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ABSTRACT

Almitrine Bismesylate (ABM) is a highly lipophillic compound of molecular weight
669.7, under development as a peripheral chemoreceptor stimulant in the treatment
of chronic bronchitis and emphysema.- lts pharmacokinetics and metabolism were
investigated in animals and man.

Following oral administration of [14C]-ABM, absorption of radioactivity is rapid and
variable in man, rat, rabbit and dog. Plasma levels of radioactivity decline rapidly
after both oral and intravenous administration, suggesting rapid uptake into tissues. A
high affinity of almitrine for the carotid body of the urethane-anaesthetised rat
confirms a prolonged and specific action of the compound.

Elimination of radioactivity is slow and mainly faecal and independent of
administration route or species. Recovery of the adminstered radioactivity is
incomplete in all other species except rat and in man, only 86 to 94% of the
administered dose was recovered in 140 days. This slow elimination may be due to
repeated gut secretion and reabsorption of almiirine.

Almitrine is metabolised by oxidation and N-dealkylation of the allyl side chain to
form, respectively, the di- and tetrahydroxy almitrine and mono and di-deallyl
almitrine with the corresponding dihydroxy monodeallyl almitrine. The major faecal
metabolite in all species is tetrahydroxy almitrine (not found in plasma) and all
species had qualitatively similar metabolic patterns to man both in-vivo and in-vitro
from liver microsomes.

The pharmacokinetics of unchanged almitrine in man shows a rapid absorption from
both solution and tablet formulations. Absorption is increased (48%) in the presence
of food and bioavailability is high (74%). A large volume of distribution (3100 litres)
and low clearance (64m|.min'1) are consistent with a long half-life (614 to 1164h).
Plasma protein binding is high (99%) in all species and is not affected by drugs likely
to be coadministered with almitrine.

Clinically, there is a relationship between almitrine plasma concentration and
changes in PaO, from baseline during repeated administration. Some patients with
high plasma levels of almitrine (>300ng.ml'1) experienced peripheral paresthesia
which is reversible. Using simulations, dosage adjustments have shown that it is
possible to maintain therapeutic levels of almitrine without side effects.



CHAPTER 1

INTRODUCTION

The Disease

Chronic airflow obstruction causes mismatching of ventillation to perfusion and areas
of local alveolar hypoxia resulting in arterial hypoxemia. The presence of arterial
hypoxia causes pulmonary vasoconstriction which is reversible in its early stages,
although it eventually leads to narrowing of pulmonary arteries and raised pulmonary
artery pressure, right ventricular hypertrophy and finally right ventricular failure
(Renzetti et al, 1966; Bishop, 1973, Summer, 1978; Moritz and Matthay, 1980;
Matthay and Berger, 1981) and eventual death. Chronic airways disease occurs in a
group of heterogeneous conditions, including chronic bronchitis and emphysema.
These two conditions are the most important diseases encompassed in the term
"Chronic Obstructive Airway Disease" or COAD. The diseases are characterised by
recurrent productive cough, infective bronchitis and progressive breathlessness and a
declining airway function when measured by spirometric tests, i.e. forced expiratory
volume in one second (FEV1), and forced vital capacity (FVC).

Chronic bronchitis is diagnosed by a history of cough for the previous two years, with
sputum production during at least three months of each year. The many pathological
changes which will be observed with this condition include increases in the number
and size of the mucus-secreting cells in the mucosal layers of both large and small
airways. As a consequence, there is excessive mucus production as well as a
narrowing of the airways, the resuit of which is an increased resistance to airflow and
airway obstruction resuits (Burki, 1986). Fletcher and Peto (1977) reported that
cigarette smoking was the main cause of chronic bronchitis. They found that 40% of
persons who smoked cigarettes over a period of 10 years developed airway mucus
hypersecretion, of which 15 to 40%, depending on the number of cigarettes smoked
daily, would develop airway obstruction. There is also some indication that coal dust
inhalation for many years, e.g. from coal mines, may cause chronic bronchitis, but the
pathological role of air pollution is not well defined. Several studies have suggested a
higher incidence of chronic bronchitis in urban dwellers compared to rural inhabitants.

Emphysema is characterised by dilation and destruction of the gas-exchange units of
the lungs, i.e., the lung parenchyma distal to the terminal bronchiole. Certain
proteolytic enzymes are thought to be responsible for these destructions particularly




in panlobular emphysema in which the acinus distal to the respiratory bronchiole is
affected. Emphysema can be either hereditary or cigarette related. The hereditary
form is associated with panlobular emphysema and shows a deficiency in serum
alphai-antitrypsin. Cigarette smoking-related emphysema is more related to the
centrilobular type which affects the respiratory bronchiole, sparing distal portions of
the lobule.

Sufferers of COAD, particularly of chronic bronchitis, generally develop severe
disabilities in advanced stages of the disease and this has been one of the major
causes of health claims and loss of time from work over the last 30 years, particularly
in the heavily industrialised regions. Flenley (1986) reported that COAD in 1982
caused some 30 million working days to be lost from British Industry, particularly as a
cause of exacerbation of respiratory infection in the winter months. There is an
increasing disability which initially limits the patient's efforts and thus preventing
manual labour. Disability becomes so severe as to render the individual housebound.
As the disease progresses in these patients, a proportion will develop chronic
respiratory failure (FEVq falls below 2 litres) and this will be manifested by central
cyanosis of the tongue and a disturbance of the arterial blood gases. A critical phase
is reached when arterial oxygen tension at rest, breathing air, falls below 8 kPa
(60mm Hg), a state of chronic hypoxia. Some patients will develop hypercapnia and
recurrent exacerbations of oedema requiring frequent hospitalisation. This condition is
called cor pulmonale. Survival becomes truncated at this point and if respiratory
failure is not treated, some 80% of such patients will die within five years.

Therapy

Oxygen therapy has, by far, been the most effective treatment for COAD. Two studies
in the 1970's, the Medical Research Council Study (Lancet, 1981), and the American
Nocturnal Oxygen Therapy Trial (NOTTS, 1980), discovered that controlled low flow
oxygen, given in the home in addition to conventional therapy, could improve survival
by at least 50% when compared to conirol patients in the trial who received no
oxygen therapy. Efficacy was defined as maintaining arterial oxygen tension at rest,
above 8 kPa (60mm Hg) whilst breathing oxygen for at least 15 hours per day, that
period including night-time therapy. Survival could improve somewhat greater if
patients could tolerate taking oxygen for longer periods, e.g. 18 or even 24 hours a
day.

