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ABSTRACT 

Beta blockers are commonly prescribed fot: the chronic treatment of hypertension, one of . -

the most prolific disease states worldwide. The beta blockers selected for this study 

include acebutolol hydrochloride, labetalol hydrochloride, metoprolol tartrate oxprenolol 

r- ~ 

hydrochloride and propranolol hydrochloride. All of these compounds have a short 

elimination half-life, necessitating multiple dose per day regimens and therefore the 

development of sustained release dosage forms incorporating these agents was considered 

beneficial in terms of extending the dosing interval, with the aim of improving patient 

compliance and subsequent therapeutic outcomes. 

Preformulation studies that were conducted included moisture content analysis by Karl 

Fischer titration, and DSC, a method used to predict potential interactions between the., 

drugs and tablet excipients. 

Tablets were manufactured by both wet granulation and direct compression techniques, 

and the resultant drug release characteristics were evaluated using the USP Apparatus 3 

. (BIO.DIS). A validated isocratic HPLC method, capable of separating the five drug 

candidates simultaneously, was developed and used for the analysis of drug samples. 

Tablet quality was assessed using analyses that included the physical assessment of 

weight, diameter, thickness, hardness and friability, as well as content uniformity of 

tablets, before and after dissolution testing. 
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Direct compression tablet formulations containing each of the five beta blockers were 

successfully adapted from a prototype wet granulation matrix tablet containing 

metoprolol tartrate, and various formulation variables were investigated to establish,their 

effect on the rate and extent of drug release from these tablets. The grade and quantity of 

ethylcellulose used in the wet granulation and direct compression formulae influenced the 

release rate of some drug candidates. In addition, an alternative formulation method, 

involving freeze-drying of the drug with an ethylcellulose dispersion, was shown to have 

potential for altering release rates further. Anti-frictional agents, talc and colloidal silicon 

dioxide, did not affect drug release from these matrices,however, they affected the 

physical character:istics such as tablet weight and thickness, of the resultant tablets. All of 

the matrix tablets formulated were shown to release drug according to square root of time 

kinetics, in a sustained manner over a 22 hour per:iod. 
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STUDY OBJECTIVES 

Hypertension is one of the most prolific disease states in the world today, and chronic, 

life-long drug therapy is often required for the maintenance of acceptable blood pressure 

levels. Beta blockers are a first line treatment for hypertension, as they reduce cardiac 

output, thereby lowering elevated blood pressure, without exhibiting serious-adverse 

effects. Propranolol, metoprolol, labetalol, acebutolol and oxprenolol are widely used, not 

only for hypertension, but also for the treatment of disease states such as angina pectoris, 

anxiety, thyrotoxicosis, cardiac arrhythmias and essential tremor. The cost effectiveness 

of propranolol has resulted in its inclusion in the Essential Drugs List (1) in South Africa, 

and it is the most widely prescribed beta blocker in the public sector in this countty. 

These five beta blockers are relatively short acting, and are generally prescribed in a 

multiple dose per day regimen, therefore it was felt that inclusion into a sustained release 

dosage form may be beneficial in terms of increasing patient compliance through once 

daily dosing, and thereby improving therapeutic o].ltcomes. Furthermore, sustained 

delivety of beta blockers may decrease the incidence of side effects such as postural 

hypotension and bradycardia, since the initial peak plasma levels seen with immediate 

release product dosing would be replaced by a more gradual plasma concentration 

increase and ultimately a sustained blood level. 

The study objectives, based on the desired outcome of producing a viable sustained 

release dosage form for each of these beta blockers were: 

l. To develop and validate an isocratic high performance liquid chromatography 

(HPLC) system for the simultaneous determination and quantitation of the five 

beta blockers drug candidates, . 

2. To incorporate each beta blocker into a wet granulation sustained release matrix 

tablet, based on a prototype formulation designed for metoprolol tartrate, 

3, To convert each of the five wet granulation tablet formulations to a direct 

compression formula and method of manufacture, capable of releasing the active 

drug at an equivalent rate and to a similar extent to the wet granulation tablets, 
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4. To investigate the effects of changing formulation variables of both the wet 

granulation and the direct compression tabl~ts, and in so doing, to manipulate and 

control drug release characteristics-from4:hese dosage forms, 

5. To identify key aspects of the dosage forms for further study. 
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'CHAPTER ONE 

REVIEW OF BETA BLOCKER DRUG CANDIDATES 

1.1. INTRODUCTION 

Five beta-adrenergic antagonists, or beta blockers, were selected for inclusion into a 

sustained release matrix tablet formulation, to create five formulations, each with a 

different active principle, and all capable of releasing the active in a sustained manner. 

The matrix tablet formulation, manufactured by direct compression, was adapted from a 

prototype wet granulation formulation containing metoprolol tartrate as the active. 

Selection of the four other drug candidates was based on various physico-chemical 

properties, as well as clinical treatment guidelines. The candidates selected were 

acebutolol hydrochloride (ACE), labetalol hydrochloride (LAB), metoprolol tartrate 

(MPT), oxprenolol hydrochloride (OXP) and propranolol hydrochloride (PROP). The 

given abbreviations are used for each listed beta blocker salt, however, the drug name 

itself is used when referring to the free base molecule. 

Drug molecules that exhibit rapid elimination kinetics, and hence short plasma half-li~es, 

lend themselves to sustained delivery, since the sustained therapeutic effect is then a 

function of the dosage form rather than the drug molecule and can be manipulated by 

formulation adjustment. To achieve prolonged therapeutic benefits of short acting drugs, 

inclusion into sustained release dosages form is a favourable alternative to repeated 

dosing. A physico-chemical characteristic common to all drug candidates for this 

sustained release matrix tablet formulation, including MPT, was a short elimination half­

life, such as those reported in Table 1.9. 

A second consideration was the solubility of each drug candidate. Molecules with a high 

water solubility afford challenges with respect to sustained drug delivery, and all of the 

drug candidates are, at least, freely soluble in water, as depicted in Table 1.4, with the 

active in the prototype formulation, MPT, having a solubility greater than 1000:1 in 
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water. A range of drugs with slightly different solubilities were selected for comparative 

purposes. 

In addition, the usual prescribed dose of each d~i candidate was considered, with the 

selected candidates being those in the dosing range of approximately 100-200 mg daily, 

shown in Table 1.7. Once again, selection was based on the most commonly prescribed 

dose ofMPT, for the maintenance treatment of hypertension, of 100-200 mg pet day (2, 

3,4,5). The driving force created within the tablet matrix for drug delivery is due to the 

osmotic effects of the drug and the concentration gradient established between the tablet 

matrix and the dissolution medium, each of which may be affected by the dose of the 

active incorporated. It was for this reason that all drugs selected have similar dosing 

regimens and that the dose per tablet was kept constant throughout the study. All drug 

candidates selected for this study are orally administered and well absorbed from the 

gastro-intestinal tract (GIT). 
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1.2. PHYSICO-CHEMICAL PROPERTIES 

1.2.1. Chemical Names 

Each drug candidate may be given by the following chemical names: 

Acebutolol hydrochloride: 
• Butanamide, N-[3-acetyl-4-[2-hydroxy-3-[(I-

methylethyl)amino ]propoxy]phenyl]-, monohydrochloride, (± )-. 

• ( ± )-3' -Acetyl-4' -[2-hydroxy-3 -(isopropylamino )propoxy ]-butyranilide 
monohydrochloride. 

Labetalol hydrochloride: 
• Benzamide, 2-hydroxy-5-[I-hydroxy-2-[(I-methyl-3 -phenylpropyl)amino ]ethyl]-, 

monohydrochloride. 

• 5-[I-Hydroxy-2-[(I-methyl-3-phenylpropyl)amino ]ethyl]-salicylamide 
monohydrochloride. 

Metoprolol tartrate: 
• 2-Propanol, 1-[4-(2-methoxyethyl)phenoxy]-3-[(I-methylethyl)amino]-, (± )-, [R-

(R *,R *)]-2,3-dihydroxybutanedioate (2: 1) (salt) 

• (± )-I-(Isopropylamino)-3-[p-(2-methoxyethyl)phenoxy]-2-propanol L-( + )-tartrate 

(2:1) (salt) 

• 1-(Isopropylamino )-3-[p-(2-methoxyethyl)phenoxy ]-2-propanol (2: 1) dextra-tartrate 

salt. 

Oxprenolol hydrochloride: 
• 2-Propano 1, 1-(o-allyl oxyphenoxy)-3 -isopropylamino-, hydrochloride. 

• 1-(o-allyloxyphenoxy)-3 -isopropylamino-2-propanol hydrochloride. 

Propranolol hydrochloride: 
• 2-Propanol, 1-[(I-methylethyl)amino ]-3-(I-naphthalenyloxy)-, hydrochloride, (±J-. 

• (± )-I-(Isopropylamino )-3-(I-naphthyloxy)-2-propanol hydrochloride. 
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1.2.2. Structures 

Acebutolol (S-enantiomer) 
CIsH2SN204 MM 336.44 

Metoprolol (S-enantiomer) 
C15H25N03 MM 684.82) 

(y0H 

O~:~~CONH2 I H OH 
~ 

CH3 

O~NHAcH3 
cx) HbH 
~ '-'::::: 

I 
~ § 

Propranolol (S-enantiomer) 
C16H2IN02 MM 259.36 

Labetalol (1' R, I" R-isomer) 
CI9H24N203 MM 328.42 

Oxprenolol (S-enantiomer) 
ClsH23N03 MM 27l.73 

Figure 1.1: Structures of the five beta blocker candidates, as the free base. 

The structures of the five drug candidates, as depicted in Figure 1.1, are related to one 

another, and are all made up of an aromatic group with one or more side chains. Each 

compound contains one asymmetric carbon atom, situated on the side chain at the 

positions depicted by * or the numerals 1 'and 1 ". 
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1.2.3. Stereochemistry 

The presence of at least one asymmetric carbon atom in each of the molecules of interest, 

results in the existence of stereoisomers. In. acebutolol, metoprolol, oxprenolol and 
.:; -.. 

propranolol, one asymmetric center gives rise to two enantiomers, one of which, the S­

entantiomer, exhibits the beta-antagonistic effect (6, 7, 8). For example, the S-enantiomer 

of propranolol is 60 to 100 times more potent in its beta blocking activity than the R-

enantiomer (9). For acebutolol, the stereospecificity results in the pharmacologically 

active S-enantiomer undergoing hepatic first pass metabolism to a lesser degree than the 

R-enantiomer (6,8), therefore increasing the therapeutic effect of a given dose, since 

acebutolol is administered as a racaemic mixture, as are the other drug candidates (10). 

Labetalol has two asymmetric centers resulting in the existence of four stereoisomers (11, 

12),Jwo of which act at adrenoreceptor sites (12, 13). The SS- and RS-isomers are 

inactive while the RR-isomer mediates betaJ-receptor blockade and possible beta2-

agonistic activity, and the SR-isomer is responsible for alphal-blockade (2, 12). Labetalol 

is administered as a mixture of the four isomers, in approximately equal proportions (12). 

1.2.4. Melting Point 

The melting range of each drug candidate is above 100De, and all are presented in Table 

1.1. It is important that the crystalline state of the drugs remains intact during the 

manufacturing process, which may involve heat due to friction and high compaction 

pressures. 

5 



Table 1.1: Melting Points of the Five Selected Beta Blocker Candidates 
Drug 
ACE 
LAB 
MPT 
OXP 
PROP 

1.2.5. Optical Activity 

Melting Point Range 

141 - 144°C 
IS7 - IS9°C 
120 - 124°C 
107 - 109°C 
162 - 166"'C' 

Reference 
14,15,16, 17 
15 
IS, 19, 17 
15,19,17 
19,20,16,15,17 

The, presence of asymmetric centres in each of these molecules, as well as the absence of 

a plane of symmetry, imparts optical activity to varying degrees. The angle of optical 

rotation of three of the drug molecules are presented in Table 1.2. Values for ACE and 

OXP were not found in the literature. 

Table 1.2: Optical Rotation of the Three Drug Candidates 

Drug Optical Rotation 

LAB +0.05° - -0.05° 
MPT 
PROP 

+6.5° - + 10.5° 
-1.0° - + 1.0° 

Reference 
19 
16 
16 

There are two asymmetric carbons in the tartaric acid portion of MPT, and dextra-tartaric 

acid, the isomer used to synthesize metoprolol tartrate, is optically active, therefore this 

drug candidate's optical activity is a function of both the free base and the salt portion of 

the molecule (18). 

1.2.6. Infra-Red Spectra 

The infrared spectra representing the five drug molecules have similar features, which 

correspond to common structural arrangements. The spectrum for each structure in Figure 

1.1, is shown in Figure 1.2. 

Functional groups such as amine, hydroxyl and methyl substituents are present in these 

molecules, however, their spectral assignments occur between 3600 and 2300 cm-1 (18), 

and are therefore not represented. All of the drug candidates have an aromatic ring, 

represented by a peak in the region of 1600 cm-1
, as well as a secondary alcohol, 
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producing a peak at approximately 1100 em-I. Other substituents that produce peaks in 

these areas are carboxylic acid salts and aliphatic ethers, at 1600 cm-I and 1100 em-I, 

respectively, howeve.r not all of the drug candidates contain these groups. 

Of the five drug molecules, all except labetalol produce peaks at 1200 cm-I and 

1250 em-I, indicating the presence of an isopropyl group and an aromatic ether, 

respectively. The 1,4-disubstituted benzene ring, common to acebutolol, metoprolol and 

labetalol, is represented in each respective infrared spectrum by the peak around 

800 em-I. 
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Figure 1.2: Infrared spectra representing each of the five drug molecules as the free base (19, 21). 
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1.2.7. Ultraviolet Absorption 

Acebutolol appears to have two absorption maxima, of approximately 240 and 328 nm as 
-:. r ~ 

reported in Table 1.3, while all the other beta blockers have one absorption maximum, 

which falls between 200 and 350 nm. Molar absorptivities at the wavelengths shown are 

not included, since such values are dependent not only on the absorption capacity of the 

analyte, but also on the temperature and the solvent system used (22). 

Table 1.3: UV Absorption Maxima for the Selected Drug Molecules 

Drug A.max (nm) 
ACE 234 and 320 
LAB 302 
MPT 223 
OXP 272 

PROP 288 

1.2.8. Solubility and Partition Coefficient 

r- ~ 

Reference 
14,23 
19 
15 
23,24 
23 

All drug candidates have a high degree of aqueous solubility, with the least hydrophiliq, 

drug, LAB, classified as being 'soluble' in water (19). The high solubility is primarily 

due to the hydrochloride salt moiety, or the tartrate salt in the case of metoprolol. These 

salts have relatively high oil-water partition coefficients and therefore also show some 

degree of lipid solubility (25), although this varies (10,26). The lipophilicity of these 

compounds is an important factor and may promote absorption throughout the small and­

large intestine (3, 10,27, 28,29)' A correlation between the oil-water partition coefficients 

and the relative lipophilicity is evident in Table 1.4, with ACE, which has the lowest 

reported lipophilicity, exhibiting the lowest preference for oil to water partitioning. 
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Table 1.4: Solubility and Partition Coefficients of the Five Drug Candidates 
Drug 

ACE 

LAB 

MPT 

OXP 

PROP 

Aqueous 
Solubility 

(mg/ml water) 

200 14,15 

}7 3. 

>1000 27 

Very soluble 19,27 

50 35 

Relative Lipid 
Solubility of the 

Free Base 10 

Low 

Moderate-bjg~ 

Moderate 

Moderate 

High 

a Sorensen's phosphate buffer (pH 7.38) and octanol, at 35°C (30). 
P n-octanollbuffer pH 7.0, at 20°C (26). 
Superscripted values refer to literature sources cited. 

1.2.9. pH of Solution 

Oil / water 
Partition Coefficient 

a 30 p 26 

59.0 0.17 

4.6 

76.0 0.15 

235.0 0.51 

1640 5.4 

The pH value of a solution containing each of these compounds individually, falls within 

the slightly acidic range of 4.0 - 7.0, as indicated in Table 1.5. 

Table 1.5: pH of Solution for Five Beta Blockers 
Drug Candidate Solution Strength (w/v) pH Reference 

ACE 1% 4.5 - 7.0 16 
LAB 1% 4.0 - 5.0 3,19 " 

MPT 10% 6.0 - 7.0 3,19,27 
OXP 5% 4.0 - 6.0 3,16,19 

PROP 1% 5.0 - 6.0 3 

1.2.10. Dissociation Constant 

The beta blockers in this study are all weak bases with most having pKa values in the 

region of9.5 (see Table 1.6) Consequently, they are likely to be highly ionized in the 

acidic contents of the stomach and the more neutral small intestine (10), but largely 

unionised in the more alkaline environment of the colon, in particular, the descending 

colon, in which the pH of the contents may be greater than 7 (31). It is possible that it is 

in this region that the dosage form can reside for the majority of its transit through the 

GIT. 
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Table 1.6: Dissociation Constants of the Five Beta Blocker Candidates 
Drug pKa 
ACE 9.7 
LAB 7.4 
MPT 9.7 
OXP 9.5 
PROP 9.45 

1.2.11. Chemical Stability 

Reference 
10,23 
10 
10,23 
10,23,32 
10,23,33 

In general, beta blocking agents are suitable substrates for oxidative degradation (34). In 

an aqueous environment, the isopropylamine side chain of propranolol undergoes 

oxidation and a discoloration of the solution is seen, with a reduction in pH (3, 27, 35). 

The presence of this side-chain in metoprolol, acebutolol and oxprenolol makes these 

molecules equally susceptible to oxidation. 

All five compounds undergo photo degradation (3, 16, 19, 27, 36), and it has been 

reported that their oxidative degradation is accelerated by irradiation (34). These 

compounds must therefore be stored protected from light, in well-sealed, airtight 

containers, and their stability is greatly improved if maintained at 5°C (3,16,19,27,36). 

In the solid state, MPT can be stored at room temperature or at 35°C for five years 

without chemical degradation, and at 50°C for up to thirty months with no detectable 

degradation, despite a slight change in colour (18). 

Solution stability is defined as the retention of not less than 90% of the original drug 

concentration (37), hence the time taken to reach this concentration can be considered the 

shelf-life. Both LAB and PROP show maximum stability in solutions of pH 3.0-4.0 (3, 

27,35,38), while MPT in solutions buffered to pH 4.0, 7.0 or 9.0 display optimum. 

stability (37). An aqueous OXP solution is reported to have a degradation half-life of 46 

weeks and a shelf-life of 48 days when stored at room temperature (39). 
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1.2.12. Compatibility 

Literature sources cite the use of differential scanning calorimetry (DSC) to expose 

various incompatibilities between beta blockers<a~d tablet excipients (40, 41, 42). Both 

OXP and PROP were found to be compatible with starch, Sta-Rx 1500®, Avicel PH 

101®, Elcema G250® and Ac-Di-Sol®. In addition to these, OXP was compatible with 

Sterotex® and cross-linked PVP. Interactions were reported for both drugsrwith 

Primojel®, lactose, Emcompress®, stearic acid and magnesium stearate (40, 41, 42). OXP 

was also found to interact with Explotab®, PVP and Precirol Ato 5® (40, 41) and PROP 

with calcium phosphate monohydrate and Avicel® (42). A DSC study carried out on 

MPT indicated potential incompatibilities with dibasic calcium phosphate and 

magnesium stearate, however, no interactions were reported with microcrystalline 

cellulose or hydroxypropylmethyl cellulose (43). 

The implications of the reported incompatibilities, in terms of pharmaceutical 

formulation, are not known, however, no literary ,source suggested that any such 

interactions would impact on tablet behaviour or manufacture. 

A DSC study was performed in our laboratory to expose any incompatibilities between 

the drug candidates and the tablet excipients used in this study, and to confirm those that 

have already been reported. This is presented in Chapter 3. 

1.3. PHARMACOKINETICS 

Pharmacokinetics is a discipline involving the study of the time course of drug 

absorption, distribution, metabolism and excretion, and it considers the relationship of 

each of these to the magnitude and time course of a therapeutic effect (34). It is generally 

accepted that the therapeutic effect is proportional to the amount of drug at the site of 

action, and there is a definite relationship between pharmacologic effects and 

pharmacokinetics (34), therefore blood plasma levels are commonly used as therapeutic 

indicators. 
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1.3.1. Dose 

Dosing of beta blockers is adjusted according to the pharmacological response and, 
.; -r 

therapeutic benefit experienced by individual patients (3). The recommended dosing 

requirements for each drug are therefore considered as guidelines. Once daily dosing is 

adequate for antihypertensive therapy, although most recommendations include a twice 
r- -

daily administration regimen (2, 4, 5, 44, 45). Recommended doses for maintenance 

treatment of hypertension using these five beta blockers are presented in Table 1.7. The 

normal dosing range is approximately 100 - 200 mg per day, however, doses of 400 -

800 mg per day have been prescribed (13). 

Dosing regimens vary for other disease states such as angina pectoris, anxiety states, 

thyrotoxicosis and cardiac arrythmias, and for different drug candidates (3, 4, 5, 27) and 

these agents may be dosed intravenously for conditions such as acute myocardial 

infarction and hypertensive crisis (4, 27). 

Metabolic anomalies may necessitate alteration of dose levels, for example, patients With 

liver disease may require a reduction of the usual dose, since all five drug candidates 

undergo extensive hepatic metabolism (3,27). In addition, particular racial populations 

have been shown to respond favourably to unusuallabetalol dosing regimens (13). 

Table 1.7: Recommended Dose for Hypertension, Time to Peak Plasma Concentrations and Bioavailability 
of Five Beta Bockers -

Drug Dose 

ACE 
(mg/day) 

200-400 3, 2, 5 

LAB 200 3 

MPT 100-200 2,3,4,5 

OXP 160-320 3,4 

PROP 160_320 3,2,4,5 

13 

Time to Peak (t...aJ 
(hours) 

2 3,8 

1-2 3,46,47 

1.5-2 3,27 

1-2 3,27 

2 3 

Bioavailability (F) 
(%) 

60 2, 3, 16 

30 2, 10 

33 13,47 

50 2,10 

25-60 10 

30 2,10 



1.3.2. Absorption 

The relatively high lipophilicity of these compounps ensures rapid and near complete 

absorption from the GIT, hence the oral route of administration is most often used for 

therapy (3,10,27,28,29). Peak plasma levels are obtained within 3 hours following oral 

dosing (3, 10), as shown in Table 1.7. r _ :: 

1.3.3. Bioavailability 

All five beta blockers are rapidly and almost completely absorbed from the GIT, 

however, their systemic bioavailability is reduced by hepatic first pass metabolism (2,3, 

10,27). Pre-systemic elimination of these compounds is a function of their lipophilicity 

(26), consequently acebutolol, being the least lipophilic compound, is affected to the 

smallest extent, having a bioavailability of up to 60% (8, 10). The bioavailability of 

labetalol is substantially lower, at approximately 30% (2), as is the bioavailability value 

reported for propranolol (2, 10), which has been found to be dose dependant (2), through 
,. 

saturatit)ll of hepatic enzyme binding sites (48). The bioavailabilities ofmetoprolol and 

oxprenolol are slightly higher, at 50% (2, 3, 10) and 25-60% (10) respectively, and all 

values are listed in Table 1.7. Variations in reported bioavailability values may be due to 

concurrent intake of food (11, 49,50,51), differences in hepatocellular function or 

changes in liver blood flow (50), since these beta blockers are high extraction ratio drugs,' 

and thus display flow-dependent kinetics (47). 

1.3.4. Distribution 

The tissue distribution of all five candidates is typical of moderately lipophilic, basic 

compounds. Following oral absorption they are rapidly and extensively distributed 

throughout the body (18, 28). Their lipophilic nature enables ease of distribution across 

the blood-brain barrier and into the breast milk (2, 3, 10,26,27), although this occurs to a 

lesser degree for acebutolol and labetalol, when compared with metoprolol, propranolol 

and oxprenolol (10). These differences are more than likely a function oflipophilicity (3, 
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10,27,47). Although all five compounds cross the placental barrier, this is apparently not 

only a function of their lipophilic character (10). 

The apparent volume of distribution for each beta blocker is presented in Table 1.8. The 

relationship between volume of distribution and plasma protein binding is evident, in that 

a lower degree of plasma protein binding allows for increased distribution of free drug 
r- ~ 

beyond the systemic circulation, resulting in an increased apparent volume of 

distribution. High volume of distribution values indicate a large degree of binding at 

extravascular sites (10). 

The weakly basic nature of these drugs facilitates binding to alphal-acid glycoproteins, 

albumin and lipoproteins in blood plasma (10,26). The degree of such plasma protein 

binding varies greatly with changes in the blood composition and, more specifically, in 

the range and concentration of plasma proteins present. This phenomenon is evident in 

the variety of estimated protein binding values for acebuiolol, such as 11-20% (14, 10), 

50% (3), and 84% (32). Values reported for propranolol are more consistent, with a 

consensus of greater' than 90% (3,10,32,52), as are those for labetalol, of50% (3, 10, 

32,). The lack of agreement of acebutolol values suggests that this drug is in fact, not as 

highly bound as 84%, when determined in healthy volunteers. Reported values for 

metoprolol binding are approximately 12% (3, 10,32), and those for oxprenolol are 

greater than 80010 (10, 27). These values are summarised in Table 1.8. 

As the degree of plasma protein binding has an impact on the potential for dialysis of 

these compounds, this factor has also been incorporated into Table 1.8. 
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Table 1.8: Parameters Influencing the Distribution of Five Beta Blockers 

Acebutolol 1.0£\ 14 11-19 14 

Labetalol 5.6 10 

9 47 

Metoprolol 5.6 18 

5.5 10 

OxprenoloI 1.3 10 

Propranolol 44 

2.8-5.5 10 

.< SO 3 

84 32 

50 3,4, II, 32,47 

13 32 

12-14 3 

810 

80 27 

92 10 

>90 3,32,52 

Dialysibility 

Good 

None 

Good 
r- -

Not significant 

Not significant 

*plasma protein binding expressed as the percent of administered drug that is bound to proteins 

1.3.5. Metabolism 

Propranolol is primarily metabolised in the liver (2,53) t6 form at least eighteen 

metabolites (54). At least four of these metabolites show biological activity (54), 

although the full extent of their pharmacological contribution has not yet been verified 

(27, 53). Metoprolol undergoes extensive biotransformation (18, 28), with only 3% of the 

administered dose being excreted unchanged via the kidneys (10, 18). Similarly, 

labetalol, oxprenolol and acebutolol are hepatically converted to a large extent (3). 

Compounds with a high extraction ratio, such as propranolol and labetalol, are 

significantly affected, in terms ofthe rate and extent of metabolism, by factors such as 

hepatic disease, smoking and compounds that alter hepatic enzyme activity (10,11, 47, 

55). The decrease in hepatocellular functioning and plasma protein binding, and the 

change in hepatic blood flow associated with liver disease contribute to a reduction in 

hepatic clearance, however, it has been reported that no change in acebutolol clearance 

was observed in patients with liver disease (56). 

Reported metabolic pathways of these agents, include hydrolysis (8, 10), acetylation (8, 

10), oxidation (3, 10,27,49), N- and O-dealkylation (3, 27, 57), aliphatic and aromatic 

hydroxylation (3, 27, 57) and O-glucuronidation (57). The only metabolites of known 
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pharmacological activity are diacetalol, from the oxidation and acetylation oflabetalol (8, 

10,56), and 4-hydroxypropranolol from propranolol (4). Like all beta blocker 

metabolites, these active compounds are excrete4 renally, hence care must be taken when -. . 
dosing patients, not only with hepatic disease, but with impaired kidney function as well. 

1.3.6. Elimination 

All the beta blockers of interest are relatively short acting, with elimination half-lives 

(t1l2) ranging from 1 to 8 hours. The t1l2 values are summarised in Table 1.9. A small 

percentage of the parent compounds and all metabolites are excreted in the urine (10,27), 

although acebutolol, due to its lower lipid solubility, exhibits renal clearance to a greater 

extent than the other candidates (10). Elimination of some beta blockers is complicated 

by genetic polymorphism, in particular due to fast and slow hydroxylators (3, 10), 

however, the elimination half-lives of the drug candidates appear to be unaffected by age 

(10). 

Table 1.9: Elimination Half-lives and Elimination Mechanisms of the Five Beta Blockers , . 
Drug Candidate Elimination Half-life (t1l2) Degree of Hepatic Metabolism 

~ours) 10 

Acebutolol 3-4 ,4 60% 

Labetalol 5 2,3 90% 
8 13,47 

Metoprolol 3-4 2,28 90% 
3-7 18 

Oxprenolol 1-3 3,27 90% 
2-4 26,53 

Propranolol 3.5-6 2,3,4 90% 
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1.4. CLINICAL PHARMACOLOGY 

Oxprenolol, labetalol and acebutolol exhibit intrinsic sympathomimetic activity in 

addition to membrane stabilising activity (negative inotropic effects) by modification of 

the cell membrane, causing quinidine-like effects (53) such as non-specific cardiac 

depression and a decline in myocardial conduction velocity, as well as local anaesthesia 

(53., 58). Metoprolollacks both of these activities, while propranolol shows only 

membrane stabilising activity, with no evidence of any intrinsic sympathomimetic action 

(2,27,53). 

Metoprolol exhibits the highest degree of cardioselectivity of these compounds, having 

an affinity for the betal-receptors of the heart, with acebutolol showing some selectivity 

between betal- and beta2-receptors, and propranolol, labetalol and oxprenolol being 

completely non-selective (2). A summary of these properties, as well as the previously 

discussed drug activities, is presented in Table 1.1.0. 

Table 1.10: Cardioselectivity, Membrane Stabilising Effects and httrinsic Sympathomimetic Activity of 
Five Beta Blockers (4, 2, 3, 53) 

Drug Candidate Intrinsic 
Sympathomimetic 

Activity 
Acebutolol + 
Labetalol 0 / -
Metoprolol 0 / -
Oxprenolol + 
Propranolol 0 / -

Membrane Stabilising 
Effects 

+ 
o 
o 
+ 
++ 

+ = positive effect, - = negative effect and 0 = zero effect. 

1.4.1. Mode of Action 

Cardioselectivity 

+ 
o 
+ 
o 
o 

Beta blockers exert their effect by competitive antagonism of the betal-receptors, which 

are most prolific in the muscle tissue of the heart (2,3), thereby inhibiting the effects of 

endogenous catecholamines acting at these sites. Inhibition of these catecholamines 

results in a decrease in heart rate and cardiac output (52). In addition, by virtue of their 

betal-receptor blocking effect, these agents also inhibit renin production (2) causing 

inhibition of angiotensin n, a potent pressor agent through contraction of vascular smooth . 
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muscle and stimulation of release of epinephrine and nor-epinephrine (2). Since the 

selectivity of these drugs for the betal-receptors varies, some antagonism at beta2-

receptors may be observed at therapeutic doses., . 

