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SUMMARY

Reversed-phase high-performance liquid chromatography procedures were
developed for the analysis of pyrimidine-based drugs bropirimine and its derivatives
(2-N-acetyl- and 2-N-propanoyl-) and for pyrimethamine and its 2/4- substituted
derivatives (2,N- propanoyl and 2,4-N,N-dipropanoyl-) and its 6- substituted (methyl-,
ethyl-, propyl- and isopropyl- carboxylates) analogues. Stability studies indicated that
these derivatives were not sufficiently labile to act as potential prodrugs. Solubility-pH
profiles were constructed from which the dissociation constants were calculated.

The physicochemical properties of these compounds were studied and attempts
were made to increase the poor aqueous solubility of bropirimine (~35ug/mL) by
prodrug synthesis, solvate formation (acetic acid, N,N-dimethylformamide and N-
methylformamide) and the use of co-solvents and additives. The first two methods
proved to be fruitless whereas the latter method resulted in an intravenous formulation
" incorpordung”3zmfyth 61" propiminne. *An’pg:vargrntindd® o’ nc'avietaoc b,

precipitation was developed and the results suggested that by using low injection rates
(<0.24mL/min) and high mobile phase flow rates (>500mL/hr) precipitation could be
minimised. Differential scanning calorimetry showed that bropirimine debrominates in
the presence of a number of additives commonly used in formulation work but the
temperature at which this occurred were usually >200°C. [n-vitro work gave
encouraging results for the possibility of rectal delivery of bropirimine but in-vivo work
on rabbits showed considerable variations in the resulting plasma levels and
pharmacokinetic parameters.
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1.1

1.0 INTRODUCTION

Interferon

In 1957, while attempting to show that nucleic acid escaped from the
virus and entered the host cell, Isaac and Lindenmann(!) unexpectedly
discovered that the treated host cells were producing a virus-inhibiting
substance which they called 'interferon’. This has since been shown to be
glycoprotein in nature, containing the oligosaccharide sequence sialic acid-
galactose, which is broken down by proteolytic enzymes such as trypsin‘®).
Mogensen and Cantell® demonstrated that at least one disulphide bond is
important for biological activity. The activity was lost following reduction by
mercaptoethanol but completely recovered when the molecule was treated with
either guanidine hydrochloride or urea and allowed to oxidise in air. Shortly
after the discovery, Tyrrell® introduced the concept of species specifity when
he showed that interferon prepared in chicken had no detectable antiviral activity

on infected calf cells.

1.1.1 Interferon nomenclature
Younger et.gl. ), working on mice, broadly categorised
interferons into two types; type I (or ‘classical’) interferons and type II
(or 'immune') interferons. They differ in a number of ways as shown
in table 1.1.
In order to standardise nomenclature, human interferons have
been re-named according to their source. They are listed in table 1.2

along with the trivial names and sources.
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Type 1

Type 1I

Stable at pH 2

kidney cells

antibodies

Induced in a variety of cells
including lymphocytes (T or B)

Unstable at 56°Ct

Active in guinea pig

Neutralised by type | interferon

Only produced by lymphocytes

Unstable at pH 2
Stable at 56°Ct

Inactive in primary guinea pig
kidney cells Tt

Not neutralised by antibodies
raised against type | interferon

T This criterion cannot be extrapolated to human interferon
Tt May be interpreted to mean that type Il interferon is more species
specific in its antiviral activity than type | interferon

Table 1.1: Properties of type I and type Il interferons

Designation

Previous Designation

Source

Interferon—a

interferon - B

interferon— Y

Leucocyte (Le)

Type |, pH 2 stable

Fibroplast (F)
Type | pH stable

Immune
Type il pH stable
antigen or mitogen induced

Human peripheral blood
leucocytes

Lymphoblastoid cells

Human fibroblasts

Human peripheral blood
leucocytes

Table 1.2: Nomenclature of human interferons

224 -




1.1.2

1.1.3

Interferon assay

Interferon estimation is by biological assay whereby the ability
of the interferon to inhibit virus replication is detected. Although there
are several methods(®), the most commonly used is the plaque reduction
assay. Monolayers of cells are treated with a range of dilutions of the
interferon preparation and are incubated at 37°C for approximately 12
hours. The interferon is then removed and about 50-80 plaque-forming
units of the sensitive virus are inoculated onto each dish. After a period
of absorption of the virus, the monolayers are overlaid with nutrient
agar and incubated until plaques begin to appear. The titre of the
interferon is usually taken as the reciprocal of the dilution which
decreases the number of plaques per dish by 50%. Other methods that
have been used include yield-reduction assay, cytopathic affect,

inhibition assay, radiochemicial assays and non-viral assays(®.

Because of the species specificities inherent in interferons, there
is no way of inter-relating units of different interferons. However, the
term unit can be used in one of two ways in relation to interferon
assay®”). Firstly, the end point is obtained at a certain dilution of the
interferon for a given assay method and the reciprocal of this gives the
potency of that prepartion in arbitrary end point 'units’. The second
way is where a unit is the amount of biological activity in a designated
amount of reference preparation. For example, in order to assess the
murine serum interferon levels, the workers used the murine leukocyte
international interferon standard G-002-902-026 having a titre of 6800

units/mL.
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1.1.4 Uses of interferons

Since its discovery in 1957, the number of papers published on
interferon have increased dramatically. Most of the tumour systems has
been studied with respect to interferon as well as a great number of
common viruses. However, it was not until 1986 that the first of the
interferons was marketed under the trade name of 'Wellferon'
(Wellcome Foundation Ltd). This was followed by two other

interferons; Roche's 'Roferon-A" and Kirby-Warwick's 'Intron-A'. All

three are the a-type or type I interferons(”). Table 1.3 gives some of

their properties.
Trade Method of
Name Manufacturer production Uses
Wellfron Wellcome Produced by human Hairy cell
lymphoblastoid cells leukaemia
after viral stimulation
Roferon-A | Roche Genetically engineered AIDS' related
Kaposi's sarcoma
Intron-A Kirby-Warwick Genetically engineered Hairy cell
leukaemia
Chronic myelogeneou
leukaemia
- Genital warts

T Acquired Immune Deficiency Syndrome

Table 1.3 Some properties of the marketed interferons

The most serious consequence of administering exogeneous
protein is the production of antibodies against the protein rendering the
treatment ineffective. In a recent study it was found that the incidence of
antibody formation with 'Roferon-A' was more than 25%(10), The

incidence of antibody formation with "Welferon' and 'Intron-A' appears
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1.1.5

to be much less! . The differences in the antigenic responses may be a
reflection of the manufacturing processes involved and hence the purity
of the final product.

Interferon has also been used in other conditions of supposed or
proven viral aetiology without much success, e.g. arthritis®® and severe
psychiatric disease!®. However, these studies are all difficult to
interpret because of the relatively small dosages that were administered

and the small number of patients involved.

Routes of administration of interferon

Cantell and Pyhala used human leucocyte interferon (3x106
units) and administered it to rabbits via the oral (p.o.), intravenous

(i.v.), intramuscular (i.m.) and subcutaneous (s.c.) routes®®).

Intravenous administration resulted in high inital clearance (t, =

13 mins) but the clearance rate was greatly reduced after 1 hour (t; n=

73 mins), followed by complete removal of interferon from the
circulation in 6 hours. I.m. injection maintained a relatively stable
interferon level (200 units/mL) in the serum for up to 12 hours. S.c.
administration resulted in similar levels but the effect was further
prolonged (approx. 20 hours) indicating possible depot effect via these
two routes. In both instances, higher doses raised the serum levels and
prolonged the persistance of the circulating interferon.

The serum interferon levels appear to be a reflection of the
relative bioavailabilities from each of the routes, with the i.v. route
having 100% bioavailability and giving high serum levels in contrast to
no absorption from the p.o., rectal or intradermal routes(2),

The high molecular weight of the interferon, like any other
protein, may be a contributing factor with regards to the poor

bioavailability. Molecular weights in the 20,000 to 30,000 range are
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1.1.6

common although values as high as 160,000 have also been
reported(89). However, there is evidence to suggest that the larger
molecules are made up of smaller sub-units such as the sub-units of
human interferon having molecular weights of 12,000 and 24,00000),
Clearance of interferons from the circulation involves either renal
clearance (2-20%) or by the removal of the carbohydrate moeity and

subsequent sequestration by the liver(®).

Mechanisms of action of interferons

Three decades after its discovery, the mechanism of action of
interferon is still not well understood. However, the possible
mechanisms may be considered in two categories. These are (a) direct
action on cells and (b) immunological action. Both of these may be

involved to affect antiviral or antitumour activity.

(a) Direct Action. There is divided opinion as to how the interferons
act on the offending cells®). It is fairly well understood that a
number of changes take place within the cell as a result of
interferon. However, this could be as a result of a single
unifying mechanism (translation inhibition) or as a result of
multiple mechanisms of interferon action but no coherent theory
to prove all these actions as yet exists. All of these mechanisms
have been comprehensively reviewed(®) and are shown
schematically in Fig. 1.1. It can be seen that not only is
translation inhibited but virus attachment, penetration, uncoating,

transcription and maturation and release are also affected.
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Fig. 1.1: A view of the antiviral action of interferon (reproduced from ref 6.)
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(b) Immunological Actions. Interferon has an effect on
several immunological mechanisms through which it exerts an

action. These are summarized in Table 1.4 below.

Action Reference
Enhanced cytotoxicity of T-lymphocyctes 15, 16
Enhanced cytotoxicity of NK cells 17 , 18
Antibody formation 19
Increased phagocytic potential of macrophages 20
Increased production of lysosomal enzymes 21
by macrophages

Table 1.4 Immunological actions of interferon

1.1.7 Biosynthesis of interferon

It has been shown that interferon is commonly made at the site
of maximum multiplication of the invading cells®D) and that the cells of
the reticuloendothelial system are involved®?). RNA synthesis and in
particular messenger RNA is required for the interferon protein®3).
Subsequent work by Tan et, gl, ¥ revealed that human chromosomes 2
and 5 are required for interferon production.

Induction may involve a combination between a specific cellular
receptor site and the inducer with the induction extent being proportional
to the amount of this complex formed®3). Detailed account of interferon

biosynthesis is available(®.
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1.2

Interferon inducers

Since the discovery of interferon(l), interest has shifted towards
substances that would stimulate the body to produce its own interferon.
Although viruses were implicated in the original discovery, it soon became
apparent that these organisms were not the sole inducers of interferon. Non-
viral micro-organisms(22), bacterial endotoxins(23), synthetic anionic
polymers(24), mitogen(25), specific antigens(26) and low molecular weight
compounds such as tilorone(27.28) have all shown to induce interferon
production. However, probably the most important discovery was made when
Lampson ¢r.al.(2%) demonstrated that the active component of helenine, a
substance extracted from Penicillin funiculosum, which was known to induce
interferon synthesis, was a double stranded (ds) ribonucleic acid (RNA)
species. It was further demonstrated that ds-RNA, whether of viral origin or
synthetic, were not only very effective interferon inducers but also induced
interferon in most cell types(30-32),

As with the interferons, interferon inducers may also be classified into
Type I and Type II©). Type I is split into four sub-types depending on the
origin of the inducer. The low molecular weight synthetic interferon inducers

fall into the sub-type IV of the Type I interferon inducers (Table 1.5).

1.2.1 Structure-activity relationships (SAR) of synthetic interferon inducers

Interferon inducers have enjoyed much publicity since the
discovery of interferon. In particular, interest has shifted towards
synthetic interferon inducers. Despite the discovery of a large number
of agents, no structural relationship appears to exist between the type of
molecule and its ability to induce interferon(33.34). However, structural
modifications to a particular molecule may lead to some structure-activity
relationship within the series4. For example, in a study using the

polyribonucleotide duplex polyinosinic acidspolycitidylic acid
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Type | interferon inducers

I

i

Microorganisms

Viruses (including animal, bacterial, fungal, mycoplasmatal, insect and
plant viruses)

Chlamydiae (Trachoma, Psittacosis)

Rickettsiae (e.g. Coxiella burneti)

Mycoplasmas

Bacteria (e.g. Brucella abortus)

Protozoa (e.g. Toxoplasma gondii)

Microbial components

Double-stranded RNA (from viruses, e.g. reovirus, or virus-infected
cells, e.g. mouse L-cells infected with mengovirus)

Surface glycoproteins (from enveloped viruses, e.g. hemagglutinin from
Sendai virus)

Endotoxin, lipopolysaccharide (from bacteria, e.g. Escherichia coll,
Brucella abortus)

Glutarimide antibiotics, e.g. cycloheximide, 9-methylstreptimidone
(from Streptomyces)

Synthetic high molecular weight compounds (polyanions)
Polycarboxylates, e.g. pyran (maleic anhydride divinyl ether) copolymer
Polysulphates (polyvinylsulphate)

Polyphosphates (dextran phosphate)
Polynucleotides:homopolyribonucleotide duplexes, e.g.
(hn.(C)n:polyinosinic acid.polycytidylic acid

Synthetic low molecular weight compounds
Flourene and fluorenone derivatives, e.g. tilorene
Anthraquinone derivatives

Pyrazolo (8,4-b)quinoline derivatives

Acridine derivatives

Propanediamine derivatives

Pyrimidine derivatives

Type |l interferon inducers

T or B lymphocyte-stimulating agents

Mitogens (phytohemagglutinin, concavalin A, pokeweed mitogen)

Mixed lymphocyte cultures

Antilymphocyte antibody

Specific antigens, e.g. tuberculin (or PDD, purified protein derivative),
Staphylococcal anterotoxin A, Streptolysin-O, tetanus toxoid, diphtheria
toxoid

Table 1.5 Classification of interferon inducers®)
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1.3

[(D.(C)y], @ molecular weight of 1.5x105 was found to be inactive,
whereas the compound with a molecular weight of 2.7x105 or higher
was found to be active®®. Structure-activity relationships specifically

for the pyrimidinones are discussed in section 1.4.2.

The pyrimidinone interferon inducers

In 1976, one compound in a series of pyrimidine derivatives, 2-amino-
5-bromo-6-methyl-4(3H)-pyrimidinone (ABMP,I), was found to stimulate the
endogenous production of interferon and protected mice against lethal virus
infections in rodents®637). However, further investigation revealed that ABMP
caused a dose-related crystal formation in the renal pelvis and urinary bladder,
possibly due to the low solubility of the compound38). ABMP analogues were
synthesised in the hope of eliminating renal toxicity yet having comparable or
even increased interferon induction or anti-viral activity. Two such compounds
were 2-amino-5-iodo-6-phenyl-4(3H)-pyrimidinone (AIPP,II) and 2-amino-35-
bromo-6-phenyl-4(3H)-pyrimidinone (ABPP,III, bropirimine).

L N N NG
| | |

HzN’\/\ Br H2N’\/\ Ph H2N’\/\ Ph
N N N
(D (IT) (I11)

These were found to have reduced incidence of crystal formation compared to

ABMP®8), improved interferon induction in a variety of animals(3®) and were

effective antiviral agents.
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1.3.1

Interferon response

Fig 1.2 shows a dose-related response to ABMP, ABPP and
AIPP in mice®9. It can be seen that at lower doses ABPP is much more
potent interferon inducer than either ABMP or AIPP. For example,
ABPP was found to be 10 times more potent than either ABMP or AIPP
at 50 mg/kg via the intraperitoneal (i.p.) route . Above this dose the
interferon levels exhibited were relatively linear. Poor responses were
obtained when the drugs were administered either subcutaneously (s.c.)
or orally (p.o.) particularly at low doses (Table 1.6). The differences in
the responses via the various routes employed are most likely to be due to
the poor bioavailablities exhibited from the s.c. and p.o. routes4).

The spectrum of species which respond to ABPP was expanded
to cats, cattle, dogs and monkeys@941-44), All demonstrated the ability to
produce interferon when ABPP was administered either i.p., s.C. or p.o.
routes in the dose range 1-500 mg/kg body weight (Table 1.7). A rank
order can thus be obtained for the greatest sensitivity for interferon
induction by ABPP in the order mice>cats>dogs>cattle>rabbits. Similar
rank orders were observed with other pyrimidinones (ABMP and AIPP)
although the levels of interferon induced were not as high as bropirimine
and the animal species were restricted to mice, cats and cattle(39).

An in-vitro model was developed by Stringfellow3% to
determine whether ABPP was active in human tissues (Fig 1.3). Human
tonsillar tissue was co-cultivated with confluent mono-layers of human
amnion cells. After incubation with the drug, this system was challenged
with Vesicular Stomatitis Virus (V.S.V.). Concentrations as low as
10pg/ml protected human amnion cells against virus infection whereas a
higher concentration of 100 pg/ml induced 90 units/mL of interferon.

This system may also be used to determine anti-viral resistance.
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Fig. 1.3:
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In-vitro system to determine the ability of compounds to _induce
interferon or antiviral resistance in human cells as a predictive tool

for future evaluations in humans(3?)
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Dose of ABPP Interferon (Units/mL  of serum)
(mg/ke) i.p. p-o. s.C.
500 5,000 400 650
250 3,500 4,000 380
100 980 1,100 100

50 230 60 <10

Table 1.6: Murine serum interferon levels in mice

receiving a single dose of ABPP (39)

. . Maximum serum response

Animal species
p.o. s.C.

Monkey 500 ND

Feline 12 000 1 300
Canine 450 ND

Bovine 3 200 450
Murine 6 300 200
ND = Not done

Table 1.7: Serum interferon response induced by ABPP in
various animal species (39.41-44)

To document which organs were responsible for producing
interferon in response to ABPP in mice, it was found that as the
interferon response rose, the concentration of interferon in the spleen
and thymus simultaneously increased suggesting that the serum
interferon response may have originated in the spleen and
thymus(39:4143) Neither ABPP nor AIPP inhibited virus replication in

murine 1929 cells or mouse embryo fibroblast cells in-vitro nor did they
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1.3.3

induce interferon in these systems, These data, in combination with the
fact that antilymphocyte serum did not affect the interferon response,
whereas X-radiation did, suggest that a radiosensitive cell population
other than lymphocytes might be responsible for the observed anti-viral

activity.

Antiviral activity

Any agent that induces interferon and/or augments the body's
own immune response is expected to have a broad spectrum of anti-viral
activity. This, indeed, is the case with ABPP which has been
demonstrated to have activity in both RNA and DNA viruses. Table 1.8
lists the anti-viral activity of ABPP and the routes of administration of

both the viruses and the drug.

Antineoplastic activity

Stringfellow demonstrated that the antineoplastic activity of
ABPP depended upon the tumour load when using the B16 malignant
melanoma0.43). Little anti-tumour activity was evident with a 2x106
initial tumour burden, but when this was reduced to 105 and 10 there
was an increase in the number of survivors from 30% to 50% at doses
of 100-400 mg/kg/day of ABPP.

Milas ez, al.59 showed that ABPP had a dramatic effect on
pulmonary metastasis. Three tumours of varying immunogenicity and
metastatic capacity, namely spontaneous fibrosarcoma, methyl-
cholanthrene-induced fibrosarcoma and spontaneous mammary
carcinoma were treated. ABPP administered at 250 mg/kg/injection (3
in total), either prior to or after the removal of the tumour, reduced
metastatic incidence from 82% to 9%. Comparison with

cyclophosphamide (which has similar anti-tumour activity as ABPP but
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Route of Route of
Virus administration administration Species Reference(s)
of virus of ABPP
Semliki Forest (SLF) ip ip, sc, po Mouse 42
West Nile ip ip Mouse 42
Vesicular stomatitis
(VSV) ip ip Mouse 42
Friend leukaemia ip ip Mouse 42
Encephalomyocarditis ip, in ip, in, po, sc Mouse 45
Herpes Simplex-1
(HSV-1) ip ip Mouse 42, 46, 48
ivag ivag Mouse 47
Herpes Simplex-2
(HSV-2) ip ip Mouse 46, 48
ivag ivag Mouse 47
ivag ivag G. Pig 47
ivag ivag Cebus monkey 47
Cytomeglavirus ip ip Mouse 49
Pseudorabies ip ip Mouse 48
Influenza-A in in Hamster 48
Parainfluenza-3 in ip Hamster 48
Infectious bovine
rhinotracheaitis in in Calf 46

Table 1.8 Spectrum of in-vivo antiviral activity of ABPP in various

animal models (for abbreviations see Appendix III)
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different interferon induction properties) lead to the conclusion that the
reduction in the rate of metastatic incidence was not due to interferon
induction0),

ABPP and other pyrimidinones have also shown to be effective
against a number of other tumours(51,52),

Treatment of cancers with a number of agents is now common in
the hope of reaping the benefit of each while reducing the toxic effects
by lowering the dose of each. ABPP combined with tamoxifen was
shown to result in an additive effect of anti-tumour activity(53),
Similarly, a combination therapy of ABPP and cyclophosphamide also
showed an additive anti-tumour activity in the P388 tumour model(54).
However, adjustment to the dose, namely lowering the
cyclophosphamide dose with a concomitant increase in the ABPP dose
led to a synergistic activity between the two agents, at times increases in
the life span of 45% above the sum effect of the two were observed. Li
et. al.53%) demonstrated that this synergistic activity depended on the
dosing intervals between the drugs. The simultaneous administration of
the two did not produce the best therapeutic effect, whereas the
pyrimidinone administered 1, 2 or 4 days after cyclophosphamide gave
the best results. However, the synergistic effect diminished as the
interval between the administration of the two agents increased such that
after eight days no synergism was seen.

Concomitant administration of ABPP with Y-interferon showed
no additive synergistic effectG”). However, when the y-interferon was
used as a primer prior to ABPP administration, a synergistic anti-tumour
effect was observed. It is possible that this may be due to the
exogeneous Y-interferon rendering the o/ interferon receptors more

sensitive to the ABPP-induced interferons.
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It therefore appears that the synergistic activity is dependent
upon the fine adjustments to the dose of the constituents, type of tumour

model, tumour load and dose regime.

1.3.4 Immunomodulatory effects

To determine the action of ABPP and other pyrimidinones,
studies were carried out to investigate the ability of these compounds to
potentiate various immune functions. The results from these studies are

summarised in Table 1.9. ABPP increased the natural killer (NK) cell

Response Effect Reference(s)
1. Murine NK cellsjn-vivo Increasedt 58, 62, 63
2. Murine microphage mediated cytotoxicity Increased t 59

afterin-vivo orin-vitro addition

3.in-vivg antibody formation in immunised Increasedt 59, 60
and unimmunised mice

4. Bone marrow colony-forming units Increased 61

S.ln-vitro spleen cell response to sheep Decreased 60, 61
erythrocytes

6. T-Killer cell cytotoxicityin-vitro Decreased 61

7.1n-vitro :ompounds not mitogenic nor No effect 61

did they effect mitogen response

tAlso observed with interferon

Table 1.9 Summary of immune modulating activities of ABPP

activity, macrophage mediated Cytotoxicity after jn-vivo or jn-vitro
treatment, antibody response jz-vivo in un-immunised and immunised
and bone marrow colony-forming units in treated animals. The

compound did not appear to have an effect on in-vitro mitogenic
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response nor did it affect the mitogen response of lymphocytes when

added jn-vitro. These results indicate that ABPP is an immune

modulator which might exert some of the jn-vivo antiviral activity

through the above mechanisms.

1.3.5 Other bioactivities of pyrimidinones

A number of other bioactivities have been reported with the

pyrimidinones. Some of these may be as an indirect result of the

immuno-modulatory actions of these compounds but the mechanism is

not understood. Table 1.10 summarisies these bioactivities.

Reference(s)
1. Suppression of experimental atherosclerosis 63
2. Hypertensive/diuretic effect 66
3. Depression of murine cytochrome P-450 65
4. Inhibition of delayed hypersensitivity 59
5. Anti-inflammatory action (Reverse Passive Arthus Reaction 66

Table 1.10 Other bioactivities of the pyrimidinones

Mechanism of action of interferon inducers

Although most of the work regarding the mechanism of action has been

centred around the poly(I):poly(C), the same mechanism(s) may well apply to

other interferon inducers including the low molecular weight pyrimidinones.

The processes occuring during interferon induction have been the subject of

several comprehensive reviews(36.67.68)  These mechanisms are summarised

below:

(a) possible sequence of results
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I Interaction of interferon inducer with specific cellular receptor site
(may be located at the cell-plasma membrane).

I Transfer of message from cell plasma membrane to cell genome,
followed by de-repression of interferon gene.

IIT Transcription and translation of interferon mRNA.

IV Glycosylation and release of interferon.

(b) alternative possibilities

1 Interferon inducer binds directly to repressor of the interferon gene,
thereby allowing transcription of the interferon gene to interferon
mRNA.

2 Interferon inducer binds directly to repressor of interferon mRNA,
thereby allowing translation of the interferon mRNA to interferon
protein.

3 Two repressor systems are involved, a first one at the transcription
level and a second one at the translational level.

4 Interferon acts as its own repressor.

The majority of biological effects observed with the interferon inducers may be
as a result of the interferon induced33). However, several important
immunological responses are seen with the interferon inducers which are not

seen with interferon alone(58-63), These are highlighted in Table 1.9.

1.4.1 Hypo-responsiveness

This is also termed hyporeactivity, refractoriness or tolerance
and is a decreased response to interferon induction which develops
following repeated injections of the interferon inducer and appears to be
interferon inducer-dependent®4). This could have serious implications
in the clinical use of the interferon inducer, i.e. treatment ceasing to be

effective. This phenomenon has been observed with a number of
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pyrimidinones including ABPP39. Various methods have been

employed to overcome this problem.

1.

Increasing the duration of injections(®9). When a pyrimidinone
interferon inducer (ABMP) was given to cats on a once every week
basis, normal interferon response was maintained for as long as 18
weeks.

Alternating between injections of different interferon inducers(70).
Animals developing hypo-responsiveness to pyrimidinones
maintained their ability to respond to tilorone or anthraquinone and
vice-versa. This may be due to the compounds stimulating separate
cell populations.

Prostaglandins were found to restore the ability of hypo-reactive
virus infected animals to respond to interferon inducers(71).
Administration of prostaglandins PGE;, PGF; and PGA, restored
the cell's ability to respond to the interferon inducer. Hypo-
reactivity due to encaphalomyocarditis virus was associated with a
factor in the serum of mice which suppressed the normal interferon
response of murine cells jn-vitro(’3). This transferable factor was
called serum hyporeactive factor. The only apparent difference
found between hypo-reactive and normal cells was that hypo-
reactive cells had low intracellular cAMP and membrance associated
adenylcyclase levels than normal interferon responsive cells.
However, addition of cAMP to the system did not restore the
response, whereas the addition of prostaglandins did. Some of
these prostaglandins have the ability to stimulate cAMP. It therefore
appears that the presence of certain prostaglandins is essential to
interferon induction.

