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ABSTRACT

Clofazimine (CIF) is a primary antileprotic drug currently used in
the triple caombination therapy, recammended by World Health
Organization. CLF is poorly soluble in water, which is propably the
reason for its low and erratic absorption, fram currently marketed soft-
gelatin capsule (lamprene®, Ciba Geigy). The main objective of this
study was to improve the agqueous dissolution of CIF using solid-
dispersion technique, which in turn, was also expected to enhance its
bicavailability.

Solid-dispersions (coevaporates) of CIF wers prepared using
polyvinyl methyl ether/maleic anhydride copolymer (FVM-MA) as the
carrier. In vitro tests showed that the coevaporates had enhanced
aqueous dissolution characteristics, as campared to the drug alone or
its physical admixtures with the copolymer. The release of CILF from the
coevaporates was of zero-order and the dissolution increased with the
increase in the copolymer concentration. Surface wettability studies
supported the findings of the dissolution studies. Accelerated
stability studies of the coevaporate during a 12-week incubation period,
indicated no apparent degrad-tion of CIF. The coevaporate was also
physicochemically campatible with dapsone, which is generally
coadministered with CIF in leprosy treatment.

A numbar of instrumentation techniques including scanning electron
microscopy, powder x-ray diffractometry, differential scanning
calorimetry, infrared (FT) spectroscopy, UV-visible spectroscopy and
also equilibrium solubility studies were employed to characterize the
nature of interaction between CIF and FVM-MA in t“e coevaporates. From
these studies it was proposed that CLF and PUM-#a formed an internal-
amide salt in the coevaporates. When placed in an aqueous medium, the
amide bond hydrolysed, resulting in the formation of a camplex. CILF in
this camplex had erhanced aqueous dissolution.

In order to quantify CLF from plasma samples, simple and efficient
solid-phase extraction and HPIC methods were developed. Camparative
bicavailability studies of the test formulation (coevaporate) and
reference formulation (Ianprene®) were performed using the pig as a
model. The studies indicated that the coevaporate was over three times
more bicavailable, as compared to the refereice formulation.
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b § INTRCDUCTION

1.1 BSTATEMENT OF PROBLEM

Clofazimine, 3 - (p-chloroanilino)-10-(p-chlorophenyl)-
2,10-dihydro-2-(isopropylimino) phenazire, is highly
lipophilic and virtually insoluble in water. It forms the
integral part of the triple combination therapy for treating
leprosy which is followed world-wide (WHO, 1988). Clofazimine
(CLF) is currently marketed with the trade name Lamprene®
(Ciba Geigy), as soft-gelatin capsule containing micronised
drug suspended in an oil-wax base.

Although the extent of gastrointestinal absorption of
CLF from Lamprene® in man is reported, in one instance, to be
as high as 70% of the administered dose (Yawalkar et al.i979),
it is generally recognized that the rate and extent of
absorption are low and erratic and differs from patient to
patient (Mathur et al. 1985, Lanyi et al. 1987, Holdiness
1989). It is also reported that up to 50% of the administered
dose is recovered unchanged from faeces (Banerjee et al.
1974), though it is not known whether any CLF is excreted
through the enterohepatic route. It seems that in patients
receiving 100-200 mg of CLF daily, it takes 50 days to reach
a concentration to have antimicrobial action (Levy et al.
1972).

It is a well-known fact that drug efficacy can be

b
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severely limited due to its poor aqueous solubility. Often
this is also responsible for the drug's side effects. For an
orally administered drug whi¢h has a low intrinsic aqueous
solubility, its dissolution becomes rate-limiting and
adversely controls its rate of absorption. It iJ envisaged
that the low systemic availability and erratic absorption
behaviour of CLF, could be due to its poor agqueous solubility.
Therefore dissolution could be the rate-determining factor in
its gastrointestinal absorption. The ability to increase the
aqueous dissolution of such a drug could be very valuable in
increasing its biocavailability.

Suspending the micronised form of such poorly soluble
drugs in an oil-wax base, in the form of a soft-gelatin
capsule, could only partially answer the bioavailability
problem. Moreover, soft-gelatin capsule dosage-form needs
very specialised manufacturing facilities, stringent quality
control procedures and storage conditions, which make the
product more expensive. Besides with soft-gelatin capsule
formulation, there are also problems of prolonged
disintegration time and potential leakage from capsule seam,
during storage. In the case of CLF which is a red dye, such
leakage from the capsule makes the entire pack aesthetically
unacceptable.

Different solubilization techniques like micellization,
complexation and cosolvency, have been used by researchers to

improve the aqueous dissolution and Dbioavailability of
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poorly soluble drugs (Simonelli et al. 196¢, Resetarits et al.
1979, Chiou et al. 1970). Employing such techniques could
also lead to the development of an alternative dosage-form of

CLF, which may not have the demerits of soft-gelatin capsule.

1.2 OVERVIEW OF THE DISEASES IN WHICH CLOFAZIMINE I8 UBED

1.2.1 Leprosy

Leprosy or Hansen's disease, is a chronic infection,
unique among bacterial diseases for its favourable inclination
for nerves. It is caused by Mycobacterium leprae, which
affects predominantly the cooler parts of the body like, skin,
upper respiratory tract, the eyes, peripheral nerves and
testes (Meyers et al. 1991). The disease is more complex than
most bacterial infections and immunology also plays an
important role (Mshana et al. 1988). Susceptibility to M.
leprae seems to depend on the individuals having a specific
defect 1in their cell-mediated immune response to this
organism, but the exact nature of this defect and whether it
is genetic or acquired is yet unclear (Jacobson 1990). Ridley
and Jopling (1966), have classified leprosy patients based on
their resistance to the infection. The spectrum extends from
'lepromatous leprosy' at one end, in which the patient's
resistance to infection is low, to 'tuberculoid leprosy' at

the other end, where the host resistance is relatively higher.
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In between lie the intermediate 'borderline' categories. In
subjects with a mild defect in their immune resistance, the
disease is relatively 1localized as tuberculoid (TT) or
borderline tuberculoid (BT) and in those with poor resistance
it becomes generalised, developing to the mid-borderline (BB),
borderline lepromatous (BL) or lepromatous forms (LL). In the
borderline cases, the condition is unstable and without
treatment a BT case may downgrade to BL or conversely, the
latter may upgrade to BT on receiving treatment. During the
upgrading the patient may encounter the so-called reversal
reaction (type I) which is manifested as severe nerve and
cutaneous damage (Jopling et al. 1979). Lepromatous patients
have the added complication of Erythema Nodosum Leprosum (ENL)
reaction (type II). This occurs during the early stages of
treatment when the antigens provided by the dead bacilli and
their products react with antibodies in the tissue or blood.
It is characterised by one or more of the following: crops of
brightly erythematous nodules or plaques in varying sizes,
intermittent fever with its fastigium in the evenings, nerve
swelling and pain, bone pain - particularly in tibiae,
swollen joints, acute iridocyclitis, painful dactylitis, acute
epididymorchitis and proteinurea. Mental depression is a
constant feature (Tolentino 1965, Jopling et al. 1979).
In the tuberculoid form of leprosy, nerve destruction is
prominent. Clinically, in this form of leprosy the disease is

localised to one or two areas of the skin, more in the legs
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and feet. Such areas lose tactile sense and become rough and
red. In dark-skinned patients, loss of pigmentation is
typical. In lepromatous leprosy the face is most affected,
though the skin of the whole body may be involved. Thickening
of the skin, especially of the forehead and ears, is common.
Tumour-like swellings (lepromas) may be seen and eyebrow-hair
is 1lost. The face may take on a leonine (lion-like)
appearance (Cawson et al. 1989, Meyers et al. 1991).

The geographical origin of leprosy is unknown, but,
nearly every part of the world has been affected at some time.
The World Health Organization (WHC) estimated that there are
10 to 12 million leprosy patients (WHO Expert Committee 1988)
in the world. Highest prevalences today are in tropical
Africa, South America, India, Southeast Asia, the Philippines
and some South Pacific islands. The USA has about 6000
leprosy patients of which 90% of the cases are 'imported' and
the rest are indigenous found mainly in Hawaii, Texas,
California, Louisiana, Florida and the New York City area
(Meyers et al. 1991, Jacobson 1990). The prevalence rate has
now started to decline for the first time in the history of
this disease and the major contributing reason is the
implementation of triple combination therapy of Rifampicin,
Dapsone and Clofazimine (WHO 1989). Though this is
gratifying, a number of reports of leprosy, in patients with
the acquired immunodeficiency syndrome (AIDS) have recently

been published (Kennedy et al. 1990). The immune deficit
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associated with the acquired immunodeficiency syndrome has

led to an increased incidence of tuberculosis and other

mycobacterial diseases in these patients (Jacobson 1990).
The complications created by Mycobacterium in AIDS

patients is described in the following subsection.

1.2.2 Mycobacterium avium complex (MAC) in AIDS patients

Acquired immunodeficiency syndrome (AIDS) and human
immunodeficiency virus (HIV) have now been recognised as
immunosuppressed conditions associated with an increased risk
of opportunistic pathogens especially Mycobacterium avium
complex (MAC) and Mycobacterium tuberculosis (Hawkins et al.
198¢, Masur et al. 1987, Snider et al. 1987, Young 1988,
Dunaga-~ et al. 1989). Among these nrganisms, those belonging
to MAC (Mycobacterium avium & Mycobacterium intracellulare),
are more common in AIDS patients (Armstrong et al. 1985, Young
et al. 1986). On autopsy, MAC has been detected in over 50%
of the AIDS patients (Snider et al. 1987). The infecting
mycobacterium has been cultured from different tissue and body
fluids including spleen, lymph nodes, liver, lungs, adrenal
glands, colon, bone marrow and also the brain (Hawkins et al.
1986). The extent of MAC's contribution to AIDS patients'
clinical infection cannot be exactly determined, since in most
cases the patients have other concurrent infections.

Clinicians assert that early recognition and effective
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treatment of MAC infection not only appears to prolong
survival but also enhances the quality of life (Young 1988).

Patients with MAC usually have a long history of fever,
malaise, night sweat, weight loss, diarrhea and abdominal
discomfort (Hawkins et al. 198t¢, Young 1988). Due to large
amount of bacterial count (thousands of organisms/ml of blood)
and the availability of sensitive detection systems, the
diagnostic procedure of choice is culturing of blood (Young et
al. 1986 & 1988).

AIDS patients with treated MAC have survived longer than
those untreated (Horsburg et al. 1991). MAC infection is
tre: ted with a combination of different classes of drugs which
include aminoglycosides such as, rifamycin, rifabutin, the
antileprotic drug clofazimine, antibiotics 1like, amikacin,
pyrazinamide and ethambutol (Armstrong et al. 1985, Hawkins et

al. 1986, Gangadharan et al. 1987).

1.2.3 Other 2ermatological diseases

Ti.ere are some other skin diseases where clofazimine has
been found useful in treatment. Pyoderma gangrenosum
patients, who are incapacitated due to chronic, painful and
inflammatory ulceration of skin, respond to this therapy with
in 2 to 3 weeks (Michaelsson et al. 1976, Kark et al. 1981).
Buruli skin ulcers caused by Mycobacterium ulcerans

(Oluwasanmi et al. 1976) and granulcma anulare (Djawari et al.
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1988), are the other two skin disorders where treatment with

clofazimine has been found useful.
1.3 CLOFAZIMINE

1.3.1 S8tructure and physicochemical properties

c!

N CHg
Qo
b’
N NH -@m
3~(p-chloroanilino)-10~(p-chlorophenyl)-2,10~-dihydro-2-~

(isopropylimino) phenazine

Clofazimine is a red coloured phenazine derivative, first
synthesized by Barry and coworkers (1948). Its

physicochemical properties are summarised in Table 1.1 .
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Table 1.1 Physicochemical properties of clofazimine

Tyie of Property vValue
Molecular weight 473.41
Melting point 210° - 212°C
Solubility '

Virtually insoluble in water
Soluble 1 in 700 of ethanol
1 in 15 of chloroform
1 in 1000 of ether
Intrinsic solubility 2
0.14 ppm in HCl1 (N/10, pH 1.2)
0.014 ppm in phosphate buffer (0.5 mM, pH 7.5)
0.005 ppm in NaOH (N/1500, pH 10.0)
pKa value at 37°C 3 8.511

Log p (n-Octanol/water)? at:

20°C 4.299
37°C 4.396
45°C 4.475
55°C 4.540

(1) Kapoor 1989, British Pharmacopoeia 1988; (2) determined in

our lab; (3) Quigley et al. 1990
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1.3.2 Therapeutic indications

In leprosy

Clofazimine has been used as an antimycobacterial
agent, after it was used for the first time in 1962 against
Mycobacterium leprae (Browne et al. 1962). Dapsone and
rifampicin are the other two important antileprotic drugs, but
there were many reports of the development of resistant
strains of the bacteria against these drugs during their use
in monodrug therapy (Petit et al. 1966, Jacobson et al. 1973
& 1976, WHO 1982). Resistance towards clofazimine has also
been reported in a few instances (Warndorff et al. 1982, Levy
1886); but, in vivo studies were unable to differentiate that
the resistance from a normal variant wild strain (Garrelts
1991). Due to the development of these resistant strains of
M. leprae, the World Health Organisation (WHO), recommended a
combination therapy consisting of all the three drugs (WHO
1982, 1988). The currently followed drug regimen for

multibacillary leprosy patients consists of :

rifampicin 600 mg once a month, supervised
dapsone 100 mg daily, self-administered
Clofazimine 300 mg once a month, supervised and

50 mg daily, self-administered.
This treatment is recommended for a period of at least two

years and longer if needed. This combination regimen is
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practised in all countries where leprosy is endemic and, as a
result, for the first time in the history of leprosy control,
the number of registered leprosy cases showed a decline in
1988 (WHO 1989).

Aside from its antibacterial activity, clofazimine also
exhibits anti-inflammatory property which has been found very
useful in treating multibacillary patients who usually are
accompanied with ENL (Type II) reaction (Ahrens et al. 1975,
Jolliffe 1977, Imkamp 1981). Due to the dual therapeutic
action of clofazimine, it is favoured as the third drug in the
combination therapy as compared to ethionamide (Garrelts
1991), which is also recommended in the triple combination

therapy.

In mycobacterium avium complex (MAC)

AIDS patients complicated with MAC infection are treated
with multidrug therapy which, besides other antibacterials and
antibiotics, includes cleofazimine. Clofazimine alone and also
in association with other antimycobacterial agents, has been
found to be active both in in vitro against MAC and in in vivo

in patients (Roman et al. 1989, Garrelts 1991).

In other diseases

Clofazimine has also been successfully used to treat
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other skin diseases namely, pyoderma gangrenosum (Michaelsson
et al. 1976, Kark et al. 1981), Buruli skin ulcer (Oluwasanmi

et al. 1976) and granuloma anulare (Djawari et al. 1988).

1.3.3 Pharmacokinetics

Absorption

The pharmacokinetic studies of clofazimine, both in human
and animal models are limited. It is slowly and incompletely
absorbed from the gastrointestinal tract after oral
administration and varies from one patient to another (Mathur
et al. 1985, Lanyi et al. 1987, Holdiness 1989). Banerjee et
al. (1974), have reported that nearly 50% of the dose was
recovered unchanged from the faeces, but the contribution of
hepatic first-pass effect, if any, is unknown. Levy (1974)
also found that in humans, the amount excreted in faeces was
variable and ranged between 11 and 59% of a single dose.
Mathur et al. (1985), studied the relationship between dose
and extent of absorption based on faecal excretion. Their
study indicated that there existed an inverse relationship
between dose and absorption, since the biocavailability
fell from 62.5% following the administration of 100 mg of
CLF, to 42.6% after 600 mg. There was little difference
in the absorption percentage between 300, 400 and 600 mg

single doses. In one study, Yawalkar and Vischer (1979),
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have reported that coarse crystals were absorbed only to the
extent of 20%, but microcrystalline suspension of clofazimine
in an oil-wax base was absorbed up to 70% . Lanyi et al.
(1987) studied the absorption following a single dose and the
effect of concomitant ade-inistration of food. After oral
administration of 200 mg along with a breakfast rich in fats
and proteins, the peak plasma concentration (C_) of 0.41
ug/g, was reached in 8 hours (t ,) . In another experiment in
the same study, the drug was administered to three volunteers,
either with or without food, in a comparative bioavailability
study. The mean total area under the concentration-time curve

(AUC) and C , with food were respectively, 60 and 30% higher,

X
than when administered without food. The median t_, was 8
hours with food and 12 hours without food. The authors also
failed to achieve steady-state plasma concentration fellowing
50 mg daily dosage, for eight days. This may underline the
long biologic half-life of CLF. A summary of the

pharmacokinetic data is given in Table 1.2 .

Distribution

Information regarding the volume of distribution of
clofazimine is not available, probably because an intravenous
dosage form does not exist. There is no data regarding the
percentage or type of protein binding of clofazimine either.