1.4.2. Indications 

In general, beta blockers are used in the treatment of conditions that are characterized by 

excessive sympathetic nervous activity, such as hypertension, angina pectoris and cardiac 

arrhythmias (3, 4, 5,27,47, 52, 59,60). They are also prescribed orally, for the initial, and 

long-term management of myocardial infarctions (3, 5,47,60), as well as in alcohol 

withdrawal (3), anxiety states (3, 4,5,27), migraine prophylaxis (4, 3), hyperthyroidism 

(3,4, 5) and essential tremor (3,4). Topically, they may be used for ocular hypertension 

and chronic open-angle glaucoma (3,5, 10,27,47,61). 

1.4.3. Contra-Indications 

As is the case with any medication, a known hypersensitivity to these beta blockers ls an 

absolute contra-indication. In addition, contra-indications include atrioventricular block, 

heart failure, severe bradycardia (less than 50 beats per minute), sick-sinus syndrome, 

cardiogenic shock, moderate to severe heart failure, a systolic blood pressure ofless than 

100 mmHg and myocardial infarct patients with a heart rate of less than 45 beats per 

minute (3,4, 45). 

1.4.4. High Risk Patient Groups 

As some beta blockers are non-selective and cardioselectivity is frequently dose­

dependent, antagonism of beta2-receptors, located in the lung, is often seen during beta 

blocker therapy, as mentioned previously. Beta blockers must therefore be used with 

caution in patients with asthma, bronchitis and chronic respiratory disease, due to the 

tendency of these agents to cause bronchial constriction, and subsequent airway 
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resistance (2, 3, 5,45,52). Metoprolol is an exception, as it is the most cardioselective of 

all beta blockers (3,28). 

Caution with beta blocker therapy is also advised in patients with Raynaud's syndrome 

and peripheral vascular disease, due to the hypotensive effects of these drugs (4, 45). 

Beta blockers affect carbohydrate metabolism (2, 52), although the mechanism is not 

entirely clear and this is known to impair recovery from hypoglycaemia. In addition, they . 
mask the symptoms of hypo glycaemia such as peripheral tremor, therefore these agents 

must be used with therapeutic monitoring in patients suffering from type 1 diabetes 

mellitus (2, 5, 45). 

As these drugs are primarily metabolised in the liver, caution must be exercised when 

prescribing for patients with hepatic impairment. In such cases doses should be reduced 

(27), although a study conducted by Zaman et al (56) suggests that the pharmacokinetics 

of acebutolol are not significantly affected by liver disease. Elderly patients have been,. 

shown to exhibit reduced liver blood flow and a reduction in functional hepatic cells, and 

therefore have a slower clearance rate of beta blockers (47). This effect however, is not 

deemed to be clinically significant (47) although caution in these populations is 

suggested. 

Similarly, patients with renal impairment may exhibit reduced hepatic enzyme activity 

due to uraemia, and since some renally cleared metabolites exhibit therapeutic activity, 

doses may need to be reduced (10). 

Although these drugs have the potential to cross the placenta, they are acceptable for use 

during pregnancy (4, 47, 62). 
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1.4.5. Drug Interactions 

Drug interactions of a pharmacodynamic and a pharmacokinetic nature have been 

reported (3, 10,32,55), although the latter is deemed to be ofless clinical importance due 

to the reportedly weak in vitro lin vivo correlation (NIIVC) between average population 

plasma concentrations and therapeutic outcomes (3). 

Pharmacodynamic interactions arise either from the modification of the beta blocking 

effect, or from increased toxic effects of the selected drugs (3). Cimetidine and other 

enzyme inhibitors impair the hepatic metabolism of various beta blockers and therefore 

increase plasma concentrations (3, 55), whereas compounds such as rifampicin, an 

enzyme inducer, will lower plasma levels by inducing enzymatic breakdown of these 
.... >f<."- _ _ 

agents (3). Calcium Ghannelblockers, such as verapamil and diltiazem, through 
.... #.,;.o::~ , .• '''". ..,. • ~"". _ 

antihypertensive effects of their own, may potentiate the beta blocking effects, resulting 

in suppression of heart rate, A-V conduction and myocardial contractility (5). 

1.4.6. Side Effects 

The most commonly encountered adverse effects of beta blockers are postural 

hypotension (4), bronchospasm (4,5), fatigue (3,4,5), headache (45), dizziness (4, 45), 

vertigo (45), coldness of the extremities (45), sleep disturbances (4) and bradycardia (4, 

3). Nausea, vomiting and gastralgia have also been observed (4, 45). Such reactions are 

more commonly associated \,\7ith intravenous dosing, than with oral therapy, however, 

these have also been reported with ocular dosing (2, 3, 63). 

1.4.7. Adverse Drug Reactions 

Serious adverse effects associated with these agents are generally related to their beta 

antagonistic effect, and hence involve the c;~diovascular and respiratory system (2, 3). 

Examples of these reactions may include heart failure, heart block and bronchospasm (2, 

3,4), and are most prevalent in patients with underlying cardiac disorders (2,3). 
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Other undesirable reactions may include central nervous system effects, particularly with 

highly lipophilic compounds (2, 26), and include'depression, hallucinations, confusion 

and sleep disturbances (3, 45). Further reactions may include pulmonary disease (3, 45), 

gastro-intestinal disturbances, dermatological conditions (3, 45,64,65,66,67), ocular 

symptoms (3,45), urogenital disturbances (45, 67), haematological reactions-(4J, 5), 

metabolic changes (3, 45), and a possible association with auto-antibody production (65). 

Overdose with beta blockers may cause coma and convulsions (3). Isoprenaline has been 

proven, effective against bradycardia and hypotension associated with overdosing of 

acebutolol (10) . 