Priming of the tissue by the injection of 10,000 iu or more of

interferon 3 hours prior to administration of ABPP(72),
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1.4.2 Structure-activity relationships (SAR) of pyrimidinones

Skulnick er.gl.(74 have produced a study incorporating an
exhaustive list of analogues based upon 2-amino-5-substituted-6-

arylpyrimidinone. Antiviral and interferon induction were determined.

O

It was concluded that:-

1. Nitrogen was essential at positions 1 and 3, a free amine at the 2
position, and an oxygen at the 4 position.

2. The most potent interferon inducers and antiviral agents were mono-
and difluorophenyl analogues at the 2',3' or 5' positions.

3. There was no apparent trend in antiviral activity or interferon
induction with the selection of the halogen at C-5.

4. There exists a corresponding lack of selectivity with 4'-substitution
on the 6-phenyl ring.

5. The optimum activities were found in the 2'- and 3'-
monosubstituted series with secondary preference for disubstituted

phenyl analogues.

A secondary study showed that even the smallest structural
changes greatly influenced the diuretic/antiinflammatory actions of these
compounds(®6). ABPP has diuretic effect of the same order as

furosemide. Some of the diuretic activity was retained when the amine
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1.4.3

at position-2 was replaced with oxygen and the hydrogen on the
nitrogen at position-3 replaced with a methyl group. Addition of any
larger group rendered the molecule inactive. No trend was apparent
with the halogens at position-5. Similarly, the antiinflammatory activity
appeared to be governed by the spatial/steric configuration of the
molecule. ABPP only had a mild antiinflammatory effect whereas the 2-
methylamino analogue was found to be much more potent. Substitution
of the 2-amino group with oxygen and addition of a methyl group to the
6-phenyl ring retained the antiinflammatory action. Any other changes

rendered the molecule inactive or of weak activity.

Pharmacokinetics of ABPP

The data so far on the pharmacokinetics and pharmacology of
ABPP has been obtained from a variety of animals such as mice, cats,
cattle, rabbits and monkeys. Different animals respond differently to the
drug e.g. the circulating drug levels associated with detectable interferon
response were 10-15 pg/mL in mice, 15-30 pg/mL in cats and dogs and
30-50 pg/mL in cattle(@4),

Fig. 1.4 shows the results of studies in mice to determine the
relationship between the dose of ABPP and the serum drug levels when
ABPP was given either intraperitoneally (i.p.) or orally (p.0.)44. It
was found that the minimum interferon-inducing dose for ABPP given
p.o. was twice that of the drug administered i.p; doses being 100pg/mL
and 50pug/mL respectively.

The kinetics of interferon response of mice at or near the
maximum tolerated dose by p.o., i.p. or s.c. routes is shown in Fig.

1.5(43.76) As a comparison, mice received either ABMP, AIPP or
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ABPP at a dose of 1000mg/kg and the serum collected and assayed for
interferon over fixed intervals of time. For ABPP, the peak interferon
levels were achieved in 6-8 hours after 1.p. injection or oral
administration and approximately 12 hours after s.c. injection.
However, whereas AIPP induced low levels of interferon via all three
routes, ABPP was seen to be a superior interferon inducer to both AIPP
and ABMP by any route.

Fig. 1.6 shows the response in mice when the dru g was given at
different dosages via the i.p., s.c. or p.o. routes®2.76), Subcutaneously
there is a relatively linear response and interferon was detected at doses
as low as 10 mg/kg. However, no interferon was detected at low levels
of the drug when administered intraperitoneally or orally. At higher
doses, the amount of interferon detected by these two routes exceeded
that from the s.c. route. Again of the three inducers, ABPP was more
potent giving higher levels of serum interferon at all doses.

Fig. 1.7 compares serum concentration and circulatin g interferon
levels in cats dosed orally with ABPP in capsule form®4), At oral doses
of 50 mg/kg, ABPP was sometimes lethal for cats. This was possibly
as a result of conversion of ABPP in the cats to phenolic
metabolites(4.105) which are favoured in this species. Maximum serum
interferon levels were achieved 6 to 9 hours after drug administration.

Fig. 1.8 demonstrates that the bioavailability of ABPP is similar
whether administered either in a capsule or given as a suspension(44),
However, the interferon induction from capsule was greater than with

the suspension, albeit slight.
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1.4.4

Interferon response was compared, for different routes of
administration to ABPP in calves (Fig. 1.9)#1.44), Similar responses
were obtained with both s.c. and i.m. injections; the responses being
low but prolonged. The oral route appeared to be the most beneficial
giving interferon levels (1000 i.u./mL) after 3 hours and falling to zero
after 48 hours. The intranasal (i.n.) route offered a good alternative,
using a nasal spray, giving peak interferon levels (500 i.u./mL nasal
interferon) after 3 hours. However, the response was somewhat short
lived and the interferon levels fell to zero after 24 hours. The intranasal
route of administration may, therefore, be the route of choice for
superficial naso-pharangeal infection where direct application would
deliver a high concentration.

The intravenous route of administration of ABPP to rabbits gave
high but short-lived peaks(’”) (Fig. 1.10). The apparent elimination
half-life of ABPP (0.8 h) appeared not to be dose related but a straight
line relationship between the area under the curve and dose and also
between C, - and dose was obtained.

No conclusive work has been carried out regarding the

metabolism of pyrimidinones.

Clinical studies on ABPP

Clinical studies on oral ABPP in humans (Phase I cancer) have
been carried out in two phases(78). In the first phase, the drug was
administered as a single oral dose. In the second phase, the highest
tolerated dose was used. The dose in the first instance was 25-200
mg/m? and in the second the patients were treated weekly with the
starting dose of 2 g/m? and increased to 3, 4 and 5 g/m? each week. No

cardiac, haematological, hepatic or renal toxicity was observed.

-53 -




Bovine Inlerisron Response (l0g,9 Unils/mi)

3 PO (Serum IF)
s {M (Serum if)
= IN (Nasal IF)

e SC (Serum If)

be

U
Kours after ABPP

Fig. 1.9:

Bovine interferon response 1o ABPP (100mglkg po, im and sc:

1glcalf in)(41.44)

-54 -




(L1M0N23[ul Sn1q a1 8Y/8wi gz v woif sonauryoovuLDyd 11GqD JJgY 011 81y

‘SOU0D PINY e ‘§3U0D pasnsDEep

(ssnoy) 3INIL

snjog A Bxy/bw gz esoq

Sl

ST

]

S'C

S’y

o

(Q/8uws) ouo)p owsopy ddgy u)

55 -



1.5

The second study was conducted in 16 solid tumour
patients(). It was found that after eight 1g oral doses, mild orthostatic
hypotension was observed in some patients. Duration of peak ABPP,
area under the curve, serum concentration and total urinary ABPP

increased with dose. No other serious side effects were observed.

1.4.5 Toxicity of ABPP

Toxicological data obtained from studies carried out by the

Upjohn Company are shown in Appendix IV - VIL

Aims of the thesis

Although broprimine (ABPP) is an extremely potent interferon inducer,
its poor aqueous solubility of 30-40 ng/mL(7 has hindered progress towards
an intravenous formulation suitable for clinical use. Furthermore, no
comprehensive study has been made regarding the physico-chemical properties.
In light of this, the aim of the thesis will be to study these parameters and
attempt to formulate bropirimine incorporating sufficient drug so that high blood
levels could be achieved following administration. Attempts will also be made
to deliver bropirimine rectally using the suppository as the dosage form.
Possible methods for increasing the aqueous solubility will include prodrug
synthesis, solvate formation and the use of co-solvents and additives. A
method for predicting the behaviour of the formulation following administration
will be sought and the conditions optimised. Differential scanning calorimetry
(DSC) will be used to evaluate any interactions with possible excipients.

Psoriasis is a disease of the skin characterised by the appearance of
sharply defined erythematous patches covered with distinctive scales caused by
hyperproliferation of keratinocytes. It can be caused by a number of factors
such as infection, trauma or drugs®0. Although there is no cure at present, the

disease disappears spontaneously in almost one third of the affected
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population®D. Treatment may take a number of forms such as topical therapy,
phytotherapy and phytochemotherapy(83.84), retinoids®2), dialysis(®5) and even
hypothermia(86),

The use of dihydrofolate reductions (DHFR) inhibitors such as
methotrexate has been a considerable advance in management of severe
psoriasis®7-99.100) The 2, 4-diaminopyrimidines such as pyrimethamine have
also shown encouraging results(1°1) and intensive efforts are underway to find

potent analogues(102),
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2.0 HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY
OF THE IMMUNOMODULATORY AGENTS

2.1 Introduction

Formulation and stability studies require a method of assay which is able

to detect simultaneously the parent compound and the breakdown products.
High-performance liquid chromotography (HPLC) is a method by which such
objectives may be achieved. It is relatively cheap, quick, versatile and, most
importantly, it can be extremely accurate when used correctly, even at low drug

levels. Itis also a technique that is sensitive, specific, and precise.

The optimum HPLC conditions may be arrived at by considering the variables
which contribute to the overall efficiency of the system. There is no certainty
that one set of conditions will work for two different drugs, and therefore these
parameters have to be established for each drug. However, for a series of
related compounds, such as esters of the same compound, optimum conditions
may be obtained by minor modifications to the original component of the mobile

phase as the ester chain length increases.

The aim here was to establish HPLC conditions that would separate the
following groups of drugs, namely bropirimine and its acetyl- and propanoyl
derivatives (Table 2.1) and pyrimethamine and its derivatives (Tables 2.2 and

2.3).
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R Compound

H- Bropirimine (1)

CHy G-
”O 2-acetylbropirimine (AB, V)
)

" ) _—
H, H, C- 2-propanoylbropirimine (PB, V)

Table 2.1: Bropirimine and its derivatives

Group 2
R H
N
H. N/\ CgH4Cl
H\N/\\N
/
R4
R R, Compound
H- H- Pyrimethamine (Py, VI)
o)
I i . .
CH4 CH,, C- H- 2-propanoyipyrimethamine (MPP, Vi)
O O
I " . ) .
CH3CH, C- [CH, CH, C- 2,4-Dipropanoylpyrimethamine (DPP,Vil)

Table22: Pyrimethamine and its 2/4 substituted derivatives
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R Compound
CH,CH, Pyrimethamine (Py, Vi)
COOCH Methyl-S-(p-chlorophenyl)-2,4-diaminopyrimidine-6-carboxylate
3

(MDPC, IX)

COO CZH 5 Ethyl-S-(p—chIorophenyl)-2,4-diaminopyrimidine-6-carboxylate
(EDPC, X)

COO0 C3H 7 Propyl-5-(p-chlorophenyl)-2,4-diaminopyrimidine-6-carboxylate
(PDPC, XI)

COO-CH(C H3) 2 lsopropyl-5-(p-chlorophenyl)-2,4-diaminopyrimidine-6~carboxylate
(iPDPC, Xl

Table 2.3 Pyrimethamine and its 6-substituted derivatives




2.2

Instrumentation, materials and methods

The high-performance liquid chromatograph consisted of an Altex 100A
constant flow solvent metering pump, a Rheodyne 7120 injector valve fitted
with a 20uL loop, a PYE Unicam LC3 variable wavelength detector, equipped
with an 8uL flow cell, operated at sensitivity of 0.08-0.64 AUFS and a J J chart
recorder (J J Instruments). Shandon stainless steel columns (10cmx4.6mm ID)
were used, which were packed in the laboratory using a Shandon column
packer with Sum particle size Hypersil-ODS (Shandon) used as the packing

material.

The ultraviolet (UV) Spectra were recorded on a Unicam SP8000
spectrophotometer using lcm path length matching quartz cells. pH
measurements were made on a Radiometer PHM64 Research pH meter and

calibrated using colour coded standards (BDH).

The compounds were dissolved in methanol (Fisons plc) with the aid of a
Whirlmixer (Fisons plc) and an ultrasonic water bath (Kerry, Pulsatron 125)
which was also used to remove any gases in the mobile phases. The acetonitrile
(Fisons) and the diethylamine (BDH) were used as received. Unless otherwise
stated, the pH of the mobile phase was adjusted to 2.0 using orthophosphoric

acid (BDH). All solutions were freshly prepared prior to use.
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2.3

Results and discussion

Before any HPLC analysis is carried out, it is important to establish the
working wavelength (Amax) for each compound, especially when sensitivity is
of paramount importance. Fig. 2.1 to 2.3 show the uv spectra of the
compounds listed in Tables 2.1 to 2.3 using methanol as the solvent. The
Amax was measured for each compound and the molar extinction coefficient, E,

calculated from:

A=gcl N |

Where A is the absorbance at Ayax
¢ is the molar concentration of the compound

1 is the path length of the solution (in cm).

The results are summarised in Table 2.4. Where there are two peaks the higher
one should be used for Amax in order to avoid possible interference by the
solvent at lower Amax values. Hence, rows in Table 2.4 effectively represent
the recommended wavelengths to be used for experimental work. The spectra
were recorded at different molar concentrations but at the same strength of 10
Hg/mL except bropirimine, AB and PB which were recorded at concentration of

2 pg/mL.

2.3.1 HPLC system for bropirimine, AB and PB

Fig. 2.4 shows the effect of variation of acetonitrile
concentration in the mobile phase on the retention time of bropirimine,
AB and PB. A decrease in acetonitrile concentration leads to increased
analysis time and poor chromatography. At levels of acetonitrile below

20%/y the retention time becomes so long as to be impractical. Several
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Retention time (min)
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Concn. of acetonitrile (%v/v)

Fig. 2.4: The effect of acetonitrile concentration on the
retention times of bropirimine, AB and PB
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Concn. of diethylamine (%vA)

Fig. 25: The effect of diethylamine concentration on the
retention times of bropirimine, AB and PB
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mathematical parameters may be calculated which give an indication of

the performance of the systems. These parameters are:

1. Capacity ratio/factor, K, where
K = (tA_'tO.)_ 2.2
ta

Optimum K’ values range from 1-10 (K'=0 for unretained
solutes). Very small K values indicate interference with solvent and

other early peaks whereas large values of K’ show peak broadening and

therefore lengthy analysis times(103),

2. Number of theoretical plates, N, where
tA 2 tA 2
N=16 (W—A) or 5.54 (WI&A) ...23

Typical values for N usually lie within the range N = 2500 - 10
000(103),

3. Resolution, Rg, where

Rg = _2(tB- ta) ...24
WA + WB

A value of Rg=1.5 indicates almost total separation of the
bands(103.106)  Symmetrical peaks will be at Rg=1.0, but for values
R$<0.8 only partial separation is obtained and chromatographic

conditions may have to be changed(103.106),
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Concn.. 'Of Capacity Factors, K Theoretical plates, N Resolution R
acetonitrile
(%v/v) Bropirimine |  AB PB | Bropirimine[ AB PB Bmfix['\iglinc AB +PB
25 14.18 22.48| 30.25 15231 | 17292] 13611 1.38 0.87
30 9.45 13.73| 19.27 9873 | 10310} 10179 0.86 0.80
35 6.14 9.00| 11.95 6400 6635 5980 0.67 0.51
40 4.80 5.70 7.93 5518 5625] 4444 0.27 0.50
45 0.79 1.77 5.07 3600 20901 2959 0.43 0.66

Table2.5: Effect of acetonitrile concentration in the mobile phase on the
HPLC parameters of bropirimine, AB and PB

Concl. of Capacity Factors, K Theoretical plates, N Resolution R

diethylamine
(#VN)  |Bropirimine | AB | PB |Bropirimine] AB | pB Bmfi:g‘i"e AB +PB
0.02 2.63 11.00) 17.00 1282 7423] 9766 1.99 0.93
0.06 1.74 5.86| 10.71 1820 3385] 5339 1.13 0.87
0.08 1.49 5.00 9.20 3364 3136] 4624 1.17 0.82
0.10 1.46 4.14 8.43 5857 2844| 4582 1.04 0.91
0.15 1.46 3.71 8.00 5857 2390) 4175 0.88 0.91
0.20 1.45 3.54 7.74 5817 2220} 3940 0.89 0.89

Table 2.6: Effect of diethylamine concentration in the mobile phase
on the HPLC parameters of bropirimine AB and PB
(Mobile phase consisted of 55%vlv acetonitrile adjusted to pH 2.0) .
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Fig.2.6:  Chromatograms to show the effect of diethylamine on the separation
of bropirimine (1), AB (2) and PB (3).
A 30%vlv acetonitrile and NO diethylamine
B 30%vlv acetonitrile and 0.1%v/v diethylamine
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Fig. 2.7: The effect of pH of the mobile phase on the retention
times of bropirimine, AB and PB
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2.3.2

In the above equations,

to = the retention time of the unretained compound
tatp = the retention times of compounds A and B respectively
Wa,Wp = the peak width of compounds A and B respectively

W1/2A = the peak width at half of the peak height.

Fig. 2.5 shows how the concentration of diethylamine affects the
retention times of bropirimine, AB and PB. The retention times of each
component are reduced dramatically upon the addition of diethylamine.
The peaks become sharper and the capacity factor is reduced.

Fig. 2.6 shows the improvement in the chromatogram when
diethylamine is added. This is a basic compound added as a moderator
for the following reason. The surface silanol groups in the column
packing material are acidic and often interact very strongly with basic
compounds resulting in broadening and poor resolution of peaks.
Addition of small amounts of diethylamine prevents interaction of these
groups with the eluting compound(1%4), Concentrations of diethylamine
greater than 0.1% v/, have little effect on the chromatography of
bropirimine, AB and PB. The HPLC parameters for these compounds in
the absence and presence of diethylamine are shown in Tables 2.5 and
2.6, respectively. pH has little effect on the retention times of

bropirimine, AB and PB (Fig. 2.7).

HPLC system for MPP and DPP

Using acetonitrile concentration in the mobile phase between 30 -
60%"/,, in the absence of diethylamine, resulted in extremely long
retention times. Therefore, in order to study the effect of acetonitrile
concentration on the retention times, a fixed amount of diethylamine

(0.1%V/,) was added to reduce the analysis times and sharpen the peaks.
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Fig. 2.8 shows the variation in the retention times of MPP and

DPP with the composition of acetonitrile in the mobile phase. Low
concentrations (<50%/,) resulted in unacceptably long retention times
and high capacity ratios.

Using 55%"/, acetonitrile in the mobile phase at pH 2.0, the
effect of diethylamine was studied (Fig. 2.9). It is apparent that the
addition of diethylamine as a moderator has a significant effect on the
resolution of the compounds as well as the retention times and capacity
ratios. Increasing the diethylamine concentration from 0.02%V/, (Fig.
2.10(A)) to 0.10%"/y (Fig.2.10(B)) dramatically improves the
chromatography and reduces both the retention times and the capacity
ratios.

Changing the pH of the mobile phase also has considerable
effect on the chromatographic parameters. Since both MPP and DPP
are weakly basic compounds (having pK, values of 4.40 and 2.89
respectively), decreasing the pH leads to increased amount of the
ionised form and this is reflected in shorter retention times of the
compounds at lower pHs (Fig. 2.11). The HPLC parameters of these

compounds are listed in Tables 2.7 and 2.8.

The following mobile phase thus satisfactorily eluted both MPP and

DPP:

Acetonitrile 55%V/,
Diethylamine 0.1%v/,

pH adjusted to 2.0 with orthophosphoric acid

Possible internal standards for use with MPP and DPP are listed in

Table 2.11.
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Retention time (min)

Retention time (min)

30 4

a DPP
20 ~ * MPP
10 ~
0 M 1 v 1 v I v 1
20 30 40 50 60
Conen. of acetonitrile (%vA)
Fig.2.8: The effect of acetonitrile on the retention
times of MPP and DPP
20
a DPP
® MPP
10
0 Y T ¥ T -
0.00 0.10 0.20

Concn. of diethylamine (%v/v)

Fig.2.9: The effect of diethylamine on the retention times
of MPP and DPP (55%v/v aceionitrile)
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minutes

Fig.2.10:  Chromatograms to show the effect of diethylamine on the separation

of MPP (1) and DPP (2).
A. 55%vlv acetonitrile + 0.02%vlv diethylamine
B. 55%vlv acetonitrile + 0.10%v/v diethylamine
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Conc Q C_>f Capacity Factors, K' Theoretical plates, N| Resolution
acetonitrile
(% ¥/ v) MPP DPP MPP DPP Ry

30 13.1 24.0 3229 3025 0.93
40 8.1 13.6 1975 2090 0.83
50 4.0 6.3 3951 1264 0.94
55 2.6 3.6 6400 3265 0.98
60 1.3 2.2 4444 2178 0.94

Table 2.7: Effect of acetonitrile composition in the mobile phase

on the HPLC parameters of MPP and DPP

(With 0.1%vlv diethythamine in the mobile phase and adjusted to pH 2.0)

digfggﬁmoifm Capacity Ratio Theoretical plates, N
(% v/v) MPP DPP MPP DPP
0.02 10.8 15.6 4333 4807
0.06 3.7 6.3 4807 3385
0.08 3.4 4.9 5898 4225
0.10 2.6 3.6 6400 3265
0.15 1.9 2.6 7282 2844
0.20 1.4 2.7 4807 3136

on the HPLC parameters of MPP and DPP

(Mobile phase consisted of 55%v/v acetonitrile and adjusted to pH 2.0)
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Fig.2.11: The effect of pH of the mobile phase on the
retention times of MPP and DPP
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2.3.3. HPLC system for Pyrimethamine and the 6-carboxvlate esters

As the length of the side chain increases, the lipophilicity of the
molecule increases requiring greater concentrations of acetonitrile in the
mobile phase for elution.

Concentration of acetonitrile ranging from 30%V/, to 55%"/,
were prepared and adjusted to pH 2.0. Again, in order to reduce the
lengthy assay times, 0.10%"/, diethylamine was added to each
concentration of acetonitrile.

Fig. 2.12 shows how acetonitrile concentration affects the
retention times of Py, MDPC, EDPC, PDPC and iPDPC. At low levels
of acetonitrile (<40%V/,) the retention times of iPDPC became very long
whereas concentrations greater than 45%V/, resulted in interference of
pyrimethamine peak with the solvent front.

At 40%V/, acetonitrile, the retention times and capacity ratios are
high when the concentration of diethylamine is below 0.06%"/, (Fig.

2.13 and Table 2.11). There is only marginal improvement in the

) S

chromatography when the diethylamine concentration is in excess of
0.1%v/,. Fig. 2.14 displays chromatograms at low (A) and high (B)
concentrations of diethylamine and the improvement in the
chromatogram at the higher concentration.

As with MPP and DPP, these compounds are also affected by
the pH of the mobile phase (Fig. 2.15). Again these are weakly basic
compounds and decreases in pH leads to ionisation and a consequent
decrease in the retention times. The HPLC parameters are listed in

Tables 2.9 and 2.10 and the internal standards listed in Table 2.11.
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Fig. 2.13: The effect of diethylamine concentration on the retention times

of Py, MDPC, EDPC, PDPC and iPDPC
(40%vlv acetonitrile)

~79 -



1
B
2
3 A
4
l 1
5
2
ﬂ :
4 |
5 i
JU
p
1 i i L 1 { 1 i i !
15 10 5 0 30 25 20 15 10 5 0
minutes minutes

Fig. 2.14: HPLC chromatograms to show the effect of diethylamine on the
separation of Py (1), MDPC (2) EDPC (3), PDPC (4) and iPDPC (5).
A. 40%vlv acetonitrile + 0.02%vlv diethylamine
B. 40%v/v acetonitrile + 0.10%vlv diethylamine
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2.3.4 Internal standards

The use of 2-amino-5-bromo-6-(3-fluorophenyl)-4(3H)-

pyrimidinone (ABmFPP) has been suggested perviously by Alpar et.al.

for use as an internal standard for bropirimine(’?). The parabens are

frequently used in internal standards.

Table 2.11 gives some

chromatographic details of these compounds for use as internal

standards in the mobile phases listed.

Compound Mobile Phase Rete(n;/i[?::s)timc Capacitl)é factor
ABmFPP 1 3.75 2.47
Methylparaben 2 2.51 1.32
Ethylparaben 3 2.75 1.56
Propylparaben 3 3.27 2.03

Table 2.11: HPLC parameters of some compounds suitable

as internal standards
HPLC conditions
Flow rate = 1 mL/min
Detection = 300 nm
Sensitivity = 0.64 AUFS
Mobile phase 1 Mobile phase 2 Mobile phase 3

30%?"/, acetonitrile

0.1%/y diethylamine

pH 2.0

pH 2.0

_83-

40%/, acetonitrile

pH 2.0

50%V/, acetonitrile

0.1%"/y diethylamine 0.1%"/y diethylamine




2.3.5

Although the recommended mobile phases are quoted for each set of

compounds, minor adjustments were made according to the
experiments. Similarly, the internal standard was chosen according to

the mobile phase used and the experiment in question.

Construction of calibration curves

Stock solutions of 0.20mg/mL in methanol were prepared of
each compound. A series of dilutions were then prepared from these,
using methanol, so that calibration curves could be constructed. 1mL of
each of the dilution was then added to 1mL of internal standard,
thoroughly vortexed and 20pL injected into the HPLC.

For Py, MPP and DPP, stock solutions of 1.0 mMoles were
prepared in methanol, and these were then serially diluted.

Fig. 2.16 to 2.18 show the linearity of the calibration curves for
each of the compounds, constructed by plotting the peak heights against
concentration. The statistical parameters for each of the lines were
calculated by linear line regression analysis programme using a CASIO
fx 180p scientific calculator, and the results recorded in Table 2.12.

Good linearity is obtained for each of the compounds using

methanol as the solvent.
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Correlation

Compound Intercept, C Gradient, M coefficient, r
Bropirimine 7x10°3 10.14 0.9999
AB -0.028 6.72 0.9998
PB 0.040 12.69 0.9995
MDPC 0.037 9.05 0.9996
EDPC 0.042 8.54 0.9997
PDPC 0.234 6.46 0.9993
iPDPC 0.070 5.57 0.9996
MPP 0.777 9.04 0.9969
DPP 0.864 10.37 0.9963
Pyrimethamine 0.260 9.82 0.9999

Table 2.12: Statistical parameters for the calibration graphs

of the three groups of compounds
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3.1

3.0 KINETICS OF DEGRADATION

Introduction

Stability prediction is of paramount importance when considering
formulation of labile drugs. A prodrug may be defined as a chemical entity,
usually inactive, which breaks down to yield the parent (active) drug. The
prodrug can be tailor-made depending on the requirement, e.g. increased
solubility, altered stability and lipophilicity(227), This approach thus takes on
added importance when considering stability in that the limiting step for
pharmacological activity may be the breakdown of the prodrug to the parent
compound.

The most common degradative pathway exhibited by drugs in aqueous
solution is hydrolysis. This can be catalysed by hydrogen ions (specific acid
catalysed reaction) or hydroxyl ions (specific base catalysed reaction). Non-
ionised water molecules may also be responsible for the breakdown of a drug in
which case the reaction is solvent catalysed.