However, information on tissue distribution is available,
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Table 1.2 Pharmacokinetics of clofazimine

Absorption

Dose Serum/plasma conc. Ref.
100 mg, thrice daily 0.5 ug/ml (Average) 1
100 mg, daily 0.7 pg/ml (Average) 1
300 mg, daily 1.0 pg/ml (Average) 1
400 mg, daily 1.4 pg/ml (Average) 1
200 mg, single dose 0.070 ug/g (C,) in 8 hr 2
400 mg, single dose 0.162 ug/g (C,,) in 4 hr 2
200 mg, single dose 2

empty stomach 0.22 pg/g (C,,) in 12 hr

with breakfast 0.29 upg/g (C,,) in 8 hr
Bioavailability
From coarse crystals 20% 4

From microcrystalline

suspension in oil-wax 70% 4
Same as above 50% 1
Same as above (100 mg) 62.5% 5
Same as above (300, 400, 600 mg) 43% 5
Elimination half-life 8.8 * 1.0 days 3

(1) Banerjee et al. 1974; (2) Lanyi et al. 1982; (3) Lanyi et

al. 1987; (4) Vischer 1969; (5) Mathur et al. 1985

i AL R P P R, o G 2
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which has been collected during autopsies of different
patients taking various doses of clofazimine for variable

lengths of time. The findings are listed in Table 1.3

Metabolism and excretion

The metabolism of CLF in patients has been investigated
by Feng and coworkers (1981, 1982). They identified three
major coloured metabolites in the urine which account for less
than 1% of dose administered to the patients. Based on
spectral studies the metabolites have been characterised as:
3~ (p~hydroxyanilino)-10-(p-chlorophenyl)=-2,10-dihydro=-2-
isopropyliminophenazine (metabolite I), 3-(B~-D-

glucopyranosiduronic acid)-10-(p-chlorophenyl)~-2,10-dihydro-2-

isopropyliminophenaziane (metabolite II) and 3- (p-
chloroanilino)-10-(p~chlorophenyl) -4, 10-dihydro=-4 (8-D-
glucopyranosiduronic acid)-2-isopropyliminophenazine

(metabolite III). It is suggested that metabolite I is formed
by a hydrolytic dehalogenation reaction of CLF,

metabolite 1II, by hydrolytic deamination followed by
glucuronidation and metabolite III, by initial hydration
followed by glucuronidation. The percentage excretion of
these three metabolites were estimated to be about 0.19, 0.28
and 0.23% of the 300 mg/day dose for metabolite I, II, and
III, respectively.

Urinary excretion of CLF in leprosy patients is
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Table 1.3 Tissue distribution of clofazimine in leprosy

patients on autopsy.

Organ Concentration range (mg/q) Ref
Adrenal gland 2.0 1
Bile/gall bladder 2.0 - 3.6 1
Brain not detectable 1
Eye 1.1 2
Fat (subcutaneous) 2.1 - 5.3 1
Heart 0.3 - 1.5 1
Intestine 2.1 2
Kidney 0.04 - 1.4 1, 2
Liver 0.18 - 3.2 1, 2
Lung 0.17 - 1.4 1, 2
Lymph node 1.0 - 3.3 1, 2
Nerve 1.7 1
Pancreas 0.8 1
Skin 0.7 - 3.6 1
Spleen 0.6 - 1.9 1

(1) Mansfield 1974; (2) Desikan et al. 1976.
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negligible, accounting for 0.1% of the dose in 24 hours, while
faecal excretion varies considerably, ranging between 11 and
59% (Banerjee et al. 1974, Levy 1974). The contribution of
hepatic clearance is not known. There appears to be an
initial elimination phase with a half-life (t%) of 7-10 days
(Holdiness 1989, Lanyi et al. 1987). This is followed by a
much longer elimination period, probably due to the release of
the drug from fatty tissues and reticulo-endothelial systenm,

with a half~life of approximately 70 days (Levy 1974).

1.3.4 Analytical methods

The earlier analytical procedures were based on
spectrophotometric determinations of protonated clofazimine at
530 nm (Barry et al. 1960), and fluorometric determination of
the reduced derivative obtained by the treatment of
clofazimine with titanous chloride (Dill et al. 1970). These
methods have lower detection sensitivity in the range of 100-
200 ng/ml of CLF concentration in serum. Gidoh et al. (1981)
and Peters et al. (1982), developed HPLC methods with UV
detection for plasma and serum. But their methods have a few
drawbacks. Gidoh et al. (1981) have used a complicated
extraction scheme, mobile phase switching procedures and
custom-made reagents whose exact compositions are not known.
The method of Peters et al. (1982) involves laborious and

time-consuming liquid-liquid extraction of clofazimine and
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employed HPLC system equipped with heated (thermostated 40°C)
analytical column and lacked internal standard. Krishnan and
Abraham (unpublished, 1992) modified and simplified Gidoh's
method by using commonly available laboratory reagents. A
solid phase extraction procedure was used to extract
clofazimine from plasma samples and salicylic acid was used as
the internal standard.

Lanyi and Dubois (1982) have developed a thin layer
chromatographic method with densitometric detection which has
a sensitivity of 5 ng/ml of plasma. The various analytical
methods and their limits of detection in biological samples

are listed in Table 1.4 .

l.4 SOLUBILITY AND SOLUBILIZATION OF NONELECTROLYTE DRUGS

1.4.1 Theoretical considerations

For an orally administered drug its aqueous solubility is
important for its absorption, and hence, its bioavailability.
Many of the drugs <can be <classified as organic
nonelectrolytes. For those nonelectrolyte compounds which
have intrinsically poor aqueous solubility, dissolution
becomes the rate-limiting factor in the absorption of drug.
The problem of solubility can be overcome by using one of the
number of techniques available for increasing the aqueous

dissolution of water insoluble drugs. In order to make a
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Table 1.4 Analytical methods of clofazimine

Method Detection Sample Ref
limit (pug/l1)
Spectrometric 200 Serum & 1
Tissue homogenate
Fluorometric 100 Serum 2
HPLC (UV) 5 Serum 3
HPLC (UV) 10 Plasma 4
TLC 5 ug/kg Plasma 5
HPLC 3 Plasma 6

(1) Banerjee et al. 1974 (2) Dill et 21. 1970 (3) Gidoh et
al. 1981 (4) Peters et al. 1982 (5) Lanyi and Dubois 1982

(6) Krishnan and Abraham, unpublished
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proper selection of the most suitable technique it is
necessary to know the nature ~nd extent of solubility
limitations.

Solubility, in general, depends on chemical, electrical
and structural effects (like polarity, dissociation,
dielectric constants, van der Waals interaction, hydrogen
bonding etc.) which lead to the different interactions between
identical (drug-drug) and different kinds (drug-solvent) of
molecules. The factors which influence the intrinsic aqueous
solubility c¢f a compound will be emphasised here, which
according to Yalkowsky and Valvani (1980) are:

i) The entropy of mixing, which can be considered as the
force that favours complete miscibility of all components.
ii) The difference between the drug-water (DW) interactions
and the sum of drug-drug (DD) and water-water (WW)
interactions. A greater interaction between the drug and the
water molecules favours the solubility of the drug. The
difference is related to the activity coefficient of the drug
in water, Yo, which can represented as:

RT 1n y, = DD + WW - 2DW (1.1)
where R is the gas constant and T is the absolute temperature.
Generally for nonelectrolytes, (DD + WW - 2DW) > 0 and this
results in less than complete mixing. The greater the
difference between the adhesive and cohesive interactions, the
lower the solubility.

iii) The additional drug-drug interactions associated with



21
lattice energy orf crystalline drugs, which is designated as
DD. This effect, measured as the ideal solubility of
crystalline solute, X,, is dependent on the melting point and
thermodynamic properties of fusion. X; represents the
solubility of a solute in a perfect solvent i.e., a solvent
for which the activity coefficient is equal to unity.

The observed solubility of a solute X,, is related to X
and y,, according to the following equation 1.2

log X, = log X, - log v, (1.2)

Both the crystalline structure effects, as reflected by the
ideal solubility and solution interactions, as reflected by ¥,
can contribute to the poor solubility of a solute.
Solubilization techniques are based on modifying the above two
factors. The method of choice will depend on, besides other
factors, tho type of the solute and the degree of
solubilization desir.d.

For liquids and low melting drugs, altering the solvent
as a means of decreasing DD + WW - 2DW is generally
sufficient. This can be done by using surfactants, cosolvents
or soluble complexing agents which decrease WW or increase DW
and thereby enhancing mixing.

For a drug which is in solid state at room temperature
and has a melting point (MP) above 200°C, the drug-drug
interaction associated with crystalline lattice DD, is likely
to be a significant factor in reducing its aqueous solubility.

If MP of the drug is >300°C, then DD is definitely a
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contributing factor in its solubility. Each 100° increase in
MP above 25°C, corresponds to at least 10-fold decrease in
solubility (Yalkowsky 1981). For solutes with high MP, it is
necessary to overcome their crystal interaction energy, so as
to increase their solubility.

The Noyes and Whitney equation, can be considered as the
basic expression describing dissolution process. It provides
additional knowledge on the limitations and means available to
improve agueous dissolution of a solute.

de = k DS (C, - C,) (1.3)
dt Vh

where dc/dt is the dissolution rate, k is the dissolution rate
constant, D is the diffusion coefficient, S is the surface
area, h is the thickness of the diffusion film, C, is the
equilibrium solubility, C, is the concentration of the solute
at time, t and V is the volume of the dissolution medium.
While evaluating the role of each term in the above
equation (eq.1.3), in determining the rate of dissolution of
a solute in an in vivo system, it can be recognised that any
modification of the film thickness h, or the diffusion
coefficient D, if at all possible, is either impractical or
useless from a bioavailability point of view. The film
thickness can be reduced only by drastically increasing the
stirring rate which cannot be done in an in vivo systen.
Also, the diffusion coefficient is a function of temperature

and is inversely related to the radius of the molecule and the

viscosity of the medium, all of which are relatively constant

e e B et
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under a given in vivo condition. 1In an in vivo situation the
volume V, also cannot be increased substantially. But the
surface area can be enhanced significantly to improve the
dissolution of the solute, both in vitro and in vivo systems

(Abdou 1989).

1.4.2 Methods of enhancing drug dissolution

A brief overview of the different methods employed in the
pharmaceutical field to enhance the aqueous dissolution of

sparingly soluble drugs, is given below.

1.4.2.1 Increasing effective surface area

¥ncreasing dissolution rate by increasing surface area of
drugs having poor aqueous solubility has been the most widely
applied method in the pharmaceutical formulation - development
field. This can be achieved by reducing the particle size by
micronization and/or by incorporating a surface active agent
which enhances the wetting of the drug particle's surfaces by
adsorption onto the sclid/liquid interface, hence reducing the
interfacial free energy and facilitating the solid/solvent
interaction. Micronization alone may nct be sufficient since,
agglomeration of fine particles and floating of 1light
particles could reduce the effective surface area in contact

with the solvent. However, particle size reduction generally
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is the first step towards enhancement of aqueous dissolution
of drugs. Levy (1963) and Fincher (1968) have written
excellent review articles on the effect of particle size on
drug availability.

Incorporation of a surface active agent in the
formulation enhances the wetting and penetration of the
dissolution medium. The concentration of the surfactant
applied is generally below the critical micelle concentration
(CMC), which is sufficient to lower the surface tension of the
dissolution medium, hence to improve the wetting process. Hom
and Miskel (1970), have reported a marked improvement in the
dissolution of diethylstilbestrol, ethinyl estradiol,
reserpine and phenylbutazone, formulated with nonionic

surfactant as a soft gelatin capsule.

1.4.2.2 8olubilization in surfactant system

Poorly water soluble drugs can be solubilised in aqueous
surfactant solutions above the CMC value of the surfactant,
The hydrophobic drug will be enclosed in the inner part
(hydrophobic domain) of the micelles formed above the CMC of
the surfactant. The outer part (hydrophilic domain) of the
micelles helps in solubilization in the agqueous medium. The
limiting factors in using this method are :

(a) The finite capacity of the micelles for the drug.

(b) Concomitant solubilization of other ingredients in the



25
formulation like preservatives, flavours, colours, etc. which
may adversely affect organoleptic properties and stability of
the formulation.

(c) Possible adverse effects of the surfactant in the body.

However, through this approach it is possible to work with the
drug entity as provided and there is no need to repeat the
toxicological studies. For pharmaceutical applications
nonionic surfactants are preferred because of their lesser
toxicity (Florence 1981). For the same safety reasons
polyoxyethylene - polyoxypropylene block-copolymers have found
use in biomedical field as a priming agent for heart-lung
apparatus. These block-copolymers are available commercially
as Pluronic®, Tetronic®, Pluradot®, etc. and have been used to
solubilise a number of drugs (Sheth et al. 1967, Collett et
al. 1979). However, due to the safety issues in the majority
of the surfactants, their use has been limited largely to

preparations for external use.

1.4.2.3 8olubilization by cosolvency

Use of cosolvents 1like ethanol, propylene glycol,
polyethylene glycol, glycerol, etc., used routinely as
adjuvants in many pharmaceutical preparations, can increase
the aqueous dissolution of insoluble drugs significantly. The
effect of cosolvents is dependent on the polarity of the drug

with respect to water and the cosolvent (Yalkowsky and Roseman
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1981).

The cosolvency procedure has been found more applicable
to nonpolar compounds as compared to semipolar and polar
compounds. Many of the pharmaceutical parental products have
been solubilised by this technique. Some of the examples are
dimenhydrinate injection (cosolvated with 0% propylene
glycol), phenobarbitone sodium, pentobarbital sodium, diazepam
and digoxin injections, (cosolvated using a mixture of 10%
ethanol and 40% propylene glycol) (Yalkowsky and Roseman

1981).

1.4.2.4 Inclusion complexes

The a-, B- and y- cyclodextrins, which are naturally
occurring oligosaccharides, have the ability to form inclusion
complexes with smaller molecules. The small molecules fit
into the hydrophobic cavity of the cyclodextrin in the
complex. Formation of such inclusion complexes alters the
physicochemical properties of the drug molecules such as its
dissolution rate, membrane permeability and chemical
reactivity.

Cohen and Lach (1963) were among the first to report the
use of B-cyclodextrins to form inclusion complexes of drugs.
Some of the examples where B-cycledextrins have been used to
improve aqueous dissolution of drugs are hydrochlorothiazide

and bendrofluazide (Corrigan et al, 1982), cinnamic acid
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derivatives, benzodiazepines and flurbiprofen (Uekama et al,
1979, 1983, 1985). The use of this technique to enhance the
dissolution property of sparingly soluble drugs is limited to
molecules, which are small enough to get 'included' totally or

partially in the cyclodextrine molecule's hydrophobic cavity.

1.4.2.5 Bolubilization by solid state manipulation

Many organic drug compounds are capable of existing in
more than one solid form. Some of these are crystalline
solids while others are in non-crystalline metastable state.
These different solid states exhibit different properties.
Such differences in physicochemical properties can be

manipulated to alter the solubility of drugs.

Polymorphs

For solids, the crystalline state is characterised by the
three-dimensional arrangement of the molecules within their
crystal lattice, which minimizes both potential and kinetic
energy, making it a thermodynamically favoured state. Many
compounds exhibit the ability to crystallize in more than one
crystal form, each with a unique packing arrangement. This
phenomenon is known as polymorphism.

The physical stability of the different forms depends on

its free energy and the one with lowest free energy is the
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most stable one. Since solubility depends on the ability of
the molecule to escape from crystal to solvent, the different
forms have different solubilities. The ratio of the
solubility of a metastable to that of the stable form can be
different. The ratio can be equal, as in disopyramide
(Gunning et al. 1976) or high, 1.9 in meprobamate (Clements et
al. 1973) and 3.6 in chloramphenicol palmitate (Aguiar et al.
1969) .

The metastable form being thermodynamically unstable, has
a tendency to transform to the stabler form, thus losing its
enhanced dissolution property with time. A variety of
materials have been tried to retard the transformation
process, with varying degrees of success. The materials used
include polyvinyl pyrrolidone (Simonelli et al. 1970),
methylcellulose, acacia, gelatin, carboxymethyl-cellulose,
pectin, sodium alginate and surfactants (Miyazaki et al.
1976). Since none of the materials studied appear to totally
inhibit the crystallization, employing metastable form as a

means of improving the aqueous dissolution has limited usage.

S8olid dispersions

Solid dispersions are systems in which a drug is
homogenously distributed in a solid matrix. Depending upon
whether the matrix is water-soluble or water-insoluble, the

drug's dissolution can be increased or decreased (Chiou et al.
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1971) . There are two basic ways to prepare solid dispersions,
'fusion' and 'solvent' method. The fusion technique was first
proposed by Sekiguchi and Obi (1961). In this process the
drug and the carrier are mixed and heated together to a
temperature where both melt and a solution is formed. The
molten mixture is then rapidly cooled, usually at subzero
temperatures, to trap the drug particles within the carrier
matrix, keeping it as fine as possible. The cooling rate
often influences the particle size of the drug. This method
has been employed for a number of drug/carrier systems
including, griseofulvin/succinic acid (Goldberg et al. 1966),
griseofulvin/polyethylene glycol (PEG) 6000 (Chiou et al.
1970) and indomethacin/PEG6000 (Ford et al. 1978). The
demerit of the fusion method is the possibility of
decomposition and/or evaporation of the components at the
elevated temperature.

