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ABSTRACT
The use of controlled rel ease dosage forms has increased significantly in recent years as they result
in increased patient compliance and higher therapeutic efficiency. This research focused on the
development of a once daily dosage form that could be used for the treatment of hypertension. Both
a separate sustained release dosage of metoprolol tartrate and a combination dosage form that
included both an immediate release hydrochlorothiazide and a sustained rel ease metoprolol
component, were developed and evaluated. A matrix tablet, consisting of an ethylcellulose
granulation of metoprolol tartrate compressed into a hydrophilic hydroxypropyl methylcellulose
polymer matrix, effectively sustained metoprolol release over a 22-hour experimental period. A
multi particul ate combination dosage form that consisted of six coated mini matrix tablets of
metoprolol and a powder blend of hydrochlorothiazide packed into a gelatin capsule, displayed zero
order release kinetics for metoprolol release over 22 hours (r*=0.9946). The release of

hydrochlorothiazide was found to be comparable to that of acommercially available product tested.

Differential Scanning Calorimetry was used to identify possible incompatibilities between MPTA
and excipientsinitially, and long term stability testing was used to assess to behaviour of the dosage
form. Dissolution testing of the dosage forms was performed using USP Apparatus |11, which was
found to be more discriminating between the batches assessed. Dissolution curves were eval uated
for similarity and difference using f1 and f2 fit factors. Samples were analyzed using a high
performance liquid chromatographic method that was devel oped and validated for the simultaneous

determination of the compounds of interest.

Various factors influencing drug rel ease from the devel oped dosage forms were assessed and

recommendations for further optimization of the formulation are made. Factors evaluated included



the quantity of granulating fluid, matrix polymer content, drug load and process variables, including
drying time and compression force. The influence of various coating levels on drug release was
assessed and none of the levels assessed were found to adequately retarded drug release over a 22-
hour period. Combinations of tablets coated to different levels allowed for the successful
development of a sustained release metoprolol component, which could be included into the

combination dosage form.
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STUDY OBJECTIVES

Metoprolol is abeta-blocker that is commonly prescribed for the treatment of hypertension, angina
pectoris and more recently for the treatment of congestive heart failure. Hydrochlorthiazide isa
thiazide diuretic that isindicated asfirst line therapy for the treatment of hypertension in many
countries, including South Africa, where it has been included in the Essential Drugs List. A
combination of these drugs has been reported to be more beneficial than increased doses of either
drug used alone. Metoprolol and hydrochlorothiazide exhibit a synergistic relationship, in which
hydrochl orothiazide acts to decrease sodium and water retention caused by metoprolol, and the
beta-blocker serves to counter-act the increased renin levels caused by the diuretic. This
combination is therefore particularly advantageous in elderly or black patients that have low renin
levels, and may therefore be particul arly advantageous in a country such as South Africawhere the
majority of hypertensive patients fall into this category. Furthermore, arapid decrease in blood
pressure caused by an immediate rel ease hydrochl orothiazide component followed by sustained
release of metoprolol over atwenty-four period may be even more advantageous. A sustained
release product of metoprolol only may aso be advantageous for patients on beta-blocker
monotherapy, and metoprolol sustained rel ease products have been found to lower blood pressure

more effectively than conventional dosage forms.

The objectives of this study were therefore:

1 To develop and validate a suitable High Performance Liquid Chromatographic (HPLC)
method for the simultaneous determination of both metoprolol and hydrochlorothiazide in
agueous solutions

2. To develop anovel sustained release dosage form of metoprolol (100mg) that could be used
as a stand-alone product or in a combination dosage form with hydrochlorothiazide
(12.5mg).

3. To investigate the feasibility of using a matrix formulation developed in-house for
sustaining the rel ease of metoprolol tartrate over a 22-hour period.

4, To evaluate the release of both drug components from the dosage form developed, using an
appropriate dissolution method.

5. To identify key aspects of the dosage form for further study.
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CHAPTER ONE
DRUG MONOGRAPHS

1.1METOPROLOL TARTRATE

111 INTRODUCTION

Metoprolol is a synthetic beta;-selective adrenoceptor antagonist [1,2]. The FDA approved
metoprolol for the treatment of hypertension, in 1978 [3], and since then it has conventionally
been used in hypertensives and in patients with ischaemic heart disease [4]. In recent years,
however, the use of metoprolol has been extended to the treatment of stable angina and acute
myocardial infarction. Metoprolol free base is highly lipophilic, therefore it is available either
as succinate, fumarate or tartrate salts, which vary in solubility [1]. Only the tartrate salt will

be discussed in further detail as this was selected for experimental work.

11.2PHYSICO-CHEMICAL PROPERTIES

1.1.2.1 Description

Metoprolol tartrate (MPTA) is awhite, practically odourless crystalline powder [1,5].
Metoprolol tartrate is a salt consisting of a racemic mixture of optical isomers of the base and

dextro-tartaric acidina 2:1 ratio [1].

MPTA may be described by severa chemical names, which include [1]:
1. 2-propanol, 1-[4-(2-methoxyethyl) phenoxyl]-3-[(1-methylethyl) amino]-,
(), [R-(R*, R*)]-2,3-dihydroxybutanedioate (2:1) (salt)
2. (x)-1-(Isopropylamino)-3-[ - (2-methoxyethyl)- phenoxy]-2-propanol L-(+)-tartrate
(2:1) (salt)
3. 1-(isopropylamino)-3-[-(2-methoxyethyl)-phenoxy]-2-propanol (2:1) dextro-tartrate
salt



OH

I
OCH,CHCH,NHCH(CHy), COOH
H-CG-OH
HO—&Z—H
CH,CH,OCH3
— —l
Metoprolol Tataric Add

Figure 1.1: Structure of Metoprolol Tartrate [(CisH2sNO3)2.C4HsOg] (MW = 684.82)

1.1.2.2. Dissociation Constant and Distribution ratio

MPTA has only one ionisable group, that is, a secondary amine. The dissociation constant
(pKa) in water (ionic strength = 0.1) at 25°C has been reported by three separate sources to
range between 8.9 -9.70 [1], however a pKa of 9.7 is quoted most often [6,7,8]. The pKa
values for tartaric acid are 2.93 and 4.23 at 25°C [1]. In comparison to other B-blockers,
metoprolol is more lipophilic than most other -blockers, except for propranolol, which
exhibits the largest degree of lipophilicity [4], as indicated by the permeability coefficient
(Log Kp) in Table 1.1. Consequently, the route of elimination and potential for central
nervous system (CNS) side effects differ from the more hydrophilic B-blocking agents [3], as
will be discussed in §1.1.4.4.

Table 1.1 Log Kp valuesfor commonly used beta-blockers

Compound Kp value
Metoprolol 2.15
Propranolol 3.65
Atenolol 0.23
Acebutolol 1.90
Nadolol 0.70
Timolol 2.10
Pindolol 1.75




1.1.2.3 Solubility and water absor ption isotherm of metoprolol

Metoprolol itself is highly insoluble in aqueous media[9]; however using different salt forms
of the drug may increase the solubility. Of these, MPTA shows the greatest solubility in
water. The approximate solubility of MPTA in several solvents at 25°C is listed in Table 1.2.
MPTA is hygroscopic at humidities greater than 70% and is desorbed as the relative humidity
decreases. The state of hydration and crystal form has been observed to be stable upon drying
and re-analysis of MPTA [1].

Table 1.2 Solubility of MPTA in various solvents

Solvent Solubility (mg/ml) | Reference
Water > 1000 1,5,10
Methanol > 500 1,10
Chloroform 496 1,10
Acetone 11 1,10
Acetonitrile 0.89 1,10
Hexane 0.001 1,10
Ether insoluble 5,10

1.1.2.4 Optical rotation

MPTA contains three asymmetric carbon atoms; two of these are in the tartaric acid portion of
the molecule, and one occurs at the 2-propanol position of the racemic base. The compound
exhibits optical rotation in solution due to the optically active dextro-tartaric acid used in the
preparation of the compound. The specific rotation for a typical sample of a 2% MPTA
aqueous solution at 20°C, using the sodium D line, is +8.5°. The optical rotation range lies
between +6.5° and +10.5°[1].

1.1.2.5 Ultraviolet absor ption spectrum

The UV absorption wavelength maxima (Amax) and molar absorptivities (¢) of MPTA in
various solvents are listed in Table 1.3. A typical UV absorption spectrum of metoprolol
tartrate in 0.1M hydrochloric acid (HCI) is depicted in Figure 1.2.



Figure 1.2: UV absor ption spectrum of MPTA in 0.1M HCI

Table 1.3: Absor ption maxima and molar absor ptivitiesof MPTA

Solvent Amax (NM) ex 103
221 195
0.IN HCI 274 2.83
281(shoulder) 231
223 234
Water 274 3.60
280(sh) 2.94
223 24.0
0.01N NaOH 274 3.66
280(sh) 3.00
223 215
M ethanol 276 311
282 2.62
277 3.36
Chloroform 283 2.86




1.1.2.6. Infrared spectra (IR)

The infrared spectrum reveal s (Figure 1.3) that the frequencies and functional group
assignments of the major absorption bands, aslisted in Table 1.4, are consistent with the
structure of MPTA [1].

Figure 1.3: IR spectrum for MPTA

Table 1.4: Frequency and functional group assignment for MPTA

Wavenumber (cm) Assignment (s)
3600-2300 NH2, -OH, Aliphatic and aromatic CH
1580 Carboxylic acid salt
1580, 1515 Aromatic ring
1250, 1015 Aromatic ether
1180 Isopropy! group
1100 Aliphatic ether, Secondary alcohol
820 1,4-disubstituted benzene

1.1.2.7 Melting range
MPTA melts over a1-2° range between 120-123°C [1].



11.3STABILITY

1.1.3.1.S0lid state stability

MPTA stored at room temperature and at 35°C for five years have been found to be both
physically and chemically stable. No degradation is seen after storage at 50°C for 30 months,
however a slight change in colour, from white to off-white, occurs. MPTA is found to retain

its chemical and physical integrity upon drying [1].

1.1.3.2 Stability of solutionsof MPTA

Solutions of MPTA at pH 4, 7 and 9 stored at 60°C for 10 days show no chemical changes
[1]. In another study of a prepared MPTA extemporaneous paediatric liquid, MPTA showed
on 3% loss in potency when stored at 5°C and 25°C in the absence of light, for 60 days [8].

114 CLINICAL PHARMACOLOGY

Metoprolol is a competitive i-selective adrenergic antagonist, and therefore has been found
to exhibit cardioselectivity. It acts as a partial agonist, as it is devoid of intrinsic
sympathomimetic activity and therefore reduces exercise heart rate to a greater extent than f3-
blockers with intrinsic sympathomimetic activity. Metoprolol does not exhibit membrane-
stabilizing activities at the dosage levels required for B-blockade [2,3,11,12]. The
pharmacological properties of metoprolol compared with those of some other beta-blockers
are listed in Table 1.5 [12] and it is evident that comparatively metoprolol is as potent as

propranolol and atenolol.

Table 1.5: Comparison of the pharmacological properties of certain -blockers

Drug Beta-blockade Betas- Partial agonist | Membrane stabilizing
potency* selectivity activity activity
Acebutolol 0.3 + + +
Atenolol 1 + 0 0
M etoprolol 1 + 0 *
Pindolol 6 0 +++ +
Propranolol 1 0 0 ++

* Relative to propranolol, where 1 = equivalent potency

0 Indicates no selectivity/activity

* Indicates that selectivity/activity depends on the dose

+, ++, +++ Indicates increasing levels of selectivity/activity




1.1.4.1. Mechanism of action

Metoprolol, in similarity to other B-antagonists competes with adrenergic neurotransmitters
such as the catecholamines for binding at the sympathetic receptor sites. In low doses,
metoprolol selectively blocks B;-adrenergic receptorsin the heart and vascular smooth
muscle. The B;-receptor blockade results in a decrease in both resting and exercise heart rate
and cardiac output, and thus a decrease in both systolic and diastolic blood pressure [3,5].
Inhibition of isoproterenol-induced tachycardia and reduction of reflex orthostatic tachycardia
also occurs[5]. At highdoses in excess of 400mg per day MPTA [,-adrenoreceptors are also
inhibited [3,5]. The pharmacodynamic effects of metoprolol have been categorized and

include haemodynamic, electrophysiological, pulmonary, endocrine and metabolic effects.

1.1.4.1.1 Haemodynamic, Electrophysiological and Pulmonary Effects

Metoprolol results in a negative chronotropic effect on the heart; hence decreasing cardiac
output and systolic blood pressure. In patients with mild to moderate hypertension, systolic
blood pressure falls rapidly, however due to an increase in total peripheral resistance, diastolic
pressure is maintained and a full anti-hypertensive effect may only be seen after several weeks
of repetitive dosing. Patients with angina pectoris show a decrease in systemic arterial
pressure and a mild reduction in contractility, resulting in a reduction in the myocardial
oxygen demand. In myocardial ischaemia, the reduction in heart rate results in prolonged
diastole which facilitates blood flow through poorly perfused regions of the myocardium [12].
The effect of metoprolol on human myocardial electrical activity resultsin a prolonged
repolarisation time after 5 weeks of oral administration [12].

The B-receptors in the lung are primarily of the B, type [13], therefore the B;-selectivity of
metoprolol suggests that it would have fewer effects on lung function than the non-selective
[-blockers. However, this varies according to the type and status of pulmonary disease [4,12],
and increased airway resistance caused by p-blockers when used in asthmatics and patients

with chronic obstructive pulmonary disease may lead to fatal bronchoconstriction [4].

1.1.4.1.2 Endocrine and M etabolic Effects

Slight or no increase in plasma catecholamine has been reported with metoprolol treatment
and plasma dopamine levels are unaffected after 4 weeks therapy, however such levels have
been increased by 10-12 fold after 15 months of treatment [12].



Plasma renin activity in both healthy and hypertensive patients are decreased after short and
long-term administration of metoprolol; the exercise induced increase in plasmarenin activity
isnot consistently reduced [12]. Plasmarenin levels are a so important with respect to -
blocker treatment, where patients with low plasmarenin levels are identified as poor
responders to B-blockers. This group includes blacks and elderly patients, who respond better
to diuretic and calcium antagonist therapy, whereas whites and young patients who have
higher renin levels respond better to the drugs which act on the renin-angiotensin system, that
is the B-blockers, angiotensin converting enzyme (ACE) inhibitors and angiotensin-1|
antagonists [14-17]

Blood glucose regulation mechanisms are unaffected by B-blockers and in moderately
hypertensive patients with or without non-insulin dependent diabetes. The glucose response to
glucagon challenge in patients on haemodialysis has also been reported to be unaffected by
metoprolol [12]. In astudy by Lager et al, it was found that neither the non-selective nor the
cardioselective B-blockers potentiated the effects of insulin on glucose-uptake in vitro,
however propranolol resultsin animpaired rate of recovery of blood glucose levelsin

comparison to metoprolol [18]

Acute effects of metoprolol on lipid metabolism has shown a reduction in the uptake of free
fatty acids by normal or occluded myocardium in dogs [14], however this effect was found to
be less pronounced than with use of non-selective 3-blockers[18]. Similar studies with rat
and rabbit aorta have shown that metoprolol may have important effects against theformation
of atherosclerotic tissue. In the long term, metoprolol has the tendency to elevate plasma
triglyceride and very low-density lipoprotein triglyceride concentrations, hence el evating total
serum cholesterol, whilst high-density cholesterol is decreased [14]. Although various studies
have reported different results, there is as yet no evidence to support increased risk of

ischaemic heart disease with prolonged metoprolol use [12].

1.1.4.1.4.3 Effects on Physical performance

[3-blockers may also adversely affect the extent and quality of physica performance.
However, metoprolol being a selective antagonist has fewer negative effects on performance
than non-selective -blockers. Heavy short-term exercise and prolonged exercise are both
negatively affected to alarger extent by the non-selective beta-blockers, and anaerobic

exercise may be affected by both the selective and non-selective p-blockers similarly [12].



1.1.4.2 Uses and indications

Metoprolol has been used in the treatment of mild to moderate hypertension, and can be used
alone or in combination with other antihypertensive agents [5]. Evidence from both primary
and secondary prevention trials indicate that the use of cardioselective [3-blockers such as
metoprolol have a better preventive effect on total mortality, cardiovascular mortality and
atherosclerotic complications than non-selective beta-blockers or diuretics alone [19,20].
Metoprolol has been found to be useful in this capacity due to its negative chronotropic
effects, negative inotropic effects that decrease cardiac output, reduction of sympathetic
outflow from the central nervous system and suppression of renin release from the kidneys.
Thus, metoprolol affects blood pressure via multiple mechanisms that have been previously
discussed in 81.5.1. Metoprolol isalso used for the treatment of congestive heart failure
(CHF), and has a so been found to significantly decrease the morbidity and mortality
associated with chronic CHF [21].

High efficiency and tolerability of metoprolol tartrate or metoprolol in combination with
hydrochlorothiazide, in patients older than sixty-five years has been reported [12,22].
Metoprolol in pregnant hypertensives reduces diastolic blood pressure dightly, but does not
prevent the ocurrence of toxaemiain these patients [12]. In asthmatic patients the risk of
bronchospasm is lower during acute and chronic metoprol ol treatment as compared to the use
of the non-selective B-blockers, however, it is probably safer to use other classes of
antihypertensives such as the calcium channel blockers or the ACE inhibitors. Metoprolol has
also been found to be safe and effective for use in diabetics for whom blood pressure was

reduced but no significant changes in blood glucose or glucose excretion were noted [3,12].

Metoprolol has also been used in the management of chronic stable angina[3,11], where it
reduces myocardia oxygen demand, and hence the frequency of anginal attacks and nitrate
requirements, with a corresponding increase in exercise tolerance [3]. It may also be used in
the prevention of myocardial infarction, atrial fibrillation, atrial flutter and for the
symptomatic treatment of hypertrophic subaortic stenosis[3,11]. In the management of
hereditary or familial essential tremor its use resulted in the reduction in tremor amplitude but
not tremor frequency. The unlabeled uses of metoprolol include ventricular arrhythmias, atrial

ectopy, migraine prophylaxis, aggressive behavior and essential and familial tremor [11].



1.1.4.3. Contraindications and Precautions
Metoprolol is contraindicated in sinus bradycardia, heart block greater than first degree,
cardiogenic shock and overt cardiac failure. It should also not be used for myocardial

infarction in patients with a heart rate of less than 45 beats per minute [5].

In the treatment of hypertension and angina patients who have congestive heart failure, i3-
blockers should be used with caution as myocardial contractility can be further depressed,
precipitating more severe failure. Furthermore, metoprolol should not be used in patients on
digitalis treatment as atrio-ventricular (AV) conduction is made slower by both these
compounds [5]. Patients without a history of cardiac failure should not use -blockers for
prolonged periods as continual depression of the myocardium may ultimately lead to cardiac
failure [5]. Furthermore, abrupt cessation of therapy could exacerbate angina pectoris and
very rarely may lead to myocardial infarction. If chronically administered metoprolol needs to
be discontinued, it should be gradually reduced over a 1-2 week period, and the patient

carefully monitored during the titration period [5].

Although adrenergic selective p-blockers are preferred in patients with asthma or pulmonary
conditions in which bronchospasm could put them at risk, all B-blockers should be used with
caution [3,5]. Since P1-selectivity is not absolute, the concomitant administration of a

B2-stimulating agent may be required, whilst using the lowest possible dose of metoprolol [5].

Metoprolol should also be used cautiously in patients with diabetes mellitus as it may mask
symptoms of hypoglycaemia. -blockers can also precipitate hypoglycaemia via inhibition of
glycogenolysis, therefore should not be used in brittle diabetes but can be used cautiously in
patients with stable diabetes [3,5]. When used in patients with hyperthyroidism or
thyrotoxicosis, metoprolol can mask certain clinical signs such as tachycardia, and should
therefore be used cautiously, and abrupt withdrawal of the drug in patients with
hyperthyroidism can precipitate a thyroid storm [3,9]. The use of metoprolol before or during
surgery is also controversial as the impaired ability of the heart to respond to reflex adrenergic

stimuli may increase the risks of inotropic general anaesthetics and surgical procedures [3,5].

Caution should be exercised in patients with severe hepatic disease as dosage adjustment,

may be required due to decreased drug clearance [3]. Metoprolol is only relatively
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contraindicated in Raynaud’s disease and peripheral vascular disease [23], and should be used
cautiously in patients with depression [5]. B-blockers may also exacerbate conditions such as

psoriasis and may potentiate the symptoms of myasthenia gravis [5].

Metoprolol is classified by the FDA as a pregnancy category C drug and therefore should
only be used in pregnant women if it is clearly indicated and consideration of the risks and
benefits are essential before it is used. Metoprolol is also contraindicated in breast-feeding
mothers as it is excreted into breast milk. Whilst studies in rats have revealed no evidence of
impaired fertility or teratogenicity, there are no well-controlled studies in pregnant women

[3], and therefore its use should be avoided if possible.

The use of B-blockers in geriatrics may increase their risk to certain conditions such as
hypoglycaemia due to decreased gastrointestinal, hepatic and renal functioning in these

patients [25]. Safety and efficacy in children has not been established [3].

1.1.4.4 Adversereactions
The adverse reactions of metoprolol are usually mild and transient and usually occur at the

onset of therapy, diminishing with prolonged therapy [3,5].

Adverse central nervous system (CNS) effects include dizziness, fatigue and depression, and
less commonly, CNS depression results in headaches, nightmares and insomnia [3,5].
Bronchospasm and dyspnoea may occur with doses greater that 400mg/day [3,5]. The most
predominantly reported gastro-intestinal adverse effects include diarrhoea, nausea and
vomiting, and flatulence has also been reported in about 1% of patients [3,5]. Hypersensitivity
reactions such as pruritus, rash, exfoliative dermatitis and xenosis have been reported in about
5 in 100 patients [5]. Musculo-skeletal pain, myalgias and tinnitus are less frequently
reported. Sexual dysfunction, impotence and decreased libido are less frequent adverse effects

with a less than 2% occurrence in patients [3].

Both hypoglycaemia and hyperglycaemia can occur on metoprolol therapy [3]. Congestive
cardiac failure may occur but it is more likely in patients with pre-existing left ventricular
dysfunction. Sinus bradycardia and hypotension may also occur however this can be easily

reversed with intravenous atropine, if necessary [3].
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1.1.4.5 Drug interactions

The anthypertensive effects of metoprolol are additive with other antihypertensive agents and
therefore combinations may be used moreeffectively to reduce blood pressure [3]. The use of
metoprolol should be avoided with catecholamine depleting drugs such as reserpine,
guanethidine and rauwolfia akaloids, as they may result in hypotension, marked bradycardia
with resultant vertigo, syncope and postural hypotension [3,5]. When used with anti-
arrhythymics such as amiodarone, cardiac glycosides, diltiazem and verampamil it may result
in complete atrio-ventricular block [3]. Care must be taken when clonidine therapy is stopped
so as to avoid the possibility of rebound hypertension. The concurrent use of metoprolol with

other sympathomimetic agents may result in antagonism of the desired therapeutic effects [3].

The effects of metoprolol may be enhanced or reduced with the concomittant use of certain
drugs, which may affect bioavailiblity and hence, plasma levels of metoprolol. Metoprolol has
been reported to interact with food and alcohol. Alcohol exacerbates drowsiness, dizziness,
lightheadedness and blurred vision that may be caused by metoprolol, and should therefore be
avoided [24].

1.1.5PHARMACOKINETICSOF METOPROLOL

1.1.5.1 Dosage and administration

The dosage of metoprolol should be individualized when used for hypertension; however, the
initial dosage for adultsis usually 100mg, in single or divided doses. Metoprolol may be used
alone or in combination with diuretics at the same dosages. The dosage may be increased
weekly until the optimal blood pressure reduction is achieved [2,5]. The effective dosage
range is 100-450mg per day [2,5,9,25]. Once daily dosing is effective and can reduce blood
pressure throughout the day but the full effect may not be maintained at the end of the 24-
hour period therefore blood pressure should be carefully monitored initially. In elderly
patients an initial daily dose of 25mg is recommended but may be increased up to 300mg per
day [9]. In patients with hepatic disease a reduced dose may be necessary [9].

In the treatment of angina pectoris the usual dosage is 100mg daily in two divided doses but
the dose may be increased at weekly intervals up to 400mg/day. If the drug isto be

discontinued, it should be reduced over a period of 1-2 weeks[9]. When used for myocardial
infarction, IV administration is required for the early treatment, thereafter 100mg twice daily

is recommended as maintenance treatment for 1-2 years[5,9]. The usual dosage for children
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is 1-5mg per kilogram per day, twice daily in divided doses. Dose adjustments should be
performed every three days to optimize therapy [5].

Oral dosage forms must be taken continuously and regularly with or immediately following
meal s and should not be discontinued without consulting a physician. Missed doses must not
be taken with the following scheduled dose [9].

1.1.5.2 Overdose

Several cases of overdose with metoprolol have been reported. Symptoms of overdosing
include hypotension, cardiac failure, bronchospasm and bradycardia. The oral LDsg in mice
has been found to be 1158-2460 mg/kg, and is 3090-4670 mg/kg in rats [11]. Thereis as yet
no specific antidote for the treatment of metoprolol overdose [11] therefore treatment should

be symptomatic.

1.1.5.3 Absorption

The absorption of metoprolol is both rapid and complete and after administration about 95%
of the drug is quickly and completely absorbed from the gastro-intestinal tract [3,5,27].
However, the oral bioavailability islow as only 40-50% of an oral dose reaches the systemic
circulation as unchanged drug due to the effects of hepatic first-pass metabolism [25,28,29].
The onset of action for orally administered metoprolol is 20-30 minutes, and for 1V
administration is approximately 5 minutes [5]. Peak antihypertensive effects (tmax) are reached
within 1.5-4 hours after administration and within 20 minutes after IV administration [3,5,27].
Peak serum concentrations have ranged from 0.035-0.125pg/ml after a 50mg dose and 0.046-
0.270ug/ml for a 100mg dose [30]. Following administration of extended release products,
peak serum concentrations are approximately one third of those achieved with conventional
release products, hence the peak concentration occurs about 7 hours after dosing [3]. Food
increases the bioavailability of metoprolol, hence increasing absorption; therefore metoprolol
doses should be taken at the same time each day [30]. Gastric motility may also have an
impact on metoprolol absorption, and is especially important when sustained release products
such as hydrophilic matrix tablets are administered, as it has been found that strong
contractions may lead to crushing of the dosage form with subsequent increase in drug release
[31]. It has also been found that the AUC during multiple dosing was increased, possibly due
to decreased systemic clearance as a result of potential reduction in hepatic blood flow or due

to decreased presystemic clearance as a result of saturation of the first-pass effect [32].
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Certain drugs also affect the bioavailability of metoprolol and examples of which arelisted in
Table 1.6 [3,11].

Metoprolol pharmacokinetics are best described by a two-compartment model following 1V

administration of the drug and a one-compartment model after oral dosing [27,30].

Table 1.6: Somedrugsthat alter the bioavailability (F) of metoprolol

Drugswhich increase F

Drugswhich decrease F

contraceptives

flecainide

mono-amine oxidase inhibitors
hydralazine

propafenone

thyroid hormones

H,-antagonists

ciprofloxacin,

calcium blockers, such as diltiazem,

aluminium salts

barbiturates

calcium salts

cholestyramine

colestipol

non-steroidal anti-inflammatories
rifampin

salicyclates

sulfinpyrazone

felodipine, nicardipine

1.1.5.4. Distribution

The distribution of metoprolol istypical of amoderately lipophilic, basic drug [1]. Following
absorption, metoprolol israpidly and widely distributed to the peripheral tissue [27]. It
crosses the blood brain and the placenta and can concentrate in breast milk [3,5]. Only a small
fraction of the drug (about 12%) is bound to human serum albumin [1,3,5], however the
hypotensive effects can last up to one month after discontinuation of the drug, possibly due to
extensive tissue binding [3]. Due to minimal protein binding, metoprolol has a high apparent
volume of distribution (V) of 5.6L/kg body weight [1,30]. The volume of distribution has
been reported to be in the range of 1.2 to 10.4L/kg body weight [27,28], however the V4 has
been reported to be much larger when drug is administered orally in comparison to IV
administration [28].

1.1.5.5 Metabolism

Metoprolol is extensively metabolized by the hepatic mono-oxygenase system in the liver
[28]. The rate of drug metabolism is subject to genetic polymorphism [33] hence the extent of
metabolism of B-blockers ranges from very little to aimost complete [27]. The rate of hepatic
hydroxylation by the cytochrome P-450 isozyme system is determined by the genetic
polymorph of the patient [3]. Hydroxylation generally occurs relatively rapidly, resulting in a
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half-life (t,,) of about 3-4 hours, but in slow hydroxylators the (t,,) may be increased up to 7
hours [3]. Metoprolol has three major metabolites, the major hydroxylated metabolite being
a-hydroxy metoprolol [34,35], which exhibit no therapeutic effect [3,36].

1.1.6.6 Elimination

Elimination of orally administered metoprolol ismainly by biotransformation in the liver
[1,7,30], and does not induce its own metabolism [1,30]. Approximately 3-10% of unchanged
drug isrecovered in the urine and the rest is excreted as metabolites via the kidney [36]. The
three mgjor metabolites, account for approximately 85% of thetotal urinary excretion. The
excretion of these metabolites occurs primarily via glomerular filtration within 72 hours of
administration [3].

The elimination half-life (t,,) of metoprolol is 3-4 hours but can range from 2.5 to 7.5 hours
[1,5], where patients with alonger t., value may be classified as poor metabolisers [28]. Half-
lifeisindependent of the dose and duration of therapy, however, the duration of action of
orally administered metoprolol is dose related [1,5]. Thisis demonstrated by the fact that a
50% reduction of the maximum registered effect for single doses of 20mg, 50mg and 100mg
occurs at 3.3, 5.0 and 6.4 hours, respectively [5,30]. This suggests that drug elimination from
the plasma follows first-order kinetics, whilst the decline in response follows zero-order
kinetics[30]. The systemic availability and t,, of metoprolol in patients with renal failureis
not significantly different from normal subjects, therefore no reduction in dose is required in

patients with chronic renal failure [5].

IV doses of 5mg and 15mg yield a maximal reduction in exercise-induced heart rate of
approximately 10% and 15%, respectively. The effect on exercise heart rate decreases linearly
with time at the same rate for both oral and 1V doses. There was no effect after 5 hours and 8
hours for the 5mg and 15mg doses, respectively. Maximal beta-blocking effect after oral and
IV administration is achieved with aratio of the doses being about 2.5:1 [5].
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12: HYDROCHLOROTHIAZIDE

121 INTRODUCTION

Hydrochlorothiazide (HCTZ) is awidely used saluretic agent, which exhibits both diuretic
and antihypertensive activity [37,38]. HCTZ belongs to the thiazide group of drug compounds
It was which were discovered during research in sulfonamide chemistry [37]. It has been
included into the South African Essential Drugs List for the treatment of hypertension and it

is often used in combination with other antihypertensive agents such as beta-blockers [39].

122PHYSICO-CHEMICAL PROPERTIES

1.2.2.1 Description

HCTZ appears as a white or practically white, practically odourless crystalline powder, which
has a dightly bitter taste [37]. It has a moleculer weight of 297.73[37,40].

HCTZ may be described by several chemical names, which include [37]:
1. 6-chloro-3, 4-dihydro-7-sulfamoyl-2H-1, 2, 4-bezothiadiazine 1,1-dioxide
2. 6-chloro-3, 4-dihydro-2H-1, 2, 4-benzothiadiazine-7-sulfonamide 1,1-dioxide
3. 6-chloro-7-sulfamyl-3, 4-dihydro-1, 2, 4 - benzothiadiazine 1,1-dioxide
4. 2H-1, 2, 4-Benzothiadiazine-7-sulfonamide, 6-chloro-3, 4-dihydro-1, 1-dioxide

@)
. | O ~°
2 g S\N—H
L
H

Figure 1.4 Structure of Hydrochlorothiazide (C7HgCIN3O4S;) MW = 297.73

1.2.2.2 Dissociation Constant and Partition Coefficient

The ionization constants (pKa) quoted in the literature range from 8.60-8.81 (Table 1.7),
depending on the method by which the value was identified [37,41]. The apparent n-octanol:
agueous phase partition coefficients (P) are listed in Table 1.8.
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Table1.7: pKavaluesfor HCTZ

pKa-Value Method

8.81+£0.05 Photometric titration
8.6 Potentiometric titration
8.7 Spectrophotometry

Table 1.8: Partition coefficientsfor HCTZ

Aqgeous phase P
0.1M HCI pH1.06 1.94
0.1 M glycine buffer pH 3.0 0.866
0.067M phosphate buffer pH 7.4 0.855

1.2.2.3 Solubility

HCTZ is only very slightly soluble in water and therefore has the potential for poor
gastrointestinal absorption [37,42]. It is soluble in aqueous solutions of organic bases, for
example, n-butylamine, and inorganic bases such as sodium hydroxide. The solubility of
HCTZ in aqueous solutions and certain commonly used inorganic solvents are listed in Table
1.9A-B. The solubility of HCTZ increases upon the addition of non-ionic surface-active
agents [37]. The surface tension of the saturated aqueous solutions at 23°C was found to be
724uN.cm-1 [43].

1.2.2.4. Thermal Analysis

The melting point of HCTZ has been reported to be 268°C [44], but may vary within a range
of 263-275°C. The melting point is strongly dependent on the heating conditions and the
effect responsible for this melting behavior is not clearly understood [37].

HCTZ is reported to contain < 0.1% volatile impurities up to a temperature of 280°C [37],
and overall loss on drying at 105°C for one hour is not more than 0.5% of the weight of
HCTZ [40]. Thermogravimetry results also indicate that decomposition of HCTZ starts at
307°C [37].

1.2.2.5 Density and crystal structure
HCTZ is a monolithic crystal system [37], with a density of 1.68 + 0.01 g.cm™ [37,43].
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Table 1.9A: Solubility of HCTZ in aqueous solvents

Solvent Temp (°C) | pH of solution | Solubility (g/100ml)

Water 37 7.2 108 x 10
0.1M HCl 25 1.0 60.8 x 107
0.067M phosphate buffer 25 7.4 61.6x 10
0.05M borate buffer 25 9.0 103 x 10°
1.0M ammonia 25 11.6 2.2

0.1M NaOH 25 10.2 1.79

Simulated gastric fluid pH 1.1 37 11 108 x 103
simulated intestina fluid 37 75 109 x 103

Table 1.9B: Solubility of HCTZ in non-aqueous solvents

Solvent Temp (°C) | Solubility (g/100ml)

acetone 25 13.7

acetic acid 25 0.15
acetonitrile 25 2.0
ethylacetate 25 0.59
chloroform 23 0.1

ethanol (96%) 23 13-14
methanol 23 39-41
dichloromethane 23 <0.02

1.2.2.6 UV Absorption
UV absorption data of HCTZ in various solvents are listed in Table 1.10 and atypical UV
spectrum of HCTZ isshown in Figure 1.5 [37].