Depending on the type of compound in question, the overall velocity of

degradation, in most cases, may be obtained from one or more of the following

schemes:
k,
D+H,0 ———>  Products scheme 3.1
k
D+ H+ —2—-) Products scheme 3.2
k
D+OH" ———-3———) Products scheme 3.3

Schemes 3.2 and 3.3 refer to specific acid or base catalyed hydrolysis
respectively. The overall observed rate constant, Kops, will be a function of k;,

k, and k3. If the reaction involved all the above three schemes , i.e. if the

-89 -
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solvent catalysis had a role to play in the overall hydrolysis, then the rate

expression for the reaction would be:

-dD

o= [k1 +ko[H*] + ks[OH] ] x[D] ... 31
-dD . :
Where: g s the rate of disappearance of the drug.

[D] is the concentration of the drug.

In the absence of solvent catalysis, equation 3.1 reduces to:

L - [kalH] + ks[OH] ]x D] ...32

And kovs = ka [H*] +ks [OH ] ...33
M
A plot of log kobs against pH generally yields a 'V' type plot from which the pH ii
of maximum stability can be estimated. éx
For monobasic and acidic drugs, the above relationship is complicated ;

due to ionisation and can be represented by equation 3.4:

K +
Kobs= { kq+ko[H*]+k3[OH*] }E;ﬁ% + { k4+ks[H+]+kg[OH-] } k—a%

...34

Where: k4, ks and kg are rate constants of the ionised species,

K, is the dissociation constant.
The aim of this chapter was to study the chemical degradation of both

bropirimine derivatives (2-N-acetyl and 2-N-propanoyl) and the pyrimethamine

(2 and 4-acyl and 6-carboxylates) derivatives.
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3.2

Materials and methods

3.2.1

Chemical degradation of bropirimine prodrugs: Britton - Robinson (B-

R) buffers were prepared as described in Appendix I and the ionic
strength of each adjusted to 0.5M with potassium chloride.

A 2mg/mL solution of either 2-N-acetyl bropirimine (AB) or 2-N-
propanoylbropirimine (PB) was prepared in dimethylacetamide (DMA,
Fisons). ImL of this solution was then transferred to a 100mL flask
and made up to volume with pre-heated (37-80°C) buffer of the required
pH (2.1-11.2). The contents were vigorously shaken, a small magnetic
flea inserted, and the flask mounted on an underwater stirrer in a
constant-temperature water-bath equilibrated at the desired temperature
(37-80°C), and the clock started. 1mL samples were then withdrawn at
various time intervals and added to 1mL of the internal standard
(5Hg/mL ABmFPP in DMA). The analytes were well mixed using a
vortex mixer and 20pL injected into the HPLC.

The standard solutions were prepared in the same manner as the
test and in the same concentration range. 1mL of a 2mg/mL solution of
the drug (AB or PB), prepared in DMA, was transferred to a 100mL
flask and made up to volume with B-R buffer pH 7.0 pre-heated to the
appropriate temperature. This was then serially diluted with 1%V/,
DMA in B-R buffer pH 7.0, pre-heated as above, to give a
concentration range between 20pug/mL and 2pug/mL. Again 1mL of this
solution was added to ImL of the internal standard, thoroughly mixed
and 20uL injected into HPLC once steady state-conditions had been

reached.
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3.2.2

HPLC Conditions -

Mobile phase : 30%V/, acetonitrile
0.1%V/, diethylamine

adjusted to pH 2.0 with orthophosphoric acid

Flow rate : 1 mL/min
Chart speed : 2mm/min
Wavelength : 300nm
Sensitivity : 0.04 AUFS

Degradation of 2/4 substituted pyrimethamine

3.2.2.1 Degradation of 2-N-propanoylpyrimethamine (MPP)

40 mg of MPP were accurately weighed and dissolved in 20mL
of dimethylacetamide (DMA) with the aid of a sonic bath (= 2 mg/mL).
10 mL of this solution were then transferred to a 100 mL flask and made
up to volume with B-R buffer pH 2.0 pre-heated to 60°C (final
concentration of MPP = 200ug/mL). The contents were thoroughly
shaken, a magnetic flea added to the flask and then mounted on an
underwater stirrer in a constant temperature water bath, pre-equilibrated
at 60°C such that the content was constantly stirred at the desired
temperature. At various time intervals, ImL samples were withdrawn
and added to 1mL of internal standard (4p1g/mL ethyl paraben) prepared
in equimixture of methanol and distilled water. The two components
were well mixed with a vortex mixer and 20uL injected into the HPLC
once steady state conditions had been reached.

The calibration solutions were prepared in a similar way. 20mg
of MPP were dissolved in 10mL of DMA and thoroughly mixed. 1mL
of this solution was then transferred to a 10mL flask and made up to

volume with B-R buffer pH 2.0 pre-heated to 60°C. This was serially
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diluted with 10%Y/, DMA in B-R buffer pH 2.0, at the same
temperature, to give a concentration range 200ug/mL to 20ptg/mL. 1mL
of the calibration solution was finally added to 1mL of the internal

standard and treated as above (3.2.1).

HPLC Conditions

Mobile phase : 55%V/, acetonitrile
0.1%"/, diethylamine

adjusted to pH 2.0 with orthophosphoric acid

Flow rate : ImL/min
Chart speed : 2mm/min
Wavelength : 272nm
Sensitivity : 0.16 AUFS

3.2.2.2 Degradation of 2, 4-N, N-dipropanoylpyrimethamine (DPP)

Britton-Robinson buffers were prepared as shown in Appendix

L. A stock solution of DPP (0.4mg/mL) was prepared in DMA. 5mL of

this solution was transferred to a 100mL flask and further 10mL of
DMA added to ensure that DPP stayed in solution (due to its poor
solubility in alkaline environment). The volume was made up to 100mL
with B-R buffer of the required temperature and pH. Again, the
contents were vigorously shaken and analysis undertaken as described
in section 3.2.2.1. The standard solutions were also prepared as in
section 3.2.2.1., except that serial dilutions were carried out using
15%V/, DMA.

Experiments to ascertain the pH dependency were conducted at
60°C whereas the temperature dependent degradation was carried out at a

pH of 11.2.
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3.2.3

HPLC Conditions
Mobile phase  : 55%V/, acetonitrile
0.1%"/, diethylamine

adjusted to pH 2.0 with orthophosphoric acid

Flow rate : ImL/min
Chart speed : 2mm/min
Wavelength : 300nm
Sensitivity : 0.02 AUFS

Degradation of 6-carboxylate ester analogues of pyrimethamine

Degradation of these compounds was followed using a similar
method to that described in Section 3.2.2.1.

Solutions (0.4mg/mL) of each of the carboxylates (methyl,
ethyl, propyl and isopropyl) were accurately prepared in DMA. 5mL of
this solution was transferred to a 100mL flask and made up to volume
with the B-R buffer at the required temperature and pH (final
concentration of each = 20pug/mlL). A magnetic flea was then added to
the flask and mounted on an underwater stirrer. 1mL samples were
withdrawn at different time intervals and added to 1mL of internal
standard. The contents were thoroughly mixed and treated as in Section
3.2.2.1.

Standard solutions of each of the drugs were prepared by
dissolving 200mg in 50mL of DMA (= 0.4mg/mL). 1mL of this was
then transferred to a 20mL volumetric flask and made up to volume with
B-R buffer. Serial dilutions were prepared by using 5%"/, DMA in B-R
buffer to give a concentration range 20pg/mL to 2pug/mL. These were

subsequently treated as described above (3.2.1).
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HPLC Conditions
Mobile phase : 40%vV/, acetonitrile
0.1%/, diethylamine
adjusted to pH 2.0 with orthophosphoric acid
Flow rate : ImL/min
Chart speed : 2mm/min
Wavelength : 296nm
Sensitivity : 0.01 AUFS

Internal standards

The internal standards were prepared in equimixture of methanol

and water to give a concentration of 0.5mg/mL.

Carboxylic ester Internal standard 'gi
Methyl Ethyl paraben :
Ethyl
Propyl Methyl paraben
i-propyl
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3.3

Results and discussion

3.3.1

Degradation of bropirimine derivatives

3.3.1.1 Effect of temperature

The parent compound, bropirimine, appears to be very stable
under both acidic and basic conditions. Even under extreme conditions,
such as refluxing in Britton-Robinson buffers pH 2.0 and 10.0 for over
2 hours, HPLC analysis did not indicate a reduction in the bropirimine
peak nor the appearance of any extra peaks. Under similar conditions,
both acetylbropirimine (AB) and propanoylbropirimine (PB) showed
evidence of breakdown and these were subjected to further study.

Fig. 3.1 and 3.2 show the progress of hydrolysis, plotted as
first-order reactions, of AB and PB in Britton-Robinson buffer pH 10.0
at various temperatures (37-80°C).

Linear plots are obtained at each temperature when In (% o
remaining) is plotted against time. It is also apparent that the order of

the degradation process is unaffected by temperature. The high pH of

the experiment ensured, firstly that no solubility problems arose, and * ﬂ
secondly, to increase the rate of degradation and hence shorten the
experimental time. Table 3.1 shows the first order rate constants for
acetyl- and propanoylbropirimine obtained from the slopes of the plots

in Fig. 3.1 and 3.2.

HPLC analysis showed that each of the compounds hydrolysed

to yield a product which co-eluted with a standard solution of

bropirimine.
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In (% AB remaining)

In (% PB remaining)

1 hf i v ] M L
100 200 300 400
Time (min)

Fig. 3.1: Temperature-dependent hydrolysis of acetylbropirimine

(AB) in B-R buffer pH 10.0
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Fig. 3.2: Temperature-dependent hydrolysis of propanoylbropirimine

(PB) in B-R buffer pH 10.0
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and PB:

where:

Applying the Arrhenius equation to the hydrolysis of AB

Ea
kobs = A.€ RT ...35

A is the frequency factor
Ea is the energy of activation
R is the molar gas constant

T is the temperature (in K)

Logarithmic transformation gives the linear form:

A plot of In kops against 1/ should yield a straight line having a slope of
Ea/R and an intercept of In A. Such plots are invaluable for obtaining

stability data at a particular temperature and may be extrapolated to

E
lnkobs=1nA—R—aT:— ... 36

obtain the stability at, say, room temperature.

Temperature kx 10” (/min)
0 Acetylbropirimine | Propanoylbropirimine
37 (310K) 1.30 0.17
50 (323K) 2.95 0.60
60 (333K) 8.00 0.95
70 (343K) 9.87 2.37
80 (353K) 24.50 5.20

Table 3.1: First order rate constants for the degradation of acetyl- and

propanoylbropirimine at different temperatures
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Fig. 3.3 shows plots according to equation 3.6 for the two
derivatives of bropirimine. At each of the temperatures in the range
investigated, PB consistently shows a lower rate of degradation
compared to AB. Calculation of the activation energies, from the slope
in equation 3.6, gives values for AB as 6.08x104J/Mol (A =
2.24x107/min) and 7.06x104 J/Mol (A = 1.40x108/min) for PB.

The half-life, t; o values were calculated from the k,ps and the
results listed in Table 3.2. Comparison of half-lives of the two
compounds show considerable difference at all temperatures. These
results clearly indicate that a larger side chain length at the C-2 position
of bropirimine leads to a more stable compound. This could possibly be
due to an inductive reduction in carbonyl reactivity and to steric
hindrance to the approaching nucleophile. No further compounds
having longer chain lengths were synthesised on the basis of the long

half-lives of AB and PB (Table 3.2).

3.3.1.2 Effect of pH on the aqueous degradation of AB

Rate constant-pH profiles afford information that facilitates the

optimum formulation of the drug with respect to stability. These
profiles also yield information which can be used to predict the
degradative fate of the drug on oral administration.

Fig. 3.4 shows the effect of pH on the hydrolysis of AB in
Britton-Robinson buffers (ionic strength 0.5M) conducted at 60°C. As
with the temperature-dependent hydrolysis of AB (Fig. 3.1), first order
degradation is also displayed in the pH range 2.1 to 11.2. The observed
rate constant, Kops, at each pH value was calculated from the slopes of
the plots in Fig. 3.4 by statistical regression analysis using a CASIO fx-
3600p Scientific calculator. The correlation coefficients for all the pH
values were greater than 0.98.
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Temperature 1/, (min)
0 Acetylbropirimine | Propanoylbropirimine
37 (310K) 533 4077
50 (323K) 235 1155
60 (333K) 87 707
70 (343K) 70 293
80  (353K) 28 133

Table 3.2: Half-lifes of acetylbropirimine and propanoy! bropirimine
at various temperatures in Britten-Robinson buffer pH 10.0
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In (% AB remaining)

4.2
a a 2.1
e 37
4.0 B 55
% o 74
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Fig. 3.4: The effect of pH on first-order degradation of
acetylbropirimine at 60°C
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At low pH values, the acetylbropirimine is mostly
present in the undissociated form. The hydrogen ion concentration will
predominate over the hydroxyl ion concentration and under such
conditions, the hydrolysis will predominently be due to hydrogen ion

catalysis. Thus equation 3.3 will reduce to:

Kobs = ko[H*] ... 37
or log kobs = log k; - pH ...38
Also, kKobs = ko ay ...39
Where: ay is the hydrogen ion activity.

A plot of ks against pH should therefore yield a linear relationship and
Fig. 3.5 proves that this indeed is so, having a correlation coefficient of
0.999. Below pH 5, the rate of hydrolysis increases with decreasing
PH in accordance with equation 3.8. From the intercept the acid

catalysed rate constant, k,, was calculated as 3.07 x 10-2/M/min. The

slope had a value of 0.26 indicating that the reaction is not a straight
forward specific acid catalysed hydrolysis but may also involve some
contribution from other reactions (equation 3.4).

Extrapolation of the pH region 5-7 shows very low rate of
degradation, possibly independent of pH, and resulting predominantly
from water catalysed hydrolysis. Above pH 7, the rate of hydrolysis
once again begins to increase as the pH increases.

At higher pH values, hydroxyl ions predominate and thus dictate

the hydrolytic reaction. Equation 3.3 thus reduces to:

kobs = k3 [OH] ... 310
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Fig. 3.5: Rate constant-pH profile of acetylbropirimine at 60°C
(u=0.5) in aqueous buffered solutions.
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or, Kobs =k3 agy ... 3011
where agy is the hydroxyl ion activity.
And, log kops = log k3 + log agy ... 312

At 60°C, the hydroxyl ion activity may be calculated from the following

equation@24);
log apy =pH - 13.02 ... 313

The linear relationship is again seen in Fig. 3.5 (r = 0.991) for the basic
region. A slope of 0.302 indicates that AB does not follow a simple
specific base catalysed hydrolysis. The base catalysed rate constant, k3,

was estimated from the equation 3.12 as 5.58x10-2 /M/min.

o

LUBRARY AT

e~ T

< ;
rom sumwverns 3

Profiles such as these are not unique to AB but are displayed

frequently by many compounds which do not share a common chemical

——m e

structure (228-231),

A}

Extrapolation of the lines in Fig. 3.5 gives the pH value at
which AB is most stable (= 6.70). However, it is also possible to

calculate this point as below. At this pH:

k3K
ko [H+]=—[3ﬁ+TW ... 3.14

where Ky = ionic product of water

kak
Hence [H] = \/——iz“’ ...3.15
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Using the values for k; and k3 obtained from the above plots, the pH of
maximum stability was calculated as 6.87. Hence the measured value
agrees well with the calculated value.

The t, I value of AB at each of the pH is calculated and displayed

in Table 3.3. At the temperature of the experiment the ty;, of AB at pH

2.1 was 75 minutes. The most stable region for AB appears to be
between pH 5 and pH 7 (Fig. 3.5).

Depending on the physical and emotional state of an individual,
the gastric pH is within the range 1-2, with an average gastric emptying
rate of about 50 minutes(33). Under such conditions the conversion of

AB to bropirimine would be slow resulting in poor oral bioavailability.

pH ty 2of acctylbropirimine
(/min)

2.1 75

3.7 201

5.5 564

7.4 693

9.1 173

10.0 87

11.2 52

Table 3.3: Half-lifes of acetylbropirimine and propanoyl bropirimine
at various pHs in aqueous solutions at 60°C
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3.3.2 Degradation of pyrimethamine derivatives

3.3.2.1 Degradation of 2/4-N-substituted pyrimethamines

The two 2-N-substituted pyrimethamine derivatives were 2-N-
propanoylpyrimethamine (MPP, VII) and 2,4-N,N-
dipropanoylpyrimethamine (DPP, VIII). The pK, values of these
compounds are 4.40 and 2.89 respectively (Chapter 5).

These weakly basic compounds have limited solubility in the
alkaline region (Chapter 5). As an indication of the ease of hydrolysis
of MPP, degradation was studied at pH 2.0 at 60°C in Britton-Robinson
buffer (1=0.5). Degradation under these conditions displayed a first
order reaction, showing good linear relationship (r=0.9997) when In(%
MPP remaining) was plotted against time (Fig 3.6). The stable nature
of MPP is apparent, having Kops = 4.34x103/h and a t; I of 160h.

Temperature-dependent degradation of DPP follows a first order
reaction over several half-lives giving linear plots (Fig. 3.7). DPP

appears to be a much more thermo-labile molecule than the mono-

substituted derivative MPP. This is reflected in the t;,, values (Table

3.4) which range from 5 minutes (80°C) to 99 minutes at 37°C.
Application of the Arrhenius equation to DPP at these temperatures
gives a linear plot (Fig. 3.8) having a correlation coefficient of 0.99.
The activation energy, calculated from the slope of Fig. 3.8, gives a
value of 62.5 kJ/Mol (A=3.01x108) which is somewhat lower than that
for propanoylbropirimine (70.6 kJ/Mol) but compares well with
acetylbropirimine (60.8 kJ/Mol).

Fig. 3.9 shows the dependence of the first order degradation on
the pH of the aqueous environment for DPP. Hydroylsis occurs both in

acidic and basic regions suggesting both acid and base catalysed

degradation.

- 107 -
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Fig.3.6: Hydrolysis of monopropanoylpyrimethamine at 60°C and pH 2.0
in aqueous buffered solution (1=0.5 ).
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Fig. 3.7: Temperature-dependent hydrolysis of dipropanoylpyrimethamine
(DPP) in aqueous buffered solution pH 11.2.
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In (% DPP remaining)
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Fig. 3.8: Arrhenius plot for dipropanoylpyrimethamine
in aqueous buffer pH 11 2.
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Fig. 3.9: The effect of pH on the first order degradation of
dipropanoylpyrimethamine (DPP) at 60°C.
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RS |t Gmin pH tyy Umin)
37 99.0 2.1 21.1
50 29.6 3.23 72.7
60 22.4 4.58 550.0
70 7.8 5.46 3648.0
80 5.0 8.50 478.0
@ ol pr 113 9.00 189.0
10.03 48.2
11.10 22.4
(b) at 60°C

Table 34: Half-lifes for DPP at different temperatures (a)
and pH values (b)

Decreasing the pH leads to an increase in the rate of degradation
(Fig. 3.10) giving a linear plot for log(kops) against pH. Similarly
increasing the pH in the basic region also leads to an increase in the rate

of hydrolysis. From pH 4.5 to about 8.5 there appears to be little

degradation and represents the most stable part of the profile. The
respective rate constants were calculated as 1.01 /M/min for the acid-
catalysed hydrolysis and 0.29 /M/min for the base-catalysed hydrolysis.
Values for the slopes were 0.66 and 0.49 respectively indicating other
possible contributions. The half-lives ranged from 21.1 minutes (pH
2.1) up to 3648 minutes (pH 5.46) as listed in Table 3.4. By
extrapolation, the pH of maximum stability was estimated as 6.30 as
compared with a value of 7.26 for the calculated value (from equation
3.15). The difference in the calculated and measured values may be due
to the complex hydrolysis of the compound.

Fig. 3.11 shows the breakdown of DPP and the formation of

MPP and pyrimethamine.
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Fig. 3.10: Rate constant-pH profile of dipropanoylpyrimethamine
at 60°C in aqueous buffered solutions.
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Fig. 3.11: Degradation of dipropanoylpyrimethamine (DPP) in aqueous
buffer pH 2.62 at 50°C and the formation of monopropanoyl-
pyrimethamine (MPP) and pyrimethamine (Py).
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For the reaction:

k, ky,
A—3PpB—" 3

Kt
A=A, € *° ... 3.16
A k Kt kgt
B, = pope. [t e ] 317
Kt -kt
C1=Ao[1 _ k€ 7 ki€ ] ...3.18
kb'ka

These models were used for the theoretical lines in Fig. 3.11. Fig. 3.12
shows the HPLC chromatograms to confirm the presence of MPP and

pyrimethamine using 55% V/y acetonitrile in the mobile phase. 3

3.3.2.2 Degradation of 6-carboxylate ester analogues of pyrimethamine

3.3.2.2.1 Effect of temperature on degradation: These were synthesised

by esterification of the 6-carboxylic acid and the general structure is

shown in Chapter 2.

Fig. 3.13 to 3.16 show degradation of MDPC, EDPC, PDDC
and 1PDPC in aqueous buffered solutions pH 11.2 at a number of
different temperatures. Also the esters consistently demonstrated first
order reactions at all temperatures at the aforementioned pH.

As expected an increase in the side-chain length invariably led to
more stable compounds, as with bropirimine (section 3.3.1), possibly
due to steric hindrance. Using equation 3.6, the Arrhenius plots for
these compounds show good linearity (Fig. 3.17). From these plots,

the energy of activation, E,, and the frequency factor, A, were calculated
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Fig. 3.12: HPLC chromatagrams to show the degradation of 2.4-N,N-
dipropanoyl pyrimethamine.
1. Internal standard (ethyl paraben)
2. Pyrimethamine
3. R,N-Proponoyl pyrimethamine
4. 2,4 -N,N-Dipropanyl pyrimethamine
A = 0.4my standard solutions, B = 0 mins, C = 213 mins
Mobile Phase = 55%vlv acetonitrile
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Fig. 3.13: Temperature-dependent hydrolysis of MDPC in
aqueous buffered solution pH 11.2.
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Fig. 3.14: Temperature-dependent hydrolysis of EDPC in
aqueous buffered solution pH 11.2.
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In (%PDPC remaining)

In (% iPDPC remaining)
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Time (min)

Fig. 3.15: Temperature-dependent hydrolysis of PDPC in
aqueous buffered solution pH 11.2.
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40 50 60

Fig. 3.16. Temperature-dependent hydrolysis of iPDPC in
aqueous buffered solution pH 11.2
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Fig.3.17: Arrhenius plots for MDPC, EDPC, PDPC and iPDPC.
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for each compound and listed in Table 3.5 together with the half-lives of
the compounds at each of the temperatures. A general trend is observed

within the series viz. an increase in the side chain length leads to

increased tyy, values. These range from 1.68 minutes for MDPC at

70°Cto t; I values exceeding 500 minutes for iPDPC at 37°C. With the

exception of PDPC, the energies of activation do not vary a great deal
and indeed, if these were used as indicators of stability then little
difference would be seen between this series of compounds. However,
the frequency factor decreases as the series progresses, again with the

exception of PDPC, and possibly gives a better reflection of the

stability.
Half-life,t1,, (/min)
Temperature
O MDPC EDPC PDPC iPDPC
80 . 5.2 5.5 36.7 L5
70 1.68 7.9 8.7 52.1
60 2.94 14.5 14.2 68.6 'i
50 5.04 24.0 22.5 135.9 if
o s B
37 13.59 73.2 52.5 533.2
E.(0/Mol) |558 x 10% |5.56 x 104 |4.72 x 104 | 5.54 x 104
A Umin) 137 x 10° [2.52 x 107 [1.25 x 106 |3.77 x 106

Table 3.5: A list of various Arrhenius parameters for MDPC, EDPC,
PDPC and iPDPC

3.3.2.2.2 Effect of pH on the degradation of EDPC: Hydrolysis of

EDPC was undertaken in Britton-Robinson buffers (u=0.5) at 60°C.
First order degradation was seen at all the pH values for the base

catalysed hydrolysis of EDPC (Fig. 3.18).
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Fig. 3.18: pH-dependent hydrolysis of EDPC in aqueous
buffers ar 60°C.
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Fig. 3.19: Rate constant-pH profile of EDPC in aqueous
buffered solution at 60°C.
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4.0 THE USE OF DIFFERENTIAL SCANNING CALORIMETRY IN

4.1

THE ASSESSMENT OF PHYSICAL INTERACTIONS

Introduction

Although references to the use of differential scanning calorimetry
(DSC) in the pharmaceutical industry are legion, this technique is now
successfully being applied to the biochemical field on a routine basis. Examples
include whole blood and blood constituents{107), protein denaturation studies
(108,109) and lipid-drug interactions(110) amongst others. Excellent reviews by

Giron(111) and Fairbrother(112) outline further uses.

It is common practice in the pharmaceutical industry to use exicipients in
order to produce pharmaceutically satisfactory dosage forms. The diversity and ,
flexibility of the DSC as a tool in determining interactions is well accepted(112), A
Contributions from Botha ¢t.g/.(115.116) showed interactions occuring between
compounds commonly used in cold and flu remedies, although no attempt was
made to elucidate the nature of the interactions. It is in this context that the DSC

plays an invaluable role.

4.1.1  Aims

The thermal behaviour of bropirimine in combination with possible
excipients was examined by DSC to study potential interactions. The
work was further extended to study solid state degradation using model

compounds.
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A plot of log(keps) against pH yields a straight line

(r=0.993) as shown in Fig. 3.19. From this plot, the value of the base
catalysed rate constant, ko, was calculated to be 0.61 /M/min.

When low pH buffers were used, no degradation was apparent.
Even under extremely hostile acidic environment such as strong
hydrochloric acid solution (5M and 11.3 M) very little breakdown
occurred. Under these conditions the Kobs values were calculated as
1.32x10-3 /min in the 5M HCl solution and 1.77x10-3 /min in the 11.3M
solution (Fig. 3.18). EDPC (pK,=3.86) is predominantly unionised in
the basic region. Hence this phenomenon can be ascribed to different
reactivities of the protonated and free base forms of the compound(208,
283, 234,235). The ionised form of EDPC thus represents a very stable
moeity towards acid-catalysed hydrolysis.

The half-lives of EDPC varied from 303 minutes at pH 5.95 to

6.5 minutes at pH 11.1.
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4.2 Experimental

The materials were either used as received from the manufacturers or

synthesised at the University of Aston.

4.2.1

Apparatus

Differential scanning calorimetry (DSC) was undertaken with a
Perkin Elmer DSC-4 instrument using the Thermal Analysis Data Station
(TADS) for data collection and plotted on a Perkin-Elmer Graphic
Plotter 2.

The TH-NMR spectra were recorded in a ds-dimethylsulphoxide
solution (Sigma), with tetra-methylsilane (Sigma) as the internal
standard at 360MHz by means of a Bruker Spectrospin spectrometer.
Mass spectra were obtained with a VG Micromass MM 12 mass
spectrometer using a direct insertion probe with a inlet temperature of
250°C, an ionisation energy of 70V, an accelerating voltage of 3kV and

a trap current of 100pA.