In the second procedure, i.e. in the 'solvent' method,
the drug and the carrier are dissolved in a common solvent and
then the solvent is removed by evaporation under reduced
pressure. The solid dispersion prepared by this method was
termed as 'coprecipitate' by Bates (1969) and 'coevaporate' by
Sekikawa et al. (1983). There are a number of examples in the
literature where the solvent method has been used to prepare
solid dispersions. Some such preparations as examples, are
listed here : polyvinyl pyrrolidone was used as the carrier

for sulfathiazole (Simonelli et al. 1969), reserpine (Bates
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1969), B-carotene (Sekikawa et al. 1983) and griseofulvin
(Shefter et al. 1980); deoxycholic acid was applied as the
carrier for reserpine (Malone et al. 1966), poly(vinyl methyl
ether/maleic anhydride) copolymer was the carrier for
griseofulvin (Flego et al. 1988). Extensive reviews on
preparation and characterization of solid dispersions have
also been published (Chiou et al. 1971, Ford 1986).

The reasons for enhanced dissolution from solid
dispersions could be related to one or a combination of more
than one factors. It is well known that some of the binary
mixtures, when melted together form eutectics, which provide
higher dissolution rate, since the soluble carrier rapidly
discolves, leaving the drug in a finely dispersed form. Urea
and succinic acid have been reported to form such eutectics
with a number of drugs (Sekiguchi et al. 1961, Goldberg et al.
1966, Chiou 1971). Some matrix compounds like citric acid and
a number of sugars are known to form 'glasses' when their
melts are rapidly solidified (Shefter 1981). Many of the
polymer matrixes including polyvinyl pyrrolidone and PEG have
been reported to disperse the drug particles in a 'high-energy
form', probably with very small particle size, which results
in enhanced aqueous dissolution of the drug (Simonelli et al.
1969, Resetarits et al. 1979). The other reason could be
amorphous precipitation of drug in a crystalline carrier,
complex formation or a combination of these (Ford 1986).

Although several research work based on the use of solid

e e Sttt
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dispersion technique has been published, only a few products
have reached the commercial stage. Gris-PEG®, a solid
dispersion of griseofulvin in PEG (marketed by Sandoz-Wander)
and Cesamet® solid dispersion of nabilone in polyvinyl

pyrrolidone (marketed by Lilly), are two such products.

1.4.2.6 Druag derivatization

Preparation of derivatives as a method to increase
aqueous solubility of insoluble therapeutic agents has long
been used and there are many such oral and parenteral products
marketed currently. Numerous review articles have been
published on this topic (Ariens 1971, Sinkula and Yalkowsky
1975, Amidon 1981).

Solubilization may be achieved, by preparing a suitable
derivative. This can be done either by introducing an
ionic/ionizable group or by introducing a group which
decreases the melting point (Amidon 1981). Introduction of a
ionic/ionizable group is the most commonly adopted strategy.
The improved solubility of the prodr&g could be explained
based on the solubility - pH relationship for weak acid, base
and their salts. Some of the commonly used progroups are
hemisuccinates, phosphates, dimethylamino acetates, aminoacid
esters, choline esters and B-dimethylaminoethyl esters (Amidon
1981).

Often the derivative with a lower melting point has
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higher solubility because of the fundamental theory, that the
constituent molecules must be separated from the crystal
lattice for dissolution. Therefore, any modification that
reduces crystal lattice energy (and hence its melting point)
would enhance its solubility.

This approach has been employed to enhance the solubility
of a number of drugs by large reduction in the melting point
(MP) of their derivative as compared to the parent molecule.
These include allopurinol (MP 365°C) and its ethylvinylether
derivative (MP 185°C) or its tetrahydropyran derivative (MP
203°C) (Hussain et al. 1974); arabinocide-A (MP 260°C) and its
5'-0- formate ester (MP 168°C) (Repta et al. 1975). The

derivatives in the above examples had higher solubilities.

1.4.2.7 Complexation

Molecular complexation between a substrate and a ligand
as a means of altering the substrate dissolution has been used
extensively in the pharmaceutical field. Complexes have been
prepared using water-soluble ligands or have been formed
inadvertently while using one of the other solubilization
techniques. Since, in the present Ph.D. thesis, the mechanism
of enhanced dissolution of CLF in the CLF/PVM-MA coevaporate,
probably involves complexation, the theoretical concept of
complex formation has been elaborated in the following

section.
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Enhancement of equilibrium-solubility through complexation

The equilibrium (intrinsic) solubility (S,) of a chemical
substance in a given solvent, at a given temperature and
pressure, is a characteristic of the substance. The
solubility of poorly aqueous soluble substances can be
increased through complexation. Complexation may be defined
as the reversible association of 'm' molecules of a substrate
S with 'n' molecules of a ligand L, to form a new specie S L,
which can be represented as shown in equation 1.4 (Repta
1981).

Km:ﬂ
mS+nkL === § L (1.4)

where, K _, is the equilibrium constant for the complexation
and can be defined as

 Bom]
o T T (1.8)

For the convenience of discussion, if it is assumed that 1:1

complex is formed then eq.(1.5) can be written as

K = _[sL] (1.6)
[(s] (L]

In this case the total solubility of the substrate [S], and
ligand [L], can be given by the following equations (1.7,
1.8).

(s, = S, + [SL] (1.7)

(L], = L, + [SL] (1.8)

]

where S  and L, are respectively the intrinsic solubilities of

the substrate and the 1ligand; [SL] is the amount of the
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complex.
Combining eq.(1.6), (1.7) and (1.8)

[S], = S, + [ S..K1 , (L], (1.9)
1T + S,.KJ

Equation (1.9) predicts a linear relationship between [S], and
[L],. Dividing both sides of the equation (1.9) by S..[L],,
the following expression is arrived at:

[Sk = _1_ + K (1.10)
S,. [L], (L], 1 + S..K

Equation (1.10) expresses the relative increase in the
apparent solubility of the substrate due to the complex
formation. [S],/S,.[L], is a function of K and S,. At any
given value of K, a greater increase in the apparent
solubility is achieved for substrates which have very small
value of S,. This type of situation is desirable from the
pharmaceutical perspective, for a compound like clofazimine
with very low intrinsic solubility. The complexation with a
soluble ligand is expected to result in a significant increase

in its solubility.
Equilibrium phase-solubility analysis

Conventional solubility-analytical techniques require
that the solubilities of the components be additive such that
solubility of each component in a mixture be uninfluenced by
the presence of the other substances in the mixture. This is

possible only with non-interacting components. Many systems,
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especially those where the components interact to form
complexes, do not exhibit such ideal behaviour. However, such
non-~ideal behaviour of interacting components which form
complexes, can be systematized to provide at least, a partial
understanding of the nature of their interactions in phase-
solubility systems (Higuchi and Connors 1965, Repta 1981). In
general, the operations in studying molecular interactions by
means of solubility measurements consists of, the addition of
an equal weight ( in excess of its normal solubility ) of the
slightly soluble substrate compound S, into each of several
stoppered test tubes or vials. A fixed volume of solvent is
added to each test tube, followed by the addition of
successively increasing weighed amounts of the soluble
complexing~agent or ligand, L. The containers are closed and
agitated at a constant temperature for prolonged period of
time to enable equilibrium-solubility to be reached. The
solution phases are then suitably filtered and analysed to
determine the total concentration of the substrate S,
irrespective of its molecular state. A phase diagram is
constructed by plotting the total molar concentration of S in
the solution (Y-axis), against the molar concentration of the
ligand L, added to the system (X-axis). When the ligand is a
polymer whose exact molecular weight is unknown, it is often
desirable to plot the weight/volume instead of molar

quantities to avoid ambiquity (Imai et al. 1991).
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Types of Complex

Higuchi and Connors (1965) have classified phase diagrams
into two main classes, type A and type B (Fig.1.1, A & B).
Type A profiles indicate the formation of soluble complexes
between S and L, thereby increasing the total solubility of S
dissolved in the solvent. Since a solid phase of pure S is
present in the system which is in equilibrium with the S in
solution phase, the thermodynamic activity of dissolved S can
be considered constant. Type A has been further classified
into A, A, and A, types. The complexes of the A type are of
the first-order and they may be written as SL, S,L, S,L,...S L.
On the other hand although a linear plot is not necessarily
indicative of a complex formation which is of first-order in
the ligand, it is generally assumed to be the case. The A,
type is designated for complexes in higher order than one in
L, example SL,, SL;, ...SL. The authors have expressed
uncertainty about the origin of type A, They have
however, suggested that the formation of A, type of complex
could be due to the changes in the solvent due to the presence
of a large concentration of L. It could also be due to a
change in the complex formation constant as a result of self-
association of L at higher concentrations. Type B (Fig.1.1,
B) profiles are observed when insoluble complexes are formed.
This can be further subdivided into B; and B,. B¢ initially

resembles type A, since the apparent solubility of the
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Phase-solubility diagram (A) Type A; (B) Type B

(From reference: Higuchi and Connors 1965)
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substrate S increases due to the formation of a soluble
complex between S and L. However, at point a, (Fig.1.1, B),
the solubility limit, at the given temperature, of the complex
is reached and further increase in the concentration of L
results in ©precipitation of the complex while the
concentration of the uncomplexed substrate S is maintained
constant by dissclution of solid S. At the point b, (Fig.1.1,
B), all of the solid S has been consumed in this way and
further increas= in the amount of L to the system results in
depletion of S in the solution by formation of complex and
precipitation of insoluble complex. In type B, the complex
formed is insoluble in nature and the initial increase in the

concentration of the substrate S is not detectable.

Stoichiometry of complex

It is very informative to determine the stoichiometry of
the interacting components in the formation of a complex. For
a complex which can be isolated, the stoichiometry of the
substrate and the ligand in the complex can be determined by
elemental analysis of the complex. For systems of type A, and
A, where the profile is not a straight line, the stoichiometry
of the complex can be estimated from the corresponding values
of the substrate and the ligand respectively, from the X and
Y axes at the inflection point.

But it is not a straight-forward process and in many
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instances the complexity of the system obstructs the
derivation of information about the chemical equilibrium.
However, in cases where the most probable stoichiometry is
assumed, it enables one to determine the apparent stability
constants which are often satisfactory to give a simple and
useful description of the phase diagram.

For the A type of complex where the complex cannot be
isolated and analysed, information about the stoichiometry can
be estimated from the slope of the A curve. If the slope is
>1 then at least one species must be present in which m is >1.
On the other hand, if slope is <1 it does not necessarily mean
that only 1:1 complex is formed. More exact estimate
regarding the order with respect to S cannot usually be made
from the phase diagrams since, the presence of solid S is
responsible for maintaining a constant activity of S in the
system.

Higuchi and Connors (1965) in their review article on
phase-solubility technique have listed 535 substrate-ligand
complexes with their corresponding stoichiometry and stability
constants. They have pointed out that the stoichiometry and
stability constants for many of the complexes listed were
based on the best estimate. Since, there is a possibility of
the formation of more than one type of complex, the assumption

of 1:1 complex may give only an apparent value.
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Molecular interaction forces

The molecular interaction for the complex formation are
generally due to the effect of long range forces, like the
electrostatic and van der Waals dispersion forces. Hydrogen
bonding and charge-transfer forces, which could also be
categorised as electrostatic in nature and the so-called
hydrophobic bonding between hydrocarbons, might be the other
interactions responsible for complex formation.

The ionic solutes are held together in ionic lattice by
electrostatic force. A highly polar solvent like water is
able to dissolve these ionic compounds appreciably due to ion~
dipole interactions. These interactions supply enough energy
to overcome interionic forces in the crystal 1lattice. 1In
solution each ion is surrounded by a cluster of water
molecules and is said to be hydrated. Water has the highest
dielectric constant which means it has the necessary
insulating property to lower the attraction between oppositely
charged ions, once they are solvated. Moreover, since water
contains electronegative oxygen atom, it can also form
hydrogen bonds. Water, thus can solvate both cations and
anions: cations at it's negative pole (it's unshared
electrons, essentially), and anions, through hydrogen bonding
(Morrison and Boyd 1991).

Among vthe several advantages for choosing soluble

complexes to enhance aqueous dissolution of sparingly soluble
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substrates, the most notable is the reversibility of the
interaction between the substrate and the ligand within the
complex, which occurs spontaneously on dilution.
Consequently, biological effects of the complex can be
predicted on the basis of the pharmacological properties of
each of the components. Another advantage of such complexes
is the predictability and physical stability of the system.
Since the process involves attainment of equilibrium, once the
proportion of the interacting components and the method of
preparation leading to a complex with desirable solubility
properties has been determined, the product is reproducible
and predictable. These features are in contrast to the use of
other crystal modification procedures 1like formation of
polymorphs etc., which are often thermodynamically unstable
and hence, undergo time-dependent changes, often resulting in
reduced solubility of the complex (see section 1.4.2.5).

The disadvantage, of using a drug as a complex in a
formulation in many cases, is the need for an excess of the
ligand. Thus, the pharmacological properties,
biocompatibility and other physicochemical properties
responsible for the colour, odour and taste of the ligand are

of considerable concern from the pharmaceutical point of view.

1.5 BIOAVAILABILITY STUDY

Bioavailability is defined as a measure of the rate and
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amount of drug which reaches the systemic circulation,
following administration of a dosage form. Over the years the
definition has been expanded to include systemic availability
of all active metabolites, especially those with a
pharmacological activity similar to that of the parent drug
(Tse et al. 1991). The rate of absorption is an important
criterion for drugs used to treat acute conditions, such as
pain or insomnia which are generally treated with a single
dose of the drug. The extent of absorption is more important
for drugs used for treating subchronic and chronic diseases,
like infection or asthma which are treated over a period of
time with multiple dosage regimen of drug (Gibaldi and Perrier
1982).

Comparative bioavailability refers to the relative
bioavailability of a drug from its two or more preparations.
Though the concept of bioavailability and bioequivalence was
established several decades ago, there are only guidelines and
no strict and rigid frame-work, to design and interpret the
study. This in part is due to the continued progress in
various scientific fields like improvement of analytical
techniques to detect lower amounts of drug in biological
samples, discovery of active metabolites, new drugs with
unique pharmacokinetic properties, novel drug-delivery
systems, increased understanding of the pharmacokinetic-
pharmacodynamic relationship, more rational application of

statistical method of evaluation of results, etc. (Tse et al.
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1991). Before a biocavailability study is undertaken, various
factors like design, pharmacokinetic and statistical factors,
etc. should be considered, to understand the scope and

limitations of the study.

1.5.1 Design considerations

Inter and intra-subject variability

No two individual subjects are identical in the way their
bodies handle and respond to a drug. Intersubject variability
is well recognised in bioavailability studies. The use of
cross-over design is one way to address this issue. In a
comparative bioavailability study it is more meaningful to
compare the standard and the test dosage form results in the
same individual than averaging the concentration-time results
of the test or the standard, from different individual

subjected to the study (Tse et al. 1991).

Michaelis-~Menten kinetics

Determination of the extent of relative bioavailability
(F) is based on the reasoning that the overall clearance of
the active drug specie is same from both the test and the
reference drug product. Hence, difference in their

bioavailabilities could be attributed to the differences in
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their absorption pattern. However, for those drugs following
Michaelis-Menten or other forms of nonlinear kinetics, where
clearance is dose dependent, differences in their
bicavailabilities can occur even when their rates of
absorption are equal (Jusko et al. 1976). 1In such a case the
bioavailability determination has to be designed suitably

(Rubin et al. 1984).

other influencing factors

There are other factors which could either be part of the
above considerations or which may need independent
consideration. These are physiological factors related to
absorption, variations in drug blood levels which influence
drug disposition, genetics, age, disease, type and mode of
administration of dosage etc. In comparative bioavailability
with a cross-over design, most of these variations are
identical for both the test as well as the reference dosage

forms and hence they get nullified.

1.5.2 Pharmacokinetic considerations

Pharmacokinetic parameters from blood or |urine
concentration-time curves generated in in vivo comparative
biocavailability study, provide information about the rate and

extent of drug absorption for each of the formulations tested.
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Among these parameters, the rate of absorption is generally
more difficult to ascertain, since it is based on assumptions
of the process by which a drug is absorbed. However, the peak
concentration, C , and the time at which it is attained, are
useful indicators of the rate of drug absorption.

The extent of absorption is measured by the total area
under the plasma concentration-time curve (AUC). This is
measured either after a single dose, i.e. area from zero time
to infinity or under the interdose interval after
administration of the drug formulation at a constant rate, at
steady state condition.

When the rate of drug absorption is not critical, as is
often the case in multiple dosage regimen, the bioavailability
is simply expressed as the bioavailability factor, F. This
factor is the ratio of the total area under the concentration-
time curve after the test formulation to the area generated
after the reference formulation, which could be either an
intravenous dosage form or a commercial formulation accepted
as the reference.