Table 1.10: UV Absorption data for HCTZ [35]

Solvent Amax (nm) log €
ethanol 225 4576
269 4,307

316 3.505

methanol 226 4513
271 4.279

317 3.471

water 270 4,286
315 3.495

0.01N HCI 270 4,290
315 3.500

0.01IN NaOH 272 4,193
323 3.435

1.2.2.7 Infrared Spectra

The IR spectrum for HCTZ is shown in Figure 1.6. Assignments for the characteristic bands

18



Dol svectrum no.6s7n 70 6.2
1.0 i1 samples 7610k 293 Prod.Std.76
' HEE BN
! I I, Melecular weight: 297,75

| BT solvent:iAetnanol

s dod i b concentration: 2,310 el /Lit,
! ads Celd path: 1,0em

g T EL/ R ™7 Instrument: Cery 118
3 ! = R D Date: 19.Jull 1979

f R R p

. ] H M

0,4

0,2

0,0

LA
200 250 300 350 . Wavelength {nm) 400

Figure 1.5: UV scan of HCTZ in ethanol

25() 3 MICRONS 4

T Y T =TT
0

TRANSMITTANCE (%)

| Ll H
i .l

! i L
1600 T4 1000 L]
WAVENUMBER (CM ')
Nujol 51
SAMPLE ¢ 104203 zg:‘\gm.ﬂ,;,‘ - :E'ATN B [REMARKS g
CELLPATH ... .. . |OPERATOR P.B. 5
REFERENCE ... .. [DATE 9779 . | prod.Stand. 76 ]
onigiN_ Deppeler - PE No_471-8049

'Figure 1.6: Infrared spectrum of HCTZ

19



in the spectrum are listed in Table 1.11, and are consistent with the structure [37].

Table1.11: IR assgnmentsfor HCTZ

Frequency cm-! Assignments

3380, 3280, 3180 NH stretching

3080, 3020 aromatic CH stretching

2960, 2900 CH2 stretching

1600, 1525, 1460 C=C stretching

1335, 1320 SO2 asym. stretching

1165, 1155 SO2 sym. stretching

940, 900 SN stretching + NH deformation
710, 675 ring deformations

123STABILITY

1.2.3.1 Bulk stability and solid-solid inter actions

When stored at room temperature for five years, HCTZ shows no degradation. Heat affectsit
very slowly and treatment for 2 hours at 230°C results in slight discolouration but no change
in physical properties [37]. In humid conditions, HCTZ reacts with excipients containing
metal compounds, however, under normal manufacturing and storage conditions there are no
indications of degradation of the drug when in contact with Aerosil® 2000, calcium stearate
and talc [37].

1.2.3.2 Aqueous stability

In agueous solutions, HCTZ undergoes hydrolysis to give formal dehyde and 4-amino-6-
chloro-1,3-benzenedisulfonamide, via an equilibrium process [37,45,46]. Thisreactionis
specific-acid and specific-base-catalyzed [47]. However, the equilibrium constant is
independent of pH from 1.5 to 8.2 [46,47], and in this range the equilibrium favors HCTZ. In
very akaline solutions (pH > 12) or in the presence of reagents that react with formaldehyde,
complete hydrolysis can occur [37,46,47]. The pH-Rate profile for the hydrolysisof HCTZ is
shown in Figure 1.7.

The slopes of the linear portions are -1.0 and +1.0 at the low and high pHs, respectively. This
indicates first order dependence on both the hydrogen and hydroxide ions. The degradation
rate constant (k) is representative of the pseudo-first order rate constant for the forward
reaction. The intermediate portion is a bell-shaped curve. It has been established that this

curveis areflection of the kinetics of the reaction rather than the ionization constants of the
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reactants. The portion of the profile from pH 7 to 11.5 probably results from the dissociation
equilibra of HCTZ. The pKavalues of HCTZ have been reported as 8.6 and 9.9. The
decreasing degradation rate from pH 7 to 3 can be accounted for in terms of the degree of
ionization of the substrate since there are no pKavaluesin this range, indicating an absence of
the ionized species. Thisdrop-off in rate may be due to a change in the rate-determining step
of the reaction, and the occurrence of one or more intermediates resulting from the reaction,
which is of two or more steps. The most common proposal is the formation of an imine
intermediate, which results from ring opening of the HCTZ molecule [37,46,47].

o 3L Bl L G L L LA L

~log (k/s™")

Figure 1.7: pH-Rate profile for the hydrolysisof HCTZ

1.2.3.3 Photolytic decomposition of HCTZ
HCTZ decomposes upon irradiation with near-UV light (A >310nm) in both methanol and

aqueous sol utions therefore these solutions should be protected from light [45,48].
It is capable of acting as a skin photosensitizer by both free radical and excited single

molecular oxygen mechanisms [49]. The chlorine substituent has been found to be
photolabile, as seen from the photolytic pathway of HCTZ, as depicted in Figure 1.7 [45,48]
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124 CLINICAL PHARMACOLOGY

1.2.4.1. Mechanism of action

HCTZ does not usually affect the normal blood pressure, but it does affect the distal renal
tubular mechanism of electrolyte absorption. The diuretic effect is achieved by interfering
with the transport of sodium ions across the distal renal tubes, hence increasing excretion of
water and sodium and chloride in equal amounts [50]. Diuresis usually begins within two
hours of an oral dose, peaks at about 4 hours and lasts for between 6-12 hours [51].

1.2.4.2 Uses and Indications

HCTZ isindicated in the management of hypertension, either as the sole therapeutic agent or
to enhance the effect of other antihypertensive agents. It is also indicated as adjunctive
therapy in oedema associated with congestive heart failure, corticosteroid and oestrogen
therapy and hepatic cirrhosis. It may also be useful in oedema due to various forms of renal
dysfunction, such as chronic renal failure and acute glomerulonephritis. A short course of

thiazides can also be used if a generalized oedema resulting from hypovol aemia occurs [51].
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Routine use of diuretics during pregnancy is not usually recommended; hence HCTZ should
not be used unlessit is essential to improve the well being of the patient. Thiazides are also

indicated as treatment for oedema resulting from pathological causes during pregnancy [51].

1.2.4.3 Contraindications and Precautions

HCTZ is contraindicated in patients with anuria and those who exhibit hypersensitivity to the
drug and other sulfonamide derivatives. It should also be used with caution in patients with
severe renal disease as thiazides may precipitate azotaemia, and in patients with impaired
hepatic function or progressive liver disease. Sensitivity reactions may occur in patients with
ahistory of allergy or bronchial asthma. HCTZ may also activate or exacerbate systemic
lupus erythematosus. Thiazides may increase cholesterol and triglyceride levels[14,51].
Hyperuricemia or acute gout may also be precipitated in susceptible patients as plasma urates
are increased with HCTZ use [30,52].

Generdly, patients on diuretic therapy should be monitored for evidence of fluid and
electrolyte imbalance, namely, hyponatremia, hypokalaemia and hypochloremic alkalosis.
Signs of such imbalance include dry mouth, drowsiness, muscle pain and fatigue, tachycardia,
gastro-intestina disturbances, weakness and restlessness. Hypokalaemiais more likely to
occur with prolonged therapy, in patients with severe cirrhosis or where the patient does not
have an adequate oral electrolyte intake. This may be avoided by using potassium-sparing
diuretics or potassium supplements. Thiazides may also induce hypomagnesemia and

hypercalcaemia[14,5]].

Caution should be exercised in diabetic patients and dosage adjustments of insulin or oral
hypoglycemic agents may be required. Thiazide diuretics may also cause hyperglycaemia and
the manifestation of latent diabetes mellitus [51].

Thiazides have been found to cross the placental barrier; hence there isarisk of neonatal
jaundice and thrombocytopaenia. It is also excreted into breast milk, therefore either nursing
or HCTZ have to be discontinued in such instances [51]. The safety and efficacy of HCTZ use
in paediatrics has not yet been established [51].
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1.2.4.4 Adversereactions

The most common adverse reaction experienced includes weakness, hypotension and various
effects on the digestive system including pancreatitis, jaundice, diarrhoea, vomiting,
congtipation and gastric irritation [51]. Another commonly reported side effect is
hypokalaemia, which in cases may be particularly dangerous asit may lead to cardiac
complications [53]. Less common effects include haematological effects such as aplastic
anaemia, agranulocytosis, hypersensitivity reactions such as anaphylactic reactions,
respiratory distress, photosensitivity, fever and rash. Other effects include electrolyte
imbalance, hyperglycaemia, glycosuria, hyperuricaemia, and muscle spasm, vertigo,
dizziness, headache, renal failure and renal dysfunction. Alopecia, exfoliative dermatitis
erythema multiformae, xanthopsia, transient blurred vision and impotence occur even less
frequently [14]. More severe side effects may include the HCTZ-induced pulmonary oedema

triggered by an autoimmune mechanism, in woman [54].

1.2.4.5 Drug I nteractions

The adverse effects caused by HCTZ may be potentiated by the simultaneous determination
of certain drugs including alcohol, barbiturates, narcotics, corticosteroids and ACTH. Drugs
such as cholestyramine and col estipol resins and the non-steroidal anti-inflammatory drugs
decrease the absorption or the antihypertensive effect of HCTZ. When used with non-
depolarizing skeletal muscle relaxants, there may be a possible increased responsiveness to
the muscle relaxant. Concurrent use of lithium and diuretics should be avoided because the

renal clearance of lithium is decreased, and this may increase the risk of lithium toxicity [51].

1.25PHARMACOKINETICSOF HYDROCHLOROTHIAZIDE

1.2.5.1 Dosage and Administration

Aswith most drugs, the dose of HCTZ used should be individualized according to patient
response, and generally the smallest dose possible should be used, as the dose response curves
of thiazide diuretics are flat, therefore increased dose does not correspond with a proportional

increase in clinical effect [55].

To treat oedemain adults the usual dosage is 25-100mg daily in single or divided doses. In
such patients intermittent therapy may be used, that is, on alternate or three to five days per
week. This therapy reduces the risk of undesirable electrolyte imbalances. When used to treat

hypertension, theinitial adult dose is 25mg given daily as a single dose. Doses above 50mg
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are associated with marked reductions in serum potassium and should be avoided. The usual
paediatric dose is 0.5 to 1.0 mg /pound/day in two doses not exceeding 37.5mg per day.
Infants under 6 months may require 1.5 mg/pound/day in two doses. Infants up to 2 years may
be given 12.5-37.5 mg daily in two divided doses. Children over 12 years may be given 37.5-
100 mg per day, however, pediatrics with hypertension rarely benefit from doses exceeding
50 mg/day [51].

1.2.7.2 Overdose

The oral LDsp of HCTZ in the mouse and rat is greater than 10g/kg. The most common signs
of overdosage are those associated with electrolyte depletion and dehydration resulting from
excessive diuresis. In the event of overdosage, symptomatic and supportive measures should
be used. Emesis should be induced and gastric lavage performed. Electrolyte imbalances and
dehydration must also be corrected by established procedures [51].

1.2.5.3 Absorption

After administration of IV and oral doses of HCTZ to human volunteers, 90-93% and 58-
63%, respectively, were excreted into the urine. The bioavailability of oral dosesisin the
range of 60-80% of the dose, however thisis reduced in patients with congestive heart failure,
renal and hepatic diseases and only about 40% of the dose is excreted. The existence of an
absorption window of HCTZ in the gastrointestinal tract has been reported, asHCTZ is
mainly absorbed in the duodenum and the first part of the jgjenum, whilst absorption occurs
in the stomach to a very small extent [54]. The onset of action is approximately 2 hours, with
the peak plasma effect being achieved in about 4-6 hours. The AUC correlates linearly with
the dose [37]. An AUC value of 1193.9ng.h/mL from a 25mg dose of HCTZ has been
reported, where this value was significantly increased with co-administration of a calcium
channel antagonist [50]. The duration of action for hydrochlorothiazide ranges between 6-12
hours [37].

HCTZ shows enhanced bioavailability when administered with food [43]. The bioavailability,
however, remains unaffected by the concomitant administration of drugs such as metoprolol,
sotalol or hydralazine. Redalieu et al studied the kinetics of HCTZ absorption in humans. The
plasmalevel datawasfitted to atwo-compartment body model and testsfor first-order and
zero-order absorption were performed. It was concluded that the kinetics of HCTZ absorption

is a zero-order process as opposed to the commonly implied first-order process [43,50]. It has
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not yet been established why thisis a zero-order process, however it has been suggested that
the zero order process occurs either as a result of the concentration of drug at the site being
constant or due to the presence of saturated carrier-mediated transport systems such as those
involved in the gastro-intestinal absorption of riboflavine and thiamine [43]. Mal-absorption
of HCTZ may occur in patients with congestive heart failure and after intestinal shunt surgery

[37].

1.2.5.5 Metabolism
HCTZ undergoes only minimal hepatic metabolism, but is eliminated rapidly by the kidney
[56]

1.2.5.5 Distribution

The distribution pattern in rats obtained after a single oral dose of HCTZ (5mg) showed that
the highest concentrations of HCTZ were in the liver (27.8pg/ml) and in the gastro-intestinal
tract (36.0pg/ml) within an hour after dosing. At this time point the concentration in the
plasma was found to be 1.53ug/ml. HCTZ does not bind significantly to serum protein and
only a low degree of binding to bovine serum albumin was obtained with only one binding
site class [37]. HCTZ displays a total protein binding of about 40% [57].

1.2.5.6 Elimination

The percent of dose of HCTZ excreted unchanged in the urine is approximately 60% [57]. It
is eliminated from the plasma in a biphasic manner with plasma half-lives of 5.6-14.8 hours.
There is a correlation between urinary excretion and the dose administered. At oral doses of
12.5, 25, 50 and 75mg, the urinary excretion was 8.5, 17.9, 33.4 and 48.9mg, respectively, the
cumulative urinary recovery being 65-72% of the dose. Renal clearance was found to be
independent of dose [37]. HCTZ has a renal clearance value of about 300-335mL/minute
[50,57]. In patients with congestive heart failure high peak plasma concentrations are
achieved and the terminal ty, in plasma is 8.9-28.9 hours, implying that urinary excretion of
the intact drug may be reduced. A study has shown that an average urinary recovery of 40.7%
was achieved for a person with congestive heart failure [37]. Patients after intestinal shunt
surgery also show decreased urinary excretion with an average urinary recovery of 30.7% of
the dose [37].
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1.3RATIONALE FOR DOSAGE FORM DESIGN

Metoprolol has along been established as arelatively safe and effective antihypertensive
agent and consequently it has become one of the more commonly prescribed p-blocking
agents. Furthermore, metoprolol has arelatively short half-life, is completely absorbed from
the gastrointestinal tract and exhibits a degree of [3-blockade that corresponds well with
plasma concentrations and this is particularly well suited to be formulated as a controlled
release dosage form. A number of controlled release metoprolol formulations are currently
available on the international market [58]. Such formulations include, Seloken® Durules,
Betaloc® SA, Betaloc® Durules (Astra Cardiovascular), Lopressor® SR (Novartis) and Toprol
XL®(Astra). Whilst alarge number of these are matrix-based products, newer developments
include the use of osmotic type systems and divisible tablets where pellets are embedded in an
inert tablet mass. These dosage forms, which allow for once daily dosing of metoprolol, have
increase in use substantially as they offer an opportunity for more convenient dosage
regimens, and thus the potential for greater patient compliance. Furthermore, studies have
shown that the use of controlled release, once daily formul ations of metoprolol were equally
or more effective than twice daily conventional metoprolol tablets [59,60].

Both HCTZ and metoprolol have been found to be equally effective for the treatment of
hypertension in certain populations [61], however in the black and elderly population,
metoprolol does not result in effective blood pressure reduction due to lower renin levelsin
such patients. HCTZ has been found to be effective in such patients and therefore a

combination of the two would be beneficial in such populations.

A combination of both metoprolol and HCTZ has also been found to be more effectivein
reducing blood pressure than increasing doses of metoprolol used alone [62-69]. The two

drugs exhibit a synergistic relationship with respect to lowering of blood pressure.

Combination dosage forms of MPTA and HCTZ have therefore been devel oped, an example
of which, is Selekomb® (100mg metoprolol, 12.5mg HCTZ). Combination dosage forms of
these compounds are usually formulated to contain 100mg metoprolol and 12.5mg HCTZ
[63,64]. These dosage forms deliver metoprolol at a controlled rate, and the HCTZ is
immediately released [63,64], so that there is an initial immediate reduction in blood pressure,
which is maintained throughout the day by sustained metoprolol release. A dosage form with

these characteristics was selected as the target for devel opment.
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Although, a number of products already are in existence on the global market, they are
comparatively more expensive than immediate release or single drug dosage forms. This
makes such products inaccessible to devel oping countries in both public and private sectors,
hence the development of cheaper, yet effective generic products would allow for more
widespread use of such productsin the developing world. This would be particularly
advantageous in a country such as South Africa, where the majority of hypertensives are
either black or elderly patients.
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CHAPTER TWO

HIGH PERFORMANCE LI1QUID CHROMATOGRAPHIC ANALYSIS OF
METOPROLOL TARTRATE AND HYDROCHLOROTHIAZIDE

21METHOD DEVELOPMENT

2.1.1INTRODUCTION

The quantitative analysis of metoprolol in plasma has been accomplished using a variety of
methods including electron-capture gas-liquid chromatography after derivatization [70,71],
gas chromatography-mass spectroscopy [71], high performance liquid chromatography
(HPLC) with ultraviolet (UV) detection [71,72], and reversed phase ion-pair HPLC with
fluorescence detection [ 71]. Analytical methods for the determination of metoprolol in
pharmaceutical preparations include HPLC with UV detection [73-75], non-suppressed ion
chromatography [76], HPLC with spectroflourimetric detection [ 76] HPLC with UV
spectrophotometry [70,77]. Analytical methods for the analysis of HCTZ include first
derivative UV spectrophotometry [78], and HPLC [72,73,78-81]. Metoprolol and HCTZ ina
multi-component dosage form have been simultaneoudly analyzed using HPLC with UV

detection [ 73,74] and electron-capture gas-liquid chromatography [82].

HPLC with UV detection was selected as the preferred method of analysis for these
components. This decision was based on the existing methods described in the literature and
on availability of equipment in our laboratory. Furthermore, HPLC is awidely used technique
that has proven to be efficient and in most cases a superior method for the analysis of ionic
species[83]. A number of published HPLC methods for the determination of metoprolol and
HCTZ, either alone or in combination in pharmaceutical dosage forms, are listed in Table 2.1.
These existing methods were used as the starting point for the development of an HPLC
method for the simultaneous determination of MPTA and HCTZ.

2.1.2HIGH PERFORMANCE LIQUID CHROMATOGRAPHY (HPLC)
Chromatography, in general, uses a range of techniques to separate a mixture of solutes by
using a mobile phase, which pushes the mixture along an immobile, immiscible stationary
phase, hence allowing solutes to separate out based on their different mobilitiesin that system

[73,83,84]. Prior to the 1970’s there were few reliable chromatographic methods available for

29



use in the laboratory, however, during this period, pressure liquid chromatography was
increasingly used. This method, however, did not offer consistent flow rates and HPLC was
developed in the mid-1970s. HPLC technology has developed rapidly and since the 1980°s it
has become a method commonly used for the separation of pharmaceutical and chemical

compounds [86].

The HPLC method selected for an appropriate separation is dependent on the properties of the
compound to be analyzed. These include liquid-liquid chromatography (LLC), liquid-solid
chromatography (LSC), size exclusion chromatography, and normal or reversed-phase (RP)
chromatography, ion exchange and affinity chromatography. Each of these operates on a
different basis, whereas LLC and LSC operate on the basis of polarity, normal and RP
chromatography operates on the basis of hydrophilicity and lipophilicity of compounds. lon-
exchange chromatography is used for the separation of charged molecules and operates on the
basis of selective exchange of the ions in the sample with counterions in the stationary phase
[87], size-exclusion chromatography depends on the molecular size of compounds and
affinity chromatography uses immobilized bio-chemicals that have a specific receptor for the

compound of interest [86].

213 EXPERIMENTAL

2.1.3.1 Reagents

All chemicals used were at least of analytical reagent quality. Acetonitrile (HPLC grade,
distilled in glass) was purchased from Burdick and Jackson (Michigan, USA). Sodium
hydroxide pellets and ortho-phosphoric acid (85%, analytical grade) were obtained from BDH
Chemicals (UK) and PAL Chemicals, respectively. Metoprolol tartrate was obtained from
Genpharm (Toronto, Canada) and hydrochlorothiazide was purchased from Aspen-
Pharmacare (Port Elizabeth, SA). HPLC grade water was purified using a Milli-Ro®-15 Water
Purification System (Millipore, Bedford,MA,USA), which consists of a Super-C® carbon
cartridge, two lon-X® ion-exchange cartridges and an Organex-Q® cartridge. The water was

filtered through a 0.22um Millipak® stack filter prior to use.
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Table2.1 HPLC Methods used for the analysis of Metoprolol Tartrate and Hydrochlor othiazide

. . Intern Referen
Compounds | Stationary Phase Moaobile Phase A ternal eference
(nm) Standard
C-18 Methanol (550ml): Water (470ml) with 961mg pentane sulfonic acid, 82mg 254 Oxprenolol 73
anhydrous sodium acetate and 0.57ml glacial acetic acid HCI
MPTA o . . . Propranolol 75
C-18 30%v/v acetonitrile in monobasic potassium phosphate aqueous solution (pH 5) 274 Hel
MPTA & other NON-SUPPIESSEC 10N g nitric acid in aqueous solution of 4% viv acetonitrile 270 i 76
B-blockers chromatography
0.067M phosphate buffer (pH 3.0), with 0.2% triethylamine: 88
C-18 o 227 -
25%v/v acetonitrile
C-18 MeCN: H20: acetic acid 10:88:2 viv, 2.5% THF organic modifier 271 Hydroflu- [
methiazide
HCTZ 5%v/v MeOH in double distilled water - 80
C-18 (pH adjusted to 4.5 with 0.1M acetic acid) 254 Sulfadiazine
Anion exchange 0.005Na2S04 in pH 9.2 borate buffer: MeOH, 35:5 - 37
Lichrosorb® S160 n-hexane:2-propanol :chloroform: diethylamine, 77:18:5:0.01 - 37
C-18 0.1M monobasic sodium phosphate (adjusted to pH 3.0): MeCN, 9:1 254 - 73
HCTZ + Gradient elution using different concentrations of MeOH: phosphoric acid in water 72
. Phenyl column RP . 210 -
captopril at various flow rates
HCTZ and C-18 Water: MeOH 60:40 v/v pH3.2 280 Caffeine 89
amiloride
C-18 0.02M monobasic K,PO, ag.solution (pH5.9): MeCN, 30%/v/v 274 P“’pl_';gl‘o'o' 3
HCTZ and 0.02M monobasic K,PO, ag.solution (pH5): MeCN, 30%/v/v. Diluted 4:1 with Propranolol 75
C-18 274
MPTA water HCI
Nucleosi|® 5 SA 0.015M KMeS0;, 0.025M tetramethylammonium chloride, 212 i 74

50% MeCN
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2.1.3.2 Preparation of stock solutions

The stock solutions were prepared as follows:

Approximately 0.017g of HCTZ was accurately weighed and transferred into a 1L A-grade
volumetric flask. This was dissolved in less than 10%v/v acetonitrile and 100mL of HPLC grade
water was added. Approximately 0.130g of MPTA was accurately weighed and added to the
volumetric flask. The solution was then made up to volume using HPL C grade water. Standards
ranging in concentration from 0.28-17pg/mL of HCTZ and 2.25-130pg/mL of MPTA were
prepared by seria dilution of the stock solution using A-grade glassware.

2.1.3.3 Preparation of buffers

Buffer solutions were prepared by pipetting the appropriate volumes of 85% phosphoric acid into
an A-grade volumetric flask and making up to volume with HPLC grade water. The pH was then
adjusted as required using sodium hydroxide pellets. The pH was measured using a Crison pH
meter (Crison, LASEC, South Africa)

2.1.3.4HPLC system

Two modular systems were used for the in-vitro analysis of the compounds of interest. System A
was used in the initial stages of method development and analysis of the MPTA cores devel oped,
whilst System B was used in the latter stages of formulation development.

System A

The modular HPLC system was comprised of a Waters Model 6000A solvent delivery system,
with a Waters Intelligent Sample Processor (WISP) Model 710B autosampler (Waters Associates,
Milford, USA), a Spectrochrom UV-100 UV detector (Linear instruments Corporation) and a
Perkin Elmer 561 strip chart recorder (Hitachi, Japan). The separation was achieved on an Inertsil®
(250 x 4.6mm i.d) 5um column (MetaChem Technologies Inc, USA).

System B
The modular system differed from system A in that it consisted of a P100 pump (Thermo-
Separation Products, USA) and a second WISP 710B autosampler. All other components were the

same as used in System A.

32



2.1.3.5 Column selection

Reversed-phase HPLC was identified as the preferred method for the analysis of the compounds of
interest, asis evident from the methods described in Table 2.1. In contrast to normal phase
chromatography, RP-chromatography uses a non-polar stationary phase and a polar mobile phase.
The more hydrophobic the matrix, the greater the tendency of the analytical column to retain
hydrophobic moieties whilst hydrophilic compounds elute more quickly, hence separation of
compounds is achieved [86]. Normal phase HPLC is especially useful for highly non-polar
compounds, such as the high molecular weight hydrocarbons, whereas polar compounds may be
readily analyzed by RP-HPLC [90,91]. As MPTA is apolar weak base, either ion-suppression or
ion pairing with RP-high performance liquid chromatographic methods have traditionally been
used for its analysis, however newer methods that exclude the use of an ion-pairing agent, have

since been developed [75].

Column packings for HPLC may be either porous or superficially porous. Normally columns are
usually packed with uniform porous silica particles either with spherical or irregular shape.
Different chemical groups are bonded to the surface of the silica particles to produce the bonded
phase. The most commonly used bonded phase consists of C-18 alkyl groups that are attached to
the surface of the silica particles, and are called octadecasilane (ODS) bonded phases. C-8 and
phenyl columns may also be used. The efficiency of a column can be improved by reduction of the
particle size of the stationary phase material, hence, stationary phase particle sizes have becomes
progressively smaller, and particles with 3, 5 and 10um diameter have been used. Typical column
lengths range between 10-25cm long and 4.6mm internal diameter and they are usually made of
stainless steel [83]. The use of small bore/ microbore columns (2mm diameter or less) has also
increased considerably. Microbore columns are advantageous as they are operated at slower flow
rates than larger columns, therefore solvent consumption is reduced. Furthermore, the efficiency of
the column is dependent on the velocity of the mobile phase and not column diameter, and smaller

peak widths are achievable with these columns [83].
C-18 columns have been most frequently used for the analysis of MPTA. Consequently RP-HPLC

with a C-18 column was chosen for the analysis of the compounds. An Inertsil ©® 250 x 4.6mm-i.d

column with 5um-particle packing was used for initial work. This column offered adequate
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separation of compounds and resulted in well-resolved peaks, as will be discussed in latter

sections, and it was therefore selected for use in this method of analysis.

2.1.3.6 Mobile phase selection

2.1.3.6.1 Factor sinfluencing the choice of mobile phase

The mobile phase or eluent not only moves the sample components through the chromatographic
column but also interacts with the solute molecules and the stationary phase itself. The strength of
these interactions determines the resol ution obtained and hence the efficacy and efficiency of the
separation, therefore the selection of an appropriate mobile phase isimperative [83,91]. The mobile
phase selected must not ater the characteristics of, or be miscible with the stationary phase, and
those that could be potentially detrimental to the life span of a column, should be avoided. For
silica based RP columns mobile phases to be avoided are those with pH < 3 or > 9, as these may
lead to hydrolysis of the bonded phase or dissolution of the silica[83,92]. The mobile phase must
also be compatible with all analytical system components.

Solutions for use in HPLC systems must be filtered to remove particul ate matter that could
interfere with the pumping action of the solvent delivery device or cause damage to the seals and
valves, or collect on the top of the column causing irregular behavior and subsequent column
blockages [83]. Solutions must also be degassed to remove dissolved or suspended air bubbles so
that they do not collect in the pump or the detector cell and cause erratic behavior of the detector or
an irregular pumping action. The viscosity of the mobile phase is also an important consideration
and should not exceed 0.5cps [83] as high viscosity solvents reduce solvent diffusion coefficients,
hence decreasing column efficiency [91].

When UV detection is used, the solvents selected must exhibit very low absorbance at the
operating wavelength; for example, if awavelength of 254nm is selected, aromatic solvents cannot
be used as all such solvents absorb UV light to some extent at this wavelength [91]. In general,
however, wavelengths above 210nm can be used with limited interference but it isimportant that

the UV cut-off values for all solvents to be used are considered.



The choice of amobile phase for a specific analyte is critical and the greater the solubility of the
analyte in the mobile phase, the shorter the resultant retention time (Ry). Conversely, if the analyte
displays limited solubility in the mobile phase, it is likely to partition readily onto the stationary
phase, resulting in longer retention times. The retention times of weak acids and bases analyzed by
RP-HPLC may aso be altered by changing the pH of the mobile phase or by including suitable
organic modifiersinto predominantly agueous phases [83]. Organic modifiers in predominantly
agueous mobile phases will alter the retention characteristics of the compounds to be analyzed. The
choice and amount of the organic modifier required depends on the properties of both the analyte
and the stationary phase [83,91].

lon-pairing agents may also be added to the aqueous phase. When the solute is a non-absorbing
ion, the inclusion of a UV absorbing agent of opposite charge results in a detector response. lon
pairs may also be used for the detection of samples of the same charge as the ion-pair and
uncharged particles [93].

2.1.3.6.2 Selection of a mobile phasefor MPTA and HCTZ

The selection of the mobile phase was based on methods published in the literature and on the USP
methods for the individual analysis of MPTA and HCTZ. The USP methods for the individual
drugs resulted in broad peaks with long retention times that was possibly afunction of the column
selected.

A method described by Das Gupta et al was then considered in preference to the USP and other
methods [ 75]. Monobasic potassium phosphate buffer (0.02M), pH 5.9 with acetonitrile (30%v/v)
at aflow rate of 2.3 mL/minute was used, however due to differences in column length and
diameter, the method was optimized for the analytical system used in our laboratory.

The affects of buffer molarity and pH and the type and amount of organic modifier used, were
assessed and considered in the selection of the mobile phase. For the assessment of the effect of
these variables, compounds were detected at a wavelength of 274nm and 0.1 AUFS at
1.0mL.minute [75].
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2.3.1.6.2.1 Buffer molarity

An assessment of 0.01M-0.05M buffers showed that increasing the buffer molarity led to an
increased Ry, The 0.02M (Figure 2.1) buffer resulted in the shortest Ry for both compounds, with
2.2 minutesfor MPTA and 4.6 minutes for HCTZ, respectively. The peaks of interest were sharp
and well resolved and exhibited no tailing for all buffers assessed, except for the 0.03M buffer,
which resulted in poorly separated peaks. The 0.02M buffer, which displayed both good resolution

and short Rt was selected for further use.
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Figure 2.1: The effect of buffer molarity on retention time of MPTA and HCTZ

2.1.3.6.2.2 Buffer pH

A changein buffer pH influenced both the Rt and resolution of the compounds. pH values less
than 2.5 resulted in well resolved peaks, however the MPTA peak eluted too close to the solvent
front making quantitation difficult. The resolution and peak shapes were acceptable between the
pH range of 2.5-5.0 and the Ry in thisregion also did not vary significantly (Figure 2.2). The peaks
that eluted from a mobile phase prepared using pH 5.0 buffer showed good resolution and shape
but the absorbance was lower than at pH 2.5-3.65. A buffer that allowed for higher absorbance by
the compoundsis likely to be advantageous in allowing for the development of a more sensitive

method.
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A pH of 3.1 was selected as it exhibited similar retention and resolution characteristics to those
observed for pH 2.5 with only aminimal increasein Ry. pH 2.5 was not selected as buffers with a
pH of lessthan 3.0 are known to cause damage to columns [92]. Furthermore, it has been reported
that compounds with a pKa > 8 provide better peak shape at pH 3.0 [92], therefore the selection of
pH 3.1 would have a short Ry, good peak shape and would minimize damage to the column.
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Figure 2.2: The effect of buffer pH on retention timeof MPTA and HCTZ

2.1.3.6.2.3 Organic modifier

The initial organic modifier used was acetonitrile (MeCN). The ratio of aqueous phase: organic
phase is of importance particularly with respect to Ry and optimal proportions of acetonitrile were
determined by assessing the impact of varying the organic content of the mobile phase. An increase
of the organic modifier composition resulted in sharper, well-resolved peaks and decreased Ry for
both compounds, however, the inclusion of methanol resulted in broader peaks. Acetonitrile was
selected as the organic modifier for use as good resolution and sharp peaks were obtained when it
was included in the mobile phase. The proportion of acteonitrile: buffer selected as optimal was
72:28 %v/v. Furthermore, the possibility of an incompatibility, which may result between the
organic modifier in the mobile phase and acetonitrile used in the preparation of HCTZ solutions,

would be minimized.
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2.1.3.7FLOW RATE SELECTION

Mobile phases are usually pumped through the column at arate or 1-5 cm*/min [83]. The flow
rates used by Das Gupta et al were 2.3mL/min and 2.5mL/min, depending on the mobile phase
being used [ 75]. Although this flow rate is within the acceptable range, it was thought that a slower
flow would also be advantageous in terms if maximizing the life span of the pump, the column and
would also be more economical. Consequently a flow rate of 1.0mL/min was selected for use in

method development.

Table 2.2 The effects of altering the organic modifier ratio and the addition of other
organic modifierson retention time, peak shape and resolution.

M obile Phase Rt (minutes) Resolution Peak Shape
MPTA HCTZ

buffer (pH 2.5):MeCN, 11.0 3.0 Compounds are well resolved MPTA peak is broad with
50:50 tailing. HCTZ peak is sharp
buffer (pH 2.5):MeCN, 11.2 9.0 Peaks were well resolved Peaks were sharp, no tailing
90:10 (broader than 70:30)
buffer (pH 2.5):MeCN, 7.2 6.2 Peaks were well resolved Peaks were sharp, no tailing
80:20
buffer (pH 2.5):MeCN, 44 55 Peaks were well resolved (possible Peaks were sharp, no tailing
75:25 degradant of HCTZ not resolved)
buffer (pH 3.1):MeCN, 32 45 Peaks were well resolved, separated Peaks were sharp, no tailing
72:28 from solvent front
buffer: MeCN:MeOH, 54 50 Not well resolved Sharp peaks, no tailing
70:15:15
buffer; MeCN: H,0O, 8.2 9.0 Well resolved peaks No tailing, peaks are
70:15:15 broader

*(0.02M PO, buffer was used for al mobile phases tested)

2.1.3.8 Detection

2.1.3.8.1 Method of Detection

Detectors based on UV or visible light absorption, refractive index, flame ionization, electrical
conductivity and heat of adsorption have been used with HPLC systems [91]. Perusal of the
literature revealed that commonly used methods of detection for HCTZ and MPTA include
spectroflourimetric and UV detection, with UV detection being the more commonly used option.
UV detectors measure the ability of the sample to absorb light and can be used at one or more
wavel engths. Detectors that may be used include fixed wavelength detectors, variable wavelength

detectors that measure at one wavel ength but can detect over a wide range of wavelengths, and
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diode array detectors, that measure a spectrum of wavelengths simultaneously [83,91]. UV

detection with a variable wavel ength detector was used in this case.