T WO LTI P

Physical mixtures of drug and additive were prepared by
trituration on a glass tile or ball milling as described in Section 5.2.2.1.

Samples for thermal analysis were accurately weighed (1-4mg)
into an aluminium pan, covered with an aluminium lid and crimped into
position using a hand press. The pan was placed in the DSC oven
together with a blank, prepared in exactly the same way but without the
sample. Both the sample and the blank were continuously purged with
nitrogen gas at a flow rate of 25cm3/min and a pressure of 20psi
(1.4kg/cm-2). Thermograms were recorded over a temperature range of
35-350°C with various programmed heating rates, usually 10 K/min.
Changes to the sample are recorded as either an endotherm or an

exotherm depending on the nature of the change. Temperature
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calibration was made with an indium standard (onset termperature
156.6°C).

For the isothermal degradation of bropirimine in the presence of
polyethylene glycol (PEG) 20M, a 1:9 admixture was prepared by
trituration. 2-3mg of the mixture was then accurately weighed into an
aluminium pan and the unsealed pan placed in the DSC oven at a loading
temperature of 50°C and a heating rate of 100°C/min up to the maximum
desired temperature. Samples were left in the oven for fixed periods of
time after which the contents were extracted in 10mL methanol (Fisons).
ImL of this solution was added to ImL internal standard (50pg/mL
ABmFPP in methanol) and injected into the HPLC as discussed below.

For the mechanical treatment of lactose monohydrate (BDH), the
following experiments were carried out to complement the DSC
thermograms. The model compound used was 4-methoxyphenyl
aminoacetate hydrochloride (MPAA), a prodrug of 4-hydroxyanisole,

synthesised at Aston University.

OCH,4

O=COCH2NH2 HCl
4-methoxyphenyl aminoacetate hydrochloride (MPAA, XIII)
Three samples were prepared in the ratio 10%*/, MPAA and 90%™/,

lactose monohydrate, both sieved and the sieve fraction 150-212um

collected and both components triturated.
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Sample 1 Gentle mixing of both lactose monohydrate and
MPAA in a vial. No grinding,

Sample 2 Lactose monohydrate ground for 10 minutes using an

agate pestle and mortar, gently mixed with unground

MPAA.

Sample 3 Both lactose monohydrate and MPAA ground

together for 10 minutes using a pestle and mortar.

Acetic solvate of bropirimine Either a 1:1 mixture of MPAA and the

solvate ground together for 5 minutes or MPAA ground individually and

then gently mixed with the solvate.

Each sample was separated into 20mg aliquots (5mg for acetic acid
solvate) into individual plastic vials and the vials placed in a glass {
desiccator above a saturated solution of ammonium sulphate (relative ¢ if
humidity of 80% at 37°C)(144), This in turn was placed in an oven pre- ’
equilibrated at 37°C. After fixed intervals of time, the pertinent vials
were removed and the powder dissolved in SmL methanol. The
contents were thoroughly mixed by shaking and subsequent sonication
and the suspension finally filtered through a 0.20pum Millipore filter.
ImL of the filtrate was added to ImL of internal standard (0.1mg/mL
ABmFPP), thoroughly mixed and 20uL injected into the HPLC once

steady conditions had been achieved.

HPLC Conditions
Mobile phase  : 20%Y/, acetonitrile

0.1%V/, diethylamine
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adjusted to pH 2.0 using orthophosphoric acid
Flow rate : 1 ml/min

Chart speed : 2mm/min
Sensitivity : 0.08-0.16 AUFS
Wavelength  : 300nm

4.3 Results and discussion

4.3.1. The effect of additives on the thermal behaviour of bropirimine and

structurally related compounds.
Fig. 4.1 shows thermograms obtained for PEG 20M and

bropirimine, recorded at a heating rate of 10 K/min over a temperature
range of 35°C to 330°C. The themogram for PEG 20M shows a single
sharp peak with a melting endotherm near 63°C. The thermogram for
bropirimine shows a peak at 289.3°C (onset 284.5°C) which develops
into peaks showing irregular variations characteristic of thermal 3 j

degradation as evident from the dark deposits of the breakdown product

on the oven lid. The exact temperature range over which the ‘ g;
& {

transformation occurs varies somewhat with the origin of the sample,
sample weight and the heating rate employed, although all show similar
profiles(113,114),

Mixtures of the drug with excipients were prepared either by dry
mixing, by evaporation or by melting. The enhanced rate of dissolution
obtained by using mixed systems (PEG, PVP) can be clearly seen from
the dissolution profiles in Section 6.3. Fig. 4.1 also shows thermograms
obtained from a mixture of bropirimine and PEG 20M. It is apparent that
the PEG 20M endotherm is retained in the same place in the mixture but
that corresponding to the melting of the bropirimine has been lost and in
its place a new, exothermic transition is observed at a lower onset

temperature of 247.9°C.  Provided that the ratio of the
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mixture remained the same, the onset temperature was independent of the
method of mixture. Furthermore, no trend was observed between the
ratios of the PEG 20M and bropirimine mixture and the onset
temperature; the exothermic event occurring in the onset temperature
range of 230 - 250°C. These exothermic events may be as a consequence

of one of the following:

1. Dissolution of bropirimine in the PEG 20M melt.
2. Crystallisation/recrystallisation phenomena.

3. Degradation of bropirimine.

In order to test the above possibilities, DSC thermograms of bropirimine
and related compounds, both alone and in admixtures with a number of
additives, were determined.

Crystallographic studies of bropirimine have shown it to exist in a
dimeric conformation with a strong Watson-Crick type association(117)
and the correspondingly low aqueous solubility has been attributed to this
dimerisation(77). In order to assess whether this phenomenon contributed
to the aforementioned behaviour, molecules having similar conformations
were used.

The acid hydrolysis of pyrimethamine under controlled conditions
gives rise to a mixture of 2-amino-5-(4-chlorophenyl)-6-ethylpirimidine-
4(3H)-one(XIV) and the corresponding 4-aminopyrimidin-2(1H)-
one(XV) as shown in scheme 4.1119). These compounds co-crystallise
as a paired dimer which also shows strong Watson-Crick type
association(119) (XVI). For comparative purposes, the dimeric
conformation of bropirimine (XVII) is also shown in scheme 4.1.

Fig. 4.2 shows the DSC thermograms of (XIV), (XV) and (XVI)
alone and in admixture with PEG 20M. The 2-amino-4-one (XIV)
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VI =Pyrimethamine
XIV = 2-amino-5-(4-chlorophenyl)-6-ethylpyrimidin-4(3H)-one

XV = 4-amino-5-(4-chlorophenyl)-6-cthylpyrimidin-2(1H)-one
XVI = Mixed dimer of II and II

XVII = Bropirimine dimer Scheme 4.1
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displays a single sharp endotherm with a peak temperature of 280.9°C
indicating one component only. In contrast, the 4-amino-2-one (XV)
simply yields two peaks at peak temperatures of 263.3°C and 280.7°C
indicating the presence of both isomers with similar peak temperatures to
the mixed dimer (266.3°C and 282.8°C). Although a rather complex
thermal profile is obtained for the PEG 20M dimer mix, there is no
indication that any exothermic events, characteristic of the bropirimine-
PEG 20M mixture, are initiated on admixture, Addition of PEG 20M to
the mixed dimer leads to progressive dilution and consequently the
major effect appears to be a large reduction in the intensity of the
endotherms.

Amide modifications to the 2-amino group of the bropirimine
through acetyl, propanoyl and chloroacetyl derivatisation followed by
treatment with PEG 20M shows that the exotherm is retained in all
instances, and at lower temperatures, following admixture (Fig.4.3).
The depression in the temperature of the new event with these close
derivatives of bropirimine does not appear to be as marked as the
bropirimine itself. These results indicate that the 2-amino group is not
implicated in the exothermic event.

When other pyrimidine derivatives containing bromine at the 5-
position were subjected to DSC analysis, it was immediately apparent
that it was this substitution which was the cause of the anomalous
thermal behaviour of the mixtures, although the exact behaviour of
bropirimine was not duplicated (Fig.4.4). In the case of 5-bromo-1-
methyl uracil, a sharp endotherm (peak temperature 273.3C) was
immediately followed by an exothermic transition (peak temperature
278.5°C). In contrast to this, only a strong exotherm was recorded for
5-bromocytosine, at a peak temperature of 252.8°C. A similar

thermogram, with a maximum at 250.9°C was obtained for the 5-iodo
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analogue. It seems plausible to suggest, therefore, that the exotherm in
the bropirimine mixture is due to degradation caused by the
incorporation of a labile C-Br bond on the molecule. Consideration of
the average bond dissociation energies for =C-H (460 kJ/mol) and =C-
Br (335 kJ/mol)(120) gives added weight to this theory. In an attempt to
confirm this and to identify the degradation product(s), a 4:1
bropirimine-PEG mixture was heated in a DSC pan until the exotherm
was just completed. The mixture, showing signs of a white sublimate,
was extracted from the pan and analysed by chromatography, by mass
spectrometry and by 'H-NMR spectroscopy.

HPLC analysis was carried out using two mobile phases. The
first mobile phase consisted of 20%V/y acetonitrile (section 4.2.1) and
in the second mobile phase, the acetonitrile was replaced with 20%V/y,
methanol.

Fig. 4.5 shows the HPLC traces obtained with both of these
mobile phases for 2-amino-6-phenylpirimidin-4(3H)-one (APP) and
bropirimine. Both confirm the presence of one major component only j é!
which, in both systems, co-eluted with APP; the product derived from
bropirimine by substitution of the hydrogen for the bromine atom. The
elution times for bropirimine and APP in 20%V/y acetonitrile were 5.8
and 2.7 minutes respectively and 20 minutes and 6.5 minutes
respectively in 20%V/y methanol.

IH-NMR spectroscopic analysis further supported the above
rationale with the presence of an absorption band at 8 6.11 ppm due to
the new proton at the S-position of the pyrimidine ring.

The final confirmation of the assignment was provided by mass
spectrometry which revealed a molecular ion at m/z 187 together with
the absence of the 79Br:81Br doublets characteristic of the bromine-

containing ions in the starting material (Scheme 4.2). The iodo analogue
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. Bropirimine; M*. 267(97%), 265(100%)
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X=H, m/z 104(30%) X=H, m/z 77C15%) X=H, m/z S1(10%) i
HNCO* -
X=Br, m/z 43(60%)
X=H, m/z 43(20%)
Scheme 4.2: Mass spectral assignments of bropirimine and 2-amino-6-

phenylpyrimidin-4(3H)-one, its debrominated product
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of bropirimine, 2-amino-5-iodo-6-pheny1pyrimidin-4(3H)—one (AIPP),
reveals similar behaviour. Pure AIPP shows an endotherm at 285.6°C
followed by an exotherm at 288.9°C, whereas on admixture with PEG
20M both transitions are replaced by a single exothermic event at a lower
temperature of 257.6°C due to de-iodination.

No trace of products incorporatin g oxyethylene chains, expected
if the reaction involved nucleophilic displacement of bromine by PEG
hydroxyl groups, was detected. It is thus possible that the thermal
dissociation of the C-Br bond is followed by a hydrogen abstraction
reaction involving the molten PEG 20M.

Using a range of 5-halogeno-uracils the generality of this
interaction may be demonstrated. DSC analysis of these compounds
show that the fluoro-, chloro- and bromo compounds are characterised
by a single endothermic transition (Table 4.1). This endotherm also
begins to develop in the 5-iodo-analogue but degradation overtakes
melting and a strong exotherm immediately follows the initial transition.
The DSC curves of these compounds have been reported previously él
(121.122) but thermograms with multiple transitions were observed due to ’
impurities in the samples. Using pure samples, only single endothermic
transition was apparent for each compound except the 5-iodo-analogue
(Table 4.1). When each of the uracils was mixed with PEG 20M and
the DSC analysis repeated, the 5-fluoro- and 5-chloro- derivatives
appeared as physical mixtures of the individual components. Although
some broadening of the endotherm was observed, the onset temperature
remained relatively constant. No disappearance was observed nor was
there introduction of any new peaks. In contrast, both 5-bromo- and 5-
iodo- analogues revealed strong exothermic bands on admixture, due to

the corresonding substitution reactions as detailed in Table 4.1.
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Onset temperature (°O)
URACIL

Pure Admixture
5-F 281.9 282.8
5-Cl 319.9 317.1
5 - Br 310.4 296.5"
5- | 285.3 266.5"

292.6"

* signifies exothermic transitions

Table4.1: DSC onset transitions of 5-halogenouricals alone
and in 1:1 admixture with PEG 20M

The behaviour of this series is in accordance with the predictions
based on the bond energies with the weakest bond (C-I) initiating
reaction at the lowest temperature and parallels degradation. To support
this view, thin layer chromatography indicated the presence of uracil as
a thermolysis product of 5-bromo-2!-deoxyuridine and the exothermic

transition at 345°C has been attributed to this reaction(121),

S R

In order to investigate whether the induction of this reaction is
specific to PEG 20M, the interaction of bropirimine with a series of
compounds, which may be of use as additives to influence solubility
profiles, were examined. The results are recorded in Table 4.2 which
shows that several excipients share the potential exhibited by PEG 20M
to facilitate thermal degradation of this type. Dehalogenation of
bropirimine has also been shown to occur in strongly alkaline aqueous
solutions over a period of time(131). With the exception of urea, no
melting endotherms were observed and all showed a single exotherm for
bropirimine degradation. Urea shows a melting endotherm (133.6°C)
but on further heating a large endotherm develops from 188°C onwards.

This signals the thermal degradation of urea (HoN-CO-NH3) to biuret
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(HoN-CO-NH-CO-NH;) with the evolution of ammonia(123). QOp
admixture with bropirimine, the melting profile broadens and is
depressed (116°C) while the degradation begins at 160°C and obscures
bropirimine transitions. Confirmation of the reaction may be
demonstrated by extraction of the melt from the DSC pan, as described
above, isolated after heating to:

1) 200°C  and

i) 250°C
HPLC analysis of the extracts gave traces similar to Fig. 4.5 thus
confirming that debromination is occuring over this range. At 200°C,
little of the debrominated product is observed, whereas at 250°C,
considerable reduction in the intensity of the bropirimine peak, with a
corresponding increase in that due to 2-amino-6-phenyl-pyrimidin-

4(3H)-one is apparent.

Additives Onset temperature
Y of transition (°C)
B -cyclodextrin 225.7%
Hydroxypropy!- p -Cyclodextrin 215.6"
N-methyl-D-gfucamine (Meglumine) 241.4*
*
Polyethylene glycol 1000 250.5
*
Polyvinylpyrrolidone (PVP) 253.2
Urea
Urea melting 133.6
*
Biuret formation 188.0

* signifies exothermic transitions

Table 4.2: DSC onset transitions of brggirinzine onl:l
admixture with various excipients
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It is possible that the catalytic effect afforded by these additives
is a consequence of the increased proportion of the aromatic halogeno
compound in the liquid state at any fixed temperature. This may be due
to the presence of the molten additive phase causing total or partial
dissolution or else, for those additives such as PVP, which does not
show a melting endotherm, depression of melting point of the halogeno
compound may occur which will similarly increase the proportion in the
liquid state. It is well recognised that such factors significantly enhance
the rates of reaction in the solid state(124-127), Evidence for this
interpretation may be gained from examination of a compound which
clearly melts prior to degradation. Such a compound is 2-amino-4(N-
hydroxyethyl)amino-S-bromo-6-pheny1pyrimidine, an analogue of
bropirimine. The thermograms of this compound, alone and in
admixture are displayed in Fig. 4.6. The pure component shows
successive melting (192.5°C) and degradation (268.4°C) behaviour. On
admixture with PEG 20M, the profile is retained. The melting transition
is rather broader with a range of 173.9-197,3°C in the presence of PEG
20M, compared to 177.6-197.3°C observed for the pure compound,
which may be perhaps due to competing dissolution of the pyrimidine in
the PEG melt. The degradation exotherm, however, is virtually
unchanged showing a reaction range of 226.6-276.3°C. This compares
well with the range of 235.4-276.3°C found in the pure state and
confirms that degradation is largely unaffected by the low amounts of

the excipient in the liquid phase.
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4.3.2

The use of DSC variable heating rate for solid state stability predictions.

The standard method for carrying out accelerated stability testing
is to degrade the sample isothermally at a number of discrete
temperatures with variables, e..g. humidity, kept constant. However,
this process is usually time consuming,

Using the expressions derived by Ozawa(128), the ASTM E698
method(129) has embodied an alternative method whereby DSC may be
used for solid state stability testing. This is done by recording the peak

maximum temperatures for several different heating ratios and plotting

In (%) against % where B is the heating rate in K/min and T is the

corrected peak maximum temperature(129) in K. This should yield a
straight line from which the activation energy, E, and Arrhenius pre-

exponential factor, Z, may be derived from:

e T

d - In —%
=R — .41
(1)
where R = Molar gas constant
E =R x slope ...42

And,

E e -E/RT
z:%—— .43

where B = heating rate in the middle of the range.

The rate constant, k, may also be calculated from:

k=Ze-E/RT ...44
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where T 1s in K.

Fig. 4.7 shows plots of ln% against ,II—‘, for admixtures of

bropirimine with various additives. All of these have been shown to
promote decomposition of bropirimine by substitution reaction (Section
4.3.1). As can be seen from equation 4.2, the slope of each of these is
directly proportional to the activation energy and is a measure of the ease
of a reaction.

No relationship appeared to exist between the amount of PEG
20M in the mixture and the peak maximum temperature of the
exothermic event (Section 4.3.1). However, Fig. 4.7 shows that as the
amount of PEG 20M is increased from 10%%/,, to 50%%/,, there is a
corresponding increase in Z and a corresponding decrease in the
activation energy, albeit a small change. Table 4.3 lists the activation

energies and the pre-exponential factors for these admixtures.

., Amount Ex 105 | zx 107V Correlation
Excipient added (%v/v)| (I/Mol) (/min) coefficient, r
PEG 20M 50 1.59 9.54 0.998
PEG 20M 10 1.88 8.96 0.998
PVP 10 1.69 3.16 0.990
HPBCD 10 1.59 6.74 0.998

PEG Polyethylene glycol
PVP Polyvinylpyrrolidone

HPBCD  Hydroxypropyl- B- Cyclodextrin

Table 4.3 Kinetic parameters of bropirimine on admixture
with various excipients
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As expected, a trend is apparent between the temperature of the
exotherm on admixture and the activation energy, e.g. hydroxypropyl-
B-cyclodexrin/bropirimine admixture yielded an exothermic peak at
215.6°C at a heating rate of 10°/min. The corresponding value for the
polyvinyl pyrrolidone/bropirimine mixture was 253.6°C. The activation
energy values for the two systems were calculated as 1.59x105 J/mol
and 1.69x105 J/mol respectively. The pre-exponential factors also
showed consistency with the former admixture having a higher Z value
than the latter,

To check the validity of this method and for comparison, an
isothermal experiment was performed. The two components (10%%/,,
PEG 20M and 90%"/,, bropirimine) were thoroughly mixed and 2.3mg
samples accurately weighed into an aluminium pan and isothermally
stressed for fixed periods of time. The mixture was then extracted with
methanol and injected into the HPLC using 20%"/, acetonitrile in the
mobile phase (Section 4.3.1) and ABmFPP (50pg/mL in methanol) as
the internal standard.

Fig. 4.8 shows plots of In (mole fraction remaining) against time
at various temperatures (190-200°C). The plots are seen to follow first
order decomposition in that particular temperature range. For such a

decomposition:

In A, =In A, - kt .. 45

where Ao = Concentration at time zero,
At = Concentration at time t,
k = First order decomposition rate constant.

_ In(AyA)

n . 4.6

or, k
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From the Arrhenius equation:

k =Ze -ERT
where T = Temperature in K

and Z, E and R have the same meaning as above.

Therefore, M{’/—AL= Z e -ERT
_In(AJ/A)
and L= e -ERT

Hence it is possible to calculate the time taken for a certain amount of the
drug to degrade at a particular temperature if the Z and E values are
known.

The variable heating rate experiment provided the rate constants
calculated from equation 4.4. The slope of the In (mole fraction) against
time yielded the decomposition rate constant for the isothermal method.
The results obtained for the two rate constants are plotted in Fig. 4.9.
Variation is seen between the two lines which criss-cross at a
éoincidental temperature near 468K. On either side of this point, the
deviation between the two lines progressively increases. Similar
difference between the two methods have also been observed by Torfs
et. al.(31) using t-butylperpivalate as the model compound and several
reasons were given for the difference. Although the variable heating rate
method may theoretically appear attractive(128), it is full of experimental
variables, e.g. sample mass and particle size are common sources of
variation in results(113.130). Large differences in activation energies
were observed when different crucibles were used, possibly due to heat

losses31). Li Wan Po suggested that errors occuring in instances when
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4.3.3.

experimental factors were mostly non-conbtributory, external agents
such as oxygen or moisture may be responsible(132). It is also important
to determine the peak temperatures accurately as a small change may lead
to large errors.

Provided the variables could be identified and accurately
controlled, the variable heatin'g rate method may prove to be a powerful
addition to an analyst's armoury. This method has the advantages of
simplicity of measurements, applicability to many types of reactions and
relative insensitivity to secondary reactions(133), Althou gh considerable
differences are seen between the two methods, accuracy of each method

can depend on the compound under consideration(133),

The use of DSC in the evaluation of physical changes upon mechanical

treatment of compounds.

The physical changes in compounds brought about by
mechanical treatment have only been realised in the past 15-20 years and
the results made more meaningful with the use of DSC. Experiments x
usually involved grinding the compound under test with subsequent
examination for any polymorphic transitions(134-136). More important
were experiments conducted by Chan and Doelker who subjected over
thirty drugs, known to exist in polymorphic forms, to compression and
found that tranformations had occured in one-third of them(137).
Addition of certain excipients have been shown to facilitate the rate of
transformation from one form to another(138),

The term solvate is a very general definition for the association
of the solvent to the solid compound. This association may be by way
of physical adsorption, chemisorbed, zeolites, clathrates,
pseudosolvates (solvent existing as charged ions) or true solvates

(solvate existing in molecular form) and thermal methods can be used to
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characterise the type of association(13%.140), Hence crystallisation of a
compound from a particular solvent may show marked differences in the
DCS thermograms.

Fig. 4.10 shows the acetic acid solvate of bropirimine and the
effect of mechanical treatment on the resulting thermogram. Only the
portion of the thermogram containing the desolvation is shown since
only this part is relevant to the experiment. On grinding the solvate in a
pestle and mortar, peak broadening takes place with a subsequent
depression of peak maximum temperature. After 5 minutes of grinding
the initial peak at 138.9°C is replaced by a broader peak at 118.3°C.
These results suggest that desolvation is taking place(141.142) i, the
bonding force between the acetic acid molecules and bropirimine is
weakened by grinding and the amount of acetic acid molecules having a
greater freedom of movement in the impaired lattice is increased. The
liberated molecules are thus free for any further 'nteractions, and if the
parent compound is labile, decomposition may ensue(141.142),

To test the possibility of the liberated acetic acid molecules
causing decomposition, the model compound MPAA was used which is
known to be highly water-labile(143),

The thermogram of MPAA is displayed in Fig. 4.11 along with
those thermograms obtained after the mechanical treatment by way of
grinding in a pestle and mortar. No meaningful difference in the
thermograms is observed as the size of the sample used will in itself
cause minor variations in peak maximum temperatures(113), However,
immediately upon admixture (both components gently mixed in a vial
i.e. no grinding) with the acetic acid solvate (25%%/,MPAA:75%%/,,
acetic acid solvate), the individual peaks corresponding to either pure
MPAA or the solvate disappear and in their place appears a single

shouldered peak at a peak maximum temperature lower than those of
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either pure component (Fig. 4.12). As the length of grinding increases,
the peaks progressively appear at a lower temperature and show
similarity with the individually ground acetic acid solvate, but at a lower
temperature. These events obscured the peaks due to bropirimine in the
solvate, and hence no attempt was made to study the possibility of
bropirimine peak variation. It is possible that the new peak is due to the
depression of desolvation point by MPAA or alternatively a reaction
could be taking place.

To test the possibility of decomposition of MPAA, a 50:50
mixture of the acetic acid solvate and the MPAA were ground together
as described in Section 4.2.2. The HPLC was effected using the mobile
phase described in Section 4.2.2. Typical HPLC traces are shown in
Fig. 4.13, using standard solutions along with a mixture of each
obtained from partial degradation by grinding MPAA with the acetic acid
solvate. Elution times of 5.5 mins and 3.5 min. were recorded for 4-
hydroxyanisole and MPAA respectively.

Decomposition in the solid state is a multi-variable phenomenon
and two basic models to describe such decompositions (Table 4.4)
include:

a. Contracting geometry (or topochemical). It is assumed that
the radius of the intact chemical substance decreases linearly
with time.

b. Diffusion based. The model assumes that the decomposition
is governed by the formation and growth of active nuclei
which occur on the surface as well as inside the crystals.

Microscopical examination of the particles showed that MPAA (Fig.
4.14) crystals used in this study existed in irregular slabs. Hence the
contracting slab model was used to follow the sold state decomposition

of MPAA.
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1. Contracting Geometry Model

2. Diffusion Model

Slab (1-%)=1- (-rki)
Cylinder 1-x) =1- (?—)
Sphere (cube) V({1 -x) =1- G—:—)
Cylinder [1-2v(T-x) 2=kt
Sphere [1-3v{T-x) J2=kt

where k' = %‘

0

X
t

k
Mo

Table 4.4:

Mole fraction decomposed
time

decomposition rate constant
initial radius of the solid

Models used for solid state decomposition [adapted from (220)]
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Plots of (1-x) against t (Table 4.4) for ground and unground admixture
of acetic acid solvate of bropirimine and MPAA are shown in Fig 4.15.
Being a prodrug, the MPAA breaks down to yield the active moiety 4-
hydroxyanisole (Fig. 4.13). Also shown in Fig. 4.15 are the effects of
humidity on the degradation of MPAA. Being water-labile,
decomposition follows exposure to moisture and this is clearly seen in
Fig. 4.15 and reflected in the decomposition rate constants (Table 4.5).
An increase in the rate of degradation is apparent when the relative
humidity is increased from 10% to 80%. As already shown above (Fig.
4.10), grinding the acetic acid solvate leads to the liberation of free acetic
acid molecules which are in turn available for further reaction. Plots 3

and 4 (Fig 4.15) hence represent decomposition due to acid catalysed

hydrolysis of MPAA.
.. . Correlation

Conditions k' (=k/ro) coefficient, r
MPAA at 37°C + 590 x 10 > 0.957
MPAA at 37°C + 80% RH 116 x 10 % 0.994
MPAA + solvate (unground) at { 1.83 x 10" % 0.984
37°C + 80% RH

.4

MPAA + solvate (ground for 3.10 x 10 0.977
5 mins) at 37°C + 80% RH

Table 4.5: Rate constants and correlation coefficients for the
degradation of MPAA under various conditions
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acetic acid solvate of bropirimine
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The above experiments illustrate that the breakdown of a
labile drug on admixture may be enhanced when mechanically treated with
solvates. Although these types of solvates are uncommon, hydrates are
frequently encountered. A very important example is lactose which is
widely used as tablet diluent in the pharmaceutical industry.