F = (AUC)"eqe / (AUC) ¢ rererence (1.11)

Reliance on AUC in the computaticn of this parameter is based
on the assumption that drug clearance from the body is

independent of the dosage form or the mode of administration.
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1.5.3 8election of animal model

For a drug that is to be used in humans, the ideal model
will be either healthy human volunteers or patients. Due to
ethical reasons animal models have to be used till sufficient
data is collected to prcve that the formulation is safe to be
used in humans. Thougl., no animal model replicates humans,
many of the larger mammals like, primate, dog, pig and sheep,
have been used in biomedical research, due to their closer
anatomical and physiological similarities to humans.

The usefulness of pig in biomedical research arises from
the fact that there are many anatomical and physiological
similarities between pig and man. There is a close
morphological correlation between the eyes, teeth, kidney,
digestive tract and skin of pig and human (Brooks et al. 1984,
Holtz 1986, Dressman 1991). The comparative gastrointestinal
data for human and pig is given in Table 1.5 . Pig has a
simple stomach with only one major compartment and produces
pepsin enzyme, which is active in acidic conditions. The
pancreatic juice is rich in enzymes and bicarbonate. As a
result of the balance of the gastric acid and pancreatic acid,
the intestinal pH is close to neutral, where as it slightly
acidic in humans. Pig also has a gall bladder from which,
bile is secreted at the proximal part of the small intestine.

There are also differences between them. The fundus and

pyloric region, which contain parital cells responsible for
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Table 1.5

Comparative

anatomical
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and physiological

gastrointestinal data for pig and human (from reference:

Dressman et al. 1991)

Dimensions

Intestinal length (m)
Duodenal diameter (cm)
Villi length (cm)

Peyer's patches (location)

8ecretions

Bile (major acid)
Pancreatic juice flow (ml/min)

Intestinal pH (fasted)

Cecunm

Length (cm)
Diameter (cm)
Volume (1)
Colon

Length (m)
Diameter (cm)

Haustrae

Microbial metabolism

Colon

Human

0.5-1.5

Ileum

Cholic
1

5.6-6.4

0.9-1.5

6

Present

Volatile
fatty acids &
vitamins

Pig

15-20
2.5-3.5

0.5-1

Jejunum, ileun,
and colon

Hyocholic
1

Present

Volatile
fatty acids &
vitamins



%‘
b
%
|
3
E
:
l;»
H

iy

e 1

b ST Y TG e

ok b3

Ity

Cat

TR

FSTTE T

RS LA L S o

48

secretion of gastric acid, are less extensive in pig than in
man. The gastric volume is larger in pig and gastric emptying
appears to be incomplete despite overnight fast. The gastric
motility and the anatomy of the large bowel are also different
between pig and man (Dressman 1991).

The differences in the scale of regions in the
gastrointestinal tract may be overcome to some extent by the
use of younger pigs. Pigs, by nature, are more prone to
stress and such a condition could induce spurts of
gastrointestinal secretions, which could be an added source of
variation. By acclimatizing the pig to the lab environment and
setting, the stress related changes as well as other intra-

subject differences could be minimised.

1.5.4 8tatistical considerations

It is a well accepted fact that no two subjects are
identical and for that reason it becomes critically important
that the experimental data from bioavailability study be
analysed by appropriate statistical tests, like those done by
analysis of variance. The intended statistical analysis
should dictate the study design so that the constraints do not
compromise the study objectives. Metzler (1989, 1991) has
dealt in detail with the statistical considerations in
bioavailability and bicequivalence studies.

Among the sources of variability in bioavailability
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study, those due to differences in the formulation and
subject-to-subject variations are important. Statistics helps
in identifying and isolating such sources of variability by
measuring and testing them for their significance. It also
provides a means of measuring the uncertainty, in the form of
probability statements for the estimates and decisions that
must be made in the presence of the variabilities. Statistics
also helps in designing the experiment in such a way that the
variabilities can be handled in the most suitable manner. For
example, the cross-over design helps to a great extent in
overcoming subject-to subject variability.

The estimates of variability of the observations called
the confidence interval estimates, show both location and
extent of variability. There are three classes of confidence
intervals which are often used in bioavailability studies.
These are, classical t-based confidence intervals, Westlake's
symmetric intervals and nonparametric intervals. Their choice
depends besides other factors, on the individual need, based
on the particular experimental goals (Metzler 1991).

The means of the AUC's of the various formulations are
differentiated by using paired t-test or analysis of
variance. Based on these statistical tools the final decision
with regard to the similarity or the difference in the

bioavailability of the two formulations is made.
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1.6 RATIONALE FOR USING PIG AS A MODEL FOR BIOAVAILABILITY

Banerjee et al.(1974) have studied the disposition of
clofazimine in dog, sheep and goat, after administering a
single oral dose of 5 mg/kg but have reported that they failed
to observe any detectable drug level in plasma. We explored
the possibility of using rabbit as a model and found that it
was not a suitable model for studying the disposition of
clofazimine since, its absorption was very low and erratic.
Moreover, rabbit being a smaller animal, there were
limitations with regard to the amount and number blood samples
that could be drawn. This led us to consider the use of pig,
as a possible model for biocavailability study of clofazimine.

The reasons guiding the selection of pig as the model for
the bioavailability study could be enumerated as follows:

i) Although there are differences, there are also important
similarities in the digestive tract, between pig and man.
ii) For the biocavailability study of a drug like clofazimine,
which inherently shows low plasma levels, from the detection-
sensitivity point of view, it is desirable to have a larger
sample volume. Pig being a large animal, enabled withdrawing
of 5 ml blood sample about 15 times a day, without any
significant change in the haematocrit and hemodynamics. The
animal also did not show any apparent change in its well-being
duriny the period of study.

iii) Pigs are inherently very stressful and difficult to
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handle. Preliminary study showed that pigs could be
domesticated and acclimatised to laboratory settings with some
training.

iv) Pigs are more economical as compared to other larger

arimals, such as primates and dogs.
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1.7 HYPOTHESIS

This project is based on the hypothesis that for a drug
with intrinsically poor aqueous solubility, its dissolution in
the gastrointestinal tract could be the rate determining
factor, responsible for its poor bioavailability. Hence, by
using a suitable solubilizing technique, the aqueous
dissolution of such a drug could be enhanced, which will

result in improving its systemic bioavailability.
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1.8 OBJECTIVES

Based on the above hypothesis the main objective of this
thesis was to improve the aqueous dissolution and systemic
biocavailability of clofazimine, using solid-dispersion
technique.

To accomplish this goal, the following short-term
objectives were set :

1. Formulate a solid-dispersion (coevaporate) of clofazimine
using a suitable carrier.

2. Evaluate the physicochemical properties of the
coevaporate, using suitable in vitro tests.

3. Characterise the nature of the coevaporate.

4. Evaluate the comparative bioavailability of the
coevaporate, as compared to the existing marketed formulation

of clofazimine (Lamprene®), using a suitable animal model.
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2 MATERIALS

2.1 CHEMICALS AND SUPPLIES

Clofazimine was obtained from Astra IDL Limited,
Bangalore, India and Ciba Geigy, Quebec, Canada. Polyvinyl
methyl ether/maleic anhydride copolymer was obtained from GAF
Chemical Corporation, New Jersey, U.S.A. The following
chemicals of ‘'assured' grade were purchased from BDH
Chemicals, Toronto, Canada: acetone, acetic acid, hydrochloric
acid, potassium phosphate (monobasic) and sodium hydroxide.
Acetone was further purified for which it was first refluxed
with excess potassium permanganate and then distilled.
Tetrahydrofuran, methanol and acetonitrile of spectroscopic
grade, were obtained from BDH Chemicals, Toronto, Canada. The
following chemicals were procured from Sigma Chemicals
Company, St. Louis, U.S.A. : dapsone, polyethylene glycol,
ethyleneglycol dimethylether, 2-methoxy- ethylether,polyvinyl
alcohol, succinic anhydride and maleic anhydride. Succinic
anhydride was purified by subliming the commercially available
material and freshly prepared sublimate was used for the
experiments. Hexane sulfonic acid (sodium salt) was purchased
from Eastman Kodak Company, N.Y., U.S.A. .

Precoated silica gel F254 (E.Merck) plates were procured
from BDH Chemicals, Toronto, Canada. HPLC columns (x Bondapak

C18) were purchased from Waters Associates, Milford, U.S.A and
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Phenomenex, Torrance, U.S.A. . Cyanopropyl solid phase
extraction columns were procured from Fisher Scientific, N.J.,
U.S.A. . Membrane filters were obtained from Millipore
Corporation , Milford, U.S.A. .

Disposable syringes and Vacutainers® were procured from
Becton Dickinson, N.J., U.S.A. Infusion sets were purchased
from Abbott Ireland Ltd., Sligo, Rep. of Ireland. Normal
saline and Ringer-dextrose for injection were obtained from
Abbott Laboratories, Quebec, Canada and heparin sodium

injection was purchased from Leo Laboratories, Quebec, Canada.

2.2 DISSOLUTION MEDIA

The following media were used for the dissolution
studies:
Acidic medium : The acidic medium (dilute HCl, N/10, pH 1.2),
was prepared by diluting 8.7 ml of concentrated HCl1l to 1000 ml
with distilled water. The pH was checked and, when necessary,
was adjusted to 1.2 with 1N HCl or by further diluting with
water.
Alkaline medium : The alkaline medium (dilute sodium
hydroxide (NaOH), N/1500, pH 10.0), was prepared by suitably
diluting N/10 NaOH with water. Final pH was checked and, when
necessary, was adjusted to 10.0 by addition of N/100 NaOH or
distilled water.

Buffer medium, pH 7.5 ¢ The buffer medium (0.5 mM, pH 7.5)
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was freshly prepared each time by diluting 0.05 M potassium
phosphate monobasic solution hundred times with distilled

water. The final pH was checked.

2.3 ANIMALS

Hampshire Durco Cross (HDC) pigs were obtained from Maple
Lane Farm (Nova Scotia, Canada) and housed individually in
pens in the same room, in the Dalhousie University Animal Care
facility. The room was maintained at 20°C in light/dark
cycle. The wiener pigs (about 3 weeks o0ld) were fed Pig
Starter powder (Valley Field Farm, Nova Scotia, Canada) which
contained antibacterials, for a week. The feed was then
changed to Pelleted Pig Starter (Shubenacadie Co-op, Nova
Scotia), which did not contain any medication. Water was
allowed ad lib.

It was found very important to ‘condition' the pigs prior
to their use in the experiments. For that reason wiener piys,
about three weeks-old, were bought from the farm and allowed
to acclimatize to the laboratory setting for a period of about
three weeks. During this period the animals were visited
periodically by the personnel of the animal care centre and by
us, so as to get the pigs used to human contact. These
'‘conditioned' pigs were less stressed by human contact and

handling during the biocavailability study.



87

2.4 INSTRUMENTS

The following instruments were used for our experiments:
spectrophotometer, Pye-Unicam SP 8-100, England; high
performance liquid chromatograph, Waters model 440, Milford,
U.S.A.; recorder for HPLC, Omni Scribe, Houston Instruments,
Texas, U.S.A. and Fisher Recordall series 500, Austin, Texas,
U.S.A.; infrared spectrometer, Perkin Elmer-197, England and
infrared (FT) spectrometer, Perkin Elmer-1600 B, U.S.A.; x-ray
diffractometer, Philips, Holland; differential scanning
calorimeter, DSC-1 Perkin Elmer, U.S.A.; scanning electron
microscope, Bausch & Lomb ARL, Nanolab 2000, Canada; sputter
coating apparatus, Samsputter, Tousimis Research Corporation,
Maryland, U.S.A.; contact angle goniometer, Rame-Hart model,
NRL-100, New Jersey, U.S.A.; dissolution apparatus, Vanderkamp
60, U.S.A.; tablet press, Carver Laboratory Press, U.S.A.,
flash evaporator, Brinkmann Rotavapor-R , Switzerland; sieve,
Endecotts Filters 1limited, England; vortex mixer, Fisher
Scientific, N.Y., U.S.A.; reciprocating shaker, Everbach

Corp., Michigan, U.S.A.
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3 EXPERIMENTAL METHODS

In this section, the methods used for the selection of a
suitable carrier (PVM-MA) and the subsequent preparation of
coevaporates and physical admixtures of CLF and PVM-MA are
described. The procedures for studying the in vitro physico-
chemical properties include the development of a
spectrophotometric method to determine CLF from in vitro
samples, details of dissolution and wettability studies,
stability ascertaining methods for the coevaporates and the
description of the different methods used to characterise the
possible interaction of CLF and PVM-MA in the coevaporates.
The in vivo study of the coevaporate consists of a sample
preparation method using solid phase extraction technique and
a HPLC procedure to quantify CLF from plasma samples. The
method for comparing bioavailability consists of studying the
disposition of the reference and the test formulation of CLF
using pig as the model. Some of the procedures are used at
more than one place and hence may seem to be repetitive.

The statistical calculations have been done wusing
MINITAB® version 7.2 computer program (Minitab Inc., PA,
U.S.A.). The procedure for the linear regression analysis,
two-way ANOVA analysis, paired-t test and the critical F and
t values were adopted from a standard statistics reference

(ott L. 1988).



3.1.1 Belection of carrier

Urea, polyethylene glycol (PEG) 4000 and 6000, poly
(vinyl methyl ether/maleic anhydride) copolymer PVM-MA (M.W.
20,000) and PVM-MA (M.W. 67,000) were selected as the
potential carriers for the preparation of solid dispersion.
10% w/w agqueous solutions of the carriers were prepared and an
excess (to the solubility of CLF in water) amount of CLF was
added to each. The solutions were taken in centrifuge tubes
and shaken for 72 hours at room temperature (25°C) using a
reciprocal shaker (Everbach shaker, Michigan, U.S.A.). Then
the tubes were centrifuged and the supernatant solution was
filtered through a sintered glass filter (with a pore size of
5 um ASTM) fitted with a membrane filter (with a pore size of
0.45 pum). A measured portion of the filtrate was acidified
with hydrochloric acid (6N) and its absorbance was determined
at a wavelength 535 nm, using a spectrophotometer (Pye Unicam,
SP100, England) . The amount of dissolved CLF was determined
by means of a standard calibration curve as described in
section 3.4 .

From the results of this preliminary experiment, it was
established that urea and PEG 4000 solutions dissolved
negligible amount of CLF. PEG 6000, PVM-MA (M.W. 20,000) and
PVM-MA (M.W. 67,000) solutions dissolved respectively, 59.4
ug/ml, 462.6 pug/ml and 353.0 ug/ml of CLF. Hence these

carriers were further investigated to chose the most suitable
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one.

Solid dispersion using PEG is conventionally prepared by
'fusion' method (Ford 1986), hence this method was adopted for
the preparation of CLF/PEG solid-dispersion. In this method
CLF and PEG were melted together and the molten mixture was
quenched by rapid cooling. But this procedure was not
suitable, since it resulted in the thermal degradation of CLF,
which was detected as a secondary spot in TLC analysis. No
further attempt was made to characterise the thermal
degradation product of CLF. Due to the poor solubility of PEG
in organic solvents, the 'solvent' method of preparing solid
dispersion was not attempted.

PVM-MA copolymers were the other carriers which had shown
good solubilizing property for CLF and were pursued with.
Since PVM-MA copolymers decompose at about 210°C the
dispersions were prepared only by 'solvent' method. The
method consisted of dissolving weighed amounts of the
copolymer and CLF separately in acetone and subsequently
mixing the two solutions. The solvent was then evaporated
under reduced pressure at 37°C, using a flash evaporator
(Brinkmann Rotavapor-R, Switzerland). Since the dispersion
was produced after evaporating the solvent, it was appropriate
to call the product 'coevaporate', as suggested by Sekiguchi
and Obi (1961). The coevaporate prepared with PVM-MA (M.W.
67,000) was a very hard product and difficult to retrieve from

the preparation flask. The one prepared with the lower

~
#
L
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molecular weight PVM-MA (M.W. 20,000) was, however, flaky and,
hence, easy to retrieve and pulverise.

Hence, PVM-MA (M.W. 20, 000) was chosen as the carrier
for further studies. For the sake of convenience, the PVM-MA

copolymer with M.W. 20,000 will further be referred as PVM-MA.

3.2 PREPARATION OF CLF/PVM-MA COEVAPORATES

In acetone, weighed amounts of CLF, 0.1 g in 60 ml and
PVM-MA, 1 g in 25 ml, were separately dissolved and mixed in
different ratios. The solvent was evaporated under reduced
pressure with the aid of a Brinkman rotary evaporator, run at
a speed of 200 rpm. The coevaporate was removed from the
flask, powdered by trituration and then dried in a desiccator
under vacuum, over silica gel, for 48 hours. Subsequently, it
was further pulverised and sifted through 85 mesh sieve (d<170
mm)and stored in tightly closed amber colored bottle, in a
desiccator. Coevaporates containing different w/w ratios of
CLF and PVM-MA were prepared similarly and the amount of drug

in each was ascertained by assay.