Cooper et al. (1987) showed that supplementary oxygen does not arrest continuing
decline of arterial oxygen or airway function. It temporarily relieves the consequences



of severe hypoxaemia in COAD and at best it improves survival up to 5 years. Strom
and Boe (1991), in a larger study on long term domiciliary oxygen therapy (LTO2)
found that the Zubrod performance score, based on the degree of activity the patient
could normally achieve, was the best predictor of survival. However, both age and
sex influenced the level of survival. These studies, along with the studies of Fletcher
and Peto (1977) and Weitzenblum et al., (1981) showed that other predictors of
survival in COAD were arterial oxygen tension (PaO»s), pulmonary hypertension,
FEV1 and FVC. Thus, drugs which influenced these parameters would be expected to
improve hypoxia in COAD and therefore improve survival in these patients.

Bronchodilator therapy could probably be beneficial to these patients. However, the
level of benefit is doubtful since bronchodilators generally act as expensive placebos
and carry the risk of side effects. Bronchodilators fall into two broad classes: Xanthine
derivatives and sympatomimetic agents. These are believed to act by increasing the
level of cAMP in airway smooth muscle and facilitate bronchodilation. (Aubieretf al.,

1981, Murciano et al., 1984). The methyl xanthine, theophylline, increases ventillatory
response to hypoxia and raises the volume of ventillation at any given PCO5 during
hypercarpnia (Dowell et al., 1965, Saunders ef al,, 1980). These products require
close monitoring as there have been reports of levels of toxicity with theophylline
which are unacceptably high.

Progestational agents such as medroxyprogesterone acetate (MPA) are known to
stimulate breathing in normal and COAD subjects (Skatrud et al., 1978). Although the
mechanism of ventillatory stimulation is unknown, it is thought to occur either on the
brainstem respiratory neurones or reflex receptor sites. The carbonic anhydrase
reversible inhibitor acetazolamide causes an increase in respiratory ventillation and a
parallel shift to the left ventillatory response to hypercarpnia (Fencl et al., 1969). All
of these agents appear to act centrally by affecting PaCO». However, improvement of
hypoxia by oxygen therapy suggests that a greater response would be obtained by
products which act on O sensory centres, ie., the peripheral chemoreceptors.

The analeptic Doxapram improves both PaO2 and decreases PaCO2 by acting both
centrally and peripherally (Kato and Buckley, 1964, Scott ef al., 1977). In low doses,
doxapram has a respiratory stimulating effect mediated through a chemoreceptor
effect on the carotid body as well as brainstem respiratory nuerones. At blood levels
ranging from 1.6 to 3.0ug.ml-1 doxapram increases the ventillatory response to both
hypoxia and hypercarpnia in the absence of any alterations in oxygen consumption or
CO29 production (Calverley et al., 1983). Doxapram, however, is rather limited since it




produces extreme restlessness and hallucinations particularly in alcoholics and others
with abnormal liver function ( Baxter, 1976).

The Carotid Body

The carotid body is a very vascular organ whose capillaries closely envelop clusters
of specific glomus cells (McDonald and Haskell, 1984). Within these clusters are
groups of Islands of glomus cells (type I) with numerous electron dense vesicles.
They are wrapped around by the elongated processes of the Schwann like type i
cells (McQueen and Pallot, 1983). McDonald and Mitchell (1975) showed that the
carotid body was innervated by sensory fibres from the carotid sinus nerve, a branch
of the glossopharyngeal nerve and sympathetic fibres mainly from the
ganglioglomerula nerve and the sympathetic ganglion. Sympathetic activity and
afferent fibres in the carotid sinus nerve depress sinus activity (Biscoe, 1971; Lahiriet
al., 1984 and O'Regan, 1977). Lahiri and Delaney (1975) showed that single afferent
fibres conducted impulses when the carotid body receives either hypoxic-isocapnic or
hypercapnic-isoxic blood. High levels of dopamine and noradrenaline are found in the
carotid body and these are thought to be involved as neuromodulators in
chemoreception. (Helstréom, 1977, Eyzaguirre and Zapata, 1984). Natural stimulation
of chemoreceptors, nhamely hypoxia, hypercapnia and decreased pH, are able to alter
dopamine dynamics in the carotid body (Brokaw et al., 1985, Fidone et al.,, 1982,

Hanbauer and Hellstrom, 1978, Pallot and Al Neamy, 1983 and Rigual ef al., 1984).

Dopamine, which inhibits ventillation through an action on the carotid body is probably
present in the electron-dense vesicles of the type | cells (Barer et al, 1986).

McDonald and Mitchell (1975) hypothesised that afferent nerve endings on these type
| cells are oxygen sensors and that impulses pass fo the brain and also back via the
reciprocal synapses to cause the type | cells to secrete dopamine. Acute hypoxia
causes a reduction in dopamine but not noradrenaline content of the carotid body,
whilst hypercapnia leads to an increased dopamine content.

Arias-Stella and Valcarcel (1973) showed that the human carofid body is enlarged in
chronic hypoxia. This was first observed in high altitude dwellers where they reported
an enlargement which increased with age and this was associated with
hypoventillation. Heath and Williams (1981) found that some species at high altitude
had larger carotid bodies compared to their counterparts living at sea level. Edwards
et al., (1971) also reported large carotid bodies in patients with cor pulmonale and
emphysema and the weight of the two carotid bodies correlated with the weight of the
right ventricles and this was later correlated with systemic hypertension. The enlarged




carotid body, which is an adaptation to a hypoxic state, will affect the function or
efficiency of any drug which acts at its site.

Almitrine Bismesylate

The compound Almitrine (S 2620) N,N'-diallyl-6-{4-[bis(4-fluorophenyl)methyl]
piperazinyl}-1,3,5-triazine-2-4-diamine (Fig. 1.1) is a weak base of molecular weight of
477.6 daltons. It is a white, tasteless and odourless crystalline powder, insoluble in
water, but as the bismesylate salt (M.Wt. 669.7) it is sparingly soluble in water
although both the salt and base are soluble in organic solvents (1:10, w/v methanol).
Almitrine has two pKa's of 4.0 and 5.0 and an octanol/water partition coefficient of
2500, demonstrating a high lipid solubility.