Thermograms of a-lactose monohydrate run at a heating rate of
10°/min give two peaks (Fig. 4.16). The first endotherm at Ca. 150°C
represents the loss of water whereas the second peak at Ca. 217°C
represents the melting of the a-lactose monohydrate, followed by irregular
peaks indicative of degradation. There are conflicting reports on the
temperature at which the a-lactose monohydrate melts. Lerk gr.gl.(145)
have reported the melting endotherm at 212°C, whereas Berlin ¢z.gl.(146)
showed it to occur at 223°C, the former using open aluminium pans
whereas the latter used crimped pans.

On grinding the a-lactose monohydrate, he dehydration peak
begins to develop a shoulder at a lower temperature which becomes
progressively bigger and broader upon further mechanical treatment
indicating the release of water from the crystal lattice (Fig. 4.16). After
10 minutes of grinding the dehydration peak is almost lost and is replaced
by a broad peak with a peak maximum temperature of 139.1°C.

A further endothermic peak begins to develop concurrently with
the above peak at Ca. 223°C. The size and the peak maximum
temperature of this increase upon mechanical treatment and is possible due
to conversion of a-lactose monohydrate to the stable anhydrous a-
lactose(145). Even on purification, the stable anhydrous a-lactose contains
a relatively high amount of B-lactose (approx 13%)(148) which shows a
melting endotherm at 237°C.(145). However, because of this mixture,
depression of melting point may occur and the double endotherm recorded

with the stable anhydrous a-lactose may be the melting of the stable
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anhydrous a-lactose followed by the melting of the p-lactose. This may
thus explain the progressive decrease in the intensity of the first
endotherm and the corresponding increase in the intensity of the second
endotherm upon grinding (Fig. 4.19). If increasing the amount of an
impurity causes a depression in the melting point then the opposite should
also hold. As the size of the second endotherm increases, peak maximum
is seen to occur at progressively higher temperature such that from 2
minutes to 10 minutes of grinding, the peak maximum temperature of the
endotherm increases from 223°C to 227°C. It is logical to assume,
therefore, that mechanical stress leads to the conversion of anhydrous o-
lactose to the B-lactose. As the amount of B-lactose increases (and
therefore its purity), the peak maximum temperature will tend towards the
peak maximum temperature of the pure (98.7%) B-lactose (Ca.
237°C)(143),

A third, exothermic event is seen to occur at a peak maximum
temperature of around 165°C after 10 minutes of grinding. This has
caused confusion amongst a number of workers(145-147) who recorded the
peak at various temperatures, although not always on grinding. Itoh
et.al.(147) observed that the x-ray diffraction pattern of the anhydrous p-
lactose contained a number of peaks which could not be accounted for by
a-lactose monohydrate alone. They thus concluded that formation of a
new crystal structure has taken place on dehydration but failed to relate
this to the exothermic peak they had recorded at 181°C(147), Although,
generally, conversion of one form to another occurs on melting(149),
Fernandez-Martin ¢f.al.(159 conclusively showed that equilibration
between a-form and B-form was taking place in the solid state, albeit at a
higher temperature (175-180°C) than the exotherm recorded here.

As with the acetic acid solvate, grinding of lactose monohydrate

liberates water which is free to undergo any interactions. Fig. 4.17
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shows thermograms obtained for an admixture of MPAA (25%%/y) and
lactose monohydrate (75%"/,,) upon grinding. After gentle mixing of
the two components in a vial, two endothermic peaks are apparent, the
first of which (151.9°C) may be due to dehydration of lactose
monohydrate. The second endotherm (179.6°C) cannot be attributed to
peaks from either component although a sharp depression in melting
point of the lactose may result in such a peak. However, upon grinding,
even for periods as short as 1 minute, the peaks coalesce to form one
broad peak. Immediately following the peak, the irregular shape of the
thermogram signifies degradation.

Fig. 4.18 shows the disappearance of MPAA and the appearance
of 4-hydroxyanisole following grinding of the prodrug with lactose
monohydrate for 10 minutes and subsequent storage at 37°C and
80%RH. The plots show that degradation of MPAA follows zero order
kinetics. After 1500 minutes, all the MPAA has broken down to form
4-hydroxyanisole.

Fig. 4.19 shows the data plotted according to the contracting
slab model (Table 4.4) under various conditions. A simple mixture was
obtained by sieving the two components individually and then gently
mixing them in a vial. A rate constant of 2.55x104/min is obtained here
(Table 4.6) compared to 1.16x104/min for the admixture of acetic acid
solvate and MPAA under the same conditions. This suggests that even
without grinding there is sufficient interaction to enhance degradation to
some extent. The effect is much more pronounced on grinding. There
is only a slight difference in the decomposition rates between the
samples when only lactose is ground (4.67x10-3/min). In the latter
case, the higher decomposition rate constant is probably due to not only
a better mix, but also due to an increase in the surface area available for

decomposition upon mechanical stressing.
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In conclusion, although reports exist on the effect of grinding,
these usually tend to relate the mechanical stress to polymorphic
changes(134.136-138) or 'in_house' degradation(141.142) j e the liberated
water causing degradation of the parent compound. Where physical
interactions have been observed(116) ng attempt had been made to
evaluate the cause of interaction. Experiments performed here show
conclusively that water labile substances may degrade upon admixture

with compounds containing water of crystallisation, even under mild

mechanical stress.

. v Correlation
Conditions k' (=k/ro) coefficient, r
Simple mixture 255 x 10°4 0.990
Only lactose, ground for 467 x 1073 0.977
10 minutes
Lactose and MPAA, ground 5.04 x 1073 0.995

for 10 minutes

Table 4.6 Rate constants and correlation coefficients for the
degradation of MPAA on admixture with lactose
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5.1

5.2

5.0 PHYSICO-CHEMICAL PROPERTIES OF THE
IMMUNOMODULARATORY AGENTS

Introduction

Frequently, the rate determining step in the absorption process of a
compound, given orally, is dissolution. A low aqueous solubility may manifest
itself in low activity of the drug as a result of low plasma levels. To enhance
the solubility, other methods may be considered such as modification of
chemical structure(152) or the use of additives, co-solvents and solid state
manipulation(153),

Attempts shall be made to determine the physico-chemical properties of
the immunomodulatory agents (bropirimine, and its derivatives and
pyrimethamine and its derivatives) such as the aqueous solubility and pK,
values. The effects of co-solvents and additives on vropirimine shall be

studied in oder to formulate bropirimine for parenteral use.

Materials and methods

5.2.1 Solubility determination
5.2.1.1 Solubility in Britton-Robinson (B-R) buffers

The buffers (pH 2-11) were prepared as described in Appendix I and the
final strength of the buffers adjusted to 0.5M using potassium chloride
(Fisons). The acids and bases used in the preparation of the buffers
were obtained from different sources and were all of BP standard.
Approximately SmL of each of the buffer was placed in a flat-bottomed
vial to which excess (100-200mg) drug (bropirimine, AB, PB,
pyrimethamine, MPP, DPP, MDPC, EDPC, PDPC and iPDPC) were
added. A small magnetic flea was placed in the vial, the vial was

stoppered and mounted on underwater stirrers. The vials and stirrers
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were placed in a thermostatically-controlled constant-temperature water
bath equilibrated at 25°C. After 90 minutes stirring, the vials were
removed from the water bath and the contents filtered through 0.20pum
cellulose nitrate Millipore filters, taking care to discard a small portion of
the initial filtrate. In order to ascertain that equilibrium had been
reached, a control was also run by adding excess of each drug to B-R
buffer pH 7.4. Samples were withdrawn at 30, 60, 90 minutes and 24
hours (for bropirimine). In all instances equilibrium appeared to have
been reached within 60 minutes (Chapter 6). 2.5mL of each filtrate
were then diluted to 5SmL with methanol (Fisons) and thoroughly mixed.
Any further dilutions were then undertaken with an equimixture of
methanol and distilled water. 1mL of the test solution was added to
ImL of internal standard (IS) prepared in equimixture of methanol and
distilled water, thoroughly mixed using Whirlmixer (Fisons) and 20uL
injected into the HPLC once steady state conditions had been reached
ie. when the same peak heights were obtained for the same
concentration of a solution on at least three consecutive occasions.
Calibration solutions were prepared in 50%V/, methanol and from this
serial dilutions were performed to cover the required range.

Table 5.1 gives details of the composition of the final, injected
standard solutions and the internal standards and mobile phases used.
Each mobile phase contained 0.1%V/, diethylamine and the pH was
adjusted to 2.0 with orthophosphoric acid. The rest of the conditions

are shown below:

Loop size 20puL

Flow rate of mobile phase 2mm/min
Wavelength 296nm
Sensitivity 0.16-0.64 AUFS
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: Internal standard .
Concentration range of : Mobile
Compound : and concentration
standard solutions (iLg/mL.) (mg/mL) phase
Bropirimine 80 - 400 ABmMFPP (0.1)
AB 80 - 400 ABMFPP (0.1) 1
PB 80 - 400 ABmFPP (0.1)
MPP 80 - 400 Ethylparaben (10) 2
DPP 80 - 400 Ethylparaben (10)
MDPC 80 - 400 Ethylparaben (5)
EDPC 40 - 200 Methylparaben (10) 3
PDPC 40 - 200 Methylparaben (5)
iPDPC 80 - 400 Methylparaben (5)
Mobile phases
1. 25%v/v acetonitrile
2. 50%v/v acetonitrile
3. 40%v/v acetonitrile

Table 5.1: Composition of standard solutions and the internal standards

and mobile phases used in solukility studies

5.2.1.2 Solubility of bropirimine in sodium carbonate

A stock solution of sodium carbonate (BDH) was prepared by
dissolving 21.198g in 1L of distilled water to give a 0.2M solution.
This was then serially diluted to give a range of concentrations (0.02M -

0.2M). The solubility study was then carried out as in Section 5.2.1.1.

5.2.1.3 Solubility of bropirimine in acetic acid

Dilutions of 20, 40, 60, and 80% v/, of glacial acetic acid BP (Fisons)
were prepared using distilled water. Each concentration was then
divided into two SmL portions and excess bropirimine added. One set
was placed in a cold room at 6°C to equilibrate overnight and the other
set placed at 60°C for the same length of time. Following the

equilibration period, the suspensions were filtered in the usual way into
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5.2.2

dry, clean test tubes which were either pre-heated (60°C) or pre-cooled

(6°C) and then treated as in Section 5.2.1.1.

5.2.1.4 Solubility of bropirimine in_dimethylacetamide (DMA).

propylene glycol (PG) and polyethylene glycols (PEGs)

The DMA (Fisons), PG (BDH) and PEGs (nominal molecular weights
of 200, 400, 1000, 1500, 4000 and 6000) (BDH) were used as
received. Various concentrations (8-40%¥/,, of each) were prepared in
B-R buffer pH 7.4. For higher molecular weight PEGs, gentle heating
was needed to melt these in a small amount of the buffer and then made
up to volume once cooled. The solutions were then saturated with

bropirimine and then treated as in Section 5.2.1.1.

5.2.1.5 Solubility of bropirimine in cyclodextring

-, B- and y- cyclodextrins were purchased from Sigma and used as
received. Hydroxypropyl B-cyclodextrin (HPBCD) was prepared as
described elsewhere(188.198)  Various concentrations (0.2-15mM) were
then prepared in B-R buffer pH 7.2 and treated as in Section 5.2.1.1.

The mixture was left stirring for 24 hours.

5.2.1.6 Solubility of bropirimine in N-methvl-D-glucamine

A stock solution of 5%W¥/, of meglumine was prepared in distilled water.
This was then serially diluted to give a range of concentrations 0.1-

5%%/,). Solubility studies were then carried out as in Section 5.2.1.1.

Partition coefficent (PC) determination

B-R buffers were prepared as described above and in Appendix
I. 25mL of each of the buffers were transferred into a 50mL glass flask

and 5mL octanol (Fisons) added. The flask was then vigorously shaken
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and placed in a shaking Constant-temperature water bath, maintained at
25°C, for 10 hours. After this period the two phases were allowed to
mutually separate for 24 hours. The octanol layer was then discarded
and the pH of the octanol saturated buffer measured. Similarly, 200mL
of the octanol were shaken with buffer pH 7.4 for 10 hours at 25°C and
then allowed to separate. A stock solution containing 150pg/mL of the
drug (bropirimine, AB or PB) was then prepared in this buffer-saturated
octanol (A). SmL of each of the octanol-saturated buffer solutions were
transferred into conical glass centrifuge tubes and 5mL of solution A
added. The contents were then thoroughly mixed (each tube stirred for
30 seconds continuously and then repeated 10 times) using a Whirlmixer
and then placed in a shaking constant-temperature water bath maintained
at 25°C, for 90 minutes. The two phases were then separated by
centrifugation at 3500 rpm for 10 minutes. The experiment was carried

out in quadruplicate. Both phases were analysed.

5.2.2.1 Assay of octanol laver

This was performed by measuring the ultraviolet absorption of the
octanol layer. Two matching quartz cells having a path length of 1cm
were used, one containing the blank (buffer saturated octanol) and the
other containing the test sample. Absorption was then measured on
CECIL CE272 digital readout ultraviolet spectrometer at 300nm
wavelength. Standard solutions were prepared by serial dilution of
solution A with buffer-saturated octanol.

To ensure that equilibrium had been reached, the phases were
shaken for a further 5 hours. It was found that equilibrium had been

reached in the first instance.
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5.2.2.2 Assay of aqueous laver

HPLC was used to carry out assay of the aqueous layer. 1mL of the
aqueous phase was diluted with an equal volume of methanol, the
mixture thoroughly shaken and 1 mL taken and added to 1mL of internal
standard (10pg/mL ABmFPP) prepared in 50%"/, methanol in octanol-
saturated buffer. The mixture was thoroughly shaken and 20pL injected
into the HPLC. Mobile phase 1 was used at 300nm. The standard
solutions were prepared in 50%/, methanol in octanol-saturated buffer

solution which was also used for any dilution.

Results and discussion

5.3.1 Estimation of dissociation constant (Ka) from solubility data

The knowledge of K, values has some important clinical
applications. Forced alkaline diuresis using sodium lactate increases the
pH of the blood and therefore the degree of icnisation resulting in
enhanced excretion of aspirin in the event of overdosage(154),
Conversely, forced acid diuresis may be used in the event of
amphetamine overdosage(155.156), Both of these procedures are now
routinely performed in clinics.

There are several methods by which the dissociation constant of
a compound may be obtained. Such methods include potentiometric
titration (which requires the compound to be both stable and soluble),
ultraviolet spectroscopy (where the molecular form of the compound
must have significantly different absorption from that of the ionic form),
and various other methods that require energy calculations(172-175),
Recently, Rosenberg ¢r, gl. described a useful method by which the
solubility of a sparingly soluble and/or labile compound may be
determined by difference potentiometry(176), where both the blank

(solvent) and solvent-solubilised drug are filtrated against a suitable

- 170 -

R &



titrant. However, this technique also has limitations yiz that it cannot be
used for compounds having more than one dissociation constant.
Miyake ¢t. al. proposed the use of HPLC for the determination of the
dissociation constants but this technique is only valid for compounds
which have pH-dependant capacity ratios(177.178), Direct titration
requires the compound to be both soluble and stable and, therefore, may
not be appropriate here.

Where the solubility of a compound is pH dependent, the
observed solubility, S, can be related to the intrinsic solubility, S,, and

the pH and the pK, of a compound by equations 5.1 and 5.2.

For basic compounds:

So[H30*
55+ S0 s

For acidic compounds:

SoKa

o+m . 5.2

S=S§

To test the validity of the two equations 5.1 and 5.2, the observed

solubility, S, was plotted against either [H30+] (Fig.5.1) or [H31() 1

(Fig. 5.2). Both plots show good linearity having correlation
coefficients of 0.996 and 0.999 respectively, using the value of S, as
32.0 ug/mL. Most accurate results are obtained when the points chosen
for S and [H30+] are as near to the pK, as possible(173).

The pK, values for bropirimine calculated here (Table 5.2)

compare well with those obtained by Alpar ¢t.al.’"7) using spectroscopic
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method (2.73 and 8.31) and calculations from the solubility data (2.85
and 8.27).

Using equation 5.1 the pK, values were also calculated for the
2-, 4- and 6- substituted derivatives of pyrimethamine (MPP, DPP,
MDPC, EDPC, PDPC and iPDPC). The results are displayed in Table
5.2 along with the aqueous solubilities. It can be seen that as the side
chain length of the pyrimethamine derivatives increases, the pK, values
drop correspondingly. Addition of propanoyl group at the 2- position
leads to a drop in the pK, value of approximately 2.5 whereas two
propanoyl groups (at the 2- and 4- positions) results in a reduction of
approximately 4 pK, units. A similar trend is followed with the 6-

substituted derivatives.
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Aqueous solubility, Sw

Compound PKa
(Lg/mL) M)
e -4
Bropirimine 8.21, 2.52 35.0 1.32 x 10
-5
AB 8.98 13.9 451 x 10
-5
PB 10.31 10.0 3.11 x 10
-4
MPP 4.40 88.0 2.89 x 104
DPP 2.89 99.0 2.75 x 10
-4
MDPC 4.62 120.0 6.20 x 10
-4
EDPC 3.86 63.0 2.07 x 105
PDPC 3.53 17.5 5.50 x 105
iPDPC 3.16 4.0 1.15 x 10
Pyrimethamine? 7.00 <10

* - From the Phamaceutical Codex, 11th Edition, 1979

Table 5.2: List of pK aalues and aqueous solubilities of the

immunomodularity agents
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5.3.2 Aqueous solubility
Figs. 5.3 - 5.5 show the solubility-pH profiles using B-R

buffers for bropirimine, acetyl bropirimine (AB) and propanoyl
bropirimine (PB). Fig. 5.3 shows a typical curve of a compound that
has two ionisable groups, i.e. both a basic and an acidic function. This
behaviour is typical of an amphoteric compound. Ionisation takes place

both in acidic and basic environment as shown below:

o ) 0 -
HN/\ r H‘N/ Br H‘N/O\ Br N/\ Br N/* Br
L= L L= =L T L

HG;N \N ) Hz”*m o N \N P RN \N o

H

The nitrogen of the 2-amino group can gain a proton and become
positively charged, whereas the nitrogen at the 4- position can lose a
proton and become negatively charged. The solubility of this class of
compound would, therefore, be pH-dependan:, passing through a
minimum when there is no ionisation.

Since the pK, of the base is not greater than the pK, of the acid,
bropirimine will not behave as a zwitterion(173), Blocking the ionisable
groups at either position 2- or 4- would result in the loss of the
amphoteric character. This can be clearly seen in Fig. 5.4 and 5.5,
where solubility-pH profiles are shown for acetyl- and propanoyl
bropirimine. Both show profiles characteristic of one acidic centre on
the molecule. The increased chain length leads to an increase in the pK,
values (8.98 and 10.31 respectively). Hence the corresponding
ionisation takes place at a higher pH.

Figs. 5.6 and 5.7 show plots of MPP and DPP, the 2- substituted

pyrimethamine derivatives. These display reverse pH-solubility profiles
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Fig.54: Solubility-pH profile of acetylbropirimine
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Fig. 5.5. Solubility-pH profile of propanoylbropirimine
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to that seen with AB and PB, indicating a single basic centre. Solubility
increases as the pH is reduced with ease of ionisation in the order MPP
(pK, 4.40) > DPP (pK, 2.89).

The 6-substituted pyrimethamine derivatives (MDPC, EDPC,
PDPC and iPDPC) show similar solubility pH profiles as MPP and
DPP, again indicating a single basic centre (Figs. 5.8 - 5.11). Aqueous
solubility decreases with an increase in the chain length and the pK,
decreases correspondingly.

Once the pK, is known, equations 5.1 and 5.2 may be used to
calculate the solubility at any particular pH. There was generally good
agreement between the measured and calculated solubility, as seen in
Figs. 5.3 - 5.11.

Using equations 5.1 and 5.2, solubility of each of the
compounds was estimated in blood and in the stomach (Table 5.3),
assuming pH of 7.4 and 2.0 respectively. Bropirimine, AB and BP
being predominantly acidic in nature, show poor solubilities in the
stomach (52 - 135ug/mL). These solubilities are related to the degree of
lonisation (Section 5.3.3) which are shown in brackets. Although the
- pH of blood is nearer to the pK, of bropirimine, it is still not sufficiently
close to affect ionisation. For example, the difference between the pPK,
of bropirimine (8.21) and the pH of blood (7.4) is only 0.8 units yet
only 13.4% of the bropirimine is ionised.

However, the trend is reversed with the pyrimethamine
derivatives. These show good solubility in the stomach due to increased
ionisation (>90%) and poor solubilities in blood, where they are
insufficiently ionised. Hence it is probable (Table 5.3) that
pyrimethamine derivatives (MPP, DPP, MDPC, EDPC, and iPDPC)

will all have good oral bioavailabilities whereas bropirimine and its
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derivatives (AB and BP) will have poor bioavailability using the same

route of administration.

Solubility in Solubility in

Compound stomach (jg/mL) blood (j1g/mL)
Bropirimine 134.5 (76.8) 38.2 (13.4)
AB 100.4  (0) 103.0 (2.6)
PB 521 (0) 52.2 (0.1)
MPP 33390.0 (99.6) 132.4  (0)
DPP 943.0 (88.6) 107.6  (0)
MDPC 69157.0 (99.8) 165.8 (0.2)
EDPC 10297.0 (99.8) 140.2  (0)
PDPC 2721.0 (97.1) 78.0  (0)
iPDPC 663.0 (93.5) 42.9  (0)

5.3.3

Table 5.3: Estimation of solubilities of the immunmodulatory
agents in stomach and blood. (Brackets indicate
percent ionised)

Partition coefficient (PC)

If two immiscible phases are placed in contact, one containing a
solute soluble in both phases, the solute will distribute itself such that,
after equilibrium, there is no net transfer of solute from one phase to
another. Once this state is reached, then the partition coefficient of a

compound, P, may be defined as:

P= om ... 53
Where: Co is the concentration of solute in the organic layer



Cy is the concentration of solute in the aqueous layer.

The higher the value of P, the greater the lipid solubility of the solute.
The parameter P can be used to give an indication of the uptake of a
compound by various bodily tissues. The relationship between the
biological activity and the partition coefficient was first proposed,
independently, by Overton57) and Meyer(158,159) in order to explain the
fact that cellular membranes were more readily penetrated by lipid
soluble substances than lipid insoluble substances. Following this,
attempts made to relate P to various bioactivities of the drug are legion.

In instances where the measurement of P values is impractical,
attempts have been made to calculate these values based on the
summation of hydrophobic constants for individual fragments(164-166),
Although good estimates may be obtained for some molecules, the
calculations are complex, rely on a number of assumptions, and do not
take into consideration the stereochemistry of the molecule and in
particular any intramolecular hydrogen bonding.

Although the classical 'shaking flask' method(167) is still the
most popular for the experimental determination of P, recently high
performance liquid chromatography (HPLC) has been proposed(168-170),
However, the packing material used in the columns was octadecyl silica
(ODS) which becomes unstable in the alkaline region(171) and therefore
only partition coefficients of neutral forms of acids could be determined.
Miyake ¢t.ql.(177) were able to overcome this problem by using the pH
stable porous polymer material. In using the HPLC, the log Py of the
compounds could, thus, be related to the column capacity factor, K|, by

the general expression:

log P =blogK +a ... 54
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Where: a and b are constants whose values are dependant on the
composition of the mobile phase. The linearity of equation 5.4 appears
to depend on the H-bonding ability of the compounds(177), As the
capacity is related to the retention times, low levels of acetonitrile in the
mobile phase could give rise to long retention times for hydrophobic
compounds representing an inadequacy of this method for such
compounds.

Fig. 5.12 shows the variation of apparent partition coefficient,
Papp, with the pH of the aqueous phase using the method described in
Section 5.2.2. Papp is obtained if ionisation and its consequences are
ignored, and is related to the true partition coefficient as shown below.
Bropirimine displays a biphasic curve, having opposite shape to the
aqueous solubility-pH profiles.

The degree of ionisation, a, of a basic or acidic compound at a
given pH is related to the dissociation constant, K,, by:

[H307]

o= 074K, for bases ... 55

And,

Ka

= m for acids ... 56

o

Using these models, the degree of ionisation at a number of pH values
was calculated for bropirimine, AB and PB and displayed in Fig. 5.13.
The plots show inverse behaviour to that of Fig. 5.12. As expected, the
ionised form of the compound has greater affinity for the aqueous form

whereas the molecular form has greater affinity for the organic phase.
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Irwin and Li Wan Po(179) derived an expression from which the
partition coefficient of the unionised fraction, P,, and the ionised
fraction, P;, may be calculated such that,

Pypp =P, (1-a) + P ... 57

The term (1-a1) represents the unionised fraction.

Rearranging equation 5.7 gives

P—am=Pu(l'°‘)+Pi ...58
(04 (04

Hence a plot of P—(‘;m against (l & ) should yield a straight line having a

gradient of Py and an intercept P;. This relatiorship is clearly seen in
Fig. 5.14 for bropirimine. The same model (equation 5.8) was used to
calculate the values of P, and P; for AB and PB and the results

summarised below:

Compound Py P; Correlation coefficient, r
Bropirimine 60.6 -1.4 0.997
AB 69.3 4.6 0.988
P8 73.5 5.6 0.998

Table 54: A list of Py, P jand correlation coefficients for bropirimine

AP and PB calculated from equation 5.8

Increasing the side chain length on the bropirimine molecule results in

increased lipophilicity of the molecule as reflected in Table 5.4. The
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pH—Papp profile shows good agreement with that obtained by Alpar
¢.al.(') using the same method. However, no attempt was made to
evaluate P, or P;.

Using data obtained by Brodie and Hogan(160.161) [ jen derived
numerical expressions to correlate the gastric absorption of acidic and

basic compounds to their partition coefficients and/or their pK.

values(162) such that:

For acids:

log % absorbed = -6.626 (log P)% + 2.465 log P - 0.679 ...59
For bases:

log % absorbed = -0.217 (pK, -1) + 1.342 ...5.10

Using equation 5.9 and 5.10 the amount absorbed from the stomach

L EEe

was calculated for bropirimine and its derivatives (AB and PB) and for
pyrimethamine and its derivatives (MPP, DPP, MDPC, EDPC, PDPC
and iPDPC).
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Compound Amount absorbed in

the stomach (%)

Bropirimine 10.8 19

AB 2.6x 10

FB 7.0 x 107

MPP 4.0

DPP 8.6

Pyrimethamine 1.2

MDPC 36

EDPC 5.3

PDPC 6.2

iPDPC 7.5

Table5.5: Estimation of amounts of bropirimine and its derivatives
(AB,PB) and pyrimethamine and its derivatives (MPP,
DPP, EDPC, PDPC, and iPDPC ) absorbed from the
Stomach using equations 5.9 and 5.10

The results show that there is poor absorption from the stomach for all
the compounds listed in Table 5.5, particularly so for AB and PB. The
results are not absolute since a whole range of >ompounds were used
(both aliphatic and aromatic) in deriving the general expressions
(equations 5.9 and 5.10). However, Table 5.5 may be used as an
approximate indicator for gastric absorption of these compounds.