.. .. Abrupt withdrawal of these agents may precipif!tte attacks of angina, and can lead to 
~~~:~~ ,,~ ~~OI".~ ~ 

sudden death. This occurs most frequently in patients with ischaemic heart disease, 

possibly due to up-regulation of beta-receptors (2,'3, 5). Following withdrawal, rebound 

hypertension and overshoot hypertension may occur (3), thus tapering of doses or 

controlled withdrawal is recommended (2). 
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CHAPTER TWO 

DEVELOPMENT AND VALIDATION OF AN.IDGH PERFORMANCE LIQUID 

CHROMATOGRAPIDC METHOD FOR THE DETERMINATION OF FIVE 

BETA BLOCKER DRUG CANDIDATES 

2.1. INTRODUCTION 

High performance liquid chromatography (HPLC) is an analytical tool for separating and 

isolating compounds based, in part, on their physico-chemical properties. It is 

"acl~~.~ol].er thin layer chromatography as it offers a wide variety of stationary 

phases "and thus h~ a broader analytical capability. In addition, the technique enables 

complete control over mobile phase flow rate and analyte elution, a high degree of 

resolution of compounds, and is compatible with a variety of detection methods (68). 
: - .... _. ,~"'-; . . .. --

. -.' 

HPLC·is applicable to compounds such as macromolecules or thermolabile substances, 

that cannot be determined using gas chromatography (GC), for which volatility of the 

analyte is a prerequisite (68), as this is not required with HPLC, which can be carrie~(;)Ut 

. at room temperature. Liquid chromatography techniques that have been developed 

include reversed-phase, ion-exchange, hydrophilic-interaction, hydrophobic-interaction 

and size-exclusion chromatography (69). Reversed-phase HPLC (RP-HPLC) brings 

about separation of compounds according to their polarity, with relatively non-polar 

molecules having a high affinity for the non,:,polar stationary phase, thus being retained 
,. 

on the column for longer, and those of a high polarity eluting more rapidly with the 

mobile phase (68, 70). RP-HPLC is the most widely used liquid chromatographic 

procedure for the analysis of drug molecules (70). 

HPLC stationary phases include adsorbents such as silica, polymeric subtances, alumina, 

styrene-divinylbenzene,'inethacrylate and graphitised carbon, with silica the most 

commonly used for analytes oflow molecular weight (less than 1000 glmol) (69). The 

physical structure of the stationary phase comprises molecules that are covalently bound 

to the surface of the silica particles forming a uniform monomolecular layer, which is 

chemically stable. This binding process~ called silanisation, results in a variety of 
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stationary bonded phases, and produces long chain aliphatic silane groups, of which 

several derivatisations are possible, affording the analyst a multiplicity of options to solve 

analytical issues (68, 69). 

Mobile phase compositions usually include an aqueous phase, that mayor may not be 

buffered, and an organic modifier, such as methanol or acetonitrile, to alter the eluting 

strength of the solvent (68). The retention of compounds on the column may be 

controlled by manipulation of the ratio of these components, and by the addition of other 

agents, such as ion-pair salts. Generally, isocratic systems make use of a single mobile 

phase, while gradient methods vary the mobile phase composition as elution proceeds. 

2.2. EXPERIMENTAL 

2.2.1. Reagents 

All reagents used were at least of analytical grade. HPLC grade water was obtained from 

a Milli-Ro ® 15 water purification system (Millipore, Bedford, USA) that consisted of a 

Super-C® Carbon cartridge, two Ion-~ ion-exchange cartridges and an Organex-Q® 

cartridge. Two brands of acetonitrile, distilled in glass, were used, Acetonitrile 200 far 

UV Romil-SpS® Super Purity Solvent (Romil LTD, Waterbeach, Cambridge) and 

Acetonitrile B&J ACSIHPLC Certified Solvent (Burdick and Jackson, Michigan, USA). 

Ortho-phosphoric acid (85%) was purchased from Merck, and Sodium hydroxide pellets 

from Vivid Air. All solvents, both organic and aqueous, were filtered thro~gh a 0.45 !lm 

Durapore ® HVLP membrane filter (Millipore, Ireland) before use. 

Standards were purchased from Sigma Chemical Co. (St. Louis, MO) and included 

metoprolol tartrate, labetalol hydrochloride, acebutolol hydrochloride, propranolol 

hydrochloride, pentanesulfonic acid, heptanesulfonic acid and octanesulfonic acid, and 

since no analytical standard for oxprenolol hydrochloride was obtained, the bulk drug 
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purchased for tablet manufacture from Sifavitor s.p.a. (Italy) was used for HPLC 

analyses. 

2.2.2. Preparation of Stock Solutions 

Approximately 37.5 mg of the analyte of interest was accurately weighed into a 250 ml 

volumetric flask and made up to volume with water, to produce a stock solution of 150 

p,g/ml. This was covered in foil and left to stand for 10 minutes, to ensure complete 

dissolution, after which, the required standard solutions (30, 60, 90 and 120 ~g/ml) were 

prepared by dilution of this stock solution. An internal standard solution was then added 

to each analyte solution, in the ratio of 1 part internal standard to two parts analyte (v/v). 

2.2.3. Preparation of Buffers 

A O.OIM phosphate buffer was prepared by accurately pipetting 0.68 ml of ortho­

phosphoric acid 85% into aIL volumetric flask and making up to volume with HPLC 

grade water. Adjustment to pH 4 was achieved by the addition of sodium hydroxide' .. 

pellets, while monitoring the pH using a Crison pH meter (Crison, Lasec, RSA). 

2.3. LITERATURE REVIEW 

A summary of all relevant information extracted from the literature pertaining to the 

analysis of the compounds of interest is presented in Table 2.1. It is evident from the 

table that the most commonly used aqueous component is a phosphate buffer, usually of 

pH 3, making up the major portion of the mobile phase. The organic modifier most often 

incorporated is acetonitrile, either alone or in combination with methanol. CI8 phases 

appear to be the most popular stationary phase for the analysis of these compounds, and 

those used vary in both the column and particle dimensions. Ultraviolet 

spectrophotometry is the most commonly used method of detection, at wavelengths 

between 200 and 300 nm, and almost all methods reported were performed at room 

temperature. 
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Table 2.1: ChromatoSEa£hic Conditions ofHPLC Methods Cited in the Literatme 

Analyte(s) Column Mobile Phase Flow Detection A TO Ref. 
Rate ,Method (nm) 

~mUmln2 

OXP&PROP 100 X 8 mm 1 0 ~m, ~Bondapak CN. 0.05M phosphate buffer pH 3, acetonitrile, 5 UVabs 272 25°C 36 
methanol (76:15.6:8.4 v/v/v). 

ACE,LAB, 125x4rum5 f!mCN. Phosphate buffer pH 3 (f! 0.05), acetonitrile UVabs 220 25°C 71 
MPT,OXP& (90: 10 v/v), or Phosphate buffer pH 3 (ll 0.05), 224 
PROP acetonitrile (80:20 v/v). 235 

ACE,MPT, 250 x 4.6 rum 5 f!m C2. Sodium chloride buffer (0.0005M HCI, 0.05M l.2 UVabs 220 25°C 72 
OXP&PROP NaCl), methanol (65:35 v/v). 254 

ACE,MPT, 150 x 4 rum 5 llm C18, O.IM Tris buffer pH 7.4, methanol (20:80 v/v). 1 UVabs 326 25°C 73 
OXP&PROP 250 x 4 rum 5 f!m C 18, 275 

150 x 3.9 rum 10 llm CIS, 274 
150 x 4.1 rum 5 llm PRP-l and 290 
150 x 3.9 rum 10 llm llBondapak C18. 

OXP 125 x 4 rum 51lm C18. Sorenson phosphate buffer with 2% triethylamine 0.8 UVabs 224 25°C 39 
pH 3, acetonitrile (30:70 v/v). 

PROP 100 x 6 rum 5 llm CIS protein-coated O.IM citrate buffer pH 4, acetonitrile (78:22 v/v). 2 Spec- 297 25°(: 74 
cartridge. flourim. 347 

PROP 300X4rumCN. 0.01,0.02 and 0.04M sodium acetate buffers pH 4, 2 Spec- 276 25°C 75 
5, 6, 7 and acteonitrile (30:70 v/v). flourim. 

MPT,OXP& 300 x 3.9 rum 10 llm CIS IlBondapak. 10mM phosphate buffer pH 3, acetonitrile, UVabs 254 25°C 76 
PROP methanol (70:15:15 v/v/v). 

OXP 100 x 2 mm CI8 hypersil. Phosphate buffer pH 3 (20mM sodium lamayl 0.5 UVabs 220 25°C 77 
sulphate, lOmM disodium hydrogen phosphate), 
acetonitrile (50:50 v/v). 

MPT SAS hypersil No.4 0.02M phosphate puffer pH 3 with 1 % UVabs 230 30°C 78 
Eentanesulfonic acid, acetonitrile (80:20 v/v). 

" 
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-------
2.4. CHROMATOGRAPIDC CONDITIONS 

The following conditions were selected for the separation and quantitation of the beta 

blockers under investigation, and a description of the optimisation process for each 

component is presented in Section 2.5. 

Temperature: 25°C 

Flow Rate: I ml/minute 

Sensitivity: 0.1 AUFS 

Detection Wavelength: 220 nm 

Mobile phase composition: O.OIM phosphate buffer pH 4 with octanesulfonic acid 

(0.01M), acetonitrile, methanol (80:36:7 v/v/v) 

Column: Merck LiChrospher® 60 RP-Select B, 5 !-1m, in 

LiChroCART® 125-4 (Merck, Darmstadt). 

Detector: Spectrachrom® UV-lOO absorbance detector (variable 

wavelength) (Thermo Separation products, San Jose?" 

California). 

Pump: 

Injector: 

Recorder: 

SpectraSERIES® PlOO pump (Thermo Separation products, 

San Jose, California). 

Waters WISP® 710B autosampler (Waters Associates, 

Milford, MA, USA). 

Perkin-Elmer 561 recorder (Hitachi, Ltd. Tokyo, Japan). 

27 



r- -

Figure 2.1: Representative chromatogram showing the separation of ACE (1), MPT (2), OXP (3), LAB (4) 
and PROP (5), with a mobile phase ofO.01M phosphate buffer pH 4 with OSA (0.0 1M), acetonitrile, 
methanol (80:36:7 v/v/v). 
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2.5. METHOD DEVELOPMENT 

2.5.1. Introduction 

An isocratic RP-HPLC method for the simultaneous determination of the five selected 

beta blocker candidates was developed and validated. In order to develop an analytical 
~- -

method various issues need to be addressed, such as the intended application of the 

method and therefore the requirements in terms of sensitivity, selectivity and range 

amongst others. Parameters such as linearity, precision and accuracy are inconsequential 

to the method choice since they are fundamental to the success of all analytical methods. 

Further factors for consideration when selecting chromatographic conditions are the type 

of analytes and any compounds that may be co-eluted such as degradation products and 

impurities. In addition, sample pre-treatment may affect the outcome of the analysis. 

A description of the contributing variables and the selected HPLC conditions is presented 

here. The most significant of these variables is the mobile phase composition. The 

development of a single mobile phase for the detection and quantitation of all drug 

candidates in this study broadens the practical applicability of the method, as well as 

improving operating efficiency and simplicity. In seeking FDA approval, analytical 

methods capable of determining a group of compounds, rather than a single compound, 

are generally given preference, due to wider applicability (79). In this case, the 

development of such a method was undertaken in order to accommodate ease of analysis 

of any of the drug candidates consecutively, therefore minimising analytical downtime 

caused by switching of columns and mobile phases. 
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2.5.2. Mobile Phase Selection 

2.5.2.1. Overview 

Analytical procedures 'published in the literature'include methods to detect and quantitate 

single beta blockers, or for multiple drug analysis (36, 39, 71, 72, 73, 74, 75, 76, 77, 78). 

Many documented cases for more than one drug however, used a different mobile phase 

or detection wavelength for each drug of interest, since they did not achieve satisfactory 

separation or sensitivity while eluting all compounds using an isocratic method (71, 72, 

73). The analytical method developed in this laboratory is applicable to all five drug 

candidates under investigation, with no alteration of the mobile phase composition or 

wavelength switching necessary. Resolution between peaks was important for the 

detection of cross contamination during manufacture, and also to facilitate the use of one 

drug candidate as an internal standard for another. In this way, the accuracy and precision 

of the method was also improved. 

The initial mobile phase selection was based on the published literary sources. Various,. 

buffers have been used as the aqueous component, however, phosphate bufferappeaied 

to be the most common of these, and due to the availability of reagents in our laboratory, 

a phosphate buffer was selected for this method development. Reports in the literature 

reveal efficient and successful elution of beta blockers at a variety of different buffer 

pH's (36, 39, 71, 72, 73, 74, 75), therefore this was investigated during optimisation of- . 

this HPLC method and the results are presented in Section 2.5.2.5. Buffer molarity was 

also found to vary between methods (36, 39, 71, 72, 73, 74, 75), hence this parameter was 

also assessed, as described in Section 2.5.2.2. 

Acetonitrile and methanol have been frequently used as organic modifiers (36, 39, 71, 72, 

73, 74, 75, 76, 77, 78), either alone or in combination. Acetonitrile was used in this, 

method to facilitate rapid elution of the compounds of interest. The effect of different 

proportions of this solvent on the retention time of the beta blockers was assessed, to 

optimise the mobile phase composition. Silica based columns often produce peaks of 

poor symmetry for moderately hydrophobic compounds such as these beta blockers when 
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only acetonitrile is used as the organic modifier, therefore methanol was added, as it 

tends to improve peak symmetry, and enhance separation (76). Methanol content was 

kept to a minimum however, due to the retentive effect that it has on the beta blockers 

studied (76). 

Adequate separation of all five candidates was achieved on a Merck LiChrosper@ 60 RP­

Select B 125 x 4 mm column, and the order of elution was ACE, MTP, OXP, LAB and 
r- ':': 

finally PROP. A typical chromatogram using the optimised mobile phase is shown in 

Figure 2.1. The extent of retention of these compounds, and the subsequent order of 

elution, is in part, a function of their lipophilicity and oil/water partition coefficient (25), 

with which a direct relationship exists (see Table 1.4.). This order of elution is in 

agreement with other reported HPLC methods (25, 76). Baseline resolution between 

peaks was poor for the initial mobile phase compositions evaluated, and to improve 

resolution, alkyl sulfonates were added as ion-pair reagents. In addition, manipulation of 

the acetonitrile content was used to optimise the overall run time. The aim of these 

experiments was to optimise separation, such that a practically acceptable retention time 

for all beta blockers was achieved. 

2.5.2.2. Effect of Buffer Molarity 

The effect of increasing buffer molarity was evaluated using three different mobile pha~e_ 

compositions. The first contained a phosphate buffer pH 3, acetonitrile and methanol 

(80:20:7 v/v/v), and the second and third consisted ofa buffer of pH 4 with and without 

an ion pair reagent (octanesulfonic acid O.OlM) respectively, and acetonitrile and 

methanol in the proportions 80:36:7 (v/v/v). Figure 2.2 shows the retention time of 

PROP, and therefore the overall retention time of a mixture of the beta blockers, since 

this compound elutes at the longest retention time of all compounds. It demonstra~es that 

increasing the buffer molarity resulted in subsequent increases in retention time of the 

beta blocker candidates for all three mobile phase compositions evaluated. 
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Figure 2.2: PROP retention time versus buffer molarity for three different mobile phase compositions. 

Since increasing the buffer molarity resulted in longer run times; the buffer oflowest 

molarity, O.OlM, was selected for use in this study, to maintain efficiency of the 

analytical process. All buffer molarities used in the absence of an ion-pair reagent, gave 

poor resolution of peaks, thus retention time was the only factor considered in the 

selection of buffer molarity in these experiments. 

2.5.2.3. Addition of an Ion-Pair Reagent 

Due to poor resolution between ACE and MTP, the first two peaks to elute, an ion-pair 

agent was introduced to lengthen the retention time of the analytes and improve peak 

separation. The increased retention time ofthe analyte is brought about by retention of 

the ion-pairing agent, which acts as a counter-ion for the charged analyte, binding the 

analyte by a reversible association (70). In effect the counter-ion neutralises the charge of 

the analyte and decreases its surface polarity, thus increasing its lipophilicity and 

potential for binding to hydrophobic stationary phases (70). 

Three apolar alkyl sulfonates were assessed for their potential ability to increase retention 

times. The compounds investigated were pentanesulfonic acid (PSA), heptanesulfonic 

acid (HSA) and octanesulfonic acid (OSA), each containing a different carbon chain 
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length, and therefore producing different results with respect to peak resolution and 

overall retention time. Table 2.2 shows the observed trends in retention time and peak 

resolution for all beta blocker candidates with different ion-pair reagents compared with 

the same mobile phase with no ion-pair additi?n. It is evident that HSA has the greatest 

retentive effect and therefore produces the most favourable baseline resolution. A short 

retention time with high resolution was desired, therefore HSA was not an ideal additive, 

since it produced an unacceptably long run time. Conversely, PSA produc~d a desirable 

retention time but lacked adequate baseline resolution, therefore a compromise between 

peak resolution and a short run time was made, and OSA was selected as the ion-pair 

reagent of choice. 

Table 2.2: Effects of Ion-Pair Reagents (O.OIM) on Beta Blocker Retention Time and Peak Resolution 
PSA HSA OSA 

Run Time i iii ii 
Resolution i iii ii 

To optimise the method further, the impact ofthe molarity of ion pair reagent was 

assessed by comparison of retention time. Mobile phases containing O.OOM, 0.005M and 

O.OIM OSA were prepared comprising O.OIM phosphate buffer pH 3, acetonitrile and 

methanol (80:22:7 v/v/v). As is evident from Figure 2.3, showing the run time of PROP, 

increasing the ion-pair molarity caused a marked increase in retention time. Baseline 

resolution of peaks was achieved at all concentrations studied. 
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Figure 2.3: PROP retention time versus concentration of OS A in the aqueous portion of the mobile phase 
O.OIM phosphate buffer pH 3, acetonitrile and methanol (80:22:7 v/v/v). 
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Although adequate resolution of all peaks of interest was achieved, an analytical run time 

in excess of80 minutes (see Figure 2.3) is unacceptable for routine quality control and 

quality assurance ofthese compounds in products, therefore the acetonitrile content was 

adjusted in order to shorten the elution time. 

2.5.2.4. Effect of Acetonitrile Content 

The effect of acetonitrile content was evaluated and the results show that a sUDstantial 

increase in the acetonitrile content was required in order to shorten the overall run time of 

a mixture of all five drug candidates to a practically acceptable time. As seen in Figures 

2.3 and 2.4, the mobile phase of(80:22:7 v/v/v) O.OlM phosphate buffer pH 3 with OSA 

O.OIM, acetonitrile and methanol (ie 20% acetonitrile), eluted PROP, the most retained 

compound, within 83 minutes. However, when the proportions were changed to 80:36:7 

(v/v/v), thus increasing the acetonitrile content to apprmc.imately 29%, the retention time 

decreased to 11 minutes, as shown in Figure 2.4. Further increasing the acetonitrile 

content to 33%, the proportions 80:42:7 (v/v/v) produced a run time of7 minutes, 

however baseline resolution between the first two peaks was not achieved and thus 33,:0 

acetonitrile was not acceptable. Consequently, a mobile phase of proportions 80:36:7 

(v/v/v) (buffer, acetonitrile, methanol) was selected as the mobile phase of choice for 

these beta blockers. 
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Figure 2.4: PROP retention time versus percentage acetonitrile in the mobile phase O.OIM phosphate 
buffer pH 3 with OSA O.OlM, acetonitrile and methanol (80:22:7 v/v/v). 

34 



2.5.2.5. Effect of Buffer pH 

Silica packed columns show optimum stability and performance at pH values above 2 

(69). The mobile phase compositions thus far have contained buffers of pH 3, which is 

near this limit for acceptable maintenance of th~ column used. Therefore, a variety of 

higher buffer pH's were investigated. A mobile phase composition ofO.OlM phosphate 

buffer with OSA O.OlM, acetonitrile and methanol (80:42:7 v/v/v), was used at pH's 

ranging from 3 to 6. At all pH's, poor resolution of the peaks of interest occurted due to 

the high acetonitrile content, however, despite the poor resolution, an indication ofthe 

effect on retention time was obtained, and is depicted in Figure 2.5. At pH 3 and 4 an 

optimum retention time was achieved, and in general, higher pH's resulted in prolonged 

retention of all the beta blockers. Since pH 3 and 4 produced equivalent retention times, 

and since pH 4 is more suitable for optimum maintenance of this column, it was selected 

as the buffer pH of choice for the mobile phase and for future analyses. 
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Figure 2.5: PROP retention time versus buffer pH for a mobile phase ofO.OIM phosphate buffer with OSA 
O.OIM, acetonitrile and methanol (80:42:7 v/v/v). 
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2.5.2.6. Mobile Phase Selection 

The final mobile phase selected, that ensured optimum detection and quantitation of the 

five drug candidates, consisted of an aqueous component ofO.OIM phosphate buffer pH 

4, with O.OIM octanesulfonic acid, and organic modifiers acetonitrile and methanol, in 

the proportions 80:36:7 (v/v/v). 

2.5.3. Column Selection 

The column selected for analysis was the LiChrospher@ 60 RP-Select B, 5 j.LITl 

LiChroCAR'T® 125-4 from Merck. The stationary phase consists of a spherical silica 

packing, resulting in improved packed bed stability, lower back pressure and superior 

analytical performance than columns packed with irregular silica particles (69). Silica is 

t~rmed a general purposesorbent which is commonly used for RP-HPLC packings, one 
.... -.1.. -

reason being its compatibility with a broad range of polar and non-polar organic solvents 

(69). Silica displays more favourable surface chemistry and pressure capabilities than 

oth~r packings (69), and it is said to be superior due to its porous nature (80). A major 

disadvantage however, is its limited stability in aqueous alkaline media, thus restricting 

analysts to using mobile phases of between pH 2 and 8 (69). 

A pore volume of 0.5 mI/g is said to be extremely rugged, however 1 mIlg is acceptable - -

for normal analytical applications (69). The specific pore volume of this column is 0.85 

mllg, the specific surface area 700 m2/g, and the medium pore size is 60 A or 6 nm (80), 

which is recommended for molecules with a molecular weight below 3000 glmol (69) 

and is therefore suitable for the beta blockers in this study. 

The RP-Select B column is an octyl derivative that is specifically designed for the 

reversed-phase separation of basic compounds (80). The retention time, peak symmetry 

and selectivity of basic compounds are all affected by the silica matrix, therefore specific 

column packings are required to prevent secondary interactions (silanophilic interactions) 

between the positive charge on the basic analyte and the unbound silanol groups of the 
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stationary phase. The column used in these studies contains an endcapped stationary 

phase, which contains unreactive trimethylsilyl moieties instead of the charged silanol 

groups of normal silica packed columns, therefote·it is suitable for the analysis of basic 

compounds. Tailing of peaks is minimised with these types of columns (69) and as the 

beta blockers included in this study have been reported to show tailing and poor 

separation of peaks with normal silica packed columns (76), the use of this RP-SelectB 

column was likely to enhance the method of analysis of the drugs of interest. 

Silica packings of 5 11m particle size are standard for routine HPLC applications due to 

short equilibration and analysis times (80), and the LiChroCART® is a standard cartridge 

that can be applied to most analytical methods. The column length to particle size ratio 

may be used to give an indication of the performance ofa column, with a ratio of 
-~,'~~;~ 

approximately 30000 recommended for normal analysis (69). In this case the column 

length is}25 rnm, resulting in a column length to particle size ratio of25000, in which 

elution is slightly faster than average. The column length not only has an impact on the 

analysis time, but also on the back pressure and column efficiency. Generally, the lo?get 

the column, or the smaller the particle size diameter, the greater the maximum plate 

count, and therefore the efficiency (69). This is due to an increase in the surface area of 

the stationary phase available for interaction with eluting compounds (68). This column 

has an internal diameter of 4 mm and a column volume of 1,571 ml (80). 

2.5.4. Method of Detection 

Selection of an optimum detection system for any analytical method depends, to a large 

extent, on the physicochemical properties of the analyte(s) of interest, as well as the 

required sensitivity of the system (68). For HPLC analysis, UV-spectrophotometric, 

fluorescence, refractive index and electrochemical detectors are most often used (68). 

The most commonly used methods of detection for analysis of beta blockers include UV­

spectrophotometric and fluorescence detection (36, 39, 71, 72, 73). Since none of the 

compounds of interest are reported to display photoluminescence, spectroflourimetry was 
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eliminated and ultraviolet (UV) spectrophotometry was selected as the detection method 

of choice. 

The beta blockers selected for this study all absorb energy in the presence ofUV 

irradiation, as described in Section 1.2.7, with absorption maxima between 200 and 300 

nm. The molecular structure of each analyte, in particular the phenyl ring, resul1:s in the 

occurrence of electronic transitions, and thus substantial UV absorption when exposed to 

light of220 nm (22), such that adequate sensitivity was achieved for all drug candidates 

at this wavelength. A wavelength of220 nm was therefore selected as the detection 

wavelength for all five beta blockers. 
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2.6. METHOD VALIDATION 

2.6.1. Introduction 

According to current Good Manufacturing Practice (cGMP) regulations, any analytical 

method must meet the proper standards of accuracy and reliability (16) and must 

therefore be appropriately validated prior to use. Validation has been defined-as-the 

pr2cess of determining the suitability of a measurement system for providing useful 

analytical data (79), and is essential in order to ensure that the method meets the 

requirements for its intended application, with the necessary reliability and 

reproducibility (16, 81). 

For an HPLC method to be accepted as a useful analytical tool, it must be validated 

j,ccord.ing to international scientific standards. Standard guidelines apply to all analytical 
.p-.- . 

systems, however, the requirements for validation may vary depending on the origin and 
-,... .. 

the intended application of the method. Various protocol guidelines are in place for 

validation procedures as recommended by bodies such as the International Conferenc€? on 

Harmonisation (ICH), IUP AC, and the !Food and Drug Administration (FDA) (79). 

Approval of an analytical method by the FDA requires a demonstration of accuracy, 

precision, sensitivity, specificity, linearity and recovery (81), however, the USP 24 (16) 

differs slightly in that it recommends the establishment of accuracy, precision, specificity, 

linearity and range, for compounds that fall into "Category 1" (Analytical methods for 

quantitation ofmajor components of bulk drug substances or active ingredients in 

finished pharmaceutical products), such as these drug candidates (29). This analytical 

method was validated according to the recommendations of both of these bodies, instead 

of a full collaborative trial, as is recommended for methods developed in-house (79). In 

addition to the parameters listed above, limit of detection and quantitation, as well as the 

stability of the analyte in the dissolution media, were established, however recovery was 

not assessed, since samples required minimal pre-treatment. Validation was carried out 

using another beta blocker as an internal standard, added one part to two parts analyte 
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solution, and the ratio of peak height of the analyte of interest to that of the internal 

standard response was used to interpolate a concentration value. 

2.6.2. Linearity 

Linearity is a test that demonstrates the direct proportionality of a quantitative response to 

the concentration of analyte within the range of analysis (16, 82, 83) and was -therefore 

assessed over the range of concentrations expected for analysis, using a standard 

calibration curve. In UV spectrophotometry it is important that the absorptive response 

follows the Beer-Lambert law over the range of concentrations analysed, therefore 

linearity must be shown. 

In keeping with ICH recommendations (16), five calibration standards containing one 

drug and an internal standard were injected in ascending order of concentration, using 

five repeated samples, and the responses obtained were compared with the theoretical 

concentrations of the prepared standard solutions, using linear regression analysis. This 

analysis was performed for each beta blocker. Correlation coefficients between 0.999 and 

1 may be used to state that linearity exists and to show the presence of a direct response­

concentration relationship (82). Correlation coefficients obtained in this study are 

presented in Table 2.3, demonstrating that a linear relationship exists for these beta 

blockers over the concentration range studied. 

Table 2.3: Calibration Functions Calculated for Linearity Assessment 
Drug 
ACE 
LAB 
l'.1PT 
OXP 

PROP 

Internal Standard 
MPT 
ACE 
ACE 
ACE 
ACE 

Slope 
0.0094 
0.0157 
0.0213 
0.0124 
0.0110 

Intercept 
-0.01l7 
-0.0113 
0.0162 
0.0039 
-0.0239 

0.9999 
0.9999 
0.9999 
0.9999 
0.9999 

Using the data presented in Table 2.3, a second graph was plotted, in which the 

theoretical concentration, and the ratio of response to corresponding concentration was 

plotted for each drug. This type of plot is reported to give a better indication oflinearity 

over the concentration range studied, than linear regression analysis (83). These plots are 
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represented in Figure 2.6, with the region of significant similarity indicated by the limits 

shown. The region of interest is calculated using the standard deviation and the average 

response: concentration ratio of the calibration standards. For all drug candidates except 

OXP, at least three data points fall within this region, showing acceptable similarity. For 
-~ -

OXP, the standard deviation was comparably smaller than for the other drugs, resulting in 

these values lying outside of this region, therefore in spite ofthis, the values obtained 

were considered acceptable, since their outlying nature is a function of a small standard 

error, rather than decreased linearity. 
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Figure 2.6: Plots of response : concentration ratio versus concentration for each of the drug candidates. 
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2.6.3. Precision 

Precision is a measure of the extent of agreement between repeated injections of a 

homogenous sample (16, 83). The precision or trueness of results is a fundamental 

validation test for any analysis since all official or approved methods of analysis are 

required to include the assessment and quantification of precision, which is an indication 

of the repeatability and reproducibility of a method (79). 

2.6.3.1. Repeatability 

Repeatability, a measure of intra-day variation, demonstrates the ability of a method to 

withstand experimental variation to a small degree and over a short time interval (82), 

andwas therefore carried out within one day. Repeatability was assessed for each drug 

candidate separately. Five known standards were injected with an internal standard, in 

ascending order of concentration, for each drug, over a concentration range of30 to 150 

Ilg/ml, and this procedure was repeated five times. The ratio of analyte to internal 

standard peak height was determined and the percent relative standard deviation (%RSD) 
f 

at each concentration was calculated and used to provide an indication of the repeatability 

of the system. 

A reported acceptance criterion for both repeatability and reproducibility of biological· 

assays is less than or equal to 15% RSD (82), therefore, considering that samples for 

analysis in this study are not subject to as high a degree of sample matrix pre-treatment 

and interference, the threshold for acceptability of both parameters was set at less than or 

equal to 5% RSD. The results reported in Table 2.4. indicate that, according to this limit, 

the method is acceptable in terms of intra-day variability. 
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Table 2.4: %RSD Values for Repeatability and Reproducibility Assessment. 
Drug Repeatabmty. 

ACE 
LAB 
:MPT 
OXP 

PROP 

2.6.3.2. Intermediate Precision 

Higbest %RSD Value 
1.4258 
1.0553 
1.6337 
0.8861 
1.4519 

Reproducibility 
Higbest %RSD Value 

1.7028 
1.6134 
1.5385 
1.5829 
2.74'76 -

Intermediate precision, or inter-day variability, reflects the reproducibility of an 

analytical method and was assessed over five days, in order to introduce a larger variety 

of experimental conditions over a longer time period than used to ascertain repeatability. 

Interinediate precision was demonstrated by injecting solutions offive different 
, .. ~;-_.p:7_: 

concentrations of each drug separately, with an internal standard, on five consecutive 

days. The %RSD values were calculated and are presented in Table 2.4. These results fall 

within acceptable limits of reproducibility for this method. 

The slope of each group of calibrators used in the linearity assessment, and its variance, 

may also be used to demonstrate the reproducibility of the detector signal in time (82). 

The slope of each set of standards injected for both the repeatability test and the 

reproducibility test were calculated and the mean value for each of the two assessmentS,- . 

as well as the %RSD, were calculated. Within-day and between-day variation due to 

detector signal are reported in Table 2.5, and show that all %RSD values fell below 2%, 

and although no official acceptance criteria were found, the results reveal that these data 

were acceptable for reproducibility. 

Table 2.5: Slope and %RSD Values for an Indication of Precision 
Drug Repeatability 

mean slope slope %RSD 
ACE 
LAB 
:MPT 
OXP 
PROP 

0.0094 1.12 
0.0157 0.87 
0.0213 1.56 
0.0124 0.83 
0.0110 1.16 
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Reproducibility 
mean slope slope %RSD 

0.0093 1.74 
0.0158 0.96 
0.0052 0.94 
0.0123 1.37 
0.0398 1.65 



2.6.4. Accuracy 

Many literary sources imply that accuracy and precision are the two most important . 

validation tests for demonstrating the quality of an analytical method (82, 84, 79). 

Accuracy reflects the closeness of analytical results to known standards or reference 

values within the established range ofa method (82, 16,83). 

As recommended by the ICH (16), accuracy of the method for each beta blocker was 

assessed by injecting three solutions of known concentration in triplicate, and comparing 

experimentally determined values with nominal theoretical values. For approval of 

analytical methods, the FDA requires that recovery values greater than 90% be 

demonstrated for biological samples (84), and as can be seen from the results in Table 

2.6, recovery values for this method fell within 1 % of the theoretical concentration, thus 

showing acceptable accuracy of the method, as the recovery was in the region of98-

100%. 

Table 2.6: Recovery Results in 1he Assessment of Accuracy 
Drug Theoretical cone. Mean Exper. % Recovery %RSD 

(flg/ml) cone. (/:1g/ml) 
ACE 50 50.44 100.87 0.19 

100 99.43 99.43 0.14 
125 126.2 100.98 0.09 

LAB 40 39.93 99.82 0.22 
75 75.10 100.14 0.38 
100 100.28 100.28 0.28 

MPT 45 44.60 99.10 0.13 
100 100.41 100.41 0.32 