3.3 PREPARATION OF PHYSICAL ADMIXTURES OF CLF AND PVM-MA

Physical admixtures of CLF and PVM-MA, similar in
composition to those in the coevaporates, were prepared by

intimately mixing weighed quantities of CLF and PVM-MA in a
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glass beaker, using a stainless steel spatula. The homogenous
mixture was similarly passed through the 85-mesh sieve and

stored as described for the coevaporate.

3.4 ASSAY OF CLF IN IN VITRO AQUEOUS SAMPLES

A simple non-extractive method was developed for routine
determination of CLF concentration in aqueous samples from in
vitro systenms. From a stock solution of CLF in 6 N
hydrochloric acid (HCl), various dilutions of known CLF
concentrations were prepared using 4 N HCl. The absorbances
of the diluted CLF solutions were measured using the
Pye-Unicam spectrophotometer, set at 535 nm using 4 N HCl as
blank. A calibration curve was prepared, relating the
absorbance (ordinates) with the known concentrations of CLF
(abscissae). The equation of best fit was also derived.

The unknown CLF concentration in an in vitro sample was
determined by suitably acidifying a filtered aliquot of the
sample with HCl, so as to maintain the final acid strength
between 3-6 N and the absorbance of the solution was measured.
The CLF concentration was then calculated using the

calibration curve.

3.5 DISSBOLUTION OF CLF FKOM COEVAPORATES AND ADMIXTURES

Dissolution tests were performed using a U.S.P. Type II
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apparatus, in the three dissolution media; acidic (pH 1.2),
neutral (pH 7.5) and alkaline (pH 10.0).
Coevaporate or physical admixture sample containing about
2.5 mg of CLF was exactly weighed and sprinkled on 1000 ml of
solvent surface, which was stirred at 50 rpm at 37+0.5°C. At
suitable intervals over a time period of 120 minutes, aliquots
of the dissolution medium were withdrawn using a disposable
Becton-Dickinson plastic syringe, fitted with a filtration
assembly, to prevent undissolved CLF from entering the sample.
The filtrate was further passed through sintered glass filter
(with a pore size 4.5-5 um, ASTM) fitted with a membrane
filter (with a pore of size 0.45um). After two-fold dilution
with 6 (N) HCl (in order to achieve a final HC1l strength
between 3-6 N), absorbance of the sample was measured at 535
nm. The concentration of dissolved CLF in the dissolution
medium was calculated with the aid of the calibration curve.
Reported values are the mean of at least two
determinations.
The experiment was repeated with physical admixtures and

also with the untreated CLF.

3.6 DISSOLUTION OF CLF FROM FIXED SURFACE AREA OF

COMPRESSED COEVAPORATES

To determine the comparative dissolution rate of CLF from

coevaporates, a fixed surface area (0.985 cmz) of compressed

P

e

" g e Y

e e o M L N 1y



64
coevaporate was exposed to one liter of dissolution medium of
acidic pH , under the same experimental conditions as it was
done for the powder dissolution. The sample was made by
compressing approximately 150 mg of the coevaporate of known
composition, by using a steel punch and die set having a
diameter of 11.2 mm , with the aid of a laboratory press
(Carver Laboratory press, New Jersey, U.S.A.) at 7260 kg force
for 3 minutes. The compressed sample was weighed and
partially embedded in molten wax (at about 45°C), in such a
way that only one full lateral surface, free of wax, was
exposed to the dissolution medium.

At specified time intervals, 5 ml aliquots of bulk
solution were withdrawn, filtered, diluted with 6N HCl and
assayed spectrophotometrically for CLF content. The
dissolution medium volume was maintained constant by
replenishing the sample volume with fresh medium, equilibrated
to 37°C.

The cumulative amount of CLF dissolved at each time point
was calculated and corrected for the amount of dissolved CLF
in the sampled volume according to the equation:

Q = [ @ +{ Vg .Quqq } + V1 (3.1)

In equation (3.1), Q, is the cumulative amount of CLF
dissolved up to time, t; Q, is the amount of CLF in the
dissolution medium determined at time, t ; Q¢ -1y is the amount
of CLF dissolved at the previous sampling time, (t -1). V, and

V, are respectively the volume of sample and bulk dissolution
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fluid.

The percent nf total CLF in the compressed sample
dissolved per unit area was calculated at each time point and
fitted to the following modified form of the integrated
Noyes-Whitney equation, assuming sink conditions (V,=1000 ml):

100.((Q, / Q) *+ S] = (D.Cc, / h).t (3.2)

In equation (3.2), Q, is the total (initial) amount of CLF in
each compressed sample of surface area S. D is the diffusion
coefficient, C, is the intrinsic solubility of CLF in the
medium under given experimental conditions and h is the
thickness of the stagnant (diffusion) layer. Equation (3.2)
may be simplified to:

100.((Q, / Q) + S] = K,.t (3.3)
where K; = (D.C, / h), is a constant under a given experimental
condition and represents the apparent dissolution rate
constant. K, was calculated as the slope of the plot of

[(Q / Q) + S].100 (ordinates) versus time,t.

3.7 WETTABILITY STUDIES

The wettability studies were undertaken to obtain
information on the hydrophobic or hydrophilic character of
CLF, PVM-MA and coevaporate surfaces. The wettability was
studied on suitably prepared compressed tablets of CLF, PVM-MA
and their coevaporates by measuring the contact angles, 6, of

water and the three dissolution fluids. Contact angles of
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water was also determined on films of the samples prepared by
solvent casting method (Budziak et al. 1991).

The contact angle determined on the surface of
coevaporates is a direct macroscopic measure of hydrophobic or
hydrophilic character of its surface. This is the angle formed

between the solid substrate surface and the liguid droplet.

3.7.1 Contact angle measurements on compressed tablets

A mass of 0.150 g powder was compressed to a tablet by
using a laboratory press (Carver Laboratory Press, New Jersey,
U.S.A) with a custom-made, highly polished punch-die set of
11i.2 mm in diameter. The punches were carefully cleaned,
rinsed with distilled water and acetone and dried, prior to
tablet preparation. A pressure of 5,530 Kg/cm® was applied to
the powdered sample for 2 minutes. The wettability of the
pure CLF and PVM-MA, as well as that of the coevaporates and
selected admixtures were characterised by measuring the
advancing contact angles, of droplets of water and the three
different liquids on the surface of each sample. Contact
angles were determined by means of the sessile drop method
(Neumann and Good, 1979), using a Rame-Hart type Contact Angle
Goniometer (model NRL 100; New Jersey, U.S.A). Advancing
contact angles were measured on freshly prepared tablets
immediately (within 30 seconds) after the liquid drop was

positioned onto the surface, to minimize the error caused by
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the possible liquid penetration into the tablet. The size of
the liguid drop chosen was 0.2 ml and placed on tablet surface
using a 2.0 ml Gilmont® micrometer syringe. Readings were
taken on both sides of the droplets to check drop symmetry.
The 0 measurements were performed at 37.0 * 0.5C and at a
constant relative humidity. The arithmetic mean of the
contact angles was calculated from the 14 to 32 readings

obtained for a given surface with each liquid.

3.7.2 Contact angle measurements on films

The study was repeated on films of the above samples but
only for water, in order to obtain results for comparison,
with those obtained on the tablet surfaces. Thin films of the
samples from 2 mg/ml acetone solutions, were prepared on
previously cleaned glass slides, by solvent casting method.
The procedure for the measurement of contact angle was

identical tc the one described for the tablet surfaces.

3.8 STABILITY STUDY OF COEVAPORATES

The stability testing of CLF in the coevaporate was
performed with three objectives. Firstly, it was to ascertain
if CLF remained chemically intact during the prepc.ation of
the coevaporate. Secondly, it was necessary to determine

whether or not CLF in the coevaporate maintained essentially
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the same physicochemical properties during the prolonged
storage period under different temperature conditions.
Thirdly, it was to determine the physicochemical compatibility
of CLF-coevaporate with dapsone. In pursuance of these
objectives certain physico-chemical characteristics were
monitored over a 12-week period, on the 1:10 (w/w, CLF/PVM-MA)
coevaporate. The methods used for the comparison of CLF in
the coevaporate with the pure untreated CLF included, thin
layer chromatography (TLC), high performance 1liquid
chromatography (HPLC), ultra-violet and infrared spectroscopy.

khdditionally the amount of CLF remaining in 1:10
coevaporate during storage at 25 (room temperature), 37° and

50°C were monitored periodically during the period.

3.8.1 8tability during preparation of the coevaporates

3.8.1.1 Thin layer chromatography (TLC)

Samples of pure (untreated) CLF and the coevaporate were
separately dissolved in acetone. Precoated silicagel plates
were conditioried by pre-running in chloroform-methanol (1:1 by
volume) and dried. The plates were spotted with the test
solutions and then developed in toluene-acetic acid-1-propanol
(58:39:3 ratios by volume). The spots were visualized by
spraying the plates with 50 % V/V sulphuric acid or by

exposing them to iocdine vapour.



3.8.1.2 High performance liquid chromatography (HPLC)

A reported HPLC method (Gidoh et al. 1981), was adapted
to detect CLF in in vitro aqueous media. The 1liquid
chromatograph system comprised a Waters® HPLC equipped with
6000A pump, U6K universal injector and a fixed wave length
(280 nm) UV detector (Waters Assoc., Milford, U.S.A.). An
omni Scribe (Houston Instruments, Texas, U.S.A.) chart
recorder was used to record the chromatograms. The
attenuation of the detector was kept between 0.02 and 0.1.
The analytical column used was a u-Bondapak C,, (Waters Assoc.,
Milford, U.S.A.), fitted with a C,; guard column.

In the modified method the mobile phase consisted of 50%
tetrahydrofuran (THF) in 0.5% acetic acid containing 2.5 mM
sodium salt of hexane sulfonic acid (HSA) delivered
isocratically at a rate of 1.5 ml/min. Samples of pure,
untreated CLF and coevaporate were dissolved separately in the
mobile phase, and 25 ul were injected. The chromatograms were
obtained from time to time during the 12-week period and

compared with untreated CLF sample.
3.8.1.3 Uv-visible spectroscopy
A 3-5 ug/ml solution of pure untreated CLF in 4 N HC1l was

scanned in the Pye Unicam spectrophotometer between 600 and

270 nm. A solution of the coevaporate containing the same
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concentration of CLF in 4 N HCl was scanned similarly. A
solution of PVM-MA in 4 N HCl wvas used as the blank solution,
containing an equivalent concentration of the polymer as in

the coevaporate solution.

3.8.1.4 Infrared (IR} spectroscopy

Infra red (IR) spectra of pure CLF and CLF extracted from
the coevaporate were obtained using an IR spectrometer (Perkin
Elmer-197, England), set at 8 minutes scan and slit #2. A
pellet of the test sample (concentration 0.5% w/w in potassium
bromide) was prepared. CLF was extracted with chloroform
from the aqueous solution of the coevaporate. The chloroform
extract was washed with water, to eliminate any trace of
polymer and dried over anhydrous sodium sulfate and evaporated
using a flash evaporator at 30°C. The residue was dried in a
vacuum desiccator for 48 hours at room temperature. The IR
spectrum of the residue was compared with that of pure

untreated CLF.

3.8.2 Determination of intact CLF in coevaporate during

accelerated stability study

1:10 (w/w, CLF/PVM-MA) coevapcrate samples were
incubated at 25°(room temperature), 37 and 50°C (+0.5°). At

specified time points aliquots of each sample were remocved and
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equilibrated to room temperature. The physicochemical
properties of the CLF in the samples were compared with
untreated CLF using TLC, HPLC, UV-visible and IR spectroscopy
methods, as described in section 3.8.1. The amount of intact
CLF remaining in the coevaporate samples were also determined
for which, weighed amounts of aliquots were dissolved in 4 N
HCl and their respective spectrophotometric absorbances were
measured at 535 nm, as described earlier in section 3.4. The
concentration of CLF in each solution, was determined with the
aid of calibration curve, prepared using standard solutions of
pure CLF (see section 3.4).

The kinetics of dacomposition were determined by plotting
the percent of CLF remaining in the coevaporate (1:10) versus
time, according to the following equations assuming zero-order
and first-order decomposition processes respectively,

C

. = C, = K.t (3.4)

Log C, = Log C, = K,.t / 2.303 (3.5)

In equations (3.4) and (3.5) C, is the percentage of CLF
in the coevaporate at any time t afte:r preparation; C, is the
jinitial percent of CLF in coevaporate on the day of
preparation (assumed to be 100%); K, and K, are respectively
the apparent zero-and first-order rate constants associated
with the decomposition process. The rate constants were
calculated from the slopes of the percentage-remaining versus

time, plots.

Shelf-life (t,,), representing the time required for 5%
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decomposition of CLF in the coevaporate, was calculated
according to the following equations, assuming =zero-order
decomposition (equation 3.6) or first-order decomposition
(equation 3.7) :

tey = 0.050 C, / K, (3.6)

tgy = 0.051 / K, (3.7)

3.8.3 B8tability of coevaporate and dapsone combination

CLF (50 mg) and dapsone (diamino diphenyl sulphone, 100
mg) are administered daily to multibacillary leprosy patients,
for a minimum duration of two years (WHO 1989). Hence, in the
event of formulating the combination of CLF coevaporate and
dapsone (DAP), it will be necessary to have information on
their physicochemical compatibility. For this reason a
preliminary stability study of a mixture of the coevaporate
and DAP were performed.

1:10 coevaporate (w/w CLF:PVM-MA) and DAP were weighed
and intimately mixed in a weight ratio 1:2 (w/w CLF and DAP).
The mixture was filled in amber colored bottles and incubated
at room temperature (25°C) and at 37°C. TLC, assay and
dissolution in acidic medium (pH 1.2) were performed over a
12-week period and the stabilities of the individual drugs in
the mixture were determined.

The TLC procedure used to determine any secondary spot

due to degradation and/or incompatibility, was same as that
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described in section 3.8.1.1. The spots were visualised using
a chamber provided with UV light.

The HPLC procedure described in section 3.8.1.2, was
modified to separate and quantify CLF and DAP from the
mixture. In this case salicylic acid (SA) was used as the
internal standard and the modified mobile phase consisted of
THF, methanol and 0.5% acetic acid in a v/v ratio of 8:1:10.
2.5 mM HSA was used as the ion-paring agent. Rest of the

instrument settings were same as described in 3.8.1.2.

Calibration curve

A calibration curve was prepared by injecting known
concentrations of CLF, DAP and SA. Initially, a stock
solution of CLF and DAP, 3 mg of each in 100 ml of mobile
phase, was prepared. The SA stock solution consisted of 13
ng/100 ml of mobile phase. A series of dilutions of the CLF-
DAP mixture was prepared (with concentrations varied between
0.6 to 6 ug/ml) and to each a fixed volume of SA stock
solution (5 ml) was added, so as to obtain a final SA
concentration of 26 pg/ml in all the solutions. Twenty
microliters of these solutions were injected to the HPLC
column and from the chromatogram the retention times and peak
height ratios (PHR) of DAP/SA and CLF/SA were determined. A
calibration curve was prepared by plotting PHR of DAP/SA and

CLF/SA against their spiked concentrations.
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The above procedure was used to determine the amount of
CLF and DAP, remaining during storage (assay) and dissolution

studies.

Assay

At specified time points aliquots of incubated samples
were removed and equilibrated to room temperature. For
determining the amount of intact CLF and DAP remaining in the
sample, about 20 mg of the mixture was accurately weighed and
dissolved in 200 ml of the mobile phase. Five milliliters of
this solution was mixed with 5 ml of SA stock solution and the
volume was made up to 25 ml with the mobile phase. Of this
soclution 20 ul was injected to the HPLC column and the

retention times and PHR of the peaks were determined.

Dissolution

The dissolution study was carried out in acidic medium
(HC1l, N/10, pH 1.2) as a single point determination after 2
hours of stirring. The instrumentation setting and procedure
were similar to that described in section 3.5.

The mixture sample weighing 32.5 mg was sprinkled on 1 L
of mobile phase, at 37°C. After 2 hours of stirring, at 50
rpm, an aliquot was filtered through sintered glass filter

(with a pore size of 4.5-5 um ASTM), fitted with a membrane
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filter (with a pore size of 0.45 pum). To 20 ml of the
filtrate, 5 ml of SA stock solution was added. of this
solution 20 pl was injected to the HPLC column and the

retention times and PHR were determined.

3.9 CHARACTERIZATION OF THE CLF/PVM-MA COEVAPORATES

3.9.1 BS8canning Electron Microscopy (SEM)

The particles of CLF, PVM-MA and their coevaporates (1:5,
1:10 w/w CLF:PVM-MA) were observed under SEM to study the
their physical features. The samples were fixed to glued
surfaces of special aluminium stubs provided for SEM study.
These were then placed in an automatic sputter-coating
apparatus (Samsputter, Tousimis Research Corporation,
Maryland, U.S.A.) and the sample particles were coated at a
rate of 1.5 R/second, for 55 seconds, with a gold-palladium
alloy. Then the stubs with coated samples were mounted on a
scanning electron microscope (Bausch and Lomb ARL, Nanolab
2000, Canada) and their appearances were observed under
different magnifications. Pictures of the samples were taken

with the camera attached to the instrument.