, 2 CH3SO3H

Figure 1.1: Structure of almitrine bismesylate; M.Wt. 669.7 (477.6 + 192.1)

Almitrine bismesylate is shown to increase ventillation through its action on the carotid
body, i.e, stimulation of peripheral chemoreceptor rather than via a central action
(Laubie and Schmitt, 1980). The site of action of almitrine was first demonstrated by
Laubie and Diot (1972), who showed that the increase of ventillation in dogs was
abolished by denervation of the carotid body and vagal section, and was enhanced by
carotid artery infusion of almitrine. Bee et al., (1983) demonstrated that the action of
almitrine is restricted to the carotid body and pulmonary vasculature, the two sites
where lack of oxygen has positive action, namely chemoreceptor stimulation and
vasoconstriction. Almitrine (5mg.kg-1, i.p) elicited a 34% decrease in dopamine
content (4.6 + 0.48pmol/CB) as early as 30 min after injection (6.97 + 1.6pmol/CB) in
the rat. In chronic almitrine treatment (15 days) dopamine levels were reduced by
55% relative to controls (Piquignot et al., 1987). Pallot and Al Neamy (1983) also
reported a fall in dopamine levels in rat carotid body within 30 min after single i.v
infusion of almitrine (3mg.kg-1). Noradrenline activity was less affected by almitrine.

Intravenous infusion of high doses of almitrine to anaesthetised dogs increases both
ventillation and PaO2 and diminishes PaCO2 (Dhillon and Barer, 1982, Laubie and




Diot, 1972). Laubie (1982) showed that at lower doses (10-30ug.kg-1), almitrine in
similar experimental conditions increased PaO, but not ventillation.

In patients with COAD, almitrine induces a rise in PaO2 which is greater than the
corresponding fall in PaCO32, with a consequent reduction in alveolar-arterial oxygen
pressure difference (A-ao2). This implies an improvement of ventillation perfusion
matching, possibly by redistribution of blood flow away from poorly ventillated areas
(Castaign et al., 1981, 1983 and 1986, Howard 1984 and Rigaud ef al., 1980). There
was a dose dependent improvement in PaOg after oral (50-400mg) or iv
(0.5mg.kg-1.h-1; total 1kg.kg-1) administration with an increase of 6-18.7mm Hg in
PaOo and a decrease of 3.7-8.2mmHg in PaCO2 (Buryef al., 1989, Riguad et al.,
1982, Yernault ef al, 1983, Neukirch et al., 1974 and Damato ef al, 1988). In
normoxic healthy man, iv infusion of almitrine (1mg.kg-1.h-1; total 25mg) improved
PaO3 from 87 + 6 to 96 + 5.2mm Hg (Gluskowski ef al., 1984); PaCO7 was reduced
. from 40.5 £ 1.5mm Hg to 34.5 £+ 3mm Hg whilst pulmonary artery pressure and
pulmonary vascular pressure improved significantly. Similar improvements were seen
in healthy man at high altitude whether natives (Villena et al., 1985) or acclimatised
lowlanders (Hackett ef al., 1987). Macnee et al., (1986), compared the effects of
almitrine with those of oxygen (given as 3 L.min-1 by nasal prongs) on PaO2, mean
pulmonary arterial pressure (Ppa) and right ventricular ejection fraction (RVEF) both
at rest and during exercise in patients with chronic hypoxemia caused by chronic
bronchitis and emphysema. Théy found a significant increase in PaO2 with almitrine
and oxygen both at rest and during exercise. Ppa increased both at rest and during
exercise after almitrine but only during exercise whilst breathing oxygen. The increase
in PaO9 during exercise correlated with almitrine plasma concentration (p < 0.05) and
was associated with a fall in RVEF from rest (p < 0.01).

The high lipophilicity and basic nature of almitrine should give rise to good absorption
since, at the site of absorption, the compound would be expected to be mainly non-
ionised in the basic environment of the duodenum. The allyl side chains and the
presence of the piperazine ring combined with its high lipophilicity, makes almitrine
amenable to extensive metabolism. Of particular interest is the fate of the benzhydryl
moiety. The anti-emetics chiorocyclizine and cyclizine undergo N-demethylation
respectively to norchlorocyclizine and norcyclizine (Kuntzman et al., 1965).
Norcyclizine N-oxide does not appear to be formed directly from norchlorocyclizine.
However, Kuntzman et al., (1967), found the N-oxide in the urine of rat and human
after being treated with chlorocyclizine. Both N-1-butyichlorocyclizine and meclazine
also underwent N-dealkylation to form norchlorocyclizine (Kamm et al., 1972 and




Narrod ef al., 1965), whilst cinarizine was shown to form benzephenone as the major
metabolite, although both norcyclizine and cinarizine-N-oxide were also present in rat
faeces (Soudijn and Van-Wijngaarden, 1968). There was also a difference in the rate
of elimination which was a function of the chloride atom, in that chlorocyclizine and
norchlorocyclizine are metabolised much slower than cyclizine and norcyclizine, due
o the more avid binding of the chloride molecule to plasma proteins (Kuntzmanet al.,

1967).

Since almitrine is structurally similar to these molecules, N-dealkylation and
subsequent formation of the N-oxide is highly probable. The two allyl side chains will
probably undergo oxidation of the double bonds and/or N-dealkylation to produce the
deallyl products. The presence of two fluorine molecules should increase the plasma
protein binding in comparison o cyclizine and chlorocyclizine and this will influence
the pharmacokinetics of the molecule.