125 125.64 10051 0.31 

OXP 45 44.66 99.15 0.17 
80 7959 99.49 0.01 
125 124.31 99.45 0.33 

PROP 40 40.24 100.61 0.70 
80 79.30 99.12 0.31 
140 139.23 99.45 0.14 
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2.6.5. Limit of Detection (LOD) and Limit of Quantitation (LOQ) 

The LOD is the lowest concentration that can beaetected without quantification using the 

validated analytical method (16,82,83), whereas the LOQ, also known as the lower limit 

of quantitation (LLQ), is the lowest concentration of analyte that can be measured with 

acceptable accuracy and precision. 

The LOD has also been described as the lowest concentration to produce a peak that is 

distinguishable from the background noise (82), therefore the signal-to-noise ratio of the 

analyte peak is commonly used to determine the LOD and LOQ, which are given to 

produce'~ 3:1 and 10:1 signal-to-noise ratio, respectively (16,83,85). There are, 

however, other methods of determining these values, for example, the lowest 

concentration to produce a response with a %RSD below 5%, after multiple injections, 

may be accepted as the LOQ, with the LOD taken as 0.3 times this value (85). Another 

method, which has gained favour with the ICH, involves a plot of the standard deviation 

versus the concentration for a group of calibration standards, and the use of a virtual " 

standard deviation at zero concentration on the graph, to calculate the LOQ and LOD, 

being 10 times and 3 times this concentration, respectively (85). 

For the determination of the LOD of this analytical method, 10 blank injections ofHPLC __ 

grade water were injected with the calibration standards for each drug, to assess the level 

of background noise. No baseline noise was observed, and this parameter could not be 

determined using the signal-to-noise ratio, therefore an estimate of the LOD for each drug 

candidate was made using the experimentally determined LOQ, and these values are 

reported in Table 2.7. ,.,' 

The LOQ was determined by injecting 3 different dilute solutions of each analyte, four 

times over, and ,calculating the mean concentration and percent recovery of each sample, 

in additiori.-tc; the %RSD. The results are listed in Table 2.7. A mean response equal to or 

greater than three times the standard deviation, or a response falling within 80 to 120% of 

the theoretical concentration, with a %RSD below 5%, may be reported as an acceptable 

45 



LOQ (82, 85). From these results, the LOQ for each beta blocker was selected, as shown 

in Table 2.7. 

Table 2.7: Results ofLOD and LOQ Detennination 

Drug Theoretical Mean % Standard %RSD Selected Calc. 
cone. (J.'g/ml) Experimental Recovery Deviation LOQ LOD 

cone. (J.'g/ml) 
ACE 2 4.19 209.29 0.163 3.89 

5 6.92 138.44 0.258 3.73 10 Iig/ml 3.33 
10 11.94 119.42 0.623 5.21 Iig/ml 

LAB 2 2.98 59.59 0.355 11.91 
5 7.12 71.17 0.346 4.86 10 Iig/ml 3.33 
10 14.14 94.29 0.501 3.54 Iig/ml 

MPT 2 1.28 63.98 0.149 11.65 
5 4.22 84.48 0.094 2.23 5 Iiglml 1.67 
10 9.29 92.86 0.166 1.79 Iig/ml 

OXP 2 0.20 10.13 0.017 8.24 
5 2.97 59.40 0.046 1.55 10 Iig/ml 3.33 
10 8.69 86.91 0.345 3.97 Iig/ml 

PROP 5 5.89 117.83 0.139 
-. 

2.36 
10 8.53 85.32 0.117 l.37 5 Iig/ml 1.67 
15 13.31 88.71 0.082 0.61 Iiglml 

2.6.6. Ran1;!e 

The range may be defined as the interval between the upper limit of quantitation (ULQ) 

and the LOQ (16, 82), and must include the expected concentrations for analysis using 

the method. It can be said, with confidence, that any concentration within the reported 

range can be measured with the necessary precision and accuracy for the reliable 

quantitation ofanalyte concentrations in drug development studies (16,82,83). The 

range for each drug candidate in this study is presented in Table 2.8, and is indicated by 

the LOQ and ULQ values. 

Table 2.8: LOQ and ULQ for all Five Beta Blocker Candidates 

ACE 
LAB 
MPT 
OXP 

PROP 

LOQ (J.'g/ml) 
10 
10 
5 
10 
5 
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ISO 
150 
150 
150 
ISO 



2.6.7. Specificity and Selectivity 

Specificity is a measure of the ability of a method to produce a definite response to only 

the analyte of interest and no other compounds that may be present in the sample, such as 

tablet excipients, related substances or impurities (16,82,83). Selectivity differs slightly 

in that a method is selective if it produces a distinguishable response for the chosen 

analyte, from any secondary compounds that are detectable (82). 

In this case selectivity was assessed for each drug candidate, except OXP, since tablets 

were not commercially available, by dissolving a tablet or capsule in water and, after 

removal of particulate matter by centrifugation at 12000 rpm for 3 minutes, injecting the 

sample onto the HPLC system. The resultant chromatogram was compared with that of a 

pure- standard. No additional peaks were observed, and all-recovery values for the 

dissolved tablets fell within ± 10% of the stated content, as shown in Table 2.9. 

Table 2.9: Recovery Values for the Analysis of Tablets Containing the Beta Blocker Candidates 
Drug 
ACE 
LAB 
MPT 

PROP 

Brand Product 
Sectral® 100 rug 
Trandate® 100 rug 
Lopressor® 100 rug 
PurBloka® 40 rug 

2.6.8. Stability of the Analyte 

% Recovery 
109.88 
99.29 
90.09 
101.63 

%RSD· 
0.06 
0.83 
0.96 
0.86 

It is important that samples to be analysed are stable throughout the duration of 

processing and analysis time. Insight into the storage and handling requirements for these 

samples may be gained by conducting stability studies, whereby samples are compared, 

after various storage times and conditions, with freshly prepared samples (82). The aim 

of these studies is to detect the presence of any degradation products that may form 

during sample collection, processing, analysis and storage prior to analysis (82). 

Therefore normal experimental conditions were applied to all samples during stability 

testing. 
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Two quality control samples were injected at various time intervals after storage, and 

measured sample concentrations higher than 90% of a freshly prepared sample were 

considered stable (82).< -. 

For each drug candidate, a high (120 ~g/ml) and a low (60 ~g/ml) concentration marker 

were prepared and a 1 ml aliquot was removed, mixed with 0.5 ml of an internal­

standard, and injected immediately. The stock solutions were stored protected from light, 

and aliquots were withdrawn at various time intervals, as indicated in Figures 2.7. and 

2.8. Each aliquot was mixed with a freshly prepared internal standard solution, and 

injected. The ratio of drug peak height to internal standard peak height, of each injection 

was expressed as a percentage of the ratio for the first injection (at time zero), to give an 

indication of the loss in analyte concentration due to degradation. No additional peaks 

were 'observed during analysis of these standards, and as depicted in Figures 2.7. and 2.8, 
,--< 

all solutions remained stable over the period of testing, with recovery values greater than 

90% in all cases. 
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2.7. CONCLUSION 

An -isocratic modular HPLC system for the simultaneous analysis and quantitation of five 

beta blockers was developed and validated according to scientifically established 

acceptability criteria. 

The method was optimised by manipulation of mobile phase composition and appropriate 

selection of analytical column and detection wavelength. Various components of the 

mobile phase that may influence the rate of elution of the analytes of interest, or that may 

affect baseline resolution, were assessed for the effects on the drug candidates in this 

study. It was found that buffer molarity and pH, acetonitrile content, and the addition of 

ion-pair agents all had a marked effect on the elution of the beta blockers, therefore these 

variables were manipulated, in order to achieve the desired retention time and baseline 

resolution. 

Validation was carried out by demonstration of acceptable performance with respect to 

linearity, accuracy, precision, specificity, selectivity and stability of the analyte, and by 

defining the range of the analytical method, as well as the LOD and LOQ. These 

parameters were established in accordance with recognised scientific guidelines, and 

therefore this analytical method may be used with confidence of its validity for precise 

and accurate scientific studies. 

50 



3.1. INTRODUCTION 

CHAPTER THREE 

DOSAGE FORM ANALYSIS 

Pharmaceutical products routinely undergo analytical testing, both during anrd_ a!ler the 

product development phase and during a commercial campaign. This is important for 

quality assurance of fmished products, as well as for the successful launch of new dosage 

forms onto the market. 

Analytical testing was employed in this study as a tool during dosage form design, 

optimisation and finally, for tablet evaluation and assessment. Moisture content analyses 

were:performed using the Karl Fischer titration method, which isa standard recognised 

analytical procedure. Potential solid-solid interactions between the drug candidates and 

tablet excipients were investigated using differential scatining calorimetry, a thermal 

analytical method routinely employed for these purposes. Following manufacture, tablets 

were assessed physically, in terms of uniformity of weight, hardness, diameter, thicklless 

and friability, all of which are used for quality control purposes in the pharmaceutical 

industry during large scale production. In addition to this, content uniformity assays were 

performed on selected batches, as well as residual content assays. Finally, dissolution rate 

studies were performed on every batch of tablets manufactured. This was a means of 

assuring acceptable behaviour in vitro, according to the intended purpose of the dosage 

forms, as well as a means of evaluating the effects of changing formulation variables, 

which affords the formulator control over the drug release rates achieved. 
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3.2. MOISTURE CONTENT ANALYSIS 

The Karl Fischer titration method is a sensitive analytical technique for measuring the 

quantity of water present in solvents or adsorbed, onto the surface of particulate solids, as 

well as crystalline bound (hydrate) water (86, 87). In the past, the reagents used consisted 

of h, pyridine and S02 in a 1: 10:3 mole ratio dissolved either in methanol or 2-

methoxyethanol (CH30CH2CH20H) (86, 87) however, newer Karl Fischer ,reagents tend 

to be pyridine free. When the analyte is mixed with the reagent, the presence of water 

results in a sequence of reactions that is driven by the alcoholic solvent, which must first 

be standardised by titrating with the Karl Fischer reagent, prior to dissolving the analyte 

and commencing the assay (86). During the reaction process, one molecule of iodine is 

removed for each molecule of water (87), and the end point of the reaction is determined 

electrometrically. A current is applied across two platinum electrodes and as long as 

iodine is present in the sample to depolarise the cathode, the current will flow (87). The 

end point is reached when the iodine is depleted and the current flow decreases to zero. 

The moisture content is then calculated based on the amount of reagent used. 

The Karl Fischer titration method was used in this investigation to determine the moisture 

content of the five beta blocker drug candidates and of all the tablet excipients used for 

the manufacture of matrix tablets in this study. The excipients included Methocel® K4M 

and KI00M (hydroxypropyl methylcellulose (HPMC)), Emcompress® (dibasic calcium __ 

phosphate), Emcocel® 90M (microcrystalline cellulose), Ethocel® (ethylcellulose), 

magnesium stearate, Cab-O-Sil® M5 (colloidal silicon dioxide) and purified talc. 

3.2.1. Method 

Moisture content was determined using a Mettler D 18 Karl Fischer titrator (Mettler 

Toledo, Switzerland) with Hydranal® Composite 5 (Riedel-de Haen, Germany) as 'the 

one-component reagent, and the HPLC grade methanol was used as the solvent for the 

analysis. In addition, to gain insight into the compression and tabletting properties of the 

powder blends, a Karl Fischer titration was carried out on selected batches prior to 
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compression. A stirring time of 10 minutes was allowed before starting the assay for all 

powder blends and excipients, whereas the beta blockers were titrated immediately. 

3.2.2. Results and Discussion 

Table 3.1 provides a summary of the values obtained for each drug candidate. All five 

drug candidates contained a negligible quantity of water with respect to how this may 

affect their physical behaviour during the tabletting process. This was an interesting 

resuJt, as certain drug candidates presented with filming and sticking of tablets during 

manufacture, which was thought to be a function of the moisture content of different 

active agents. This however, was not the case, as the results in Table 3.1 indicate. It was 

thought that the ambient humidity may playa role in the tableting properties of the 

powder blends, and these tableting properties are discussed further in Section 3.4.2. 

-

Most of the excipient materials contained less than 5% water, which is low and is 

therefore favourable to avoid sticking to the press tooling, however, some moisture is 

required, particularly for direct compression tableting, to ensure adequate binding of the 

powders during compaction and it was found that all batches compressed successfuUy 

into tablets. HPMC and microcrystalline cellulose are hygroscopic and therefore adsorb 

moisture from the atmosphere, thus they typically contain higher moisture levels than 

other excipients, as demonstrated in this study. 



Table 3.1: Moisture Content of Raw Materials for Matrix Tablet Manufacture 
Raw Material Moisture Content 

ACE 0.71% 
LAB 0.74% 
MPT, 0.78% 
OXP 0.84% 
PROP 0.79% 
Methocel® K4M 11.86% 
Methocel® KI00M 24.30% 
Emcompress® 3.43% 
Emcocel® 90M 13.32% r - -

Ethocel® Std 10 1.7 5% 
Ethocel® Std 20 2.54% 
Ethocel® Std 45 2.29% 
Ethocel® FP 7 1.68% 
Ethocel® FP 10 l.84% 
Ethocel® FP 100 1.43% 
Magnesium stearate 10.69% 
Cab-O-Si1® M5 4.71 % 
Purified talc 2.02% 

The moisture content often powder blends prior to compaction are presented in Table 

3.2. Of these batches, the MPT formulations incorporating the fine particle (FP) grades of 

Ethocel® resulted in sticking during compaction, therefore it was expected that their 

moisture content would be higher than the other batches, however, this was not the case," 

as i~dicated by the results in Table 3.2. Instead, it was noted that the relative humidity 

under which the manufacture of these batches took place varied, and may have 

contributed to the sticking observed with the MPT batches. As Table 3.2 shows, the 

humidity levels during compression of the MPT blends were approximately 10% higher 

than those recorded during manufacture of the PROP tablets, possibly causing adherence· 

of the powders to the surfaces of the press tooling, resulting in sticking ofMPT tablets. 

Table 3.2: Moisture Content of Selected MPT and PROP Powder Blends 
Drug 
MPT 

PROP 

Batcb# 
M0151 
M0153 
MOl 55 
M0157 
MOl59 
P0161 
P0163 
P0165 
P0167 
P0169 
P0l71 

Etbocel@ Grade 
FP 100 
Std45 
Std 10 
Std20 
FP 100 
FP7 
FP 10 
FP 100 
Std 45 
Std 10 
Std20 

54 

Moisture Content (%) 
10.51 
8.96 
5.81 
6.06 
7.76 
3.71 
5.73 
3.90 
3.54 
5.00 
4.79 

Relative Humidity (%) 
64 
61 
61 
61 
62 
52 
52 
52 
52 
52 
52 



3.2.3. Conclusion 

The_moisture content of the beta blockers, excipients and tablet blends were accurately 

determined using the standard Karl Fischer titrati~n: This determination provides 

valuable information regarding the physical nature of raw materials prior to compaction, 

and to predict potential formulation behaviour during the tab letting process. 

3.3. DIFFERENTIAL SCANNING CALORIMETRY 

Thermal analysis of materials is used as a means of measuring thermal events that are 

characteristic of a material, and occur under applied heat. Differential Scanning 

Calorimetry (DSC) is a method in which two samples are heated by separate energy 

sources, one sampl~ being the material of interest, and the ~ther a control or a blank. The 

difference between the heat that is required by each of the-samples to maintain them both 

at the same temperature is recorded. In this way, endothermic or exothermic thermal 

events are report~d as deviations from the baseline, with endothermic transitions 

producing deviations in a positive direction, since more energy is required during an 

endothermic event. In comparison, less energy is supplied to the reference sample, to 

achieve the desired sample temperature (88). 

DSC may be used to predict potential incompatibilities between drugs and excipients for 

inclusion into tablets, or other pharmaceutical dosage forms, and although excipients are 

considered medically inert, physical and chemical interactions with drugs may occur, and 

must be identified (89). In this study, each of the five drug candidates were analysed for 

potential interactions with the excipient materials to be used. It was expected that the 

endotherm peaks characteristic of the drug powders would show a shift in position or a 

significant change in area, in the presence of a solid-solid interaction between the drug -

and excipient in the mixture analysed. It is important to note, however, that these 

deviations do not necessarily indicate an incompatibility (40), but alert the formulator to 
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potential difficulties and thus further chemical and physical analyses should be performed 

during the product development process. 

3.3.1. Method 

Samples were prepared for analysis by mixing one part drug to one part excipient (1 : 1) 

together using a pestle and mortar. In addition, pure drug powders as well as finely 

ground tablets were also analysed following grinding. All samples were an~lys~d in 

powder form, in order to eliminate the potential effects of compaction on the physical 

properties. Powders were accurately weighed (between 2 and 5 mg) and sealed in flat­

bottomed aluminium pans prior to analysis. Each sample was analysed using an empty 

aluminium pan as the reference, under an atmosphere of nitrogen gas. Heating of the 

sample took place at a rate of 10°C per minute from 25°C to a temperature exceeding the 

melting point of the active drug to be analysed. All pure excipient samples were analysed 

from 25°C to 21 O°C. A Perkin-Elmer DSC 7® Differential Scanning Calorimeter (The 

Perkin-Elmer Corp. Norwalk, Connecticut) was used with the Perkin-Elmer pyris® 

software for all samples. 

3.3.2. Results and Discussion 

Figures 3.1 to 3.5 show the heat flow required to maintain each sample and reference pan 

at equal temperatures, and the thermal events shown occur at or around the melting poiii( 

of each drug. The thermo grams produced for the analysis of each material under 

investigation are presented in Appendix 1. ACE (Figure 3.1) appears to be compatible 

with all of the excipients, with the possible exception of dibasic calcium phosphate 

(DCP). All peaks occur at approximately equal temperatures, and the decreased area of 

each mixture compared with the pure drug may be attributed to the 1: 1 mixture 

containing approximately 50% drug compared with the pure sample. The peak are'as are 

reported in Table 3.3, and as can be seen, the;:'" H values (difference in heat required) that 

have been corrected for the drug fraction are similar to those for the pure drug substance, 

indicating no potential interactions. The peak for the ACE:DCP mixture occurs from 

142.4°C to 144.9°C, as opposed to 143.0°C to 150.0°C for ACE alone, indicating a 
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interaction, however this endotherm shift is minor and may be due to a reduction in purity 

of the sample (41). Analysis of PROP (Figure 3.2) produced similar results, with the DCP 

mixture producing the only identifiable event. The OXP thermogram (Figure 3.3) was 
.:: r 

also similar in nature, with a slight shift in the OXP:DCP (1:1) peak observed, as well as 

an increase in peak area as seen for PROP. Nominal values for PROP and OXP are 

presented in Tables 3.4 and 3.5, respectively. A potentially weak interaction may be 
,--- ~ 

evident between OXP and magnesium stearate, indicated by the erratic baseline seen with 

this mixture, however, almost no change in peak area or position, as shown in Table 3.5, 

was observed, hence a potential interaction was not conclusively demonstrated. 

LAB tends to show more incompatibilities with tablet excipients than does ACE, PROP 

or OXP, as is immediately apparent from Figure 3.4. Once again, there appears to be a 

possiple interaction between this drug and DCP, shown by the broadened peak in the 

figure. Magnesium stearate, being of acidic origin, typically exhibits incompatibilities 

with various other materials. The DSC trace for the LAB-:magnesium stearate (1 : 1) 

mixture in Figure 3.4 shows that the LAB endotherm has been replaced by various new, 

peaks lower down the temperature scale. This indicates a potential chemical interactio~ 

between LAB and magnesium stearate (40, 41), as was expected with this excipient. 

However, it cannot be conclusively stated that such an interaction would occur during the 

blending and compaction processes of tablet manufacture, and long-term stability studies 

of the manufactured product would be necessary to provide evidence of such an 

interaction. 

The LAB tablet trace is significantly higher than that for the pure drug, and it contains a 

broader peak that is shifted slightly to the left. Broadening of peaks, associated with 

decreased peak height, may be indicative of volatilisation of absorbed water (41), as may 

be the case for this tablet. The tablet contains excipients such as HPMC, which have been 

shown to contain as much as 24% moisture, as determined in Section 3.2, however, it is 

unlikely that this moisture loss is the origin of the change in the tablet peak, since such an 

effect was not observed with HPMC analysed alone, nor with any HPMC-drug mixture. 

The lowering of peak height may be attributed, more simply, to the lower drug content, at 

57 



13.5% of the formulation, compared with 100% drug in the pure sample. Changes in peak 

shape and height-to-width ratio may also be a result of differences in the sample mixture 

geometry (40, 41). 

The analysis ofMPT revealed an incompatibility with magnesium stearate, as shown in 

Figure 3.5, which is in agreement with results obtained by Arjun (90). The MPT 

endotherm peak is almost completely reduced, with no other peaks visible from the 
~ - -

erratic baseline, indicating a potential interaction. In addition, the MPT:DCP (1: 1) 
-

mixture produced a peak of greater height and slightly lower temperature, as was the case 

for ACE and PROP, indicating a possible interaction. 
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Figure 3.1: Plot of heat flow versus temperature for DSC analysis of ACE. 
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Figure 3.2: Plot of heat flow versus temperature for DSC analysis of PROP. 
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Figure 3.3: Plot of heat flow versus temperature for DSC analysis ofOXP. 
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Table 3.3: SummaryofI:)~C Resu~~ for]hennaLAnalysis of ACE Alone and inComjJination with Excipients 

Drug Excipient Drug Fraction Peak Peak Onset Peak End Peak Area -'~-iI(J/g) Li-H-~~;rected 
eC) eC) eC) (mJ) for Drug 

ACE 
HPMC 
DCP 
MCC 
EC 
Mag Stearate 
Col sil diox 
Talc 
ACE Tablet 

1 
0.503 
0.494 
0.492 
0.506 
0.503 
0.497 
0.504 
0.135 

147.00 
146.50 
143.33 
146.17 
147.00 
145.83 
147.00 
146.50 
144.66 

143.01 
141.60 
142.44 
142.04 
142.56 
142.25 
142.99 
142.55 
142.17 

149.99 
149.87 
144.88 
149.51 
150.33 
149.02 
150.41 
149.50 
147.82 

513.53 
260.51 
893.513 
217.91 
277.53 
147.60 
133.71 
254.22 
190.72 

Table 3.4: Summ~ ofDSC Results for Thennal Anall:sis of PROP Alone and in Combination with Exci£ients 
Drug Excioient Fraction Drug Peak Peak Onset Peak End Peak Area 

eC) eC) eC) (mJ) 

PROP 1 166.17 163.44 167.64 850.99 
HPMC 0.486 165.33 162.60 167.31 216.59 
DCP 0.505 163.17 162.58 164.37 983.34 
MCC 0.503 165.33 162.73 167.24 242.28 
EC 0.520 166.33 163.40 168.15 298.54 
Mag Stearate 0.508 164.00 161.60 166.11 145.69 
Col sil diox 0.493 165.67 162.85 167.85 116.32 
Talc 0.506 165.50 163.12 167.00 272.87 
PROP Tablet 0.135 164.17 162.92 166.64 228.65 
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117.65 
55.46 

202.52 
52.76 
61.35 
65.31 
53.51 
59.24 
38.70 

~H(J/g) 

126.83 
56.14 

204.22 
62.40 
65.80 
60.10 
45.02 
84,.43 
52~66 

Fraction (JIg) 
117.65 
110.26 
409.96 
107.24 
121.25 
129.84 
107.67 
117.54 
286.67 

;, 

11 H'Corrected 
for Drug 

Fraction (JIg) 
126.83 
115.51 
404.40 
124.06 
126.54 
118.31 
91.32 
166.86 
390.07 

-"-"-"----~---" ""<--,-- as 
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Table 3.5: Summary ofDSC Results for Thermal Anal~sis of OXP Alone and in Combination with E}j:c~£ients 
Drug Excipient, Fraction Drug Peak Peak Onset Peak 'End Peak Area L\H (JIg) L\ H corrected 

eC) eC) eC) (mJ) for Drug 
Fraction p/&) 

OXP 1 109.83 107.69 111.32 389.17 130.68 130.68 
HPMC 0.493 109.50 107.30 111.09 167.60 55.48 112.54 
DCP 0.508 108.17 106.94 110.11 489.65 146.25 287.89 
MCC 0.507 109.17 106.97 110.81 148.98 56.24 110.93 
EC 0.511 109.17 107.02 110.90 161.23 64.00 125.24 
M;ag Stearate 0.514 109.33 107.17 111.22 168.66 69.24 134.71 
Corsil diox 0.486 109.17 106.66 !. 111.66 131.79 57.93 119.20 
Talc 0.502 109.83 107.54 ' 111.35 242.25 65.02 129.52 
OXP Tablet 0.135 108.83 106.00 110.96 134.96 34.93 258.74 

Table 3.6: Summary ofDSC Results for Thermal Analysis of!--~ Alone and in Combination with Excipients ;, 

Drug Excipient Fraction Drug Peak Peak Onset Peak End Peak Area L\ H (JIg) L\ H cOrrected 
eC) eC) eC) (mJ) for Drug 

LAB I 192.67 189.68 
HPMC 0.508 192.50 1.90.02 
DCP 0.494 192.33 188.53 
MCC 0.502 190.83 187.59 
EC 0.512 192.50 189.72 
Mag Stearate 0.490 177.67 171.05 
Col sil diox 0.493 189.83 186.51 
Talc 0.492 191.67 188.07 
LAB Tablet 0.135 183.67 176.35 
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194.62 438.85 
194.17 240.98 
195.27 681.62 
192.68 167.30 
194.24 225.51 
183.00 120.57 
192.00 57.10 
192.97 217.50 
191.75 700.72 

119.58 
50.57 

258.78 
46.82 
51.06 
44.33 
24.53 
48.82 
15.7.15 

Fraction (JIg) 
119.58 
99.55 

523.85 
93.27 
99.73 
90.47 
49.76 
99.23 

1164.07 



Table 3.7: Summ!!!1 ofDSC Results for Thenna1 Anallsis ofMPT Alone and in Combination with Exci£ients 

Drug Excipient Fraction Drug Peak Peak Onset Peak End 
eq eC) {oq 

MPT 1 121.03 117.52 122.84 
HPMC 0.532 121.33 117.15 123.26 
DCP 0.519 120.17 117.55 122.06 
MCC 0.481 121.17 116.71 123.35 
EC 0.482 121.33 115.98 123.61 
Mag Stearate 0.500 No discernab1e peak 
Col si1 diox 0.501 122.00 116.60 124.42 
Talc 0.495 121.50 117.37 123.62 
MPT Tablet 0.135 121.03 119.50 116.37 

Table 3.8: Summary of DSC Results Lor Thennal Analysis of the Tablet Excipients Used Alone 

HPMC 
DCP 
MCC 
EC 

Excipient Peak Peak Onset eq ,Peak End 
COq (oq' 

No discemable peak 
196.00 
No discemable peak 
No discemable peak 
No discemable peak 
No discemable peak 

186.76 200.11 

~ 
':. 

Peak Area t AH(J/g) 
(mJ) 

245.03 87.54 
98.57 42.69 

246.95 61.26 
162.76 40.26 
135.12 44.04 

151.31 43.87 
146.15 44.57 
122.61 38.59 

Peak Area (mJ) 

1567.20 

Mag Stearate 
Col sil diox 
Talc No discemable peak ", _ -------'1 

.\ 
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A H corrected 
for Drug 

Fraction (JIg) 
87.54 
80.24 
118.03 
83.70 
91.37 

87.56 
90.04 

285.85 

" 

AH(J/g) 

360.28 



3.3.3. Conclusion 

The thermograms presented in Figures 3.1 to 3.5 reveal that ACE and PROP were 

consistently the most stable of the five drug candidates tested in the presence of the tablet 

excipients used in this study. OXP also showed relatively few incompatibilities, when 

compared with MPT and LAB, which showed potential interactions with a vatiety of 

excipients. 

In summary, all five beta blockers showed possible solid-solid interactions with DCP, 

however these were not conclusively proven, but are in agreement with results obtained 

for PROP and OXP by Gerber and Lotter (42), and Botha and Lotter (41), respectively. 

All drug candidates were expected to interact with magnesium stearate, however, only 

LAB and MPT underwent thermal transition changes, despite the lubricant's reactive 

nature. Interactions with magnesium stearate have been demonstrated by Arjun (90) for 

MPT, by Gerber and Lotter (42) for PROP, and by Botha and Lotter (40, 41) for OXP. 

Analyses of tablets by DSC for most drug candidates revealed no unexplained transitions;' 

however, as was expected from the 1:1 mixture thermograms, the LAB tablet exhibited ! 

effects of potential drug-excipient interactions. 

It is difficult to conclusively state that any of the potential interactions observed here can 

and do occur during the manufacturing process or during storage of the product 

thereafter, since the conditions of the thermal analysis employed during the DSC 

screening are different from those of conventional manufacture and storage of products 

(89). DSC and other methods of thermal analysis provide valuable information during 

preformulation studies for the selection of materials for use in dosage form design and 

development. However, it is only with long-term stability studies that actual solid-solid 

interactions, arising from the formulation process, can be conclusively identified. 
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3.4. PHYSICAL ASSESSMENT OF TABLETS 

Physical tests are routinely carried out on randomly selected portions of batches of tablets 

after large-scale manufacture in the pharmaceutical industry. These tests are used as 

indicators of potential areas of difficulty in the manufacturing process and in product 

approval for marketing. In this study, physical assessment of tablets was perfonRed to 

im:erove and optimise the formulation design and manufacturing process, and to provide 

an indication of ultimate product quality. 

3.4.1. Methods 

Physical assessment of all tablets manufactured during formulation development was 

carried out in accordance with USP specifications where applicab1e, with tests performed 

to determine the uniformity of weight, thickness, diameter and hardness. Friability is not 

an official USP test, however, it was determined for each batch of tablets. Twenty tablets 

from each batch were individually weighed, and the thickness of each measured usin~ .. 

vernier callipers. The hardness and diameter were then determined using a PharrnaTest® 

PTB 311E Automated Tablet Testing Instrument (Hainburg, Germany). Friability was 

assessed according to the guidelines in the USP 24 (16) on ten tablets from each batch, or 

on 11 tablets for batches with a mean tablet mass less than 650 mg, with a rotation speed 

of33 r.p.m. for 3 minutes using an Erweka® friabilator (Heusenstamm, Germany). 
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3.4.2. Results and Discussion 

3.4.2.1. Tablet Diameter, Thickness and Weight· 
-:; r 

Tablet tooling used in this study was kept constant in order to minimise variation in tablet 

size and shape from one batch to another, and therefore to reduce the manufacturing 

variables that may impact on the release characteristics of drugs from these dosage forms. 

Copsequently, minimal variation in tablet diameter for all batches, manufactured both by 

wet granulation and direct compression, was seen. The small variation, as can be seen in 

Tables 3.9 and 3.10, may be attributed to the behaviour of different powder blends under 

compaction pressures, resulting in varying degrees of elastic and/or plastic deformation 

of materials and their subsequent behaviour on release of stress during compaction. 

The-bulk density of formulation blends varies with the inClusion of different materials, 

particularly those formulations manufactured by direct compression. During compression 

into tablets, different masses of powder fill the die cavity, which remains constant in 

volume, and since tablets in this study were compressed to a constant target hardness,this 

mass variation was reflected, not only in the mean tablet weight, but also in the mean 

thickness values. It is evident from the data presented in Tables 3.9 and 3.10, that a direct 

relationship exists between these two tablet properties, in which heavier tablets tend to 

produce tablets with larger mean thickness values. 

A target weight of 740 mg per tablet was desired for the direct compression formulations 

in this study, and of 720 mg for the wet granulation tablets, in order to incorporate 100 

mg of active drug. Certain formulation variables investigated for the direct compression 

matrix tablets, as outlined in Chapter 5, had a considerable effect on the mean tablet 

weight. In particular, the inclusion ofCab-O-Sil®M5, a low density colloidal silicon 

dioxide material, as glidant, resulted in a significant decrease in tablet weight, compared 

with batches containing talc as the glidant. These data are shown in Table 3.10, and are 

discussed further in Chapter 5. 
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Table 3.9: Mean Tablet Weight, Thickness and Diameter Values for Wet Granulation Batches 

Drug 

ACE 

LAB 

:MPT 

OXP 

PROP 

Batch # 

A023 1 
A02l9 
A0247 
L0223 
L025 1 
L0249 
M0233 
M0213 
M02ll 
00221 
00253 
00255 
P0133 
P0217 
P0215 

Ethylcellulose 
Load (%) 

2.5-3.5 
5 
10 

2.5-3.5 
5 
10 

2.5-3.5 
5 
10 

2.5-3.5 
5 
10 

2.5-3.5 
5 
10 

Tablet Weight 
(mg) 

760.4± 14.8 
783.3 ± 13.5 . 
742.1±23.l 
742.7 ± 15.6 
708.9± 28.9 
702.5 ± 35.9 
667.1 ± 3.7 
679.9± 8.4 
759.0 ± 29.3 
782.2± 25.6 
676.3 ± 16.2 
736.6± 21.9 
685.1 ± 26.4 
655.9 ± 10.57 
693.0± 8.33 
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Tablet Thickness 
(mm) 

7.96±0.06 
7.93 ± 0.05 
7.63 ± 0.12 
8.03 ±0.03 
7.60±0.1O 
7.59 ± 0.21 
7.19±0.04 
7.25 ±0.06 
7.86 ±0.21 
8.00±0.15 
7.14± 0.11 
7.71 ±0.15 
7.28± 0.11 
7.13±0.05 
7.40 ± 0.04 

Tablet Diameter 
(mm) 

11.27±Om 
1l.26±0.01 
11.23 ±0.02 
11.27±0.01 
11.24±0.01 
11.23±0.01 
J 1.2f> ± 0.01 
11.25 ± 0.01 
11.24 ± 0.01 
11.24 ± 0.01 
11.23 ±0.01 
1l.22±0.01 
11.21±0.01 
11.24 ± 0.01 
1 1.24 ±0.01 
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Table 3.10: Mean Tablet Wei t, Thickness and Diameter Values for Direct Com ression Batches 
Drug Batch # Ethocel Grade Ethocel Load Glidant Component Tablet Tablet Tablet 

Weisht(mg} Tl)iclmess (mm) DilUlleter (mm) 
ACE A0225 FP 10 2.8% Talc 3% 611.3 ± 31.3 7.14±0.03 11.24 ± 0.01 

A0235 FP 100 2.8% Ta1c3% 640.7 ± 22.6 6.84±0.08 1l.21±O.o1 
A0237 Std 10 2.8% Talc 3% 634.9± 26.8 6.88±0.08 1l.22 ± 0.01 

LAB L0229 FP 10 2.8% Talc 3% 721.1 ± 23.4 7.92±0.06 11.27 ± 0.01 
L0239 FP 100 2.8% Ta1c3% 694.7 ± 35.2 7.39± 0.06 1l.22 ± 0.01 
L0241 Std 10 2.8% Talc 3% 691.1 ± 38.6 7.77±0.03 11.23 ± 0.01 

MPT M01l9 FP 100 2.8% CabOSilll 3% 602.0± 10.0 7.07 ±0.02 11.29 ± 0.03 
M0135 FP 100 2.8% CabOSil® 1.5% 607.4± 26.5 6.95 ± 0.07 11.31 ± 0.03 
MOl 43 FP 100 2.8% Talc 2.5% 654.1 ± 19.0 7.15±0.04 11.26 ± 0.01 
M0151 FP 100 2.8% Talc 3% 691.5± 17.4 7.60±0.09 11.27 ± 0.02 
M0147 FP 10 2.8% Talc 3% 677.3 ± 11.3 7.65 ± 0.04 11.27 ± 0.01 
M0149 FP7 2.8% Talc 3% 687.8± 23.5 7.81 ± 0.05 11.28 ± 0.03 
M0155 Std 10 2.8% Ta1c3% 686.3 ± 7.8 7.56± 0.13 11.27 ± 0.01 
M0157 Std20 2.8% Talc 3% 703.6± 29.1 7.70±0.06 11.28 ± 0.03 
M0153 Std45 2.8% Talc 3% 712.8± 15.7 7.79±O.10 11.28 ± 0.02 
M0207 FP 10 20% Talc 3% 638.3 ± 17.5 7.99± 0.11 11.25 ± 0.02 
M0205 Std20 20% Talc 3% 702.7 ±7.5 7.96±0.04 1l.25 ± 0.01 
M0259 Freeze-dried 2.8% Ta1c3% 729.7 ± 2.7 7.55 ± 0.02 1l.24±0.01 
M0261 Freeze-dried 14% Talc 3% 672.4± 3.8 7.27 ± 0.02 1l.22±0.01 

OXP 00227 FPlO 2.8% Talc 3% 647.6 ± 11.6 7.12± 0.03 1I.2~±0.01 

00243 FP 100 2.8% Ta1c3% 667.0± 17.6 6.93 ± 0.12 11.20 ± 0.00 
00245 Std 10 2.8% Ta1c3% 650.2±23.8 6.93 ± 0.12 11.21 ± 0.01 

PROP POl25 FP 100 2.8% CabOSilll 3% 602.2± 25.2 6.97 ±0.06 11.29 ± 0.04 
P0139 FP 100 2.8% CabOSi1® 1.5% 639.2± 7.2 7.12±0.05 11.25 ± 0.02 
P0141 FP 100 2.8% Talc 2.5% 696.9± 22.1 7.64±0.02 11.23 ± 0.01 
P0165 FP 100 2.8% Talc 3% 718.9 ± 18.5 7.88± 0.03 11.25 ± 0.01 
P0163 FP 10 2.8% Talc 3% 737.5± 17.5 8.06±0.04 11.25 ± 0.01 
POl61 FP7 2.8% Ta1c3% 741.4± 19.8 8.05 ± 0.02 11.24 ± 0.01 
POl69 Std 10 2.8% Talc 3% 713.8± 5.9 7.77 ± 0.12 1l.25 ± 0.01 
POl71 Std20 2.8% Talc 3% 713.2± 20.5 7.66±0.03 11.24 ± 0.01 
P0167 Std45 2.8% Talc 3% 719.9 16.5 7.78±0.05 11.24 ± om 
P0201 FP 10 20% Talc 3% 629.6± 35.1 7.75:i: 0.05 11.24 ± 0.01 
P0203 Std20 20% Talc 3% 707.5 ± 18.6 8.04± 0.12 11.24 ± 0.01 
P0257 Freeze-dried 2.8% Ta1c3% 526.4± 60.0 6.53 ± 0.18 11.20 ± 0.01 
P0263 Freeze-dried 14% .. Ta1c3% 653 ± 27.9 6.89± 0.19 11.23 ± 0.01 
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3.4.2.2. Tablet Hardness and Friability 