2.1.3.8.2 Detection Wavelength (3.)

The Amax for MPTA in water occurs at 223 and 274nm with a shoulder at 280nm (Table 1.3).
HCTZ exhibits a Amax a 270 and 315nm in water (Table 1.10). To select awavelength for the
simultaneous detection of both compounds, the effect of varying wavelengths on the absorbance of
the compounds was investigated (Figure 2.4). Amax Values and wavelengths frequently reported in
the literature for these compounds were assessed.

Based on the results depicted in Figure 2.3, a wavelength of 227nm was chosen for the detection of
MPTA and HCTZ. This wavelength was found to produce reproducible, well-resolved peaks and
allowed for the detection of low concentrations of the drugs without the need to increase the
sensitivity such that concentrations within the range of study would be off scale and require
dilution prior to analysis.

1401 EMPTA ||
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Height
(mm) 60
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223 225 227 230 254 274 300 315
Wavelength (nm)

Figure 2.3 Peak height comparison obtained at different wavelengthsfor MPTA and HCTZ

An attenuation (AUFS) of 0.05AUFS was selected as it offered adequate sensitivity for the
detection of both compounds and early detection of degradation products.
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2.1.4CHROMATOGRAPHIC CONDITIONS SELECTED

The optimal chromatographic conditions that were established are described below.

Mobile Phase 0.02M phosphate buffer (pH 3.1): acetonitrile, 72:28
Flow Rate 1.0mL/minute

Detection Wavelength 227nm

AUFS 0.05

Injection volume 3ul

Temperature Ambient

Retention Time MPTA: 4.0 minutes

HCTZ: 5.2 minutes

A typical chromatogram obtained for the two compoundsis shown in Figure 2.4.

Figure 2.4: A typical chromatogram of the separation of HCTZ (A), possible degradant (B)
and MPTA (C)
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2.1.5STABILITY INDICATING ASSAY

A stability-indicating assay is one in which the active drugs can be quantified in the presence of
any of its degradation products; however, such an assay may not always be optimum, especialy if
the degradant increases from < 0.1% to 0.3% [94]. Both impurities and degradants must be
detected and quantified by the developed method and minimum validation data must be provided
as proof of efficacy of the method. The method selected was able to identify the presence of
degradants however these were not quantified. The appearance of these degradants was merely
used as an indication that new standard solutions were required and to identify the storage time for

samples to be stored prior to analysis being completed.

2.1.6 CONCLUSIONS

The variables investigated indicate that buffer pH, molarity and organic modifiers all have a
significant effect on peak shape and retention times of the compounds of interest. The choice of a
suitable wavelength is also important, in terms of method precision, selectivity and sensitivity. The
chromatographic conditions were optimized to yield well-resolved peaks with reasonable retention

times.

22 METHOD VALIDATION

2.2.1INTRODUCTION

Validation is the process whereby the performance characteristics of an analytical method are
established and the analytical method meets the requirements for its intended purpose [ 73,95,96].
A validation processis essential asit servesto ensure that the quality of analytical data generated is
both reliable and accurate, and it is also capable of identifying potential problems with the method.
Validation may not be able to rule out all the potential problems of a particular method, however
the most common problems may be identified during the validation process. Such problems
include column degeneration, changes in column behavior due to changes in the manufacturing
process, and the co-elution of impurities, derived from the synthesis of the active, with the analyte
of interest [96].

For pharmaceutical preparations, guidelines which form the framework for validation of analytical
methods have been published in the United States Pharmacopoeia (USP), the FDA, regulatory
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bodies in Europe and Canada and more recently a validation guideline has been published by the
International Conference on Harmonization (ICH) [97]. Whilst these sources are in general
agreement about the type of studies to be conducted and they provide definition of terms useful for
carrying out the validation procedure, thereis little agreement as to how these studies should be
conducted [95,97] and few published strategies for determining validity of methods are available
[98].

The validation parameters outlined by the various organizations vary dlightly. The USP and ICH
includes eight parameters for evaluation, namely, accuracy, precision (intermediate precision and
repeatability/reproducibility), specificity, limit of detection (LOD) and limit of quantitation (LOQ),
linearity and range. However, the ICH guidelines also include robustness and system suitability,
and suggest that precision be assessed at three levels, namely repeatability, intermediate precision
and reproducibility [73,99]. Most validation methods for HPLC analyses include some or all of the
parameters described above [97, 100-102]. It is usually unnecessary to perform all the validation
studies in the very early stages of drug development and many researchers focus on specificity,
linearity, accuracy and precision studies. Other studies are performed when the drug reaches the
efficacy stage of development and have a greater chance of becoming a marketed product [95]. The
parameters described above are specific to the validation of a developed method, and forms a part
of an overall validation process, which includes validation of hardware and software used and

verification of system suitability and performance [99].

2.2.2 SPECIFICITY

Specificity is defined as the ability to measure the analyte in the presence of other components that
may be expected in the sample matrix, accurately and specifically. This may include degradation
products, impurities and placebo ingredients [73,95,99,103,104]. Specificity was assessed by
comparing chromatograms obtained from analysis of a standard solution containing the analyte
only with a sample mixture obtained by dissolving commercial tablets of MPTA and HCTZ in the
dissolution medium. The resultant peaks were well resolved from the solvent front and each other
and no interference was observed, indicating that the method is specific for HCTZ and MPTA. A
possible hydrolysis product of HCTZ was also identified as a well-resolved peak, as shownin
Figure 2.4.
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22.3LINEARITY

A linearity study is used to verify that the sample solutions are in a concentration range where the
analyte response is linearly proportional to concentration [73,95]. The linearity of the range of
detectability is dependent on Beer’s Law, such that the absorbance of a solute is directly
proportional to its concentration in the solution [105]. Linearity in this range is dependent on both

the compound analyzed and the detector used [103].

The ICH guidelines recommend that five concentrations spanning the concentration range to be
studied are used [99], and it is necessary that a minimum of twenty assays be performed for
statistical validity [106]. Linearity was assessed by repeated measurements (n=5) of seven
concentration levels spanning the concentration range of 0.28-17ug/mL for HCTZ and 2.25-
130pg/mL for MPTA. Acceptability of linearity data was judged by examining the correlation
coefficient (r?) on the regression line for the response versus concentration plot. An r? value of
>0.990 was considered to be sufficient to demonstrate linearity of the method. The calibration
curve was linear over the concentration range studied, with r* = 1.0 for both MPTA and HCTZ.
The equations of the regression lines were y =8.1111x + 0.9514 and y = 2.1078x + 1.6424 for
HCTZ and MPTA, respectively. Typical calibration curves for HCTZ and MPTA are shown in
Figure 2.5.

150
g y =8.1106x + 0.9589
£ 125 2
% R =1
T
X B
% 75
a ¥
2 0
o —— HCTZ cdibration data
z > — Regression

0 T T T T T T T T 1
0 2 4 6 8 10 12 14 16 18
Concentration (mog/ml)



—e— MPTA cdibration data

250 - y =2.1062x + 1.464

. R°=1
€ 20

5

T 150 -

T

.

o)

@©

0]

>

<C

50 ,
— Regression
0 T T T T T T 1
0 20 40 60 80 100 120 140

Concentration (meg/mL)

Figure 2.5: Typical calibration curvesfor MPTA and HCTZ

2.2.4 PRECISION

Precision is ameasure of the closeness of data values to one other when a number of
measurements are taken under the same analytical conditions. The ICH defines precision as
having three components, namely: repeatability, intermediate precision and reproducibility
[95,99]. Precision is usually expressed as the percentage relative standard deviation
(%RSD) [73,95,99] and the tolerance for %RSD was set at + 10% in our laboratory.

2.2.4.1 Repeatability

Repeatability refers to inter-assay precision and is expressed as the degree of variation arising from
consecutive and non-consecutive injections run on the same day. It should be determined using a
minimum of nine determinations covering the specified analytical range, for example three
determinations at three concentration levels [99]. Consecutive measurements were obtained by
repeated injections of the same concentration taken from different vials in succession. Interspersing
vials of the same concentration with those of different concentrations was the method used to
obtain non-consecutive measurements. Repeatability of this system was assessed by repeat
measurements (n=6) of calibration solutions containing Spg/mL, 50ug/mL and 100pg/mL of
MPTA and 0.74pg/mL, 7.43pug/mL and 14.86pg/mL of HCTZ, respectively. Samples were run in
both consecutive and non-consecutive sequence. Standard deviations and %RSD values obtained
were < 6% (Figure 2.6), which was the limit set in our laboratory, indicating that the method
displayed adequate repeatability
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Figure 2.6: Precision data (repeatability) for the analytical method developed

2.2.4.2 Intermediate Precision

Intermediate precision is used to evaluate the reliability of the method in different environments
other than that used for the development of the method, and dependingontimeandres C 3 the
method may be tested on different days, using different analysts and instruments [103,107]. Inter-
day precision was determined using calibrators of the same concentrations as described in §
2.3.4.1.Samples were run over a six-day period. Results (Table 2.3) show that all standard
deviations values were within the acceptable range, resulting in %RSD values less than _ < Jual to

5% which is within the limits set in our laboratory.

Table 2.3: Intermediate precision datafor MPTA and HCTZ

Concentration M ean concentration Standard deviation Precision
(ng/mL) determined (ng/mL) (% RSD)
MPTA
5.0 4.59 0.16 3.40
50.04 49.89 0.82 164
100.08 98.96 0.97 0.98
HCTZ
0.74 0.82 0.32 5.00
7.43 7.26 0.17 2.37
14.86 14.76 0.32 2.19
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2.2.4.3 Reproducibility
Reproducibility is used to express the precision of an analytical method when used in different
laboratories, however thisis not always possible, therefore tests for reproducibility are not

normally expected if intermediate precision is accomplished [103], thus no tests were performed.

2.2.5 Accuracy and bias

Accuracy isameasure of the closeness between the true and measured values of a sample

[73, 95,99,103]. A tolerance of 2% was set for % RSD for this parameter. This complies with the
limits set by a number of pharmaceutical industries [108]. Bias assesses the influence of the analyst
on the performance of the method. Accuracy and bias were evaluated by making repeat
measurements of three samples of varying concentration. Accuracy studies for drug products are
recommended to be performed at 80, 100 and 120% of the target concentration [95,103]. These
targets may be specific to the apparatus used for the in vitro tests, where USP Apparatus |1 may
result in larger concentrations from the same dose of drug than in USP Apparatus 111. Both
Apparatus Il and I11 were used for dosage form assessment, thus accuracy studies were performed
in triplicate on samples representative of high, medium and low concentrations. M easurements
were performed in triplicate. The results are shown in Table 2.4 and shows that largest value
obtained for % bias was 6.16%, indicating that no value obtained deviated by greater than
approximately 6% of the stated value. % RSD values all complied with the 2% tolerance set,
indicating that the method was accurate for the determination of both MPTA and HCTZ.

Table 2.4 Percent error obtained during determination of blinded samplesin accuracy
testing

Theoretical concentration M ean concentration Sb % RSD % Bias
(ng/mL) determined
METOPROLOL TARTRATE
5.00 4.71 0.04 0.19 -6.16
50.04 50.03 0.26 0.52 -0.02
100.08 98.97 0.19 0.83 -1.12
HYDROCHLOROTHIAZIDE
0.74 0.70 0.00 0.00 -5.71
7.43 7.1 0.12 1.74 -4.65
14.86 14.44 0.24 1.63 -2.41
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2.2.6 RANGE

The range of an analytical method is the interval between and including the upper and lower levels
of the analyte that have been quantitated with the necessary accuracy, precision and linearity. The
range was determined to be precise and linear over the 0.30-17.00pg/mL range for HCTZ and over
a2.25-130.00pg/mL range for MPTA. Although dissolution studies would be performed in both
USP Apparatus |1 and I11, the concentration of the highest calibrator was determined as 120% of
that obtained in Apparatus 1.

22.7L0OQ and LOD

The LOQ is ameasure of the level of analyte that can be measured with the required accuracy and
precision, and LOD isthe lowest analyte concentration that is detectable above the baseline noise
of the system [73,95,99,103]. There are several methods for the determination of these parameters,
the first of which suggests that the LOQ is the lowest concentration measurable resulting in a
%RSD value of <10% upon multiple injections of the sample. The LOD would then be 30% for the
concentration obtained for the LOQ [103]. The ICH recommends that LOQ and LOD are
determined according to the Equations 2.1 and 2.2, only the calibration curve and replicate blank

injections are considered in this case [109, 110].

LOD=3.3x0/S Equation 2.1
LOQ=10x0/S Equation 2.2

where, 6 = noise estimate/ standard deviation of ten blank injections

S = dope of calibration curve determined in linearity studies

The USP describes the LOQ as having a signal to noise ratio of 10:1, and the LOD as having a
signal to noiseratio of 2:1 or 3:1. Although this concept is widely used, it must be noted that these
values are likely to vary with changes in the detector, which may the include deterioration of the

detector lamp on prolonged use [103].

The USP method was selected for the determination of the requisite validation parameters. Repeat
measurements (n=6) of blank injections were used to establish the baseline noise. Repeat injections

of decreasing sample concentrations (n=6) yielded LOD values of 0.15ug/mL and 1.25pg/mL for
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HCTZ and MPTA, respectively. LOQ values of 0.30pg/mL (%RSD = 6.93) for HCTZ and
2.27ng/mL (%RSD = 5.67) for MPTA were obtained. Although the %RSD values obtained were

higher than for samples of higher concentration, all %RSD values were less than 7%.

2.2.8 RUGGEDNESS

Thisis expressed as the lack of influence of environmental and instrumental conditions on the
analytical method. It is usually determined by analyzing samples under a variety of test conditions
such as running the analysis on different days, with different analysts, and using different
temperatures and reagents. Results from different day analysis have been described for

intermediate precision and thus no further tests were conducted.

2.29 ROBUSTNESS

The robustness of an analytical method may be described as its capacity to remain unaffected by
small but deliberate changes in the method parameters. Thiswill provide an indication of its
performance during normal use [73]. The effect of varying the organic modifier content was
assessed in § 2.3.1.5.2. Tests for robustness were continued in the latter stages of development and

are discussed in § 2.5.7.

2.2. 10 STABILITY OF ANALYTE

MPTA and HCTZ are both known to be photolabile [1,45] and HCTZ undergoes hydrolysis in
aqueous solutions. Consequently detection of possible degradants was thought to be advantageous,
as this would allow for identification of acceptable storage periods for aqueous solutions of the
compounds before they can be analyzed.

Mixtures of MPTA and HCTZ (100ug/mL MPTA, 15ug/mL HCTZ) were prepared and stored
under various conditions as described in Table 2.5. These were stored over a twelve-week period,
with fresh calibration curves prepared on each day of analysis. Samples were stored to determine
the effects of light and temperature on the stability of MPTA and HCTZ in solution.



Table 2.5: Conditionsfor the assessment of the stability of MPTA and HCTZ in aqueous
solutions

CONDITION ASSESSMENT POINTS
Room Temperature (22°C), No foil cover | 0, 6, 12, 24, 48 hours
1,2,3,4,8, 12 weeks

Room Temperature, Foil covered
Refrigerator (8°C), No foil cover 1234812 weeks
Refrigerator, Foil covered B

Samples were initially analyzed over a 48-hour period in order to determine whether samples could
be analyzed after storage for this period of time prior to analysis. Thereafter they were assessed

weekly for a month, and then after two and three months of storage, as described.

The statistical method developed by Timm et al was used to determine whether the resultant
differences in concentrations constituted a relevant or significant change [111]. The method
involves the calculation of the 90% confidence intervals for the difference between two data sets,
where a change is considered significant if the confidence intervals for the difference between the
two do, does not include zero change. However, a change may only be considered relevant if both
the upper and lower limits of the confidence interval are either > 10% or < -10% [111]. This
concept is graphically represented in Figure 2.7.

The observed differences for the 48-hour assessment of samples stored at room temperature and at
8°C showed neither significant nor relevant changes in MPTA concentration (Figures 2.8 and 2.9).
This result was expected as MPTA was found to be stable in solution at 60°C for 10 days (8 1.4.2).
It was expected that MPTA solutions exposed to light would show a significant decrease in analyte
concentration, due its instability upon exposure to light, however it was found that all solutions
stored at room temperature over the three month period showed both significant and relevant
increases in concentration. With the exception of the analysis of one of the samples stored at 8°C,
changes in sample concentration were found to be significant and possibly relevant. Samples
protected from light and stored at 8°C displayed less variability and resulted in less significant
changes in comparison to uncovered samples and those stored at room temperature. Subsequently
all samples were stored in foil covered glassware at 8°C if they were to be stored for longer than 48

hours prior to analysis.
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Figure 2.7: Determination of significant and relevant changes in response (Timm analysis)

The bars represent confidence intervals for possible scenarios:
A: The change us neither significant or relevant
B: There is a significant, but not relevant increase in response
C: There is a significant but not relevant decrease in response
D: There is a significant and possibly relevant decrease in response
E: There is a significant and possibly relevant increase in response
F: There is a possibly relevant, but not significant decrease in response
G: There is a possibly relevant, but not significant increase in response
H: There is a significant and relevant decrease in response

I: There is a significant and relevant increase in response

With respect to HCTZ, a significant and relevant decrease in drug concentration occurred after two
weeks storage at room temperature (Figures 2.10 and 2.11) and about 90% of the drug appeared to
be degraded at the end of the three-month period. Comparatively, a change in drug concentration
that was both significant and relevant occurred after four weeks storage at 8°C and this decrease
did not exceed 20% of the original drug concentration. These results indicate that HCTZ undergoes
rapid degradation, probably via a hydrolytic reaction, in solution and consequently samples must
be analyzed with a 48-hour period, after which time drug solutions show both a significant and
relevant decrease in concentration. Furthermore, samples stored in the refrigerator show
significantly lower degradation rates than those stored at room temperature, over an extended

period, however there appeared to be minimal difference in the decrease in drug concentrations of
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any of the samples over the first 48 hours.
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Figure 2.8: 90% Confidence Intervalsfor differencesin response for MPTA solutions stored
at room temper ature

(A01-A04 and BO1-B04 represents uncovered and covered solutions stored for 6,12,24,48 hours,
respectively. A05-A10 and B05-B09 represents uncovered and covered solutions stored for
1,2,3,4,8,12 weeks, respectively.)
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Figure 2.9: 90% Confidence Intervalsfor differencesin response for MPTA solutions stored
at 8°C

(C01-C03 and D01-D03 represents uncovered and covered solutions stored for 12,24,48 hours,
respectively. C04-C09 and D04-D09 represents uncovered and covered solutions stored for
1,2,3,3,8,12 weeks, respectively).
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Figure 2.10: 90% Confidence Intervalsfor differencesin responsefor HCTZ solutions stored
at room temper ature

(A01-A04 and B01-B04 represents uncovered and covered solutions stored for 6,12,24,48 hours,
respectively.

A05-A10 and B05-B09 represents uncovered and covered solutions stored for 1,2,3,4,8,12 weeks,
respectively.)
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Figure 2.11: 90% Confidence Intervalsfor differencesin responsefor HCTZ solutions stored
at8°C

(C01-C03 and D01-D03 represents uncovered and covered solutions stored for 12,24,48 hours,
respectively.

C04-C09 and D04-D09 represents uncovered and covered solutions stored for 1,2,3,4,8,12 weeks,
respectively.)
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Over this extended period, a possible product from the hydrolysis of HCTZ was found to increase
in peak height as HCTZ showed a corresponding decrease, as shown in Figures 2.12 and 2.13. This
degradant occurred as awell-resolved peak that did not interfere with the other compounds being
analyzed as shown in the chromatogram in Figure 2.4. Graphs were plotted using the ratios of drug
and degradant with the internal standard for comparison as the degradants was not identified and

therefore quantitative analysis was not feasible.

Itislikely that the degradant is 4-amino-6-chloro-m-benzene disulfonamide, which is one of the
hydrolysis products of HCTZ. This reaction of HCTZ isfirst-order, however at constant pH the
reaction kinetics are pseudo first-order (81.2.3.2). The rate constants for the degradation of HCTZ
under each of the conditions studied were calculated by linear regression of a semi-log plot of the
ratio of drug/degradant to the IS versus time. These are depicted in Table 2.6. As expected the
reaction rate was reduced significantly with a decrease in temperature, as was noted for samples
stored in the refrigerator.

Table 2.6: Calculated degradation rate constantsfor HCTZ

Rate constant (k)
Room Temperature, No foil covering -0.0441 hrt
Room Temperature, Foil covered -0.0461 hr
Refrigerator, No foil covering -0.0138 hrt
Refrigerator, Foil covered -0.0128 hr

This study was conducted to determine whether the method was capable of detecting possible
degradation products and to determine time limits for the storage of samples before analysis. In
terms of storage conditions, it may be concluded that whilst MPTA may be stored for extended
periods before analysis, HCTZ samples should be analyzed within 48 hours of collection. The
method developed was also found to be capable of detecting possible degradants, although these

were not identified.
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2.3METHOD RE-VALIDATION

2.3.1INTRODUCTION

Revalidation of a method is usually necessary when changes to the chromatographic conditions are
effected [106]. However, revalidation may be necessary when changes in instrumentation, analyst
and the product are made [112]. Although no changes to the method were made, the system was
changed to System B (8 2.3.1.2). Furthermore, results obtained were observed to show greater
deviations than were previously recorded. It was therefore deemed necessary to perform a re-
validation of the method. It was thought that this would also serve as a ruggedness test. Linearity,

precision and accuracy were assessed.

232LINEARITY
A calibration curve with the equation y = 2.1161x —0.2759 and a correlation coefficient of 0.9994
for MPTA, and an equation y = 7.5041x —2.1586 and r* = 0.9983 for HCTZ were obtained. It was

concluded that linearity was maintained over the range studied.

2.3.3 PRECISION

2.3.3.1 Repeatability

The data obtained for % RSD and standard deviations for both consecutive and non-consecutive
samples of the same concentrations as listed in Table 2.7 are shown in Figure 2.14. The values
obtained for both parameters far exceed the limits (6 % for RSD and 5.0 for SD) set for each
parameter. Values for %RSD ranged from 2.54 —22.46. Poor repeatability was considered to be a

possible function of varying samples volumes being injected.

55



% RSD 40 - Standard Deviation
35 -
25 4 C 30 A
20 - B — 25
20 - B
15 -
10 -

15

10 +

5 4

0

OHCTZ consec DO HCTZ Non consec LIHCTZ consec EHCTZ Non consec
B MPTA consec COMPTA Non consec BWMPTA consec B MPTA Non consec

A, B, Crepresent High, Middle and Low concentrations, respectively
Figure 2.14: %RSD and Standard deviation values obtained from re-validation of the
method

2.3.3.2 Intermediate Precision
Freshly prepared calibrators were run on six consecutive days to determine intermediate precision.
Results are shown in Table 2.7. None of the values obtained for both % RSD and SD fell within

the range of acceptable limits set, therefore the method was no longer considered to be precise.

Table2.7: %RSD and SD values of samplesrun over six dayson system B

Concentration Mean Peak Height Standard Precision
(ng/mL) (mm) deviation (% RSD)
MPTA
5.0 13.42 2.87 21.40
50.00 115.03 21.16 18.40
100.00 220.67 18.91 9.23
HCTZ
1.25 9.92 1.80 18.16
6.25 43.25 8.59 19.86
20.00 177.33 15.25 11.04

23.4L0Q and LOD

No evaluation of LOQ and LOD was performed. However it was noted that the sensitivity of the
system had decreased therefore previously determined values would no longer be applicable. The
most likely reason for the decrease in sensitivity was the ageing of the detector lamp.
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2.350UTCOMES

It was concluded that the method could no longer be considered to be reliable; therefore changes
were required in order to ensure that the method could still be used for the accurate and precise
determination of the analytes of interest. The injector was presumed to be the most likely source of
the inaccuracies and a decision was made to include an internal standard in the sample mixtures.
The internal standard would be used to compensate for variable injections volumes, as the results
would be independent of that specific variable. Furthermore, the decrease in the sensitivity of the

system may require re-assessment of linearity over the range selected, LOQ and LOD values.

2.3.6 INTERNAL STANDARD (IS)

Aninternal standard is usually added to ensure accuracy of a method [94]. The IS chosen should be
completely resolved from all other peaks and it should elute close to the solute to be quantified.
Generaly, it should also have similar chemical and physical properties to the analyte and should
not be a degradation product of the analyte. An internal standard was not incorporated in the
method initially, asit is stated that they should be avoided in stability indicating assays due to
possible co-elution with unknown degradation products [94]. The method was not used specifically
as a stability-indicating assay; however, the presence of the degradation product of HCTZ
precluded theinitial inclusion of an internal standard.

Other B-blockers, such as propanolol HCL and oxprenolol HCL are commonly used as internal
standards in HPLC either for MPTA only or MPTA in combination with HCTZ, asindicated in
Table 2.1. Other B-blockers are considered as suitable candidates as they have similar chemical and
physical properties. Although the use of propranolol HCL was commonly reported in literature
(Table 2.1), retention time obtained with this candidate on this system was greater than 15 minutes.
Other B-blockers were then tested and of these labetalol HCL was selected as the internal standard
asit resulted in a Ry of 8.0 minutes only. Furthermore, it displayed a sharp well-resolved peak and

no interference with degradants or other analytes was observed.
24 METHOD VALIDATION WITH AN INTERNAL STANDARD

The addition of an internal standard does not require a complete re-validation, and some

parameters including precision, accuracy, specificity and recovery need to be re-assessed [106].

57



For this phase of the validation, all parameters excluding ruggedness were re-evaluated. Tests for

robustness were also continued using the internal standard.

24.1SPECIFICITY

Labetolol hydrochloride eluted after both MPTA and HCTZ, and the degradation product,
therefore minimal interference was incurred by the inclusion of the internal standard. Peaks for al
compounds were well resolved and no changes in Rr were noted. A representative chromatogram

of the compounds with ISis shown in Figure 2.15.

Figure 2.15: A typical chromatogram of HCTZ (A), possible degradant (B), MPTA (C) and
labetalol hydrochloride (D)
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242 L0Qand LOD

The LOQ and LOD were determined in the same manner as before, using six samples for each.
The LOD was found to be 0.19ug/mL and 1.25pug/mL for HCTZ and MPTA, respectively. The
LOQ was determined to be 1.22ug/mL (%RSD = 4.56) and 4.00pg/mL (% RSD = 5.20) for HCTZ
and MPTA, respectively. Whereas the LOD values did not alter significantly, LOQ values were

significantly changed, possibly as a function of a decrease in the sensitivity of the detector.

2.4.3 RANGE

The change in LOQ resulted in a subsequent alteration of the range over which the analytes could
be accurately and precisely determined. The range over which adequate linearity was demonstrated
was therefore 1.22 -17.00ug/mL for HCTZ and 4.00-30.20ug/mL for MPTA.

244 LINEARITY

The equations for calibration curves of the compounds were now representative of the
concentration and the ratio of drug to internal standard. Representative equations were y =
0.0296x-0.0209 for MPTA (r? =0.9992) and y = 0.0113x-0.0098 for HCTZ (r? =0.9997). The
linearity of the method over the new range was comparable to that obtained during the method
development stages, and showed a definite improvement over the results obtained in the method
re-validation without the inclusion of the internal standard. Typical calibration curves are depicted
in Figure 2.16.
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Figure 2.16: Typical calibration curvesfor MPTA and HCTZ obtained using an inter nal

standard

2.45PRECISION
2.4.5.1 Repeatability
Precision data was obtained at high, intermediate and low concentrations as described in § 2.2.4.1.
The % RSD and standard deviation data are depicted in Figure 2.17. The % RSD values obtained
all fell within the range of acceptable limits set (< 10%). The repeatability of the system was

therefore improved with the inclusion of an internal standard, indicating that the earlier assumption

that poor repeatability was a function of variable injection volume may be a probability.
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Figure 2.17: % RSD and standard deviations of drug: I Sratio from validation with an IS
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2.4.5.2 Intermediate Precision

Intermediate precision was determined over a six-day period. The concentrations used are listed in
Table 2.8, and although they differed dlightly from those used for the previous validation studies,
they are representative of the range that was considered. %RSD and standard deviation are listed in
Table 2.8. Both parameters were significantly improved over data generated from method from the
re-validation of the method without an IS, as all values obtained were with in the limits for

acceptance set in our laboratory.

Table 2.8: Intermediate Precision results from validation studieswith an IS

Concentration Average Ratio Standard Precision
(ng/mL) Obtained deviation (% RSD)
MPTA
4.0 0.1064 0.0058 4.98
50.00 1.4441 0.9649 4.19
100.00 2.8197 0.1364 4.63
HCTZ
1.20 0.1345 0.0067 5.44
7.60 0.8755 0.0368 4.49
15.2 1.6916 0.0783 4.84
2.4.6 ACCURACY

Accuracy was determined using blinded samples of three concentrations (n=6), as was previously
described (82.2.5). The results (Table 2.9) revea ed that the percent error was less than 5% for all
samples analyzed, which compared favourably to the results obtained previously in § 2.2.4.2.

Table 2.9: Percent error obtained during deter mination of blinded samples

Theoretical | Mean conc determined SD % RSD | % Bias
conc (ng/mL) (ug/mL)
METOPROLOL TARTRATE
4.00 3.94 0.0028 2.19 -1.50
50.40 48.76 0.0724 5.17 -3.26
90.72 90.41 0.1152 4.49 -0.34
HYDROCHLOROTHIAZIDE
1.20 1.15 0.0034 2.73 -4.17
7.50 7.46 0.0429 5.08 -1.34
13.50 13.68 0.0665 4.32 0.48
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2.4.7 ROBUSTNESS

The compounds were dissolved in arange of buffers that would possibly be used as dissolution
mediafor dissolution testing in USP Apparatus |1 and 111. Results are shown in Table 2.10. Results
are depicted for solutions containing 100.00pg/mL MPTA, 15.00pg/mL HCTZ and 50.00pug/mL
labetalol HCL. The %RSD calculated for average ratios from the dissolution assessed are below
5% for both compounds, indicating that the absorption is not significantly affected. The same set of

calibration solutions may therefore be used for the analysis of all samples in dissolution studies.

Table 2.10: Assessment of compound abosrbance in different dissolution media

Dissolution Medium HCTZ MPTA
Average SD % RSD | Average SD %
Ratio Ratio RSD

Water 1.48 0.06 4.14 2.63 0.13 | 4.80
0.1M PO, Buffer pH 1.6 1.62 0.04 2.56 2.49 0 0
0.1M PO, Buffer pH 3.4 1.50 0.02 1.35 2.60 0.13 | 491
0.1M PO, Buffer pH 4.7 1.49 0.13 8.60 2.84 0.09 3.25
0.1M PO, Buffer pH 6.8 1.52 0.0054 1.79 2.73 0.0059 | 0.22
0.1M PO, Buffer pH 7.2 1.55 0.02 1.22 2.76 0.05 1.88
Mobile Phase 1.52 0.03 2.27 2.64 0.07 2.71
Average for all media + SD 1.52 +£0.05 2.67+0.11
% RSD 3.02 4.25

2.5 CONCLUSIONS
A linear, precise and accurate method has been developed for the simultaneous determination of
MPTA and HCTZ over the range studied. The method is also suitable for the determination of drug

release from both immediate and modified release dosage forms.
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CHAPTER THREE
FORMULATION, DEVELOPMENT AND ASSESSMENT OF A
CONTROLLED RELEASE MPTA TABLET CORE

3.1 CONTROLLED RELEASE SYSTEMS

3.1.1INTRODUCTION

In contrast to conventional dosage forms, controlled release products have a dual functionality, that
isto deliver the drug to that particular part of the body that it is needed, and to control the rate at
which the drug is made available to its site of delivery [113]. There is often confusion surrounding
the terms ‘controlled’ and “sustained’ release. The term “controlled release’ refers to a dosage
form, which releases the drug in vitro by predicted physicochemical mechanisms that are believed
to be operating in physiological in vitro test conditions [114]. As such, it describes the delivery of a
drug specifically to the needs of a condition such that an optimal amount of drug, delivered at an
optimal rate, is used to control the condition. Sustained drug delivery becomes necessary when the
needs of the condition are such that drug release over a prolonged period is vital to therapeutic

success [114].

Research into and clinical applications of controlled drug delivery have increased rapidly in the
past few decades [114]. Such systems are considered advantageous as they can be used to ensure
safety or enhance efficacy of drugs. The benefits are primarily achieved by better control of plasma
drug levels and less frequent dosing. The decreased frequency of dosing also leads to increased
patient compliance [115]. The use of controlled release dosage forms also leads to improved safety
and minimization of side effects by reducing the fluctuations in blood plasma levels that are
usually observed on frequent dosing of immediate release products [115]. In addition, there may
also be economic advantages, despite the cost per dosage being greater than conventional dosage

forms; the efficiency of the dosage regimen is improved in the long term [116].

3.1.2 ORAL CONTROLLED RELEASE SYSTEMS

The interest in controlled drug delivery systems has not been limited to the oral route, however,
this route of administration is by far the most popular as it allows for greater flexibility in dosage
form design than for parenteral or transdermal routes of delivery [115]. The following discussion
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will focus primarily on oral delivery systems, which may be broadly categorized as membrane,

matrix or hybrid type systems[117].

3.1.2.1 Membrane systems

A drug core surrounded by a rate controlling membrane characterizes such systems [117] and these
may also be described as reservoir systems [114]. Membrane systems are generally non-
disintegrating technologies that release drug either by osmotic pumping or a solution diffusion
mechanism [117]. Examples of commercial products that represent such systems include Adalat
XL® (Bayer, SA) which is an osmotic pump system, and Erythrocin® (Abbott Laboratories, SA),
which consists of coated beadsin arapidly disintegrating caplet. Membrane systems will be
discussed in greater detail in Chapter Four.