If it is assumed that the value of P;= 0, then equation 5.7

becomes

Papp = Pu (1 - 00) .51

By incorporating equations 5.5 and 5.6 in equation 5.11, two further

expressions are obtained such that,

For acids:
A 1K 512
Papp Pu Pu[,H3O+]
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Pupp Py + Kb, ...5.13

Hence a second method for obtaining the dissociation constant, K,, for

either acidic or basic compounds is apparent. Fig. 5.15 shows a plot of

against ;forbroi' i firming the li ity of i
Baon g 07 pirimine confirming the linearity of equation

5.12. Hence using the models above (equation 5.12 and 5.13), the pK,
values for bropirimine, AB and PB were calculated and are displayed in

Table 5.6. Good agreement is observed between the two methods.

Compound pKa from solubility data pKj from partition data

Bropirimine 2.52, 8.21 2.73, 8.19
AB 8.98 8.89
PB 10.31 10.38

Table 5.6: Comparison of pK qvalues obtained by either using solubility

5.3.4

data or by partition data for bropirimine, AB and PB

Solubility of bropirimine in co-solvents and additives

5.3.4.1 Solubility in acids and bases

Figs. 5.16 and 5.17 show the solubility of bropirimine in sodium
carbonate and acetic acid respectively. Since bropirimine has both acidic
and basic functions, ionisation can occurr in either environment, the
extent of which depends on the pH of that environment. Ionisation
therefore leads to increased solubility. Fig. 5.16 also shows a plot of

bropirimine if pH alone were to dictate solubility. It is possible that the
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Fig.5.15: The linear relationship of equation 5.12 for bropirimine.
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increased solubility is due to counterion effect as pH alone cannot
account for the solubility.

Fig. 5.17 shows the solubility of bropirimine in hot and cold
acetic acid (60°C and 6°C respectively). Predictably, the solubility of
broprimine is greater in the warm acid than in the cold. This type of

information is useful when considering solvate synthesis under

controlled conditions,

5.3.4.2 Solubility in co-solvents

Although co-solvent systems are very widely studied and used, how

they work is still ill-understood.

There are three major factors that affect the aqueous solubility of

a drug(180), These are:

1. The entropy of mixing which favours complete miscibility of all
components.

2. The difference between the sum of the drug-drug (DD) and water-
water (WW) interaction on the one hand, and the drug-water(DW)
on the other. The difference is related to the activity coefficient of

the drug in water, ¥y, by

RTIny, = DD+ WW -2DW ... 514

where R = Molar gas constant

T = Thermodynamic temperature.

If DD + WW -2DW > 0, there will be less than complete mixing

and the drug will have finite solubility in water. The greater the

e
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Fig. 5.16: Solubility of bropirimine in sodium carbonate.

14 ~

12 g 6C

® 60°C
10

0 r . y T - . . T v — .
0 20 40 60 80 100
Concn. of acetic acid (%v/v)

Fig.5.17: Solubility of bropirimine in acetic acid at 6 °C and 60°C.
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difference between the adhesive and cohesive interactions the

lower the solubility.

3. The additional DD interactions that are associated with the lattice

energy of the crystalline drugs.

Mathematically, the observed solubility of the drug in water, S,,

is given by
log Sy = log Si - log Yy ... 515
where §; = the ideal solubility of the drug in water.
The solubility of a drug may, therefore, be most fruitfully increased by
developing a solvent which closely matches the polarity of the drug.

Most solutes show an exponential increase in solubility with an increase

in co-solvent composition which can be modelled by an equation derived

e

by Yalkowsky and Rubino(187),

S¢ = Sy et ...5.16
where St is the solubility in the co-solvent
Sw is the solubility of the solute in water
f is the volume fraction of the co-solvent
S’ is a constant characteristic of the system under study

and is referred to as the solubilising power of the co-

solvent.
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Written in logarithmic form, equation 5.16 becomes
log S¢ = log Sy, + Sf ... 517

Where S =0.434 §'

or,

log (—f)= Sf ...5.18

By dividing the mixed solvent solubility by the aqueous solubility, the
curves for different co-solvents may be normalised and comparison
made more meaningful. It does not in any way change the shape of the
curve.

Fig. 5.18 shows the solubility of bropirimine in
dimethylacetamide (DMA). Exponential increase in the solubility of
bropirimine is seen up to 50% v/, of DMA at which the solubility of
bropirimine is more than 2mg/mL. Application of equation 5.18 and
subsequent plot (Fig. 5.19) does not produce a straight line indicating
that the system does not conform with equation 5.18.

Fig. 5.20 shows the solubility of bropirimine in a range of
polyethylene glycols (PEGs) having nominal molecular weights of 200,
400, 1000, 1500, 4000 and 6000. All show exponential increase in
solubility with increases in the concentration of the polymer. Hence, on
a molar level, high molecular weight PEGs are better solubilisers of
bropirimine than the smaller molecular weight PEGs. However, higher
molecular weight PEGs tend to be either semi-solids or solids and

difficult to work with in formulation work. Application of equation
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113.5.21: Solubility of bropirimine in polyethylene glycols in
accordance with equation 5.18
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5.18 gives Fig. 5.21. It is immediately obvious that the PEG series
study conforms to equaticn 5.18, giving linear plots up to volume
fraction of 0.4, Table 5.7.

Of all the co-solvents, propylene glycol (PG) is the most
commonly used solvent for parenteral products. It is inexpensive,
stable, non-toxic, is usually well tolerated and is a good solvent for most
drugs. Fig. 5.22 shows the solubility of bropirimine in PG using
equation 5.18 yielding a straight line up to a mole fraction of 0.50. This
shows that propylene glycol does conform with equation 5.18 and
shows ideal behaviour. The hypnotics and anti-epileptics phenobarbital,
secobarbital and phenytoin show similar behaviour to that produced with
bropirimine (Fig. 5.23)(187),

Yalkowsky and Rubino(187) in deriving equation 5.18 treated the
mixed solvent as a linear combination of its components, i.e. the co-
solvent in aqueous system is assumed to behave as pure co-solvent with
respect to the solute and the water is treated as pure water. However,
this does not account for the non-ideality of the system and as a result a

modified form of equation 3.10 was introduced(187) where

log (—S—i) = (Alog Po, + G)f - Ef? ...5.19

where A, G and E are constants

Py, 1s the octanol-water partition coefficient of the solute

Using data for the solubility of more than fifty compounds in propylene

glycol, Yalkowsky and Rubino(187) obtained

log (gsf—) = (0.714 log Po, +0.794)f - 0.10322 ... 520
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Assuming that the value of (0.103f2) is negligible compared to the first
term, then the calculation for the slope for bropirimine (Poy,, = 60.6) is
2.07. In comparison, the observed value from Fig. 5.22 was found to
be 2.59. This shows a residual value of 0.52. The residual values for
phenobarbital, secobarbital and phenytoin(187) were calculated to be
0.25, 0.39 and 0.46 respectively. Since all of these values are less than
unity, it can be concluded that equation 5.19 was successful in
predicting the solubility of these components in propylene glycol-water
system.

Table 5.7 lists the solubilising power of the co-solvents used

here, calculated from the slopes of Figs. 5.19, 5.20 and 5.22.

Co-solvent Solubilising power, S
DMA 2.544
FB3 200 3.011
400 3.029
1000 4.123
1500 2.884
4000 2.758
6000 2.371
o€} 2.59

Table 5.7: Solubilising power, S, of some co-solvents

DMA and PG appear to have identical solubilising power, from Table
5.7. Considerable variation is seen amongst the PEG series. Since
these plots use fraction volume instead of a molar scale, results show
inconsistency with Fig. 5.20 where higher molecular weight PEGs
appear to be better solubilisers. Table 5.7 shows PEG 1000 to have the

highest solubilising power.
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There have been a number of other attempts at predicting
solubility in mixed systems(181-185), but the methods tend to be complicated

requiring data (e.g. thermodynamics) that is difficult to obtain.

5.3.4.3 Solubility of bropirimine in cyclodextrins

Cyclodextrins are oligiosaccharides, produced by the enzymatic
degradation of starch, containing six (a-cyclodextrin), seven (B-
cyclodextrin) or eight (y-cyclodextrin) glucose units connected by o-
(1,4) bonds. Derivatives are prepared by condensation reactions using
the parent compounds.

One of the most interesting properties of the cyclodextrins is their
ability to form inclusion complexes with a great variety of compounds
leading to improved solubility(189-193) or improved dissolution(194). B-
cyclodextrin has also been used to increase the chemical instability of
carmofur, a S-fluorouracil prodrug, in the so'id state as a result of
hygroscopic nature of the B-cyclodextrin(195),

Fig. 5.24 shows the solubility of bropirimine in a-, B- and -
cyclodextrin prepared in B-R buffer pH 7.2 at 25°C. As a whole,
bropirimine appears to be poorly soluble in these cyclodextrins. Firstly,
the cyclodextrin annulus may be too small to incorporate bropirimine as a
guest molecule or secondly that there are insufficient interaction sites. A
third, and probably the most important, reason may be the poor aqueous
solubility of these cyclodextrins. Table 5.8 shows the solubility of a-,
B- and y-cyclodextrin in water. In order to test the third possibility, the
solubility of bropirimine in hydroxypropyl B-cyclodextrin, a branched
derivative of PB-cyclodextrin, which is freely soluble in water, was
evaluated. This gives a linear plot (r=0.999) up to a HPBCD
concentration of 14.76 mM (2%%/,), solubilising almost 250ug/mL of

bropirimine. HPBCD also offers increased interactive

- 201 -



Solubility of bropirimine (  Mx10) 4

2.5+

2.0 1

1.5 1

g o -Cyclodextrin
e B -Cyclodextrin
m 7Y -Cyclodextrin

1.0"',.”/

I M I v I v 1 v 1

0 2 4 6 8 10

Cyclodextrin concentration ( Mx10 %
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sites viz. the hydroxy group which can H-bond with bropirimine. The
a-, B- and y-cyclodextrins display a Bj type curve as described by
Higuchi and Connors(204), The initial rising portion is followed by a
plateau region which may then descend indicating precipitation of
microcrystalline complex(190.192,194) [p contrast, the solubility of
bropirimine increased linearly as a function of HPBCD concentration,

showing no plateau, and this type of curve is classified as A (204),

Cyclodextrin Aql(l;:;)?;gslcr)rlllf)ﬂity Anﬂz}&l;s (b) Stabili;/yM c;mstant
a- 15.00 5.7 o5
B~ 1.85 7.8 825
r 23.00 9.5 71
HP B >50.00 (9.5) 365
(a)From ref (198)

(b)From ref (203)

Table 5.8: Some physico-chemical properties of a-, B-,
and hydroxypropyl - cyclodextrin

Stability constants, K, of inclusion complexes were calculated
from the initial straight line portion of the phase solubility diagrams
(Figs. 5.23 and 5.24) by the following equation(204)

_ slope
~ Intercept(1 - slope) ... 521

The results are shown in Table 5.8. The K values could be given a rank
order of B->HPBCD>Yy->a-cyclodextrin. This indicates that the cavity

size of B-cyclodextrin (7.8A) is the most profitable to bropirimine [size
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~ 8A(209)]. In each of the instances, the slope was less than unity
indicating a possible 1:1 stochiometric complex(192),

In general, however, the stability constants are low. For
example prednisolone displayed K values of 298, 3600 and 3240/M
with a-, B- and y-cyclodextrins respectively(199) whereas diazepam
showed values of 220 and 170/M in B- and HPB-cyclodextrins
respectively(198), and carmofur gave a value of 530/M(206),

No oral toxicity has been reported with cyclodextrins.
However, although haemolysis(196) and local irritation on injection(197)
have been reported with the natural cyclodextrins, Yoshida ez,gl.(198)
observed that hydroxyalkylation of B-cyclodextrin considerably
diminishes these untoward side effects and have suggested the

possibility of cyclodextrins for parenteral use.

5.3.4.4 Solubility in meglumine

Meglumine (N-methyl-D-glucamine) is an organic base, a 10% solution
in water having a pH between 10 and 12099, It has a solubility of 1 in
1 of water and is practically insoluble in organic solvents(199),

Fig. 5.26 shows the solubility of bropirimine in meglumine. At
a concentration of 5%W%/,, meglumine, almost 7mg/mL of bropirimine
were solubilised; the pH of the mixture post-saturation being 10.51. It
is apparent from Fig. 5.25 that at concentrations of meglumine below
5% the solubility cannot be accounted for as being due to pH alone. It
is likely to be hydrophilic counterion enhancing the solubility of
bropirimine.

A 5.02%Y%/, solution of meglumine in water is iso-tonic with
serum(199), 1Tt is used for the preparation of salts of iodinated organic
acids used in contrast media. Although some haemotological(200) and

microcirculatory(201) problems have been observed, they appear to be
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Fig 5.26: Solubility of bropirimine in meglumine.
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related to the meglumine salt used352). Hence no serious problems

should be encountered with meglumine if administered parenterally.

5.3.4.5 Solubility in mixed solvents

Table 5.9 lists various combinations of cosolvents and additives used to
solubilise bropirimine. Using the system DMA/meglumine/sodium
carbonate, it was possible to solubilise 32mg/mL of bropirimine. This
represents an almost 1000 fold increase in solubility over the aqueous
solubility. A pH of 10.6 is unlikely to cause severe problems on
injection compared with phenytoin injection which has a pH of

12.0(199), This system appears to be satisfactory for parenteral use.

5.3.4.5.1 Stability of the formulation

A 25mg/mL solution of bropirimine was prepared in vehicle 4 (10%V/,
DMA: 5%"/,, meglumine: 0.2M sodium bicarbonate to 100%"/) and
sealed in 2mL ampoules. These were then subjected to autoclaving at
121°C and 151b psi pressure for 20 minutes. Using HPLC as a stability-
indicating assay for bropirimine, no degradation was observed. An
ultraviolet scan of meglumine before and after autoclaving showed little
difference. 3 and 12 months storage of the formulation showed no
breakdown of bropirimine although slight yellow discolouration was

seen which was identified as being due to DMA.

In conclusion, a study of the physico-chemical properties of
bropirimine and subsequent use of co-solvents and additives has
produced a formulation that solubilises sufficient bropirimine
(>30mg/mL) for any clinical trial work to be undertaken. This

represents a 1000-fold increase in solubility over the aqueous solubility

of bropirimine.
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pH after Amount of
Solubilising system saturation with ?gg%gﬂ? bropirimine
bropirimine solubilised (mg/mlL.)
. DMA 10% Yv
Distilled water to 100% Yv 8.15 (0.062) 0.18
. DMA 10% Yv
Meglumine 5%V
Distilled water to 100% Yv 10.33 (4.450) 18.10
. DMA 10% Yv
0.2M Sodium carbonate| to 100% Yv 10.40 (5.220) 18.84
. DMA 10% Yv
Meglumine 5%Wy
0.2M Sodium carbonate| to 100% Yv 10.64 (9.040) 32.44

Table 5.9: Solubility of bropirimine in various stabalising systems
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6.0 DISSOLUTION STUDIES ON BROPIRIMINE

6.1  Introduction
It is important to note that the dissolution process is not a simple two
step process of disintegration of the dosage form followed by dissolution.
Scheme 6.1 shows a better representation of the whole process.

Drug in Disintegration Drugin Deaggregation Drug in
dosage form aggregates small particles

Dissolution

Dissolution Dissolution

Drug in
solution
Scheme: 6.1

Because of the complexity of the process, the "heoretical equation and
models are often incapable of predicting the exact dissolution pattern of the drug
formulation. For this reason in-vitro dissolution tests are performed and the
data obtained is fitted to equations which are either empirical or partly based on
the models of dissolution.

There is a general consensus of opinion that the transport across the
intestinal wall will only occur if the substance is in a molecularly dispersed
form. The physiological availability and the ultimate therapeutic effect will
therefore depend on the ability of the compound to undergo sufficient
dissolution which in turn is dependent upon the solubility of the compound in
that particular environment.

Dissolution may be regarded as occuring in two stages:

1. Surface interaction which loosens the individual molecules from

the solid (solvation).

- 208 -



2. The transport of these solvated molecules from the surface into

the bulk of the solvent.

The solubility of a solid forming an ideal solution may be described by:

_ -AHf T 1 1
Inx = R [T-K:] ...6.1
where: X = Mole fraction solubility
Tm = Melting point
T = Temperature (Kelvin)

AH¢ = Heat of fusion

However, surface reaction is usually so rapid that transport of dissolved
molecules from the surface to the bulk becomes the rate limiting step in the
dissolved process.

The classical diffusion layer model describes dissolution which is based

on the assumption that no chemical reaction is involved (Fig. 6.1).

= h >

Cs

Fig.6.1: Diagramatic representation of the
diffusion layer model

At the solid-liquid interface, there exists an infinitesimally thin film of

solution where the concentration of the drug equals its saturation solubility (Cy).
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The film is bounded by a stationary diffusion layer of finite but minute
thickness, h, across which the concentration of the solute decreases linearly
from C; to C, where C is the uniform concentration found in the bulk of the
solution. Fick's first law states that, at steady state, the flux (amount of drug
flowing per unit time across a unit area) through a plane perpendicular to the
direction of diffusion is directly proportional to the concentration gradient.
Thus the movement of solute molecules in a liquid by diffusion is governed by
this law. The transport of drugs across biological membranes is also governed

by this law. Fick's first law may be expressed as:

dc
J =D. .6.2
dx
Where: J = Flux (in Mol/m?/s)
D = Diffusion coefficient of the solute in the solvent (m?2/s)
g% = Change of concentration as a func.ion of the distance x
(mol/m?)

The negative sign indicates that the flux is in the direction of decreasing

concentration. By definition:

. .63

—
i
>lelE

Where: = Rate of flow of the mass with respect to time

dm
dt
A

= Area of plane across which flow occurs
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From equations 6.2 and 6.3
dm dc
E‘ - —DA ( &j e . 64

For the diffusion layer model, the concentration gradient across the diffusion

layer can be given by:

dx=- h ... 65

Substituting equation 6.5 in equation 6.4 gives the Noyes-Whitney equation:

dm DA
T (Cs-C) ...6.6
Where: gt is known as the dissolution rate
A is the surface area of the diffusion-layer and is equivalent

to the surface area of the solid.

Where the concentration in the bulk (C) approaches zero e.g. under sink

conditions, equation 6.6 becomes:

dm _DAG;

G- h . 6.7

If the surface area is held constant as in a compressed non-disintegrating disc,
then equation 6.7 may be integrated to give the amount of drug dissolved at time

t, M,, as:

MF%AQt ...68

-211-



or = kt ...69
Where: k = Intrinsic dissolution rate

Hence a plot of M/A against t should yield a straight line passing through the
origin having a slope of k.

Generally, however, the diffusion layer model is extremely useful to
visualize the effect of varying a number of parameters on the dissolution

process. From equation 6.6, it may be deducted that:

1. The dissolution rate will increase with an increase in the solubility.

2. The dissolution rate will increase with an increase in the surface area.

3. Anincrease in the diffusion coefficient or a decrease in the thickness of
the diffusion layer (brought about by stirring) will increase the

dissolution rate.

Hamlin ¢¢.g/.(209) determined the initial dissolution rates for several
classes of compounds, covering five orders of magnitude, and found them to be
directly proportional to the solubility of the compounds. In all instances, the
experiments were performed under sink conditions. The interval of the initial
dissolution period can be somewhat arbitrary and under the discretion of the
investigator. Nickalsson gf.al . observed that dextropropoxyphene napsylate
(aqueous solubility = 1.4mg/mL) showed no direct relationship between
intrinsic dissolution rate and solubility(210), This was explained from the fact
that this compound exhibited polymorphism and on using data obtained after
only one minute dissolution, a better fit for the above relationship was

obtained(210),
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6.2

The aim in this section was to determine the dissolution profiles of

bropirimine powder, bropirimine solvates and to estimate the intrinsic

dissolution rates from compressed discs. The effects of soluble polymers was

also studied.

Experimental

6.2.1

Particle size analysis

A suspension of bropirimine was prepared by using 10g of the
drug in 500mL of distilled water. In order to ensure that no dissolution
occured, the distilled water was saturated with bropirimine prior to the
experiment. The suspension was thoroughly shaken to ensure good
mix. The coulter-counter model ZM-1 was fitted with 140um diameter
size orifice and 0.5mL sampling volume utilised at ambient temperature
(21°C) using distilled water as the electrolyte. Various size ranges were

then measured and values of 10 readings averaged.

6.2.2. Measurement of intrinsic dissolution

Most of the beaker method apparatus described in the literature
basically consists of a beaker containing the dissolution medium
maintained at 37°C with a three blade polythene stirrer accurately centred
within the beaker. The tablet or disc is gently dropped down the side of
the beaker and samples of solution withdrawn for analysis. This
method has been modified and used here.

For drugs that are stable, a continuous flow photometric analysis
set-up, the first prototype descibed by Kreevoy and Wewerka(213), may
be used particularly for slowly dissolving materials. It also has the
advantage of minimising sample handling. Several such pieces of
apparatus have been described(214), but the basic principle remains the

same and the set-up used here is diagrammatically shown in Fig. 6.2.
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Block diagram of dissolution equipment.
The numbered features are:

1. Jacketed cylindrical glass beaker

2. Churchill recircularing thermostatic bath
3. Three bladed stainless steel stirrer

4. Electric motor

5. Sintered glass sparger

6. Electric pump

7. U.V. spectrophotometer

8. Chart recorder
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6.2.2.1 Preparation of physical mixes and compressed discs. The

soluble polymers polyethylene glycol (PEG, BDH) having a nominal
molecular weight of 20,000 (20M) and polyvinyl pyrollidone (PVP,
Fisons) having a nominal molecular weight of 44,000 were used. They
were size-reduced using a pestle and mortar and sieved such that
particles passed through a 500pum sieve but retained on a 300pum sieve
were used. The bropirimine was treated likewise. Each of the
components was then accurately weighed as required and the two either
triturated together on a glass tile or ball-milled for 2 hours using 2mm
diameter glass balls. 200mg of the powder (bropirimine or the two
component mixture) was accurately weighed and transferred into a
stainless steel die, the punches inserted and the contents manually
compressed to 8000kg for 2 minutes. The disc was then gently
removed from the die and placed in a #10mesh wire basket. This was
then clipped on to a stainless steel rotating shaft powered by a Heidolph
electric motor. The basket was lowered into a beaker, surrounded by an
outer water jacket, containing 1L of dissolution medium (water)
maintained at 37°C £ 0.1°C by a Churchill circulating water bath, and the
lid placed on the beaker. The arrangement of the apparatus was such
that the basket was centrally placed in the beaker and rested 2.5cm from
the base. A sintered glass sparger was introduced at one side of the
beaker, and was connected to a teflon tube (1mm ID) for sampling. The
continuous flow analysis was carried out using a peristaltic electric
pump and the ultraviolet absorbance continuously measured on a CECIL
CE272 linear readout spectrometer at 305nm, mounted with a lcm
quartz continuous flow cell, at a sensitivity of 0.2 AUFS and recorded
on a J J recorder (J J Instruments Ltd). The basket was rotated at

150rpm and the sampling rate kept constant at SmL/min. The forward
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and return lines of the sampling circuit were always placed in the same
position on opposite sides of the dissolution chamber. Immediately
prior to each run the dissolution medium was circulated through the
system and the spectrometer zeroed. The dimensions of each disc
before and after dissolution (after drying the tablet) were accurately
measured using a micrometer screw guage.

The Britton-Robinson buffers (pH 2.0 and pH 7.4) were prepared in

accordance with Appendix 1.

6.2.3 Dissolution of powders

200mg of the required sieve size fraction (125-300um, 300-
500pm and 500-650pm) were accurately weighed and triturated with a
small quantity of the dissolution medium (2-3mL), pre-heated to 37°C,
using a pestle and mortar. The contents were then washed into a 1L flat
bottomed beaker surrounded by a water jacket and maintained at
37°C+0.1°C by a Churchill water bath. The remainder of the 1L
dissolution medium (37°C) was then added to the dissolution vessel and
the contents stirred at 150rpm using a three blade stainless steel stirrer
placed 2.5cm from the base of the beaker. The lid was placed on the
beaker and analysis carried out as in Section 6.2.2.1.
A stock solution of 1mg/mL was prepared in DMA and diluted with the
dissolution media to give the required range of concentrations. These
were then circulated through the system in exactly the same way as the
test matenal until a plateau was reached and the process repeated with all

the calibration solutions.

6.3 Results and discussion
Fig. 6.3 shows the particle size distribution of the bropirimine powder.

It is apparent from the graph that the particles lie within a narrow size range.
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Fig. 6.4 and 6.5 show the same data plotted as cumulative count and on a log-
normal paper respectively. The arithmetic mean diameter was determined from
Fig. 6.5 as 5.70um.

Particles as small as this usually have high surface energy and invariably
form agglomerates which was evident upon sieving. Since it is very difficult to
work with particles of such a small size, the following work was peformed on

agglomerates.

6.3.1 Dissolution of powders

A number of models have been proposed for the dissolution
process of multiparticulate solids(220.221), For a monodisperse system,

the Hixson-Crowell cube root law may be expressed as(220);

M - VM, = Kt ... 6.10
Where: My = Mass of powder used

M, = Mass of powder dissolved at time t

K = Cube-root dissolution-rate constant

Fig. 6.6 shows the dissolution profiles for three fractions of
bropirimine powder viz. 125-300pum, 300-500um and 500-650um in
Britton-Robinson buffer pH 2.0 at 37°C. In all instances indentical
profiles were obtained showing high rates of dissolution initially
followed by a plateau at approximately 60 minutes.

Because of the low aqueous solubility of bropirimine (35ug/mL.)
and bropirimine solvates i.e. acetic acid (36pug/mL), N-
methylformamide (39g/mL) and N,N-dimethylformamide (37pug/mL),

the amount of powder tested (200mg/1000mL) was either approximately
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Fig. 6.6: Dissolution profiles of bropirimine in
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Fig. 6.7: Dissolution of bropirimine powder in accordance with equation 6.10.
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1.5 times (pH 2.0) or 5.5 times (pH 7.4) in excess of the solubility and
represented non-sink conditions.

Using the data from the early part of the profiles in Fig. 6.6 and
substituting into equation 6.10 gives Fig. 6.7 from which the rates (K)

were extracted and listed in Table 6.1.