Prior to its approval for marketing, a new chemical entity must be shown to be safe
and therapeutically effective. This requires extensive investigative testing in both
animals and human. The introduction of a drug from discovery to development
(Preclinical and Clinical) requires metabolism studies in order to investigate the
absorption, distribution, metabolism and elimination (ADME) of the compound in
animals (usually the toxicological species). These studies are designed primarily to
assist in the interpretation of toxicological results, to aid the extrapolation of animal
safety data to man, to evaluate new dosage forms in animals and man and to relate
pharmacological activity in both animals and man.



f Thesi

The aim of this thesis is to :-

compare the pharmacokinetics of almitrine in animals and man by (a) developing
a specific but simple analytical method for the analysis of the intact drug in
plasma and performing pharmacokinetic analysis on the data generated; (b) using
the radiolabelled molecule, determine the plasma and blood kinetics of
radioactivity and the route, rate and extent of elimination of drug derived material
from excretion balance studies in selected animal species and man as part of the
safety evaluation for development of the drug;

relate plasma levels of drug and metabolite to activity by (a) investigating the
uptake of ['*C]-almitrine and metabolites at the proposed site of action and
comparing the levels in this organ to that observed in plasma and other important
organs and (b) relating plasma levels determine during an International
Muiticentre Clinical Studies Programme to the dynamic measurements obtained
during the clinical phase;

identify major metabolites and establish the metabolic pathway of almitrine by
developing and applying separation and isolation procedures based on thin layer
chromatography and confirming the structures of these isolated products by mass
spectrometry;

investigate the pharmacokinetics in clinical studies and define the therapeutic
dosage;

relate pharmacokinetics to possible side effects by analysis of clinical plasma
samples for almitrine and circulating metabolites as part of an International
Multicentre Clinical Study Programme in Phase il of the development process
and attempt to relate drug and/or metabolite levels to the magnitude of side
effect.




CHAPTER 2

MATERIALS AND METHODS

This chapter deals with most of the methods and procedures used to generate
analytical data for this thesis. The majority of procedures were developed and
performed by me with the exception of the solvent system used for purification of
radiolabel (this was supplied with the radiolabelled product), the procedures for
location of radioactivity on TLC plates (standard laboratory procedures) and the
microsomal studies described in section 2.2.5.1. A gas liquid chromatographic
method for analysis of intact almitrine in plasma was developed based on an already
existing but less manageable procedure. An existing HPLC method for the analysis
of almitrine and metabolites in plasma was evaluated and validated in collaboration
with other scientists within the Department.

All metabolic, distribution and disposition studies involved the use of carbon-14
labelled almitrine bismesylate. An outline of radiochemical synthesis together with the
radiochemical techniques used are presented here. Pharmacokinetic data on
almitrine bismesylate were derived from analytical techniques designed for the
separation and measurement of the parent compound and major metabolites. These
procedures are also described here. This chapter contains the following sections:-

Materials

Radiochemical analytical methods
Non-radiochemical analytical methods
Pharmacokinetic analysis
Presentation of data

o h N

2.1 Materials

Radioactive almitrine bismesylate was supplied by CEA, Saclay, France.
Almitrine, as the free base and the bismesylate salt, and related reference
compounds (Fig. 2.1) were supplied by Les Laboratoires Servier, Suresnes and
Gidy, France. '
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Figure 2.1 : Structure of Almitrine (a) and Reference Compounds including
Internal Standards for GC (g) and HPLC (h) Analysis

— N—( == CH,
N— N

R e e
N

Almitrine

F S 3024

MWt =437 4
Re

VN /N‘\<

- N

="

H,h

Monodeally! almitrine

83327
MW =397.4

NN v—</N M\<N

N N=(

Dideallyl almitrine

§ 2082

—
~N

-
N {\N - CHCH,
N/ N=( e=CHeH,
N /

Internal standard (G.C)

S 10694

MW =5116
K OH
N 3‘/
NHo
— N= ==CH,
N S
Dihydroxy almitrine
S 10712
MW =471.5
R
N —
,</ <N HO
N el -
DA
N OH

S 1999
MW =5456
N OH
NN ~ 3“/
N\— /N —~< <N HO
- N e
HO ——>_JNH
HO

Tetrahydroxy almitrine

"5 11462

F NH,

N A
~N N N
NN
F <NH,

Internal standard (H.P.L.C)




2.2

11

Silica gel (Gy54) Was purchased from Merck Chemicals, Cambridge, UK.

The following reagents were obtained from Koch Light Laboratories, Colnbrook,
UK: Triton X-100, D-L Malic acid (pure), Mannitol (pure) and methane sulphonic
acid (pure). British Drug Houses Ltd., Poole, UK provided the following regents:
Ethanolamine (Analar grade), Amberlite - XAD-2 resin (lab reagent grade),
acetic acid (Analar grade), sodium acetate (Analar grade) and Polyethylene
glycol 400 (laboratory grade).

The major components, 2,5-diphenyloxazole (P.P.0O.) and Dimethyl-1,4-bis(5
phenyloxazol-2-yl)benzene (P.O.P.O.P.) used in scintillation cocktail mixture |
and |l were obtained from Packard Instruments Ltd., Reading, UK. These
cocktails were made as follows:

Scintillation Counting Mixture 1

Toluene 666ml
Triton X-100 333ml
P.P.O. 100mg

Dimethyl P.O.P.O.P. 5.5g
This mixture was used for direct counting of solutions, urine and plasma.

Scintillation Counting Mixture i

Toluene 666ml
Methanol 333ml
P.P.O. 100mg

Dimethyl P.O.P.O.P. 5.5g
This mixture was used for combusted samples such as tissues, red cells and '
faeces.

All other reagents and the suppliers will be mentioned in subsequent sections.

Other reagents were Analar grade and were supplied either by May and Baker
Ltd., UK or by British Drug Houses Lid., UK.

Radiochemical Analytical Methods

This section describes all radiochemical analytical procedures, including a
summary of the synthesis of [14CJ-almitrine bismesylate. Chromatographic
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procedures during purification and for metabolic studies, dose preparation
procedures, in-vitro techniques for metabolism and protein binding studies and
quantitation of radioactivity are described here.

Almitrine bismesylate was synthesised with carbon-14 in one of two positions,
since metabolic breakdown was theoretically possible at both ends of the
molecule. The benzhydryl position () (Fig. 2.2) was chosen as being the one
most stable to metabolic decomposition based on the metabolism of structuraily
similar compounds described in Chapter 1. All disposition and metabolism
studies described in this thesis have been conducted using this material.

F

R A
SN N_</ N ,2 CH3SOgH

Figure 2.2 : [14C]-almitrine bismesylate labelled in the benzhydryl (+) and
triazine (A) positions

Additionally, since it is possible for the molecule to be metabolically altered in
the region of the triazine ring another molecule labelled in the triazine ring (A)
was synthesised in order to investigate the metabolic fate of this portion of the
molecule which was also considered to possess the major activity of the drug.