The target tablet hardness for all batches was 120 to -160 N, and in general, the mean 

tablet hardness for all tablets tested for all drug candidates falls between 100 and 160 N. 

These data are listed in Table 3.11. During compaction of some powder blends, the tablet 

press experienced excessive strain, necessitating a decrease in compaction force to 

maintain optimum functioning of the press, thus a lower actual hardness value wcfs 
achieved, when compared with the target hardness. 

It has been shown, for a highly water soluble drug in a sustained release tablet, that drug 

release is independent of tablet hardness (91, 92, 93), and Ford et al (94) showed that 

compaction pressures ranging from 93 to 1395 MNm-2
, producing tablets of varying 

hardness, did not impact on the release rate profiles obtained from another highly water 

solub-le drug, promethazine hydrochloride, from polymeric matrices. Therefore, this 

factor was not considered to contribute markedly to the results of dissolution testing that 

are presented in Chapters 4 and 5. 

The friability results shown in Table 3.11 are acceptable according to the USP 24 

guidelines (16), since not more than 1 % of the tablet mass was lost for all batches tested. 

This is an indication that the tablets are adequately resistant to any abrasion that may be 

encountered during handling, transport or storage of tablets following manufacture. 
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Table 3.11: Hardness and Friability Values for all Batches Tested 

Drug Direct Compression 'Wet Granulation 

ACE 

LAB 

MPT 

OXP 

PROP 

Batch # Hardness (N) Friability Batch # Hardness (N) 
A0225 95.87 ± 38.4 0.16% A0219 138.5 ± 5.8 
A0235 183.6 ± 29.5 0.07% A0231 105.7 ± 10.2 
A0237 159.5±35.1 0.07% A0247 139.3±12.6 
L0229 145.1 ± 33.8 0.12% L0223 100.4 ± 13.9 
L0239 223.5 ± 68.4 0.06% L0249 134.7 ± 32r.2 -
L0241 13 1.7 ± 48.4 0.12& L0251 126.2 ± 24.0 
MOl 19 107.9± 13.6 0.09% M021I 119.5 ± 9.1 
M0135 1I2.2±35.7 0.01% M0213 131.9±7.0 
M0137 111.4± 11.6 0.1I% M0233 124.0±4.2 
MOl 43 140.1 ±25.7 0.06% 
M0147 97.93±11.8 0.06% 
M0149 IOU ±24.6 0.17% 
MOl51 121.5 ± 18.7 0.04% 
M0153 97.8± 14.3 0.05% 
M0155 100.1 ±6.0 0.05% 
M0157 10504 ± 26.5 0.07% 
M0159 1I5.8 ± 19.8 0.06% 
M0205 105.6 ± 8. I 0.04% 
M0207 116.7±27.7 0.03% 
M0259 98041 ± 3.1 0.09% 
M0261 72.5 ± 4.4 
00227 138.7 ± 16.5 
00243 167.7 ± 13.7 
00245 160.0±20.6 
P0125 Il6.1 ± 34.6 
P0139 158.0± 12.2 
P0141 146.9 ± 22.5 
P0161 123.1 ± 21.7 
P0163 1I8.3 ± 22.4 
P0165 115.6±21.2 
P0167 118.7 ± 19.6 
POl69 1I2.0± Ilo4 
POl71 123.9± 12.0 
P020 I 151.4 ± 56.2 
P0203 105.5 ± 13.9 
P0257 60. I ± 50.2 
P0263 93.6 ± 11.7 

0.09010 
0.02% 
0.06% 
0.05% 
0.07% 
0.07% 
0.01% 
0.16% 
0.10% 
0.08% 
0.10% 
0.09% 
0.09% 
0.07% 

0.04% 
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00221 
00253 
00255 
P0I33 
P0215 
P0217 

87.2± 9.0 
1I8.0±5.9 
99.27 ± 7.5 
168.6 ± 12.8 
121.9 ± 4.3 
121.8± 13.1 

Friability 
0.04% 
0.08% 
0.00% 
0.15% 
0.00% 
0.01% 
0.00% 
0.00% 
0.00% 

0.14% 
0.00% 
0.00% 
0.09% 
0.01% 
0.02% 
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3.5. CONTENT UNIFORMITY AND RESIDUAL CONTENT ASSAY 

The USP 24 (16) describes two means of demonstrating uniformity of dosage units. For 
-:; r 

certain dosage forms, uniformity of weight may be used an indicator, however, for the 

tablets manufactured in this study, a content uniformity assay was required. A content 

uniformity analysis was performed on selected batches of tablets of all drug candidates, 
r - ~ 

manufactured by wet granulation and direct compression. The results obtained for the 

selected batches containing each drug candidate were used to correct for the amount of 

drug released from all dosage forms during dissolution studies. The percent drug released 

from each formulation, as shown in the figures, was calculated by expressing the amount 

(mg) released, as a percent of the total amount incorporated in the dosage form, as 

determined by the content uniformity assay, rather than the theoretical value. The 

calculated content of each active drug, manufactured into tablets by direct compression or 

wet granulation, was used for correction of content of all other batches of the same drug 

manufactured using the same method. 

3.5.1. Method 

A content uniformity assay was performed on twenty tablets, randomly selected from 

each batch. Each tablet was individually weighed and crushed in a mortar and pestle, and 

quantitatively transferred to a 100 ml volumetric flask. The sample was made up to 

volume with HPLC grade methanol and sonicated for 10 minutes. Residual solids were 

removed by centrifugation for 3 minutes at 12000 r.p.m, and a 1 ml aliquot was 

withdrawn and analysed using the validated HPLC system described in Chapter 2. 

Content uniformity was expressed as the mean percent drug recovered for the twenty 

tablets assayed. Following the 22 hour dissolution period, the same procedure was used 

on each remaining tablet core, to determine the percent drug retained in the dosage form 

for mass balance purposes. 
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3.5.2. Results and Discussion 

The results of the content uniformity assays are p':r~sented in Table 3.12. It is evident that 

the direct compression tablets have higher active content recovery values than the wet 

granulation tablets. This may be explained, in part, by the method of blending of each 

formula. The direct compression powder blends were sealed in a cube blender, whereas 
r- -:': 

the bowl used with the planetary mixer when blending the wet granulation component 

w~ open. As a result, a large amount of powder was lost to the atmosphere during the 

granulation procedure. This may introduce variability into the tablets produced by wet 

granulation. Another factor that may contribute to the lower recovery values obtained 

from the wet granulation tablets is the Surelease® used in these formulations. The 

extraction method used may not dissolve all of the ethylcellulose that has potentially 

coated portions of the wet granulation powder blend, therefore drug may not be liberated 

from the solid dosage form or the powder, resulting in decreased recovery values during 

the assay. This would not occur with the directly compreSsed tablets, as the ethylcellulose 

should be liberated as dry powder on destruction of the tablet. 

Batches MOl19 and M013S, containing MPT, showed lower recovery values than the 

other MPT batches, due to the inclusion of Cab-O-Sil® MS into these formulae. The 

colloidal silicon dioxide has an extremely low bulk density compared with the other 

excipients, therefore it imparts a low bulk density to the entire tablet blend, resulting in­

an unpredictable loss of powder on the tablet press during compaction. There is an 

inverse correlation between the Cab-O-Sil® MS content in these batches and the percent 

recovery, with decreasing levels ofCab,.O-Sil® MS, and subsequent increases in talc, 

resulting in recovery values closer to 100%. Table 3.12 shows this trend, with the talc 

component increasing from batch MOl19 to M013S, and further, to M0147. The formulae 

for these batches are presented in Section S.2.3.3.1. 
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Table 3.12: Content Unifonnity Assay Results for the Five Beta Blocker Drug Candidates 

Drug Direct Compression Wet Granulation 
Batch # % Recovery· Batch # % Recovery 

ACE A0225 99.18 ± 3.26 A0231 79.62±6.21 
LAB L0229 99.59 ± 4.04 L0223 86.72±3.84 
MPT M0119 90.88 ± 3.45 M0233 97.36± 3.76 

M013S 94.85 ± 2.49 
M0147 99.20±4.4l 
M0155 96.49±4.51 

_oXP 00227 96.44 ± 3.51 00221 7S.15±4.72 
PROP P0163 96.50±S.01 PO 133 91.54± 9.97 

The percent recovered by the residual content analysis performed at the end of each 

dissolution test is presented in Table 3.13. All values for ACE, MPT and OXP fell below 

5%, indicating that almost all of the active drug was released during the 22 hour 

dissolution period. LAB and PROP values are consistently higher, and correspond to the 

consistently lower final amount of drug released from these formulations during 
~.A" '.~ 

~issolution testing, as shown in Table 3.14. The rate and amount of drug released from 

these formulations is discussed in further detail in Chapter 5. 

f 
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Table 3.13: Residual Content After Dissolution for the Five Beta Blocker Drug Candidates 

Drug Direct Compression Wet Granulation 
Batch # % Recovery 

ACE A0225 1.26 ± 0.14 
A0235 0.20 ± 0.09 
A0237 0.63 ± 0.20 

LAB L0229 12.42 ± 1.52 
L0239 10.70 ± 4.03 
L0241 6.95 ± 5.58 

MPT M0l35 0.50 ± 0.23 
M0137 2.07 ± 0.39 
M0143 0.59±0.24 
M0147 1.53 ±0.43 
M0149 2.12±0.65 
M0151 1.96±0.20 
MOl 53 2.26 ± 0.27 
M0155 2.51 ±0.20 
M0157 2.73 ±0.33 
M0159 2.18 ±0.29 
M0205 2.20 ± 0.28 
M0207 2.66 ± 0.49 

OXP 00227 0.80±0.12 
00243 0.30 ± 0.28 
00245 0.53 ± 0.07 

PROP P0161 12.16± 1.88 
P0163 11.50 ± 0.77 
P0165 9.74 ± 1.18 
P0167 9.20±0.90 
P0169 10.31 ± 1.04 
P0l71 10.21 ±0.78 
P0201 8.14±5.28 
P0203 9.71 ±0.78 
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A0219 
A0231 
A0247 
L0223 
L0249 
L0251 
M0211 
M0213 
M0233 

00221 
00253 
00255 
P0215 
P0217 

Batch # 
2.76± 1.59 
4.16± 0.60 
4.:rf± 1.45 
18.41 ± 1.22 
26.50± 1.41 
17.93±1.01 
3.02± 0.47 
1.15±0.13 
1.26± 0.94 

2.87 ± 0.42 
2.12 ± 1.47 
4.23 ± 0.9.5 '. 
10.64± 1.04 
12.85 ± 3.10 
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Table 3.14: Content, Residual Content and Percent Dru~ Released After 22 Hours Dissolution 
Drug Batch Method of Content Residual Final % Res. Content 

# Manufacture (%) Content Released + Total Rei. 
-;; p 

(%) (%) 
ACE A0225 Direct Compression 99.18 ± 3.26 1.26 ± 0.14 92.57 ± 3.71 93.83 

A023 I Wet Granulation 79.62±6.21 4.16±0.60 93.86±2.80 98.02 
LAB L0229 Direct Compression 99.59 ±4.04 12.42 ± 1.52 76.25 ± 3.86 88.67 

L0223 Wet Granulation 86.72±3.84 18.41 ± 1.22 81.13 ± 1.99 99.54 
MPT MOl35 Direct Compression 94.85 ± 2.49 0.50±0.23 96.19 ± 2.49 -96.69 

M0147 Direct Compression 99.20 ± 4.41 1.53 ±0.43 104.64 ± 1.17 106.17 
M0155 Direct Compression 96.49±4.51 2.51 ± 0.20 99.52± 1.22 102.03 
M0233 Wet Granulation 97.36±3.76 1.26 ±0.94 91.04 ± 1.12 92.30 

OXP 00227 Direct Compression 96.44 ± 3.51 0.80±0.12 79.27 ± 3.34 80.07 
00221 Wet Granulation 75.15±4.72 2.87 ±0.42 104.99 ± 4.71 107.86 

PROP P0163 Direct Compression 96.50± 5.01 11.50 ± 0.77 98.30 ± 2.12 109.80 

3.5.3. Conclusion 

-

The recovery for these formulations was relatively high, particularly for the direct 

compression formulations. Table 3.12 indicates that all direct compression tablets 

contained greater than 90% of the desired dose per'tablet, with most values exceeding 

95%. 
f 

The residual content assay, which measures the amount of drug remaining in the tablet 

core after dissolution, revealed that LAB and PROP are retained to a greater extent than 

ACE, MPT and OXP, possibly due to their lower aqueous solubility. These results 

correspond with the total percent drug released at the end of the dissolution period, as 

shown by the dissolution rate profiles obtained throughout this study, with LAB and 

PROP, in general, being released to a lesser extent than the other drug candidates from 

the manufactured dosage forms. 
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3.6. DISSOLUTION TESTING 

For any new product intended to be marketed, it is important that bioequivalence with an 

accepted reference product be demonstrated in order for that product to be marketed. This 

is achieved by obtaining similar in-vivo plasma concentration profiles for the test and 

reference product, showing that there is no significant difference between the rate and 

extent of absorption under the same conditions of administration. As a preliminarY step to 

in-vivo studies, in-vitro dissolution tests are well accepted as general indicators of the 

behaviour of the product in-vivo, since the absorption of any drug is subject to liberation 

from the administered dosage form. For this reason, dissolution studies are valuable tools 

for increasing the success rate of costly in-vivo bioequivalence tests. 

In addition to aiding in the optimisation of new products, dissolution tests are applicable 

during studies to demonstrate dosage form stability and batch-to-batch uniformity, as 

well as in assessing the effects of a change in formulation variables. In this study, 

dissolution tests were conducted in order to ascertain whether selected batches were 

similar, in order to gain insight into the behaviour of the tablets in vitro and to assesstbe 

effects of formulation variables, as discussed in Chapters 4 and 5. 

3.6.1. Preliminary Selection of Dissolution Testing Apparatus 

The objective of this study was to select the most appropriate apparatus for dissolution 

testing of the sustained release matrix tablets developed. Although the USP Apparatus 2 

(paddles) is used extensively for sustained release dosage forms, it has become 

increasingly accepted that the Apparatus 3 (BIO-DIS) is the preferred apparatus for 

dissolution rate studies of long-acting dosage forms (95, 96). Some advantages ofthe 

BIO-DIS, when compared with Apparatus 2, include the closeness with which the gastro­

intestinal environment may be simulated, both in terms of the pH range and the 

turbulence encountered during transit of the dosage form in vivo, and the absence of 

undesirable phenomena usually associated with Apparatus 2, such as coning caused by 

the laminar flow of the dissolution medium (95). 
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With Apparatus 3, the tablet may be exposed to as many as six different dissolution 

media, over a variable time interval for each medium. Usually the dosage form will be 

advanced from an acid medium, upwards in pH, to that of a more alkaline nature, thus 

simulating transit through the GIT. In contrast, Apparatus 2 uses only one dissolution 

vessel per tablet, hence one pH is usually selected for the entire experiment. 

3.6.1.1. Method 

In order to determine which apparatus was suitable for these studies, an evaluation was 

carried out using two batches of MPT tablets, one manufactured by wet granulation and 

the other by direct compression, as both methods of manufacture 'were employed in this 

study. 

The dissolution conditions for both apparatus used are listed in Table 3.15, with receptor 

media being buffer of the same molarity for both testing systems, differing only in pH for 

the USP Apparatus 3. 

Table 3.15: Dissolution Test Conditions for USP Apparatus 2 and 3. 

Parameter USP 2 (Paddle) USP 3 (BIO-DIS) 

Temperature 37SC 37.5°C 

n= 

Test Period 

Agitation Rate 

Dissolution Media 

Sampling Schedule 

4 

24 hours 

100 r.p.m. 

0.1 M phosphate buffer pH 7.2 
(900ml) 

1 hour 8 hours 
2 hours 10 hours 
3 hours 12 hours 
4 hours 16 hours 
5 hours 20 hours 
6 hours 24 hours 
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6 

22 hours 

20 dips per minute 

0.1 M phosphate buffers of varying 
pH (185ml) 

Dissolution pH Dissolution 
medium # time 

1 1.6 1 hour 
2 3.4 1 hour 
3 4.7 4 hours 
4 6.8 4 hours 
5 7.2 4 hours 
6 7.2 8 hours 
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Samples were collected periodically at predetermined times throughout the 24 hour 

period from Apparatus 2, and at the end of the 22 hour period from each receptor vessel 

of the BIO-DIS. All samples were analysed by HPLC, and the cumulative percent drug 

released was plotted versus time, to generate dissolution rate profiles for each . 
< • 

formulation. Curves were compared using theJi andh difference and similarity factors, 

defined by Moore and Flanner (97), as described in Section 3.6.4. The percent drug 

released at times 1, 2, 6, 10, 14 and 22 hours were used to calculate these fit values, and 
r ' -

the data at times 14 and 22 hours for Apparatus 2 were graphically interpolated, since 

- data collection was not performed at these time points. 

3.6.1.2. Results and Discussion 

It is evident from Figures 3.6. and 3.7 that release from the wet granulation formulation 

was more susceptible to changes in dissolution apparatus when compared with the direct 

compression tablets. A statistical analysis revealed that a significant difference existed 

between the apparatus used for the wet granu~ation tablets, however, acceptable similarity 

was demonstrated for tablets manufactured by direct compression, as shown by the/! and 

h values reported in Table 3.16. 
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Figure 3.6: Dissolution rate profiles ofMPT tablet batches manufactured by wet granulation. 
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Figure 3.7: Dissolution rate profiles ofMPT tablets manufactured by direct compression. 

Table 3.16:fi andJi Fit Values for Comparison Between the BIO-DIS and the USP Apparatus 2. 
Method of Manufacture /, h 

Direct Compression 14.5 51.8 
Wet Granulation 42.1 31.9 

The more turbulent dissolution environment brought about by reciprocation of the inner 

cylinders in the BIO-DIS resulted in a greater degree of mechanical erosion or abrasion 

of tablets, and more than likely contributed to the greater rate and extent of drug release, 

as seen from tablets prepared by both methods of manufacture, although statistical 

significance was only verified for the wet granulation tablets. The pH variations of the 

BIO-DIS may also playa role, in that the lower pH' s may result in increased ionisation of 

the basic drugs, therefore increasing their solubility in the dissolution medium, which is 

known to influence the rate of drug release (98, 99, 100, 101). The results imply that the 

BIO-DIS offers a more vigorous dissolution test for the tablets under investigation. In 

addition, the standard deviations for each batch oftablets (shown by the error bars in the 

figures) were greater for Apparatus 2 than for Apparatus 3, suggesting that, despite more 

vigorous experimental conditions, a higher level of precision of data may be generated 

using the BIO-DIS (96). 
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3.6.1.3. Conclusion 

The USP Apparatus 3 was selected for dissolution testing of the beta blocker tablets 
'i:. -

manufactured during this study. It provides a more stringent testing procedure, a higher 

degree of precision, and a more realistic dissolution environment through simulation of 

the pH range and turbulence encountered in the GIT (96). 

3.6.2. Selected Dissolution Test Conditions 

Dissolution testing for all batches was carried out using the BIO-DIS, with the conditions 

as outlined in Table 3.17. 

Table 3.17: Dissolution Test Conditions Used for All Tablet Batches. 
Apparatus: USP Apparatus 3 (BIO-DIS) 
Temperature: 37.5°C 
Sample size (n): 6 
Test length: 22 hours 
Agitation rate: 20 dips per minute 

Dissolution media pH 
(O.lM phosphate buffers, 
1 85ml): 

3.6.3. Sample Treatment 

Dissolution medium 
# 

2 
3 
4 
5 
6 

pH Dissolution time " 

l.6 1 hour 
3.4 1 hour 
4.7 4 hours 
6.8 4 hours 
7.2 4 hours 
7.2 8 hours 

Following dissolution, 2 ml samples were removed from the receptor vessels and 

analysed by HPLC, with another drug candidate as the internal standard (Section 2.6.1). 

Sample concentrations were converted to the mass of drug released after each sampling 

interval, and used to generate a plot of cumulative percent drug released versus time, 

producing a dissolution rate profile for each batch of tablets manufactured. 
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3.6.4. Statistical Comparison of Dissolution Rate Profiles 

An important feature in the development of any pharmaceutical product is that it meets 
.~ -

the required scientific and therapeutic standards of acceptance. For new drug entities full 

scale clinical trials are unavoidable, however, for the incorporation of accepted drugs into 

new dosage forms, it is more cost effective to demonstrate similarity between the new 
r- -

application and an existing approved product, hence bioequivalence studies have gained 

popularity, and scientific recognition, in recent years, and these studies rely on accurate 

comparisons of dissolution rate profiles. In addition, comparisons with a reference 

product provide valuable information during the product development process, therefore 

it is important that these comparisons are made with scientific confidence, and that they 

are based on sound statistical models or mathematical relationships. 

There are numerous methods for comparing dissolution rate profiles, each with various 

advantages and disadvantages, and any number of the described methods may be used in 

combination or alone for ascertaining difference and similarity between curves. In 

general, complications arise with simple comparative methods, such as statistical testing 

for significant difference in response at individual time points (tx"/o approach), since the 

profiles are generally non-linear, and differences between curves are a function not only 

of the magnitude of response, but also of the shape of the curve. Simple comparisons of 

this nature also contribute nothing to the complete characterisation of curves. 

For comparison of curves, the data may be fitted to polynomial equations using least 

square analysis (102) and the resultant profiles compared. The drawback in this case 

however, is that the actual data generated is not used for the comparison, but rather the 

regression trend. The Weibull distribution is another method that has been used, in which 

the curves are linearised and compared, however, it has been reported that problems with 

the linearity may arise toward the end of the dissolution test, if 100% of the drug is not 

released (97). This method is also reliant on estimated values for parameters, such as lag 

time, which may bias the results obtained. The Rescigno index provides a different 

approach, whereby the concentrations of drug at various time points are used to calculate 
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a dimensionless number between 0 and 1, the bioequivalence index (103). This index is a 

measure of the dissimilarity between curves, however it has been shown to bias curves of 

higher assay than the reference product (97). 

Mean dissolution time (MDT) is a commonly used approach for comparing the rate of 

drug release using dissolution data, and is said to be more accurate than the tx"/O approach 

(104). 

Moore and Flanner (97) devised two mathematical relationships that can be used to 

evaluate the difference between the percent drug released per unit time for two sets of 

dissolution data. These values indicate the closeness of the curves with respect to both the 

height and shape, taking into account the different variance at each time point. Moore and 

Flanner defined the fit factors.fi andJi, which represent the difference and similarity 

between the curves, respectively, and are shown as Equations 3.1 and 3.2. 

Equation 3.1 

Equation 3.2 

.fi represents the relative error incurred in fitting the two data sets, and must fall below 15 __ 

for statistical confidence of similarity to exist.Ji is the average sum of the square of the 

difference between the data points, therefore it also comments on the difference between 

curves, however, it is accepted as an indicator of similarity of profiles. Values forlz are 

mathematically scaled to fit between 0 and 100, with values approaching 100 indicating 

increasing similarity of the resultant dissolution data. The lower threshold value for 

statistical similarity is 50, as defined in the FDA's Guidance for Industry (105). Although 

the FDA accepts this method of comparison, it recommends that the %RSD be less than 

20% for early samples' and less than 10% for the rest. TheJi value is reported to be 

sensitive to measurements obtained after 85% dissolution from either the test or reference 

formulations, therefore it is recommended that data falling above this point be omitted 
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(105). It has also been suggested thatJi has complicated statistical properties, which may 

jeopardise the validity of this comparison of results (lOS). 

Gohel and Panchal (106) have recently introduced a new mathematical comparative 

method using a similarity factor, Sd, which reveals the percentage difference between two 

dissolution profiles, by using the area under the curve as a measure of dissolution 
~ ~ ~ 

efficiency. This method offers a high degree of flexibility, since either percent or amount 

released can be used, as well as simplicity and ease of interpretation (107,106). Sd is 

calculated using the following mathematical relationship: 

Equation 3.3 

Ji was calculated for comparisons of curves in this study, as it is recommended by the 

FDA, andfi was used as a supplementary indicator, withf;250 and fi::;15 showing 

similarity of data. In light of the reported drawbacks ofusingJi, it was felt that 

verification of the results achieved using this parameter was required, thus the similarity 

factor Sd was calculated for each comparison. 
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CHAPTER FOUR 
FORMULATION OF FIVE BETA BLOCKER SUSTAINED RELEASE MATRIX 

TABLETS BY WET GRANULATION 

4.1. SUSTAINED DRUG DELIVERY 

4.1.1. Introduction 

The pharmacokinetic and pharmacodynamic effects of an administered drug in vivo may 

be effectively altered by manipulation of drug release rates from the administered dosage 

form. There are various advantages to controlling drug delivery, for example, a drug may 

be sequestered from regions in the body where it does not exert optimum activity, or 

where it is deactivated (108), therefore improving the safety and efficacy of drug therapy. 

This may involve either delayed or targeted drug delivery. Economically, controlled 

delivery devices may be advantageous since fewer applications may result in more cost 

effective dosage regimens (108). In addition, a reduction in side effects and adverse drug 

reactions may be achieved through site-specific delivery or through sustained drug 

release. 

Sustained drug release is one of the most broadly applicable and practically feasible 

means of controlling drug delivery. In general, a sustained release dosage form is 

designed to release an initial dose, usually approximately 25% of the drug load, to 

achieve a therapeutic plasma concentration, and then to continue releasing the active in a 

sustained manner (remaining 75%), to maintain the therapeutic effect (109, 107). This is 

generally referred to as bimodal release (78, 110, 111), in which the objective is to 

achieve plasma levels approximating those of an intravenous infusion (77). For this 

reason, the drug load incorporated into the dosage form may be several times greater than 

that of a single dose product. Ideally, sustained delivery achieves a rate of drug release 

that is independent of time (zero order kinetics), whereby drug is delivered in a constant 

manner. In practice, however, zero-order kinetics are difficult to achieve (78, 108). 
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4.1.2. Oral Sustained Release Dosage Forms 

All orally administered dosage forms are required to release the entire active dose during 

transit through the GIT. By altering the formulationccimposition or mechanical structure 

of the dosage form, the rate and time course of this release process may be manipulated, 

to achieve a desired therapeutic outcome (111). 

In dev.eloping a dosage form for sustained release purposes, the physico-chemical 

properties of the drug molecule must be considered (109, 112). Different drugs behave 

differently in the GIT and throughout the body, as well as in different vehicles that may 

be used for drug delivery. In general, drugs that are suited to sustained delivery are 

absorbed uniformly from all mucosae of the GIT and rapidly metabolised and eliminated, 

and drugs that are prescribed in small doses, for chronic conditions (109). In sustained 

release applications, it is desirable that the rate of absorption be a function of the dosage 

form rather than the drug itself, since this affords the formulator greater control over the 

resultant pharmacokinetics of the molecule. 

Sustained release dosage forms include ion-exchange resins, slow dissolving chemical 

complexes, osmotically controlled devices, reservoir devices and monolithic (matrix) 

systems (108, 109). Although osmotic systems have gained popularity in recent years, the 

most common sustained release dosage forms are the diffusion-controlled devices, which 

may include reservoir and matrix systems. 

Reservoir systems (membrane systems) include tablets that are coated with an 

encapsulating film (108, 113), multiparticulate systems with various levels of polymeric 

coatings, microencapsulated products such as microspheres (109) and osmotically­

controlled devices such as the OROS® systems (108). Film coatings used for sustained 

release purposes are generally made oflong chain polymers, which coalesce to form a 

continuous layer on the surface of the tablet, through which the drug must diffuse, thus 

limiting the rate of release, which may be affected by the thickness of the polymer coat, 

as well as the solubility of the drug in the coating material (114). Drug release from these 
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dosage forms occurs by Fickian diffusion, and a constant rate of release can be achieved 

(114, 100), thus zero order kinetics may be observed with this technology, as long as the 

reservoir system is in tact. If the dose incorporated is high enough that penetration of. 
.:;, ~ 

water produces a drug concentration higher than its saturation solubility, a concentration 

gradient will be maintained and the rate of drug diffusion across the polymer membrane 

may be constant. 

A matrix system was formulated in this study, therefore this type of device and drug 

release from these systems is described in greater detail. 

4.1.2.1. Matrix Devices 

Matrix devices are one of the most commonly used sustained release dosage forms, due 

to their relatively simple fabrication, when compared with coated systems, and due to 

their high level of efficacy and low potential for toxicity that may be caused by dose 

dumping (115, 116). 

Matrix systems consist of the active ingredient dispersed within a solid matrix material, 

which can be insoluble plastic type materials, waxes, or hydrophilic polymers, the latter 

being the most commonly used in recent years (113). Various polymers are suited to this 

application, such as the high viscosity grade cellulose derivatives, acrylic resins, 

polyethylene, polyvinyl chloride and many others. Matrices are produced either by 

granulation and compression or by directly compressing the rate-controlling polymer 

with the active drug. Compaction results in the formation of multiple inter-particulate 

bonds between polymer molecules, which inhibit disintegration, and between drug and 

polymer molecules, which may contribute to the slow rate of release (Ill). 

Matrix systems may release the drug by a single or combination of mechanisms, 

involving diffusion, dissolution, swelling, erosion, polymer relaxation or hydrolysis, and 

non-uniform drug distribution (115). In systems that rely primarily on diffusion, drug 

release is dependent on the rate of diffusion through the matrix and into the surrounding 
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medium (113, 114), or alternatively through pores in the matrix, or both (89). An initial 

burst effect may be seen, with drug being released in a sustained manner thereafter, 

producing the previously mentioned bimodal resBo~se. Drugs incorporated at a low dose 

(0-5% w/w) tend to be released by simple diffusion through the polymer matrix, whereas 

drugs ofa higher load (5-10% w/w) present with more complex release mechanisms due 

to the introduction of cavities as drug molecules dissolve (108). Regardless of the 
r- -

mechanism, these systems do not generally release drug according to zero order kinetics. 

For zero order drug release to occur, the rate of release is independent of time or 

concentration, and the amount released is directly proportional to dissolution time. 

Instead, matrix systems typically display square root of time dependency (22,98, 113, 

114, 117, 118), where the release rate decreases with time, and is thus usually dependent 

on the rate of water uptake and drug diffusion through the matrix (119). Figure 4.1 is a 

simple schematic of the process of drug release from these systems. 

Figure 4.1: Schematic of drug release from matrix controlled release systems. 

To gain an understanding of drug release from these systems, one must consider the 

behaviour of a solute in the matrix. The drug molecule undergoes Fickian diffusion 

within the matrix vehicle as described by the following derivation ofFick's first law (22): 

dQldt = DC.lh Equation 4.1. 

where dQldt is the rate of drug release per unit surface area of the matrix, D and C. an~ 

the diffusion coefficient and solubility of the drug molecule in the diffusion medium 

(polymer matrix) respectively, and h is the diffusional pathlength (22). This model 

requires the assumptions that D is independent oftime and drug concentration and that 
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dissolution is the primary process, and that a pseudo-steady state exists during the 

controlled release process (120). Considering that drug is continuously diffusing out of 

the dosage form, resulting in the formation ofa depletion zone, it follows that the 
.~ " 

diffusional path length (h) is effectively increasing with time, therefore the right hand side 

of Equation 4.1. is continuously changing, suggesting that a constant rate of release may 

not be achieved. 

Usillg Fick's first law of diffusion, Higuchi defined the following relationship to describe 

the release of drugs from matrix tablet formulations (22): 

Q = [ Da / 't ( 2A - ae. ) C. t ]1/2 Equation 4.2. 

where Q is the weight (g) of drug released per unit surface area, D and e. are the 

diffusion coefficient and solubility of the drug in the polymer matrix, respectively, a and 

't are the porosity and tortuosity constants of the matrix, respectively, and A is the 

concentration of the drug in the tablet in g/ml. For this model, to describe drug release 

effectively, it is assumed that a pseudo steady-state is maintained during release, that A is 

greater than es, that perfect sink conditions are maintained, that the drug molecules are 

smaller than the polymer molecules, that D remains constant and that no interaction 

between the drug and polymer occurs (113). 

From Equation 4.2, it can be said that the amount of drug released is proportional to the 

square root oftime, hence non-linear drug release is observed. This model incorporates a 

negligible degree of matrix erosion, therefore deviations from the square root oftime 

dependent relationship in the latter part of dissolution may be attributed to erosion (117), 

in which instance Case II transport is commonly observed. The porosity and tortuosity 

terms have been included in order to account for drug leaching out via pores in the 

polymer matrix filled with GIT fluid or dissolution medium, as the case may be (22). 

Use of the Higuchi equation allows for identification of parameters that may influence 

the rate of drug release from a dosage form, such as the drug load (A), the choice of 
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polymer, since this will affect D, and the tableting process, which has an impact on e and 

'to The desired release rate may be acquired through manipulation of these components, 

for example, decreasing the porosity of the tablet, by using excipients of higher bulk 

density (111), would decrease the mass of drug released at any given time point, resulting 

in a slower release rate. 
-< • 

It has been established that zero order release is not characteristic of matrix devices, 

however, linear release has been reported with specially designed swelling':coiitrolled 

devices made from hydrogels or hydrophilic polymers, or both (118, 121, 122). These 

polymers may be natural, such as guar gum, but are more commonly synthetic, and 

include substances such as hydroxypropyl methylcellulose (HPMC), 

hydroxypropylcellulose (HPC), methylcellulose (MC), sodium carboxymethylcellulose 

(SCMC), ethylene vinyl alcohol (EVA) and polymethacrylate (107, 108), and they are 

often,used in combination, to achieve a desired release r~te (78, 107). In such systems, 

the aqueous dissolution medium penetrates the polymer matrix, which subsequently 

becomes hydrated and swells. Drug diffuses outwards through the polymer in a counter­

current fashion (99). This results in mixed release mechanisms, incorporating 

swelling/erosion control and diffusion control (115). The interface between the sweliing 

polymer and the medium is called the dissolution/erosion front, while the interface 

moving towards the centre of the tablet between the gel layer and the unhydrated polymer 