Sieve fraction () K (g1/3/min) r
125 - 300 8.81 x 10 ° 0.996
300 - 500 9.40 x 10° | 0.989
500 - 650 8.75 x 10° | 0.991

Table 6.1: A list of cube-root dissolution-rate constants for
three fractions of bropirimine powder

The K values appear identical although the sieve fraction 300-
500pum has an apparently higher value than the other two.

Dissolution of bropirimine solvates in Britton-Robinson buffer
pH 7.4 (Fig. 6.8) follows a similar pattern as the bropirimine powder.
More than 70% dissolution occurs within twenty minutes. Fig. 6.9
shows data plotted according to the Hixson-Crowell cube-root model.
All yield linear plots for data taken up to 6 minutes. Using equation
6.10, the rates were calculated from the slope and displayed in Table

6.2. The sieve fraction 125-300um was used here.
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Fig.6.9: Data from fig. 6.8 plotted in accordance with equation 6.10.
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Component K (g"3/min)
Bropirimine 147 x 1073
Acetic acid solvate 10.4 x 10>
N-methylformamide solvate 29.4 x 1073
N, N-dimethylformamide solvate 113 x 1073

Table 6.2: A list of cube-root dissolution-rate constants for
bropirimine and acetic acid, N-methylformamide
and N, N-dimethylformamide solvates of bropirimine

Although the rate constant for N-methylformamide solvate is
somewhat higher than the other three, possibly due to its solubility, all
are in the same order of magnitude. Hence, overall, there is little to be
gained by using bropirimine solvates instead of bropirimine in order to
increase the dissolution rates.

Gibaldi and Feldman(221) pointed to the fact that unless
dissolution was performed under sink conditions, the jn-vitro results
will bear little relationship to jn-vivo observations. Difficulty would
arise in fitting the data to any of the dissolution models and a straight
line would not be obtained for log-normal probability plot(222)(Fig.
6.10).

The early part of the plot is linear and curvature is only seen on
the latter parts of the profiles as a consequence of non-sink conditions.
The plots are useful in that parameters such as the extent of dissolution
could then be estimated such as the tggg, i.€. the time required for 90%
of the drug to be released into solution. For example, the tgpg, for 125-
300pm, 300-500mm and 500-600um sieve fractions were estimated to

be 5, 12 and 15 minutes respectively. The percentage solubilised is
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Fig. 6.10: A log-log plot for three sieve fractions of bropirimine.
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6.3.2

derived from calculations of the maximum amount that would be soluble

at that particular pH (pH 2.0 = 142ug/mL, pH 7.4 = 38.1jug/mL).

Intrinsic dissolution of bropirimine

Most of the methods employed today for intrinsic dissolution
testing are modified versions of the apparatus described by Wood
et.al.@13). All use a compressed disc held firmly in one place, may it be
in the original die or a special holder, with one side exposed to the
dissolution medium. A second, less commonly used method is the
beaker method, originally used for tablets by Parrott ¢t.gl.(216) and later
adopted by a number of other investigators(217-219) for intrinsic
dissolution rate measurements.

Fig. 6.11 shows the intrinsic dissolution of pure bropirimine and on
admixture with polyethylene glycol (PEG 20M) using equation 6.9 as
the model. In all instances, good linearity is obtained. The slopes of

the curves yield the intrinsic dissolution rates which are listed in Table

6.3.
Concentrations of Intrinsic dissolution
PEG20M (%w/w) rate (mg/crt/min)
0 (Neat bropirimine) 0.24
10 0.27
20 0.30
30 0.37
40 0.46
60 0.98

Table 6.3: Intrinsic dissolution rates for bropirimine
and admixtures with PEG20M
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Fig. 6.11: Intrinsic dissolution of bropirimine from compressed discs containing PEG.

Amount Dissolved (mg/cn® )

40
o 20% PVP
| - 40%PvP
= 60% PVP
- 5% Ball Milled
30 = 10% Ball Milled
20
10 -
0 Y T T v T T T Y T Y —
0 10 20 30 40 50 60 70
Time (min)

Fig. 6.12: Intrinsic dissolution of bropirimine from compressed discs containing PVP.
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Increasing the concentration of PEG 20M in the admixture leads
to a corresponding increase in the intrinsic dissolution rates. At
concentrations of the polymer >60% ¥/,,, the disc disintegrates into
small pieces. Using 40%%/,, of PEG 20M leads to an almost doubling
of the intrinsic dissolution rate.

Fig. 6.12 shows the dissolution from compressed discs made
from admixture of bropirimine and polyvinylpyrollidone (PVP) 44M in
distilled water at 37°C. Again the intrinsic dissolution rates were

calculated from the slopes of the plots and are listed below in Table 6.4.

Concentrations of Intrinsic dissplution
PVP44M (% w/w) rate (mg/cm‘/min)
20 0.31

40 0.36

60 0.55

5 (Ball milled) 0.34

10 (Ball milled) 0.45

Table 6.4: Intrinsic dissolution rates for bropirimine!
PVP44M from compressed discs

Increasing the polymer concentration again leads to increased

dissolution rates. Discs containing PVP 44M at a concentration of
greater than 60%"/,, resulted in disintegration into small particles.
The use of such polymers for increasing the dissolution rates of drugs
from either physical mixes or co-precipitates is legion. However,
instances have been reported where polymer-drug complex may be so
strong as to retard dissolution(224),

The PEG 20M-bropirimine system apparently gives slightly

higher intrinsic dissolution rates than the PVP 44M-bropirimine system,
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possibly due to differences in the solubility of the two
polymers(225.230), The mechanism of dissolution from such systems
has been studied by Doherty er.g/.(226) whereby mixes of PVP and
frusemide were taken and compressed into thin discs. Electron
micrographs were then taken before and after the dissolution of the disc.
Holes were seen where the polymer had dissolved away leading to
increased effective surface area for dissolution. However, no increase
in the solubility of the drug was reported. Electron micrographs of a
disc containing 40%"Y/,, PEG 20M before and after dissolution were
taken and shown in Fig. 6.13. Similar holes to the ones observed by
Doherty ¢r.al.(226) were seen post dissolution. It is thus plausible to
suggest that these polymers increase the dissolution rates by leaving
voids within the disc matrix and thus exposing a greater area for
dissolution. For diluents having high solubility in the dissolution
media, increased dissolution rate is expected(227.228) although the
particle size and the homogeneity of the mix can also be equally
important(229),

Fig. 6.12 also shows dissolution of compressed discs prepared
after ball milling bropirimine and PVP together for 2 hours. The
increased rate of dissolution results not only from particle size reduction
of the polymer but also the homogeneity of the mix. It is evident from
Table 6.4 that this method of preparation gives superior dissolution rates
and may be a preferable method of preparation for sparingly soluble
drugs(223),

Certain rules have been laid down which give a general idea for
in-vitro drug absorption. A minimum solubility of 1% is required in the
pH 1-7 range to ensure solubility-independant absorption
characteristics11), However, a compound may have a solubility of the

region of 1% but may dissolve so slowly that its dissolution becomes
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Fig. 6.13: Appearance of a disc containing 60.:40 mixture of bropirimine/
PEG 20M (a). before and (b). after dissolution
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rate-limiting step(21D). Hence both solubility and the rate of dissolution
are equally important. In general, if the intrinsic dissolution rate is
greater then Img/cm?/min, there is usually no problem in
absorption(212)_ If it is less than 0.1mg/cm2/min, there is usually
dissolution rate-limited absorption(212), Between these two values the
compound is considered to be borderline and additional information
would be required to ascertain the effect of dissolution on the absorption
rate(212),

In conclusion, bropirimine does not suffer from dissolution rate
problems (K = 0.24mg/cm2/min) but from its intrinsic solubility
(35ug/mL). Solvates (acetic acid, N-methylformamide and N,N-
dimethylformamide) neither increased the intrinsic solubility nor had a
marked effect on the dissolution rates. Although intrinsic dissolution
rates were enhanced using soluble polymers, bropirimine would

probably still suffer from bioavailabilty problems.
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7.0  STUDIES ON PARENTERAL FORMULATION OF BROPIRIMINE

7.1

Introduction

Although oral dosage forms are the most acceptable and widely used,
the parenteral route offers an excellent alternative and is the route of choice for a
number of reasons. For example, drugs prone to gastric breakdown (e.g.
insulin), poor oral bioavailability, when high systemic levels of the drug are
required in a short space of time (e.g. diazepam), to avoid 'first-pass' effect and
testing in development of new drugs.

Drugs administered parenterally are considered to be 100% bioavailable
and hence dose alterations are readily made to suit each individual. However,
the serious drawbacks to this route include patient acceptability, tissue damage,
skilled delivery and production problems such as sterility and particulate
contamination.

An increasing number of drugs are now formulated as parenterals by the
use of co-solvents(236). It often becomes necessary to administer the drugs
parenterally at a concentration which far exceeds its aqueous solubility. As a
result precipitation of the drug may occur on injection. Such a problem was
identified in the early 1970's when Jusko et.gl. observed that the high incidence
of thrombophlebitis associated with diazepam (aqueous solubility = 48j1g/mL)
injection was due to the precipitation of the drug at the site of the injection(37),
Phenytoin (aqueous solubility = 16j.g/mL) is another example of a drug that has
attracted much publicity on this front. Although it is common knowledge that
tissue necrosis occurs following injection of an acidic or an alkaline
formulation, e.g. phenytoin (pH > 11.5), tissue necrosis due to the phenytoin
precipitate has also been identified38). Formulation of both of these drugs

were in 10% ethanol and 40% propylene having concentrations of Smg/mL
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(diazepam) and 50mg/mL (phenytoin). Plasma concentration data obtained
from intramuscular (im) administration of phenytoin could not be fitted into a
model involving either first- or zero- order drug absorption(239). Such an
abnormaility could be explained on the assumption that the drug precipitated on
delivery and then re-dissolved at the injection site. Phenytoin is often found to
be incompatible with common parenteral fluids, such as dextrose and normal
saline, resulting in crystal formation(236.240), Attempts at predicting the
solubility of phenytoin in intravenous admixtures by utilising the pKj, of
phenytoin (8.3) and the pH of the admixture, were largely unsuccessful due to
the unavailability of published data on all of the ingredients encountered(253)-
The use of large amounts of co-solvents (e.g. 40% propylene glycol) and
extreme pH values (11.5) used to dissolve certain drugs have also been a
contributory factor to tissue necrosis and pain on injection(238.241), Drug
precipitation either on injection or co-administration with large volume
parenterals has been observed for a number of other drugs(236, 242-244) These
incompatibilites may be as a result of dilution of vehicle containing co-solvents
(the composition of which is essential for co-solvent solubilised drugs) or a
change in pH or temperature(256),

The potential hazards from such incompatibilities are serious. The
precipitate formed can result in erratic or reduced drug availability, tissue
necrosis or possible drug embolization leading to amputation of limbs(Z38). The
co-solvents may themselves have toxicity problems, e.g. propvlene glycol and
ethanol have been shown to exhibit haematological toxicity(245-247), The
increased viscosity of the vehicle may lead to injection difficulty. The problem
of precipitation appears to be related to the rate of delivery of the
drugs(237.241,248) - This obviously represents a serious drawback for drugs that

need to be administered quickly for life-threatening conditions, e.g. diazepam

and phenytoin for Starus epilepticus.
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7.2

As yet no fully quantitative method exists to assess precipitation of
drugs on injection. Yalkowsky et.al. suggested a dynamic method which, if
used correctly, could yield semi-quantitative results(249). A spectrometer was
used and absorbance measurements of the dilution of diazepam and alprazolam
solutions were recorded above 400nm wavelength. This is above the uv
absorbance range of these compounds (220-320nm) and corresponds to
dispersion from particles. The peak height of the traces were a measure of the
amount of precipitate present.

Bropirimine, like phenytoin and diazepam, also relies on the use of co-
solvents for solubilisation (Chapter 5). It is logical to assume, therefore, that
problems will also be encountered with bropirimine on injection. In order to
assess these problems, a modified version of the method described by
Yalkowsky er.al.(#9) was used and tests carried out on various formulations of
bropirimine. For comparison, diazepam and phenytoin injections were also

tested.

Materials and method

Meglumine and N,N-dimethylacetamide were purchased from Sigma
and used as received. The diazepam injection was received as 'Valium 10'
(10mg/2mL, Roche), the phenytoin as 'Epanutin Ready Mixed Parenteral’
(250mg phenytoin sodium in 5SmL, Parke Davies) and the 5% dextrose as
'Steriflex' (Boots). Bropirimine was synthesised within the Department of
Pharmaceutical Sciences, Aston University, using the method described by
Brown and Stevens(250). All the salts used in the buffers were obtained from
various commercial sources and were BP standard. The buffers (Britton-
Robinson and Tris) were prepared as described in Appendices I and II(251),

An Imed 960 Volumetric Infusion Pump (Abingdon, Oxon. Infusion
rate settings 200-800mL/hr) was connected in series with a uv absorbance

spectrometer (Cecil Instruments CE272) which in turn was connected to a chart
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recorder (Gallenkamp) run at a chart speed of 2mm/min. The uv spectrometer
was mounted with a 10mm path length quartz flow cell (volume 2mL) and
operated at a sensitivity of 2.0 AUFS. At a distance 'x' (40-100cm) from the
flow cell, an injection port was introduced, having a rubber septum, into a tube
of internal diameter 2.5mm. The formulation under test was then injected into
this port with a syringe pump (Sage Instruments, Orion Research Inc.) using a
20mL syringe (rate range of 0.1 - ImL/min) and an 20-gauge needle. The
whole set up is displayed in Figure 7.1.

Prior to each experiment, the infusion liquid was flushed through the
system until there was no change in the spectrometer reading. The vehicle then
acted as the reference and the spectrometer suitably zeroed. The syringe pump
was then switched on after setting the desired injection rate. Any subsequent
peaks on injection were then attributed to the formation of precipitate. After
each experiment, the whole system was flushed through once again with the
vehicle to remove any remaining precipitate and the cycle repeated with the next
formulation.

7.2.1 Preparation of bropirimine injections
The vehicles/formulations used to prepare the various

bropirimine injections were:
Vehicle (A) DMA 10%V/,

Meglumine 5%%/y
0.2M sodium bicarbonate to  100%VY/,

Vehicle (B) DMA 10%/,
0.2M sodium bicarbonate to  100%V/,
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Vehicle (C) DMA 50%"/y

Meglumine 2.5%%/y
Distilled water to 100%"/v
Vehicle (D) DMA 5%"/y

0.2M sodium bicarbonate to 100%Y/,

An appropriate amount of bropirimine was added to the vehicle,
vigorously shaken, sonicated for 10 minutes and filtered through a
0.2um Nitrate Millipore filter to remove any extraneous material.

Unless stated otherwise, a 25mg/mL solution of bropirimine was
prepared in vehicle (A) and 10mg/mL in vehicles (B), (C) and (D). The
approximate limiting solubility in each vehicle was 32mg/mL (A),
20mg/mL (B), 15mg/mL (C) and l4mg/inl. (D), such that all
concentrations were at least 20% below saturation.

Initially, the effect of wavelength on the noise level was studied
with the vehicle flowing through the system. At higher wavelengths
(>500nm) any reading of absorbance was principally accounted for as

dispersion from the precipitated particles but not with the vehicle alone.

7.2.2  Calculation of buffering capacity
The buffers (25mL) were titrated using 0.1M sodium hydroxide

and the pH monitored. The buffering capacity, B, was then calculated

from:

B=(L22Y 111000 mEq/ApHuniy ... 7.1
ApH x V,
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Where: M = Molar concentration of acid on base

AV = Volume of titrant added (mL)

ApH = Change in pH corresponding to the addition of AV mL
of titrant

A2 = Volume of buffer used (25mL)

7.2.3 Solubility measurements of bropirimine
a. In DMA. The DMA was neutralised by the addition of 0.1M

HCI. Concentrations of DMA ranging from 10-50%V/, were then
prepared in Britton-Robinson buffers of the required pH (6.5 - 10).
Excess bropirimine was added and the mixture stirred for 6 hours.
Once equilibrated, the pH values of the suspensions were measured and
re-adjusted to the pre-saturation values with 0.1M HCIl. The
suspensions were then stirred for a further 18 hours, filtered through a
0.2um Nitrate Millipore filter and the pH measured. Any subsequent
dilutions were then carried out using the approp:iate buffer. 20uL of
the filtrate were then injected into the HPLC using 25%V/, acetonitrile at
pH 2.0 as the mobile phase (Chapter 2) and ABmFPP as the internal
standard.

b. In formulation (A). The pH of vehicle (A) was adjusted using
0.1M HCl. Again, this was saturated with bropirimine, the pH re-
adjusted and equilibrated for a further 18 hours. One set of experiments
was left at room temperature (21°C) and the other in a cold room

(6.4°C). The mixtures were then treated as described above.

Results and discussions

Fig. 7.2 shows the effect of wavelength on the trace produced when 5%
dextrose was passed through the system at an arbitrary flow rate of 200mL/hr,
using the same liquid for injection at a rate of 0.51mL/min. At wavelengths

below 650nm, the noise level, possibly due to absorbance, is high; whereas
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Fig.7.2:  The effect of wavelength on the noise level of the vehicle
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Fig. 7.3: The effect of injection rate on precipitation

(~0.10 (s) 0.24 (¢)0.51 and () 1.00 mL/hr.
Conditions:  flow rate: 200 mL/mhr

chart speed: 2 mm/min

A 700 nm
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wavelengths above this show appreciably reduced and acceptable noise levels.
Similar results were shown by all the formulation vehicles. A working
wavelength of 700nm was then chosen for subsequent experiments.

With dextrose flowing through the system, an injection of 25mg/mL of
bropirimine, formulated in vehicle (A), at an injection rate of 0.51mL/min
showed no precipitate. Reducing or increasing the infusion flow rate and
increasing injection rate up to 1ml/min had no effect. Because the bropirimine
solubility is co-solvent dependent, a precipitate was expected on dilution of the
formulation in the dextrose (25%). However, the solubility of bropirimine is
also greatly enhanced at high pH values and measurement of the pH of the end
mixture (dextrose + bropirimine formulation) showed that the pH had increased
from 5.3 to 10.0, that is, the buffering capacity had been exceeded and the final
pH was sufficiently high to keep the bropirimine in solution. Replacement of
dextrose with Tris buffer (0.2M) pH 7.4 also resulted in lack of of buffering
capacity (final pH = 9.5) with no bropirimine precipitate evident. Further Tris
buffers of one-and-a-half (0.3M) and double strength (0.4M) were prepared
and titrated against 0.1N sodium hydroxide to calculate the buffering capacity

over the range pH 7.3 to 7.5. The results are shown in Table 7.1

TRIS BUFFER
BLOOD *
02M 03 M 04 M
Bufferi it
uffering capacity 15 21 25 18
(MEQ/ ApH)

* Obtained from literature (251). This figure
is for 1kg of tissue.

Table 7.1: Buffering capacities of Tris buffer
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It can be seen that 0.3M Tris buffer has a similar buffering capacity to
blood. When this buffer was substituted for dextrose, immediate precipitation
of bropirimine resulted. However, to ensure that buffering capacity is
maintained, Tris double strength (0.4M) buffer was used for the remainder of
experiments.

Fig. 7.3 shows the effect of varying the injection rate of a 25mg/mL
solution of bropirimine in Vehicle (A), at an infusion flow rate of 200mL/hr, on
the resultant trace. As the precipitate forms, a peak is recorded which has an
irregular appearance (pH of final solution = 7.44 c.f. the original of 7.40). This
is indicative of the inhomogeneity of a suspension passing through the flow
cell. Little precipitation was detected at lower injection rates (<0.24mlL/min).
However, increasing the injection rate to 0.51mL/min produced so much
precipitate that the tubing was blocked, that is, occlusion occured within the
system. Taking average peak height as an indicator of the precipitate when
steady state conditions have been reached, a graph of injection rate against peak
height may be plotted (Fig. 7.4). It can be seen that when the injection rate is
increased from 0.24ml./min to 0.51ml/min, there is a sharp increase in the rate
of formation of the precipitate. Above injection rates of 0.51mL/min, there is
no change in peak height as occlusion occurs and the flow stops leading to a
plateau.

The effect of varying the infusion rate can be seen in Fig. 7.5 and 7.6.
Increased infusion rate leads to increased dilution such that at very high infusion
flow rates (> 600mL/hr) negligible precipitate is detected. This flow rate
represents a dilution factor of 41.7. Semilogarithmic plot of peak height against
the infusion rates shows good straight line relationship in the range 100mL/hr to
600mL/hr (Fig. 7.7). Although infusion rates vary accordingly to the
requirements (typical range 200-600uL/hr), Fig. 7.7 suggests that in order to
minimise precipitation at an injection rate of 0.24mL/min, the infusion rate

should be in excess of 600mL/hr-
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Fig.7.4: Effect of injection rate on precipitation
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Fig.7.6: Effect of infusion rate on precipitation.
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Fig.7.7: Effect of infusion rate on precipitation.

- 243 -

700



The concentration of the drug in the formulation plays a significant role
if precipitation is to be avoided. Fig. 7.8 shows five different concentrations of
bropirimine in vehicle (A) and their effect on precipitation. Injection of
concentrations below 20mg/mL into mobile phase flow rate of 400mL/hr show
very little precipitate, whereas concentrations at and above this precipitate out
rapidly. It may therefore be preferable to administer low concentrations of
bropirimine at high injection rates rather than high concentrations over a long
period of time.

Changing the distance between the injection port and the flow cell (x)
did not significantly affect the result and no apparent trend was seen (Fig. 7.9).
If the distance 'x' is short (<15c¢m) then, occassionally, peaks may be seen
which are due to a phenomenon called Schleiren patterns(49). Such patterns
form when there are differences in the refractive indices of the two liquids
flowing though the flow cell only partially mixed. Longer distances provide
sufficient time for the two components to mix and hence no extra peaks are
observed.

Fig. 7.10 shows the effect of co-solvent composition and its pH on the
solubility of bropirimine. As expected, an increase in the pH of the solvent
results in an enhanced solubility of bropirimine. At these higher pH values, the
enhanced solubility is likely to be due to ionisation whereas at lower pH values
the solubility is likely to be due to the co-solvent alone.

Using vehicle (A) at a number of different pH values, the solubility
profile obtained for bropirimine is displayed in Figs. 7.11 and 7.12. Since the
co-solvent composition stays constant, the exponential increase in the solubility
of bropirimine is due to ionisation. Figs. 7.11 and 7.12 also show results of
experiments conducted at 6.4°C, a typical temperature frequently encountered
during warehouse storage. Semi-logarithmic plots give straight lines which can
consequently be used to give an indication of the concentration of bropirimine

that would not result in a precipitation of the drug. Formulations containing
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concentrations of bropirimine below the straight line should always stay in
solution above that temperature. It is suggested that for co-solvent dependent
formulations, the concentration should be at least 20% below saturation (in that
particular formulation) to account for either a drop in temperature or dilution of
the formulation(256),

Using an infusion flow rate of 30mL/min, Yalkowsky demonstrated that
when diazepam was injected into a flow of either 5% dextrose or normal saline,
precipitation of the drug occurred at an injection rate of 2ml/min (dilution factor
of 15)(249), This is because formulation of diazepam is co-solvent dependent
and no pH control is necessary. Fig. 7.13(c and d) shows precipitation of
diazepam on injection at an injection rate of 400mL/min using a 5% dextrose
solution. Similar behaviour is observed when Tris buffer was used. Phenytoin
injection is formulated using the same co-solvent compositions as diazepam
injection (10% ethanol, 40% propylene glycol) but in addition phenytoin also
requires strict pH control (211.5). It has an aqueous solubility of
approximately 16ug/mL based on a solution pH of 4.9 or less at which the drug
is calculated to be <0.04% ionised and 99.6% ionised at pH>11.7(253),
Bropirimine having a pK, of 8.21 (Chapter 5) will behave similarly to
phenytoin (pK, 8.3) with regards to ionisation. Phenytoin appears to be much
more sensitive to pH changes than bropirimine and rapid precipitation results
when the pH is reduced to below 11.7(236). Fig. 7.13(B) shows phenytoin
precipitation in dextrose solution when injected at a rate of 20.24 mL/min at an
infusion rate of 400ml/min (dilution factor of 27.8). The resultant solution had
a pH of 10.2. Extreme care must therefore be exercised in injecting phenytoin
very slowly.

Where a formulation is co-solvent dependent, then precipitation on

injection may be explained from the following:
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The effect of phenytoin and diazepam injections on precipitation
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1. On injection of such a formulation, dilution takes place, may it be
infusion fluid or blood. The concentration of the drug and the co-
solvent decrease proportionally to one another(Z34),

2. The solubility of the drug in the mixed solvent decreases exponentially

as the concentration of the co-solvent is decreased linearly (Chapter

5)(245),

As mentioned above, in order to demonstrate precipitation on injection,
buffering capacity must be maintained during each experiment. In order to
simulate injection into the blood stream, the buffering capacity of the mobile
phase (irfusion fluid) must be at least 18mEq/ApH at pH 7.4. Fig. 7.14 shows
the effect of an injection rate of various solutions containing 10mg/mL
bropirimine on the pH change of Tris double strength buffer (0.4M) at an

infusion flow rate of 400mL/hr. Also shown are the diazepam and phenytoin

formulations.
Formulation 1 'Valium 10"
Formulation 2 DMA 50%V/,
0.2M sodium carbonate to 100&Y/,
Formulation 3 DMA 50%/,
Meglumine 2.5%"1
Distilled water to 100%V/,

Formulation 4 "Epanutin Ready Mixed Parenteral”

Formulation 5 Meglumine 5%/

0.2M sodium carbonate to 100%v/,

-251 -



pH change

1.2
8 Formulation 6
® Formulation 5
B Formulation 4
1.0 1 © Formulation 3
= Formulation 2
7 o Formulation 1
0.8 +
0.6 -
0.4
0.2 1
0.0 _—w -~ ; £ 7 T
0.0 0.2 0.4 0.6 0.8

Injection Rate (mL/min.)

1.¢

Fig. 7.14: The effect of injection rate on the pH change of Tris
double strength buffer by several formulations
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Formulation 6 DMA 10%"/,
Meglumine 5%"/y
0.2M sodium carbonate to 100%v/,

This experiment gives an indication of the strength of the buffer needed
to maintain the desired pH. In all instances, except for formulation 6 at an
injection rate of 1mL/min, buffering capacity was maintained with Tris double
strength buffer.