3.1.2.2 Matrix systems

Matrix systems, in general consist of drug that is either dissolved or dispersed in a carrier matrix
consisting of one or more polymers [114,117], and may include beads, pellets or tablets where the
drug is uniformly dispersed or dissolved. Matrix systems have become increasingly utilized as they
are relatively cheap to manufacture when compared to other types of controlled delivery systems.
They are also easier to manufacture and they lack dose dumping potential of immediate release
products [117].

3.1.2.3 Hybrid systems

Such systems may also be referred to as sandwich systems, and are usually a combination of both
matrix and membrane systems[114,117]. They combine a number of drug release mechanismsto
achieve constant drug release and an example of asystem in useis Theo-Dur® (Astra, SA).
Theo-Dur® tablets are amultiple unit system that consists of coated beads embedded in a tablet
matrixX. These systems will be discussed in greater detail in Chapter Four.

3.1L3MATRIX SYSTEMS
Matrix systems are prepared with an excess of uniformly dispersed drug occurring either as
discrete crystals or as solid particles within the matrix system. A matrix system that contains only

one rate-controlling polymer is referred to as a monolithic device.



The choice of the matrix-forming polymer is critical and it should the proper ratio of ionisable
groups and should exhibit gradual hydration and swelling, to allow for constant drug release
throughout the gastro-intestinal tract [118]. Cellulose ethers have been increasingly used in matrix
formulations in recent years [119]. Certain polymers such as glyceryl monostearate may be
selected for use in matrix systems on the basis of their lipophilic character, where its lipophilic
nature plays a greater role in retarding the release than do other factors such as the porosity and
tortuosity of the matrix [120]. Polyvinylchloride, ethylcellulose, polyethylene and methacrylate

polymers and copolymers have also been used as polymers for hydrophobic matrices[121].

Ethylcellulose may be used as a matrix-forming agent in both direct compression and wet
granulation formulations, however selection of the appropriate viscosity grade is essential [122].
Furthermore, interactions between drug to be delivered and polymer may lead to altered release
mechanisms. Salicylic acid interacts advantageoudy with high viscosity chitosan to achieve a
sustained release effect [123], whereas pseudoephedrine sul phate has been found to alter the
hydration and erosion characteristics of HPMC in combination with PVP [124].

Drug release from monolithic matrix systems may be controlled by the gelled matrix and the
matrix-bulk medium interface [125]. The drug release from such systemsis also in part dependent
on the solubility of the drug in the matrix, however in a porous matrix, rel ease depends primarily
on the solubility of drug in the sink conditions within the particle pore network in addition to the
tortuosity of that network [116]. Matrix formulations are seldom used for water-insoluble drugs
due to difficulties in achieving one hundred percent drug release from these dosage forms [126].
Mehta et al found that for a highly water-soluble drug, the rate of release from matrix pellets with a
higher drug loading was less than for lower levels of drug loading which may have resulted in
differencesin pore diameter within the matrix, and shape and surface area of the pellets[127].
The continual evolution of matrix technology had led to the development of innovative systems,
which may utilize a combination of polymers to achieve the desired level of control over drug
delivery. Such systems include the matrix forming polymers used in combination with channeling
agents to achieve the required release rates [128] or systems where the drug is separated from the
matrix by compression into a core that is surrounded by the matrix material [128]. Streubel et al

described a multi-layered matrix tablets that may also be used to achieve bimodal drug release such
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that rapid drug release occurs both initially to provide rapid onset of action and at a later time to
compensate for poor absorption from the intestinal regions [129]. The inclusion of acidic
excipients into a dosage form that contains a basic drug has also been reported to result in
sustained release of the drug candidate [130]. It has also been reported that a hydrophilic polymer
and an enteric polymer used in combination may be used to prevent the release of basic drugsin
acidic media. In acidic mediathe enteric polymer contributes towards retarding drug release
however in alkali media, the polymer dissolves, increasing the porosity of the dosage form, thereby
increasing drug release from the dosage form [130]. Biodegradable matrices using lactide-
glycolide copolymers have also been used and release from such systems has been found to be
coherent with the Higuchi model [131]. Pillay and Fassihi have a so proposed that the inclusion of
appropriate electrolytes into a matrix dosage form may be capable of sustaining the release of a
highly water-soluble drug such as MPTA over an extended period in a pH-independent manner
[132].

3.1.3.1 Mechanisms of drug release from matrix systems

3.1.3.1.1 DIFFUSION CONTROL

Drug release from polymers that do not absorb large amounts of water, for example, the
polyamides and polyethyleneis primarily controlled by Fickian diffusion. Control from hydrogel
matrices that absorb water and simultaneously release the enclosed drug occurs via a different
mechanism [133]. The dissolution medium has to penetrate into the matrix to dissolve the drug,
which then diffuses through the matrix into the external medium. Thisis the primary mechanism of
release for highly water-soluble drugs from these types of systems[117,134]. However, diffusion
often occurs together with other mechanisms of release, including erosion, swelling or a
dissolution-controlled mechanism [117]. In contrast, hydrophobic matrices exhibit counter-current
diffusion as a primary mechanism of release [135]. Zero order releaseis not easily achieved in
matrix systems, as the rate of drug release continually decreases with the increasing diffusional
path length within the matrix [133,136,137]. In general release from matrix Systems obeys square
root of time dependent kinetics such that drug release continuously decreases with time at arate

that is proportional to the amount of drug remaining in the matrix at a specific time[113,133].
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Diffusion-controlled release is described by Fick’s Second Law (Equation 3.1). The simultaneous
influx of solvent and efflux of drug from the polymeric dosage from must be taken into account in
order for the relationship to hold [134].
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Where,
D = diffusion coefficient of the drug
C = drug concentration in the reservoir
X = the perpendicular distance traveled by the drug

The Higuchi model (Equation 3.2) best describes the square root of time dependent release kinetics

usually exhibited by most matrix systems [117].
Q=[D (2A -C,) Ct] & Equation 3.2

Where,

Q = weight in grams of drug released per unit surface area
D =diffusion coefficient of drug in the matrix

A = concentration of the drug in the tablet (g/mL)

Cs = solubility of drug in the release medium

t=time

In deriving Equation 3.2, Higuchi assumed that an excess solute was present in the matrix

(A >>Cs) and that psuedo steady state is maintained during drug release. It was also assumed that
perfect sink conditions were maintained and that the diffusion coefficient was constant throughout
the test period. In addition drug particles should also be significantly smaller than those of the
matrix material and no chemical or physical interactions should occur between the drug and the
matrix material [138].

Thismodel was initially developed for non-eroding matrices and was later modified to describe
release from eroding matrices, and therefore includes terms for porosity and tortuosity

(Equation 3.3).
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Q =[De (2A - ¢Cy) Cst] ” Equation 3.3
T

Where,
€ = porosoity of the matrix, which may be approximated by calculating the volume of drug
(A) as a percentage of the matrix volume.
T = tortuosity of the matrix, which refers to the degree of convolution of the channels.
D = diffusion coefficient of the drug in the fluid filled channels, which may be modified by
T, hence the effective diffusion coefficient is expressed as D/t.
For eroding matrices, the diffusion coefficient differs from Fick’s Law as it refers to
diffusion through the fluid filled pores and not through the matrix.

3.1.3.1.2DISSOLUTION CONTROL

Dissolution controlled release occurs mainly in the case of poorly water soluble drug particles
within a matrix or in cases where a water soluble drug is present at a high drug loading [117]. In
such cases drug dissolution becomes the rate-limiting step in drug release, in this instance where

the depletion layer is small, the release profile will be linear over time,

3.1.3.1.3SWELLING AND EROSION CONTROL

In general matrix systems commonly include a hydrophilic polymer and thus drug release may be
controlled by both swelling and erosion dependent mechanisms [117]. Swelling is a complex
process that is dependent on swelling inhomogeneity, polymer stress relaxation and solute
diffusion which in turn is related to the structure and composition of the gelled matrix [125]. On
contact with an aqueous medium, the polymer rapidly forms a viscous gel layer, as depicted by
region A in Figure 3.1. At this stage there are two distinct fronts established around the matrix,
namely, the penetrating swelling front and the erosion-dissolution front as depicted by the
schematic diagram of a swelling hydrophilic matrix tablet in Figure 3.2. [117,125]. Swelling
continues (region B in Figure 3.1), until the polymer concentration near the gel surface falls to
below the ‘disentanglement’ concentration for the specific polymer. This is a region of
synchronization (B) of both the swelling and erosion/dissolution fronts, and is characterized by a
constant gel layer thickness. In this region almost constant rate of drug release occurs. In region C
both erosion and dissolution occur and the gel layer recedes (Figure 3.2) becomes depleted.
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Figure 3.1: Development of gel layer thicknessin a matrix tablet over time
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Figure 3.2: Schematic showing the moving fronts during swelling and dissolution
of amatrix tablet

The release for certain drugs from a matrix system may be predominantly controlled by erosion of
the matrix [139]. For example, it has been found that theophylline release from a cissus populnea
polymer matrix is primarily erosion controlled [139]. Certain matrices may control drug release via
polymeric degradation at a specified location in the body. Degradation may occur by breaking of
cross-links, hydrolysis or ionization of polymer side chains or cleavage of the insoluble polymers
into soluble monomers [113]. However, due to the possibility of bulk degradation and subsequent

dose dumping degradation systems are not often used for controlled drug delivery.
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3.1.3.1.4 NONUNIFORM DRUG DISTRIBUTION

In systemsin which drug load increases from the surface to the core of a matrix tablet, drug release
isafunction of its non-inform distribution within the dosage form, which compensates for the
increasing diffusional resistance and decreasing area of the diffusion front. Drug release via this
mechanism may approach zero-order and systems that have been based on this mechanism include

pulsatile drug rel ease systems and multi-layered tablets[117].

3.1.3.1.5 GEOMETRY AND AREA CHANGES

Drug release for a particular drug may be optimized by changing the area and geometry of a
dosage form. Changes in area and geometry compensate for the decreasing rel ease rate displayed
by most matrix systems and have been found to display linear release [117]. Ainaoui et al
suggested that by calculation of the dimensions of dosage forms of different shapes, the required
sustained release profile might be achieved [140].

3.1.3.2 Hydr oxypropyl methylcellulose (HPM C) as a matrix-forming agent

HPM C has become one of the most commonly used polymers for matrix tablet formulations
[117,141,142], as aresult of its nontoxic nature, ease of handling and the elimination of
uncomplicated methods of tablet fabrication [126].

HPM C matrices exhibit a continuous increase in gel layer thickness during the synchronization
phase of polymer swelling, however polymer erosion and dissolution occur simultaneously but at a
significantly slower rate than the rate of swelling. Dissolution and erosion occur in all viscosity
grades of HPMC but have a minimal impact on the rate of release of water-soluble drugs[117]. For
water-soluble drugs rel ease occurs predominantly by a swelling controlled diffusion process, asis
the case for most other polymeric matrices whereas release of water insoluble drugs occurs via an
erosion-dissolution controlled processes [117,143]. The release of high doses of water insoluble
drugs may be both erosion and diffusion controlled [118]. This effect is enhanced by increasing the
percentages of polymer in the dosage form and leads to the formation of athicker gel layer [144].
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For certain drugs such asindomethacin which is water-insoluble, HPM C used in direct
compression formulations, resulted in lower drug release than from a wet granulation of the same
composition, suggesting the possibility that drug release from this particular dosage formis

controlled by mechanisms other than erosion or diffusion [141].

Drug diffusion through HPM C matrices may be influenced by various factors including swelling
ratio, which refers to the amount of water contained within the hydrogel at equilibrium and specific
pore size, which refers to the space available for drug transport through the matrix [145].
Characteristics of the drug candidate under investigation that are important include particle size
and shape and the degree of ionization of the drug [145].

3.2DOSAGE FORM DEVELOPMENT

3.2.1 PROPOSED DESIGN

Existing systems for the sustained release of metoprolol include matrix-based, OROS® and multi-
particul ate systems. Although it has been reported that the matrix-based products are not ideal as
they release almost the entire dose within 10 hours [141], matrix systems are still frequently used,

as discussed in § 3.1.2.2, as they tend to be cheap and easy to manufacture.

3.22 PRELIMINARY STUDIES

A matrix formulation that was developed ‘in-house’ [146] was thought to be capable of retarding
the release of highly water-soluble drugs, and was chosen as the basis for the development of a
sustained release metoprolol tablet core. The tablet was manufactured by granulation with an
ethylcellulose aqueous dispersion, and compression of the granules into a hydrophilic matrix tablet.
HPMC was used as the matrix-forming polymer with dibasic calcium phosphate (DCP) and
microcrystalline cellulose (MCC) included as additional excipients into the formulation.
Magnesium stearate was added as a lubricant.

Preformulation studies included screening for compatibility of MPTA with the chosen excipients

and evaluation of the previously developed formulation using MPTA as the active. Differential
Scanning Calorimetry (DSC) was used as a rapid method to determine potential incompatibilities.
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3.22.1 DIFFERENTIAL SCANNING CALORIMETRY (DSC)

3.2.2.1.1 Introduction

The solid-state stability of adrug may be altered in the presence of excipients either directly in the
form of achemical interaction or indirectly as aresult of adsorption of moisture or catalysis of a
reaction [147,148]. Such information is usually obtained during preformul ation studies and offers
valuable information about potential physical or chemical incompatibilities between the active
pharmaceutical ingredient and potential formulation excipients [149]. Techniques, which are
commonly employed to detect incompatibilities between drug and excipients, include isothermal
stress testing and thermal analysis using DSC or differentia thermal analysis (DTA) [150].

DSC has a number of useful applications including the determination of drug purity, detection of
polymorphic forms, melting and boiling point determination and the determination of glass
transitions [151]. More recently its application has been extended to the determination of solid-
state interactions such as drug-excipient incompatibility in preformulation studies. Its applicability
in this area has increased due to the relative speed and convenience of this method of analysis
[147,152], which makesit particularly useful in early stages of drug testing or product
development where time lines are critical. Furthermore, long-term storage and subsequent
chromatographic analyses that are required for isothermal stresstests are eliminated [150,153].
DSC is aso particularly advantageous when there is alimited availability of the drug, as only small
samples (2-5mg) are required for this analytical technique [150,153,154]. It may also be used asa
screening tool and as a complimentary technique to the proposed multivariate methods for the
selection of excipients for atablet formulation [155].

Although some industries routinely use DSC as a means of detecting possible incompatibilities
between drug and excipients, this method remains controversial, asit is not considered to be fully
reliable [154]. Therefore it should not replace long term stability testing and other tests should be
performed in conjunction with DSC or DTA methods of analysis [147-150,154,156]. DSC has
other pharmaceutical applications and may for example be used to characterize the effects of
manufacturing processes such as powder grinding on drug release from a dosage from [157], and to
identify the effects moisture on the drug release from microspheres [158].
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DSC isathermal analytical technique of thermal analysis that measures differences in energy
inputs between a substance and a reference material as afunction of temperature. The substance
under investigation and the reference material are both subjected to a controlled temperature-
heating programme [156]. The appearance of, or shifts or disappearance of melting
endothermg/exotherms, or variationsin the enthal py are indications of possible drug-excipient
interactions [147]. Generally, a decrease in the melting peak area and heat of melting is an
indication of a potential incompatibility. The greater the decrease in the melting point the more

likely the potential for an interaction being the materials being heated.

3.2.2.1.2 Experimental

3.2.2.1.2.1 REAGENTS

The excipients tested included DCP (Emompress®), MCC (Emcocel® 90M), magnesium stearate
and HPMC (Methocel® K4M), which were utilized for the initial tablet batches. HCTZ was al'so

included for screening.

3.22.1.2.2INSTRUMENTATION
A Perkin-Elmer DSC-7 Differential Scanning Calorimeter (Norwalk, Conneticut, USA) was used

for all thermogram scans. A Sartorius® 4305 microbalance was used for weighing of samples,

3.22.1.3METHOD

Samples (2-5mg) were weighed into standard aluminum pans and covered with lids, and

samples were heated in an atmosphere of nitrogen, at a constant heating rate of 10°C per minute.
Thermograms of individual compounds, as well as, 1:1 mixtures of drug: excipient or drug:drug
were used. The physical mixtures were prepared by grinding equal quantities of each component in
a mortar and pestle. Physical mixtures (1:1) were used to maximize the likelihood of interaction
and to avoid any endotherm masking phenomena resulting from higher ratios of either component
[152]. Thermograms obtained from the individual compounds and of 1:1 mixtures were

superimposed for comparison.
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3.22.1.4RESULTSAND DISCUSSION

A trace of metoprolol tartrate heated alone is shown in Figure 3.3. The melting point temperature
of metoprolol occurred at 120.33°C and was confirmed by values reported in the literature

(8 1.1.2.5). The tartrate salt resulted in a broad melting peak at 215.67°C that also corresponded

with values reported in literature [159].

DSC scans of HPMC, MPTA 1:1 physical mixtures are shown in Figure 3.4. HPMC is a polymer
therefore no endotherm was expected. Glass transitions of compounds such as polymers may lead
to changes in the DSC curve rather than reveal a distinct peak [151]. The glass transition
temperature of HPMC has been reported to lie between 170-180° C [159]. The trace for the
mixture shows differences in the 190°C and 240°C region. This may possibly be attributed to the
glass transition of the polymer. Browning of HPMC at 190-200°C and subsequent charring at 225-
230°C [159] may have also been contributors to the altered thermal activity observed.

Typically a scan of a glassy polymer shows the glass, recrystallization and melting transitions as
can be seen in the schematic in Figure 3.5 [151]. The scan does not show these events, however,

the observed exotherms may correspond to recrystallization of the polymer.

Recrystallization
Exotherm

Glass Transition

AH

Melting endotherm

Temperature ——

Figure 3.5: A schematic DSC scan of a glassy polymer
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Figure 3.3: DSC scan of metoprolol tartrate
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Figure 3.6: DSC scans depicting the melting behaviour of MPTA, DCP and a
mixture thereof



MPTA AND MCC ALONE VS 1.1 MIXTURE

aal

Metopralol tartrste

romste

8 s

8
£

1:1 Mixture of MPTA 30d MCC

T TR A B (5 W

Figure 3.7: DSC scans depicting the melting behaviour of MPTA, MCC and a
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Figure 3.8: DSC scans depicting the melting behaviour of MPTA, magnesium stearate and
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Figure 3.9: DSC scans depicting the melting behaviour of MPTA, HCTZ and a
mixture thereof
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Figure 3.6 shows the DSC scans of DCP, MPTA and the mixture. DCP shows both considerable
and complex endothermic activity, with potential interference with the MPTA curve. DCPis
observed to decompose at temperatures below 100°C with a corresponding loss in water [159]. The
scan of the mixture shows that although the metoprolol base peak is not displaced there is a
definite change in the thermal behavior of DCP, with a disappearance of the peak at 192°C and
displacement of the tartrate peak. This may indicate that although there is some form of interaction,

the stability of metoprolol may remain unaffected.

The scan of MPTA, MCC and the mixture (Figure 3.7) shows no significant displacements of the
melting endotherm of the drug. MCC is depolymerized cellulose, which chars at 270°C and

therefore no significant endothermal events were expected or observed [159].

The DSC thermogram of magnesium stearate, MPTA and a mixture are shown in Figure 3.8.
Magnesium stearate has a melting point of 88.5°C [159], and shows two broad melting endotherms
in the 80-120°C region. Magnesium stearate consists of several fatty acids of varying chain length
[151] and several pseudopolymorphs and hydrates of magnesium stearate have been characterized
[150,151]. It is likely that the observed endotherms correspond to any of the pseudopolymorphs or
hydrates of magnesium stearate. The scan of the mixture reveals a total disappearance of all
endotherms, including that of MPTA. This is an indication of a definite interaction between MPTA
and magnesium stearate, which is known to interact with a large number of acidic and alkaline
substances. [159,160].

Thermograms of MPTA, HCTZ and the mixture are shown in Figure 3.9. A DSC scan of the
mixture shows definite changes, however it is likely that the early melting of MPTA resulted in the
release of water that subsequently led to the hydrolysis of HCTZ, resulting in the endothermal
activity in the 220-280°C region. This may suggest that MPTA and HCTZ in combination dosage
forms may be susceptible to interaction, especially under conditions of elevated temperature and

humidity.
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3.2.2.1.5 CONCLUSIONS

There were no potential interactions detected between MPTA and MCC and HPMC, however there
are potential interactions between MPTA and HCTZ, DCP and magnesium stearate. Excipients that
undergo thermal events at temperatures less than the melting point of the drug are more likely to
result in incompatibilities, as seen with DCP and magnesium stearate. Whilst the detection of the
interactions between each of the compounds provides valuable information, these conditions
represent the worst case scenario and it is unlikely the dosage form would be subjected to the harsh
conditions during normal manufacture and storage as those used for the purposes of DSC
screening. Furthermore, DSC is unlikely to replace real time stability studies of each of the

individual components or mixtures thereof.

Therefore, although potential interactions were detected they did not seem to warrant exclusion of
any of the compounds from the formulation. The interactions with magnesium stearate may result
in softening of the dosage form, however as MPTA would mainly be incorporated into granules,
the interaction between these agents would be minimized. Consequently all of the excipients

originally considered for the formulation were used in the development of the core tablet.

3.222 EVALUATION OF A MATRIX FORMULATION FOR THE SUSTAINED
RELEASE OF MPTA

The formulation, which was developed in-house for the sustained release of highly water-soluble
drugs, isdescribed in Table 3.1. MPTA was used in the formulation and drug release from the
formul ation was assessed over a 22-hour period, as described in § 4.5.

Feasibility batches M 0022005 and M011508 using MPTA as the model drug were manufactured to
produce a dosage form with a 50 mg drug load. A significant retardation of drug release was
observed as 50% drug was released in 4 hours when compared to an immediate release tablet
(Lopressor®) from which all drug was released in less than 1 hour (Figure 3.10). All other relevant
batch data are included in Appendix I.
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Table 3.1; Formulafor matrix tablet core

Cumulative % Released

Excipient Per cent (w/w)
Water-soluble drug (MPTA) 15
HPMC 10
MCC 40
DCP 35
Surelease® +0.18g
(g suspension/ g powder blend)

Granules 67
HPMC 15
MCC 7
DCP 10
Magnesium stearate 1

100

(0]
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—— M 002205 (App |1 100rpm)
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Figure 3.10: Drug release profiles of feasibility batches (M 002205 and M 0110508) compar ed

to an immediate r elease tablet (L opressor®) (n=6)

To obtain aminimum drug load of 100mg required for the envisaged sustained release MPTA
dosage form, an increased tablet weight and size were required. The calculated theoretical weight

was found to be greater than the capacity of the tooling available in our laboratory. Furthermore,
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tablets with aweight of greater than 800mg are often difficult for patients to swallow, and are
recommended to be manufactured in an oblong shape so that they can be taken along the
longitudinal axisto facilitate swallowing [161]. For our purposes a spherical concave or deep
concave tablet was required to facilitate a coating procedure if required in the later stages of
product development. The results from the preliminary batches indicated that the formulation was
capable of retarding the release of the highly water-soluble MPTA over an extended period, and

therefore further optimization of the formulation was considered feasible.

3.230PTIMIZATION OF THE PROTOTYPE FORMULATION
3.23.1MATERIALSUSED

3.2.3.1.1 Drug Used

Metoprolol tartrate (Genpharm, Canada) was used for initial studies. MPTA was later obtained
from K.A.Malle Pharmaceuticals Ltd (India) and used for all further studies.

3.2.3.1.2 Excipients

3.2.3.1.2.1 Microcrystalline cellulose (M CC)

MCC isapartially depolymerised cellulose which has been widely used as a pharmaceutical
excipient [159,162,163]. A number of different MCC products including Emcocel® and Avicel®
are currently available. Emcocel® 90M (Mendell, NY, USA) was used for all experimental
formulations. Emcocel® 90M has similar properties to that of Avicel® PH 101 in terms of specific
surface area, particle density, moisture content and flow and binding properties [164]. Different
product grades may be used for specific applications [159]. MCC may be used as a binder or
diluent in tablet formulations [165]. MCC powders exhibit large structural variations and it isthis
characteristic that has been thought to be responsible for its diverse and useful functional properties
[163,166]. MCC iswidely used due to properties that include good compaction, low friability and
inherent lubricity [165]. Although it is most suited to direct compression formulations, MCC has
been used in both wet and dry granulations [ 159,163,165] and in extrusion and spheronisation
[162,167-170]. Dueto its water absorbing capability MCC may also be used in a new moist
granulation technique where the drying step is eliminated as excess water is absorbed by MCC

[171]. Tablets that include MCC show good compaction with minimum compression force, and
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due to plastic deformation [164], the bonds formed under pressure will remain intact even after

pressure is released, hence resulting in dense tablets with minimal capping potential.

3.2.3.1.2.2 Dibasic Calcium Phosphate (DCP)

DCP is another commonly used diluent in tablet formulations due to its inherent flow properties
and good compression characteristics, and is therefore commonly used in direct compression
formulations. It is also non-hygroscopic at 20°C and at relative humidities up to 90% [159]. Unlike
MCC, compaction takes place mainly by brittle fracture, that is, an applied stress initiates crack
propagation rather than plastic deformation of the material [172]. The brittle fracture index can be
determined as the stress concentration around a hole under the conditions of a tensile strength test,
which is approximately three times the nominal applied stress, therefore the tensile strength in the
presence of a hole should be one-third that of the strength without a hole [172]. The brittle fracture
index may therefore be useful in assessing the potential for capping of a tablet formulation
Emcompress® (Mendell, NY, USA) was used in all experimental formulations.

3.2.3.1.2.3 Hydr oxypr opyl methylcellulose (HPM C)

HPMC isanon-ionic long chained cellulose polymer. A number of HPMC products are available,
such as Methocel® (Colorcon, Kent, UK) and Metolose® (Shin-Etsu) products. Such products are
available in varying grades and with different nominal viscosities and as such may be selected for a
particular purpose based on these specific properties [173-175]. HPMC with alower nominal
viscosity (4000cp) was used in the granules and that of a higher viscosity (100 000cp) was used in
the tablet matrix. Methocel® K4M and K100M Premium grades were selected as they exhibit fast
hydration rates which would lead to rapid gel formation, therefore providing optimal retardation of
release of the highly water soluble drug from this formulation [175].

3.2.3.1.2.4 Granulating fluid

Surelease® grade E-7-19010 (Colorcon, Kent, UK) was used as the granulating fluid.

Surelease® is a complete pre-plasticised and stabilised aqueous polymeric dispersion of colloidal
ethylcellulose [176]. It ismainly used in barrier coating but may be used as a granulation binder
[176,177]. Ethylcellulose has also been used as hydrophobic polymer in matrix systems to retard
drug release [122].
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3.23.2METHODS

The process described below and illustrated in Figure 3.11 was used for manufacture of the tablets.
All powders for granulation were individually weighed, screened through a 20-mesh sieve and then
granulated in a Kenwood Magjor planetary mixer (Kenwood, UK) set on speed 1. Powders were
blended for 1 minute prior to the addition of granulating fluid. The granulating fluid was added at a
constant rate using a peristaltic pump (Masterflex Easyload, Cole-Palmer Instrument Company, IL,
USA). The wet powder mass was then screened through a 10-mesh using an oscillating granulator
(Erweka, Germany) at 50rpm. Granules were dried in an oven at 60°C for 12 hours, and then re-
screened. They were re-screened using a 20-mesh size on the oscillating granulator. Granulation
was a single step procedure and no batches were re-worked. The dried granules were stored in an
airtight container and blended with the accurately weighed and pre-screened matrix excipients in a
cube blender for 20 minutes at 20 rpm prior to compression. Magnesium stearate was then added to
the blend and the combination was mixed for a further 3 minutes at 20rpm. Tablets were
compressed on a Manesty B3B rotary press using either 2 or 4 concave punches, to a target
hardness of 13-17 kiloponds (kp).

Drug release from the formulation was assessed after modifications to the proportions of
excipients, the matrix polymer, drug load and the granulating fluid used in the formulation, were
made. Drug release was assessed using dissolution testing as described in § 4.5. Physical
characteristics of the tablets, including weight uniformity, hardness and friability were also

assessed and are included in Appendix | for each batch, respectively.

Content uniformity of representative batches was also assessed. Ten tablets from each batch were
individually weighed and crushed separately using a mortar and pestle. The powder for each tablet
was quantitatively transferred to a volumetric flask and made up to 200mL volume with methanol,
and sonicated for ten minutes. An appropriate aliquot was removed with the aid of a swinney filter
with 0.45um filter paper, and subsequently diluted with HPLC grade water. Samples were
analyzed using the validated HPLC method described in § 2.2.3.
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Figure 3.11: Flow diagram of the Manufacturing Process
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3.23.3RESULTSAND DISCUSSION
A brief summary of the batches manufactured, modifications made and the time taken to release 50
and 100% of MPTA isincluded in Table 3.2.

3.2.3.3.1 Effect of larger drugload in granules

An increased percentage of drug in the granules (Batches M012208, M023009), which contained
26.09% drug, with a corresponding decrease in percentages of granulation excipients, resulted in
retarded drug release with 50% of drug being released in 3.5 hours and 100% in 14 hours (Table
3.2, Figure 3.12). Drug release was found to be faster from these batches than from the batch
originally manufactured (M011508). The similarity (f1) and difference factors (f2) were used to
determine the similarity between two batches of tablets. These are discussed in greater detail in §
4.3, however f1 values < 15 and f2 values > 50 indicate that there are no significant differences
between the profiles compared. These values verified that there was no significant difference
between the batches with increased drug load, however both batches are significantly different
from the feasibility batch M011508, where f1=52.7, 2=29.7 values were obtained from
comparison of M011508 to M023009. Although the differencesin the release profile may have
been afunction of larger amount of granulating fluid, it isalso likely that the amount of polymer
(15%w/w) may have been insufficient to maintain sustained drug release over a 24-hour period. In
addition it may be possible that as the amount of drug in the granules was increased greater
amounts of drug were present at the granule surface and ultimately the tablet surface, resulting in
more rapid dissolution from this formulation. It was found that increases in the amount of drug
might be compensated for by increases in the amount of the HPMC K100M, the rate-controlling
polymer used.



Table 3.2. Summary of formula modifications and time for 50% and 100% drug
release from experimental batches

M odifications 50% 100%
Batch No.
M0022005 | None (USP Apparatus I1) 4 hrs 14 hrs
M001270502 | 1 HPMC K100M to (20%) 5hrs 22 hrs (80%)
M011508 1 Surelease® 8 hrs 22 hrs (70%)
M012208 1 drug (26%), | granulation excipients 3.5hrs 22 hrs
MO013009 | Asfor M012208 3hrs 22 hrs
M011711 17 hour drying time 25hrs 14 hrs
MO023009 | 1 drug (30%), T HPMC K100M (20%) 3hrs 22 hrs
MO010711 Drug (23%), HPMC K100M (18%) 2.8 hrs 22 hrs
M011210 | Drug (20%), HPMC K100M (20%) 6 hrs (53%) | 22 hrs (83%)
M021711 | Asfor M011210 5hrs 22 hrs (85%)
M001080301 | Asfor M011210, | granulating fluid 3hrs 22 hrs
M001080302 | 40% drug, | % of granulation 3.2hrs 22 hrs
excipients, 20% HPMC K100M
M001270501 | Asfor M001080302 4.4 hrs 22 hrs (90%)
M001270503 | 20% drug, 20% HPMC, 4.5 hrs 22 hrs
1 MCC, | DCP, 1 Surelease®
M001270504 | Asfor M011210, 1 kg batch 3.5hrs 22 hrs
MO00050601 | Asfor M011210, small mesh size used 5hrs 22 hrs (90%)

in both screening steps

All batches were assessed in USP Apparatus |11 unless otherwise indicated

1/ | arrows indicate increases or decreases in the amounts of excipients or drug used
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3.2.3.3.2 The effect of Surelease® on the drug release profile

Drug release from the original batches (M 0022005, M011508) manufactured with the same
formulation occurred at different rates, and this was thought to be a function of a higher amount of
Surelease® used in the granulation of one of the batches. The amount of Surelease® added was
found to have a significant effect on drug release characteristics. This may be expected as
Surelease® contains the hydrophobic polymer, ethylcellulose which may also have arate-
controlling effect on drug release. An assessment of six batches (Table 3.3) with varying amounts
of Surelease® was found to exhibit different release profiles. Deviationsin the amount of
Surelease® that were greater than approximately 15% from a target amount of 0.21g/g of
Surelease® added to the granules resulted in altered drug release profiles whereas batches that
contained amounts of Surelease® that did not deviate by greater than 15% from the target amount
resulted in similar release profiles (Table 3.1, Figure 3.13).

Table 3.3: Surelease® composition of batches manufactured to assess the effect of granulating
fluid on drug release rates

M011508 | M01270502 | MO011210 | MO021711 | M001080301 | M00270504
(D) (E) (F) (G) (H) (1)

Amount of Surelease®
(9/g of powder)

% Deviation from
target amount

0.36

71.43

0.18

14.29

0.19

9.52

0.21

0.00

0.16

23.81

0.14

33.33

Table3.4: f1 and f2 for batches used to assess theimpact of the amount of Surelease® added
on drug release

f1 f2
Batch G vsD 18.3 48.7
Batch G vsE .3 73.2
Batch G vsF 2.1 85.0
Batch G vsH 154 48.5
Batch G vs| 158 48.2

Batches containing the higher amounts of Surelease® appeared to control the release of MPTA
from the matrix more effectively than batches which contained less than 0.16g/g of Surelease®.
This may indicate that increasing the amount of Surelease® added would possibly aid in achieving

more controlled drug release from this formulation, however, increasing the amount of granulating
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fluid to greater than 0.21grams/gram of powder blend resulted in an unworkable mass and granules
obtained were spaghetti-like in nature. This was possibly due to over-granulation and the possible
premature hydration and swelling of HPMC K4M incorporated into the granules, as a result of the
excessive amounts of aqueous liquid from the granulation fluid. Klinger et al suggested that the
controlled release effects exerted by Surelease® may be enhanced by the use of a double
granulation procedure as it was found that the double granulation resulted in sustained release

characteristics for three drugs namely, theophylline, chlorpheniramine maleate and acetaminophen

[177].

The amount of Surelease® added to each batch could not be standardized precisely as the
granulations may be influenced somewhat by environmental conditions such as temperature and
humidity. Manufacturing this formulation in an environmentally controlled room where all
conditions can be optimized may eliminate these effects. It was found that a deviation of >15%
from the target value resulted in altered sustained release characteristics over a 22-hour period.
Furthermore, the addition of larger amounts of granulating fluid would result in low batch yields,

as alarge amount of granules were lost on the screening mesh and as a result of large granule size.