is called the swelling front, as shown in Figure 4.2. The position and rate of movement of 

these fronts determines the release rate of drugs from the matrix (115). 

water penetration 

gel layer 

unhydrated tablet 

dissolutionlerosio 
n front 

swelling front 

original tablet size 

Figure 4.2: Schematic diagram of moving fronts during swelling and dissolution of a matrix tablet (115). 
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High molecular weight polymers may undergo dissolution to a minor extent, although 

attrition may also contribute to drug release, which occurs primarily by diffusion through 

the swollen gel layer (123). Release from these systems may be both Fickian or Non-.. 
Fickian, depending on the diffusive mobility of the drug in relation to the penetrating 

dissolution medium (121). Case IT transport may also be observed, and this involves 

polymer relaxation and disentanglement (123), thus accounting for matrix erosion. When 
r - -

the rate of drug diffusion through the gel layer is faster than the rate at which the swelling 

front is penetrating into the tablet, zero order release may be observed (121). Zero order 

release may also occur if the advancement of the swelling front and the attrition of the 

dissolution/erosion front are synchronised, thus holding the diffusional path length 

constant (62, 115, 123). Figure 4.3 shows that eventually the diffusional path length will 

decrease, due to polymer erosion, however, the release rate will not increase as a 

consequence, since this is compensated for by the decreased size of the matrix and lower 

drug concentration remaining in the core (62, 122). 

gel layer 
thickness 

swelling synchronization depletion 

Time 

Figu re 4.3: Dynamic gel thickness development ill a swell able matrix tablet (lIS). 

Release from matrix systems is among the most difficult to model, due to the complexity 

of the processes that occur. However, various models have been presented, and one 

method involves fitting the data from drug release rate studies to the following semi­

empirical equation derived by Peppas (86): 
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MlMoo =kt Equation 4.3. 

where M/Moo is the fraction of drug released at time f, k is a constant incorporating both 

structural and geometric characteristics of a dosage form, and n is the diffusional 

exponent indicative of the release mechanism (117). It is desirable to have a value ofn=l, 

since this indicates a linear relationship between the fraction released and time, thus 
r -

depicting zero order release. For most matrix systems, however, square root of time 

dependency is seen, thus n=0.5 (122). Values between 0.5 and 1 indicate non-Fickian or 

anomalous diffusion, possibly due to drug release via pores in the matrix, and values for 

n greater than 1 indicate Case IT transport (122). 

Other means by which drug release can be altered and slowed include modification of 

geometry of the drug delivery device (91,98, 111), as well as excipient interactions, such 

as ionic polymers that slow the release of charged species (78, 92). In addition, hybrid 

systems exist, which include combinations of the diffusion-controlled systems described 

previously. Hybrid systems may include, for example, coated beads that are compressed 

into a tablet or, alternatively, a matrix tablet core that is coated with a polymer film. 

These systems may afford further control over drug release, and have been shown to 

release drug by zero order kinetics (43, 115). 

4.1.3. Rationale for Sustained Delivery of Beta Blockers 

Beta blockers, one of the most widely administered classes of drugs worldwide, are 

usually prescribed as chronic therapy for the treatment of hypertension, often in a 

multiple doses per day regimen. Multiple dosing of the five beta blocker candidates is 

usually required, since therapeutic plasma levels cannot be maintained on a once daily 

dose, due to their short elimination half life. To achieve prolonged therapeutic benefits of 

short acting drugs, inclusion into a sustained release dosage form is a favourable 

alternative to repeated dosing. In addition, drugs that exhibit rapid elimination kinetics 

lend themselves to sustained delivery, since the sustained therapeutic effect is then a 
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function of the dosage form, rather than the drug molecule itself, and drug delivety can 

be manipulated by formulation modifications. 

4.2. TABLET MANUFACTURE 

Tablets are the most popular type of dosage form for oral drug delivery, due [6 tlieir ease 

of administration, relatively simple fabrication and low cost. As described previously, 

they can readily be adapted to produce sustained drug delivery. For sustained release 

applications, tablets may be manufactured using the same techniques as for immediate 

release formulations, which include wet granulation, dry granulation and direct 

compression. A brief introduction to the principles involved in wet granulation is 

described below, and to direct compression in Chapter 5. 

4.2.1. Wet Granulation 

Wet granulation is a widely applicable method of tablet manufacture involving an 

inteimediate process, whereby powders are converted to free-flowing granules, for 

compaction into tablets. This method of tablet preparation includes weighing and sieving 

of dry powders, blending with the addition of a fluid, screening and drying the damp 

mass, re-screening the dry granules, addition of a lubricant andlor other excipients, and 

finally, compression into tablets (109, 124). Figure 4.4 in Section 4.3.4.2 is a schematic _ 

diagram of the wet granulation method of manufacture used in this study, and it 

illustrates these processes. 

Incorporation into granules enables almost any dry compound to be compressed into 

tablets, regardless of the physico-chemical properties inherent in the drug or excipients, 

since the compressibility of the blend is a function of the granule mass, rather than the 

individual components. 

During the granulation procedure, the powder mass is wetted by the addition of a 

granulating fluid, in order for the powder particles to be combined into agglomerates. The 

92 



agglomerates tend to exhibit improved flow and compression properties after drying, 

compared with the individual powders. This procedure can be performed, for small scale 

purposes, in a bowl or mortar, or using twin-shell blenders, double-cone blenders or 

planetary mixers; and on a large scale, using ribbon blenders, high-speed shear mixers or 

fluid bed apparatus, in which granulation and drying can take place simultaneously (124). 

4.3. EXPERIMENTAL 
r- -

4.3.1. Overview 

A prototype wet granulation formula for a sustained release matrix tablet containing MPT 

(90) was applied to the four other beta blocker candidates, with all variables held 

constant, in order to assess the affects of the active agent properties on the in-vitro 

behaviour of the final dosage form. 

The success of application of the prototype formula to the other beta blockers was 

evaluated in terms of in-vitro drug release characteristics, physical properties of tablet,s .. 

and suitability of the granule/powder blend for the tableting process. 

In addition, various loads of the insoluble polymer ethylcellulose, incorporated as 

Surelease®, were investigated to determine the effect on drug release from this tablet 

formulation. 
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4.3.2. Materials Used 

4.3.2.1. Drugs 

ACE was purchased from Profarmaco (Italy), MPT from K.A. Malle Pharmaceuticals 

Ltd. (India) and PROP from Kothari Phytochemicals International (India). Both OXP and 

LAB were purchased from Sifavitor s.p.a. (Italy). 

43.2.2. Excipients 

All materials used in this study are GRAS listed and appear in the FDA Inactive 

Ingredients Guide for inclusion into oral formulations (125). 

4.3.2.2.1. Hydroxypropyl Methylcellulose (HPMC) 

HPMC is a propylene glycol ether of methyl cellulose (16), and thus exists as a long chain 

polymer (43). It is soluble in water and forms a viscous colloidal solution (125). HPMC 

is routinely used for topical formulations as well as in tablet manufacture, where it is used 
" 

either as a binder, a film-coating agent or as a sustained release matrix-forming excipient 

(125). It is available in different grades, depending on the degree of substitution and 

average molecular weight of the polymer (125). These differences result in varying 

solution viscosities, the higher of which are used for matrix-type sustained release tablets., 

due to their increased capability for hydration and swelling (92, 93, 119), and since they 

alter the diffusion coefficient of the drug in the matrix such that release is retarded (119, 

123, 126). In addition, HPMC is commonly used because it is biocompatible, highly 

compressible, and can accommodate a large percentage of drug. Release characteristics 

of drugs are also fairly resistant to manufacturing variations when incorporated in HPMC 

matrices (62,93, 101, 127). In this study, Methocel® (Colorcon, Kent, UK) was used, 

grade K4M (4000 cp) during granulation, and K1 OOM, (100 000 cp) as a rate-retarding 

matrix-forming material. 
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Release of highly water-soluble drugs from HPMC matrices is generally diffusion 

controlled, and follows the square root of time model as described by Higuchi (62, 92, 

123). The HPMC:drug ratio has been reported to mect drug release rate profiles, 
,< 

whereby increasing the polymer content resulted in slower release (92,93,94, 128). The 

release mechanism of drugs from matrices ofHPMC has been shown to be regulated 

primarily by a swelling-controlled diffusional process, for highly water soluble drugs, 

with polymer erosion playing an insignificant role, whereas for drugs oflower solubility, 

the-release is predominantly polymer dissolution/erosion controlled (115). 

4.3.2.2.2. Dibasic Calcium Phosphate (DCP) 

DCP is one of the most widely used tablet diluents for both wet granulation and direct 

compression, since it is relatively stable and has inherent desirable flow and compression 

characteristics (125). It may be anhydrous or contain two water molecules of hydration 

(16). DCP is abrasive to compaction apparatus and therefore requires the addition of a 

lubricant, such as magnesium stearate (124, 125), and it is insoluble in water, forming 

tablets that do not readily disintegrate (1/25), unless used with a disintegrating agent, such 

as sodium starch glycolate or povidone. Emcompress® (Edward Mendell Co. Inc, NY, 

USA) was used in this study, and it has a mean granular particle size less than 420 !lm 

(125). 

4.3.2.2.3. Microcrystalline Cellulose (MCC) 

MCC is a purified, non-fibrous, water-insoluble, partially depolymerised cellulose, which 

is also available in different particle size grades (125). As described for DCP, MCC is a 

common diluent used for ~et granulation and direct compression tableting, yet unlike 

DCP, this material has some inherent lubricant properties, and a disintegration capability 

due to its potential for capillary action in aqueous media (124, 125). In addition to this, 

MCC has some binding capabilities, and it has been reported to contribute to sustained 

drug delivery (93). Emcocel® 90M (Edward Mendell Co. Inc, NY, USA) was used in this 

study, and this grade has a mean particle size of91 !lm, and a moisture content less than 
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5.0%, however it is hygroscopic, as demonstrated in Chapter 3, and should therefore be 

stored in well sealed containers (125). 

4.3.2.2.4. Ethylcellulose 

Ethylcellulose is an ethyl ether of cellulose, consisting of ~-anhydroglucose units linked 

together to form long chain polymers (125). It has broad applications in the ~­

pharmaceutical industry including use in topical preparations, microencapsulation, tablet 

coating and tablet granulation (125). Although its main use in sustained release oral 

dosage forms is as a hydrophobic coating agent, it is also widely used as a matrix former, 

incorporated either by dry blending or granulation (125). This cellulose polymer is 

available in various grades, associated with different particle sizes and solution 

viscosities, the higher grades producing film coatings of greater strength and durability 

when compared with the lower viscosity grades (125). All grades are practically insoluble 

in water, producing hard tablets with poor disintegration characteristics (125). Surelease® 

(Colorcon, Kent, UK), an aqueous ethyl cellulose dispersion, was used as the granulating 

fluid in all wet granulation formulations. It contains 24.97% ethylcellulose solids , 

dispersed in an ammonium hydroxide vehicle, with dibutyl sebacate as a plasticiser, oleic 

acid as a stabiliser and fumed silica as an anti-adherent (129). It is a stable system, 

requiring no preparation or manipulation before use, although dilution or warming of the 

liquid may be necessary, depending on the desired application. 

4.3.2.2.5. Magnesium Stearate 

Magnesium stearate is one of the most commonly used lubricants in the tableting 

industry, despite its incompatibilities with compounds such as strong acids, alkalis and 

iron salts (125), and process difficulties due to its hydrophobic nature. This material tends 

to be susceptible to over-blending, resulting in soft tablets, and it is generally used at a 

tablet load of less than 3% (w/w) (125). 
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4.3.4. Methods 

The wet granulation matrix tablets were manufactured according to the following 
.~ . 

fonnula, by the method outlined. Good Manufacturing Practices (GMP) were adhered to 

at all times, with appropriate documentation of any observations and anomalous events 

that occurred during the manufacturing process. This documentation is presented for all 
~- -

batches, manufactured both by wet granulation and by direct compression, in Appendix 

2, and official batch records for all batches are included in Appendix 3. 

4.3.4.1. Wet Granulation Tablet Formula 

1. Active 
Methocel® K4M 
Emcompress® 
Emcocel® 90M 

2. Surelease® 

3. Methocel® KI00M 
Emcompress® 
Emcocel® 90M 

4. Magnesium stearate 

4.3.4.2. Method of Manufacture 

20% 
10% 
37.5% 
32.5% 
100% 
0.14-0.18 gig 

20% 
10% 
7% 

1% 

All powders in (1) were separately weighed, screened (mesh size 20) and granulated with 

Surelease ® (2), using a Kenwood® planetary mixer (Kenwood, UK) on setting 1. After 

warming to approximately 25°C, the undiluted Surelease® dispersion was added using a 

peristaltic pump (Masterflex Easyload, Cole-Palmer Instrument Company, IL, USA) 

which delivered the fluid at a constant rate of approximately 6 g/minute. The blend was 

then passed through a sieve (mesh size 10) using an oscillating granulator (Erweka, 

,Germany) set at 50 r.p.rn. The resultant granules were dried in an oven at 60°C for 12 

hours after which they were rescreened (mesh size 10). The weight of the granule mass 

was recorded. The matrix excipients (3), expressed in the formula as percentages of the 

resultant granule mass, were then individually weighed, screened (mesh size 20) and 
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blended with the granules in a 1 kg capacity cube blender set at an horizontal angle, with 

rotation at 100 r.p.m. for 20 minutes. The magnesium stearate (4) was then weighed, 

sieved (mesh size 44) and added to the blender, aIJd blending continued for a further 3 

minutes. The blend was compressed into tablets on a Manesty® B3B Rotary press, tooled 

with two sets of biconcave punches at between 30 and 40 r.p.m, to a target weight of720 

mg and a target hardness of120-160 Newtons (12-16 Kp). Tablets were deduste~ using a 

vacuum through a sieve, and stored away from light until required for analysis. A 
-

schematic diagram is included, in Figure 4.4, to give a visual overview of this process. 

j 

98 

I. 



--------------------.......... 
Active 
HPM C (4000cp) 
ncp 
MCC 

// '\ :<:.:::::::::'\ 
mesh size 

: : 

... . .... ~::.~: ............................................................. / 

• 
cube blender: 
100 r.p.m. 
20 minutes 

• 
cube blender: 
100 r.p.m. 
3 minutes 

• 
Manesty® B3B 
Rotary Press 

• 

• 

- / 

: ....................................... } 

sieve: 
mesh 
size 

.................. ~.: ................... / 

, 
, 

planetary 
mixer: 
speed 1 

• 

aqueous 
ethylcellulose 
dispersion 

dried: ........ 
60°C ~ 
12 hr 

/-\- ;;~~=::= .. ') 

/ ......................... -............. ~~ 

, sieve: 
mesh 

, 
, 

size 
20 

, 

: .......................................... : 

/···_··························_·······7 

sieve: 
mesh 
size 
44 

.... -.-::~ ............................................................. ~ 

• 

• 

HPMC 
(lOOOOOcp) 
ncp 
MCC 

magnesium stearate 

Figure 4.4: Schematic diagram of the wet granulation tabletting process. 



----------------------......... 

4.3.4.3. Effect of Surelease® Load 

In an attempt to slow the rate of drug release~from these tablets, the granulation fluid, 

Surelease ®, usually incorporated at a load of 2. 5-3.5% ethylcellulose solids, was 

increased to 5% and 10%, by incorporating the additional quantities ofSurelease® as 

indicated in Table 4.1, and the resultant dissolution rate profiles were compared. Blends 

that became over-wet during granulation, due to excessive addition of fluid, were dried at 

40°C for one hour prior to screening. 

Table 4.1: Increased Surelease® Loads for Wet Granulation FornlUlae (500 g batch size) 

Batch # 
M0233 
M0213 
M0211 

Mass Mass % Ethylcellulose 
Surelease® added Ethyl cellulose solids incorporated 

79-90 g 17.5-22.5 g 2.5-3.5% 
100 g 25 g 5% 
200 g 50 g 10% 

j 
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4.4. RESULTS AND DISCUSSION 

4.4.1. Comparison of Dissolution Rates ofthe Drug Candidates 

All five beta blocker candidates selected were successfully incorporated into a prot~type 
' :. .. 

matrix tablet formulation, which sustained drug release over a 22 hour dissolution period. 

Figure 4.5 depicts a typical dissolution profile for each active ingredient, and illustrates 

the different behaviour of the formulations. 
~ - -

-
From Figure 4.5 it can be seen that LAB is released at the slowest rate and to the least 

extent, compared with all other drug candidates. MPT and ACE appear to be released in 

an almost identical manner, while PROP followed the same release pattern until 10 hours, 

after which, it's release rate increased. On completion of the dissolution test, PROP was 

released to a similar extent to OXP, which displayed the highest release rate of all drug 

candidates from 2 hours onwards. 

There are various factors that may contribute to the different release rates observed, such 

as drug solubility or drug interactions with various excipients. These issues will be 

addressed further in Chapter 5, and discussed in conjunction with batches ofthe same 

active agents, manufactured into tablets by direct compression. 

120 
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80 co .. 

'OJ 
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Figure 4.5: Plot of cumulative percent drug released versus time for each of the five beta blockers 
manufactured by wet granulation. 
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4.4.2. Effect of Surelease Load 

In this investigation of the Surelease® load effects'on drug release, the beta blockers 

behaved differently from one another, despite their similar physico-chemical 

characteristics. It was expected that an increase in the quantity of Surelease ® used as the 

granulating fluid would slow the rate and extent of release of each beta blocker from 

these dosage forms. However, contrary to expectation, this was not the case for all drug 

candidates under investigation. 

The release rates ofMPT and OXP were unaffected by the increased Surelease® content, 

and any further increase in ethyl cellulose content. These results are depicted in Figures 

4.6 and 4.7, respectively, and may be explained for MPT by the high aqueous solubility 

of the active, however, OXP is no more soluble than the other drug candidates under 

investigation, such as ACE, which displayed altered release characteristics. MPT 

dissolves readily in the ammonium hydroxide vehicle ofSurelease®, and therefore drug 

particles are unlikely to be coated by the ethylcellulose dispersion, since they will 

dissolve in the liquid and be released at first contact with the aqueous dissolution 

environment. This may explain why the increased Surelease® load had no significant 

retardant effect on the release ofMPT. 

A trend is evident with ACE, PROP and LAB, in that the higher Surelease® loads 

produced tablets that released drug at a slower rate and to a lower extent than the 

prototype formulation. This trend is clearly illustrated in Figures 4.8,4.9 and 4.l0, in 

which one can see a significant difference between the release rate profiles of batches 

manufactured using different Surelease® loads. The difference between curves was 

assessed statistically and the results are presented in Table 4.2. As Figures 4.6 and 4.7 

suggest, there is no statistically significant difference between batches containing 

different loads of Surelease® for MPT and OXP, assessed according to the FDA's 

acceptance criterion for similarity oflz 2:: 50. When comparing the curves for ACE, PROP 

and LAB,1z values less than 50 were expected, in order to verify the dissimilarity of 
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curves and to demonstrate the retardant effect that Surelease® has on these drugs. As seen 

in Table 4.2, both ACE formulations manufactured with 5% and 10% Surelease® are 

statistically dissimilar to their prototype counterpart, "and this is clearly evident from 
"< 

Figure 4.8. Although allJi values for comparisons of the PROP batches made with 

different loads of Surelease® were low, not all values fell below 50, however, the trend in 

drug release characteristics is clearly evident from Figure 4.9. For LAB, none of the 

comparisons yieldedJ2 values less than 50, and although the trend is less obvious when 

compared with PROP, it is still clearly illustrated in Figure 4.10. This may indicate a 

degree of insensitivity oftheJi andJi metrics, as has been suggested by Shah et al (105). 

The retardant effect of the increased Surelease® load on the release rate of these agents 

appears to be a function of the complete Surelease® system, rather than merely the 

addition of more ethyl cellulose, since increased levels of ethyl cellulose incorporated as a 

dry powder had no effect on the release profiles of direct compression formulations 

similar in composition to these wet granulation tablets. These results are presented and 

discussed further in Chapter 5. It is possible that the rate of drug release from the batches 

manufactured using Surelease®, as opposed to Ethocel® in the direct compression 

formulations, is affected by other compounds present in the Surelease® dispersion, such 

as oleic acid, into which some of the drug may dissolve and may therefore have to 

partition out during drug release, resulting in altered behaviour of the drug in the 

dissolution testing environment. 

In addition, the Surelease® system may form a coat around portions of the dry powder 

blend, which may contain drug particles, and produce granules that have a reservoir-like 

structure, and when compressed into a tablet, form a hybrid-type system, rather than a 

simple matrix tablet This may also explain the decreased release rates observed with 

increased Surelease® loads, since the Surelease®-coated areas would increase in thickness 

and in mechanical stability, resulting in proportionate decreases in the drug release rate 

and extent, as seen in the figures presented. 
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Iqbal et al (130) assessed the effects of different ethylcellulose loads on the release of 

naproxen (practically insoluble in water) from a wet granulation polymer tablet, and they 

found that there was a significant decrease in release rafes for batches manufactured with 
.~ ~ 

greater quantities of ethylcellulose. Their method of manufacture differed however, from 

the method used in this study, in that dry ethylcellulose powder was incorporated before 

granulation, rather than in the granulating fluid. In spite of this difference, the results 

obtained by Iqbal et al show that ethyl cellulose has a role to play in determining~th; rate 

of release of the active ingredient from these types of dosage forms, although similar 

results were not expected for this study, since naproxen has a much lower solubility than 

any of the drug candidates under investigation. 

The effects seen in this investigation demonstrate a means by which the release of some 

of these beta blockers may be controlled, to achieve the desired release rates through 

manipulation of this formulation variable. 

Table 4.2: Statistical Values for Comparison of Curves for Tablet Batches Containing Different Quantities' . 
of Surelease® 

Drug Batches Com(!ared EC Solids Content (%) h Ii % Diff.* 
ACE A023 1 & A0219 2.5-3.5 vs 5 40.5 28.5 58.73 

A0231 & A0247 2.5-3.5 vs 10 42.4 27.9 68.92 
A0219 & A0247 5 vs 10 4.3 84.0 9.61 

LAB L0223 & L0251 2.5-3.5 vs 5 4.1 78.0 5.03 
L0223 & L0249 2.5-3.5 vs 10 12.5 57.0 16.11 
L0251 & L0249 5 vs 10 8.8 65.6 10.50 

:MPT M0233 & M0213 2.5-3.5 vs 5 1.3 92.5 2.34 
M0233 & M0211 2.5-3.5 vs 10 5.1 70.l 3.l8 
M0213 & M0211 5 vs 10 5.0 69.3 0.26 

OXP 00221 & 00253 2.5-3.5 vs 5 3.0 77.6 8.52 
00221 & 00255 2.5-3.5 vs 10 3.2 80.3 2.74 
00253 & 00255 5 vs 10 2.9 80.6 5.20 

PROP POl33 & P0217 2.5-3.5 vs 5 9.3 55.2 6.31 
P0l33 & P0215 2.5-3.5 vs 10 24.4 37.6 29.96 
P0217 & P0215 5 vs 10 16.6 49.2 23.07 

*Percent difference between curves was calculated using the similarity factor Sd defined by Gohel (106). 
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Figure 4.6: Plot of cumulative percent drug released versus time for MPT batches manufactured using 
Surelease® loads of2.5-3.5%, 5% and 10% ethylcellulose solids as a percentage of the final formulation. 
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Figure 4.7: Plot of cumulative percent drug released versus time for OXP batches manufactured using 
Sureleaseill loads of2.5-3.5%, 5% and 10% ethylceHulose solids as a percentage of the final formulation. 
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Figure 4.8: Plot of cumulative percent drug released versus time for ACE batches manufactured using 
Surelease<l> loads of2.5-3.5%, 5% and 10% ethylcellulose solids as a percentage of the final formulation. 
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Figure 4.9: Plot of cumulative percent drug released versus time for PROP batches manufactured using 
Surelease<l> loads of2.5-3.5%, 5% and 10% ethyl cellulose solids as a percentage of the final formulation. 

106 



100 

80 .., 
~ 
" .. 
<:i 60 a: 
CIl 

= ... 
Q .... 40 c: 

~ - -.. .. ... .. 
Po 

20 

Time (bours) 

Figure 4.10: Plot of cumulative percent drug released versus time for LAB batches manufactured using 
Surelease@ loads of2.5-3.5%, 5% and 10% ethy1cellulose solids as a percentage of the fmal formulation. 
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CHAPTER FIVE 

THE DEVELOPMENT AND OPTIMISATION OF FIVE DIRECT 

COMPRESSION SUSTAINED RELEASE -BETA BLOCKER TABLET 
"~ : 

FORMULATIONS 

5.1. INTRODUCTION 

5.1.1. Direct Compression Tableting 

Wet granulation has traditionally been the preferred method of tablet manufacture, due to 

its wide applicability in the pharmaceutical industry, however, advances in excipient 

technology and manufacturing equipment have lead to the increased use of direct 

compression as a means of manufacture. Direct compression offers improved efficiency, 

simplicity, and minimisation of potential handling errors during manufacture, and it 

eliminates the intermediary processes of wet granulation, in that powders are merely 

weighed, sieved, blended and subsequently compressed. 

The simplicity of this method of manufacture is offset by the limited number of 

excipients with the suitable flow and cohesive properties that may be tableted in this way, 

and by practical complications that arise due to variables such as ambient temperature 

and relative humidity. In recent years, a variety of free-flowing, highly compressible 

excipients have become available as a result of novel methods of preparation. Excipients 

such as spray-dried lactose and microcrystalline cellulose fall into this category. In 

addition, tablet presses using forced or induced feeders can ensure adequate and constant 

filling of die cavities with powders that do not exhibit optimum gravitational flow thus 

enhancing the tableting process (109, 124). 

For drug loads lower than 25% (w/w), suitable diluents may be used in the fonnulation to 

impart appropriate flow and compaction properties to the powder blend, however, for 

higher drug loads, the drug itself must be adequately compressible and have little or no 

effect on the flowability of the powder blend (124). 
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Tablets manufactured by direct compression typically show high variability in terms of 

weight, hardness and thickness, due to sub-optimum flow and compression characteristics 
"~ r 

of powder blends. Sticking of tablets to die walls and punch faces is also commonly 

observed, therefore additional anti-frictional agents may be required, not only to perform 

the role of glidant by enhancing flow properties, but also as a lubricant, to prevent 

sticking. 

5.2. EXPERIMENTAL 

5.2.1. Overview 

The primary objective of this study was to adapt a previously developed formulation (90) 

for each of the beta blockers in this study, to a direct compression formula with 

comparable in-vitro drug release characteristics to the wet granulation tablets. 

Comparisons between direct compression and wet granulation were also made with 

respect to the physical characteristics of tablets such as uniformity of weight, thickness, 

diameter, hardness and friability. 

A further objective was to optimise the direct compression tableting process by 

manipulating the anti-frictional component of the formula, without sacrificing the desired 

release characteristics. Compaction and flow properties of the powder blends were 

assessed with respect to the anti-frictional agents incorporated into the formula, and 

dissolution rate profiles of the different batches were compared using the.fi andji 

comparative values (97) as well as the percentage difference between the curves, 

calculated using the similarity factor, Sd, defined by Gohel (106). 

In addition, in order to gain insight into the behaviour of these tablets in-vitro, and to 

develop an idea of the role of various excipients, the formula was evaluated with respect 

to changes in the grade and quantity of ethylcellulose incorporated. The HPMC:drug ratio 
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has been reported to directly affect the rate of drug release from these types of dosage 

fonns (93, 127), therefore the HPMC content, as well as that of the active ingredient, was 

kept constant throughout the study, in order to isolate the effects of changes in the other 
,< 

components. 

Finally, in an attempt to slow the rate and extent of drug release further, an alternative 

method of manufacture was employed, involving freeze-drying of the drug wrth;n 

ethylcellulose dispersion. The implication of this is that the fonnulator may acquire 

another means of retarding the release rate of those drug candidates that were unaffected 

by modifications of conventional fonnulation parameters. 

5.2.2. Direct Compression Excipients 

•• ";;t:. , 

"'.";'-,. ~--;. '." 

As many of the excipients included in the direct compression fonnulae were used in the 

wet granulation method, only those that were used exclusively for direct compression 

have been discussed in this section. All of the materials are included in the FDA Inactive 

Ingredient Guide, and all except purified talc are GRAS listed. 

5.2.2.1. Ethocel® 

Ethocel® (Dow Chemical Co.) is a dry ethylcellulose product, and was used as a binding 

polymer in all direct compression fonnulations. Six different grades were used, of which 

three were standard grades (10, 20 and 45), and three were fme particle grades (FP 7, FP 

10 and FP 100). The latter have been especially designed for direct compression 

controlled release applications (131). 

5.2.2.2. Purified Talc 

Purified talc is a native, anhydrous magnesium silicate (16, 125), mainly used in topical 

preparations, as a dusting powder, and in solid oral dosage fonns, as a lubricant (at 1-

10% load) or diluent (at 5-30% load) (125). Talc is not absorbed after oral ingestion and 

is therefore regarded as non-toxic and is included in the FDA Inactive Ingredient Guide 
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(125), however, in South Africa, the-Medicines Control Council (MCC) requires that talc 

used for oral preparations be shown to be asbestos free. 

5.2.2.3. Colloidal Silicon Dioxide 

Colloidal silicon dioxide is a submicroscopic fumed silica, which has a small particle size 

and large specific surface area, therefore it imparts good flow properties to powder 

blends, and is subsequently included into tablet formulations as a glidant (125): Other 

uses_ for colloidal silicon dioxide are in aerosols that are not intended for inhalation, and 

in semi-solid preparations, in which it is incorporated as a stabilising or suspending agent 

(125). Different grades, with different particles sizes, are available. The grade used in this 

study, Cab-O-Sil® M5 (Cabot Corp, Madras), has a specific surface area of 

approximately 150 m2/g and a mean particle diameter of approximately 15 nm (125). All 

grades are hygroscopic, although, large quantities of water may be absorbed without the 

powder liquefying, or flowability being compromised (125), and thus it may also behave 

as a desiccant. 

5.2.3. Methods 

5.2.3.1. Direct Compression Formula 

The final selected direct compression formula for the beta blocker candidates is presented­

in Table 5.1. The percentage (w/w) of each excipient incorporated in the wet granulation 

formula has been listed for comparative purposes. As can be seen, the proportion of each 

component in the direct compression formulation closely approximates that in the wet 

granulation and thus comparison of tablet batches manufactured by direct compression 

and wet granulation was easily achieved. The ethylcellulose used was Ethocel® of 

varying grades, and the values expressed for the ethylcellulose content of the wet 

granulation formula refer to the solids content of ethylcellulose in the aqueous dispersion 

Surelease®. 
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Table 5.1: Direct Compression Formula with Corresponding Wet Granulation Quantities 

Ingredient 
Active Ingredient 
Methocel® K4M (HPMC) 
Emcompress® 
Emcocel® 90M 
Ethyl cellulose 
Methocel® Kl OOM (HPMC) 
Anti-frictional component 

-Magnesium Stearate 

5.2.3.2. Method of Manufacture 

Direct Compression 
< 13.5 
6.8 
32.3 
26.9 
2.8 
14 
3 
0.7 

Wet Granulation 
14 
7 
33.4 
28 

~- 2-- 3 
14 

0.7 

All powders, except for the magnesium stearate and the additionalanti-frictional agent, 

were individually weighed, screened (mesh size 20) and blended together in a cube 

blender rotating at 100 r.p.m for 20 minutes, at an horizontal angle, as presented in the 

schematic diagram in Figure 5.1. The anti-frictional agents were then weighed, screened 

(mesh size 44) and added, and blending continued, for a further 3 minutes. The powder, 
® -. 

blend was subsequently transferred to the Manesty B3B rotary press, set at between 30 

and 40 r.p.m and tooled with two sets of biconcave punches, and compressed into tablets, 

to a target weight of740 mg and a target hardness of120 to 160 Newtons (12-16 Kp). 

Tablets were dedusted by a vacuum through a screen, and stored away from light. A 

schematic diagram has been included in Figure 4.3, to give a visual overview of the direct 

compression manufacturing process. 
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Figure 5.1: Schematic diagram showing the direct compression tableting process 
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5.2.3.3 Formulation Variables Investigated 

5.2.3.3.1. Anti-Frictional Composition 

During adaptation of the prototype wet granulation formula to a direct compression 

method, an additional anti-frictional agent was required to prevent sticking of the tablets 

to the punches and to improve the flowability of the powder blend whilst running the 

press. MPT and PROP were used as model drugs, and the anti-frictional agents, purified 

talc and Cab-O-Sil® M5, were considered as additional glidants. The effects of 

incorporating each of these, as well as various combinations of these, were assessed. 

Table 5.2. provides a summary ofthe various batches manufactured during optimisation 

