxygen consumption (VO,max), speed vs. oxygen
consumption, speed producing blood lactate
concentrations of 4 mmol/l (VLay) and blood lactate
concentrations at 8 m/s (Lag). Antipyrine was
administered iv (20 mg/kg bwt) to resting horses in
both groups before and after the training period.
Blood and urine samples were taken for 8 h.
Training consisted of treadmill exercise for
18 min/day (2 min at 3 m/s, 10 min at a speed
estimated to allow 60% VOjmax, 3 min at speed
estimated to allow 90% VO,max, a further 2 min at
60% VOzmax followed by 1 min at 3 m/s), 6 days/
week for 5 weeks. Incremental exercise tests were
performed after the training period to determine
training-induced changes to maximal oxygen
consumption, VLay and Lag Plasma samples were
analysed for antipyrine concentrations using
normal-phase high performance liquid
chromatography. Data from plasma antipyrine vs.
time data were analysed using weighted, non-linear
regression and estimates of pharmacokinetic
variables derived. Urine samples were frozen in
sodium  acetate/sodium metabisulphite. Thawed,
extracted aliquots were analysed for conjugated and

unconjugated  antipyrine, norantipyrine and
4-hydroxyantipyrine by reverse-phase HPLC. Renal
excretion of antipyrine and metabolites over 8 h
were calculated. '

Maximal oxygen consumptions, V@lag, Lag,
plasma antipyrine clearances, volumes of
distribution and urinary excretion of substances
within and berween groups were compared using
Wilcoxon signed-rank tests and Mann-Whitney
rank-sum tests respectively (P<0.05).

RESULTS

Changes in maximal oxygen consumptions, VLag
and plasma clearances were significantly different
between groups as a result of training. Antipyrine
plasma concentrations were best described by a
2 exponential equation. Volumes of distribution of
antipyrine and urinary excretion of antipyrine and
metabolites were not significantly different as a
result of training.

CONCLUSIONS

Apart from increases in plasma clearance as a result
of training and decreases as a result of box rest, we
were unable to detect training-induced changes in
antipyrine  pharmacokinetics.  There  was
considerable intra- and inter-individual variability in
excretion patterns of antipyrine and its 2 major
metabolites in horses,

IMPLICATIONS

1. The low renal excretion of antipyrine and
metabolites in horses may have limited the
usefulness of this model in predicting training-
induced effects on pharmacokinetics of drugs with
poort hepatic extraction.

2. Further studies are to be conducted evaluating
drugs of regulatory interest, eg phenylbutazone, to
study the potential for training to influence the
pharmacokinetics of drugs.
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