221 nthesis of [14C}-benzh | d_[14C}-triazine labell itrin

bismesylate

[14C]-Almitrine bismesylate labelled in the benzhydryl position was prepared
by an eight stage process adapted from a procedure described in Journal of
Labelled Compounds (1973) 9, 405. The final yield was 56%. This was
supplied at 98% radiochemical purity with a specific activity of 1.25uCi.mg-1.
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['i*CJ-Triazine labelled almitrine bismesylate was prepared by the three stage
synthesis described by New England Nuclear, Boston, Mass, USA, starting
with 2,4,6 trichloro-1,3-5 triazine (Cyanuric Chloride) uniformly labelled with
[14C], The final yield of this product was 79%, with a radiochemical purity of
98% and specific activity of 9.14pCl.mg-i.

Chemical purity
Chemical purity of the finished product was checked by u.v. spectrometry in
methanol (80pg.mM). The u.v. scan revealed the following:-

Max 1 = 206nm Min A= 214nm
Max 2 = 226.5nm Min 2 = 233nm
Max 3 = 245nm

Figure 2.3 : UV Spectrum of ["*AC]-Almitrine

yu

XI A 111*»

SO-

(1"
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The u.v. absorption spectrum of the radiolabelled products was identical to
that of a sample of unlabelled almitrine bismesylate, the purity of which had
been varified previously by Technologie Servier (Fig. 2.3).

Radiopurity check, purification and quantitation of radioactive material
Before a radiochemical was used to formulate a dose or forin-vitro studies,

the radiopurity of the ['4Cl-material was checked by thin layer
chromatography (TLC) using a solvent system of chloroform:methanol (90:10
vlv) followed by autoradiography and quantitation of the components by
isolation and scintillation counting of the isolated silica adsorbent.
Aliernatively, radioactivity was analysed by quantitative radioscanning of the
TLC plate. If the resultant purity was less than 97%, the material was
subjected to further purification before use, since the impure product if used in
a dose formulation can lead to erroneous interpretation of metabolic and
pharmacokinetic radioactive data, as well as misinterpretation of in-vitro
studies particularly method validation, in-vifro metabolism and protein binding
studies (to be discussed later).

Purification of the radiolabelled material

The radiolabelled material was dissolved in a minimum volume of ethanol and
streaked onto a 20 x 20cm thin layer chromatographic plate (silica gel Gosy)
approximately 2cm from the bottom of the plate. Next to the radioactive
material was spotted an authentic sample (~25ug) of non-radiolabeiled
almitrine bismesylate as reference standard. The plate was developed in a
solvent system of chloroform:methanol (90:10 v/v) to a distance of 15¢cm and
the radioactive componentis located by autoradiography (to be detailed later)
using a thirty minute exposure to Kodak X-ray film. Prior to exposure
radioactive marker spots were placed on the top left hand side of the TLC
plate. After processing, the autoradiograph was superimposed on the
chromatogram by aligning the marker spots; the area of radioactivity
corresponding to almitrine bismesylate was fraced onto the silica in pencil.
This region of silica was removed from the plate by careful scraping with a
scalpel and the radiolabelled material eluted with three aliquots (3 x 1ml) of
ethanol by vortex mixing for 5 min prior to centrifugation for 10 min. The
radiochemical purity of the combined ethanolic extract was determined as
previously described. [f this was found to be greater than 97% the ethanolic
solution was evaporated to a smaller volume (~200ul) and the radiochemical
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purity checked once more prior to further use. If less than 97%, the material
was subjected to a repurification.

Localisation and guantitation of radiolabelled components on TLC plates and
whole body autoradiography
Autoradiography was used as a means of locating the radiolabelled

components on the thin layer chromatograms. This technique was employed
for all thin layer chromatographic procedures even when radioscanning was
used for final quantitation.

Each chromatogram was carefully dried in a draught of air to remove every
trace of the solvent -and alignment marks, in the form of spots of radioactive
ink, were applied to the plates. Working in total darkness, or with the aid of
darkroom safety lights fitted with a red/green filter (Kodak 6B), the silica face
of the chromatogram was placed in firm contact with a Kodak X-ray film.
Adhesive tape was used to hold the film firmly to the plate if exposure was to
be made for a considerable time and the plate and film placed into a light
proof envelope. This was left undisturbed at room temperature for a suitable
time. Storage time varied according to the amount of radioactivity on the
plate and ranged from less than one hour for purification studies to weeks for
metabolite profiling and whole body autoradiographic studies.

After the appropriate period of exposure, the X-ray film was developed under
the safe light condition described earlier, using a 10% (v/v) solution of X-ray
developer (200ml) for a period of 2-3 minutes, at a temperature of 35-40°C.
The autoradiograph was then transferred fo a fixing bath for 15 minutes. The
fixer consisted of a 10% (v/v) solution of X-ray liquid fixer (200ml) to which
was added X-ray liquid hardener (10ml) and the mixture maintained at 35-
40°C. Adfter fixing, the film was washed in water for 5 minutes, immersed in a
2% ammonia solution for two minutes and finally washed in running water for
15 minutes. Excess water was removed using a film scraper blade before the
film was either hung to dry or placed in a hot air print dryer (Polysales, Surrey,
UK).

When the film was dried, the individual radiolabelled components on the
chromatographic plate were located by superimposing the autoradiograph on
the chromatogram and aligning the marker spots, then tracing the areas in
pencil onto the silica. If quantitation was required by scintillation counting the
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located areas was scrapped off into scintillation vials. The remaining area of
the chromatogram was then segmented into 1cm bands and each of these
separate areas of silica were scraped into scintillation vials. All material was
counted as a suspension in 4ml of water and 10ml of scintillation counting
mixture | (described earlier).

For radiopurity studies, the radiopurity of the material was determined by
expressing the amount of radioactivity associated with the area adjacent to
the authentic reference sample as a percentage of the total radioactivity on
the chromatogram. For metabolic studies (which will be described later) each
radioactive component of interest was expressed as a percentage of the total
radioactivity on the chromatogram.