of the formula with respect to the anti-frictional component. 

Table 5.2: Formulae for Glidant Com£onent Selection 
M0119 M0135 M0143 M0137 P0125 PO 139 P0141 PO 165 

MPTA 13.5 13.5 13.5 13.5 
PRel 13.5 13.5 13.5 13.5 
Methocel® K4M 6.8 6.8 6.8 6.8 6.8 6.8 6.8 6.8 
Emcompress® 32.3 32.3 32.3 32.3 32.3 32.3 32.3 32.3· 
Embocel® 90M 26.9 26.9 26.9 26.9 26.9 26.9 26.9 26.9 
Ethocel® FP 100 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 
Methocel® KI00M 14 14 14 14 14 14 14 14 
Talc 1.5 2.5 3 1.5 2.5 3 
Cab-O-Sil® M5 3 1.5 0.5 3 1.5 0.5 
Magnesium stearate 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 

5.2.3.3.2. Ethocel® Grade 

The effects of using different particle sizes and solution viscosities of both the standard 

and the fine particle grades of the dry ethyl cellulose component Ethocel® were evaluated. 

This was carried out using six different grades for inclusion into both the MPT and PROP 

tablets, and using three different grades for the evaluation of the other three drug 

candidates, as presented in Table 5.3. Purified talc was used in all cases as the glidant. 

114 



Table 5.3: Direct Compression Batches Manufactured Using Different Grades of Ethocel® at a 2.8% Load 
Ethocel® Grades 

Drug 
ACE 
LAB 
MPT 
OXP 
PROP 

Std 10 
A0237 
L0241 
M0155 
00245 
P0169 

® 5.2.3.3.3. Ethocel Load 

Std 20 

M0157 

POl71 

Std 45 FP 7 

M0153 . M0149 

P0167 POl61 

FP 10 
A0225 
L0229 
M0147 
00227 
P0163 

FP 100 
A0235 
L0239 

,M0l37 
00243 
P0165 

In)ight of the decreased drug release rate from the matrix tablets manufactured by wet 

granulation with increased quantities of Surelease®, it was considered beneficial to 

ascertain whether an increase in the dry ethyl cellulose component of the direct 

compression formulation would yield a similar result. This was assessed for MPT and 

PROP, using the FP 10 and the standard 20 grade of Ethocel® at a load of 20%, with a 

compensatory reduction in the other formulation components, except the active agents, as 

depicted in Table 5.4. 

Table 5.4: Formulae for the Assessment ofIncreased EthoceI® Load 

M0207 M0205 P0201 POlO3 
MPTA 13.5 13.5 
PHCI 13.5 l3.5 
Methocel~ K4M 5.8 5.8 5.8 5.8 
Emcompress® 25 25 25 25 
Emcocel® 90M 20 20 20 20 
EthoceI® FP 10 20 20 
EthoceJ'~ Std 20 20 20 
Methocel® K 100M 12 12 12 12 
Talc 3 3 3 3 
Magnesium stearate 0.7 0.7 0.7 0.7 

5.2.3.3.4. Freeze-Drying Method of Manufacture 

MPT and PROP were used in these batches wherein a portion of drug powder was' 

dissolved or dispersed in the aqueous ethylcellulose dispersion, Surelease®. This was 

performed such that two different levels of ethylcellulose were incorporated for each 

drug, as indicated in Table 5.5. The drug and Surelease® were mixed, frozen in liquid 

nitrogen, and exposed to a vacuum for 24 hours, to facilitate freeze-dying of the solids 

115 



through sublimation. The dried matter was then sieved (mesh size 20), and tableted by 

direct compression, as outlined in the formulae given in Table 5.6, with quantities of 

freeze-dried matter incorporated such that a 13.5'yo.drug load was maintained for all . 

formulations. 

Table 5.5: Ethylcellulose (Ee) Loads mcorporated into Freeze-Dried Batches 
Drug Drug Mass Surelease® EC Solids Drug:EC 

MPT 
MPT 

PROP 
PROP 

90 g 
90 g 
90g 
90 g 

Mass Ratio 
75 g 17.6 g 4.8:1 

360 g 90 g 1:1 
75 g 17.6 g 4.8:1 

360 g 90 g 1:1 

Table 5.6: Formulae for Freeze-Dried Batches 
M0259 M0261 P0263 

Freeze~ed matter 16.3% 27.5% 16.3% 
MethoceI® K4M 6.8% 6% 6.8% 
Emcompress® 32.3% 26% 32.3% 
Emcocel® 90M 26.9% 22.8% 26.9% 
Methocel® KI00M 14% 14% 14% 
Talc 3% 3% 3% 
Magnesium stearate 0.7% 0.7% 0.7% 
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Batch # r - EC Load 

M0259 2.8% 
M0261 14% 
P0263 2.8% 
P0257 14% 

P0257 
27.5% 

6% 
26% 

22.8% 
14% 
3% 

0.7% 



5.3 RESULTS AND DISCUSSION 

5.3.1. Comparison of Release ofthe Five Drug Candidates 

The five drug candidates under investigation were incorporated into four formulations 

containing the same excipients, viz. one wet granulation formulation, and three direct 

compression formulations using three different grades ofEthocel®. Drug rel~ase profiles 

from these four formulations with each of the five active ingredients are presented in 

Figures 5.2 to 5.5. It is clear that the release characteristics of each drug in each 

formulation differ, and this may be attributed to the different ways in which these beta 

blockers are affected by formulation changes. 

Drug release from matrix systems has been shown to be influenced by the aqueous 

solubility of the active species (98, 99,100,101) and drugs of lower water solubility are 

more likely to produce release profiles that follow zero-order kinetics, than highly water 

soluble compounds (101). Although all five beta blocker candidates are relatively soluble 
<-

in water, the variation in solubility between drug candidates may have contributed to the, 

range of release profiles obtained. Figur~ 5.2 depicts drug release curves for tablets ' 

manufactured by direct compression using Ethocel® FP 10, and the extent of release of 

the drugs shown partially correlates with the individual drug solubilities. MPT (solubility 

1000: 1 of water) is shown to release the highest amount of drug at the fastest rate, while 

LAB (lowest solubility), released drug at the slowest rate and to the least extent. The 

residual content of this LAB batch was 12.42% indicating that a significant amount of 

drug was retained in the dosage form at the end of dissolution testing, compared with 

lower residual values for the other drug candidates (Table 3.14). 

Figures 5.3 and 5.4 depict release rate profiles for tablet batches manufactured in the 

same way as previously described, using Ethocel® FP 100 and Std 10, respectively, 

instead ofEthocel® FP 10. These graphs present results that are in contrast to those for 

the Ethocel® FP 10 grades, however, they are in agreement with one another, showing 

very little variation between batches incorporating the different beta blockers. These 

figures suggest that drug release is controlled more by the design of the dosage form, 
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which is a favourable attribute for sustained release devices, rather than by the physical 

and chemical properties inherent in the drug under investigation. 

Figure 5.5, shows drug release from the wet granulation tablets previously discussed in 

Chapter 4. Unlike Figures 5.3 and 5.4, Figure 5.5 shows a greater variation between the 

curves generated, however, the rates of release of the different beta blockers relative to 
r- ~ 

one another are different from the trend observed in Figure 5.2. This also suggests that 

drug release from the wet granulation formulation is a function of the dosage form rather 

than a dependence on the drug solubility alone, as was more than likely the case for the 

direct compression batches manufactured with Ethocel® FP 10 and depicted in Figure 5.2. 

It is interesting to note however, that LAB was released at the slowest rate in Figure 5.5 

as well as in Figure 5.2. Release of highly water soluble drugs from matrix systems is 

dependent on their diffusion characteristics through the polymer matrix, whereas drugs of 

lower solubility are released predominantly by polymer disentanglement and dissolution 

(116). Release of LAB therefore, being of the lowest solubility, would be more dependent 

on erosion of the dosage form, than are the other drug candidates, and its release would 

increase in the latter part of dissolution, compared with the other beta blockers, duet(} .. 

erosion of the tablet. This may explain why the curves for LAB do not plateau towards 

the end of the dissolution test, as did those for the other drug candidates, and provide a 

possible reason for the slower release rate towards the beginning of dissolution testing. 

It is likely that the wet granulation and direct compression formulations behave 

differently in terms of drug release characteristics, despite containing most of the same 

excipients. The Surelease® dispersion, used only in the wet granulation formula, may be 

responsible for influencing the rate and extent of drug release for some of these beta 

blockers, as discussed previously in Chapter 4, therefore affecting the relative position of 

the curves to one another, as depicted in Figure 5.5. 
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Figure 5.2: Plot of cumulative percent drug released versus time for each beta blocker, manufactured by 
direct compression using Ethocelil> FPI 0 in the formula 
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Figure 5.3: Plot of cumulative percent drug released versus time for each beta blocker, manufactured by 
direct compression using Ethocelil> FPI 00 in the formula. 
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Figure 5.4: Plot of cumulative percent drug released versus time for each beta blocker, manufactured by 
direct compression using Ethocel® Std lOin the formula. 
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Figure 5.5: Plot of cumulative percent drug released versus time for each beta blocker manufactured by 
wet granulation. 
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5.3.2. Conversion of a Wet Granulation to Direct Compression Formulation 

The aim of this study was to achieve dissolution rate profiles, using a direct compression 

method of manufacture, that closely approxima~ those of the wet granulation 

formulation containing the same active ingredient. Figures 5.6 to 5.1 0 show two direct 

compression dissolution curves and one wet granulation curve for each drug, MPT, 

PROP, ACE, OXP and LAB, respectively. Each figure contains the two dir~t -

compression batches that most closely reproduce the profile of the wet granulation 

formulation, with the grade ofEthocel® used in the selected direct compression formulae 

indicated on each graph. In general, the grades most likely to produce the desired release 

rate profiles were Ethocel® FP 100 and Ethocel® Std 10. 

The wet granulation fonnula for all drug candidates was successfully adapted to a direct 

compression formula, producing highly comparable release rate1'rofiles. For all drugs 

except LAB, at least two of the direct compression fonnulations released drug in a 

similar manner, whilst only one was successful for LAB. Statistical comparisons between 

the direct compression curves and each wet granulation profile are presented in TableS 7, 
f 

and show that these newly developed direct compression fonnulations are all similar in 

release characteristics to the wet granulation tablets, except for one of the LAB profiles. 

As can be seen, allh values except one fall above 50, thus satisfying the requirement for 

similarity as described by Moore and Flanner (97). Gohel' s similarity factor Sd (106) wa_s_ 

used to calculate the percent difference between the curves and these data are presented 

in the same table. 

The fonnulation developed for PROP was found to be the most robust of all the beta 

blockers studied, with respect to manufacturing and fonnulation variables, and this drug 

candidate resulted in the most successful conversion of the wet granulation fonnula to a 

direct compression fonnulation and manufacturing process. PROP produced six direct 

<compression fonnulations with different grades of Ethocel®, all of which released PROP 

in a precise and similar manner to that of the wet granulation fonnulation, as shown in 
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Figure 5.7, and in a similar manner to one another, as discussed in the Ethocel@ grade 

assessment studies described in Section 5.3.4. 

MPT, ACE and OXP produced batches with good correlation to the wet granulation, in 

terms of drug dissolution rate profiles, and, althdugh only one ofthe LAB batches 

showed statistically significant similarity, the likeness of the profiles is evident. This 

study demonstrates that it is possible, not only to mimic the wet granulation profiles of all 

drug candidates, but also to manipulate the drug release characteristics by slihp e 

alterations ofthe direct compression formulae. 

Table 5.7: Statistical Values for Comparisons of Wet Granulation and Direct Compression Curves 

DrUG Batches Compared Comparison It Ji % Diff.* 

MPT M0233 & M0151 WG & DC (FPI00) 12.8 54.3 14.2 
M0233 & M0155 WG & DC (Std 10) 8.6 61.5 8.2 

PROP P0133 & P0165 WG & DC (FPI00) 3.5 70.4 0.3 
P0133 & P0169 WG & DC (Std 10) 4.3 68.1 1.6 

ACE " A0231 & A0225 WG & DC (FPI0) 4.5 75.2 7.8 
A0231 & A0237 WG & DC (Std 10) 5.2 70.8 5.1 

OXP 00221 & 00243 WG & DC (FPIOO) 5.7 67.3 13.9 
00221 & 00245 WG & DC (Std 10) 5.0 70.0 8.7 

LAB L0223 & L0229 WG & DC (FPIO) 4.3 75.8 2.2 
L0223 & L0239 WG & DC (FPI00) 37.3 34.0 38.1-

*Percent difference between curves was calculated using the similarity factor Sd defined by Gohel (1'06). 
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Figure 5.6: Plot of cumulative percent drug released versus time for MPT batches manufactured by wet 
granulation and direct compression. 
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Figure 5.7: Plot of cumulative percent drug released versus time for PROP batches manufactured by wet 
granulation and direct compression. 
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Figure 5.8: Plot of cumulative percent drug released versus time for ACE batches manufactured by wet 
granulation and direct compression. 
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Figure 5.9: Plot of cumulative percent drug released versus time for OXP batches manufactured by wet 
granulation and direct compression. 
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Figure 5.10: Plot of cumulative percent drug released versus time for LAB batches manufactured by wet 
granulation and direct compression. 
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------------------........ 
5.3.3. Effect of Anti-Frictional Composition 

MPT and PROP were selected as the model drugs for this experiment, and the results of 

changing the anti-frictional component on dissolution rates are presented in Figures 5.11 
• .0: r 

and 5.12. Initially the results for each active drug appear to differ, with PROP being 

unaffected by the anti-frictional component and MPT showing a large degree of 

variation. However, it can be seen from Figure 5.11, that the release rate))rQfiles for MPT 

batches manufactured using 3% Cab-O-Sil® M5 and those using 3% purified talc, are 

similar, releasing the drug to almost exactly the same extent at the end of the dissolution 

test. The curves for 1.5%: 1.5% and 2.5%:0.5% talc:Cab-O-Sil® M5 are anomalous, with 

no trend in drug release evident, and this variation appears to be an artefact of the 

manufacturing process, rather than the glidant used. It is unlikely that an interaction 

between Cab-O-Sil® M5 and talc has resulted in altered release profiles, compared with 

profiles generated using either glidant alone, since the two combinations appear to have 

an opposite effect on the rate of release. An interaction would shift both curves in the 

same direction, since the same materials are used for both formulations. In addition to 
.' 

this, shifting of curves was not observed for the same tablets manufactured with PROP, 

suggesting no interaction between these components. DSC studies carried out on these 

two excipients individually, as described in Section 3.3, revealed thermograms which 

indicated no thermal events for either excipient when heated up to 210°C, suggesting that 

these materials are stable throughout the manufacturing process employed in this study, -

therefore a significant interaction between these compounds was not expected. 

Although the curves in Figure 5.11 appear to be different from one another,/! andJi 

values show that they are all not significantly different except for the two batches 

containing 1.5% and 2.5% talc. Statistical values presented in Table 5.8 reveal that theJi 

value for this comparison is 49.8, thus these curves are in fact deemed similar, with anJi 

value of approximately 50. According to the calculated Sd similarity factor, these two 

curves are only 13% different from one another. All PROP curves are statistically similar, 

with 8.53% the largest difference between any two of the curves, as indicated in Table 

5.8. 
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Figure 5.11: Plot of cumulative percent drug released versus time for MPT batches manufactured with 
different anti-frictional agent combinations. 
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Figure 5.12: Plot of cumulative percent drug released versus time for PROP batches manufactured with 
different anti-frictional agent combinations. 
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Table 5.8: Statistical ComEarison Values for Glidant Coml2onent Comearisons 

Drug Batches Glidant Coml!arison* Ji h % 
Compared 3%C l.5%T 2.5%T 3%T Diff.** 

MPT MOl 59 &M0143 X X 7.1 63.9 8.97 
MOl 59 & MOBS X X 6.0 64.2 3.45 
MOl59 & MOl19 X X 3.3 75.3 6.79 
M0159 &M0135 X X 12.2 49.8 13.00 
M0143 &M01l9 X X 9.5 55.6 16.34 
M0I35 &MOlI9 X X 5.8 66.1~ '2.76 

PROP POl65 & P0141 X X 1.8 89.3 4.18 
POl65 & PO 139 X X 3.4 78.5 2.70 
POl65 & P0125 X X 2.3 85.5 5.25 
POl41 &P0139 X X 5.1 72.6 7.46 
P0141 & POl2S X X 0.8 95.1 0.49 
P0139 & POl2S X X 5.3 73.6 8.53 

* C = Cab-O-Sil4\) MS T = talc , 
** Percent difference between curves was calculated using the similarity factor Sd defined by Gohel (l06). 

Lee ~t al (93) achieved zero order release of melatonin, a poorly water soluble drug, over 

, 10 hours, froht a matrix formulation of high viscosity grade HPMC, magnesium stearate 

and colloidal silicon dioxide. As can be seen from Figures 5.11 and 5.12, neither Cab-O­

Sil® M5 nor talc produced zero order release profiies when used with HPMC in the 

batches manufactured in this study. The low water solubility of melatonin is likely to' '.' J 

have contributed to the achievement of zero order release in that study, and may account 

for the different release profiles obtained in this study, with water-soluble drug 

candidates. 

With respect to the resultant physical properties of the manufactured tablets, talc 

appeared to be of more benefit than Cab-O-Sil®M5, for achieving the desired tablet 

weight. Table 5.9 provides a summary of the effects of the different anti-frictional agents 

on various physical properties of the tablets. As can be seen, there is a strong correlation 

between the percent talc incorporated and the mean tablet weight and thickness. As the 

talc load was increased, the tablet thickness increased, with a corresponding increase in 

tablet weight, and a one tailed t-test comparing batches with 3% Cab-O-Sil® M5 to those 

with 3% talc revealed a significant difference between the mean tablet weight for both 

MPT and PROP. This increase in weight may be a result of the densifying action of talc 

on the powder blend, due to its greater bulk density when compared with the colloidal 
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silicon dioxide. The target tablet weight for these direct compression products, 

incorporating a dose of 100 mg of active drug, was 740 mg. Consequently, talc was 

preferred as a glidant to Cab-O-Sil<i> M5, as it improved the likelihood of achieving the 

desired target weight. The relationship between the talc component and mean tablet 
.: .. 

weight is shown in Figure 5.13, for both MPT and PROP, illustrating the desifying effect 

that talc has on the powder blend. 

r - -

Table 5.9: Physical Properties of Tablets Manufactured using Different Anti-Frictional Components 

Drug Batch Anti-Frictional Weight Thickness Hardness Diameter 
# (%Cab-O-SiI@: %taIcl ~mgl ~mml ~ ~mml 

MPT M01l9 3:0 602.0 ± 10.0 7.07 ±0.02 107.9 ± 13.6 11 .29 ± 0.03 
M0135 1.5: 1.5 607.4 ±26.5 6.95 ±0.07 112.2 ± 35.7 11.31 ± 0.03 
M0143 0.5 :2.5 654.1 ± 19.0 7.15±0.04 140.1 ±25.7 11.26 ± 0.01 
M0159 0:3 701.1 ± 19.0 7.69 ±0.04 115.8 ± 19.8 11.27 ± 0.01 

PROP P0125 3:0 602.2 ±25.2 6.97 ± 0.06 116.1 ± 34.6 1l .29 ± 0.04 
P0139 1.5 : 1.5 639.3 ±7.2 7.12 ± 0.05 158.0 ± 12.2 11.25 ± 0.02 
P0141 0.5 :2.5 696.9 ±22.1 7.64 ±0.02 146.9 ±22.5 11.23 ± 0.01 
P0165 0:3 718.9± 18.5 7.88;t 0.03 115.6 ±21.2 11.25 ± 0.01 
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Figure 5.13: Relationship between percent purified talc and mean tablet weight for MPT and PROP 
formulations. 

The primary function of a glidant is to improve the flow properties of a powder blend, 

and in this case the glidant(s) used, Cab-O-Sil@ M5 and/or talc, worked in a 

complementary fashion with the lubricant magnesium stearate, which acts on the surfaces 

ofthe punch faces and die walls, to prevent sticking of the formulation during 

compaction. No sticking or filming was observed during this investigation, and all glidant 
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compositions appeared to facilitate satisfactory compression of the blends into tablets. 

Flow of the powder blends from the hopper into the die was assessed using uniformity of 

tablet weight as an indicator, expressed as %RSD, and these values are presented in Table 
-:; ~ 

5.10. Cab-O-Sil® is known to improve flow properties due to its small particle size and 

large specific area (93), therefore it was expected that the powder blends with higher 

colloidal silicon dioxide loads would display improved flowability, and hence more 
r- -

uniform tablet weight. Laicher and Profitlich (78) reported that colloidal silicon dioxide 

did-not improve the flow of a direct compression powder blend which contained cellulose 

polymers such as hyrdoxypropylcellulose and methylcellulose, and as can be seen from 

Table 5.10, neither Cab-O-Sil® nor talc appeared to alter the flow properties of the 

powder blend in this study. 

Content uniformity analyses were performed on batches of tablets containing 3% Cab-O­

Sil®, 1.5%:1.5%Cab-O-Sil®:talc, and 3% talc, and, as presented in Chapter 3, the content 

uniformity improved for batches with increasing quantities of talc in the formula. 

Demonstration of content uniformity is important for regulation and approval of a dosag~ 

form, therefore these results indicate that talc is more favourable than Cab-O-Sil® M5'i~ 

this respect, as tablets with a higher talc loading are more likely to achieve the desired 

recovery levels during content uniformity analysis. 

Table 5.10: Unifonnity of Tablet Weight for MPT and PROP Batches 
Drug Batch # Anti-Frictional 

MPT 

PROP 

M0119 . 
M0l35 
M0143 
M0159 
POl25 
POl39 
POl41 
POl65 

(%Cab-O-SiI®: %talc) 
3:0 

1.5:1.5 
0.5:2.5 

0:3 
3:0 

1.5:1.5 
0.5:2.5 

0:3 

%RSD of Mean Tablet 
Weight 

1.66 
4.36 
2.90 
2.71 
4.19 
1.12 
3.17 
2.58 

In summary, the inclusion of differ~nt glidants appeared to have little or no effect on the 

release profiles of either MPT or PROP from this formulation, and all anti-frictional 

components prevented sticking and promoted adequate flow of powder blends into die 

cavities, such that tablets of uniform weight and thickness were produced. Talc ,appeared 
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to be better than colloidal silicon dioxide in terms of densification of tablets , so that the 

desired target weight of740 mg may be achieved. The tablets of lower thickness, 

however, are favourable for swallowing and would therefore improve patient compliance, 
.:, r 

thus Cab-O-Sil® M5 may be better in this respect. The tablets manufactured using 3% 

talc, although thicker than those manufactured using 3% Cab-O-Sil® M5, were of an 

acceptable thickness, and in light of the higher density of the powder blends prior to 
r- -

compaction, 3% talc was selected as the glidant component of choice for this 

fo1mulation, and was used for all further batches manufactured in these studies. 

5.3.4. Effect ofEthocel@ Grade 

Different grades ofEthocel® are made of ethylcellulose polymers of different molecular 

weight, and produce different solution viscosities (131). The fine particle grades used in 

this study are specifically designed for direct compression purposes (131), and while they 

produce a solution of similar viscosity to their standard grade counterparts, they have a 

much finer particle size. It was expected that this property would allow for greater 

distribution of the ethyl cellulose particles throughout the powder blend, therefore 

imparting increased hydrophobicity to the tablet core, since ethylcellulose is hydrophobic 

in nature. For this reason, a slower drug release rate was expected with the fine particle 

grades than with the standard grades, however, this trend was not observed. Figures 5.14 

to 5.16 show the dissolution rate profiles for batches containing MPT, PROP and ACE,- . 

respectively, manufactured using various grades ofEthocel® (Table 5.3) as indicated in 

the figures. All three figures suggest that the type and grade ofEthocel® incorporated into 

the tablet batches had no significant effect on the rate or extent of drug release, and no 

trends in drug release characteristics were evident for standard or fine particle grades . .fi 

andfi values verify statistically that these curves are similar, and the resultant values for 

all comparisons are presented in Table 5.11 (pg 136). In this case, all comparisons 

revealed that the curves are less than 12% different in terms of area under the curve for 

each pair tested, as shown in the same table. 
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A study conducted by Makhija and Vavia (119) revealed that the viscosity grade of 

ethylcellulose incorporated into a direct compression matrix tablet had no significant 

effect on the release rate ofvenlafaxine, which is of a similar aqueous solubility to MPT. 

In another study, Lee et al (93) reported that increasing the viscosity of a polymer 

resulted in a decreased drug release rate, however, this was with reference to the rate­

controlling polymer, which, in the matrix tablets of this study, was HPMC rather than 

ethyl cellulose. In light of this, the results shown in Figures 5.14 to 5.16, depicting similar 

release profiles, were as expected. It is reasonable to say that since ethyl cellulose is 

insoluble in the aqueous environment of the dissolution apparatus and in that of the GIT, 

the polymer would not dissolve and hence solution viscosity would play little or no role 

in altering the rate of drug release. 

Pollock and Sheskey (132) showed that the fine particie Ethocel® grades produced 

significantly slower drug release from ethylcellulose matrix tablets, for a drug that is 

freely soluble in water, than the granular standard grades, -however, this Ethocel® was 

used at a load of approximately 50% of the formulation, whereas in the matrix tablets in 

this study, Ethocel® comprised only 2.8%, hence such effects were not observed. The --. 

high ethyl cellulose load in the former case suggests that Ethocel® was the rate-controlling 

polymer in those formulations, as opposed to HPMC, which was the rate-controlling 

polymer in the tablets manufactured for this study. 
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Figure 5.14: Plot of cumulative percent drug released versus time for MPT batChes manufactured with 
different grades ofEthocel<ll. 
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Figure 5.15: Plot of cumulative percent drug released versus time for PROP batches manufactured with 
different grades of Ethocel<ll. 
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Figure 5.16: Plot of cumulative percent drug released versus time for ACE batches manufactured with 
different grades ofEthocel(J). 

In contrast to these results, Figures 5.17 and 5.18, that depict the release of LAB and 

OXP respectively, show a change in release rate for one o"fthe Ethocefli) grades 

investigated. Ethocelill FP 10 appears to retard drug release such that less than 80% was 

released after 22 hours, for both LAB and OXP, arid these figures show a difference of up 

to 47.74% between batches manufactured with Ethocelill FP 10 and the other grades, as 

indicated in Table 5.11. These results were unexpected, since they are not in agreement 

with those obtained for the other drug candidates. The slower release of the FP 10 grade 

may be attributed to the smaller particle size resulting in a lower degree of porosity of 

tablets, which, according to the Higuchi equation (equation 4.2), would result in a 

decreased release rate. This however, is unlikely, since it was not observed for the other 

drug candidates, and since the quantity of ethylcellulose incorporated in these 

formulations is low (2.8%), and is therefore not expected to have a significant effect on 

tablet porosity. Alternatively, a factor that may contribute to the decreased release rates 

observed for these drug candidates manufactured into tablets using Ethocelill FP 10 is the 

hydrophobicity that ethylcellulose imparts to the tablet during blending. The finer particle 

size of the FP 10 grade, compared with the standard 10 or FP 100 grades, may result in 

the ethylcellulose being distributed within the tablet matrix to a greater degree, thus 

imparting a higher level of hydrophobicity to the resultant tablets. This may result in a 
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-
slower rate of hydration ofthe tablet during dissolution testing, thus having a retardant 

effect on the drug release characteristics ofthe dosage form. 

It has been reported that drugs oflower solubility are affected by manufacturing variables 

to a greater extent than highly water soluble drugs "(l33), and since LAB is of a lower 

solubility than ACE, MPT and PROP, it may be affected to a greater degree by altered 

ethylcellulose levels. No nominal value was found for the aqueous solubility ofOXP, 

therefore this explanation could apply to OXP as well, since it is known to be l~ss soluble 

tharr ACE and MPT (19), however no conclusion can be reached from this information. 

Additional studies on a variety of formulations may be required to further characterise the 

effects of the grade ofEthocd~ on the release of each drug candidate from these matrix 

systems and to evaluate any trends in drug release. 
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Figure 5.17: Plot of cumulative percent drug released versus time for LAB batches manufactured with 
different grades of Ethocel®. 
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Table 5.11: Statistical ComEarison Values for Ethocel® Grade Comrarisons i 

Dru& Batches Com)!ared Ethocelili Grades £omeared Ii Ii % Diff.* 
MPT M0147 & M0151 FPlO & FPlOO 3.4 77.2 3.16 

M0147 &M0155 FPlO & Std 10 7.5 64.2 9.80 
M0147 & M0149 FPIO & FP7 0.3 99.4 0.00 
M0147 & M0157 FPIO & Std20 1.3 91.6 0.69 
M0147 &M0153 FPlO & Std45 0.9 93.2 0.00 
M0151 &M0155 FP 100 & Std 10 3.8 77.9- 6.06 
M0151 &M0149 FPlOO&FP7 3.4 77.1 3.11 
M0151 & MOl57 FP 100 & Std 20 3.7 73.8 1.89 
M0151 &M0153 FP100 & Std 45 4.2 72.5 3.72 
M0155 & M0149 Std 10 & FP7 7.5 64.1 9.75 
M0155 &M0157 Std 10 & Std 20 7.6 63.3 8.53 
M0155 &M0153 Std 10& Std45 8.4 61.7 10.36 
M0149&M0157 FP7 & Std20 1.4 90.3 0.64 
M0149 & M0153 FP7 & Std45 1.0 92.4 0.03 
M0157 & M0153 Std 20 & Std 45 0.7 95.4 1.25 

PROP P0163 & P0165 FPlO & FP100 1.6 91.4 1.88 
P0163 & POl69 FPlO & Std 10 2.9 84.2 4.93 
P0163 & P0161 FPI0 &FP7 1.7 91.5 3.33 
POl63 & POl71 FPIO & Std20 3.7 79.6 6.69 
P0163 & P0167 FPIO & Std45 3.7 78.1 6.59 
P0165 & P0169 FP 100 & Std 10 1.8 90.9 2.47 
P0165 & P0161 FPI00 &FP7 1.1 95.1 0.87 
P0165 & P0171 FP100 & Std 20 3.4 81.4 4.23 
P0165 & P0167 FP100 & Std 45 3.4 81.1 4.13 
P0169 & P0161 Std 10 & FP7 1.3 94.5 1.02 
POl69 & POl71 Std 10 & Std 20 1.6 90.7 l.l8 
P0169 & POl67 Std 10 & Std 45 1.7 91.4 1.08 
P0161 & P0171 FP7 & Std20 2.4 87.2 2.78 
P0161 & POl67 FP7 & Std45 2.4 85.7 2.68 
P0171 & P0167 Std 20 & Std 45 0.7 97.5 0.00 

ACE A0225 & A0235 FPlO & FP100 6.2 63.3 4.04 
A0225 & A0237 FPIO & Std 10 3.5 75.4 2.16 
A0235 & A0237 FP 100 & Std 10 5.0 71.7 6.78 

LAB L0229 & L0239 FPlO & FP100 43.3 31.5 40.95 
L0229 & 10241 FPlO & Std 10 48.7 29.3 47.74 
L0239 & L024 1 FP100 & Std 10 3.7 75.5 6.22 

OXP 00227 & 00243 FPIO & FPlOO 24.9 39.7 21.28 
00227 & 00245 FPlO & Std 10 20.1 43.8 16.06 
00243 & 00245 FP100 & Std 10 3.8 76.1 4.64 

* Percent difference between curves was calculated using the similarity factor Sd defmed by Gohel (106). 
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5.3.5. Effect of Ethocel® Load 

Drug release profiles of PROP and MPT manufactured with 2.8% and 20% Ethocel®, of 
"< 

two different grades are depicted in Figures 5.19 and 5.20, respectively. It is evident from 

both figures that no significant decrease in the rate or extent of drug release was observed 

for either active principle, and this was verified by the statistics presented in Table 5.12. 

fi andji values calculated for comparison of the batches manufactured with 2.8% and 

20% of each grade ofEthocel®, for each drug, fell below 15 and above 50, respectively, 

indicating that the curves are similar, when compared using this method. The percent 

difference between the respective curves, as calculated from the similarity factor Sd (106), 

are all less than 12%, as shown in Table 5.12, thus emphasising the relative similarity of 

the curves under investigation. 

Table 5.12: Statistical Comparison Values for 2.8% and 20% Ethocel® Load Comparisons 
Drug Batches Compared Ethocel® Grade h h 

MPT M0205&M0157 Std20 3.1 76.1 
M0207 &M0147 FP 10 4.3 71.8 

PROP P0203 & P017l Std 20 5.2 72.2 
P0201 & P0163 FP 10 2.7 8l.6 

0/0 Diff.* 
1.42 

11.94 
10.83 
5.47 "" 

* Percent difference between curves was calculated using the similarity factor Sd defmed by Gohel (106). 

Makhija and Vavia (119) reported a decrease in drug release rate with increasing 

ethylcellulose loads of between 30% and 45% incorporated into a similar direct 

compression matrix tablet, therefore a similar result was expected in this study. This 

however, was not observed, since the quantities of ethylcellulose incorporated into these 

tablets were substantially lower, at 2.8% and 20%, bearing less of an impact on the drug 

release characteristics of the dosage form. Similary, Iqbal et al (130) reported a decreased 

release rate for naproxen from tablets containing elevated levels of ethy1cellulose, 

however the method of manufacture involved the formulation ofa solid-dispersion of 
~ , . 

.• ,d:: 

ethylcellulose with the drug, and then drying to form granules. This may have altered the 

physical state of the drug and the polymer, producing different results to those obtained 

from batches manufactured by a conventional direct compression procedure, as was 

employed for the manufacture of these batches. Additionally, the low water solubility of 

naproxen may have contributed to its sustained release. 
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The effect of increasing the ethylcellulose content of the wet granulation formulation was 

investigated and described in Chapter 4, and the results lead to the expectation that 

increasing the ethyl cellulose content would result}n; a decreased release rate for PROP, 

but not for MPT. Therefore, a reduction in the rate of release of PROP from the 20% 

Ethocel® formulations was expected, due to the increased ethylcellulose content. As this 

was not the case, it may be said that the ethylcellulose content of the wet granulation 
~- ~ 

formulation is not acting as a rate controlling polymer by virtue of its physical properties, 

but ;ather by a mechanism involving binding and coating of drug particles during 

granulation with the Surelease®. 

Drug release is reported to be affected, not only by the drug load, but also the 

drug:polymer ratio for rate-controlling polymers such as HPMC (127, 94). The drug load 

was held constant for the formulations assessed, and only minor adjustments to the 

drug:HPMC ratio were made to accommodate the increased Ethocel® load. Therefore this 

variable was eliminated as a rate altering factor, and the similarity of the release profiles 

seen is in fact a result of the ethylcellulose behaving as a binder and not a rate-controlling, 
, ~. 

polymer. 

In contrast, the curves for MPT (Figure 5.20) reveal a trend in the drug release rate, albeit 

a non-statistically significant trend. Unlike the PROP curves in Figure 5.19, there is a 

small decrease in the rate and extent of drug release for the 20% Ethocel® batches from 

six hours onwards. In the figure, the green and violet curves represent the batches 

manufactured with 2.8% ethyl cellulose, and the blue and yellow curves with 20% 

ethyl cellulose. This slight decrease is possibly due to the increased hydrophobicity of 

tablets manufactured with a larger quantity of the hydrophobic polymer, ethylcellulose. 

The more hydrophobic nature of the tablets acts in opposition to the high osmotic 

potential ofMPT itself, whose solubility is greater than 1000:1 in water. This may result 

in a slightly slower rate and extent of water uptake, and the minor reduction in drug 

release rate that is seen in Figure 5.20. This was not observed for PROP, and may be 

explained by its lower water solubility, at 50:1, since an increase in hydrophobicity due to 