3.9.2 Powder X-ray Diffractometry

The powder X-ray diffraction patterns of CLF, PVM-MA and
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their coevaporates (1:5, 1:10 w/w CLF:PVM-MA) were performed
using a diffractometer (Philips, Holland). The instrument was
operated under the following conditions: aluminium focused X-
ray; Cu-Ka radiations; voltage 40 KV; current 20 mA; time

constant 0.5 seconds; scanning speed 15°/minute.

3.9.3 Differential Scanning Calorimetry (DSC)

The DSC scans of CLF, PVM~MA and their coevaporate
samples (1:5, 1:10 w/w CLF:PVM-MA) were performed using a
differential scanning calorimeter (Perkin Elmer, DSC-1,
U.S.A), which was linked to a personal computer and a plotter
(Hewlett Packard, U.S.A). About 10 mg of each sample was
placed in separate, tared DSC sample pans, covered with lids
and crimped. The crimped pans were reweighed to determine the
exact amount of sample taken. The instrument was calibrated
by running a DSC scan of indium, taken as the reference
standard. All samples were run at a scanning speed of
10°C/min. The scans were stored in the computer and were

later recorded using the plotter.

3.9.4 Ultra Violet - Visible Spectroscopy

Aliquot quantities of CLF, PVM-MA and their coevaporates

(1:5, 1:1¢0 w/w CLF:PVM-MA), were dissolved in different

solvents (methanol, tetrahydrofuran, acetone, ethylene
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dichloride) and their absorbance spectra were scanned between
wavelengths 600 and 270 nm, using a spectrophotometer (Pye
Unicam SP 100, England). CLF showed characteristic absorbance
maxima, typical of its chemical structure, both in the visible
and the UV region. PVM-MA did not exhibit any apparent
absorbance maxima in the region studied. CLF in the
coevaporate dissolved either in acetone or ethylene
dichloride, showed a very significant bathochromic shift (i.e.
a shift to a higher wavelength, also called red shift) in its
maxima in the visible region which could be attributed to an
interaction between the drug and the copolymer.

Several chemical compounds having functional groups
similar to PVM-MA, were chosen to determine if they behaved
similarly in causing a bathochromic shift, when dissolved with
CLF in ethylene dichloride. For this qualitative study, the
solutions of five model compounds (ethyleneglycol
dimethylether, 2-methoxyethylether, polyvinyl alcohol,
succinic anhyd¥ide and maleic anhydride) were mixed with CLF
solution, using ethylene dichloride as the solvent and their

spectra were scanned.

3.9.5 Infrared (FT) Spectroscopy

A reflectance infrared (FT) spectrometer (Perkin Elmer,

model 1600 B, U.S.A.) was used to record the infrared spectra

of CLF, PVM-MA and their coevaporate (1:1 w/w CLF:PVM-MA).
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The reflectance spectrometer had the advantage of running the
spectra of the samples either directly or after mixing with
KBr, thus eliminating the need for pelleting the samples prior

to infrared scanning.

3.9.6 Equilibrium Solubility Study

The equilibrium solubility study was carried out
according to the method described by Higuchi and Connors
(1965). For this, 10 ml of water (Nanopure® water, pH 7.4)
was placed in seven stoppered test tubes, followed by the
addition of successively increasing amounts of PVM-MA (0.01,
0.02, 0.04, 0.08, 0.16, 0.32 and 0.64 g/l1) accurately weighed
into the separate tubes. A weighed amount of CLF (8 mg) in
excess of its normal aqueous solubility, was added to each of
the test tubes. A control sample was prepared without the
addition of any PVM-MA. The test tubes were assembled in a
rack and shaken at room temperature (25°C), using a reciprocal
shaker (Everbach Corp., Michigan, U.S.A.) for 72 hours, which
was considered as the optimum time required for reaching the
equilibrium solubility. Then the tubes were centrifuged and
the supernatant solution was filtered through a sintered glass
filter (pore. size 5 um, ASTM) fitted with a membrane filter
(pore size 0.45 um). A measured portion of the filtrate was
acidified with hydrochloric acid (6N) and its absorbance was

determined at 535 nm, using a Pye Unicam spectrophotometer.
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The amount of dissolved CLF was determined using a standard

calibration curve as described in section 3.4.

3.10 HPLC ANALYSIS OF CLF IN PLASMA

3.10.1 Preparation of standard solutions

Stock solution of CLF was prepared in 50% (v/v) methanol
in water and was stored in a refrigerator at 5°C. Five
different standard solutions ranging from 330 pug/l to 6600
ug/l were prepared from the stock solution by diluting with
10% (v/v) methanol in water. Stoc.” solution of salicylic acid
(34 ug/ml) was prepared in 50% (v/v) methanol in water and

stored similarly.

3.10.2 Sample preparation and extraction

A solid-phase extraction (SPE) procedure was developed in
our lab to extract CLF from plasma samples. This procedure
was used to extract spiked as well as, in vivo samples.

Plasma samples (1 ml each in five test tubes) were
spiked with 100 ul of a standard solution of known CLF
concentrations (330 pg/l to 6600 ug/l). A sixth plasma sample
(blank) received only 100 gl of 10% (v/v)of methanol in water.
The samples were further diluted with 5 ml 0.1 M phosphate

buffer (pH 6.0) and mixed with the aid of a vortex mixer. The



80
samples were then allowed to stand while the SPE columns
(cyanopropyl, Fisher Scientific, N.J., U.S.A.) were being
conditioned. The SPE columns were mounted on sample
preparation manifold (Adsorbex®, E.Merck, Darmstadt, F.R.G.)
and conditioned by treating sequentially, with 3 ml methanol,
5 ml water and 5 ml 0.1 M phosphate buffer (pH 6.0), taking
care not to let the column go dry during the process. Diluted
plasma samples were added to the conditioned SPE columns and
allowed to percolate slowly under reduccd pressure. After
air-drying the column for two minutes, 50 pl of salicylic acid
solution was added to each tube and the analytes were
extracted with four, 1 ml portions of a solution of
tetrahydrofuran (THF), acetonitrile and methanol in the
respective volume ratio of 2:2:1, containing 0.7 mM of hexane
sulfonic acid (HSA). Solvent from the eluate was evaporated
at 37°C (using a water bath) with a stream of nitrogen gas.
The residue was reconstituted in 100 upl of mobile phase
composecl of THF, 0.5% acetic acid solution and methanol in the
respective volume ratio of 8:11:1, containing 2.5 nM of HSA.
20 pl of reconstituted sample was injected into the HPLC
system using a microsyringe (Hamilton Company, Nevada,
U.S.A.). The peak-height-ratio (PHR) of standard CLF peak
height to the peak height of internal standard (salicylic
acid) were measured and plotted against the spiked CLF

concentrations.
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3.10.3 Chromatographic system

The HPLC system comprised a Waters Model 440 solvent
delivery system (Milford, Mass., U.S.A.), ultraviolet detector
with a fixed wavelength (280 nm) and a U6K injector system.
The analytical column was a 150 x 3.9 mm (i.d.) steel column
packed with u-Bondapak C,, reverse phase particles (Phenomenex,
Torrance, CA, U.S.A.) fitted with a C,s guard column.
Responses were recorded as peaks on a Fisher Recordall Series
500 recorder (Austin, Texas, U.S.A) which was operated at a
speed of 0.25 cm/min. Mobile phase was clarified and degassed
by filtering through a membrane filter (with a pore size of
0.22 um, Millipore Corporation, Mass. U.S.A) under reduced
pressure and was delivered isocratically (room temperature) at

a flow rate of 1.8 ml/min.

3.10.4 Method precision

Precision of the analytical procedure was evaluated in
order to make sure that it was suitable for in vivo
application. This was done by determining, PHR-concentration
linearity of response over the range of drug concentration

investigated, reproducibility, and recovery.



Linearity

Standard calibration curve of PHR versus concentration of
spiked standard solution of CLF was assessed by the
coecficient of determination obtainred by linear regression
analysis. The process was repeated on five separate occasions
and the reproducibility was determined by measuring the

coefficient of variation of the slopes of the curves.

Reproducibility of procedure

Precision of the extraction method was dJdetermined by
replicate analyses at three different times of a day and on
four different days, of blank (drug-free) plasma samples
spiked with three concentrations (33, 132, 264 ug/l) of CLF.
Intra-day and inter-day comparisons were made on four separate
occasions (days) over a period of eleven days. The mean and

the coefficients of variation were calculated .

Recovery

The extent of recovery of CLF from plasma matrix using
the SPE procedure was determined by comparing the peak height
ratio of the extracted plasma samples containing known amount
of CLF with those obtained by direct injection of standard

solution without treatment.
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3.10.5 Application of the method to in vivo plasma samples

The analytical procedure was used to study the
biocavailability of CLF in pig, the details of which are
described in the subsequent section (3.11). Blood samples
collected in heparinized glass tubes were centrifuged
immediately to obtain plasma. The plasma samples were stored
at -20°C until analysis. Before analysis, the plasma samples
were allowed to thaw at room temperature and werc extracted
along with spiked standard CLF solutions in drug-free plasma
and analysed by the HPLC procedure described above (sections

2.10.2 & 3.10.3).

3.10.6 Data analyses

Calibratinn curves of PHR versus spiked concentration of
CLF were analysed by linear regression analysis to obtain the
equation of best fit. Inter-day and intra-day variations in
the analytical precision were assessed by using two-way ANOVA
regression model with a significance level of p=0.05. Results

of the data analyses are summarised in section 4.9.
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3.11 BIOAVAILABILITY 8TUDY

3.11.1 Conditioning of pig for bioavailability study

Wiener pigs, about three weeks old, were bought from
Maple Lane pig farm (Nova Scotia, Canada) and were
'‘conditioned' to the laboratory setting for about three weeks,
as described in section 2.3. Pigs that were six weeks or
older were considered suitable to withstand the rigors oi the
surgical procedures and multiple blood sampling during the
bioavailability study. The pigs were weighed a night before

the conduction of the bioavailability study.

3.11.2 8urgical preparation of pig

To facilitate multiple sampling of blood for drug
analysis, the jugular vein of the pig was surgically
cannulated and exteriorized. Food was withheld overnight but
water was allowed ad lib. Just before surgery the animal was
sedated with Ketamine hydrochloride, 15 mg/kg i.m. (Ketasete,
Ayerst Laboratories, Montreal, cCanada). The surgery was
performed in the facilities of the Dalhousie University Animal
Care Centre, by a team of a veterinary doctor and trained
personnel.

The sedated pig was laid on its back, on a surgical table

and its feet were tied to the sides of the table using elastic
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bands. A face mask from a halothane-respirator pump (Harvard
Apparatus Company Inc. Mass. USA) was placed cver its snout
and halothane (concentration of 4% in 6-8 liters
oxygen/minute) was administered, which made it pass into deep
anaesthesia without any struggle. Once the surgical
anaestiiesia was reached, the halothane concentration was
reduced to 1.5-2% .

The hair on the ventral surface of the pig was shaved.
The skin was cleaned and disinfected with 70% alcohol and an
antiseptic solution (poloxamer-iodine complex, Prepodyne®,
West Chemical Products of Canada Ltd., Quebec, Canada). The
external jugqular vein was exposed caudal to the larynx, by
making a skin incision of 6-7 cm, followed by a blunt
dissection just lateral to the median sternomastoideus. After
freeing 3-4 cm of the vessel from surrounding tissue, two
loops of thread were passed under its caudal end. After
picking the freed segment of the vessel, up at both ends, it
was punctured with a sharp lancet. Through this hole a
sterilised polythene catheter (0.32 cm. o.d.) was inserted in
the direction of the heart, for a length of 10~-12 cm and the
two loops were sutured to keep the catheter in place. The
free-end of the catheter was exteriorised through the dermis,
at the back of the neck and a 3-way stop-cock was inserted to
it. The ventral incision was sutured and Polysporin®
antibiotic (Burroughs Wellcome Inc., Quebec, Canada) ointment

was applied to the wound. Halothane administration was
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discontinued and the animal was allowed to regain
consciousness. During the surgery, essential physiological
parameters, such as heart-rate and respiratory rate were
monitored.

Patency of the catheter was maintained by flushing 10 ml
of saline followad by 5 ml of heparin saline (10 units/ml),
twvice a day, until the experiments were completed.

During the conduction of the bioavailability studies,
Ringer-dextrose injection (Abbott Laboratories, Quebec,
Canada) was infused (at a rate of 30 ml/hr) through one of the
stop-cock outlets, while the second outlet was left free for
drawing blood samples. Between the bioavailability stugies
of the test and reference samples, there was a washout pericd
of two weeks. During the bioavailability study the pig's
blood haematocrit value was monitored to determine any

apparent abnormality, resulting from multiple blood sampling.

3.11.3 Dose administration and blood sampling

Although the pigs had been acclimatized to human presence
and physical contact, it was not possible to administer a
capsule without physical restraint, which caused the animals
to be stressed. Hence, they had to be sedated prior to a dose
administration. If the dose was to be administered on the day
of the surgery, it was done just before the animal regained

consciousness, otherwise, it was sedated with ketamine

i TS ek el

Lttt = bt s

Co

g s e e T S S

B M A I g Ry

N TS



o ~ﬁﬂ"'¢"mh
T TR

S

i

Dl A R e

4,

R 3T

TERT TR IENgS T

Jog 3oty

piaand

xa s

PR L - IRCIP TR - L

e7
hydrochloride (15 mg/Kg, i.m.).

In order to maintain the integrity of the marketed sample
of CLF (Lamprene®, Ciba Geigy, Quebec, Canada) and for the
sake of dosing convenience, 100 mg soft gelatin capsule of
Lamprene® was administered orally. And for the comparative
study, 100 mg of CLF was given as coevaporate (1:10 w/w
CLF:PVM-MA) .

For drug administration .lle jaws were forced open and a
standardised 100 mg capsule of test (coevaporate) or reference
(Lamprene®) clofazimine was placed at the back of the tongue,
asing a forceps. The pig's throat was massaged to facilitate
swallowing action and 5-10 ml water was similarly
administered. The pig was then transpcrted to a cage and
allowed to regain consciousness fully. It was then kept under
constant observation for two hours, for any sign of
regurgitation of the dose due to a potential gastrointestinal
disturbance. During this period water was fed with a feeding
tube. Ringer-dextrose injection (Abbott Laboratories, Quebec,
Canada) was infused intravenously (0.5 ml/min) via one of the
outlets of the stopcock. This was to keep the catheter patent
during blood sampling and alsoc to maintain blood volume.
After two hours of dosing, the pig was given its usual diet.
Water was allowed ad lib. through out.

Four pigs were used in the bioavailability study in a
randomised cross-over design. For this two of the pigs first

received single dose of 100 mg of Lamprene® and then after a
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wash-out period of two weeks, received 100 ma of CLF as
coevaporate. For the other two pigs the sequence of dose
administration was reversed.

Blood samples, 5 ml each, were taken pre-dcse and after
the administration of the dose, at predetermined time points
upto 48 hours (at every hour for 16 hours, then after 12, 24
and 48 hours; for pig #1 with reference formulation, the
sampling was less frequent). The blood samples were collected
in heparinised Vacutainers® (Bectcn Dickinson, New Jersey,
USA) and immediately centrifuged to separate the plasma. The
plasma samples were stored at -20°C, until extraction within
24 hours.

Before extraction, the plasma samples were thawed at room
temperature and extracted using solid phase extraction
technique and then analysed using the HPLC procedure, outlined
in section 3.10. For a calibration curve, drug-free plasma
samples were spiked with known concentrations of CLF and
extracted similarly and concurrently with the bioavailability

samples, which were to be analysed.

3.11.4 Data analyses

The peak-height ratios obtained from HPLC analysis of the
plasma samples of the biocavailability studies, were convarted
to corresponding concentrations, using the calibration curve

generated simultaneously. Initial estimates of the
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concentration-time datz and model selection were done using
RSTRIP computer program (Micro Math Scientific Software, Salt
lake City, Utah, U.S.A.). In all the cases the biexponential
equation was found best to describe the data. Generated
initial =stimates for the apparent absorption rate constant
(K,), elimination rate constant (K,) and lag time (t ) prior to
drug absorption, were used to fit the concentration-time data
to a biexponential equation with the aid of MINSQ computer
program (Micro Math Scientific Software, Salt Lake City, Utah,
U.S.A.). The biexponential equation chosen was, a one-
compartment model with first-order input, first-order output

and a lag time prior to absorption (equation 3.8).

C = (F.D/V,) (K /K,-K,) [exp-{K,(t-t ) }-~exp-{X,(t-t ) }] (3.8)

In equation (3.8), C was plasma CLF concentratio» at anytime
t, after drug administration. F represented the fraction of
the formal dose, D, which eventually entered the systemic
circulation and distributed in an apparent volume V,.

For the calculation of area under concentration-time
curve from zero to infinity (AUC,_,), the trapezoidal rule
(Gibaldi and Perrier 1982) was used (equation 3.9) to estimate
the area up to the last sampling time point, t" . The
residual area from the last sampling time to infinity was
calculated by dividing the 1last determined plasma

concentration Cn, by K,.