3.2.3.3.3 Effect of altering polymer content in the matrix

The amount of polymer was then increased to compensate for the larger percentage of drug in the
total formulation. The amount of polymer added was increased from 15 to 18 and then 20% of the
total formulation (M011711, M010711, M021711, respectively) of the total formulation and the
release profiles are depicted in Figure 3.14. It was found that increasing the content of Methocel®
K100M added in the matrix even by a very small percentage of the total formulation resulted in
significant retardation (f1, f2 in Table 3.5) of drug release. Although the f1 value obtained for a
comparison of batches containing 15% and 18% polymer was <15, the f2 value was also < 50
indicating that the profiles were significantly different. This was expected as increasing amount of
polymer would lead to increased gel layer thickness and hence a more tortuous path for drug

diffusion to occur, thus dowing down the release rate of drug from the tablets with 20% HPMC.
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Table3.5: f1 and f2 for batches used to compar e the effect of varying polymer content

Comparison fl f2
AvsB 13.1 41.4
AvsC 39.7 30.2
BvsC 23.6 42.6

(A, B, C represent 15%, 18%, 20% respectively)

The influence of polymer content on drug release is well documented [178], however drug release
may also be affected by other polymer variables such as substitution type, viscosity and particle
size [178], which were not evaluated. Furthermore, the ratio of drug: polymer isacritical
consideration in the devel opment of matrix systems, where increasing polymer content in relation
to the drug load, resultsin decreased drug release [179]. The mechanisms of in-vitro drug release

from this formulation are discussed in further detail in Chapter Four.

3.2.3.3.4 Effect of increasing M CC content in granules

The effect of increasing the content of MCC in the granules was assessed in batch M01270503 and
compared to batch M011210. M01270503 resulted in slower initial release of the drug from the
matrix, although f1 and f2 values (f1=15.4, 2=51.9) indicate that there was a significant difference
between the release profiles. This may have been aresult of increased binding capability due to the
larger amount of MCC used in the wet granulation [165]. Furthermore, due to its hygroscopic
nature, the larger amount of MCC may have resulted in greater swelling, which aided in retarding

drug release to a greater extent in the early phases of the experiment.

MCC has also been found to have less brittle properties and to be more plastically deformable than
other excipients such as lactose [180] and it was expected that this might have had an impact on the
physical and compression properties of tablets, particularly with respect to hardness [180,181].
However, the average hardness for this batch of tablets was found to resemble values obtained for
other batches (Appendix 1), and this may have been due to the fact that only the MCC content in
the granules was varied. This represents only a small percentage of the total formulation and

therefore there was minimal impact on drug release from this formulation
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3.2.3.3.5 Effect of certain process variables
It isimportant to evaluate the effects of both formulation and process variables on drug release
rates from tablets. Therefore the effects of granule drying time and mesh sized used for granule

screening and compression force (8 3.2.3.3.6) were eval uated.

3.23.35.1Drying Time

The duration that the granules were dried had an impact on drug release rate from the formulation.
A drying time of 6 hours resulted in afaster rate of drug release than from batches in which
granules were dried for 12 and 17 hours (Figure 3.15). A fit factor comparison of M011711 and

M 002208, which were dried for 6 and 12 hours, respectively, resulted in an f1=6.9 and

f2=42.5, indicating that there is a significant difference between the release rate profiles of MPTA
from these batches.

As there appeared to be little difference between 12 and 17 hours drying time (f1=6.4, 2=65.5),
granules for all batches were dried for 12 hours. The excess water present from incomplete drying
in the case of 6 hours exposure, may have led to the formation of large pores within the tablet,
hence facilitating water penetration into the dosage form [182], which may have resulted in a
subsequent increased drug release rate.

3.2.3.3.5.2 Mesh sizefor granule screening

In order to assess the impact of granule size on drug release batch M00050601 was formulated to
be similar to batch M011210. Batch M00050601 was screened through the 20-mesh both before
and after drying, whereas granules for M011210 were screened through a 10mesh before drying,
and the 20-mesh subsequent to drying. The release profile (Figure 3.16) was found to be unaffected
(f1=7.5, 2=66.6) by the size of the granules to be incorporated in to the matrix formulation.

3.2.3.3.6 Physical Evaluation of Tablets

Tablet weight

The weight of some batches manufactured was not adjusted to achieve thel00mg dose exactly
(690mg tablet weight), however as these were preliminary batches and data was to be presented as
a percentage of drug released versus time, these batches were still tested. Variations between tabl et
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weights of individual batches were manufactured to be minimal where the % RSD values for
weight variation for most batches was less than 5%.
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Figure 3.16: The effect of screen mesh size on the drug release profile (n=6)
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Tablet Hardness

Tablet hardness was more variable than tablet weight and %RSD values were found to exceed 10%
for most batches. This was more than likely due to inefficient die filling, which may have been a
conseguence of the small batch sizes compressed. Furthermore, an instrumented press was
unavailable therefore only the compression force could be altered to achieve and maintain the
desired tablet hardness within a specific range. As aresult of the large deviations in tablet

hardness, the effect of tablet hardness on drug release was assessed. The hardness of tablets from
one batch (M01270504) was varied from 7.29 to 20.04kp, and the release profiles developed are
depicted in Figure 3.17.

Theoreticaly, differencesin hardness are an indication of differencesin tablet density and
porosity, and such differences may affect the initial penetration of dissolution mediainto a dosage
form. In the case of matrix tablets, this may affect the rate of gel layer formation and subsequently,
the rate of drug release from the dosage form [179]. In thisformulation, it appeared that drug
release was slower from tablets with alower hardness (7.29kp and 10.55kp) as compared to tablets
with hardness of 17.94 and 20.04kp. The release profiles for the harder tablets were almost super-
Imposable, indicating those small differences in hardness had almost no impact on drug release. To
assess Whether the differences in hardness of tablets were significant, the f1 and f2 difference and
similarity factors were used. It was found that none of the f1 and f2 values obtained fell out of the
acceptance limits for similarity (Table 3.6), that is, none were > 15 or <50, indicating that the
release profiles were not significantly different. This may indicate that the hardness of these tablets

has a minimal impact on drug release from this formulation.

Table 3.6: f1 and f2 Valuesfor the comparison of the same batch with varying hardness

fl f2
AvsB 9.1 60.2
AvsC 2.2 83.7
AvsD 8.0 61.5
BvsC 7.6 62.5
BvsD 9.1 60.2
CvsD 9.7 59.0
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Content Uniformity
Content uniformity data for batches assessed are included in Table 3.7. As the tablet weight was
not maintained for earlier batches, the calculated theoretical amounts and the actual percentages

determined are included in the table for comparison.

Table 3.7: Content unifor mity data from randomly selected batches

Batch Theoretical Actual % RSD | % Determined
MO011210 100.05 96.45 +4.16 4.46 96.40
M01270503 93.72 85.96 +5.40 6.28 91.72
M01270504 100.04 98.30 £5.79 5.89 98.26
M01270501 (200mg) 197.54 178.34 £ 6.56 3.67 90.28
M01270502 (50 mg) 59.22 55.43 +4.19 5.67 93.60

(Actual and Theoretical amounts obtained are expressed in mg)

As per the USP recommendations, a batch is passed for content uniformity if the amounts
determined lie between 85-115% of the theoretical value, with a % RSD value <6% [73]. All of the
batches assessed were analyzed and found to fall within the specifications, however the %RSD
obtained for batch M01270503 was not below the 6% limit set in by the USP, indicating a failed
batch. The content uniformity of batch M01270503 was found to be lower than for other batches
containing 100mg of drug. This may have been a function of the altered percentages of DCP and
MCC in the granules, and may indicate that powder flow might have been affected by altering the
proportions of these excipients in the formulation. Flow rates of powders were not assessed in thses

experiments.

3.2.4 Conclusions

Based on the evaluation of the batches described in § 3.2.3.3, the formulation selected for the tablet
core is described in Table 3.8. Batches M011210, M021711 and M01270504 are replicates of this
particular formulation. The formulation was found to be capable of sustaining the release of MPTA
over a 22-hour period using USP Apparatus I11. The results of physical testing reveal that the
tablets were resilient and displayed good reproducibility on re-manufacturing. Drug release from
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Batch M01270504 was significantly faster than the other batches of the same formulation, however
this was more than likely due to a smaller quantity of Surelease® being used in the granules. This
indicates that the amount of granulating fluid added is an important consideration, with deviations
of greater than 15% from the optimized value resulting in significant changes in the drug release
profile as discussed in 8§ 3.2.3.3.2. Although the hardness of the formulation was kept within a

target range, it was not found to have a significant impact on drug release from this formulation.

Table 3.8: Formulation composition for a sustained release MPTA matrix tablet

Excipient Per cent (w/w)
Water-soluble drug (MPTA) 20
HPMC 10

MCC 375
DCP 325
Surelease®

(g suspension/g powder blend) 0.18-0.21
Granules 62
HPMC 20

MCC 7

DCP 10
Magnesium stearate 1

The matrix formulation listed in Table 3.8 was found to be capable of retarding the rel ease of
MPTA over a 22-hour period and may be used as a stand-alone once daily dosage form of MPTA.
The formulation may also be considered for subsequent devel opment of a combination dosage
form containing both HCTZ and MPTA.
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CHAPTER FOUR
THE IN VITRO RELEASE OF METOPROLOL TARTRATE
FROM MATRIX TABLETS

4.1 INTRODUCTION

Dissolution testing is a valuable surrogate and tool for drug release rate characterization from a
dosage form in vivo. Drug dissolution from a dosage form is one of the prerequisitesfor its
absorption, bioavailability and ultimate efficacy in vivo [183]. It is used in the pharmaceutical
industry during formulation development, stability testing and preclinical trials as a quality control
tool. More specifically, it is used in the developmental stages to determine the best formulations
for further development [184]. For a marketed product dissolution rate testing is widely used to
assess batch to batch quality [183,185], provide control over the manufacturing process and quality
assurance of a product [185], and such tests may also be used to assess whether further
bioequivalence studies may be required after scale-up and post-approval changes (SUPAC)
[185,186]. It has aso become particularly valuable in the development of sustained-release
products [ 183,186], where certain dissolution conditions may be chosen to simulate the passage of
the dosage form in vivo, more closely, thereby allowing for better characterization of the behaviour
of the dosage form in the GIT. The biopharmaceutical relevance of dissolution testing has
increased in recent decades and its use in devel oping the biopharmaceutics classification (BCS)
[187] and in establishing in vitro-in vivo correlations (IVIVC) isincreasing for certain drug classes
[187-189].

4.2 THE BIOPHARMACEUTICSCLASSIFICATION SYSTEM (BCS) AND IN VITRO-IN
VIVO CORRELATIONS(1VIVC)

The BCSis based on the concept that two drug products that exhibit the same concentration profile
along the GIT will have similar concentration profiles following oral administration [190]. It
allowsfor estimation of the influences of dissolution, solubility and intestinal permeability on oral
drug absorption from immediate release products [191]. The BCS has enabled the classification of
drugsinto four classes [190], which are listed in Table 4.1. Table 4.1 a so includes some examples
of drug candidates. Of particular interest are the compounds of interest for this work, namely

metoprolol and HCTZ, which are classified as Class |, and Class |1V drugs, respectively.
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Table 4.1: The Biopharmaceutics Classification System

(Classl) (Classll)
High solubility, High permeability Poor solubility, High permeability
Eg. Metoprolol tartrate, Eg. Carbamazepine [190]
Propranolol hydrochloride [190,192]
(Classlll) (Class1V)

High solubility, Poor permeability Poor solubility, Poor permeability
Eg. Atenolol [190] Eg. Hydrochlorothiazide [190]

A draft guidance on biowaivers based on the BCS suggests that the documentation of
bioequivalence by using dissolution studies may be appropriate for oral immediate release products
which contain highly soluble and permeable drugs within arapidly dissolving dosage form
[185,190,193]. Consequently, the need for expensive and difficult analytical proceduresthat are
required to analyze drugs in biological fluids following bioequivalence studies is eliminated. At
present biowaivers, may only be granted for Class | immediate release products [193], whereas
modified release must be assessed for in vivo bioequivalence and in vitro rel ease characterized by
dissolution testing [194]. However, the applicability of the BCS with respect to modified release
systems is debatable and additional considerations of the product, including transit time, the non
linearity of transport systems, the metabolic transformation process and the addition of certain
adjuvants which may alter gastric transit, membrane transport or transformation variables are
required [195].

IVIVC aid in product development asiit allows for a prediction of the plasma profile of a drug
product without the need for a biostudy. In this case dissolution testing is used as a surrogate
measure for predicting the in vivo behaviour of a particular product [196,197]. The establishment
of an IVIVC is dependent on several factors and differsfor the different drug classes described in
Table 4.1 [187], where the design of an IVIVC increases in complexity for the less soluble or

permeable (Class 1, 11 and IV) drugs, and more especially for modified release products [196].
For modified release dosage forms, the in vitro test conditions must be selected to be
representative of the in vivo conditions of the human gastro-intestinal tract, and are in general,

more rigorous than for immediate release dosage forms. A weak dissolution test design may result
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in apoor correlation with in vivo behaviour of the dosage form [197]. The implication isthat a
larger number of in vitro variables, including pH, agitation, physical stress and food effects must
be evaluated to establish a predictive correlation with in vivo conditions [195].

The validation of an IVIVC isaso important asit allows for certain post-approval changes as
described in the Scale-up and Post Approval Changes for Modified Release (SUPAC-MR) to be
made, and may therefore justify biowaivers for such changes to be made [186,198]. The validation
of adissolution method, as described by Eddington et al allows for the identification of optimal
dissolution conditions to be identified for a particular drug [199].

4.3 COMPARISON OF DISSOLUTION PROFILES

Dissolution testing therefore forms an integral part both product devel opment and manufacture and
throughout the shelf life of a product. Consequently, an effective and accurate meansfor the
comparison of dissolution profilesis necessary. A number of methods to compare dissolution
profiles are available and may be categorized either as model independent or model dependent
approaches for comparison. Model independent approaches include the ratio test, pair-wise test
procedures and analysis of variance (ANOVA) [200]. Some authors have described ANOVA
analysis as a separate category [201]. Model dependent approaches may be based on any number
of models including zero-order, first-order Hixson-Crowell, Higuchi, Weibull and others
[200,202].

Pair-wise test procedures include the difference factor (f1) [200,201], similarity factor (f2)
[200,201] and two indices of Rescigno [200,201,203]. Pair-wise procedures are used for

comparison of a pair of profiles and employ a 90% confidence interval approach [201].

Thefl and f2 indices or fit factors, as they are more commonly referred may be calculated using
Equations 4.1 and 4.2 [203]. f1 approximates the percentage error between two curves, and
increases proportionally with increasing dissimilarity between curves. f2 on the other hand isa
logarithmic transformation of the sum of the squared error and approaches zero as dissimilarity
increases [202,204].
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f1={ [>X R-=Td/ . R} x 100 Equation 4.1
t=1

f2=50log {[1 + 1/n ¥ w; (Re— Ty)*] °° x 100} Equation 4.2
t=1

Where,

R; and T; = assay values of the reference and test at timet, respectively

n = the number of pull points

wt = an optional weight factor which can be used to give more weight to avalue/s
that are considered more important than others.

f1 and f2 data must be generated from a minimum of 12 replicates [183,205] and alimit of one
sampling time after 85% drug dissolution is recommended [205,206]. f2 may be calculated using
mean data as calculations using both individual and mean data were not found to be statistically
different [207], and dissolution measurements of two products must be made under exactly the
same test conditions [205].

The similarity factor is more commonly quoted [201,208-210], asit is the ssmplest to use [205].
Furthermore the FDA recommends the similarity factor, for the comparison of dissolution profiles
[205]. f1 values < 15 and 2 values > 50 are considered to be the limits for similarity between to
curves, where f2 = 100 indicates that two profiles are identical and f2 =50 indicates that thereisa
10% difference at all measured time points [205]. Some have suggested that the acceptance criteria
of 50-100 istoo conservative [200], however this has not been altered to more liberal limits at
present. Limitations of f2 include the disregard for the time and duration over which differences
are found [211] and the failure to take into account differences in dissolutions between test and
reference batches [206,212]. A new multivariate procedure for testing the similarity or equivalence
between two dissolution profiles through Hotelling’s T statistic has recently been proposed, and
has been found to eliminate some of the shortcomings of the f2 similarity factor [206].

Despite possible shortcomings of the f1 and 2 fit factors, these were chosen for comparison of

dissolution profiles and were used either alone or in combination with certain model dependent
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procedures, the Higuchi model in particular was considered. No extra weighting was given to any

time for the analyses using f2 in this work

4.4 SELECTION OF THE DISSOLUTION APPARATUS

4.4.1 Factor s affecting the choice of a dissolution appar atus

The type of apparatus used mainly in dissolution testing of sustained release products includes the
basket (USP Apparatus |) and the paddie (USP Apparatus I1), however the reciprocating cylinder
(USP Apparatus I11) or the flow through cell (USP Apparatus 1V) may also be used [179], and all
four pieces of equipment are listed in the FDA Guidance for Industry: Oral extended release
dosage forms, In Vivo Bioequivalence and In Vitro dissolution testing. [188,194].

In terms of establishing an IVIVC for controlled release products, dissolution apparatus that alow
for alteration of the dissolution medium with respect to pH, molarity, anions, cations, viscosity,
buffers and surface-active agents, are becoming more valuable [188,213]. The Bio-Dis® (Apparatus
[11) isuseful in the development of controlled release products, as it exposes the product to both
mechanical and various physicochemical conditions that may influence drug release along the GIT
[213]. The Bio-Dis® is also said to be advantageous because it is not subject to variability cause by
air bubbles and minor modifications in the geometry of the dissolution vessel as the pump action of
the reciprocating tube in which the dosage form is held, negates such effects [213]. Dissolution
rates from Apparatus | and |1, on the other hand have been reported to be altered by air bubbles and
the geometry of the dissolution vessel [213]. Problems such as clogging of basket screensin
Apparatus I, and ‘coning’ observed in Apparatus Il are also eliminated in Apparatus I11. ‘Coning’

is known to reduce dissolution rates significantly, resulting in variable data that is often dependent
on the position of the dosage form in the dissolution vessel [213], as only the upper surface of the
tablet is subject to erosion caused by the paddles whilst the bottom of the tablet is stuck to the
vessel and remains unexposed to the hydrodynamic stress that is created in the dissolution vessel
[213].

4.4.2 Selection of dissolution appar atus
The selection of the dissolution apparatus for the assessment of a MPTA product or a combination

product of MPTA and HCTZ was limited to a choice between Apparatus Il and 111, Apparatus Il
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was chosen for the advantages in the assessment of controlled release dosage forms as described
above. Apparatus |V was not selected, as it is mainly applicable to poorly water-soluble drugs
whereas Apparatus | is designed for dissolution testing of floating devices. The use of the basket
may possibly alter release from a matrix tablet from which drug release is primarily controlled by
three dimensional swelling of the polymer used in the dosage form.

Comparative dissolution profiles of two batches tested using both Apparatus |1 and |11 (Figure 4.1)
show that drug release from tablets assessed in Apparatus |11 was greater from both batches when
compared to the release determined when Apparatus I was used.
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Figure 4.1: Comparison of release profiles of two batchesin Apparatus|l and |11 (n=6)

Furthermore, it was apparent that whilst both batches resulted in ailmost identical profiles over the
first 12 hours of release in Apparatus I, asindicated by the overlapping error bars, whereas
differences between the profiles were more apparent in Apparatus I11. Calculated f1 and f2 values
for the batches assessed in Apparatus I were 15.3 and 47.7, respectively and therefore indicated
that the apparent differencesin Apparatus 111 were significant. The hydrodynamicsin these
apparatus have been reported to be different. Madden et al found that of four hydrophilic matrix
formulations assessed in Apparatus I-IV, only the release rate profiles in Apparatus 111 differed,
indicating that the mechanism of drug release was possibly different. It was suggested that drug
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release occurred by diffusion in the three apparatus that yielded similar profiles whereas erosion
had a larger impact on drug release from the tablets assessed using Apparatus |11 [214].
Furthermore, it was found that the hydrodynamics of the Apparatus |1 also affected release, whilst
this was not the case for the other dissolution apparatus [214]. This suggests that the Bio-Dis® may
be better able to ssimulate the GIT conditions, especialy the conditionsin the stomach, whichisa

‘grinding’ organ and may therefore contributes to greater initial erosion of a dosage form.

Apparatus 111, the Bio-Dis® (G.B.Caleva Ltd, Ascot, England) was therefore selected as the
apparatus of choice for dissolution testing as it was found to be more discriminating between
batches and it allowed for a close simulation of the passage of the dosage form in vivo.
Furthermore, the technology devel oped could be designed to be more rigid with testing in USP
Apparatus 111. Apparatus I was used in preliminary and follow-up evaluation of some batches for

comparative purposes.

45SELECTION OF THE DISSOLUTION TEST CONDITIONS

4.5.1 Introduction

The dissolution test may be affected by numerous variables such as the physico-chemical
properties of the drug, the type of dosage form and other factors independent of the product itself.
Drug properties that may influence the choice of dissolution conditions include particle size,
solubility and ionization properties of the compound. Dosage form independent variables include
the composition of the dissolution medium, agitation rates, pH, osmolarity and ionic strength of the
dissolution medium and the surface area within the dissolution vessel [208,214,215]. The
temperature of the dissolution medium is also an important consideration and is generally selected
to simulate the in vivo conditions of 37°C [208]. The inclusion of additives such as surfactants to
the dissolution medium may also affect the behaviour of the dosage form in these tests, thus the
selection of dissolution conditions that allow for the establishment of a valid IVIVC are essential.

4.5.2 Dissolution test conditionsfor USP Apparatus|l|
The dissolution test conditions used in Apparatus Il are described in Table 4.2. A 22-hour test
period was selected, as this was the most suitable from the programme options available on the

Bio-Dis®. The temperature was selected to simulate in vivo conditions and a volume of 185mL per
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tube was selected based on the capacity of the tubes available in our laboratory. All calculations
were performed on the assumption that 10mL of the sample was lost due to evaporation at the end

of the 22-hour dissolution run.

Table4.2: Dissolution conditionsfor Apparatuslli

Parameter Conditions
pH Time
Medium 1.6 1
(0.1M phosphate buffers) 34 1
4.7 4
6.8 4
7.2 4
7.2 8
Temperature 37+0.5°C
Volume of medium 185mL
Agitation 20 dips/min

Buffers were prepared by making up 0.1M phosphoric acid solution using 5.82mL of 85% ortho-
phosphoric acid per litre of HPLC grade water. The pH was adjusted as required using sodium

hydroxide pellets, as described in § 2.2.1.5.3 on mobile phase preparation.

As part of the selection process certain variables, including the effects of buffer molarity and
agitation rate were assessed to ascertain whether those conditions as described in Table 4.2 were
indeed capable of discriminating between dosage forms without erroneously altering the drug

release profiles.

2.5.2.1 Effect of buffer molarity

The effect of buffer molarity on drug release from this formulation was conducted using 0.05M,
0.1M and 0.2M buffers. The similarity between the profiles was assessed using the f1 and f2 fit
factors. Drug release was found to occur more rapidly in the 0.2M buffers than low molarity
buffers, as depicted in Figure 4.2. The calculated f1 and f2 values as listed in Table 4.3 indicate
that the profiles obtained for 0.05M and 0.1M buffers were similar whilst the release profile from
drug dissolution testing in 0.2M buffers was significantly different from the 0.05M and 0.1M
buffers.
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Table 4.3: f1 and f2 comparison of buffer molarity

Comparison f1 f2
0.05M vs 0.1M 31 81
0.05M vs 0.2M 27 38.3

0.1IM vs0.2M 30 36.3

It has been found that for two hydrophilic matrix tablet formulations containing a highly water
soluble drug, a combination of a high ionic strength, resulting from increased buffer molarity, and
alow pH resulted in significantly faster dissolution rates than at high pH [215]. This may explain
the faster release rate from the tablets observed in 0.2M buffers, where it islikely that the
combination of low pH in thefirst three rows of the Bio-Dis (pH < 5.0) and the increased molarity
contributed to a greater drug release rate. No differences between 0.05M and 0.1M were found
indicating that drug release may be unaffected by minor changes in buffer molarity. However
increasing buffer molarity above a concentration of 0.1M may have implications for product

dissolution testing.

2.5.2.2 Effect of agitation rate

Alteration of the paddle speed or agitation rate in Apparatus |1 and |11 respectively, will alter the
hydrodynamics in the dissolution vessel, and may consequently impact on the dissolution
behaviour of the drug. As Apparatus |11 was selected, the effect of altering the agitation rate using
10, 20 and 30 dips/minute was examined. These agitation rates were selected, as 10-30dips/min is
known to be representative of the physiological conditionsin the GIT [213,214]. Asshown in
Figure 4.3, alteration of the agitation rate appeared to impact significantly on the drug release
profiles, and the calculated f1 and f2 values (Table 4.4) reveal that none of the release profiles are

similar.

Table 4.4: f1 and f2 comparison of agitation rates

Comparison f1 f2
10 vs 20 dips/min 17.9 43.9
10 vs 30 dips/min 34.4 28.7
20 vs 30 dips/min 67.3 20.2

It was expected that by increasing the agitation rate, drug dissolution rate would increase as a result

of the more effective removal of the stagnant/unstirred layer of drug solution that surrounds drug
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particles, hence improving sink conditions. The increased effects from erosion of the dosage form
may also be expected to contribute to a more rapid drug release rate. Furthermore, it has been
reported that |ess energetic agitation rates may favour more homogenous gelation initially and
subsequent slower erosion, leading to slower release rates [216]. Madden et al also reported that
Increasing agitation rate resulted in a corresponding increased dissolution rate and suggested that
erosion is more than likely the predominant mechanism of release in Apparatus |11 [214]. It was
found that although tablets assessed at 30dips/min showed the fastest release rate, the trend was not
obeyed by those assessed at 10 and 20 dips/min.

The choice of dissolution conditions for Apparatus 111 were therefore not altered as it was thought
that tests using 0.1M buffers at an agitation rate of 20 dips/min were capable of adequately
discriminating between batches without altering the hydrodynamics of the system and leading to

false conclusions being drawn.

4.5.3 Selection of dissolution test conditionsfor USP Apparatus| |
Apparatus Il was used mainly for the assessment of immediate release products of both MPTA and
HCTZ and for preliminary tests on the tablet core described in Chapter Three. Tests for immediate

release products were conducted using the conditions depicted in Table 4.5.

Table 4.5: Dissolution conditionsfor Apparatusl|

Medium 0.1M phosphate buffers pH 7.20
Rotation speed 100 rpm

Volume 900mL

Temperature 37°C

Dissolution testing of immediate release products of both drug compounds met the USP

specifications when tested in 900mL of 0.1M buffer (pH 1.60), using a paddle speed of 100rpm.

It has been reported that drug properties including its ionization at different pH’s does not alter the
release characteristics of the drug from the product [217]. Sandberg et al [218] and Eddington et al
[219] who both investigated metoprolol tartrate release from extended release formulations found
that the rate of drug release was independent of the pH of the dissolution medium. Dissolution tests
to determine whether this was also the case for MPTA release from the matrix formulation
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developed, were therefore conducted. Tests were conducted in Apparatus I using 0.1M buffers of
pH 1.60 and pH 7.20. Profiles for batches M001080301 and M 011210 are depicted in Figure 4.4
and it is evident that pH appears to have no effect on drug release from the matrix tablet
formulation devel oped on our laboratories. Drug release from this dosage form is pH independent,
which is a desirable characteristic in a controlled release dosage form in which drug release must
be sustained throughout the passage of the dosage form inthe GIT, viz pH 1.2- pH 7.2.

4.6 MECHANISMS OF RELEASE FROM THE EXPERIMENTAL MATRIX
FORMULATION

Drug release from HPM C hydrogel matrices is mainly controlled by diffusion resulting in Fickian
release that is characterized by square root of time dependent release rates. The drug release profile
Is characterized by afast initial rate of drug release that is followed by a decreasing release rate
over time [220,221]. A typical release profile is depicted in Figure 4.5. Diffusion in such systemsis
best described by the Higuchi model, as was discussed § 3.1.3.1.1. Polymers such as HPMC, which
areinitialy dry glassy polymers that swell upon absorption of water resulting in a rubbery outer
layer, as a consequence of rearrangement of the polymer chains [220], may also exhibit Fickian

release kinetics that is dependent on polymer relaxation alone [221,222].

When both diffusion and polymer relaxation processes are involved in drug release, the mechanism
of release is altered and non-fickian or anomalous diffusion may occur. In these cases, drugis
released by a combination of both diffusion and swelling effects and this type of release is often
also referred to asfirst order release, and atypical profile is shown in Figure 4.5[221,222].

Zero-order or Case Il diffusion is also atype of non-Fickian diffusion, however the rate of drug
release is constant over time, resulting in alinear profile, as shown in Figure 4.5. This type of
release is controlled by a swelling mechanism only [220,221]. Super case |1 diffusion aso exhibits
constant release over time and in these instances rel ease is dependent on both swelling and erosion

of the polymer [223].
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Drug release through a matrix tablet may therefore be characterized mathematically using the
Power Law equation (Equation 4.3). This equation, which may is often referred to as the
Korsemeyer-Peppas equation, has become commonly used to predict the mechanism of diffusional
release from matrix systems [202,220,221,225)].

M, = kt" Equation 4.3
M.,
Where,

MM, = the fraction of drug released at time t

k = kinetic constant which incorporates structural and geometric characteristics of the
controlled release device

n = diffusional exponent which isindicative of the drug release mechanism

In the case of Fickian diffusion n = 0.5, whereaswhen n = 1.0 Case Il or zero order transport is
indicated. Values for n that fall between 0.5 and 1.0 are indicative of anomalous diffusion. The
eguation is also capable of predicting Super Case Il diffusion when an n value greater than 1.0, is
obtained [203,220,222-225]. However, this model is unable to explain release kinetics for n values
less than 0.5 [225], and the equation can only be used to characterize 60% drug release from a
dosage form as sampl e points where the drug concentration is > 60% are invalid and cannot be
used in the calculation of the n value [223].

The use of the Higuchi equation in isolation, to characterize drug release from an HPM C matrix
tablet may therefore not be capable of identifying the exact mechanism of drug release and
therefore both the Higuchi model and the Power Law were used in an attempt to characterize drug

rel ease mechanisms from this formulation.

The n values obtained for each of the batches assessed are listed in Table 4.6. Only batches
M001270502 and M001270504 produced n values of 0.5, indicating that drug was released by
Fickian diffusion controlled mechanism. The mgjority of the batches assessed resulted in
calculated n values of between 0.5 and 1.0, indicating that anomal ous diffusion was primarily
responsible for drug release from these formulations. The Power Law could not characterize the
mechanisms of release of batches M010711, M011210 and M021711, which resulted in n values of
less than 0.5 being calculated.
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With respect to batches M01270502 and M01270504, the square root time plots (Figure 4.6)
indicate that drug release is linear with square root time, therefore drug release from these batches
may be best described as Fickian diffusion controlled. Drug release is therefore controlled entirely
the by diffusion of drug through the fluid filled pores on the polymer matrix. This was unexpected
for batch M01270504 that differed from batch M011210 with respect to the amount of granulating
fluid added. Only 0.14gram/gram of Surelease® was used in M01270504, in comparison to
0.18gram/gram used in M011210. Aswas discussed in § 3.2.3.3.2, differences of greater than 15%
from the target value resulted in an altered release profile and may imply that the larger amounts of
Surelease® contribute to drug release control to asignificant extent, thus altering the overall drug
rel ease mechanism from this dosage form. Due to the hydrophobic nature of the ethylcellulose
polymer, penetration of fluid into the granules may have been hindered in batch M011210, hence
delaying drug release. Drug release from batch M01270504 was controlled by the diffusion of drug
through the fluid filled pores of the HPMC matrix only.

Table 4.6: Calculated n values and correlation coefficients (r) for squareroot time plots

Batch nvalue | rfor \tplots | TimePeriod
MO001270502 0.50 0.9964 0-10 hrs
M0110508 0.57 0.9908 0-14 hrs
M012208 0.57 0.995 0-14 hrs
M013009 0.51 0.9965 0-10 hrs
MO011711 0.57 0.9911 0-10 hrs
M023009 0.56 0.9962 0-10 hrs
MO010711 0.29 0.9872 0-14 hrs
M011210 0.41 0.9849 0-14 hrs
M021711 0.43 0.9897 0-14 hrs
M 001080301 0.57 0.9988 0-14 hrs
M 001080302 0.53 0.9990 0-14 hrs
M001270501 0.57 0.9918 0-14 hrs
MO001270503 0.67 0.9728 0-22 hrs
M001270504 0.50 0.9962 0-14 hrs
M 00050601 0.62 0.8048 0-14 hrs

As was expected batch M01270502 displayed Fickian diffusion due to the larger percentage of
HPMC used in comparison to the drug load, the primary result of greater percentages of HPMC
was that a thicker gel layer through which the drug had to diffused was obtained.
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The majority of the batches displayed anomal ous diffusion behaviour indicating that drug release
was controlled by both diffusion and by the three dimensional swelling and relaxation of the

polymer. Drug release may therefore be better described by first order release kinetics, which is
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characterized by arapid initial release that declines over time. Theinitial releasein thiscaseis

slower than for a Fickian diffusion controlled release rate.

Drug release from batches M011210, M010711 and M021711 could not be explained using the
Power Law, as n values obtained were less than 0.5. Dissolution data was fitted to the Higuchi
model (Figure 4.7) and although the correlation coefficients obtained were high, the data were not
well fitted to the model. This may indicate that the drug release was controlled by mechanisms
other than diffusion only, or it may be likely that these batches display a ‘burst’ effect [220], in
which the drug is released from the tablet surface before the gel layer is formed. This may have as
a consequence of more drug being present on the tablet surface due to breaking of the more rigid
granules during the compression stage of manufacture. n values may be recalculated to exclude the
initial times points over which rapid drug release occurs so as to obtain a new value which is more
descriptive of the mechanism of drug release. The new values obtained were 0.50 for M011210
and 0.40 for the two remaining batches. Whilst the value obtained for the former batch may
substantiate the idea of a burst effect, this could not be conclusively verified. These batches
contained between 0.19-0.24 g/g of Surelease® and therefore it may also have been likely that the
larger amounts of Surelease® retarded drug release initially, such that the drug would have to
diffuse through the hydrophobic granules prior to diffusion through the fluid filled pores of the

matrix. The ultimate result of this combination is an altered overall mechanism of release.