Localisation and quantitation of radiolabelled components on TLC plates -
radioscanning

Autoradiography in combination with liquid scintillation counting of TLC
scraping or for metabolite profile studies can sometimes be time consuming,
requiring long periods of exposure to X-ray film in order to locate the regions
of radioactivity prior to quantitation.

The Berthold TLC radioscanner (Berthold Instrument (UK), Hertfordshire, UK)
offered a quicker alternative to TLC quantitation of radioactivity. The plates
were placed on an adjustable platform and the sensitivity, time constant and
scan speed were set according to the level of radioactivity on the
chromatogram. As the detector head travels along the chromatogram the
radioactive areas are detected and integrated. A radiochromatograph is
produced which can then be quantitated. The method of quantitation
depends on the application. For metabolite profiling, each radioactive
component is expressed as a percentage of the total chromatograph. The
TLC plates can then be exposed to X-ray film for a defined period and the
radioactive areas scraped and counted, if necessary, as described previously
(2.2.2.1).

In-vivo studies
Human studies
Radiolabelled doses of [14C]-almitrine bismesylate were prepared either from
a lyophilised mixture dissolved in maleic acid or from a diluted solution of
[14Cl-almitrine in methane sulphonic acid. The lyophilised dose preparation
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was performed to mimic the intravenous non-radioactive dose of almitrine
which was supplied as a lyophillate powder to be dissolved in 5ml maleic
acid.

2.2.31.1
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Preparation of radiolabelled doses from a lyophilised mixture
To a methanolic solution (50ml) of purified [14C]-almitrine bismesylate (40-

80uCi) was added non-radiolabelled almitrine bismesylate (29-250mg),
methane sulphonic acid (85-100mg) and mannitol (20ml) dissolved in
deionised water (100mg.miI-*). The mixture was dissolved thoroughly and
freeze dried overnight. The freeze-dried powder was then homogenised
and aliquots accurately weighed to determine the specific activity of the
radioactive mixture. This was performed by completely dissolving the
weighed aliquots in methanol (100ml) and further aliquots diluted and
counted for radioactivity. Dose purity and stability was also assessed as
previously described.

For oral doses, a lyophilised mixture containing 100mg [14CJ-almitrine
bismesylate (~40uCi E 1.4mg.kg-1) dissolved in maleic acid solution (80ml
= 1.25mg.ml-1) was received by each volunteer.

For intravenous doses, the lyophilised mixture was dissolved in maleic acid
(7ml £ 15mg.ml-1), sterilised just prior to administration, and an aliquot
taken for the determination of specific activity, dose purity and stability. -
The dose administered was approximately 20uCi, equivalent to 0.2mg.kg-1.
Intravenous dosage was administered over 12 minutes.

Preparation of radiolabelled doses as a standard dosing solution

To an ethanolic solution (1ml) of non-radiolabelled almitrine bismesylate
(~250mg) was added an aliquot (200ul) of methane sulphonic acid and
purified radiolabelled almitrine bismesylate (25ul= 75uCi of a 3.0mGCi.ml-"
ethanolic solution). The solution was gently mixed and deionised water
slowly added until diluted to 50ml with gentle shaking. The solution was
then sonicated for 10 minutes then aliquots taken for the final specific
activity checks and to test for radiochemical purity. The dosing solution
was sufficient for two oral doses each of 100mg = 30uCi.
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2.2.3.2 Animal studies

Before dosing animals with [14CJ-almitrine, certain points needed to be
considered.

1. The route of administration

2.23.2.1
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Intravenous, subcutaneous and intraperitoneal routes in general required
smaller volumes than oral routes. The dose composition and pH of the
dosing matrix are also important factors. Oral doses, however, have fewer
restrictions; larger volumes can be used and the composition and pH of the
dosing mairix can be optimised to ensure solubility and stability and
therefore homogeneity of the dose.

. Physical limitations

The size of the animal dictates the maximum volume of the dose and with
the poor aqueous solubility of almitrine, the solubility of the drug for dosing
small animals becomes an important factor in relation to the dose level and
route to be administered.

Preparation of doses as a standard dosing solution

To an ethanolic solution of purified [14Cl-almitrine bismesylate was added
a known quantity of non-radioactive almitrine bismesylate dissolved in
methanol. This mixture was evaporated to dryness under a gentle stream
of oxygen-free nitrogen then redissolved in a small volume (100ul) of
ethanol and methane sulphonic acid (100ul); then slowly dilute with either a
solution of mannitol (100mg.mi-1) and made up to final volume with a
solution of maleic acid dissolved in deionised water (15mg.ml-1), or made
to volume with gradual addition of deionised water with continuous
sonication. The specific activity and radiochemical purity of the dose
solution were then determined as described previously.

Preparation of doses using polyethylene glycol 400

For intravenous studies particularly in the rabbit, the aqueous formulations
proved to be irritable to the animal due to the acidity of the dosing solution.
Local necrosis was evident at the site of administration in rat studies and
on administration to the more sensitive rabbits the animals reacted so
violently (even from the placebo dose) that a non acidic formulation had to
be investigated. Polyethylene glycol 400:water was found to be the most
suitably tolerated formulation for these rabbits. An ethanolic solution
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containing a mixture of purified [14CJ-almitrine bismesylate and non-
radiolabelled almitrine bismesylate was evaporated to dryness then the
residue redissolved in 0.2 to 1.0ml of hot ethanol (50°C). The solution was
further diluted with a hot mixture (60°C) of polyethylene glycol 400:water
(1:1 or 1:2 viv) then after thorough mixing and allowing to cool to room
temperature, the mixture was centrifuged and the supernatant retained for
dosing. The specific activity and radiochemical purity were determined
prior to dosing.

2.2.3.3 Dosing conditions and sample preparation and storage

224
2241

Details of doses administered to various species are shown in Table 2.1.

For human studies, subjects were fasted for 12 hours prior to receiving the
dose and 4 hours after dosing, although water was allowed ad-libitum.
Control blood, urine and faeces were taken before dosing, then at certain
times after dosing depending on the duration of the study. This ranged from
14 to 135 days. Blood was centrifuged to obtain plasma; the pH and volume
of urine were measured where appropriate immediately after voiding. Faeces
was collected into specially designed plastic bags. All samples were stored at
-20°C until analysed.