& e et
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In addition to the final values of K, K, t, and
(* D/Vd), obtained by MINSQ, other relevant parameter valies
were calculated by the methods described by Gibaldi and
Perrier (1982).
The observed peak concentration ¢, and the time at

which this occurved (t

nex) ¢ WEre noted. The C,, and t

estimated by the computer programs are generally different
from the observed values. Hence, for comparative
bioavailability study, consideration of the observed C_ and
t .« are recommended (Williams 1991).

Pig is a very rapidly growing animal and gains an average
of 6 kg in two weeks. Hence it was deemed proper to normalise
the C,,, values. The formal dose was calculated by dividing
the dose of CLF by the weight of the pig. Then thea C was
normalised by dividing it by the formal dose. The
bicavailability factor, F, of the test formulation was

calculated using equation 3.10.

(AUC) st X D, (3.10)

[ ]
(AUC) 0 ref X Dtest

where (AUC),".. and (RUC),S ., were respectively, the area
under the concentration-time curve for the test and the

reference doses; D and D were the formal doses for the

test

reference (Lamprene®) and the test (coevaporate) respectively,

normalised with respect to body weight.
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4 RESULTS AND DISCUSSION

4.1 SELECTION OF CARRIER

The agueous solutions containing urea and PEG 4000 could
dissolve only a negligible amount of CLF. PEG 6000 sol tion
had 59.4 ug/ml, PVM-MA (M.W.20,000) solution had 462.6 ug/ml
and PVM-MA (M.W.67,000) had 352 ug/ml of CLF.

Solid dispersion of CLF prepared using PEG 6000 by the
'melt' (fusion) method was found urnisuitable because of the
thermal degradation of CLF, as evidenced by TLC and UV-visible
spectrometry. The TLC plate of CLF from the dispersion showed
an additional spot not seen on the reference (untreated) CLF
and the UV-visible absorbance shower, A hypsochromic shift trom
535 nm to 526 nm. These suggested an apparent degradation of
CLF during treatment. However, no further attempt was made to
isolate the degraded product for characterization.

Since PVM-MA polymers decompose at about 210°C,
preparation of dispersions by melt method was unsuitable.
They were therefore, prepared by 'solvent' method. The
solvent (acetone) was evaporated from the solution to obtain
a residue, which has been termed as ‘'coevaporate'. The
CLF/PVM-MA (M.W.67,000) dispersion was very hard and difficult
to handle but CLF/PVM-MA (M.W.20,000) dispersion was flaky and
could be pulverised with ease. Hence PVM-MA (M.W.20,007) was

chosen as the carrier for all the further studies. For the
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sake of convenience, the PVM-MA copolymer with M.W.20,000,
will be referred to simply as PVM~MA in the follewing text.

Our selection of PVM-MA as the carrier was further
supported by the fact that PVM-MA copolymers and their esters
have been used in pharmaceutical formulation as adjuvant in
tablet and microcapsule coating and tablet matrix material
(Lappas et al.1967, Heller et al. 1979, Mortada 1981, Urtti
1985). These polymers are nontoxic and biocompatible. Their
clinical safety has been demonstrated by a number of dental
applications, including its commercial wuse 1in Colgate®
(Colgate Palmolive, Toronto, Canada) toothpaste (Nabi et al.
1989, Afflitto et al. 1989, Jenkins et al. 1989, Addy et al.
1989, Clerehugh et al. 1989, Singh et al. 1989, Palomo et al.

1989).

4.2 PHYBICAL CHARACTERISTICS OF THE COEVAPORATES

The pulverized and dried coevaporates were dark red in
color, non-sticky, free-flowing and showed no tendency of
hygroscopy or clumping under the storage conditions. There
was no apparent change in these physical characteristics
during ‘the 12-week storage period. The yield after
preparation, powdering and drying of the coevaporate was about

95% w/w.
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4.3 UV-VISIBLE SPECTROPHOTOMETRIC ASEXY

Protonation of CLF is pH dependent (Levy et al. 1970).
Solutions of CLF in HCl with a normality between 3-¢ were
found to have an absorbance maximum at 535 nm. Over a
concentration range of 0.02 and 6 ug/ml in 3-6(N) HCl, the
solutions of CLF exhibited 1linear absorbance with the
concentration, as demanded by Beer-Lambert's law (Fig.4.1).
By 1linear regression analysis of the mean absorbance -
concentration data, the linear equation of best fit determined
was, ¥=0.09 X = 0,002, in acidic medium (3-6 N HCl).
Replicate determinations (n=5) showed high reproducibility
(coefficient of variation = 0.5%).

When in vitro CLF samples were to be analysed, the
equation of best fit to the calibration curve was determined
concurrently and used to estimate unknown CLF concentrations

in the samples.

4.4 DISSOLUTION OF CLF 1IN COEVAPORATES AND PHYBICAL

ADMIXTURES

Dissolution profiles of CLF in the powdered coevaporates
of different composition in acidic medium (pH 1.2), buffer
medium (pH 7.5) and alkaline medium (pH 10.0) are shown in
Figure 4.2, A, B and C. The choice of dissolution media was

made to demonstrate the possible range of pH which the drug
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could be exposed to, in in vitro as well as under
physiological conditions. It was apparent that increasing
PVM-MA concentration (up to 95%), in the coevaporate resulted
in an increased dissolution of CLF. In the acidic¢ medium, 20
and 84%, of total CLF were released from 1:1 (50% CLF) and 1:5
(17% CLF) coevaporates respectively, in two hours (Fig. 4.2,
A). In the same acidic medium, the maximum amount of CLF
released from 1:10 (9% CLF), 1:15 (6% CLF) and 1:20 (5% CLF)
coevaporates were similar (90-93%) and the dissolution
occurred in about 90 minutes. The different peak-
concentration times indicate differences in the release rates
of CLF from the coevaporates with different compositions. 1In
acidic pH, negligible amount (below the analytical
sensitivity) of CLF was detected from the pure (untreated),
CLF. However, about 16-17% was released from the 1:10 and 1:20
physical admixtures.

In the buffer medium, the 1:5 and 1:20 coevaporates
released 83 and 93% respectively, of the total CLF present.
The amount of CLF released from the 1:10 and 1:15 coevaporates
were similar (89%). These peak concentrations were recorded
in the 105th minute. It was also apparent that release rate
of CLF was different with each composition (Fig. 4.2, B).
There was no detectable concentration of CLF released from 1:1
coevaporate.

In the alkaline medium, the 1:1 and 1:5 coevaporates

released 80 and 88% of total the CLF, respectively, in 120
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minutes (Fig. 4.2, C). On the other hand, 96% of CLF was
released in 60 minutes from each the other three coevaporates
(1:10, 1:15 and 1:20). Once again, it was evident that the
release rates were different for different coevaporate
compositions.

There was no detectable concentration of CLF, dissolved
from either pure CLF or any of the physical admixtures, in
both buffer and alkaline media. Lack of solubility of the
admixtures in buffer and alkaline media may suggest that the
polymer per se has little or no direct solvent effect, on the
dissolution of CLF. The limited dissolution of the two
physical admixtures in acidic medium, may partly be due to the
solvent effect of HCl since, protonation of CLF, which leads

to its dissolution, is probably facilitated in this medium.

Release kinetics

To elucidate the kinetics of drug release from these
coevaporates, the percentage of CLF, remaining to be released
from the coevaporates, as a function of time was examined.
From the rectilinear and semi~log plots (Fig. 4.3 A & B), it
was evident that at 1lower polymer concentrations (<50%,
i.e.1:1 coevaporate) the release of CLF could be described as
either zero- or first-order. But, at higher polymer
concentrations, the release was essentially of zero-order. To

confirm these observations, the percentage remaining to be
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released at anytime t, was fitted separately to the following

equations:
X, = X] =X, - K,.t (4.1)
lIn [X, - X,] = 1n X, - K,.t (4.2)

indicating zero-order (equation 4.1) or first-order (equation
4.2) release. In the above equations X, and X, represent, the
percentage of CLF released at anytime, t and at infinite time
respectively, under the given experimental conditions. K, and
K, are the rate constants, for the zero-order and first-order
release, respectively. 1In the linear equations the ordinate
intercepts represent X, (zero-order) and 1ln X, (first-order).
The calculated (predicted) and the experimental values are
summarised in Table 4.1.

The experimental values were comparable to the calculated
values obtained with both equations (4.1) and (4.2) for the
coevaporates with lower polymer concentrations. However for
the coevaporates with higher polymer content, the experimental
values matched only those predicted by using equation 4.1.
These estimates confirmed the results obtained graphically
(Fig.4.3, A and B), ie. the release of CLF from the
coevaporates having lower than <50% concentration of PVM-MA
(1:1 coevaporate), could be described as either zero or first-
order but for those having higher concentration of PVM-MA, the
release was of zero-order. The analysis also indicated
increasing release rate constant, with increasing polymer

concentration.
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Table 4.1 Release of clofazimine from powder samples of coevaporates

Coevaporate Composition

Parameter 1:1 1:5 1:10 1:15 1:20

Acidic  Alkaline |Acidic Buffer AlkalinejAcidic Buffer Alkaline]Acidic Buffer Alkaline]Acidic Buffer Alkaline

Ko(%m'"'!' 0.154 0.618] 0.211 0.473 1.662] 0.750 1.176 2.237; 0.963 1.505 2.208] 1.280 1588 2341

Intercept” 20.42 81.90f 85.24 87.58 90.98] 9575 98.42 98.54| 100.18 96.91 99.31} 103.31 10598 94.82
ZERO-ORDER

Corr.Coeff. 0.99 0.92] 093 0.84 0.95{ 0.92 0.88 0.98 0.88 0.96 0.98 0.90 0.89 0.95

K1 (mln“) 0.010 0.009] 0.003 0.007 0.064] 0.011 0.025 0.077 0.015 0.058 0.071| 0.027 0.052 0.091%

FIRST-ORDER|Intercept® 20.95 82.02} 8547 89.08 133.59| 99.04 116.87 140.18f 108.32 169.79 136.58] 124.91 170.73 139.67

Corr.Coelff. 0.97 0.84] 093 080 087] 089 077 089 0.81 075 089 078 075 095

Total release {experimental) | 20.08 79.12] 84,30 83.08 88.44] 90.84 88.44 96.00] 92.48 88.44 96.00] 92.48 92.48 96.00

* Represents % eventually released
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To further investigate the dissolution characteristics
of the coevaporates, release of CLF from a fixed surface area
was studied in the acidic medium. Figure 4.4 represents
composite plots of the percentage of total CLF released per
unit surface area versus time, according to equation (3.3).
These plots suggested zero-order release of CLF from the
compressed surface. They also showed increasing lag time,
prior to drug release, with increasing polymer composition.
This observation was confirmed by regression analysis data
(Table 4.2). The analysis also indicated that, for powder
coevaporates, the apparent dissolution rate constant (K;) also

increased with increasing polymer content in the formulation.

4.5 WETTABILITY SBTUDIES

The contact angle results obtained for the tablets and
films are summarised in Table 4.3 and Fig.4.5, together with
the 95% confidence limits, assuming a 't' distribution. The
results obtained for the tablets clearly demonstrated a
decreasing trend in the contact angles (i.e. an increasing
trend in the wettability) with increasing concentration of
PVM-MA in the coevaporates. However, truly significant
(p<0.05) decrease in 8 values were exhibited only for the 1:20
coevaporate (the one with the highest polymer content),
with all the liquids used for the contact angle measurement.

The above trend was supported by the contact angles of water

b A
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Dissolution profiles of clofazimine from fixed surface
of compressed coevaporates in acidic medium (pH 1.2)
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Table 4.2 Dissolution of clofazimine from fixed surface

area, in acidic medium (pH 1.2)
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Parameter Coevaporate composition

1:5 1:10 1:15 1:20
¥

Apparent dissolution { 0.102 0.206 0.426 0.551

rate constant

Kd (%cm~2 min—1)

Lag time (minutes) 6.20 23.96 25.60 27.80

Correlation coeff. 0.96 0.97 0.97 0.99
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Table 4.3 Contact angles of water and aqueous solutions of different pH
measured at 37° C on films and/or tablets of pure clofazimine, PVM-MA

and the coevaporat :s

Wt. ratio of CLF/PVM-MA coevaporates
Pure 1:5 1:10 1:20 Pure
CLF PVM/MA
Measuring Contact angle, 8 (degrees) + 95% confidence limits
liquid
ON FILMS
Water 76.2+1.2 71.0+0.7 68.220.9 568.8+1.9 44.9%0.9
ON TABLETS
Water 74.8+0.8 73.6=1.2 71.01.3 60.4x1.6 46.5%+1.1
Acidic, pH 1.2 73.1£1.2 73.6%1.2 68.322.6 59.1-1.4 42.2+1.1
Neutral, pH 7.5 75.2=1.4 71.321.7 69.8x1.6 58.321.6 45.0x1.4
Alkaline,pH 10.0 74.1=1.7 67.1+2.0 66.7=1.7 53.0+1.6 42.7+1.5

§0T
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measured on the relevant coevaporate films as well. The
overall wettability results reflected the same trend as that
obtained for the dissolution studies. It was evident that as
the hydrophilic copolymer component in the coevaporate
increased, both the extent of dissolution and the wettability
of the coevaporate samples increased. This observation
underlined the fact that the process of wetting a solute
surface, was a prerequisite for its dissolution. No
significant difference (p>0.05) in the O values was found
among the different liquids for the drug and the copolymer,
using a two-way ANOVA regression model. The contact angles
obtained with alkaline droplets for the three coevaporates,
however, were significantly (p<0.05) lower than those obtained
for the coevaporates with water, acidic and neutral (buffered)
solutions.

The characterization of the wettability for selected
physical admixtures was also attempted, without any reliable
results. The scatter of contact angles for admixture tablet
surfaces was so large, that no 'true' mean value from the data
could be derived. The surface of these tablets exhibited both
chemical and mechanical (eg. roughness) inhomogeneity and this
may probably account for the large variation of 6 measured on
these surfaces. Therefore the contact angles obtained for

admixture-surfaces are not presented here.
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4.6 DISSOLUTION AND WETTABILITY STUDIES: CONCLUDING REMARKS

Dissolution tests in acidic, neutral and alkaline media
showed that the coevaporates exhibited superior dissolution
characteristics, as compared to pure CLF or the physical
admixtures of the drug and the copolymer. The tests also
revealed that the release of CLF from the coevaporates in the
test solutions, was of zero-order and the rate and extent of
release increased with the copolymer concentration in the
coevaporates. Among the three dissolution media tested, the
release was most enhanced in the alkaline medium.

From the wettability study it was evident that the
hydrophilic copolymer PVM-MA in the coevaporates improved the
aqueous wettability of the hydrophobic drug, CLF. The
wettability increased with the increase in the copolymer
ccncentration in the coevaporates. This was consistent with

the results obtained with the dissolution studies.

4.7 STABILITY S8TUDY OF COEVAPORATES

4.7.1. Physicochemical stability of CLF in coevaporates

TLC, HPLC, UV-visible and IR spectrophotometric studies

of the coevaporate samples showed that, CLF had undergone no

degradation during the preparation of the coevaporates. The

TLC showed a single spot (Rf-value= 0.35) and the HPLC showed
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a single peak (retention time 6.15 min), corresponding to that
of the pure, unprccessed, CLF. Similarly UV-visible scan of
the sample dissolved in HC1l 4 N, exhibited maxima at the
wavelengths 535 and 288 nm for both the untreated CLF and that
from coevaporate. Like~wise IR spectrum of CLF extracted from
coevaporate showed similar characteristic peaks to those
obtained for untreated CLF, which was corroborated by the
British Pharmacopoeia 1988. (The figures of TLC, UV-~visible
and IR spectroscopy have not been included).

In the stability tests performed, the coevaporate was
treated either in an aqueous or an acidic condition. Since
the stability test results for the coevaporate were similar to
that of the untreated CLF, it could be inferred that whatever
type of association was formed with PVM-MA in the coevaporate,

CLF was released as an intact compound during the tests.