4.7 CONCLUSIONS

It was evident that drug release from the batches assessed was affected by certain dissolution
conditions including buffer molarity and agitation speed of the reciprocating cylinders. However
the drug release from the dosage form appeared to be independent of pH, which is advantageous
for an extended rel ease dosage form. The mechanism of drug release from the dosage form varied
depending on the alterations made to the batches, and it was more than likely that anomal ous
diffusion was the most common mechanism of release in most batches. The mechanism of drug
release from the batch selected for further modification was not conclusively identified, however it
is likely that the mechanism of release is predominantly first order, and is controlled both by the
high viscosity HPMC used as the matrix-former and the Surelease® used as the granulating fluid.
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CHAPTER FIVE
STABILITY ASSESSMENT OF THE PROTOTYPE BATCH

51INTRODUCTION

Stability testing of a drug substance or productsis critical and as a result has become a mandatory
procedure that is performed at various stages of development of a drug product [226-228]. It is of
particular relevance in identifying any changes that may occur upon storage, and which may
adversely affect the ultimate quality of the marketed product. Therefore stability testing is vital for
obtaining information with respect to recommended storage conditions, shelf life and expiry date
of aproduct [227-230]. With respect to controlled rel ease dosage forms stability testing is
necessary to identify aloss or alteration of sustained release characteristics that may lead to dose
dumping and subsequent toxic or adverse effects following long term storage of these types of

dosage forms.

The stability of a pharmaceutical product may be affected by any number of factorsincluding
stability of the active compound(s), possible interactions between the active and excipients, the
packaging or storage conditions, the length of time between manufacture and use of the product
and environmental conditions experienced during transport, storage and handling [227,229]. The
specific chemistry of the functional groups of a drug compound will determine the susceptibility of
the compound to various degradation reactions. Degradation processes that drugs are primarily
susceptible to include hydrolysis, oxidation, thermolabile reactions and degradation by light
(photolysis). These processes are accelerated by environmental conditions that include, the
presence of water and oxygen, heat and light [227,229,231]. This indicates that both chemical and
physical stability of the dosage form must be assessed, as both affect the chemical stability of the

active drug.

According to the ICH Guidelines [226,228] on stability testing such tests should be conducted on a
number of batches of the final product packaged in the containers and closures to be used in
storage and distribution of the product. Recommended test storage conditions include isothermal
and humidity conditions. Recommendations differ between countries, which have been divided
into different climatic zones. South Africafallsin Zones| and Il and therefore stability testing
should be conducted under the conditions described in Table 5.1 [226-229, 232].
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Table 5.1: Recommended conditions for stability testingin Zones| and I1

Recommended Conditions | Test length References
Temperature RH
Long Term 25+ 2°C 60 = 5%RH 1-5 years 226-229,232

Intermediate 30+ 2°C 60 + 5% RH | 6 months reported, | 226,228,229
12 months study
Accelerated 40+2°C | 75+5% RH 6 months 226-229,232

Accelerated stability testing at 40°C for a period of six months is generally used as an assurance of
the stability of a product upon storage at recommended conditions. Six months at accelerated
conditions is considered to be equivalent to 30 months at 25°C [233]. Results from accelerated
stability studies are therefore used to assess potential long-term chemical effects, however they

may not always be predictive of physical changes that also need to be assessed [234].

52 EXPERIMENTAL

A stability study was performed on one of the experimental batches, to gain insight into the
behavior of the dosage form under conditions of high humidity and temperature. This would
provide information on the feasibility of the uncoated matrix as a once-daily sustained release
dosage, and as a component in a combination dosage form of HCTZ and MPTA. Batch
M001270504 was used for the study.

The study was conducted using humidity chambers prepared in desiccators with saturated salt
solutions to achieve the required relative humidity conditions. The chambers were prepared using
sodium chloride and sodium nitrite, which are reported to produce a relative humidity of 75% at
37°C to achieve humidity conditions required for accelerated stability. To achieve 60% RH
required for long term and intermediate stability testing, sodium nitrite was selected as it is
reported to produce a relative humidity of 66% at 20°C and 62% at 37°C [159]. The experiments
were conducted using the recommended conditions for countries in Zones | and 11, as indicated in

Table 3.5, however, testing and was conducted for three months under all conditions.
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The dessicator chambers were placed in ovens that were maintained at 30°C and 40°C. The
assessment for long-term stability was conducted by storing the chamber in a dark cupboard in the
laboratory that has a controlled temperature of 22°C. Tablets were placed in open glass jars and
stored for the time periods described in Table 3.6. Although dosage forms should be tested in their
final packaging, it was thought that these conditions would give a better indication of the ability of
the dosage from to resist changes in humidity and temperature. Thermohygropens (Control
Company, China) were used to monitor the temperature and humidity in each chamber, on a
weekly basis. A plot depicting the temperature and humidity conditions for the period under

investigation is shown in Figure 5.1.

The temperature or percent relative humidity (RH) in all chambers did not deviate by greater than
5% on any week that it was monitored. The temperature in the stability chamber designated to
monitor ambient conditions was less than 25°C. The use of these humidity chambers was not
optimum, however, samples were assessed for changes in stability under the storage conditions as

described. The average of the actual conditions within each chamber are listed in Table 5.2.

Table5.2: Actual Temperature and Humidity Conditions

Actual Conditions Storage

Temperature (°C) | Humidity (%RH) | eriod
Long term (Ambient) 19.14 £1.49 77.29 £1.27 3 months
Intermediate 29.97 £ 0.46 74.36 £1.22 3 months
Accelerated 40.28 +£0.19 86.93 +1.90 3 months

The stability batches were also assessed in terms of its changes in weight, hardness, moisture
content, friability and visual appearance. Visual assessment of colour and overall appearance of a
dosage form may be an early indication of drug decomposition, as has been reported from
assessment of eighteen ticlopidine products [233]. Stored tablets were also assessed for potency,
after each storage period. The release of MPTA from the tablets was assessed using the dissolution
method described in § 4.5 to determine whether changes in the sustained release characteristics of
the dosage form occurred on long-term storage. These results were compared to those obtained

from evaluation of the dosage form prior to storage.
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53RESULTS

531PHYSICAL TESTS

5.3.1.1 Visual Appearance

In comparison to their appearance prior to storage, tablets stored at ambient and intermediate
conditions displayed no obvious visual changes over the three-month period. However, in contrast
those tablets stored at accelerated conditions showed differences after one month of storage. After
one month, tablets appeared swollen and the surface appeared uneven and powdery and no changes
in colour were observed. After two months, these changes were more pronounced and cracks were
visible on all planes of the tablet, however tablets still retained their shape despite being difficult to
handle. Tablets were also found to adhere to the jar walls and to each other. These effects were
more pronounced after three months and at this stage a large amount of powder was found in the

jar and the tablets were no longer completely intact.

5.3.1.2 Tablet Hardness

Tablet hardness was determined using an Erweka TBH 28 Hardness tester (Erweka-Apparatebau-
GMBH, Germany). Results of hardness testing are listed in Tables 5.3.1-5.3.3. A comparison with
the hardness of tablets determined prior to storage, all tablets assessed showed a decreased
hardness at all time-points of the study, as was expected. It was found that the hardness of tablets
stored at intermediate conditions showed a smaller decrease in hardness than those stored at
ambient conditions for all stability testing points. This may indicate that tablets stored at ambient
conditions may have absorbed larger amounts of water, resulting in softer tablets. Tablets stored at
accelerated conditions showed significant decreases in hardness after one month of storage such
that tablets could not be handled without damaging them. The changes caused by high humidity
and temperatures were considered to be unacceptable as such tablets could not be used easily by

patient and may impact on the release rate profile of the drug formulation.

Table 5.3.1: Hardness of tablets stored at ambient temper ature (n=10)

Average Hardness £ SD | % RSD
Before storage 19.30 £ 1.17 kp 6.08
1 month 13.81 +1.04 kp 7.51
2 months 12.71 £ 0.54 kp 4.22
3 months 11.99 + 0.69 kp 5.77
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Table 5.3.2: Hardness of tablets from inter mediate stability batch (n=10)

Average Hardness £ SD | % RSD
Before storage 19.30 £1.17 6.08
1 month 15.98 +1.35 8.42
2 months 15.66 + 0.53 3.35
3 months 15.78 £0.32 2.04

Table 5.3.3: Hardness of tablets from acceler ated stability batch (n=10)

Average Hardness £ SD | % RSD
Before storage 19.30 + 1.17 6.08
1 month 3.17 £ 0.67 21.17
2 months 1.70 £ 0.53 19.78
3 months Tablets too soft to handle
5.3.1.3 Tablet Weight

The weight of all stored tablets increased, as shown in Tables 5.4.1-5.4.3. Tablets stored under
accelerated conditions showed the largest increases in weight whereas those stored at intermediate
conditions showed comparatively smaller increases. These observations correspond with

observations of hardness variations, and may also be an indication that the stored tablets absorbed

more moisture that resulted in an increased tablet weight.

Table5.4.1: Weight of tablets stored at ambient conditions (n=10)

Average Weight = SD % RSD
Before storage | 689.64 + 10.88 mg 1.58
1 month 708.20 £ 9.40 mg 1.33
2 months 693.15 £ 22.51 mg 3.25
3 months 710.67 +£14.15mg 1.99

Table5.4.2: Weight of tablets stored at inter mediate conditions (n=10)

Average Weight = %
RSD
SD
Before storage | 689.64 + 10.88 mg 1.58
1 month 699.46 + 11.75 mg 1.68
2 months 690.27 = 4.53 mg 0.66
3 months 699.79 £ 11.68 mg 1.67
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Table 5.4.3: Weight of tablets stored at accelerated conditions (n=10)

Average Weight + SD | % RSD
Before storage | 689.64 = 10.88 mg 1.58
1 month 721.34 12.99 mg 1.80
2 months Could not be accurately weighed
3 months Too soft to weigh

5.3.1.4 Tablet Friability

The test was conducted using an Erweka Friabilator (Erweka-Apparatebau-GMBH, Germany) at
33 drops per minute for 3 minutes, and the results obtained are listed in Table 5.5. Tablets stored at
intermediate conditions showed 0.15% loss after friability testing at all time points. At ambient
temperature, the friability of tablets increased with increased exposure times, however, the percent
weight lost during testing did not exceed 1%, as specified by the USP, and therefore the batch was
still within specifications for this parameter. It was surprising that although tablets stored at
accelerated conditions for a month showed a drastic decrease in hardness, only 0.57% of the tablet
weight was lost after one month of storage. This was still within the acceptable limit and therefore
Is an indication that these tablets would possibly remain intact during transport and handling of the

dosage form if exposed to these conditions.

Table5.5: Friability Data for stability samples

Friability* (n=10)

Ambient | Intermediate Accelerated
1 month 0.15 0.15 0.57
2 months 0.29 0.15 -
3 months 0.28 0.15 -

* Friability prior to storage was 0.15%

5.3.1.5 Moisture Content

The uptake of moisture was determined using the Karl Fischer procedure. Testing was performed
using a Mettler DL 18 Karl Fischer Titrator. The Karl Fischer titration technique is commonly used
to determine small amounts of water in a sample [105]. Tablets tested before storage had average
moisture content of 2.59%. No limits for the moisture content of MPTA tablets were found in the

literature however, a literature search revealed that the upper limit of moisture content for a multi-
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component nutritional supplement prepared by wet granulation was 3% [235]. Therefore this value
was selected as alimit for moisture content of MPTA tablets that were tested prior to storage. as
was expected, the water content in all tablets under all storage conditions assessed was increased.
Tablets stored at intermediate conditions contained |ess moisture than those stored at a lower
temperature. This correlates with the values obtained for hardness, weight and friability of these
tablets. The average values for percent moisture content of all tablets are shown in Table 5.6.

Table 5.6: Moisture Content (n=3)

Moisture Content (%) £ SD *
Ambient Intermediate Accelerated
1 month 5.49 + 0.07 4,03 +0.14 6.48 +0.19
2 months 5.83+0.12 5.49 +0.00 6.37 £0.28
3 months 5.91 +£0.02 4,37 +0.10 6.79+0.11

* Average moisture content before storage was 2.59 + 0.18

5.3.1.6 Discussion and Conclusions

The results from each of the physical tests performed indicate that tablets stored under each of the
conditions assessed show a definite increase in moisture content. This was confirmed by
corresponding increases in tablet weight and friability and a decrease in tablet hardness. Tablets
stored at intermediate conditions absorbed less moisture than those stored at ambient and at
accelerated conditions. Temperature and humidity both have an effect on the physical properties of
a dosage form, and optimal conditions for both must be specified. The results also indicate that

packaging for the tablets would be a critical consideration.

The physical stability of the batch assessed is adversely affected by the absorption of moisture into
the dosage form and it is likely that all other batches manufactured would behave in a similar
manner. Mosquera et al [236] have found that increased moisture in HPMC tablets led to
reductions in tablet hardness and an increase in tablet porosity and mean pore diameter, and this is
probably likely for the batch assessed. Swelling can be attributed to the diffusion of water from the
interparticulate spaces into the HPMC molecules [236]. Mosquera et al also found that both HPMC
K4M and K100M exhibited similar properties [236], indicating that the HPMC in both the granules
and matrix may have contributed to an increased moisture content in the dosage form. This

increase may have also been facilitated by the inclusion MCC, another hygroscopic excipient in the
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dosage form. MCC is capable of holding large amounts of water within itsinternal structure
without changes in volume, and increases in water lead to increased particle volume with the
subsequent creation of voids [237], which may have further contributed to the resultant appearance
and characteristics of the tablets. Furthermore, MPTA itself is hygroscopic and may alsolead to
increased intake into the dosage form.

As stability tests should be conducted on the dosage form initsfinal packaging, these tests
represent extreme cases of each of the conditions assessed. These test allow for recommendations
in terms of storage and packaging to be made. Due to the hygroscopic nature of the drug and
certain excipients, the inclusion of a desiccant in the final packaging would be an essential
requirement. Desiccants function to rapidly reduce humidity to alow level and to maintain this
level during transport, storage and use of the dosage form [238]. An alternative may be the use of
blister packaging that is designed to keep each dosage unit fresh until required for use [239]. This
may be particularly beneficial as tablets stored under accelerated stability were observed to adhere
to the jar and each other. The selection of such packaging would require further stability testing as
certain packaging materials may interact with the dosage firm or may fail to protect the contents
from environmental hazards [239]. It was found that humidity had a great impact on the integrity
of the dosage form and therefore greater efforts should be made to minimize these effects,

therefore suitable packaging and formulation compensation may be necessary.

5.3.2ASSAY OF TABLETS

Content uniformity tests (n=6) were performed on the batch both prior to storage and after storage
under each of the stipulated conditions, over one, two and three months. The amount of drug
amount was compared to the reference samples using the Timm analysis [111] previously
described in § 2.3.9.

A significant change in drug potency is defined by the Medicines Control Council of South Africa,
as being aloss of potency of greater than 5% from the initial assay value of the batch and in this
event, it is recommended that further stability tests be conducted at intermediate conditions [240].
However, 90% of label claim is generally regarded as the lowest acceptable value for potency
[227,231]. Asdepicted in Figure 5.2 only of the samples assessed showed significant and possibly
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relevant decrease in the amount of drug determined, whereas all other samples showed neither
significant nor relevant changes over the storage periods. Thisindicates that there wasno loss in
potency of MPTA after three months of storage at ambient and intermediate conditions, as none of
the samples assessed showed changes of greater than 10%. However, due to the significant
decrease in response for the three month accel erated stability sample, further testing at intermediate
conditions should be conducted, possibly for 6-12 months, in accordance with recommendations by
the Medicines Control Council of South Africa[240].

3 Accelerated [
2 Accelerated [
1 Accelerated [
3 Intermediate [
2 Intermediate [

1 Inter mediate [ ]
3 Ambient [

2 Ambient
1 Ambient
-10 -8 -6 -4 -2 0 2
Per cent Change

Figure5.2: Timm analysis of stability samples

5.3.3DISSOLUTION STUDIES

Dissolution studies were conducted as described in § 4.5. A dissolution study was conducted using
six tablets of Batch M001270504 before storage and the release rate profile obtained was used as a
reference for comparison for dissol ution tests conducted on the stability samples. Profiles obtained

for the stability samples are shown in Figures 5.3-5.5.

The release profiles obtained for all batches assessed showed no significant differences in terms of
shape, from the initial release profile. At ambient conditions, none of the release profiles appeared
to be significantly different from each other (Figure 5.3), however, calculated f1 and f2 values
(Table 5.7) for comparisons of each of the curves stored for one, two and three months, with the

reference, indicate that whilst the curves are similar to each other after three months of storage, the
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dissolution profile after three months was significantly different from the reference dissolution
profile, where a greater rate of drug release was observed after three months storage, indicating a

potential loss of rate controlling effects of the formulation.
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Figure 5.3: Dissolution profiles of stability samples stored at ambient conditions (n=6)

Table5.7: f1 and f2 valuesfor the comparison of dissolution profiles of stability batches

f1 f1
1AM vs2 AM 6.2 63.9
1AM vs3AM 135 51.4
2AM vs3 AM 7.4 62.4
Reference vs 1AM 53 70.6
Reference vs 2 AM 10.4 53.7
Reference vs 3 AM 14.6 475
1INvs2IN 9.8 54.9
1INvs3IN 4.3 71.6
2INvs3IN 13.6 50.0
Referencevs 1IN 14.5 48.1
Referencevs 2 IN 5.2 67.5
Reference vs 3 IN 17.3 43.4
1ACvs2AC 22.1 43.1
1ACvs3AC 12.7 48.9
2ACvs3AC 20.8 42.9
Referencevs 1 AC 9.3 60
Referencevs2 AC 10.5 55.1
Referencevs3AC 15.2 475

(Where AM, IN and AC represent ambient, intermediate and accel erated conditions, respectively
and 1,2,3, refers to the period of storage in months)
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Figure 5.4: Dissolution profiles of stability samplesstored at inter mediate conditions (n=6)
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Figure 5.5: Dissolution profiles of stability samples stored at accelerated conditions (n=6)
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With respect to tablets stored at intermediate conditions, it was also found that the dissolution
profiles for the tablets stored under these conditions were similar, however there was also a
significant difference between the profile obtained after one and three months from the reference,
asflwas<15and f2 was> 50 (Table 5.7).

Following storage under accelerated conditions, all tablets showed afaster rate of drug release asis
evident in Figure 5.5, however the calculated f2 values indicated that all profiles were significantly
different from each other. Under these conditions it was noted that samples stored for two months
released less drug than those stored for one and three months, and the cal culated fit factor values
indicate that whilst the release profiles for samples stored for one and three months were similar to
each other, neither were found to be similar to the two month sample. Furthermore, samples stored
for two months were similar to the reference samples, whereas those stored for three months
exhibited significant differences (f1 and f2 in Table 5.7). These observations may have been a
function of increased friability and decreased tablet hardness that may have resulted in loss of
MPTA particles from the dosage form during handling of these samples. However, the variability
observed for samples stored at intermediate conditions for one month and that observed for
accelerated stability samples, may have also been afunction of the inherent variability of sustained
release dosage forms.

5.4 CONCLUSIONS

Evaluation of the physical properties of the tablets showed atrend of increasing friability and
decreasing tablet hardness as the length of storage increased. Larger storage times also resulted in
the absorption of larger amounts of moisture, which subsequently leads to softer tabletsand it is
likely that these effects may be exacerbated by the hygroscopic nature of the drug and other
excipients as was discussed previously (8 5.3.1.7). No loss in drug potency >10% was observed for
any of the tablets tested after a three-month period under any of the storage conditions used in the

stability assessment.
Dissolution studies revealed that there was an increased rate of drug release with increased storage

time and after three months storage under all conditions, there was a significant difference between

the test and reference profiles, indicating a possible alteration of sustained rel ease characteristics of
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the dosage form. Although, varying the hardness of these tablets was not found to significantly
alter the drug release profile under ambient conditions (8 3.2.3.3.6.2), it is likely that a combination
of decreased tablet hardness and subsequent increased porosity as a result of the increased moisture
content of the dosage form under conditions of extreme temperature and humidity may have
contributed to an alteration in the drug release profile.

The observed softening of tablets due to the absorption of excess moisture may be problematic as
handling of the dosage form would be difficult and the sustained release behaviour of the dosage
form may be compromised. Therefore the final dosage form will require the inclusion of a
dessicant in the packaged product. Subsequent manipulation of the formulation may also be
required to prevent tablet softening and loss of sustained release characteristics over time, and
therefore the addition of a coating may be necessary to minimize the potential environmental
effects on the release rate controlling properties of the dosage form.
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CHAPTER SIX
THE DEVELOPMENT, FORMULATION AND ASSESSMENT OF THE
COMBINATION DOSAGE FORM OF MPTA AND HCTZ

6.1 INTRODUCTION

The use of controlled release systems for optimization of drug therapy has increased substantially
in recent years. Consequently, methods to control release have become more diverse and efficient
to meet the challenges of drug delivery. Whilst matrix systems are still the most commonly used,
membrane and hybrid systems are also being increasingly used. This chapter focuses on such
systems and the applicability of these technologies for the further devel opment of the matrix
MPTA tablet core previously discussed in Chapter Three.

This chapter also focuses on the formulation of a combination dosage form of MPTA and HCTZ.
Fixed-ratio combination products are only deemed acceptable when the combination has a proven
advantage over the single compounds administered separately in terms of therapeutic effect,
compliance, safety, chemical relevance and overall cost [241]. The combination of a -blocker and
adiuretic into a single dosage form, has several advantages which include convenience to both the
patient and physician, simplified drug dosing regimen and improved patient compliance, reduction
of adverse effects and potentiation of the anti-hypertensive effects of the two drugs used in
combination [242]. As discussed in § 1.3, the combination of MPTA and HCTZ into asingle
dosage form is beneficial as the two drugs exhibit a synergistic or additive blood pressure lowering
effect as it was found that a combination of the two lowered blood more effectively than increased
doses of either drug individually [62-69,243]. Furthermore, a combination of these drugsis
beneficial as the diuretic acts to decrease the sodium and water retention caused by the B-blockers,
whereas the [3-blockers blunt the increase in plasmarenin levels caused by the diuretic [243]. The
increasein renin levelsin especially advantageous in the South African context, as the maority of
hypertensives are either black or elderly patients with low renin levels and are therefore poorly

responsive to treatment with [3-blockers, such as metoprolol, only.

A dose of 100mg daily was selected for the metoprolol component of the combination dosage

form, as the dose has been found to be effective in controlling blood pressure when used in a once
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daily controlled release dosage form [59,60]. HCTZ exhibits dose-dependent blood pressure
reduction that decreases with higher doses. A dose of 25 mg daily has been found to be as effective
as higher doses, however, it has also been reported that lower doses of 6.25mg and 12.5mg daily
were capable of achieving adequate blood pressure reduction without the adverse metabolic effects
of HCTZ that may counteract the beneficial cardiovascular effects of the drug, as observed with
higher doses [243]. Consequently, a dose of 12.5mg of HCTZ was selected for the combination
dosage form to be devel oped.

6.2 MEMBRANE SYSTEMS
Membrane systems (8 3.1.3) consist of a rigid membrane surrounding a drug-containing core, and
drug release from these systems may be controlled either by solution diffusion, osmotic pumping

or dissolution of the membrane itself.

6.2.1 Solution diffusion

This mechanism of drug release is characteristic to most systems where the drug core is surrounded
by a rate-controlling membrane [117,138]. It is characterized by drug dissolution at one interface
of the membrane and then diffusion down a concentration gradient into the external medium.
Fick’s first law of diffusion, as described in Equation 6.1, describes diffusion through a membrane
[117, 244] and the process of diffusion through the membrane is illustrated in Figure 6.1 [117,244].

J=-D oC Equation 6.1
Ox

where,
J = flux/ amount of drug moving through a unit cross-sectional area of membrane
per unit time
D = diffusion coefficient of the drug (incorporated partition coefficient between drug and
membrane
C = drug concentration in the reservoir (Ci)
x = the perpendicular distance traveled /thickness of the membrane (()
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Figure 6.1: Schematic representation of drug diffusion through a membrane

At steady state, Equation 6.1 can be integrated to Equation 6.2, which is the more common form of

Fick’s first law when a water insoluble membrane is used to control release of a drug.

dM = ADKAC Equation 6.2
dt €

where,
A =area
D = diffusion coefficient
K = partition coefficient of drug into the membrane
{ = diffusion path length (membrane thickness)
AC = concentration gradient across the membrane (Ci-Co)

Zero order release kinetics are a characteristic of these systems, however a change in any of the

variables shown in Equation 6.2 may result in non-zero order kinetics prevailing.

When a partially soluble membrane or a combination of water insoluble and soluble polymers are
used, the water soluble components of the membrane dissolves, creating pores or channels through
which drug can diffuse from the dosage form. Consequently, overall drug diffusion occurs through
both the pores and the membrane itself [244]. The differences between drug diffusion through

insoluble and partially soluble membranes is graphically depicted in Figure 6.2.

129



Membrane

Pores/
— 72 ~ channels

Drug _
reservoir
A B

444444444444444444 » Represents movement of drug out of reservoir

Figure 6.2: Drug diffusion through an insoluble (A) and partially soluble (B) membrane

6.2.2 Dissolution control

Drug release may be dissolution controlled in systems where the drug is surrounded by a
membrane, which isitself dissolved or eroded over time[244]. In thisinstance, drug releaseis
dependent on the rate of membrane erosion and dissolution and a constant rate of erosion will
result in zero order release kinetics. The rate of release may therefore be altered by increasing
membrane thickness or by layering drug and coating asis the case for repeat action dosage forms
[244,245].

6.2.3 Osmotic Pumping
Osmotic systems may be one of two types. The first type is known as the elementary osmotic pump

and is schematically represented in Figure 6.3.

This technology consists of a semi-permeable membrane that surrounds a particle, tablet or drug
solution that provides a constant reservoir volume [117,244]. An osmotic pressure differenceis
created between the inside and outside of the tablet, and the drug solution is ‘pumped’ out through
an orifice in the membrane after water is taken in through the semi-permeable membrane [244].
The orifice is usually a laser-drilled hole. The core contains excess drug and/or an osmotic agent,

and exhibits a declining release rate as the concentration of drug in the reservoir falls below
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saturation [117], usually after about 60-80% of the drug has been released. The osmotic pressure
differential and the membrane regul ate the osmotic water permeation, such that volume of drug
solution delivered through the orifice is equivalent to water uptake of the membrane in a certain
time interval. Thisisasimple system, which releases drug molecules by a zero-order mechanism
irrespective of pH, however this elementary osmotic pump system is not well suited for water
insoluble drugs [246,247].

——  Semi-permeable
membrane

4
™~ Osmotic core
\_ containing drug
————————— > Water entering the dosage form across a semi-permeable membrane

—(- Drug solution leaving through a laser-generated orifice at a steady rate

Figure 6.3: A schematic of an elementary osmotic pump system

Asthe delivery rate of the drug from the osmotic pump depends largely on the solubility of the
drug, the inclusion of water-insoluble drugs into an osmotic pump system may require co-
compression of the drug with excipients, such as swellable polymers, which can modul ate the
solubility of the drug within the core [248]. Multi-chamber osmotic pumps have also been
developed for delivery of water-insoluble drugs over extended periods. The most commonly used
of these isthe push/pull design that consists of two compartments, one containing the drug and the
other containing an osmotic agent in an expandable chamber [247,248]. In these systems, depicted
in Figure 6.4, the upper compartment contains the drug and is connected to the outside
environment via a delivery orifice. The polymeric osmotic agent is contained in the lower

compartment has no direct contact with the outside environment. Upon contact with agqueous
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media, both layers imbibe water, however the polymeric layer swells and pushes into the drug
chamber and drug release through the orifice is effected [248,249].

Osmotic drug
core

e N
" e, - s Water [ -
\_ ) imbibition \\ )
Polymer push
compartment Expanded push
compartment

--------- » Water entering the dosage form across a semi-permeable membrane

==mmmmpp- Drug solution leaving through a laser-generated orifice at a steady rate

Figure 6.4: A schematic of a push/pull osmotic system before and after water imbibition

6.3HYBRID SYSTEMSAND MULTIPLE-UNIT DOSAGE FORMS

Hybrid systems are usually combinations of membrane and matrix systems and may occur either as
single or multiple-unit dosage forms [117]. Drug release from these systems may therefore occur
viaa combination of mechanisms as described for matrix, membrane and perhaps even osmotic

systems.

Multiple-unit dosage for ms

These dosage forms are particularly advantageous as there is alower risk of spontaneous drug
release than from single units and there is a more reproducible dispersion of units throughout the
GIT is prevalent, possibly lowering intra- and inter-subject variability [250]. Multi-unit systems

typically comprise are typically comprised of microspheresin hard gelatin capsules, however
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newer systems include microspheres within matrix tablets [251], matrix pellets[252] and coated
pellets [245], and coated pellets incorporated into divisible tablets [253].

6.4 TABLET COATING FOR CONTROLLED RELEASE DOSAGE FORM
PRODUCTION

6.4.1 Introduction

The process of tablet and pellet coating has become increasingly utilized for a variety of purposes
including protection of active ingredients from environmental factors, taste masking and as
functional coats[254-257]. A coat may also impart resistance to abrasion and may be used to
promote easy identification of a product [254]. Functional coats are of particular interest as these
may be used to impart enteric or controlled release properties to a dosage form. Enteric coating is
used to prevent drug release in the acidic environment of the stomach in order for release to occur
once the dosage form has passed into the small intestine in which the pH is alkaline [254,255] .

Three types of coating processes are commonly used for tablet dosage forms. The use of sugar
coating, which is a panning technique, has decreased substantially and as a result, film coating has
become increasingly used [254,256]. Compression coating may be utilized for highly water-
sensitive drugs or to separate materials where chemical incompatibilities are likely to occur [254].

6.4.2 Film Coating

The coating technique of choice when considering the application of a coat to controlled release
dosage formsisfilm coating. The obvious advantages include simplicity and automation of the
process, as a single manipulation in the coating processis required as opposed to conventional
sugar coating techniques. Furthermore, the possibility of moisture exclusion in the case of water-
sensitive drugs and the ability to exhibit distinctive markings, are other distinct advantages of film
coating. A number of polymeric materials have been developed and are available for application to
dosage forms to achieve membrane control of drug release [255,256]. More recently, film coating
materials have been used for application to granules, pellets and powders that are then incorporated
into capsules, suspensions or tablets as a multiparticulate or hybrid system for controlling release
of the active pharmaceutical ingredient [257]. Film coating materials have been used in the

preparation and manufacture of osmotic systems, as described in § 6.2.1.3. Drug release from

133



membrane systems occurs via diffusion across the membrane, where the drug may diffuse through
the membrane itself or through pores created in the membrane as depicted in Figure 6.2.

6.4.2.1 Film coating polymers

A number of synthetic polymeric materials, including cellulose derivatives, are now available for
film coating [254,257]. These are selected on the basis of their low toxicity, solubility
characteristics in-vivo, and their ability to form non-tacky mechanically strong coats that are
resistant heat, light and moisture [254,257]. These types of polymers used for enteric coats include
cellulose acetate phthalate and the polymethacrylates [254,257]. The Eudragits® [258,259)], in
particular methacrylic acid copolymers [260,261] and cellulose ester derivatives such as cellulose
acetate phthalate [262] may also be used for their enteric functionality.

Polymeric materials that are used for controlled release dosage forms include the cellulosics such
as HPMC [263] and ethylcellulose [263,264] and the acrylics such as the Eudragits® [263]. Water-
soluble polymers however, are generally not well suited for controlling drug release [265]. The
most predominantly used for controlled release coatings therefore include ethylcellulose or the
polymethacrylates [265]. These polymers may be used individually or in combination with other
polymers [258,266] with or without plasticisers [254]. As the use of organic solvents has decreased
for environmental and safety reasons, consequently, latex or pseudolatex technologies have been
developed and allow for such polymers to be dispersed in aqueous vehicles [267,268]. Psuedolatex
products which are available include Aquacoat®, Surelease® and the Eudragits® [263,264].

6.4.2.2 Film coating plasticisers

The use of plasticisersto modify the physical properties of the film-forming polymers
[254,257,269], such as reduction of the minimum film formation temperature to bel ow the coating
temperature [267], iswell known. Film properties such as permeability, solubility, workability and
flexibility may be optimized [254,257,269, 270]. The choice of plasticiser is dependent on the
polymer used and on the desired drug release profile. Commonly used plasticisers include the
polyols, PEG’s, fixed oils such as oleic acid and organic esters such as triethyl citrate (TEC),
acetyltriethyl citrate and dibutyl sebacate (DBS) [270]. Plasticisers are generally required for

pseudolatex deformation to improve film coalesence, where an increase in plasticiser content
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resultsin a decreased drug release in most cases[271].

6.4.2.3 The Coating Process and Appar atus

The coating process is characterized by formation of droplets of the coating solution, which then
come into contact with the core to be coated. The droplets spread along the surface of the core and
coalescence of the droplets then occurs. The drying conditions must then allow for solvent
evaporation, leaving a thin film of polymer around the core [254,272]. The coating layer is not
applied in asingle step but requires the dosage form to pass through the coating zone several times

for acomplete film to form.

Film coating may be carried out in a coating pan or in afluidized bed system [254,257], the
fluidized system being the preferred technique for coating of small units. The principle of the
fluidized bed system is that tablets are suspended in an upward stream of air that is moving at a
rate that is great enough to set the tablets in motion so that they are not in contact with one another
[257]. The coating solution is introduced onto the tablets by means of a spray atomizer located at
the base of the coating chamber, and cores are then carried away from the spray area and dried by
the fluidized air [257].

Various types of fluidized bed systems may be used. These may exhibit incipient or smooth
fluidization, bubbling, slugging or spouting fluidization. The fundamental difference between these
systemsisthe difference in airflow in each region of the bed. Incipient fluidization refers to that
point at which the bed just becomes fluidized and the system cannot be utilized in this state of
fluidization. Bubbling fluidization beds provide random mixing of particles and efficient rates of
evaporation and may be used to achieve good quality films. The spouting bed in which the air
forms a single opening, through which particles flow and then fall out of, is more commonly used

and is the bed-type used in the Wurster coating process[272].

Coating or granulation solutions may be introduced by one of three inserts, which may be selected
based on the cores that are to be coated. Each of these differsin terms of the ultimate spray patterns
achieved. In top spray systems, the nozzle for spraying of coating/granulating solutionsis located
at the top of the chamber. Thisisthe method of choice for wet or spray granulation [273], however

it is not suited for sustained release coatings as the droplet distance traveled cannot be controlled
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due to random fluidization pattern [272]. However, this method may also be used for hot-melt
coating with PEG’s or waxes [274].

Nozzles may also be fixed tangentially within the bed. This insert is comprised of two nozzles that
may be used to perform different operations such that one nozzle may be used to spray the powder
into the chamber and the other to deliver the coating/granulation liquid. A tangential insert may be
used for coating, granulation, pellet formation and drug loading onto non-pareil beads [272].
However, the use of such an insert may be undesirable in the coating process due to the potential
for strong mechanical forces, which may cause damage and abrasion to the coated cores [273].