Animals were in most cases fasted overnight and up to 3-4 hours after
dosing, although water was allowed ad-libitum. Control blood, urine and
faeces were taken before dosing, then at certain times after dosing.
Wherever possible, with the exception of mice, all animals were individually
housed in specially designed metabolic cages over defined periods to allow
separate collection of urine and faeces. The cages were washed daily with a
mixture of methanol:water (1:1) and these washes were retained for analysis.
Where required, heparinised biood was centrifuged to obtain plasma. All"
sample were stored at -20°C until analysed.

Radioactive Analysis
Preparation of samples for liquid scinfillation counting

Aqueous samples such as plasma, urine and cage washings (0.1 to 1.0ml)
were counted directly in triplicate (if possible) in scintillation mixture | (10ml)
dispensed into either 20ml capacity glass or polypropylene scintillation vials.
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Whole blood and red blood cells were homogenised with a spatula and, if
possible, ftriplicate aliquots (100-500mg) were accurately weighed into
combustor cones prior to combustion.

Smaller tissues such as adrenals, carotid artery, carotid body, superior
cervical ganglion (SCG) and trachea were weighed directly into combustor
cones prior to combustion.

Carcasses were homogenised in a bottom drive polytron homogeniser and
triplicate aliquots (300-400mg) weighed accurately into combustor cones prior
to combustion.

Faecal samples were homogenised, with a little water, using either a
"Polytron" or a "Colworth Stomacher 400" sample homogeniser. Triplicate
aliquots (300-500mg) were accurately weighed into combustor cones prior to
combustion.

All other tissues such as liver, lungs, kidney, heart, brain, testes, small and
large intestine and stomach were homogenised with a top drive Polytron
homogeniser and triplicate aliquots (200-500mg) accurately weighed into
combustor cones prior to combustion.

Combustion was performed on a Packard Model 306 sample oxidiser. The
[14Cl-labelled carbon dioxide generated was trapped in 35% ethanolamine in
methanol (8ml) and mixed with scintillation mixture [l (12ml).

Determination of radioactivity

The radioactivity of all samples was determined by liquid scintillation
spectrometry using a Packard Tricarb 3385 or 300 liquid scintillation
spectrometer. The counting efficiency of each sample was determined by the
automatic external standard ratio (AES) method by reference to a calibration
curve produced with a series of sealed quenched standards supplied by
Packard Instrument Co. Inc, covering an AES range of 0.16 - 0.96 (20-95%
efficiency). The results were expressed as disintegrations per minute (dpm)
and from these further converted to pg or ng equivalents per unit weight or
volume or expressed as a percentage of the administered dose.
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In-vil i

Microsomal studies
The in-vitro metabolism of [14C}-almitrine was investigated using liver
microsomal preparations obtained from various species including man.

22

Prior to the full study, it was necessary to optimise the concentration of
almitrine necessary for incubation such that a maximum rate of metabolism
per total protein concentration could be achieved. The standard incubation
mixture contained 2mg of microsomal protein in 0.5ml cofactor which
comprised the following per 10mi.

Tris buffer (0.1M, pH 7.4)

MgCl, (0.15M)
Glucose-6-phosphate

Glucose-6-phosphate dehydrogenase

NADP*

The volume of the incubation mixture was 1.5ml.
(2%} of test solution containing [14Cl-almitrine bismesylate prepared at three
different concentrations. The incubation mixture is summarised in Table 2.2.

Table 2.2 : Optimisation of the Incubation Concentration of

[14C]-Almitrine Bismesylate

9ml

imi
12mg
20 units
8mg

To this was added 30ul

Sample Protein | Volume to | Volume of | Volume of
Tube | Conc Vol Content | give 2mg | Cofactor | Tris Buffer
(ug) | wl | WCi |(mg.ml") (W) (u) ()
T4 226 | 15* | 048 12.68 158 500 812
Ty 452 | 30 | 0.96 12.68 158 500 812
T3 90.4 | 30** | 0.96 12.68 158 500 812
C4 226 | 15 | 0.48 - - 500 970
C, 452 | 30 | 0.96 - - 500 970
Ci 90.4 | 30** | 0.96 - - 500 970
Ty | 45.2 | 30 | 0.96 12.68 158 500 812
T1,2,3 = Test
C = Contro! *15yl test solution + 15yl tris buffer

To) = Time, zero incubation

**0.96uCi + 45.2ug cold




23

All samples, except T(o) were incubated at 37°C in a shaking water bath for 2
hours. The incubation was terminated by the addition of 500ul acetonitrile.
T(o) was terminated immediately the test material was added. After vortex
mixing for 5 minutes, the samples were centrifuged at 3000rpm for 10
minutes, then aliquots (20pl) of the supernatant were counted to determine
the recovery of radioactivity into the supernatant and the specific activity of
these supernatant extracts. From the recovery and specific activity of the
supernatant, the volume required to apply 15,000dpm onto a silica TLC plate
was calculated (Table 2.3). The spots were developed in chloroform:
methanol:ammonia (80:20:2 v/v) solvent system 1. Reference standards
were chromatographed between samples. After development, the TLC plate
was scanned on the Berthold TLC Scanner in order to establish the extent of
metabolism of almitrine at the three concentrations.

Table 2.3 : Specific Activity and Recovery of Test Samples

Test Aliquot Mean Total in 2ml % i
Sample | Counted | dpm dpm,ml'1 dpm.ml'1 Recovery | Spotted
(ul) dpm uCi

T4 20 7239 361936 368911 737822 | 0.33 69 40
7518 375886

To 20 14976 | 748775 757948 | 1515895 | 0.68 71 20
15342 767120

T3 20 14444 | 722220 728390 | 1456780 | 0.66 69 21
14691 734560

Cq 20 4692 234606 240350 480700 | 0.22 46 62
4922 246094

Co 20 12912 | 645580 665995 | 1331990 | 0.60 63 23
13728 | 686410

Csa 20 10363 | 518145 | 518870 | 1037740 | 0.47 49 29
10392 | 519595

To 20 6270 313487 333092 666184 | 0.30 63 45
7054 352697

Figure 4.1 (Chapter 4) shows the low dose (test mixture 1) to be the most
appropriate concentration for maximum metabolic conversion of almitrine.
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2.2.5.2 Isolation procedures for metabolites
Many preparation procedures have been employed on plasma, urine, faeces

and tissue samples for the separation and isolation of almitrine and its
metabolites. The most commonly used were freeze-drying and XAD,
extraction. These procedures and the extraction of small tissues are
described in this section.