4.7.2 Accelerated stability

4.7.2.1 8tability of the coevaporate during storage

Results of accelerated stability test performed for the
1:10 (w/w CLF:PVM-MA) coevaporate are summarised in Table 4.4
and Fig. 4.6. Negligible amount of CLF was lost during the
twelve-week period of study (Table 4.4, A). The apparent
decomposition kinetics at each incubation temperature could be

described by either zero or first-order process. The zero-
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Figure 4.6

Histogram of percentage clofazimine remaining in coevaporate
during storage

Legends : Incubation temperature: 25°c, 37°¢, 50° C
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Table 4.4 Accelerated stability study of coevaporate

(A)

o8 P . %*
Percentage of clofazimine remaining 1ln coevaporate

Incubation time

Incubation temperature

(weeks) 25°C 37°C 50°C
2 98.82 99.44 100.31
4 98.41 99.37 98.42
6 99.67 v 99.68 99.61
10 99.14 99.52 99.54
12 99.00 98.68 99.08
Apparent O0-order lst-order |0-order lst-order |0-order lst-order
decamposition tweek™! week™! | tweek™l week™! | sweek ! week~}
. rate constant 0.0353 0.0004 |0.0537 0.0005| 0.0437 0.0064
shelf-life(w;eks) 141 .6 140.1 93.1 91.4 114.4 114.9

* Relative to the actual amount of CLF in the coevaporate

(B)

Dissolution in acidic medium (pH 1.2) **

Incubation time
(weeks)

2
4
6
10
12

Incubation temperature
25°C 37°% 50°C
88.81 84.80 85.61
86.83 85.62 89.63
93.60 90.51 89.60
88.00 86.80 88.00
88.61 88.80 89.62

** & of CLF released in 2 hours
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order (Ko) and first-order (K1) rate constants were calculated
from the slopes of graphs. The values of Ko for 25°, 37° and
50°C were respectively, 0.035, 0.054 and 0.044 (%/week) and
that of Kl were 0.0004, 0.0005 and 0.0004 (week”)
respectively. The estimated shelf-life (t95%) representing
the time required for 5% decomposition of CLF, ranged from 2
to 3 years.

Dissolution in acidic medium, conducted at each sampling
time point, for all the three incubation temperatures (Table
4.4, B) showed over 85% release in two hours.

Accelerated stability studies at three selected
incubation temperatures indicated negligible loss of drug
during storage, even at the elevated temperature of 50°C. This
is significant, since the drug is largely used in tropical and
subtropical areas of the world.

It is reported that a solid dispersion may suffer
deterioration in dissolution properties after prolonged
storage (Khan 1981). A periodic assessment of the extent of
dissolution of 1:10 coevaporate in acidic medium, during the
12-week storage showed that over 85% of CLF is released within
120 minutes. This indicated that dissolution characteristics
of CLF in coevaporate remained essentially the same during

storage.
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4.7.2.2 Btability of coavaporate and dapsone

The stability and compatibility studies of the CLF-
coevaporate (1:10) and dapsone (DAP) were performed over a 12-
week period. The TLC of the incubated sample-mixtures showed
two spots (Fig.4.7). The lower spot (Rf=0.35) corresponded to
CLF and the upper one (Rf= 0.50) to DAP. The Rf values were
similar to those obtained with untreated CLF and DAP, which
were run concurrently in the same plate. The resolution of
the two compounds from the mixture was satisfactory and no
apparent tailing was observed. Samples after 12-week
incubation at 37°C also gave only two spots (Fig.4.7)
corresponding to CLF and DAP, which indicated the
physicochemical compatibility between the two compounds in the
mixture and no apparent degradation.

The HPLC procedure was found suitable for qualitative and
quantitative estimation of DAP and CLF in a mixture of the
two. The retention times for DAP, SA and CLF were
respectively, 2.20, 4.20 and 7.0 minutes (Fig.4.8). The PHR
of DAP/SA and CLF/SA showed linear relationship with their
spiked concentrations (Fig.4.9) and the coefficients of

determination were equal to one.

Dapsone Y = 0.514 X + 0.035 R?> = 0.999
Clofazimine Y = 0.199 X + 0.011 R? = 1.000
In the above equations Y is the peak height ratio (PHR) and X

is the spiked concentration.
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Figure 4.7

TLC of clofazimine (CLF) and dapsone (DAP) from incubated stability
samples. Legends: (1) DAP; (2) CLF; (3) CLF-coevaporate + DAP

(25°C, 12-weeks); (4) CLF-coevaporate + DAP (37°C, 1l2~weeks)
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(c)

ii

iid

HPLC chromatogram of dapsone (i, DAP), salicylic acid (ii,

SA) and clofazimine (iii, CLF).

(A) Spiked solution of DAP,

SA and CLF; (B) Assay solution (37°, 12 weeks); (C
Y

Dissolution aliquot (37°C, 12 weeks)..
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HPLC calibration curve of dapsone and clofazimine

Legends: o Dapsone (DAP);

® Clofazimine (CLF)
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Table 4.5 Accelerated stability study of coevaporate (1:10,

w/w CLF:PVM-MA) and dapsone

(A) Percentage of CLF and DAP remaining

Incubation time Incubation temperature
(weeks) 25°C 37°C
DAP CLF DAP CLF
4 98.9 99.0 98.9 28.9
" 6 99.4 99.5 98.8 99.5
12 98.7 98.7 99.0 98.7

; (B) Dissolution in acidic medium (pH 1.2) after 2 hrs.

- Incubation time Incubation temperature
(weeks) 25°C 37°C
DAP CLF DAP CLF
4 100.0 85.0 100.0 86.0
6 100.0 86.0 10C.0 87.5
i2 98.0 86.6 298.0 86.2

AR tRIE T x s swg.



Foadh st oeidemn .

PR (2R ey R SRR

TE

T PR,

T
3 B e

o

e y
P L O

b0
by

odiiTR,

I AUPERTE 5

= rr:;se-@«;’.‘g A

et

Rt

o st

(S

" owa ey el i %

117
The incubated sample-mixtures showed only two peaks, with
retention times corresponding to the pure untreated samples of
DAP and CLF. Any physicochemical incompatibility between the
two would have probably resulted either in a change in the
retention time or/and in the formation of additional peaks.
The results of the stability study are summarised in
Table 4.5 . There was negligible loss of CLF and DAP from the
mixtures after 12-weeks of incubation at 37°cC. The
dissolution in acidic medium (pH 1.2) for dapsone was nearly
100% throughout and above 85% for CLF. Dapsone is
commercially available as plain tablets and has no apparent
dissolution problem. The total release of DAP from the
sample-mixture reflects its good dissolution ability. The
release of CLF from the coevaporate (in the sample-mixture)
was above 85% , which is similar to the results reported in

section 4.7.2.

4.7.3 8tability of coevaporate: concluding remxrks
UV-visible spectra, IR spectra, TLC and HPLC performed
after preparation of the coevaporates and several times during
storage in accelerated conditions, indicated no apparent
physicochemical change in the samples. The 12-week period of
accelerated stability study of the 1l:10-coevaporate at room
temperature (25°C), 37° and 50°C, indicated that negligible
amount of CLF had degraded during the storage. Kinetically

the apparent 1loss of CLF 1in the coevaporate was
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indistinguishable between zero-order ad first-order.
The stability of the CLF-coevaporate (1:10 w/w CLF:PVM-
MA, taken as the representative example) and dapsone, in a
mixture of the two, tested in similar ways, also indicated the
physicochemical compatibility of these two compounds.
The dissolution of CLF in acidic medium, after two
hours, from both the coevaporate and the coevaporate-dapsone

mixture was above 85% .
4.8 CHARACTERIZATION OF COEVAPORATES
4.8.1 BScanning Electron Microscopy (SEM)

The SEM photographs (Fig.4.10) showed a qualitative
difference in the physical appearances of the samples. CLF
particles (Fig.4.10, A) had sharp features and PVM-MA
(Fig.4.10, B) had irregular, fluffy appearance. The 1:10
coevaporate (Fig.4.10, C) had characteristic shérp feature
different from CLF and PVM~-MA alone, indicating its existence

as a separate entity.
4.8.2 X-Ray Diffraction
The powder x-ray diffraction patterns of CLF, PVM-MA and

their coevaporate (1:10), are shown in Fig.4.11. PVM-MA

(Fig.4.11, A) being amorphous in nature did not exhibit any
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Figure 4.10

Scanning electron microscope photographs

(A) Clofazimine; (B) PVM-MA; (C) Coevaporate
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sharp and distinct peak. CLF (Fig.4.11, B) exhibited distinct
peaks which could be considered as typical for the compound's
crystalline lattice structure. The coevaporate (Fig.4.11, C),
though lacked the major peaks corresponding to untreated CLF,
it exhibited few new/different peaks. The most significant
one was observed at 20 = 38.68°. This indicated that the
coevaporate had a distinct crystalline structure which was
different from CLF and PVM-MA alone.

Thus, it could be inferred that there was some sort of
association between CLF and PVM-MA in the coevaporate, as
manifested by the new peaks. This may be an indication of the
formation of a different crystalline 1lattice in the

coevaporate.

4.8.3 Differential Scanning Calorimetry

The DSC thermograms of CLF, PVM-MA and their 1:10
coevaporate are shown in Fig.4.12. CLF (Fig.4.12, A) showed
an endothermic peak, corresponding to its melting point at
488°K. PVM-MA (Fig.4.12, B) showed no significant peaks in
the 430-500°K range, which 1is above its reported glass
transition temperature of 426°K (Chung et al. 1990). However,
the coevaporate (Fig.4.12, C, 1:10 coevaporate) exhibited a
broad exothermic peak at about 445°K. Under normal
circumstances where a mixture of two non-interacting

substances is subjected to DSC study, one would expect a
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Figure 4.12

Differential scanning calorimetry thermograms

(A) Clcfazimine; (B) PVM-MA; (C) Coevaporate
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depression in the melting points of the components. But for
the coevaporate which showed an exothermic peak, it indicated
a possible interaction between CLF and PVM-MA, which is
energy-releasing in nature. The broad exothermic peak with a
significant shift in the base line, precluded any meaningful

quantification of the energy values.

4.8.4 UV-Visible Spectroscopy

The results obtained from the UV-visible spectra are
summarised in Tables 4.6 and 4.7.

CLF showed two principal absorbance bands (Fig.4.13), in
the visible region at wavelength 444-450 nm and in the ultra
violet region at 284-288 nm, in the different solvents studied
(see Table 4.6). The absorbance in the UV region is due to a
m - W% transition, which is not affected much by the changes
in the solvent polarity. However, the absorbance in the
visible region , which is due to the conjugec..ed double bonds
in CLF molecule, is greatly influenced by the nature of the
solvent and factors which influence the polarity of CLF
molecule (Table 4.6). Among the different solvents tried,
acetone and ethylene dichloride were found the most suitable
to study the changes in the absorbance of CLF molecule in the
visible region, because in these two solvents the shifts in
the absorbance maxima of CLF due interactions with other added

compounds, were more evident.
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Table 4.6 Absorbance maxima (A max) observed from the
spectral scan of CLF and the coevaporate (1:10 w/w of CLF &

PVM-MA) in different solvents

Observed absorbance maxima (A max) in nm

BOLVENTS CLF COEVAPORATE
Methanol 475, 284 488, 284
Tetrahydrofuran 445, 288 450, 288
Acetone * 444 490
Ethylene dichloride 450, 289 491, 286

* Since acetone has its absorbance below A=320 nm, the

spectral scan could be performed only in the visible region.
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Table 4.7 Absorbance maxima (A max) observed from spectral

scan of a mixture of CLF and model compounds in ethylene

dichloride.

Model compcund (+CLF) A max (nm)
Ethyleneglycol dimethylether 450
2-methoxyethyl ether 450
Polyvinyl alcohol 450
Succinic anhydride 491

Maleic anhydride 491
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Figure 4.13
Uv-visible spectra

(A) Clofazimine; (B) Clofazimine + PVM-MA
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Addition of PVM-MA to CLF (as 1is the case in the
coevaporates) caused a very significant bathochromic (red)
shift of 41 and 46 nm in ethylene dichloride and acetone,
respectively (Table 4.6 and Fig.4.13). This indicates that
PVM-MA probably interacts with CLF resulting in the extension
of the conjugated double bond system in CLF. Such an
extension is expected to lower the energy required for the
transition to the excited state, making the absorbance band to
move to the longer wavelength (Morrison and Boyd 1987), as was
observed in the coevaporates.

Among the model compounds used to mimic the structural
features of PVM-MA, ethyleneglycol dimethylether, 2-
methoxyethyl ether and polyvinyl alcohol did not cause any
significant shift in the absorbance maxima. This enabled one
to rule out a mere change in the solvent polarity, as the
cause for the observed shift in the absorbance of the
coevaporate. However, the model compounds succinic anhydride
and maleic anhydride both caused a similar bathochromic shift
of 41 nm when mixed with CLF (Table 4.7).

To eliminate or at least, to minimise any source of
error, always freshly prepared sublimate of succinic anhydride
was used. Its purity was ascertained by running its IR
spectrum in Nujol, to confirm the absence of any trace of
succinic acid resulting from chemical degradation. The
sublimate of succinic anhydride when mixed with CLF in

ethylene dichloride also caused a similar bathochromic shift.
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Thus it would be reasonable to infer that the cyclic anhydride
groups of PVM-MA (and of succinic and maleic anhydrides)
interact with CLF molecule, in such a way as to cause an
extension of the conjugated double bond system.

The proposed sequence of chemical interaction between CLF
and PVM~MA is shown in Scheme 4.1 . 1In the CLF molecule
(Scheme 4.1, II) the two exocyclic N-atoms at C2 and C3 would
be expected to be more basic than the N-atoms in the
heterocyclic ring. It would be difficult to ascertain which
of the exocyclic N-atoms would be more basic for the following
reasons. The N~-atom attached to C2 is sp2 hybridised (hence,
less basic), but has an electron donating alkyl substituent
group (making the N-atom more basic). Similarly the N-atom
attached to €3 is sp3 hybridized (hence, more basic), but has
two electron withdrawing aromatic substituent groups (making
the N-atom less basic). Due to the opposing forces, which can
either increase or decrease the basicity of the exocyclic N-
atoms, one may suppose that the two N-atoms probably would
have very similar basicity. The nature of reacting conditions
(such as pH, polarity, temperature etc.) and the stability of
the end product of the reaction, would possibly be the factors
deciding as to which N-atom would interact.

The imino N-atom attached to €2 would be expected to
react with the cyclic anhydride part of the polymer in a non-
agueous environment, such as the medium of ethylene

dichloride. CLF and PVM-MA could be expected to form an



W
g
%
H
g
-
¥,

i

Ak
Lk

ey TREHHE, v T

g

P % TP i

S HES G T B

<R,

P = I

129

O Me
]

[ /( X\ (1) PVM-MA
AW n

\

CRi-cH- (M),
2
ﬁ O (I CLF
bg |

A
> vy (III) Internal

8 NﬁN—»C% (Me), amide salt

7 @N/ TNH —@-C’

8 N NH-CH-(Me), (IV) Complex
7@ IZNH‘@
Scheme 4.1

Proposed mechanism of interaction between clofazimine and PVM-MA
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internal amide salt, as shown in Scheme 4.1, III . After the
shift of electrons the charge would eventually reside on the
N-atom at position 10 of the CLF molecule. This would result
in the extension of the conjugated double bond system, from
five in unreacted CLF to nine in the salt, as manifested by
the bathochromic shift.

A space-filling model of CLF was prepared to find out the
stereochemical arrangement of the functional groups. It
showed that the CLF molecule is planar. The imino N-atom,
which is responsible for the initiation of the internal amide
salt formation, is not hindered sterically. After the
electron-shift, favouring the formation of a stable entity,
the positive charge would be expected to reside on the N-atom
at position 10 of the heterocyclic ring (Scheme 4.1, III).
The chlorine atom of the p-chlorobenzene group attached to the
heterocyclic N-atom at position 10, would probably further
stabilize the salt through mesomeric effect at the para
position (March 1985).

The internal amide salt could then be considered as the
precursor to hydrolysis (of the amide bond) in an aqueous
medium forming a 'regular' salt (Scheme 4.1, V) . Both the
internal amide salt and the hydrolysed salt (Scheme 4.1, III
and IV) are ionic solutes. The mafked increase in the aqueous
dissolution of CLF in the coevaporates, as observed in the in
vitro dissolution studies, could be attributed to ion-dipole

interactions between the cationic CLF and water molecules,
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resulting in hydration.

4.8.5 Infrared (FT) 8pectroscepy

The IR spectra of CLF, PVM-MA and their 1:1 coevaporate
(w/w ratio of CLF and PVM-MA) are shown in Fig.4.14 . The
spectrum of CLF (Fig.4.14, A) showed peaks characteristic of
its molecular structure. The principal peaks were: 3182,
3117, 2964 cm’!, for C-H stretching; 2790 cm’!, for the
isopropyl group; 1626, 1564, 1403, for C=C, C=N stretching;
1226, 1173, 9243 cm’', for C-H in-plane deformation bands of the
phenazine ring; and 1100, 1020 cm’', for aryl chloride.
(Katritzky 1963, Silverstein 1974)

PVM-MA spectrum (Fig.4.14, B) showed peaks at 1855, 1779
cm’! for the C=0 (anhydride) stretching; 1223, 929 cm’’, for
the C-0 (cyclic anhydride) stretching and at 1098 cm™' for the
aliphatic ether group. There was a small peak at 1725 cm’
(C=0 stretching of acid), which could be assigned to a trace
amount of hydrolysed PVM-MA (anhydride to acid), probably
present in the commercially procured sample.

The spectrum of the coevaporate (Fig.4.14, C) was more
complicated and the presence of excess PVM-MA as compared to
CLF in the coevaporate sample, made it difficult to obtain a
spectra that could lead to definitive conclusion. However,
few peaks were noteworthy, which were different from those

present in either CLF or PVM-MA alone. The peak at 1654 cm’,