The Wurster or bottom spray process is applicable to beads, pellet, particle and powder coating
[272], and more recently for processes such as thermosensitive microcapsule preparation [275]. In
addition small tablet cores can be coated. The components of the Wurster system are illustrated in
a schematic diagram, Figure 6.5. The system is comprised of a coating chamber inside which is a
partition (Wurster column), which has a diameter that is approximately half the diameter of the
base of the chamber. The spray nozzle is located at the bottom of the chamber and is surrounded by
a nozzle surround, which keeps the particles from entering this region, as it is here that droplet
density is the highest and contact at this region may lead to uneven film formation or excessive
particle deposition at certain points close to the spray nozzle. An air distribution plate and a fine
screen are located at the bottom of the Wurster insert [272]. There is a region of high volume and
air velocity below the column, which causes the particle to move upwards through the spray zone.
As the particles enter a region of lower velocity outside the column, they fall back to the bottom of
the column and are simultaneously dried. Particles may then re-enter the spray zone and the

process is repeated [272,276].

The Wurster process is considered advantageous as both small and large particles can be uniformly
coated [276], more rapid drying rates are achieved and accurate fluid pumping and efficient
methods for heating large volumes of air are achieved [277]. A Strea-1 fluid bed drier with a

wurster insert was used for coating tablets in our laboratory.
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Figure 6.5: Schematic of a Wurster coating appar atus

6.4.2.4 Variables affecting the coating process

In terms of controlled release dosage forms, film coating must produce a uniform and coherent film
that is stable on storage [278]. It is therefore of vital importance that the coating processis
optimized to ensure the integrity of the filmsthat are produced. The coating process may be
affected by a number of variables, which may be categorized into process, and product variables.
With respect to the product, substrate particle size, shape, porosity, density and friability are

important considerations [272].
Certain process variables that must be considered are discussed in further detail below. The volume

of the fluidization air affects the velocity and fluidization pattern of all particles within the coating
chamber and must therefore be consistent between different batches that are coated [272]. Poor
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fluidization of the tablet bed resultsin poor movement of the cores through the spray zone and
therefore inconsistent and a non-uniform coat thickness may result [278]. Therefore, the

configuration of the air distribution plate is one of the critical process considerations.

The polymer and the type of coating solution used can also influence the fluidization air
temperature, and therefore selection of the appropriate fluidization air temperatures must be
selected upon consideration of these factors. For aqueous-based coating systems, alow temperature
may result in fluctuating drying capacity with seasonal changes [272]. The air temperature affects
the drying capacity of the system and consequently impacts on the drying time [269]. Although the
fluidization air temperature can be manipulated, temperature of the product bed and exhaust air
must also be monitored. Differences in substrate and film expansion and contraction during the
heating and cooling phases of the coating process may result in internal stresses within the film,
which may lead to cracking, edge splitting and peeling [279]. The selection of a column of
appropriate height in relation to the air distribution plate must be considered as must the distance
between the plate and the column [280]. The selection of appropriate column height and air
distribution plate affects particle fluidization [273].

Excessive spray rates may result in conditions such as film picking [263,278], which may aso be a
function of under-drying. Conversely rapid drying may result in an orange-peel effect in which the
resultant coat has a rough appearance [263]. The spray rate must be selected based on
consideration of the tackiness of the coat being applied, the speed at which particles travel through
the coating zone and the capacity of air to remove the carrier solvent being used [272].

The viscosity of the coating solution must be a considered as solutions with a very high viscosity
may result in alarge droplet size resulting in low surface areafor evaporation leading to poor film
formation, whilst low viscosity solutions will have the opposite effect [281]. In contrast, coating
solutions containing high levels of HPMC as the fixing agent can lead to agglomeration of droplets
due to increased viscosity of the coating solution [282].

Humidity may affect drying of both agueous and organic coating systems. In cases where low

temperature and high humidity are used for agueous-based systems, lower spray rates may be
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required [272], whereas for organic systems increases in humidity may decrease air temperature
resulting in condensation of the solvent on the substrate surface [272], which results in poor film

formation.

6.5 DESIGN OF A COMBINATION DOSAGE FORM

6.5.1. PROPSED DESIGN

The matrix tablet core developed for MPTA (Table 3.8) was found to be capable of retarding drug
release over an extended period, however the large initial release observed in the first two hours
would probably lead to 100% drug release in less than 24 hours. Furthermore, HCTZ could not be
incorporated directly into the formulation, as the polymeric matrix would retard its release. The
option of dispersing the HCTZ in awater-soluble coating, which would rapidly dissolve to release
drug, was excluded due to the rapid hydrolysis of HCTZ in aqueous solution. A multi-unit hybrid
formulation that would involve the compression of the matrix formulation into mini-tablets was
considered. To achieve zero-order release the mini-tablets could be coated to varying levels to, and
subsequently incorporated into a capsule. HCTZ could then be included as a single mini-tablet or
loose powder into the capsule, an approach that would minimize potential incompatibility

problems between the two drug components, as identified in 8 3.2.2.1.

6.5.2 COMPRESSION AND ASSESSMENT OF MINI-TABLETS

6.5.2.1 Materialsand Methods

The mini-tablets were manufactured as per the method described in 8§ 3.2.3.2, utilizing the
formulation described in Table 3.8. Granules were screened through the smaller mesh size both
prior to and after drying. The tablets were compressed on a Manesty F3 single punch press, using a
3mm die and biconcave punches. The tablets were compressed to a target hardness of 7-8kp and
weight of 120mg such that each tablet would be equivalent to approximately 16.67mg MPTA.
Therefore six tablets could be included into a capsule to achieve 100mg overall MPTA load and

this would represent one dosage unit.
6.5.2.2 Evaluation of Mini-tablets

The mini-tablets resembled the larger tablets in appearance. Batch manufacturing records for these

tablets are included in Appendix I1. The resultant hardness ranged from 6.80 —8.50kp for all
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batches manufactured. Friability was less than 1% for all batches, indicating the suitability of the
tablets for a coating procedure. Highly friable tablets were not desirable due to the abrasive nature
of the coating procedure in afluidized bed system. Weight variation was also found to be minimal.
Ten dosage units, which consisted of six mini-tablets per unit, from batches M00110601M and
MO00020901M were assessed for uniformity of content using the method described in § 3.2.3.2.
Batch M00020901M contained 98.35mg of drug per dosage unit and therefore the batch was
accepted for uniformity of content as the amount of drug determined represented 105% of the
theoretical amount. Batch M00110601 contained 90.54% of the theoretical amount, however it was
used for further work and the cumulative percentages of drug released were calculated according to
average values obtained from content uniformity tests. Release profiles for three batches of mini-
tablets that were manufactured using the same formulation, are shown in Figure 6.6. The profiles
are characterized by rapid initial release such that almost the entire amount of drug was released
within 6 hours and f1 and f2 values (Table 6.1) indicate that all batches were similar to each other

with respect to their release characteristics.

Table 6.1: f1 and f2 comparison between batches of mini-tablets

Comparison f1 f2

M00200910M vs M00110601M 9.8 55.4
M00110601M vs M00050601M 79 62.0
M00200910M vs M00050601M 13.1 50.6

When compared to the release profiles for larger tablets (Figure 6.7) which were manufactured
using the same powder blend as for the mini-tablets, release from the mini-tablets was significantly
more rapid, and the difference between the release profile was significant, yielding f1 and f2 values
(Table 6.2) which were not within the limits for acceptance of similarity between batches. Initial
release from the uncoated mini-tablets was much greater than from the larger tablet cores, and
approximately 65% of the drug was released within the first two hours of dissolution from the
small tablets, which were not contained within a gelatin capsule. Theincrease in release rate may
be afunction of the larger surface area available for drug release. Murakami et al also reported that
an increase in the surface area available for drug dissolution resulted in increased release of
theophylline from matrix tablets, where surface area had the largest effect on drug dissolution
when compared to the effects of tablet weight and drug loading [283].
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Figure 6.7: Release profiles of large matrix tablets and mini-tablets enclosed in a capsule and
without a capsule (n=6)
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Table 6.2: f1 and f2 comparisons of lar ge tablets and mini-tablets with/without a capsule

Comparison fl f2
Large tablets vs mini-tabs (no capsule) 20.81 375
Mini-tabs (capsule) vs mini-tabs (no capsule) 16.7 45.2
Large tablets vs mini-tabs (capsule) 12.6 52.1

Tablets were also enclosed in asize 00 capsule and in comparison to the profiles obtained for
tablets tested without a capsule, drug release rate was decreased (Figure 6.7). f1 and f2 values
(Table 6.2) indicate that there was no difference between the mini-tablets which werefilled into a
gelatin capsule and the larger matrix tablets. The capsule therefore had a significant retarding
effect on the release from the mini-tablets. The capsule shell might have acted to prevent the initial
removal of drug from the tablet surface before the formation of the gel layer. It may also be likely
that upon dissolving, the gelatin acted to bind the small tablets together, as depicted in Figure 6.8
C, resulting in a surface area that was smaller than for the tablets without the capsule, but that was
comparable to the surface area of the larger tablet cores.

The mechanism of release from the mini-tablets occurred by anomalous or first order diffusion, as
indicated by the calculated n values of 0.73 and 0.55 for batches M00200910M and M00050601M,
respectively. The n value for batch M00110601M could not be calculated as greater than 70% drug
was released within 2 hours. This corresponded with the release from most batches of the large
tablets assessed. It was interesting to note that the n value obtained for drug release from tablets
included in a capsule was 0.42, which was closer to the value obtained for the final formulation of
the large tablets selected. This indicates that thereisaso an initial rapid release portion followed
by a slower release component after a certain time point. This pattern was also observed for
metoclopramide release from amatrix tablet in which case the release was characterized by a
biexponential model in which both the rapid initial phase and the slow phase were separately
accounted for [225].

It was thought that the difference in the spatial arrangement of tablets within the dissolution vessel
may have had an impact on the drug release profile, thus the release profiles resulting from the
dissolution of tablets with different configurations, as depicted if Figure 6.8, were compared. It was
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thought that the configuration of the tablets would alter the surface area of the dosage form
available for drug release to occur, however the release of MPTA from the tablets tested in USP
Apparatus I using 0.1M buffer with apH of 7.2 was found to be similar as can be seen from the
overlapping error bars at all points. Therefore, it was concluded that the orientation of tabletsin
this dissolution vessels did not have a significant impact on drug release rates. The orientation of
tabletsin USP Apparatus 111 could not be isolated as aresult of the manner in which dissolution
testing is conducted. However, in most cases tablets adopted the shape depicted in Figure 6.8C.
However the small standard deviations and the close similarity obtained from six tabletsin
Apparatus |1 (Figure 6.9) may indicate that the orientation of the tablets also has minimal impact
on drug release in this dissolution apparatus.

G
A 8 Eﬂ Eﬂ B Tablets broke apart

after 18 hours, to
form D

X
: . % Sh

Figure 6.8: Schematic representation of the orientation of mini-tabletsin dissolution testing
apparatus

6.5.2.3 Conclusions

Theinclusion of six tablets with smaller diameter led to increased drug rel ease especially during
thefirst two hours of dissolution rate testing. The rate of release was considered to be too rapid for
the production of a once-daily dosage form of HCTZ and MPTA and consequently a coating was
considered necessary to further decrease the initial release of MPTA and to ensure that the release
of the drug is sustained over the desired period. It has been reported that low tablet friability is
more a prerequisite for coating than high tablet hardness [263]. Therefore the batches of tablets
manufactured on the single punch press could be used in a coating process, as the friability was
low for al batches.
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Figure 6.9: The Effect of tablet orientation on drugreleasein Apparatus || (n=6)

6.5.3 COATING OF MINI-TABLETS

6.5.3.1 Materialsand Methods

To further retard the release of MPTA, a hydrophobic coating material was selected. Ethylcellulose
and polymethacrylates are routinely used for sustained release film coating of tablets and
ethylcelluloseis particularly suited for use in oral dosage forms asit is odourless, tasteless and it

possesses physical and chemical properties that make it ideal for film coating [263].

Ethylcellulose was selected for the coating experiments and was used in the form of Surelease®
grade E-7-19010 (Colorcon, Kent, UK). Surelease® is an aqueous dispersion of ethylcellulose
which consists of approximately 25%w/v ethylcellulose dispersed in ammoniated water, oleic acid,
and dibutyl sebacate (a plasticiser). Large amounts of plasticiser are generally required for
ethylcellul ose coating suspensions to enhance film formation and flexibility of the films[263]. No
pigments or opacifiers were included, as they are known to influence film permeability and
behaviour [263]. Surelease® was diluted to approximately 15%w/v solids with distilled water prior
to use to facilitate spraying and droplet coalescence. An additional amount of plasticiser was added
to the coating solution as 10%w/w of the solids component. Triethyl citrate (TEC) (Morflex, North

Carolina, USA) was selected, as it has been reported to result in good film formation and resulted
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in further retardation of release of psuedoephedrine sulfate which isalso highly water-soluble, in

comparison to drug release from films that did not contain plasticiser [284)].

The coating was performed using an Aeromatic Strea-1 fluidised bed drier (Aeromatic AG,
Switzerland) fitted with a Wurster insert 150mm in length. A peristaltic pump (MaterflexL/S,
Cole-Palmer instruments, Illinois, USA) was used to deliver the coating suspension, and the

coating parameters are summarized in Table 6.3.
Initially the tablets were coated to varying levels and drug release from 6 dosage units was
assessed at each of these levels. Tablets coated to different levels were then assessed in different

combinations in order to achieve the desired release profile.

Table 6.3: Coating Parameters

Par ameter
Inlet air temperature 46-48°C
Outlet air temperature | 40°C
Product bed temperature | 43-45°C
Atomizing air pressure | 20 psi

Spray rate 1.25-1.30g/min
Drying temperature 42°C
Drying time 15 minutes

6.5.3.2 Results and Discussions

Dissolution studies were performed in USP Apparatus I11 on 6 dosage units. Batches
M00110601M and M0020901M were coated to varying levels using 100g of tablets for each
coating experiment. In the initial stages the tablets were coated to actual weight gains of 4.8%,

6.8% and 10.4% and all three coating levels appeared to further retard drug release (Figure 6.10).

The 4.83% coat displayed sustained drug release characteristics for approximately 10 hours after
which point no further drug release occurred possibly as result 100% drug release from the dosage
form. The coating was observed to split along the tablet edges, indicating that tablet swelling due
to the HPMC in the matrix occurred predominantly in the axial direction. This may have also been

a function of the coating process, which resulted in coats that may have been thinner at the tablet

145



edges than on the surface. Drug release occurred by Case 11 or zero order transport (n=1.0), which
indicates that drug release was dependent on polymer relaxation and swelling characteristics. This
may have been a function of the hydrophobic polymer used in the coating such that drug release

was permitted only after relaxation and swelling of this polymer subsequent to the wetting of the
coat.
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Figure 6.10: MPTA release profilesfrom tablets coated to 4.83, 6.84 and 10.40% weight gain,
respectively (n=6).

Tablets coated to 6.84% resulted in an S-shaped dissolution profile, which was characterized by a
lag of approximately two hours followed by rapid release up to 14-16 hours and a subsequent
plateau. This coating level demonstrated a greater ability to control drug release over an extended

period than the tablets coated to 4.83%. Drug was released by a Case |1 diffusion mechanism
(n=1.0).

Tablets coated to 10.4% released approximately 55% of the drug within the 22-hour dissolution
period. Although a small percentage of drug was released before 14 hours, this was taken to be
representative of alag phase, and the initial release may have been due to MPTA particles|ost
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from the tablet surface during coating and which may have subsequently been incorporated into the
coat. Thisinitial release may also have been afunction of imperfect coalescence of the coat or the
presence of cracks or holes, which may have resulted in increased drug release. A scanning
electron micrograph (SEM) showing a coat that split along the tablet surface reveal s that apart
from imperfections in the coat, coat splitting may have also contributed to greater initial releaseis
shown in Figure 6.11.

Figure 6.11: SEM of a coat split along the surface of a tablet after dissolution

Figure 6.12: SEM of a membrane after dissolution testing, showing por es cr eated
in the membrane
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Drug release occurred by a zero-order mechanism where n=1.31 indicating Super Case |1 transport.
The resultant correlation coefficient (r?) 1.0 from a plot of drug release against time verified a zero-
order release mechanism. Drug release from all coated tablets, however, was characterized by the
formation of pores within the coat throughout which the drug could diffuse into the dissolution
medium. These pores are clearly visible in the membrane on the tablet surface, photographed
following the dissolution test (Figure 6.12)

In order to optimize drug release additiona coating levels of 3.10%, 6.97%, 6.93% and 9.13%
weight gain, respectively (Figure 6.13) were assessed in Apparatus I11. As expected tablets coated
to 3.10% showed faster release than tablets coated to all other levels, which was a function of the
lower coating, hence allowing for the passage of more drug through the membrane. Furthermore,
the more rapid swelling of the matrix, in tablets with alower coating may have contributed to
faster splitting of the coat, as was observed for all tablets coated to alow level, causing drug to be
released both by diffusion across the membrane and through the matrix itself.

The n values that were calculated using the Korsemeyer-Peppas equation (Table 6.4) indicate that
drug was released from the coated tablets mainly by super case Il transport and is therefore
characterized by a zero-order mechanism, however the 9.13% coat resulted in drug release

characterized primarily by Fickian diffusion.

Table 6.4: Calculated n values for tablets coated to different levels

Coating Level (% weight gain) n
3.12 1.13
6.93 1.94
6.97 1.63
9.13 0.50

It was interesting to note that small increases in the applied coat had a significant retarding effect
on drug release, as was observed with tablets coated to 6.84%, 6.93% and 6.97%, respectively.
Tablets coated to 6.84% released almost 30% drug within 6 hours, whereas those coated to the
higher levels showed little or no drug release. Tablets coated to 6.93% displayed a similar release
profile to that of the 6.84% coat athough a smaller amount of drug was released at al sample
points in the dissolution test, whereas the 6.97% coat retarded drug release such that only about
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60% drug was released within 22 hours. This indicates that the coating processis required to be
highly efficient and accurate to achieve reproducible results, as minimal changes in the coating

levels may have a significant impact on the resultant drug release profile.
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Figure 6.13: Comparison of release profiles of mini-tablets coated to 3.10, 6.84, 6.93, 6.97 and
9.13% weight gains, respectively and uncoated mini-tablets (n=6)

The coating process in this system was found to be highly inefficient, as can be seen from the
SEMsin Figures 6.14 and 6.15. Figure 6.14 shows areas where the coating sol ution agglomerated
to form regions where the coat thickness will be greater, as well as tears or holes within the coat.
Figure 6.15 clearly shows that the deposition of the coating solution was non-uniform resulting in
areas where no coat was applied whilst the coating solution was concentrated in certain areas.

A similar conclusion was made upon assessment of tablets coated to 9.13% and10.40% actual
weight gain, where assessment of randomly chosen tablets yielded alower rate of release from
tablets with lower coating levels, such that tablets coated to 9.13% released 34% in 22 hours
whereas tablets coated to 10.40% released an average of 56% in the same test period. Dissolution
test results for tablets coated to both 9.13% and 10.42% weight gain had a characteristic non-or-
slow release profile in the early stages of the experiment, which may be representative of alag

phase. The drug release was further characterized by zero-order release after 14 hours had elapsed.
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Figure 6.14: SEM of a coat showing agglomer ation of the coating solution droplets

Figure 6.15: SEM showing a non-unifor m coat with holes and ar eas wher e over -spaying
occurred
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None of the coating levels assessed retarded drug release over the 24 hour period desired, therefore
drug release rates from combinations of tablets coated to varying levels were also evaluated in

order to achieve a zero-order release profile for MPTA over a 22 hour period.

6.5.4 COMBINATIONS OF COATED MINI-TABLETSOF MPTA

Six tablets coated to different levels were incorporated into a capsule to make up the sustained
release MPTA portion of the dosage form. The capsules were manually filled with the desired
combination of tablets. The various combinations that were tested are listed in Table 6.5.

Table 6.5: List of combinations tested

Combination Number of tablets used per coating level (Yoweight gain)
Uncoated | 3.10 | 483 | 6.84 | 693 | 6.97 | 9.13 | 1042

Cl 2 2 2
C2 2 2 2
C3 1 1 2 2
C4 1 1 2 2
C5 1 1 3 1
C6 3 3
C7 2 2 2
C8 2 2 2
C9 2 1 1 2
C10 1 1 2 2
Cl1 2 1 3
C12 2 2 2
C13 1 2 3
Cl4 2 4

Combinations of the 4.83%, 6.84% and 10.40% coated tablets were initially assessed, and selection
of the combinations were based on the profiles obtained for the coated tablets run individually. For
example, it was thought that the 10-14 hour lag for the 10.40% tablets would be compensated for
by tablets with alower coating level and from which 100% of the drug would be released within 14

hours.
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In contrast to uncoated mini-tablets, the release profiles for the combinations displayed definite

sustained release characteristics. Profiles for C1-C5 are shown in Figure 6.16.
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Figure 6.16: Release profiles of combinations C1-C5in Apparatus|il (n=6)
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Figure 6.17: Release profiles of combinations C6-C8 compar ed to the profile of C1 (n=6)
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The release from C1 was considered to be too rapid as 50% of the drug was released in
approximately 4 hours. Combinations C2-C4 showed a more sustained release initially, however
no drug was released between 10-14 hours after the start of the dissolution test.

The release profile from combination C5 was more acceptable however, drug release did not occur
viaazero order release mechanism. Furthermore, the profile was not comparable to the prototype
batch for the large tabl ets cores (M011210) as indicated by the fit factor values listed in Table 6.6.
Therefore this combination was not selected for further development, asit was hoped that a
combination could be produced to release 50% and 100% drug within 8-12 and 24 hours,
respectively.

The release from combinations C6-C8 are depicted in Figure 6.17 and showed greater sustained
rel ease behaviour when compared to the previous combinations. However approximately 70% of
the drug was released within 22 hours for each of these combinations. This indicated that although
these combinations did not exhibit the desired release characteristics, the potential for further
modification such that 100% drug was released within 22 hours, was feasible.

The release from combinations C9 and C10 (Figure 6.18) were found to be similar to batch

M011210 (Table 6.6), and were considered for incorporation into the final combination product.

Table 6.6 Fit factorsfor the comparison of combinations C5, C9 and C10 with M 011210

Comparison f1 f2

M011210 vs C5 35.0 33.7
M011210vs C9 79 64.3
M101210vs C10 11.6 54.0

Resultant release profiles from combinations C11-C13 are depicted in Figure 6.19. In this
combination tablets coated to 10.40% weight gain were replaced with tablets coated to either
6.93% or 6.97%. Thisresulted in release profiles in which 50% MPTA was rel eased between 6-7
hours and almost all drug was released in 22 hours for combinations C11 and C12. Zero order
release was observed for all these combinations and the correlation coefficients are included in
Table 6.7. Zero order kinetics were not followed after 14 hours which may have a function of

either too rapid initial release or slow, incomplete release from tablets with higher coating levels.
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Figure 6.18: Comparison of drug release profiles of combinations C9 and C10 with
combination C1 and the large matrix tablets (Batch M011210) (n=6)
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Figure 6.19: Drug release profiles of combinations C11-C13 (n=6)

Table6.7: Correlation coefficients (r?) for drug release from combinations C11-C14
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Combination | r®value Linearity Time period
C11 0.9919 Time 1-14 hrs
C12 0.9846 Time 0-14 hrs
C13 0.9978 Time 0-10 hrs
Cl4 0.9946 Time 0-22 hrs

The release profiles for combination C14 is depicted in Figure 6.20 and showed zero order kinetics
throughout the 22-hour test period, as was indicated by the correlation coefficient following linear
regression analysis of the release profile. This combination was therefore chosen for the final
product. In comparison to the uncoated mini-tablets and the larger matrix tablet, the rapid initial
release observed with the uncoated tablets was reduced by the addition of a film coating.

Furthermore, 85% drug was released in 22 hours, which would possibly allow for the remaining
drug to be released within a 24-hour period.

100
g 80 -
§o)
x
S 60
)
=
T
S 40 4
e
6 ——Cl14

20 - —— M002009M

—a— MO011210
O T T T
0 5 10 15 20 25

Time (hours)

Figure 6.20: Comparison of release profiles of combination C14, large matrix tablets (Batch
M011210) and uncoated mini-tablets (Batch M 00200901M) (n=6 for all batches)
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6.5.5INCLUSION OF THE IMMEDIATE RELEASE HCTZ COMPONENT

Initially, the inclusion of HCTZ as a loose powder was considered. This method would be easier
and would save time and resources, as the number of manipulations during the manufacturing
process would be reduced, however the complexity of filling both tablets and a powder may be
problematic for large-scale production.

6.5.5.1. Materialsand Method

MCC was selected as the diluent for the powder blend as it would serve to enhance the flow
properties of the mixture. The mixture was blended in a cube blender for 20 minutes at 20 rpm.
Magnesium stearate was then incorporated as 0.5% of the mixture and the mixture was blended for
afurther 3 minutes. HCTZ and MCC were added in aratio of 1:7 so that 100mg of this blend
would include 12.5mg HCTZ, which is the desired dose. The release of HCTZ was assessed over a
two-hour period in both USP Apparatus |1 and 111. The powder blend was accurately weighed into
a gelatin capsule containing the desired combination of 6 mini-tablets (C14).

6.5.5.2 Results and Discussion

HCTZ release in both Apparatus |1 and 111 was found to be within USP specified limits for an
immediate release product and the profiles obtained are depicted in Figure 6.21. The USP states
that not less than 60% of the dose label claim must be released within 60 minutes [ 73], however
85-100% HCTZ was released within the first hour from all samples tested. This release was
comparable with that observed for acommercial immediate release product tested in Apparatus 1,
asindicated by the overlapping error bars.

Conseguently, HCTZ inclusion into the dosage form was performed using this method. Herman et
al found that a mixture of HCTZ and MCC for use in a sustained release pellet formulation
resulted in slower release of HCTZ [285], however no sustained release effect was observed with
the powder blend used. This may be a result of incorporation of the mixture as aloose powder in
the dosage form as compared to the pellet formulation which undergoes a number of processes
including granulation, extrusion and spheronisation, and more than likely resulted in a greater
interaction and possible binding of the HCTZ, thus prolonging release.
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Figure 6.21: Release profilesof HCTZ in from capsulein Apparatus|l and Il compared to
an immediate release HCTZ product (n=6)

6.6. CONCLUSIONS

The combination dosage form developed consisted of six mini-tablets that were coated to two
different coating levels (viz two tablets were coated to 4.83% and four tabletsto 6.97%), and an
immediate release HCTZ component that was included into the capsule as a powder blend. MPTA

release from the dosage form was retarded a 22-hour period, whereas almost 100% of the HCTZ
was released within the first hour (Figure 6.22).
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Figure 6.22: Release profileof HCTZ and MPTA from the combination dosage form (n=6)
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The release from the coated tablets occurred mainly via a zero order mechanism, as was expected
for these coated tablets, suggesting that the application of afilm coat resulted in an alteration of the
mechanism of drug release from first order that was observed with the majority of the large matrix
tablets and the uncoated mini-tablets, to a zero-order mechanism. This combination product would
be useful for once daily dosing of MPTA and HCTZ.
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CHAPTER SEVEN
CONCLUSIONS

In this study two sustained rel ease dosage forms were developed for the treatment of chronic
hypertension. A hydrophilic matrix system was used to produce a modified release MPTA tablet
that could be used as a once daily dosage form, particularly for patients on long-term -blocker
therapy. The second dosage formed consisted of an immediate release HCTZ component, delivered
in the form of a powder blend of the drug and MCC, and a sustained release MPTA component
which was formulated as six mini matrix tablets coated to different levels, which were
subsequently incorporated into a size 00 gelatin capsule. The combination dosage form would be

particularly beneficial for hypertensive patients who are unresponsive to monotherapy.

Dissolution testing of both the separate MPTA and combination dosage forms was performed in
USP Apparatus |11, which was found to be more discriminating than USP Apparatus 11, and which
was used asit is able to smulate the passage of the dosage form in-vivo, more closely. Samples
were analyzed using a validated HPLC method that is described in Chapter Two.

Modification of a sustained release matrix tablet formulation that was developed to sustain the
release of psuedoephedrine sulfate [146], resulted in the effective retardation of MPTA release
over the over a 22-hour dissolution test period. This matrix formulation was also successfully

mani pulated to produce mini-tablets, which were subsequently coated to appropriate levels to
achieve zero order release of MPTA over an extended period. HCTZ was successfully incorporated
into the capsule as a powder blend such that approximately 100% of this drug was released within
thefirst hour of dissolution testing.

The rate and mechanisms of drug release were found to be altered by formulation variables that
include the amount of Surelease® added in the granulation process, drug load in the dosage form
and the amount of HPM C included in the matrix. This indicated that drug release was not
controlled entirely by the matrix composition itself, but via a combination of effects exerted by the
hydrophobic ethylcellulose polymer in the granulation fluid and the hydrophilic HPMC polymer

contained in the matrix.
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Preformulation studies using DSC as atool for identifying potential incompatibilities between the
drug (MPTA) and tableting excipients, revealed that the potential for interaction of MPTA with
magnesium stearate and dibasic calcium phosphate, existed and may subsequently result in issues
with the stability of the dosage form on long term storage. Stability testing conducted over athree-
month period at ambient, intermediate and accelerated conditions indicated that drug release from
the dosage form was altered after three months storage at conditions of extreme temperature and
humidity (40°C/ 87% RH), however the drug appeared to be chemically stable as there was no loss
in potency of the drug when stored under the extreme conditions of temperature and humidity for
three months. Further manipulation of this formulation, by the addition of a coating, was therefore
recommended to improve the shelf life of the product. It is possible that a 1-2% coat may be
beneficial in minimizing the effects of environmental conditions on long term storage, that alter
drug release from this formulation, and to further prevent the ‘burst’ release observed over the first
two hours of the dissolution test period.

The matrix dosage forms exhibit the potential for further optimization and development.

It was identified that Surelease® contributed towards controlling the release of MPTA from the
formulation and therefore further investigation of this variable is suggested. It was found that
increasing the amount of granulating fluid resulted in slower drug release rates. Consequently the
scope for the use of ethylcellulose as the rate-controlling polymer in this formulation exists.
Increasing the amount of granulating fluid, was precluded for thisformulation as the use of HPMC
within the granules resulted in an unworkable mass following granulation with a corresponding
low yield of granules from the granulation process. The exclusion of HPMC and the possible
inclusion of ethylcellulose into the granules may be more effective in achieving sustained rel ease
characteristics from highly water-soluble drugs such as MPTA, and these suggestions are included
astopics for further investigation.

It has been widely reported that the drug to polymer ratio significantly impacts on drug release
behaviour from a matrix system, consequently it was found that even small increases in the amount
of matrix forming polymer (HPMC K100M) resulted in a significant decrease of drug release rates.

However, further characterization of this variable may allow for the determination of an optimal
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drug: polymer ratio for sustaining the release of MPTA from this formulation. This approach may
enable the development of a system from which drug release is controlled entirely by the

hydrophilic polymer, HPMC.

Process variables, including the impact of granule drying time and compression force on drug
release were evaluated. Shorter drying times (6 hours) resulted in faster drug release possibly due
to the creation of more pores within the matrix as aresult if residual moisture. In this case faster
diffusion through the tablet was suspected. A granule drying time of 17 hours did not exhibit
significant differences in release rates from drying times of 12 hours when incorporated into the
tablet. It islikely that drying times greater than those assessed may also impact on drug release
profiles, and should be investigated further. Compression force was varied to achieve tabl ets of
different hardness, however similarity and difference factor values obtained from comparison of
these batches were within the limits for acceptance, indicating that there was no significant
differences between the drug release profiles of these batches. The evaluation of process variables
is particularly important in the scale-up stages of product development and would require further

investigation.

The multiparticulate combination dosage form of HCTZ and MPTA resembled a hybrid system, in
which a combination of matrix and membrane technologies was used to achieve zero order release
of MPTA. The immediate release HCTZ component was incorporated into the gelatin capsule asa
loose powder blend. Compression of the matrix formulation into smaller tablets (3.5mm diameter)
such that six tablets contained an equivalent drug loading to that of the larger 100mg tablets
(11.5mm diameter), resulted in drug release rates that were significantly faster from the smaller
tablets. The use of a hydrophobic coat was found to retard drug release from the mini-tablets and
an increase in the coating level resulted in a corresponding decrease in the rate of drug release from
the tablets. Six mini-tablets coated to the same percentage weight gain did not provide the required
sustained release characteristics over the 22-hour period of testing. The use of combinations of
coated tablets resulted drug delivery profiles that were more closely represented of zero order
release kinetics. Combination C14, containing tablets coated to 4.83% weight gain (2 tablets) and
6.97% weight gain (4 tablets) resulted in linear drug release over 22 hours and linear regression

analysisresulted inar2 = 0.9946. Thisis an indication that drug rel ease from the dosage form
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followed zero order kinetics.

No difference in release between HCTZ included as a powder in the capsule and a commercially
available immediate release tablet were observed. Thus, the combination, which consisted of six
coated matrix tablets consisting of MPTA and aHCTZ powder blend enclosed within a gelatin
capsule, was considered feasible for use as a once-daily combination dosage form for the treatment

of hypertension and subsequently requires in vivo evaluation.

The feasibility of the combination dosage for large scale manufacture may be compromised by the
inclusion of both powder and tablet components into the capsule. Consequently, compression of

the powder into a mini-tablet may also be necessary to facilitate capsule filling on alarge scale.

Characterization of the film coats may also be beneficial in determining the optimal coating levels
to achieve zero order release over the 22-hour period. For this formulation, the coating solution
contained 10% w/w triethyl citrate as a plasticiser. Plasticisers are known to alter drug release, and
assessment of altering the type and content of the plasticiser, may be useful and may aid in
identifying a single coating level that would retard MPTA release over the test period. Similarly,
the incorporation of a channeling agent such as HPC or HPM C into the coating solutions may also
be beneficial in this respect. It was also thought that a more facile dosage form could be produced
by the addition of a second enteric coat onto the mini-tablets coated to 4.83% weight gain, where 3
tablets would be coated with the enteric polymer such that bimodal drug release may be achieved.
This may also eliminate some of the difficulties experienced with the coating process and is under

further investigation.

Stability testing of the combination dosage form is also necessary to evaluate the effectiveness of
the coat in minimizing the impact of adverse environmental factors on drug release and to identify
possible instabilities of the powder blend on long term storage and to determine whether the
possible interaction between MPTA and HCTZ identified by DSC, isvalid.