22521
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Extraction of almitrine and its metabolites from human and animal plasma

and urine using Amberlite XAD,
Amberlite XADy was washed five times with distilied or deionised water to

remove chloride ions. Then aliquots (0.5-5g) were added to diluted plasma
or urine of known radioactivity held in conical flasks and the contents
magnetically stirred for 1 hour. After allowing to settle, the supernatant
was transferred to a second flask and further aliquots of XAD, were added
and the mixture stirred for a further 1 hour. Each of the XAD, residues
was washed twice with water and the washings discarded. Excess water
was removed with the aid of a Pasteur pipette and the radioactivity
extracted from XAD, with warm methanol (20ml) by magnetically stirring
for 10 minutes. The supernatant was removed and the extraction
procedure repeated twice more. An aliquot of the pooled methanolic
extract was counted in order to determine the efficiency of extraction and
the remaining methanol rotary evaporated to a small volume (5-10ml). After
centrifugation for 10 minutes at 2500rpm the supernatant was evaporated
to dryness under a gentle stream of oxygen-free nitrogen and the residue
redissolved in a small volume (50-100ul) of warm methanol prior to
application onto TLC plates. The extraction procedure is summarised in
Figure 2.4.

Extraction of almitrine and its metabalites from plasma, urine, faeces and
tissues by freeze drying or dried extraction

Plasma, urine, faecal and tissue homogenates were initially frozen then
freeze dried for 2-16 hours, depending on the quantity of material, on a
Modullo 50 freeze-drier. The lyophilised material was then exhaustively
extracted into methanol (0.5 to 5ml) and the pooled methanol exiracts
rotary evaporated to a small (5ml) volume at room temperature. After
centrifugation (15 minutes at 2500rpm) to remove debris the supernatant
was evaporated to dryness under a gentle stream of oxygen-free nitrogen
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Figure 2.4 : XAD, Extraction of Almitrine and Metabolites from Plasma and
Urine
(Wash XAD, five times with water before use)

Remove supernatant add

Plasma + XAD, (0.5g) + Water (30mi)
or Urine XAD2 (59)
Shake for 1 hour Shake for 1 hour
Remove
Supernatant
Wash XAD, with water Wash XAD, with water
(2 x 10ml) discard washings 2 .
(2 x 10ml) discard washings

Add warm methanol (20ml) to
XAD,, shake for 10 minutes

| » Remove supernatant

l

Repeat extraction twice more
' » Remove supernatant and pool all
methanol extracts

.

Rotary vaporate to a small volume (10ml)

l

Centrifuge (10 min at 2500rpm)

Evaporate supernatant to dryness

Resuspend in methanol
(50 - 100pl) and TLC
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at 50°C and the residue redissolved in a small volume (100ul) of methanol
prior to TLC.

Small tissues such as carotid body, carotid artery and superior cervical
ganglion were gently ground in a test tube containing warm methanol
(0.5ml) then sonicated for 20 minutes followed by mechanical shaking for a
further 10 minutes. After centrifugation the supernatant was transferred to
another tube and the residue extracted twice more with warm methanol
(0.5ml). The pooled supernatant was evaporated to dryness under a
gentle stream of oxygen-free nitrogen and the residue redissolved in a
small volume of methanol (100ul) prior to TLC.

Hydrolysis of urine conjugates prior to extraction
For many drugs, the urinary excreted products are eliminated as

conjugates mainly as the glucuronide or sulphate conjugate. Because of
the polar environment, extraction of these conjugates from urine is difficult.
Additionally chromatograhic separation for either profiling or purification
purposes prior to structural identification is hindered because these highly
polar conjugates tend to remain in the region of the origin on TLC plates
where the vast majority of endogenous polar, non-migrating urinary
component remain. Cleavage of the conjugate is therefore necessary to
release the product of interest from the glucuronic acid or sulphate moiety:
Enzyme hydrolysis is the most popular method of choice for hydrolysing
these conjugates. These enzymes liberate the phase | products thus
making isolation and purification for identification more manageable.

For almitrine, urine hydrolysis was performed on pooled composite (0-24
hour) aliquots (5-200ml). The urine pH was adjusted to pH 5.0 with glacial
acetic acid and an aliquot (100ul - 1.0ml) of Sac Helix pomatica having
both B-glucuronidase and sulphatase activity was added to the sample.
The mixture was incubated at 37°C for 16 hours in a shaking water bath.
Enzyme activity checks were performed by substituting urine with buffer
containing phenolpthalein glucuronide. On addition of ammonia (2 drops)
to the incubated mixture, a pink colouration indicated the release of free
phenolpthalein from its glucuronide conjugate. Other control checks
included a non-enzymatic urine sample and an enzyme inhibition check as
outlined in Table 2.4.
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Table 2.4 : Enzyme Hydrolysis Scheme

D-saccarine | Phenolphthalein
TUBE No. *SAMPLE | B-glucuronidase acid 1-4 Glucuronic
lactose Acid
1 - Control Urine (5ml) - - -
2 - Hydrolysis | Urine 100yl - 1ml - -
(5-200ml)

3 - Inhibition | Urine (5ml) 100p! ~2mg -
check

4 - Enzyme Buffer (5ml) 100p! - ~2mg
activity
check

*Glacial acetic acid was used for urine to adjust to pH 5

After hydrolysis the samples were extracted either by XAD, or following
freeze drying as described previously.

22524 ie i r

The efficiency of extraction of radioactivity from plasma, urine, faeces and
the larger organs following freeze-drying was greater than 90%. For
plasma and unhydrolysed urine the efficiency of extraction by XAD, was
95%. The efficiency of extraction was 90% from hydrolysed urine.

2.2.5.3 Plasma protein binding

Of the many techniques available for the determination of the extent of
binding of low molecular weight components to biopolymers such as plasma
proteins, equilibrium dialysis has been found to be the most popular used.
This technique has undergone several modifications since its early use by
Davis (1943) and Klotz (1946).

All early studies on the plasma protein binding of almitrine were performed
using the bag me