In conclusion, jn-vitro testing of formulations is possible provided the
experimental conditions are well controlled, e.g. buffering capacity. By using
slow injection rates (<0.24mL/min) or high infusion rates (>400mL/hr),
precipitation of bropirimine can be minimised. Furthermore, as an added
precaution, it is advisable to maintain the dose of a co-solvent dependent drug to

at least 20% below the saturation limit(256),
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8.0 THE SUPPOSITORY AS A DOSAGE FORM FOR BROPIRIMINE

8.1

Introduction

Suppositories are medicated solid dosage forms generally used in the
rectum, vagina and, to a lesser extent, the urethra(257). They can either exert a
direct action on the rectum (e.g. for the relief of haemorrhoids), to produce
evacuation of the bowel (e.g. glycerine suppositories) or to provide systemic

effect®). They have a number of advantages over the oral route:

1. By-passing portal circulation and thus reducing possible 'first-pass

effect’ degradation(259-261),

2. Drugs that cause irritation to the gastric mucosa may be given via this

route e.g. aminophylline.

3. They may be administered to subjects who will not or cannot swallow,

e.g. infants.

4.  Useful for patients who are unconcious or mentally disturbed.

5. In certain instances, the duration of action via the rectal route may be

prolonged(260),

Disadvantages include the limited knowledge of mechanism(s) of
absorption from the rectum and poor patient acceptability/compliance, especially
in Britain(262). The bioavailability and the problems associated with the
retention of the suppository in the correct position may also be contributory

factors.
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8.1.1

8.1.2

Rectal Anatomy

Fig. 8.1 shows a section of the human rectum with emphasis on
the venous drainage. The upper part of the rectal submucosa is fed by
the superior haemorrhoidai vein which empties into the portal vein,
whereas the lower part is fed by veins which lead to the inferior vena
cava. Hence drugs given in enemas will be subject to possible
microsomal metabolism whereas careful insertion of suppositories may
either prevent or reduce 'first-pass' metabolism(260,263),

The rectal epitheluim is predominantly columnar or cuboidal with
numerous globlet cells, and because villi are absent the surface area of
the rectum is only 200-400cm2. This contrasts with the absorbing area
of the small intestine which is approximately 2,000,000cm?2(263), The
water content of the rectum is low and in the region of 2 to 3mL in
adults, present as mucous of relatively high viscosity(263), The high

viscosity will, to some extent, retard the diffusicn of drug molecules.

Factors affecting rectal absorption

The suppository is a complex dosage form. The absorption
process is not only affected by the pharamaceutical properties of the
suppository and the drug substance, but also on the physiological nature
of the rectal environment. It is not the aim of this work to discuss each
step involved in the rectal delivery of drugs. However, in order to
appreciate the complexity of the whole process and to simplify matters,

a list of factors that are involved are given in Table 8.1.
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Fig. 8.1 Detailed diagram of the venous drainage of the human recum.
1. Middle rectum vein
2. Tunica musculanis, stratum longitudinale
3. M. Levator ani
4. Inferior rectal vein
5. M. sphincter ani externus
6. Superior rectal vein
7.and 8. Plexus venosus rectalis (submucosus)
9. Skin
10. V. margianlis with Plexus subcutanous
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Buffer capacity
Surface tension
Viscosity

Luminal pressure

Rectal fluid Drug substance Vehicle
Amount Solubility Composition
pH pky Fusion behaviour

Drug concentration | Rheological behaviour
Particle size

Surface properties

Table 8.1: Factors influencing drug availability from suppositories
[Adapted from (264,265)]

8.1.3 Aim

The aim of the work here was to establish whether it is possible

to administer bropirimine rectally in the form of a suppository. The

bases (Suppocire L, Witepsol H15 and polyethylene glycol) were

chosen because of their common use. Since there are complex

processes occuring in the rectum (Table 8.1), it is extremely important to

establish the viability of the dosage form jn-vitro. Hence considerable

emphasis will be placed on jn-vitro study. Some in-yivo work was

carried out to complement the {n-vitro experiments.

8.2 Materials and methods

The excipients PEG 1000 (BDH), PEG 4000 (BDH), Witepsol H15

(Brome and Schimmer), Suppocire L (Gattefosse), N,N-dimethylacetamide

(Fisons), meglumine (Sigma), sodium lauryl sulphate (BDH) (0.01%Ww/,,,
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1.0%"/y), Tween 80 (BDH) (0.2%"/,,, 0.4%%/,,) were used as received. The

Britton-Robinson buffers (2.0, 7.0, and 11.2) were prepared as described in

Appendix I.
8.2.1 Preparation of suppositories

All the suppositories were prepared by the fusion method(258). The

displacement values were calculated as shown below(258):

1. Six suppositories containing the base only were prepared and

weighed (= a mg).

2. Six suppositories containing the medicament were prepared and

weighed (= b mg).
3. Amount of the base used in Step 2 (= ¢ mg).
Hence a - ¢ mg = the amount of base displaced by d mg of medicament.

d
a-c¢

Displacement value, DV =

Hence using bropirimine, the DV for PEG (96%W%/w PEG 1000 :
4%W /w PEG 4000), Witepsol H15 and Suppocire L were calculated as
1.7544, 1.2500 and 0.6849 respectively. In each instance, to account
for wastage, the amount of the drug and the base were calculated and
weighed for two extra suppositories.

By using the DV values, sufficient amount of the base was
accurately weighed and placed in a small stainless steel evaporating
basin. This was gently heated using a water bath so that the base just

melted. A small amount of this melt was then added to the powdered
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8.2.2

bropirimine (particles passing through a 180um sieve but retained on a
90um sieve were used) on a porcelain tile, quickly levigated with a
spatula to form a homogeneous dispersion and transferred back to the
basin. The whole content was then mixed using sufficient heat to melt
the mass whenever necessary. The mixture was continuously stirred in
order to minimise sedimentation of the powdered drug particles and
poured into a stainless steel mould (6x1g size) once it began to congeal.
Each of the mould cavities was overfilled, to take into consideration
contraction of the base on cooling, and then left to congeal further.

Once cool, the excess mass was removed using a warm spatula.
These were then left for a further 10-15 minutes and then finally
removed by unscrewing the two halves of the mould and gently pushing

the suppositories out one at a time.

In-vitro dissolution testing of suppositories

A Caleva Model 7ST continuous flow dissolution apparatus was
used in conjunction with a LKB Ultraspec II ultraviolet spectrometer
mounted with eight lcm path length flow cells, enabling continuous
monitoring of the dissolution media in all the six dissolution vessels.
This was interfaced with an IBM personal computer, using the software
provided by LKB, and the output recorded on an Epson LX-800 printer.
The liquid was pumped through the system using a Watson-Marlow
peristaltic pump (10mL/min). The paddles were set in accordance with
the USP II assembly using the plastic pieces provided to set the
distances from the base of the dissolution vessels.

For each set of dissolution tests, the suppositories were gently
dropped into 1L of the dissolution media pre-heated to 37°C + 0.5°C and
the system switched on at a pre-set rotational speed (50 rpm). The

computer was appropriately programmed to start recording, by taking
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into account the lag-time (the time for the test dissolution media to reach
the flow cells), at fixed time intervals. Prior to each set of experiments,
the system was equilibrated and suitably zeroed by circulating only the
dissolution media. Using a 1 point calibration, a 100% solution
(3ug/mL) was placed in one of the flow cells along with the dissolution
media in a second cell. The computer then compared the values obtained
from the dissolution test to the blank and the standard and displayed
percent released against time plots as either individual curves or an
average.

After each experiment, the system was thoroughly cleaned by
flushing with warm water to remove any remaining residues from the
fatty bases.

Unless otherwise stated, all the dissolution studies were
performed using distilled water as the dissolution medium at 37°C +

0.5°C.

Conditions

Wavelength : 300nm
Rotational speed : 50rpm

Pump speed setting : 7.0 (10mL/min)
Temperature : 37°C£0.5°C
Suppository size : 1g

Capacity of dissolution medium : 1L

3 mg of bropirimine were incorporated into each suppository in order to

achieve sink conditions (aqueous solubility = 35pg/mL).
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8.2.3

In-vivo Testing of bropirimine suppositories

Male Dutch rabbits, weighing between 1.6kg to 4.1kg, were
used for the {n-vivo experiments. They were fasted overnight prior to
all experiments but given free access to water.

Before the insertion of the suppository, blood was withdrawn
from the anaesthetised (Halothane) rabbits by cardiac puncture to act as
the blank and for the preparation of standards.

The suppository was inserted into the rectum at a distance of
approximately 1cm from the anus and the anus firmly stitched to prevent
any leakage of medicament. 1mL blood samples were withdrawn by
puncturing the marginal ear vein, into heparinised [1000 units/mL
mucous heparin sodium ("Multiparin'); Weddel] plastic vials at various
time intervals. The samples were then spun down using a microfuge
(10,000 rpm for 2 minutes) to obtain a clear, straw coloured plasma.

0.4mL of the plasma was transferred into a small glass
centrifuge tube using a 1mL Gilson pipette. To this was added 0.5mL
of methanol (Fisons), which was sufficient to denature any proteins in
the plasma (apparent from the formation of precipitate upon the addition
of methanol), and 0.1mL of a 10ug/mL solution of internal standard
(ABmFPP) prepared in methanol. The content of the tube was
thoroughly mixed using a Whirlmixer (Fisons) and centrifuged at 3500

rpm for 10 minutes (Starstedt LC1 centrifuge).
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8.3

HPLC Conditions

Mobile phase 25%v/v acetonitrile
0.1%v/v diethylamine

adjusted to pH 2.0 using orthophosphoric acid

Flow rate : Iml_/min

Chart speed : 2mmy/min
Wavelength : 300nm

Sensitivity : 0.01 - 0.02 AUFS

The calibration curve was prepared by fortifying plasma from rabbits
with bropirimine to give concentration range between 1-5pg/mL using
0.1ImL of a 10ug/mL solution of ABmFPP in 1 mL as the internal

standard.

Results and discussion

Although the USP basket method (Method I) is the common and
accepted method for suppository dissolution, one serious drawback was
observed here which prevented its further use. When the fatty bases were used,
less than 10% bropirimine release was observed after 1 hour. Closer inspection
of the basket showed clogging of the mesh by the fatty bases which thus formed
a physical barrier to the drug. No clogging was apparent with the water-soluble
PEG bases. McElnay and Nicol(266), and to a lesser extent Zuber gf.gl.(267)
observed similar behaviour and cautioned users of this method against the
possibility of large variations in results due to clogging. Hence the basket
method was replaced with the USP paddle method (Method II) in order to
achieve a better comparison between the fatty and water-soluble bases.

The complexity of the dissolution process for a suppository may be

appreciated by considering the various stages of dissolution. Table 8.1 lists
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factors influencing availability of the drug from fatty suspension suppositories,
Fig. 8.2 shows schematically the events following the insertion ofa suppository
and leading to dissolution(265),

Although the diagram is an oversimplification of the whole process, it
highlights possible hurdles that may be encountered. It is important to bear in
mind that suppository dissolution does not occur in individual steps but several
processes may be involved simultaneously, €.g. it is possible for melting and
absorption to take place at once. The same scheme may by used to explain

events occuring in-vitro.

8.3.1 [n-vitro dissolution testing of bropirimine suppositories

8.3.1.1 Effect of suppository base on the release of bropirimine

Fig. 8.3 shows the dissolution curves for suppositories prepared

from either fatty bases (Witepsol H15, Suppocire L), or the water-
soluble PEG base. A series of PEG bases exist having different
nominal molecular weights such that the physical characteristics of the
PEG suppositories may be varied by varying the amount of each in the
mixture(238), A mixture containing 96%%/w PEG 1000 and 4%W/w
PEG 4000 has been shown to be a suitable combination, giving good
release profiles(268.269) whilst having desirable rheological properties, in
particular a linear relationship between the elastic moduli and the
breaking strength(270.271), This was then used as the water-soluble base
for bropirimine suppositories.

The dissolution plots show percentage released against time
under sink conditions. There is a striking difference between the three
bases with Suppocire L and Witepsol H15 showing poor release of
bropirimine compared to the rapid release from the PEG base. After 50
minutes the total amount released from the three bases was 35%, 43%

: ively.
and 87% for Suppocire L, Witepsol H15 and PEG | M:4M respectively
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The release rates, calculated from the linear portion of the graphs, were
0.78%/min (Suppocire L), 0.94%/min (Witepsol H15) and 7.98%/min
(PEG IM:4M).

After the initial non-linearity, zero order release of the drug is
observed with the three bases, especially for the PEG 1M:4M base,
consistent with observations made by other workers(272.273),

The PEG bases dissolve rapidly in water and therefore release
the contents quickly by exposing more of the bropirimine particles to the
dissolution medium. However, PEG bases have also been known to
form soluble complexes, as observed by Higuchi and Lach(274) and
Corrigon and Timoney(225), but no evidence was found that supported
this theory with regard to bropirimine (Chapter 5).

The fatty bases do not dissolve but melt and form a ball. The
incorporated drug will not, therefore, be exposed to the dissolution
medium as rapidly as the PEG bases. Increased partition coefficient of
bropirimine between the fatty bases and water may also contribute to the
low release rate(273.275), aithough this parameter was not measured. As
an example, Iwaoku et.gl. showed that phenobarbital (partition
coefficient of 4.44 in chloroform:water), structurally similar to
bropirimine, had higher release rates in Witepsol H15 than with a base
consiting of a 3:1 mixture of PEG 1M:4M(@76), No attempt was made to
estimate the partition coefficient of phenobarbital between the base and
the dissolution medium (normal saline).

Because the PEG 1M:4M base gave very high dissolution rates,
Witepsol H15 was used in the proceeding experiments to assess if
various additives or hydrodynamics of the system have any influence

over the release rate of bropirimine.
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8.3.1.2 The effect of stirring speed on the release of bropirimine

Fig. 8.4 shows the plots of percentage released against time by
varying stirring speeds (W). Any type of agitation promotes dissolution
by reducing the thickness of the boundary layer around the dissolving
solid and thus facilitating greater diffusion of the dissolved solute into
the bulk of the dissolution medium.

For any relationship to exist between the stirring speed and rate
of release of a solute, it is important to have a good control of the
hydrodynamics of the experiment(277), Obtaining the rate constants
from the linear portion of the graphs (Fig. 8.4), a plot of square root of
stirring speed against release rate yields a straight line (r = 0.951)
indicating a linear relationship (Fig. 8.5) for speeds up to 150rpm.
When the total amount released after 50 minutes was plotted against
stirring speed, a 'tailing off effect is observed showing that total
amount released (at t = 50 minutes) becomes independant of agitation at
higher speeds (Fig. 8.6). The release rate at zero agitation may be
estimated by extrapolation of the straight line in Fig. 8.5. For
suppositories containing 3mg per suppository of bropirimine using

Witepsol H15 as the base, this value was equal to 0.61%/min.

8.3.1.3 The effect of surfactants on the release of bropirimine

Fig. 8.7 shows the effect of an anionic surfactant (sodium lauryl
sulphate, SLS) and a non-ionic surfactant [Tween 80 : polysorbate 80 :
polyoxyethylene(20) sorbitan monooleate] on the release of bropirimine
from suppositories prepared using Witepsol H135 as the base.

Surfactants exert their solubilising effect by wetting and by forming
aggregates called micelles, the shape of which are dictated by the type of

surfactant used and its concentration(278).
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Fig. 8.3: Release of bropirimine from different suppository bases
in distilled water at 37°C
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SLS consists of a mixture of sodium alkylsulphate with
predominantly sodium dodecyl sulphate [C;,H;5804~N,*] which has a
critical micelle concentration (CMC) of 0.23%W/y at 25°C. At
concentrations either below or above the CMC, SLS shows slight
enhancement of the initial dissolution rate although no great increase in
the total amount released after 50 minutes was observed over Witepsol
H15 alone. This increase in the initial dissolution rate may be as a result
of increased wetting which can bring about earlier peak maxima for
certain compounds jn-vivo279).

Increasing the concentration of the non-ionic surfactant Tween
80 (HLB = 15.0) leads to a decreased release of bropirimine from the
suppositories. This behaviour is not altogether uncommon and has been
observed both in-vive and in-vitro. Riegelman and Crowell(280)
described in their report that the rectal absorption of trilodophenol was
retarded by surfactants yiz SLS and Tween 20, but failed to elucidate
the cause of this retardation. Kakemi ez,g[.(281), using Tween 80, also
showed that there was poor rectal absorption of sulphonamides and
suggested that this may be due to the poor absorption of micelles due to
their range size. A more plausible explanation for bropirimine is that the
surfactant may affect the hydrophobic-hydrophilic character of the
base(273) leading to a change in the partition coefficient of the drug
between the base and the dissolution media. An increased suppository
base/water partition coefficient would therefore result in low release and

poor subsequent bioavailability(273),

8.3.1.4 Effect of pH of the dissolution media on the release of

bropirimine
In order to establish the release profiles at different pH values,

the distilled water was replaced with Britton-Robinson buffers pH 2.0,
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7.0 and 11.2 (Appendix I) having a molar strength of 0.5M. The results
are shown in Fig. 8.8. A rank order for the dissolution rates is obtained
and is in the order pH 11.2 (3.33%/min) > pH 2.0 (2.8%/min) > pH
7.0 (1.04%/min) > distilled water (0.95%/min).

Bropirimine, being an amphoteric compound, can ionise in both
acidic and basic media. The acidic portion of the molecule has a greater
effect on the solubility than the basic part and hence the rates show a
consistency with the pH-solubility plot (Chapter 5) i.e. the rate of
release of bropirimine at different pH values will follow the same shape
as the pH-solubility profile passing through a minimum in the neutral
region. Solubility of bropirimine in these buffers was calculated as
134.50pg/mL (pH 2.0), 35.14pug/mL (pH 7.0) and 3.24mg/mL (pH
11.4) from Chapter 5. The Papp values were estimated as 11.2, 68.6

and 0.4 respectively.

8.3.1.5 Effect of meglumine on the release of bropirimine

Fig. 8.9 shows the release of bropirimine with variation in
meglumine concentration in the suppository using Witepsol H1S as the
base at 37°C in distilled water at a stirring speed of S0rpm. As the
concentration of meglumine increases, both the rate of release and the
total amount released after 50 minutes are seen to increase. At
approximately 5%"/,, meglumine in the suppository, saturation appears
to have been reached as reflected in Fig. 8.10 where 'tailing-off effect
is observed for a semi-logarithmic plot of release rate against meglumine
concentration. More than 95% of bropirimine is released at a
concentration of 5%W/,, of meglumine (k = 7.5%/min) compared to
0.1%%/w, meglumine where 49% of bropirimine is released k =
1.63%/min) and Witepsol H15 alone with approximately 42% release (k

= 0.95%/min) in the same time (t = 50 minutes). Although the increase
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Fig. 8.7: The effect of surfactants on the release of bropirimine

in distilled water at 37°C (50 rpm)
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Fig. 8.9: The effect of meglumine in the suppository on the release of
bropirimine in distilled water at 37°C (50 rpm)
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in the release rate may be due to counter ion effect, pH will also have an
effect since meglumine dissolved in water forms a basic solution.
Suppositories containing 0.2%"Y/,, meglumine increased the pH
of the dissolution medium (distilled water) from 5.6 (0.25% ionised) to
6.3 (1.2% ionised) in 50 minutes, whereas the 5%%/,, meglumine
formulation increased the pH to 9.30 (92.5% ionised). Hence the
increase in pH leads to increased ionisation of bropirimine and therefore

a subsequent increase in solubility in that particular medium.

8.3.2 [n-Vivg testing of bropirimine suppositories.

The jn-vivo testing procedures, carried out on male Dutch
rabbits, were described in Section 8.2.3. Reproducibility studies were
carried out using six replicate analyses of plasma samples which had
been spiked such that the concentrations were 2pg/ml. and 10jg/mlL.
The coefficient of variations for recovery of bropirimine were calculated
as 6.1% and 3.1% respectively.

Using the conditions and mobile phase described in Section
8.2.3, levels of bropirimine as low as 0.5pg/mL could be detected.

Tables 8.2, 8.3 and 8.4 show the pharmacokinetic data for four
rabbits using PEG 1M:4M, Suppocire L and Witepsol H15 respectively
at a dose of 90mg/kg of rabbit.

The substantial variation amongst the data for each rabbit means
that the three formulations, incorporating three different bases, cannot
be readily compared. Several reasons exist for the discrepancies. The
rabbits used varied in weight from 1.6kg to 4.1kg and so the biological
variation is expected to be high. 1g suppositories were used in each
instance and insertion into the same space in the rectum would be
impossible. Uptake of bropirimine into the lymphatic system may also

play a role.
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In release rate (%/min)

Since the in-vitro experiments show that drug delivery via a
suppository is viable, it is plausible to suggest that with careful design
of in-vivo experiments, this route of administration may be better
utilized and the results made more meaningful. Due to the lack of time

and resources, this part of the work could not be brought to conclusion.

2.5+

1.5 4

1.0 +

0.5 1

0.0 Y T Y T v | Y T ¥ 1
0] 1 2 3 4 5

Concn. of meglumine (Y%w/w)

Fig. 8.10: A plot of release rate against concentration of meglumine
in the suppository
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9.0 CONCLUSION

A study of the stability and the physico-chemical properties of the pyrimidine
based immunomodulatory drugs bropirimine and its 2-N-acetyl- and 2,N-propanoyl-
derivatives and the 2/4- (2-N-propanoyl- and 2,4-N,N-dipropanoyl pyrimethamine)
and 6-carboxylate analogues (methyl-, ethyl-, propyl- and isopropyl esters) of

pyrimethamine was presented.

Reversed-phase high-performance liquid chromatography (HPLC) was used as
the method of assay for all the drugs. The mobile phase consisted of mixtures of
acetonitrile/0.1%"/, diethylamine adjusted to pH 2.0 with orthophosphoric acid. By
varying the composition of the acetonitrile only (25%V/, - 55%V/,) adequate separation

of each class of compounds was affected.

Stability studies indicated that bropirimine is a very stable entity. The
derivatives of both bropirimine and pyrimethamine were not sufficiently thermo- or pH-
labile to be considered as potential prodrugs. In each case the derivatives became

increasingly stable as the series progressed.

Differential scanning calorimetry (DSC) of bropirimine indicated
incompatibility, namely debromination, with a number of excipients commonly used in
formulation work, although the temperature at which this occurs (>200°C) is unlikely to
cause formulation or manufacturing problems. Also described here is a method for
accelerated stability testing of drugs by variable heating rates using the DSC. Provided
the experimental variables, e.g sample weight, particle size, etc., are well controlled

then there is a good possibility of obtaining accurate results from this method.
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Poor aqueous solubility was exhibited by both bropirimine and the
pyrimethamine derivatives. The values of the dissociation constants (K;) were
calculated from the solubility-pH profiles. Bropirimine was found to have a biphasic

solubility-pH profile and hence two pK, values (2.52 and 8.21).

The poor aqueous solubility of bropirimine (~35pg/mL) meant that formulation
problems would arise. The approach of prodrug synthesis and solvate formation
[acetic acid, N,N-dimethylacetamide (DMA) and N-methylformamide (NMF) solvates]
proved fruitless. However, by using co-solvents and additives, the aqueous solubility
was considerably increased such that using a system consisting of 10%V/,DMA/5%¥/,
meglumine in 0.2M sodium carbonate, 32mg/mL of bropirimine were solubilised
which represented an almost 1000-fold increase in solubility. This formulation, hence,
incorporates sufficient bropirimine for any clinical work to be undertaken. One year
stability study of this formulation showed no evidence of degradation. Intrinsic
dissolution testing of bropirimine indicated the possibility of serious oral bioavailability

problems, caused by low intrinsic dissolution rates.

Since the bropirimine formulation is heavily co-solvent/additive dependent, an
in-vitro method was devised to test the possibility of precipitation on injection. When a
buffer of sufficient buffering capacity (0.4M Tris) was used, precipitation resulted on
injection. By utilising low injection rates and high mobile phase flow rates,

precipitation was minimised.

The possibility of rectal delivery of bropirimine, using suppositories as the
dosage form, was considered. [n-vitro dissolution studies indicated that, using a
mixture of 96%Y/,, polyethylene glycol 1000 and 4%V/,, polyethylene glycol 4000 as
the base, this method of drug delivery is viable, giving quick release of bropirimine
(>80% in 15 minutes). Furthermore when 5%%Y/,, meglumine was added to the

suppository base Witepsol H15, the total amount of bropirimine released after 50
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minutes was doubled. However, in-vivo work on male Dutch rabbits gave
inconclusive results with wide variation in data. By comparison with the {n-vjtro study,
the results could be explained on the basis of inadequate technique rather than poor
route of administration. Due to lack of time the in-vivo technique could not be

perfected.
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APPENDIX 11

Tris buffer (251)

Contains tris (hydroxymethyl) aminoethane 6.06¢g per litre (50.0mM per litre) and the
specified amount of hydrochloric acid.

Hydrochloric acid
__pH mM/L. gL
7.2 44.7 1.63
7.4 42.0 1.53
7.6 39.3 1.43
7.8 33.7 1.23
8.0 279 1.02
8.2 229 0.83
8.4 17.3 0.63
8.6 13.0 0.47
8.8 8.8 0.32
9.0 5.3 0.19
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APPENDIX 111

2-amino-5-bromo-6-methyl pyrimidin-4(3H)-one (A
%-grnlﬁggg-i)org&6—ghe}rllyl plyrimidin-4(3§{)-c)>ne (A(IP%?.AP).
- -bromo-6-phen imidin- .
Acetyl bropitimine ( /I\)B). y! pynimidin-4(3H)-one (ABPP).
Propanoylbropirimine (PB).
Pyrimethamine (Py).
2-N-propanoyl pyrimethamine (MPP).
2,4-N,N-dipropanoyl pyrimethamine.
?gggl}))/ég (p chlorophenyl)-2,4-d1am1nopynrmd1ne-6-carboxylate
Ethyl 5-(p-chlorophenyl)-2,4-diamin imidine-6-
EDPO). phenyl) opyrimidine-6-carboxylate
Propyl 5-(p-chlorophenyl)-2,4-diaminopyrimidine-
(POEG, phenyl) pyri e-6-carboxylate
Iso-propyl 5-(p-chlorophenyl)-2,4-diaminopyrimidine-6-carbox
A p phenyl) pyrim boxylate
4-methoxyphenyl aminoacetate hydrochloride (MPAA)
2-amino-5-(4-chlorophenyl)-6-ethylpyrimidin-4(3H)-one.
4-amino-5-(4-chlorophenyl)-6-ethylpyrimidin-2(1H)-one.
Dimer of XIV and XV.
Bropirimine dimer.
a-cyclodextrin.
Angstrom.
Absorbance units full scale.
B-cyclodextrin.
British Pharmacopoeia.
N,N-dimethylacetamide.
N,N-dimethylformamide.
y-cyclodextrin.
High performance liquid-chromatography.
Intramuscular.
Intranasal.
Intraperitoneal.
Intravenous.
Intravaginal.
Micro/ionic strength
N-methylformamide.
Octadecylsilane.
Polyethylene glycol.
Post oral.
Polyvinylpyrolidone.
Revolutions per minute.
Subcutaneous.
Sodium dodecyl sulphate.
Half-life.
Ultraviolet.
Volume per volume.
Volume per weight.

Weight per weight.
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