It is evident that the formulation composition of both dosage forms was capable of sustaining the

release of MPTA over a 22-hour period and may be used as once daily dosage forms for the
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sustained release of MPTA alone or in combination with other drugs. The inclusion of HCTZ asa
powder blend in the combination dosage form resulted in rapid release of the drug and may be
beneficial in achieving arapid reduction of blood pressure to within normal limits. Several
recommendations for optimization of the formulation may provide alternative means of sustaining

drug release via simple and economic processes and are currently being considered.
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APPENDIX |: BATCH DATA FOR MATRIX TABLETS

BATCH: M 0022005

Date of Manufacture: 20/05/00
Press: Manesty B3B (Tableted 21/05/00)
Batch Size: 2509

Composition (%)

Metoprolol tartrate 15
Methocel® K,M 10
Emcompress”® 40
Emcocel® 90 M 35
Surelease® 0.28 gram/gram of granules
Methocel® K 100M 15
Emcocel® 90M 7
Emcompress”® 10
Magnesium stearate 1
Physical Tests:
Mean + SD % RSD
Weight (mg) 487+ 7.18 1.47
Friability passed
Weight before (20 tablets)  16.24g
Weight after 100 drops 16.229
Percent lost 0.12

Dissolution Profile (USP Apparatus||)

M 0220500
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—% 1
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BATCH: M011508

Date of Manufacture: 15/08/00
Press: Manesty B3B (Tableted 16/08/01)
Batch Size: 400g

Composition (%)

Metoprolol tartrate 15

Methocel® K,M 10

Emcompress”® 40

Emcocel® 90 M 35

Surelease® 0.36 gram/gram of granules

Methocel® K100M 15

Emcocel® 90M 7

Emcompress® 10

Magnesium stearate 1

Physical Tests:

Mean = SD % RSD

Weight (mg) 516 + 16.57 3.79
Hardness (kp) 5.89 +0.79 13.66

Friability passed

Weight before (20 tablets)  10.30g
Weight after 100 drops 10.27g
Percent lost 0.29

Dissolution Profile (USP Apparatus|i1)

M 011508
80

70 A
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50 -
40 -
30 -
20 A
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% released
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BATCH: M012208

Date of Manufacture: 22/08/00
Press: Manesty B3B (Tableted 23/08/00)

Batch Size: 287.59

Composition (%)

Metoprolol tartrate 26.00

Methocel® K4M 8.69

Emcompress”® 34.78

Emcocel® 90 M 30.43

Surelease® 0.18 gram/gram of granules

Methocel® K100M 15

Emcocel® 90M 7

Emcompress® 10

Magnesium stearate 1

Physical Tests:

Mean + SD % RSD

Weight (mg) 507.44 +12.48 2.46
Hardness (kp) 10.04 £0.52 5.18

Friability passed

Weight before (20 tablets)  10.21g

Weight after 100 drops 10.21g

Percent lost 0.00%

Dissolution Profile (Apparatus|l and I11)

M 012208

—o— App Il

—=—App |l (pH

7.2)

10 15

Time (hours)
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BATCH: M013009

Date of Manufacture: 30/09/00
Press: Manesty B3B (Tableted 02/10/00)

Batch Size: 2509

Comments; Granules dried for 17 hours

Composition (%)

Metoprolol tartrate 26

Methocel® K,M 8.7

Emcompress”® 35

Emcocel® 90 M 30.5

Surelease® 0.19 gram/gram of granules

Methocel® K 100M 15

Emcocel® 90M 7

Emcompress”® 10

Magnesium stearate 1

Physical Tests:

Mean = SD % RSD

Weight (mg) 543 +7.33 1.35
Hardness (kp) 10.81 £0.70 6.51

Friability passed

Weight before (20 tablets)  10.86

Weight after 100 drops 10.84

Percent lost 0.18

Dissolution Profile

M 013009
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BATCH: M 023009

Date of manufacture: 30/09/00

Press: Manesty B3B (Tableted 03/10/00)
Batch Size: 2509

Composition (%)

Metoprolol tartrate 30

Methocel® K,M 8.2

Emcompress”® 32.8

Emcocel® 90 M 29

Surelease® 0.20 gram/gram of granules

Methocel® K 100M 20

Emcocel® 90M 9.33

Emcompress® 13.33

Magnesium stearate 1.00

Physical Tests:

Mean + SD % RSD

Weight (mg) 490.5+7.59 1.55
Hardness (kp) 7.95 +0.43 5.44

Friability passed

Weight before (20 tablets)  9.89

Weight after 100 drops 9.88

Percent lost 0.10

Dissolution Profile

M023009
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BATCH: M011210

Date of Manufacture: 12/10/00
Press: Manesty B3B (Tableted 13/10/00)
Batch Size: 2509

Composition (%)

Metoprolol tartrate 20

Methocel® K,M 9.4

Emcompress”® 37.65

Emcocel® 90 M 33

Surelease® 0.19 gram/gram of granules

Methocel® K 100M 20

Emcocel® 90M 7

Emcompress® 10

Magnesium stearate 1

Physical Tests:

Mean + SD % RSD

Weight (mg) 689.5 + 12.34 1.79
Hardness (kp) 1543 +£1.94 12.55

Friability passed

Weight before (20 tablets)  13.79

Weight after 100 drops 13.78

Percent lost 0.07

Content Uniformity (n=10) = 96.45mg

Dissolution Profile
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BATCH: M010711

Date of Manufacture: 07/11/00

Press: Manesty B3B

Batch Size: 200g

Comments: Capping occurred, Granules dried for 6 hours

Composition (%)

Metoprolol tartrate 23

Methocel® K,M 9.1

Emcompress® 36.24

Emcocel® 90 M 31.70

Surelease® 0.24 gram/gram of granules

Methocel® K100M 18

Emcocel® 90M 7

Emcompress”® 10

Magnesium stearate 1

Physical Tests:

Mean = SD % RSD

Weight (mg) 578.00 + 7.68 1.33
Hardness (kp) 12.47 £3.37 27.02

Friability passed

Weight before (20 tablets)  12.06g

Weight after 100 drops 12.05g

Percent lost 0.08%

Dissolution Profile

MO010711
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BATCH: M011711

Date of Manufacture: 17/11/00
Press. Manesty B3B (Tableted 10/11/00)
Batch Size: 2759

Composition (%)

Metoprolol tartrate 26
Methocel® K,M 8.7
Emcompress”® 348
Emcocel® 90 M 30.5
Surelease® 0.18 gram/gram of granules
Methocel® K100M 15
Emcocel® 90M 7
Emcompress® 10
Magnesium stearate 1
Physical Tests:
Mean + SD % RSD
Weight (mg) 540.5 7.39 1.37
Hardness (kp) 10.56 £ 0.49 4.65
Friability passed

Weight before (20 tablets)  10.76g
Weight after 100 drops 10.75¢g
Percent lost 0.09%

Dissolution Profile
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BATCH: M021711

Date of Manufacture: 17/11/00
Press. Manesty B3B (Tableted 19/11/00)
Batch Size: 2759

Composition (%)

Metoprolol tartrate 20

Methocel® K,M 9.41

Emcompress”® 37.65

Emcocel® 90 M 32.94

Surelease® 0.21 gram/gram of granules

Methocel® K 100M 20

Emcocel® 90M 7

Emcompress® 10

Magnesium stearate 1

Physical Tests:

Mean + SD % RSD

Weight (mg) 667.17 + 14.53 2.18
Hardness (kp) 15.73 £1.55 9.87

Friability passed

Weight before (20 tablets)  13.25g
Weight after 100 drops 13.25¢g
Percent lost 0.00%

Dissolution Profile

M021711
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BATCH: M 001080301

Date of Manufacture: 08/03/01
Press: Manesty B3B (Tableted 13/03/01)

Batch Size: 200g

Composition (%)

Metoprolol tartrate 20
Methocel® K,M 9.41
Emcompress”® 37.65
Emcocel® 90 M 33
Surelease® 0.16 gram/gram of granules
Methocel® K 100M 20
Emcocel® 90M 7
Emcompress® 10
Magnesium stearate 1
Physical Tests:
Mean + SD % RSD
Weight (mg) 670.27 + 41.92 6.25
Hardness (kp) 15.11+1.40 9.26
Friability passed
Weight before (20 tablets)  13.41g
Weight after 100 drops 13.419g
Percent lost 0.00%
Dissolution Profile
M001080301
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% Released

BATCH: M 001080302

Date of Manufacture: 08/03/03
Press: Manesty B3B (Tableted 13/10/01)

Batch Size: 300g

Composition (%)

Metoprolol tartrate 40
Methocel® K4M 71
Emcompress”® 28.34
Emcocel® 90 M 24.70
Surelease® 0.25 gram/gram of granules
Methocel® K 100M 20
Emcocel® 90M 7
Emcompress® 10
Magnesium stearate 1
Physical Tests:
Mean + SD % RSD
Weight (mg) 695.99 + 15.13 2.17
Hardness (kp) 1290+1.71 13.28
Friability passed
Weight before (20 tablets)  13.82g
Weight after 100 drops 13.81g
Percent lost 0.07%
Dissolution Profile
140 M001080302
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M 001270501

Date of Manufacture; 27/05/01

Press: Manesty B3B (Tableted 28/05/01)
Batch Size: 2509

Composition (%)

Metoprolol tartrate 40

Methocel® K,M 10

Emcompress® 30

Emcocel® 90 M 20

Surelease® 0.21 gram/gram of granules

Methocel® K 100M 20

Emcocel® 90M 7

Emcompress”® 10

Magnesium stearate 1

Physical Tests:

Mean + SD % RSD

Weight (mg) 681.16 + 35.17 5.16
Hardness (kp) 13.67 +1.48 10.79

Friability passed

Weight before (20 tablets) 13.57g
Weight after 100 drops 13.54q
Percent lost 0.22%
Content Uniformity: 178.34 £ 6.56 mg (200mg tablets)

Dissolution Profile
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BATCH: M 001270502

Date of Manufacture; 27/05/01
Press: Manesty B3B (Tableted 29/05/01)
Batch Size: 5009

Composition (%)

Metoprolol tartrate 15

Methocel® K,M 10

Emcompress”® 40

Emcocel® 90 M 35

Surelease® 0.18 gram/gram of granules

Methocel® K100M 20

Emcocel® 90M 7

Emcompress® 10

Magnesium stearate 1

Physical Tests:

Mean = SD % RSD

Weight (mg) 544.78 + 10.67 1.96
Hardness (kp) 7.22 1.02 13.18

Friability passed

Weight before (20 tablets)  10.79g
Weight after 100 drops 10.769
Percent lost 0.28%

Content Uniformity: 55.43 + 4.19 mg (50mg tablets)

Dissolution Profile
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BATCH: M 001270503

Date of Manufacture; 27/05/01
Press: Manesty B3B (Tableted 29/05/01)
Batch Size: 2509

Composition (%)

Metoprolol tartrate 20

Methocel® K,M 10

Emcompress”® 30

Emcocel® 90 M 40

Surelease® 0.26 gram/gram of granules

Methocel® K 100M 20

Emcocel® 90M 7

Emcompress® 10

Magnesium stearate 1

Physical Tests:

Mean = SD % RSD

Weight (mg) 646.31 + 22.09 3.42
Hardness (kp) 15.02 £2.03 13.49

Friability passed

Weight before (20 tablets) 11.82g

Weight after 100 drops 11.81g

Percent lost 0.085%

Content Uniformity: 85.96 + 5.40mg

Dissolution Profile
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BATCH: M 001270504

Date of Manufacture; 27/05/01
Press: Manesty B3B (Tableted 28/05/01)

Batch Size: 1000g

Comments: Compressed to varying hardness

Composition (%)

Metoprolol tartrate 20

Methocel® K,M 10

Emcompress”® 375

Emcocel® 90 M 325

Surelease® 0.39gram/gram of granules

Methocel® K 100M 20

Emcocel® 90M 7

Emcompress”® 10

Magnesium stearate 1

Physical Tests:
Mean = SD % RSD

Weight (mg) 675.60 + 10.15 1.50
Hardness (kp) 7.29 £0.87 11.93

10.55 +0.83 7.95
17.94 £ 2.93 16.13
20.04 £0.76 3.77

Friability passed

Weight before (20 tablets)  13.57g

Weight after 100 drops 13.55¢

Percent lost 0.15%

Dissolution Profile (for tablets with hardness of 18.02 + 2.93kp)
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BATCH: M 00050601

Date of Manufacture: 05/06/01
Press. Manesty B3B (Tableted on 05/06/01)

Batch Size: 2509

Comments: Both wet and dry granules screened through 20-mesh screen on oscillating

granulator

Composition (%)

Metoprolol tartrate 20
Methocel® K,M 10
Emcompress”® 375
Emcocel® 90 M 325
Surelease® 0.19 gram/gram of granules
Methocel® K 100M 20
Emcocel® 90M 7
Emcompress® 10
Magnesium stearate 1
Physical Tests:
Mean = SD % RSD
Weight (mg) 649.20 + 6.37 0.98
Hardness (kp) 1251 +£1.10 8.80
Friability passed
Weight before 20 tablets) 12.899
Weight after 100 drops 12.88¢g
Percent lost 0.08%
Dissolution Profile
M 00050601
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APPENDIX II: BATCH DATA FOR MINI-TABLETS

BATCH: M 00050601M

Date of Manufacture: 05/06/01
Press. Manesty F3 (Tableted on 06/06/01)
Granules manufactured: 300g

Composition (%)

Metoprolol tartrate 20

Methocel® K,M 10

Emcompress”® 375

Emcocel® 90 M 325

Surelease® 0.19 gram/gram of granules

Methocel® K 100M 20

Emcocel® 90M 7

Emcompress® 10

Magnesium stearate 1

Physical Tests:

Mean = SD % RSD

Weight (mg) 106.27 + 6.56 6.17
Hardness (kp) 7.12+£0.81 12.14

Friability passed

Weight before (40 tablets)  4.22g
Weight after 100 drops 4.21g
Percent lost 0.078%

Dissolution Profile
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BATCH: M00110601M

Date of Manufacture: 11/06/01
Press. Manesty F3 (Tableted on 12/06/01)
Granules manufactured: 650g

Composition (%)

Metoprolol tartrate 20
Methocel® K,M 10
Emcompress”® 375
Emcocel® 90 M 325
Surelease® 0.20 gram/gram of granules
Methocel® K 100M 20
Emcocel® 90M 7
Emcompress® 10
Magnesium stearate 1
Physical Tests:
Mean = SD % RSD
Weight (mg) 108.42 + 3.04 2.80
Hardness (kp) 6.82 £0.75 11.05

Friability passed
Weight before (20 tablets)  2.09g
Weight after 100 drops 2.08g
Percent lost 0.48%
Content Uniformity: 90.54mg
Dissolution Profile

M00110601M
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BATCH: M00200910M

Date of Manufacture: 02/09/01
Press: Manesty F3 (Tableted on 04/09/01)
Granules manufactured: 12509

Composition (%)

Metoprolol tartrate 20

Methocel® K,M 10

Emcompress”® 375

Emcocel® 90 M 325

Surelease® 0.20 gram/gram of granules

Methocel® K100M 20

Emcocel® 90M 7

Emcompress”® 10

Magnesium stearate 1

Physical Tests:

Mean £ SD % RSD

Weight (mg) 121.58 +1.29 1.06
Hardness (kp) 6.80 +0.71 10.39

Friability passed

Weight before (20 tablets)  2.42g
Weight after 100 drops 2.41¢g
Percent lost 0.41%
Content Uniformity: 98.35 mg (100mg)

Dissolution Profile
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APPENDIX IIT

BATCH PRODUCTION RECORDS

Only one coating record is included for this batch. The records for the other batches and other

coating levels are available on request.

PHARMACEUTICS DEPARTMENT
Faculty of Pharmacy, Rhodes University
Grahamstown, 6140

BATCH PRODUCTION RECORD

Product name: Metoprolol tartrate granules Pagelof &

Batch# M\ 00 20080 N Batch size: 1250g
MANUFACTURING APPROVALS

Batch record issued by: dr Date;__ 0&/0%/0}

Master record issued by: ¥ e Date: =~
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PHARMACEUTICS DEPARTMENT .
Faculty of Pharmacy, Rhodes University
Grahamstown, 6140

BATCH PRODUCTION RECORD

Product name: Metoprolol tartrate granules Page2of %
Batch # M0020© 4o M Batch size: 1250g

MASTER FORMULA AND BATCH FORMULA

Quantity Component Name RM # Lot # Amount/ Amount Dispensed By  Checked by
(wiw) Batch Dispensed
20 Metoprolol tartrate  RM000052 505242 250.00g “wa

(MP'I?A) 223 A T3
10 Methocel K4M M0539 125.00g 1as-olq U~ TIW
37.5 Emcompress 486.75g w6t .Ge [ I
32.5 Emcocel 90M 406.25¢ 206 - 324 Vo~ T4
qs Surelease RMO000010  IN500647 ECAG é}\‘; T8

PHARMACEUTICS DEPARTMENT
Faculty of Pharmacy, Rhodes University
Grahamstown, 6140

BATCH PRODUCTION RECORD

Product name: Metoprolol tartrate granules Page3of <%
Batch # M002009 1 M\ Batch size: 1250g
EQUIPMENT VERIFICATION
Description Type Verified By - Confirmed by
Sieves ' #20 mesh 4 “TIW
Scale Precisa 4000 (/4 W
Blender Kenwood Major [ T
Pump Masterflex Vv @ TiW
Tubing Masterflex LS14 Kl TV
Granulator Erweka Oscillating U4 TR
Qven ) ]
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PHARMACEUTICS DEPARTMENT
Faculty of Pharmacy, Rhodes University

Grahamstown, 6140
BATCH PRODUCTION RECORD
Product name: Metoprolol tartrate granules Page4 of <
Batch#  Mooavoaio Batch size: 1250g
MANUFACTURING DIRECTIONS
Step  Procedure Weight  Time Date Done by Checked by
1 Separately screen the following materials through a 20
mesh screen. o S o -o4-ol f W
Metoprolol tartrate RS ) 2-oaof y= “Td
Methocel K4M 1as0lg st @
Emcompress wit-ghy uisC 0304 0! I ™
Emcocel 90M 40t giq L'SH  pa-on-0r A o
2 Place the following materials in the Kenwood bowl. v -/
Metoprolol tartrate » 12549 Y 03400 03-cA-0) .
Methocel K4M g 0V q %162 p3-09-0! -/
Emcompress w684, .gp 03-08-01 ot
Emcocel 90M “"3"8 ®:56 6a-09-01 d; N i)
3 Blend the materials in step 2 for 2 minutes at low speed. v
Time started: ~ ©%: 2
Time completed: o3:1w
Total blending time: o woukes
Speed setting: N o~ -ot /’\) wr2
PHARMACEUTICS DEPARTMENT
Faculty of Pharmacy, Rhodes University
Grahamstown, 6140
BATCH PRODUCTION RECORD
Product name: Metoprolol tartrate granules A PageSof %
Batch # | Prees0003T0 Moo Q0 cqie N Batch size: 1250g
MANUFACTURING DIRECTIONS
Step  Procedure Weight Time Date Done By Checked By
4 Place the Surelease in a tared beaker and insert pump  Cheobw + Sudane) o.,—.;:ns M
tubing. S¥o 08 e 02-094-0) [f\J )
5 . With the blender on low speed, add the Surelease ata "4

pump rate of 8 - 9 for a total time of 10 minutes.

Timestarted: o%% 13

Time completed: o : &%

Total time taken: 1 s

Blender speed: 1

Pump setting: &

AmoF:mt ongurelease added: 290°€49 = oaiqfy (72629 allliues cctiac]).
6 Transfer the granules to the granulator and screenas -

follows, using 20 mesh screen and 100 rpm motor

speed.

v Si;eed: 4~ S22 vpi 0740 02-04-0) /}\" T

@ Tarepefhs) ol -weed Yleh swubed  anbred 3:,\_ ~

o) ewvoy ¢
N g 185
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PHARMACEUTICS DEPARTMENT ' '
Faculty of Pharmacy, Rhodes University
Grahamstown, 6140

BATCH PRODUCTION RECORD

Product name: Metoprolol tartrate granules ' Page6of %
Batch # M oo2o00g9io M Batch size: 1250g
MANUFACTURING DIRECTIONS
Step Procedure . Weight Time Date Done by Checked by
7 Place the granules on weighing paper and dry in the . ea. e
oven at 60 degrees for 12 hours oxue sazos-ol d"' ‘
Time started: ©€:30 al.00 0a-0q-0 d\) L

Time completed: 2002
Total drying time: @-Shov=S
Oven temperature.  ¢o 'C

8 Remove the dried granules from the oven, and
rescreen using the oscillating granulator (20 mesh,
speed 166). 50 p @

Speed: SOpv av:aa 02-09-0) A\J )
v}

69’?‘““"‘%‘.

¥
i PHARMACEUTICS DEPARTMENT
* Faculty of Pharmacy, Rhodes University
Grahamstown, 6140
BATCH PRODUCTION RECORD
Product name: Metoprolol tartrate granules Page 7of ,E‘Q )
Batch # MopsoogioM Batch size: 1—5933
MANUFACTURING DIRECTIONS
) Step  Procedure Time Date Done By Checked By
¥ 9 Record the weight of acceptable granules obtained.
; Gross weight: 1383 - 3 “9
Tare weight: 1350 :
Net weight: 120%° 8149 ar 30 02-6% -0t lik/ T/
! 10 Work out the percent yield as follows. =4 a
! Weight acceptable granules (AG): 1202 SW9
Other weight accounted for (describe): (A8 e‘»’j
Total weight accounted for (TW). ' & 3 -6¢3
Percent accountability = (TW/ 1as0 ) x100%= 16183 %
Percent vield = (AG/ 1323 .¢3.x100% = A1-40 %
11 Transfer granules to airtight container until tableting. 2\ 4o 03-04-~01 A4 24/
Y]

® Ben is sewt] Syl Aned 2y G
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PHARMACEUTICS DEPARTMENT
Faculty of Pharmacy, Rhodes University
Grahamstown, 6140

BATCH PRODUCTION RECORD

Product name: Metoprolol tartrate granules Page8of <€
‘Batch # Neo2o0aio M Batch size: 1250g

SIGNATURE AND INITIAL REFERENCE

Full Name (print) Signature Initials Date

T- Aegun - /= 02-04-0)
T. WD id UW oL~-@9_0o |




PHARMACEUTICS DEPARTMENT
_Faculty of Pharmacy, Rhodes University
Grahamstown, 6140

BATCH PRODUCTION RECORD

Product name: Metoprolol tartrate tablets Page 1 of e
Batch # Moo avoctio M Batchsize: 12139 -

MASTER FORMULA AND BATCH FORMULA

Quantity Component Name RM # Lot # Amount/ Amount Dispensed By Checked by
(wiw) Batch Dispensed
62 Metoprolol tartrate MO0020901G @ ia0s-ew3

granules k| asi-ély A_J T2
20 Methocel K100M M0539 190- 329 14034 q VA ]
10 Emcompress 24K 15149 15137 4 /%4
7 Emcocel 90M ¢e-6ig L ¢ ¢3q Uk T
1 Magnesium , v = v

stearate q-$3q 4:$aq A -1/

A (v g i
O Trowety  enlmed C%\J v

PHARMACEUTICS DEPARTMENT
Faculty of Pharmacy, Rhodes University
Grahamstown, 6140

BATCH PRODUCTION RECORD
Product name: Metoprolol tartrate tablets Page2of ©
Batch # N poaeoa 1o M Batchsize: 33 9
EQUIPMENT VERIFICATION
Description Type Verified By Confirmed by
Sieves . #20 mesh, #44 mesh A -T2
Scale Precisa 4000 Uz e
Blender Cube blender (Erweka) A 134
Tabiet press- Manesty F3 Vog - L)
/A
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PHARMACEUTICS DEPARTMENT

Faculty of Pharmacy, Rhodes University

Grahamstown, 6140
BATCH PRODUCTION RECORD
Product name: Metoprolol tartrate tablets Page3of &
Batch # ¥\ co 2004 10 M Batch size; 131239
MANUFACTURING DIRECTIONS
Step Procedure Weight Time Date Done by Checked by
1 Screen the following materials through a #20 mesh. DSt 3 J—’ T/
Methocel K100M -3 .ﬂ n-.ao .
. Emcompress asg-1 12 ou-0q-0! J/
Emcocel 90M 6¢:63q ":3ae’ ou-0a-0l A ~+gut
2 Place the following in the cube blender. =) v
Metoprolol tartrate granules aghé'g il od-on-of K Lad
Methocel K100 M 0 -39 a3 ou-0% -0t WY
Emcompress as-3q  uias ou-0a-0 &_/ )
Emcocel 90M ¢C¢iq n:as ow-oa-or “k , T
3 Blend the materials in step 2 for 20 minutes at speed 50. v v
Time started: w3
Time completed: 1SV |
Total blending time; o™ ‘
Speed: w4~ Sl pm ou-0a-0) A U
%) ’Bpo‘j,‘?\u'al ART ¢ Adual s = O40ATEN &\) v
PHARMACEUTICS DEPARTMENT
Faculty of Pharmacy, Rhodes University
Grahamstown, 6140
BATCH PRODUCTION RECORD
Product name: Metoprolol tartrate tablets Paged of G

Batch #:Mpo=w oo 1o M

Batch sizer 3 139

MANUFACTURING DIRECTIONS

Step Procedure Weight  Time Date  Doneby Checked by
4 Screen the magnesium stearate using a #44 mesh. 4-S2a  niwd o4-ao 4 , “Th
5 Add the magnesium stearate to the blender and blend for 3 minutes at e V)

50 rpm.

Time started: h.s3

Tune completed: &7

Total blending time: 3™

Speed: 4a- g AP o4-01-0) A g,/

6 Calculate the percent accountability and yield.
Gross weight (blend): . & #3289
Tare weight: 166:259
Net weight: 13
Other weight (Describe): “/a

Total weight accounted for (TW) = net weight + other weight = nk
Percent accountability = (TW/ 13139 )x100% = "2 %

O

Percent yield = (blend/ ,1114,)x100% = a48 % 100
7 Store in airtight container uritll compression. i

O Ww-o\ ~0ol




PHARMACEUTICS DEPARTMENT
Faculty of Pharmacy, Rhodes University

Grahamstown, 6140
BATCH PRODUCTION RECORD
Product name: Metoprolol tartrate tablets Page 5.of
Batch # N coao0a oM Batchsize: 13139 ‘
MANUFACTURING DIRECTIONS k
‘ ]
Step Procedure Time  Date Doneby  Checked by g
] Tablet the blend on the tablet press according to the standard operating JEPA d" T’ i
procedures.
Desired Hardness:  ¢-8%p
Desired Weight: 5 130%4 o -0 -0 |
9 Sample 4 tablets everyf.rsmin‘\fta and check hardness and weight. ) i
Enter results on the in-process results sheet. saa-o) N wrey |
10 Perform physical tests of hardness, friability and weight uniformity on the v i
final batch, : . : i
Enter the results on the bulk product test reports. o4 -c4-o| A} ™=/ i
it Store product in an airtight container. ou-eA-0l Yy urivj . !
. I
10) S wns W) beeower sikde pudh s wald whlised ..omn lorges” &\_} U ‘
| |
I
PHARMACEUTICS DEPARTMENT
Faculty of Pharmacy, Rhodes University
Grahamstown, 6140
" BATCH PRODUCTION RECORD ;
Product name: Metoprolol tartrate tablets Page6of © I
Batch # N\eo2002 1ON Batch size: 1313 s) {‘
MANUFACTURING DIRECTIONS h
Step - Procedure : Time Date Done By Checked By !
12 Record the weight of acceptable tablets obtained. ‘
Gross weight: 12wa Y
Tare weight: e :
Net weight: 8842 443 0aq owod-or MJ W
13 Work out the percent yield as follows. ) v

Weight acceptable tablets (AT): =~ w3029
Other weight accounted for (describe): 31-083. (> deanded)

Total weight accounted for (TW): a3¢'14
Percent accountability = (TW/ 4139 )x100% = il IS
Percent yield = (AG/__ w13 )x100% = 2213 % oue1-0 4 |

OW{JH:.AM%M%. U
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PHARMACEUTICS DEPARTMENT
Faculty of Pharmacy, Rhodes University
Grahamstown, 6140

BATCH PRODUCTION RECORD
Product name: Metoprolol tartrate tablets
Batch #: V) eo 200 1O Batch size: 13l ?ﬂ
IN-PROCESS TABLETING REPORT
Date Time Hardness Ckp) | Weight cwma)
O4 -~ oq -ol 14iol 6 - o 12a-6
ot -0% -0 s 8l a2 S
3 61 1203
¢°3 AR
1y 20O 6 S ua - 9q
3-ay wa- 6
3y 180" F
3-1& \RO " Y
14 33 &6l 2.3
312 120" Y
324 uq b
210 12V:0
1500 < 8\ (A S
60\ 1arg
%28 12a.9
S 1) 128- 5
VS 2y 32y 1 3
I AR
518 tay -
GO 298
1S 4 4§ €9 10
< \O 122~ S
561 na-8
6-0) IEENE
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'PHARMACEUTICS DEPARTMENT
Faculty of Pharmacy, Rhodes University
Grahamstown, 6140 °

BATCH PRODUCTION RECORD

Product name: Metoprolol tartrate tablets : Page 1 of ‘\’
Batch# pM\ooaoe a10M Batch size: O 9"

MASTER FORMULA AND BATCH FORMULA

Quantity Component Name RM# Lot# Amount/ Amount Dispensed By Checked by
’ Batch Dispensed
100g Metoprolol tartrate M002090IM  100g 100° ©
tablets | 4 a 7o)
15%soln __ Surelease - {f‘ L)
10% wiw___TEC - 0}/— T4y
¢

PHARMACEUTICS DEPARTMENT
Faculty of Pharmacy, Rhodes University

Grahamstown, 6140
BATCH PRODUCTION RECORD
Product name: Metoprolol tartrate tablets ' Page2of %
Batch# M ecasonioM Batch size: 1ooq
EQUIPMENT VERIFICATION
Description Type Verified By . Confirmed by
Fluid bed drier Aeromatic Strea-1 ) ’ -
Scale Mettder ve 1)
Mixer Callgnkomy . 2 ~+/
Peristaltic pump Masterflex, LS 13 tubing U 4~ w4
Digital Thermometer Lubon 4 124/
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PHARMACEUTICS DEPARTMENT
Faculty of Pharmacy, Rhodes University

Grahamstown, 6140 °

‘ BATCH PRODUCTION RECORD
Product name: Metoprolol tartrate tablets Page3of 4
Batch# W\ 00 gpoapM Batch size: e

MANUFACTURING DIRECTIONS

Step . Procedure Weight Time Date Done by Checked by
1 Placethe tablets in the product container 100°06  wiod _ iu/ev/a AL el
2 Start the fluidising air at a rated temperature of 60 degrees and v v -

allow the tablets to circulate for $ minutes until a product bed
- temperature of 40 degrees is reached.

Time started: 0§ )
Time completed: : 09
Total time; st Y

3 Begin spraying by turning on the pump at a speed setting of 1.0
and turning on the atomising air to a pressure of 20 psi.

Pumpspeed: LD
Atomising air pressure:  aopsi |
Actual spray rate: 1344 Joare /I\J TUS

4 Spray the product untila theoretxcal weight gain of 5%. If the
product becomes tacky and no longer fluidises effectively, turn

Wi ~ Lgm-w -g“-ma)

. - R 286 - H40-00
off the pump and allow the tablets to circulate freely for 2-3 i nige  C )
minutes before recommencing spraymg, Record product bed
temperature, weight of Surelease® and time of any pauses. w00t b, L

v
PHARMACEUTICS DEPARTMENT
Faculty of Pharmacy, Rhodes University
Grahamstown, 6140
BATCH PRODUCTION RECORD
Product name: Metoprolol tartrate tablets Pagedof &
Batch# N\ co o0 1o\ Batch size: icoq
MANUFACTURING DIRECTIONS =
Step  Procedure Time Date Done By Checked By
5 Record the following parameters at § minute intervals on the in
process record sheet.
Inlet air temperature
Outlet air temperature
Product temperature
Atomising ai‘; pressure V4 -on -0l /f\'/ T
6 Allow the tablets to fluidise for a drying time of 20 minutes once . ) ‘
spraying has finished. H-oh-od ) Tan),
7 Record the weight of coated tablets obtained. v
Gross weight: sa% :2\ A
Tare weight: asu-0494
Net weight: ok €a 4 14-04-0! _ﬂb “tv/
8 Work out the percent weight ¥fin as follows.
- Weight coated tablets (CT): 10489
Other weight accounted for (describe): —
Total weight accounted for (TW): 1o4-3%9 .
Percent weight gain = (TW - w1006 ) x 100% = 837,
%
9 Store product in an airtight container. 193 14-09-0) Y ™/




PHARMACEUTICS DEPARTMENT
Faculty of Pharmacy, Rhodes University
Grahamstown, 6140

BATCH PRODUCTION RECORD

Product name: Metoprolol tartrate tablets
Batch# Mo02Re0A10M

IN-PROCESS COATING REPORT

ize: 1313
Batch size; j

Time Inlet Air Outlet Air Product Atomising Air
Temperature | Temperature Temperature
1Mo s2°C 43 °C &6 °C A0 pse
(s £2°C w3 °C w3 C st
YRS -1) £3°C 42 "C 43 "C ;wpc;
Ww.as s2°C wi °C &€ °C 19 psi
1 30 <2 %C w2 "C 4.8°C .ZCP'*JL‘
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’ PHARMACEUTICS DEPARTMENT
Faculty of Pharmacy, Rhodes University
Grahamstown, 6140

BATCH PRODUCTION RECORD

Product name: Hydrochlorothiazide powder blend ,
Batch #: HO2 . Batch size: 200g

MASTER FORMULA AND BATCH FORMULA

Quantity Component Name RM# Lot # Amount/ Amount Dispensed By Checked by
(w/w) Batch Dispensed

12.5 Hydrochlorothiazide RMO0000 3° — ¥cow3 S 25g as 0324 A7 “TIW
87.5 Emcocel 90M 175g ¥S 3iq 4 Ty
0.5 Magnesium stearate ig Vo g ¥/ THW

=

EQUIPMENT VERIFICATION '
Description Type Verified By Confirmed by .
Sieves #20 mesh, #44 mesh N TIW
Blender ' Cube blender Y3 [V
Scale Precisa 4000 JYo -rSW
MANUFACTURING DIRECTIONS
Step  Procedure Weight Time Date Done by Checked by
1 Separately screen the following materials through 2 20 . p
mesh screen. : aseny WS 0 o-Ct OL AIW '
Hydrochlorothiazide /rlvt""
Emcocel 90M 13334 N'SY  oC 610 d“/
2 Blend in cube blender at 50 rpm for 20 minutes. C S5vpen)
Time started: n.s
Time completed: 1a:1w /jd "ﬂ'\/‘/
Total blending time.  3omwnis
3 Separately screen magnesium stearate through a 44 mesh » y
screen toly % DT SN SRS E o /t' ‘ﬂ b
) ~ Blend in a cube blender at 50 rpm for 3 minutes. =
Time started: 18
Time completed: 12:i¢ ’ c6- 09 -0 e
Total blending time: 3.0 s /j‘ {} b
S Store product in a airtight container . o ¢ e L/f" /ﬂ’L\r
U
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