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ethylcellulose addition may be insignificant, compared with the hydrophobic nature 

imparted by the PROP itself 
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Figure 5.19: Plot of cumulative percent drug released versus time foe PROP batches manufactured with 
two different grades and two different loads ofEthoceltl. 
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5.3.6 Effect of Freeze-Drying 

Freeze-drying, or lyophylisation, is a process in which the aqueous portion of a mixture is 

removed by sublimation, under a vacuum. The mixture, in this case consisting of drug 

and Surelease®, was frozen in liquid air, and the frozen water subsequently removed by 

vacuum. The rapid freezing of the mixture and the freeze-drying process limits the 

growth of ice crystals, making this process less destructive to the crystalline structure of 

the material than slower freezing processes. The process conditions, such as temperature 

and v~cuum strength, determine the physical structure of the dry cake formed (134). 

The results obtained for each active ingredient tested differed, both in terms of drug 

release characteristics from the directly compressed tablets, and in terms of the physical 

properties of the freeze-dried material. When the drug powder was mixed with the 

Surelease® dispersion, the MPT dissolved to form a solution, whereas the PROP 

produced a suspension, more than likely due to its lower aqueous solubility. After the 24 

hour freeze-drying period, the MPT had formed a hard cake whereas the PROP was 

present as a more granular-type cake, which was more easily ground up and size-reduced 

through a sieve (mesh size 20). 

The release rate profiles for MPT manufactured in this way are presented in Figure 5.21, 

and the quantity of ethylcellulose solids, present in the amount of Surelease® used for 

each batch, is specified. In addition, batches manufactured by a conventional direct 

compression method have been included, with the grade and percent ethylcellulose, 

incorporated as Ethocel®, indicated on the graph. The original prototype wet granulation 

batch has also been included in the figure, for comparative purposes. It was expected that 

the freeze-drying process would result in an intimate association between the drug and 

the ethylcellulose polymer molecules, resulting in a decreased rate of release from the 

tablet matrix. The physical nature of the dried cake suggested that an intimate association 

had occurred, since it was harder and more mechanically robust than the raw drug 

powder, however this was not reflected in the dissolution rate profiles obtained, as can be 

seen in Figure 5.21. It is interesting to note that both freeze-dried batches released drug at 

140 



the same rate and to the same extent as the original wet granulation batch, rather than the 

direct compression batches, which released drug slightly faster. This suggests that the 

ethylcellulose incorporated in the Surelease® dispers-ion may be acting in a slightly 

different manner to that incorporated as the dry Efuocel® powder, possibly due to the 

other constituents in the Surelease®, such as the plasticiser, dibutyl sebacate, or the 

stabiliser, oleic acid. Statistical comparisons of these curves show that both freeze-dried 

batches, with 2.8% and 20% ethylcellulose, are similar to the direct compresiio; and wet 

granulation formulations, with.fi values as high as 76.4. The calculated values are 

presented in Table 5.13. The lack of effect on drug release rate that the freeze-drying 

process appears to have had on MPT, may be attributed in part to the high water 

solubility ofMPT, and its virtually instantaneous dissolution in an aqueous environment. 

Figure 5.22 depicts the dissolution of PROP from formulations manufactured in the same 

way as the MPT formulations shown in Figure 5.21. The retardant effect of the freeze­

drying process on the release of this drug from these dosage forms is clearly evident, and 

statistically verified as shown in Table 5.13. Increasing the ethylcellulose content 

t incorporated by freeze-drying caused a resultant decrease in the rate and extent of drug· 

release. PROP did not completely dissolve in the Surelease® dispersion prior to freeze­

drying, therefore it is possible that the dispersed ethylcellulose molecules aggregated 

around the drug particles during mixing, resulting in a hydrophobic polymer coat 

surrounding drug particles. Therefore, the release rate may be decreased by the 

introduction of a polymer coat through which the drug would have to diffuse prior to 

being released into the hydrated gel matrix, for diffusion out of the dosage form. The 

insoluble nature of ethylcellulose may impart mechanical stability to these coats, which 

may cause a portion of the active drug to be retained in the dosage form throughout the 

dissolution test, hence a lower overall percent drug released would result. The numerical 

values for the final amount released and percent drug retained are presented in Table 

5.14. Contrary to expectation, the residual content values for the freeze-dried batches did 

not indicate that PROP was retained in the matrix, since they were not greater than those 

for the conventionally manufactured tablets. 
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Content uniformity analyses were not performed on the batches manufactured using 

freeze-dried material, therefore it is possible that the low rate and extent of drug release 

observed with these PROP batches may be due tg I,ow content, rather than a retarding 

effect of the freeze-drying of drug with Surelease®. Residual content values for PROP in 

these batches are low, suggesting that the PROP content of each batch is below 100% of 

the intended dose. It is not known whether PROP is lost during the freeze-drying process, 

and further investigation would be necessary for complete explanation of the effects seen 

in Figure 5.22. 

Table 5.13: Calculated Values for Statistical Comparisons of Batches Manufactured using Freeze-drying 
and those Manufactured Conventionally 

~"Ilru Batches Com ared Batch Descri tions 
-NfPT MOl47 & 59 FPIO & FD 2.S% 12.4 52.7 

MOl47 & M0261 FPIO&FD 14% 11.4 55.4 
M0233 & M0259 WG&FD2.S% 3.9 76.4 
M0233 & M026 I WG&FDI4% 4.S 73.9 
M0259 & M026 I FD 2.S% & FD 14% 2.5 SO.9 

PROP POl63 & P0263 FP 10 & FD 2.8% 21.0 44.1 
PO 163 & P02S7 FPIO &FD 14% 31.7 37.5 

1 
P0l33 & P0263 WG&FD2.8% 20.S 38.5 
P0l33 & P0257 WG&FD 14% 27.3 33.3 
P0263 & P0257 FD 2.8% & FD 14% 8.2 65.7 

Table 5.14: Nominal Values for Drug Release from Selected MPT and PROP Batches 

Drug Batch # Description Final % Drug 

MPT 

PROP 

M0233 
M0147 
M0207 
M0259 
M026 I 
POl33 
POl63 
P0201 
P0263 
P0257 

Wet Granulation 
Direct Compression (2.8% FPIO) 
Direct Compression (20% FP 1 0) 
Direct Compression (2.8% Freeze-dried) 
Direct Compression (14% Freeze-dried) 
Wet Granulation 
Direct Compression (2.8% FPlO) 
Direct Compression (20% FP I 0) 
Direct Compression (2.8% Freeze-dried) 
Direct Compression (14% Freeze-dried) 
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Released 
91.04 ± 1.12 
104.64 ± 1.17 
99.51 ± 1.16 

91.32± 10.1 I 
9S.99±2.30 
109.05 ±6.90 
98.30 ± 2.12 
98.25±6.80 
78.61 ±0.28 

72.47 ± 10.36 

% Diff. 
11.97 
13.0S 
6.02 
4.91 
0.53 
18.63 
27.63' 
15'.27 
24.27 
8.42 

% Residual 
Content 

1.26 ±0.93 
1.53 ± 0.43 
2.66 ± 0.49 
0.56 ±0.16 
2.44 ± 0.09 
Not done 

11.50 ±0.77 
8.14 ± 5.28 
5.35 ± I.S8 
3.44 ± 1.53 
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Figure 5.21: Dissolution rate profiles of freeze-dried MPT batches and other MPT batches for comparison. 
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5.3.7. MECHANISM OF RELEASE OF BETA BLOCKERS FROM THE 

SUSTAINED RELEASE MATRIX TABLETS 

The release of each beta blocker from the matrix systems developed in this study 

differed, both in the rate and extent of release. Figures 5.24 and 5.25 depict representative 

wet granulation and direct compression drug release profiles for all drug candjciates, and 

have been included in order to illustrate the concepts discussed. 

, 

Typically observed drug release characteristics of hydrophilic matrices were described, 

and the general behaviour of high viscosity grades ofHPMC was outlined in Chapter 4. 

The tablets formulated in this study contained a large proportion of the hydrophilic 

<'., ".:: p~~~.s. therefore it was expected that release from these tablets would follow 

square root oftime dependent kinetics as described by Higuchi (22), in which drug is 

released by diffusion through the polymer matrix. In addition, it was expected that zero 

order release throughout the dissolution test period was not likely to be achieved. 

Observation during the dissolution process revealed that, initially, swelling took place, 

resulting in a sub'stantial increase in tablet size, followed by erosion in the latter part of 

the test period. This is illustrated in Figure 5.23, which depicts three:MPT tablets, the 

first prior to dissolution, one after three hours hydration and the third at the end of the 22 

hour dissolution test. Similar observations were made for tablets manufactured using the 

drug candidates in this study. 

In order to characterise the drug release kinetics, the values for cumulative percent drug 

released for selected batches of each drug candidate were plotted against the square root 

of time, up to 80% drugTelease. According to Higuchi (22), if data plotted in this manner 
.... ' 

produces a straight line then the drug release is diffusion-controlled. The latter region of 

the curve was eliminated, since the contribution of erosion and polymer attrition in this 

region skews the data thus leading to inappropriate conclusions. Tablet erosion may also 

account for the release patterns observed, and will be discussed. 
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One wet granulation and one direct compression batch was plotted in this way for each 

drug candidate, as well as any batches whose release profiles deviated significantly from 

these, in order to expose any change in release mechanism due to altered formulation 
-., : 

variables. The straight line parameters for the Higuchi plots are presented in Table 5.15, 

and the consistent closeness to 1, of the correlation coefficients that were generated for 

all curves, verifies that the release of each beta blocker, from tablets manufactured using 

different formulation variables, follows the square root oftime dependency described by 

Higuchi (22), and therefore occurs primarily via diffusion of drug molecules through the 

hydrophilic matrix, for up to 80% drug released. 

The slope of each square root of time plot gives an indication of the rate of release during 

the first 80% drug dissolution, and the values presented in Table 5.15 correlate with the 

order of height of the dissolution rate profiles in Figures 5.24 and 5.25. 

Table 5.15: Results for Plot of Cumulative Percent Dru Released versus Time for Selected Batches 
Drug Batch # Method of Manufacture Slope(hr- ) 

ACE A0231 Wet Granulation (2.5-3.5%) 24.08 0.997 
A0225 Direct Compression (FP 10) 25.35 0.998 
A0247 Wet Granulation (10%) 12.79 0.995 

LAB L0223 Wet Granulation (2.5-3.5%) 17.39 0.992 
L0229 Direct Compression (FP 10) 16.29 0.989 
L0239 Direct Compression (FP 100) 28.27 0.997 

MPT M0223 Wet Granulation (2.5-3.5%) 23.61 0.999 
MOl51 Direct Compression (FP 100) 27.86 0.999 

OXP 00221 Wet Granulation (2.5-3.5%) 27.64 0.994 
00243 Direct Compression (FP 100) 29.35 0.999 
00227 Direct Compression (FP 10) 17.57 0.970 

PROP P0133 Wet Granulation (2.5-3.5%) 24.28 0.999 
P0165 Direct Compression (FP 100) 24.36 0.999 
P02l5 Wet Granulation (10%) 17.60 0.999 
P0263 Freeze-dried DC (2.8%) 16.84 0.993 
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Figure 5.23: Photograph of three MPT tablets after various dissolution times. 
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Figure 5.24: Plots of cumulative percent drug released versus time for selected wet granulation batches. 
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Figure 5.25: Plots of cumulative percent drug released versus time for selected direct compression batches. 

Baveja et al (126) presented hydrophilic matrix tablets containing either MPT or PROP 

as the active ingredients, which released these drugs according to zero order kinetics, 

which they attributed to synchronisation between the penetration of the swelling front and 

the attrition of the dissolution/erosion front. In that study, the release was described by 

fitting the data to the Korsmeyer Peppas equation (86), as shown in Chapter 4, Equation 

4.3. This equation was used in this study, to aid in describing the release ofMPT and 

PROP from these dosage forms. Only two drug candidates were assessed using this 

equation, since values for k, the constant accounting for structural and geometric 

characteristics of the dosage form, could not be found in the literature for ACE, LAB and 

OXP. Baveja et al (126) published k values for hydrophilic matrices with various 

combinations ofMPT:HPMC and PROP:HPMC. The formulations in this study included 

a drug:polymer ratio of 1: 1.5, therefore the closest combination used by Baveja et al, 1 :2, 

was used to calculate the exponent n in this study. The constant k is affected by the 

partitioning of the drug from the polymer into the dissolution medium (100), and it is 

therefore dependent on the relative solubility of the drug in the aqueous medium and in 

the polymer matrix. As the drug candidates have different water solubilities, it is 

impossible to extrapolate the results obtained for MPT and PROP to the other beta 
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other beta blockers, however, predictions regarding the general release mechanism from 

the ACE, LAB and OXP tablets may be made. 

The exponent n is descriptive of the release mechanism, and as discussed in Chapter 4, a 

value ofn=0.5 is expected for diffusion controlled systems, where the drug release shows 

square root of time dependency. In such a case the Korsmeyer Peppas equation would 
--- - ~ 

appear as follows: 

Equation 5.1 

In systems whose drug release data fits Equation 5.1, the fraction released is proportional 

to the square root oftime, and release is primarily diffusion-controlled, as was expected 

for these beta blockers. One can also see from the above equation that as n approaches 1, 

zero order release is observed, with the fraction of drug released being directly 

proportional to time, indicating a constant rate of release, and therefore a straight line on 

plots such as those in Figures 5.24 and 5.25. Values for n between 0.5 and 1 indicate non­

Fickian or anomalous diffusion and values greater than 1 indicate Case II transport (122). 

The calculated n values, using data obtained from the dissolution studies performed on 

selected batches in this study, are presented in Table 5.16. It is evident that the calculated 

values reveal little about the drug release mechanism, since they are not accounted for by.. _ 

the guidelines for interpretation given by Korsmeyer and Peppas, as described above. 

This may be a result of the use of published k values for MPT and PROP in HPMC 

matrices. The k values obtained from the literature were calculated by Baveja et al for 

flat-faced tablets comprising only HPMC and drug. The tablets in this study were more 

complex in composition, and biconvex in shape, which may have contributed to the 

anomalous results obtained, since the constant k incorporates structural and geometric 

aspects of the dosage form. Although the drug release mechanism was not successfully 

described using the published k values, information regarding the drug release may be 

obtained. Baveja et al stated that n values which decrease with time indicate that the 

mode of drug release approaches Fickian type diffusion (126). Table 5.16 shows that, 
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apart from the calculated values at the first time point used, the n values for the tablets 

manufactured in this study decreased with time, possibly indicating Fickian type 

diffusion. The low values calculated at the early time point may be a result of the burst 

effect seen in Figures 5.24 and 5.25, which is characteristic of the HPMC that is used in 

the formulations (135). It is clear that erosion of these dosage forms occurs during in 

vitro dissolution studies, as can be seen in Figure 5.23, and this erosion is more than 

likely contributing to the mechanism by which these drugs are released from~the~e dosage 

forms, however, this cannot be conclusively determined by the calculation used. The 

overall mechanism of release from these monolithic devices is likely to involve Case II 

transport, since this includes polymer relaxation and erosion of the dosage form, as 

observed in this study. Although the mechanism of drug release cannot be determined 

from the results obtained in this investigation, it is feasible to state that a complex mixed 

mechanism, involving drug diffusion and polymer erosion, governed the release of the 

beta blockers from the matrix tablets in this study. 



Table 5.16: Results of Korsmeyer Peppas Calculation 
Drug Batch # Method of Manufacture Dissolution Time (Hrs) n 

MPT M0223 Wet Granulation (2.5-3.5%) 2 0.266 
6 0.413 
10 0.409 
14 0.391 

M0147 Direct Compression (FP 100) 2 0.537 
6 0.506 
10 0.478 
14 0.444 

PROP POl33 Wet Granulation (2.5-3.5% EC) 2 0.367 
6 0.480 
10 0.467 
14 0.462 

P0165 Direct Compression (FP 100) 2 0.394 
6 0.486 
10 0.469 
14 0.449 

P0215 Wet Granulation (10% EC) 2 0.005 
6 0.329 
10 0.351 
14 J 0.352·· 

P0263 Freeze-dried DC (2.8% EC) 2 0.229 
6 0.369 
10 0.367 
14 0.362 
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CHAPTER SIX 

CONCLUSIONS 

A primary objective of this study was to incorporate five different beta blockers into the 

prototype wet granulation fonnulation, which was successfully achieved. All drug 

candidates were suitable for granulation and all fonnulations compressed well into 
.--- ~ 

tablets. No sticking and/or excessive strain on the tablet press was observed during the 

compaction process. The physical characteristics of the developed dosage forms 

including unifonnity of tablet weight, hardness, diameter and thickness, as well as 

friability, fell within the specifications nonnally set for solid oral dosage fonns. All five 

beta blockers were released in a sustained manner over the 22 hour dissolution testing 

period, however, each drug candidate behaved differently from one another, in terms of 

drug release from the wet granulation matrices. PROP and OXP appeared to be released 

fastest, followed by MPT and ACE, with the fonnulation containing LAB releasing drug 

slowest, and to the least extent. The order of the rates of release of these compounds does 

not correlate with their aqueous solubility, suggesting that the release of these agents is, 

controlled, in part, by the dosage fonn, rather than only by properties of the drug, sucn as 

solubility. This was thought to be a positive attribute, since it highlights an area of 

opportunity for manipulation of the release of these drugs by formulation modification. 

Preformulation studies were carried out to aid in optimisation of the dosage form during - . 

the development process. Moisture content analyses revealed relatively low moisture 

associated with the five drug candidates and higher water content for hygroscopic 

excipients such as HPMC and microcrystalline cellulose. DSC studies perfonned on 

drugs and excipients revealed potential interactions with excipients such as dibasic 

calcium phosphate and magnesium stearate for both LAB and MPT, however no definite 

conclusions were drawn from this investigation. The thermal analysis was used rather as 

a tool for predicting potential areas of incompatibilities, and further stability studies 

would be necessary to detennine any actual solid-solid interactions that may occur during 

manufacture and/or subsequent storage of these tablets. 
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The assessment of drug release from tablets was performed using USP Apparatus 3 (BIO­

DIS), which was determined to be the most appropriate dissolution test apparatus for the 

matrix tablets developed and produced in this study (96). Sample aliquots collected > 

-~ . 

during dissolution studies were analysed using HPLC. The development of an isocratic 

HPLC method capable of determining all five beta blockers simultaneously was 

undertaken as an intermediate objective, and a single method was developed for analysis 
,-- - ---: 

of all drug candidates. The analytical method allowed for the use of one compound as an 

internal standard for another, and any cross-contamination of beta blockers that may 

occur during the development and manufacturing process, would be readily determined. 

The HPLC method was optimised by manipulation of system variables, and validated 

according to standards specified by recognised scientific bodies such as the ICH and 

FDA. 

In addition, content uniformity assays were performed on selected batches manufactured 

by both direct compression and wet granulation techniques for each drug candidate. The 

content uniformity was used in calculating the percent drug released from each 

formulation during dissolution testing, and residual content analysis was performed on J 

each tablet core at the conclusion of each dissolution period using the same extraction 

method. The percent recovered in these tablets correlated relatively well with the total 

percent drug released from the tablets tested for content uniformity. A mass balance of 

the total amount released and the amount remaining in the tablet resulted in 

approximately 100% of the dose incorporated being accounted for in most cases. 

The wet granulation formulation was converted to a direct compression formulation, in 

order to improve the efficiency and to simplify the manufacturing process. Successful 

conversion was achieved for all drug candidates, and the drug release profiles obtained 

for each beta blocker manufactured into tablets by wet granulation and direct 

compression were statistically similar. 

In order to assess the robustness of the direct compression formulation, various 

formulation changes were made, and the effects on drug release from the altered systems 
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.. 

determined. The fonnulations containing different active ingredients responded 

differently to the alterations made, and additional research involving each of the drug 

candidates would be required to gain a further understanding of the performance of the 
-:, r 

dosage forms in vitro. 

Purified talc and Cab-O-Sil® M5 were both used, either alone or in combination, as 

glidants in the direct compression formulations, and it ~s found that no significant 

change in drug release characteristics resulted from the use of either material. It was 

found, however, that talc was more favourable than Cab-O-Sil® M5 in terms of achieving 

the desired active pharmaceutical content, and the target weight, since Cab-O-Sil® M5 

produced tablets of low weight, due to its inherent low bulk density. 

The grade and load of ethylcellulose, incorporated into the direct compression batches, as 

Ethocel®, was assessed and the effects on drug release evaluated. ACE, MPT and PROP 

release appeared to be unaffected by the grade of ethyl cellulose used, whilst OXP and 

LAB showed a marked decrease in the rate and extent of drug release when the fine 

particle FP 10 grade was used at a 2.8% (w/w) load. In addition, PROP and MPT both 

showed no significant change in release from batches manufactured using increased 

amounts ofEthocel®, up to 20% (w/w). This was attributed to the fact that Ethocel® was 

incorporated as a small proportion of the fonnulation, and that it was not acting as the 

rate-controlling polymer, but primarily as a binding agent in these tablets. 

The effect of the ethylcellulose load incorporated into the wet granulation tablets as 

Surelease®, on the drug release characteristics was also investigated. Ethylcellulose was 

found to influence the rate of release of some of the beta blockers to a larger extent than 

others, with PROP, ACE and LAB being released at substantially slower rates from 

formulations manufactured using higher loads ofSurelease®. This decrease in release rate 

was possibly due to the Surelease® coalescing and forming an ethyl cellulose coat around 

drug particles, thus inhibiting or sloWing the rate of diffusion of these molecules through 

the matrix. A decrease in release rate with increasing Surelease® loads was not observed 

with tablets containing OXP and MPT as the active ingredients. 
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In addition, a different approach was attempted for preparing MPT and PROP for 

inclusion into sustained release matrix tablets. In this technique, drug powder was mixed 

with the Surelease® dispersion and freeze-dried p~i~r to inclusion into a direct 

compression formulation. The amounts ofSurelease® and drug used were consistent with 

those used in the conventional direct compression method of manufacture. Contrasting 

results were achieved for the two beta blockers under investigation, and whilst PROP 

showed an expected decrease in release rate for the batches manufactured using the 

freeze-dried material, MPT remained unaffected. This may be attributed to the high 

aqueous solubility ofMPT when compared with PROP, and subsequent physical 

differences in the freeze-dried material that was harvested for compaction into tablets. 

The mechanism of release of beta blockers from these products was assessed. It is evident 

from the resultant dissolution rate profiles for each batch assesed, that zero-order drug 

release kinetics were not achieved, but rather diffusion-controlled release predominated, 

and thus the release rate profiles followed square root of time kinetics. HPMC was used 

in these formulations as the rate-controlling polymer, and this material typically displays 

square root of time dependency, therefore the release patterns seen from these dosage 

forms were as expected. 

The MPT prototype wet granulation matrix tablet (90) was successfully used for in vitro __ 

sustained delivery of four additional beta blocker drugs, and the resultant formulations 

were successfully converted to direct compression formulae, capable of producing 

comparable drug release characteristics. This study has demonstrated that the rate of 

delivery of drugs from these formulations may be controlled by manipulation of 

formulation variables, in order to achieve the desired release characteristics. 

Further development is required to optimise these formulations, and additional studies 

may provide an understanding of the processes 'involved in controlling drug release from 

these monolithic matrix dosage forms. 
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There is potential for further investigation of the effects of changes in the ethylcellulose 

grade and quantity for all five of the beta blockers manufactured by wet granulation and 

direct compression in this study. Further analyses oil a variety of different formulations 

may produce more conclusive results, and enable better prediction of the behaviour of 

these drugs in vitro. Novel methods of inclusion of this excipient, such as the freeze­

drying process used in this study, may contribute further to an understanding of the role 
~ - ~ 

of ethylcellulose as a rate-controlling or binding excipient in these dosage forms. 

The rate-controlling polymer in the tablets manufactured in this study was predominantly 

HPMC. Therefore, the quantity of this excipient may be manipulated, to alter the rate and 

extent of drug release. The grade and quantity of this excipient used has been shown to 

affect the release of many different drugs from hydrophilic matrices (92, 119, 126, 128, 

116),. therefore its use provides an excellent opportunity for further research, not only into 

controlling drug release, but also for modelling of drug release and elucidation of release 

mechanisms of drugs from swellable matrix systems. 

Geometry modification has been shown to produce altered drug release rate profiles for 

polymeric matrix type tablets (98, 111), therefore further development of these 

formulations with respect to dosage form dimensions may be investigated as a means of 

further controlling the release of the beta blockers studied. Systems utilising structural 

changes have been shown to shift the release mechanism towards zero-order kinetics (98 .... 

111), as is desired for sustained release dosage forms, and one system was reported to be 

suitable for large scale manufacture (98). 

Large scale manufacture is an important consideration in the development of any dosage 

form. The issues associated with batch-size scale-up of sustained release formulations 

such as these, require investigation in order to optimise the potential of these tablets for 

large scale production. Compositional changes may affect the success of batch-size scale­

up of extended release preparations (137), therefore a beneficial future area of research 

may be to determine the behaviour of the formulations developed in this study during 

subsequent scale-up experiments. 
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A demonstration of stability is fundamental for the approval of any pharmaceutical 

product for the marketplace, and, although the DSC results allow the prediction of 

potential instabilities, it is important that comprehensive stability studies be conducted for 

the tablets developed, in order to establish whether such preliminary incompatibilities do 

in fact exist. 

The overall intention of sustained release dosage forms is to deliver a drug to the 

systemic circulation in a sustained manner, therefore it is important that the drug is 

absorbed and distributed to the target site in vivo. In vitro studies are valuable as tools for 

predicting in vivo behaviour of these dosage forms, however, accurate in vitro / in vivo 

correlations (IV IIVC) are necessary for interpreting in vitro results in a meaningful 

manIier. An IVIIVC was demonstrated for sustained release preparations ofMPT, PROP 

and OXP using mongrel dogs (101), however further in vivo studies would be required 

for characterisation of the behaviour of these beta blocker tablets in humans, such as 

those carried out for MPT by Eddington et al (136, 138), which demonstrate a positive 

correlation between sustained delivery ofMPT in vitro and blood plasma levels in vivo. 

Factors such as hepatic first pass metabolism must be considered, as this is likely to affect 

the bioavailability of these agents in vivo, as has been shown for PROP (48). 

This study has presented a preliminary investigation and product development process for­

beta blocker matrix tablet formulations, by both a wet granulation and direct compression 

manufacturing process, with the objective of providing sustained drug delivery over a 22 

hour period achieved. In addition, it has provided a base for a number of potential areas 

of research, to increase and expand on the information resulting from this work. 
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APPENDIX ONE 

Des THERMO GRAMS 
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APPENDIX TWO 

BATCH PRODUCTION RECORDS 

WET GRANULATION - ALL BETA BLOCKERS 

RHODES UNNERSITY, FACULTY OF PHARMACY, GRAHAMSTOWN, 6140 
BATCH PRODUCTION RECORD 

Batch Number: Ao 2..( O{ 
Formulator: /,.-e.X~ 'f...,,\e. ~e.. ( 

Material Formula 
ACe ;1.0 
l~oceJ \(..4-M (0 
EM..c..c"\A;:) re. ~ S 31,~ 

~c..oc..-0.. 9.01"-'\ 3:>2· :5 
.~ ~f'CL~o?... c).2.c-...(C\ 

K~oc",,\. \~JOOM ?6 
E;IIV\ (ace....\. q() M "1 
~u-""-\o 'e-.:::.S \0 
i'"\o...~ S"-t~C:Lrc."\...-\;.e. \ 

Batch Size: S «? 0 mg 

Quantity Added 
\cO "':') 
:::.() 0\ 

l 'i?l . S- c,,-
\ 62-:S CI\~ 
\.onc>,.,.~ 

~4C\ 
2-~ .4-c.... 
42-~-' 

4·2.. "" 
"" Target weIght: 7 2..0 mg 

Target hardness:I20-1(j) N 
Granule mass: 42.0 g 

Surelease® mass before granulation: SSC\ .C(.S? g 
Surelease® mass after granulation: 452.· t \ g 
Surelease® mass added: tOr' <211 g 

Drying Temperature: -"2.°c 
Drying Time: J2- hours 

Observations: 

216 

Granulation Date: 30 /OCt../ 200L 
Tabletting Date: 6 \ / \0/20::') 2. 

Done By Checked By 

L-k 
lJ( 
Lk.. • "'- r 

~ 
~ 
L\( 
LK. 
LJ( 
LK 

Temperature: rb.t. °C 
Relative Humidity: ~% 

Granulation time (start): jo h~ 
Granulation time (stop): ~h)~ 
Granulation time: £, 1 mins 

Tabl~t Press: r\o..:es~ G~B 
Toollllg: 1\ 0 ?>\C:t.-..c:.cc~ 
Press Speed: ~C-4-0 r.p.m. 



RHODES UNNERSITY, FACULTY OF PHARMACY, GRAHAMSTOWN, 6140 
BATCH PRODUCTION RECORD 

Batch Number: &so 2.~ \ 
Formulator: Le,\~ \we.:,~r 

Material Formula 

P-c.£ 40 
M~ocel- tL4M \0 
fl'\'\ '-Cvv,!J re. ~ c;.. 37·)" 

.t:=--M. co& J q oM 3.2.·S 
Su.rf'\~o ... c;..~ o . \4 -0 /l '& 0.(0.. 

MeJ<:'W, (e\ ¥...\CtlM '2-0 
v • 

~ c.oce....\qoM '( 

~ co IV\pre. ~ S \0 
l.Aaa S tecu~ l 

Batch Size: 63S mg 

Quantity Added 

\ oc) "" 
~'() ~ 

l;?"1.)o-.,. . 

\ ~2..- S- <~ 
fO -<iO~ 

'1.2-<=\ 
52·2- ~ 
Y.b 0" 
4,& <:l\, 

Targ~t weight: -,'10 mg Granule mass: 4fQ g 
Target hardness: 12..0 -lfO N 

~ure!ease'" mass before granulation: 570 . % g 
Surelease'" mass after granulation: 494-. 02. g 
Su:~l~~~e~~~ . .ass added: 16 t 4l+ g 

Drying Temperature: J:iLDc 
Drying Time: ~ hours 

Granulation Date: ~ /<f\ / 2.cC 2-
Tabletting Date: 0 I IlO / 2..CC 2. 

Done By Checked By 

LIZ 
LK 
LK 
U( 
LI'-
L.K-

LI!...... 
CJ<" ~. -
LI<. 

~empera~e: (b ~ DC 
Relative HUmIdity: ..9::.b.% 

Granulation time (start): 10 h OS' 
Granulation time (stop): to h 3~ 
Granulation time: ~mins 

Tabl~tPress:~Q..~~ 8~B 
Toolmg: (,25(\._-- b,'<..c'/\(CW".:t 

Press Speed: 3.0 -4-0 Lp.m. 
-\-z,-o -~' ~{:c-~ d.r ; e' d-.. 

RHODES UNNERSITY, FACULTY OF PHARMACY, GRAHAMSTOWN, 6140 
BATCH PRODUCTION RECORD 

Batch Number: A024-l Batch Size: Q g mg 
Formulator: _______ _ 

Material Formula Quantity Added 

lACE. -:2-0 ~DO <'\, 

II-'\~~l \UtM \0 ~-o~ 
I &v-..c.ol,,\Pre ~ ~ 3,·5 .lE~1-S'~ 
EM(<Xe.\ qOM '32·S \b2~) 0: 
S""re.}.eQ~ o,4-C\(o. 2 . .00 c; J 

r\e---~y <2."\ lUooM -:2.0 v ....J (~< 
~.AV\uJ{eJ" eto K " 2 {,~ ='\ 

~Lo.v...Dre.~<; \...0 '3,q 0., 

W..lQ s.te.o.r£.~ \. 3.C!. ~ 
" Target weight: 720 mg 

Targethardness:IW·-I6Q N 
Granule mass: "39..0 g 

Surelease '" ~ass before granulation: '3 '2S ' b b g 
Surelease'" mass after granulation: \2.-" 1~ g 
Surelease"',mass added: lQ'8 . \~ g 

Dryi~g Temperature: 60 DC 
Drying Time: ~ hours 

217 

Granulation Date:OS- / [l I 20Cl 2 
Tabletting Date: Q 6 It t I 2.002 

Done By Checked By 
t K ... 

l J<"'" 
\'b 

L'h.. 
\..j(-

L\(... 
UC-
u:..... 
(.JC. 

' -

Temperature: 16 .ct. DC 
Relative Humidity: ~% 

Granulation time (start): ~h23. 
Granulation time (stop): .l1..h2.Q 
Granulation time: 3..Lmins 

I 



RHODES UNNERSITYrFACULTY ~F PHARMACY, GRAHAMSTOWN, 6140 
BATCH PRODUCTION RECORD 

Batch Number: La 22-3-
F onnulator: ~ Ic:\A.. \LA e. ~ eI 

Batch Size:S9 3 mg Granulation Date:3U le/-1I 2002-
Tabletting Date:_O_1 _/10 I 2.CO 2.. 

Material Formula Quantity Added 

l.A'& "2.D 1000\. 
K.~(.~ \l..4 M \0 !l.--U C,\" 

~pre..~~ 37-~ \ <6f -50\ 
~c.cx:~ QOM ~L:S \ b2. SC,\ 

Sue eJ-.U"L~ o .14 -C,\g<:},k" -,0 -<--'\O~ 
t\.0~0. ¥--\OOM '20 

v ~ 8'& ~ 
~c<x:.e.\ C\..OM ..., ~O . ( -"'\ 

&v-.t:c.""" (y y ~ ~ 10 4- '6 ~ 
Ko.a... s:~e.c._ro.-X:~ \ 4-a. 0., 

Targ~ weight: (2.0 mg Granule mass: 4- '3 0 g 
Target hardness: lW -IbO N 

Surelease® mass before granulation: 4Cf2..7 4- g 
Surelease® mass after granulation: 4 \ '5, b q.. g 
Surelease® mass added: '" iO g 

Drying Temperature: 60 °C 
Drying Time: ~ hours 

.j -

Done By Checked By 

w:..-
LY-
L~ 
L~ 
U-
1J-

LK r- -

L/"-. 
LK 

~empera~e: IS.boc 
RelatIve HUITIldlty: 4-D % 

Granulation time (start): /4 h f S 
Granulation time (stop): /4- h 3 g 
Granulation time: '2 ~ mins 

RHODES UNNERSITY, FACULTY OF PHARMACY, GRAHAMSTOWN, 6140 
BATCH PRODUCTION RECORD 

Batch Number: Lo~ 
Fonnulator: \ el~~ (.~e..r 

Batch Size: 725 mg 

Material Fonnula Quantity Added 
!L,P&:, 2-0 tOO "'" 
t'\e:(W)<.e.\. \£'.4K \0 ~--o '" 
f,<M.~VV\c>r e ~ S 37·5 \ ~1, )C\ 

e.~co<..u... Cia M ~L'S" \6 "2--'5'"" ~ 
Sv'\..re.\e. CL~IL 0·4- "\lc.. 200 "'" ~ 
r\ ~c:x..e.\ I(.J06M 2..0 

~ 

\O~ <'\ 

~<...<Xe..\ ~'M -, 3(;,·8 '=\ 
E/v-.<o IV\, pre..:, ';, LO S 2.S-~ 
/vI-o.o. s,1;:e. O .. iO.;~~ \ S" - ~ ~ 
Target weight: -,2-0 mg 
Target hardness: t Z,O-tbO N 

Granule mass: 52-~ g 

Surelease® mass before granulation: S I ~ :y:::( g 
Surelease® mass after granulation: 306. 2..~ g 
Surelease® mass added: 2.01- \ 3. g 

Drying Temperature: 60 °C 
Drying Time: ,2-. hours 

Ob servations: 

218 

Granulation Date:O S-/ /1 /L.Oo2... 
Tabletting Date: 06 III /2...002 

Done By Checked By 

L-K. 
L.K. • "'- r 

UL 
L-K-. 

LJC-
LK... 
LK 
L...K. 
LK 

Temperature: n.?,°C 
Relative Humidity: :SCI... % 

Granulation time (start): 1'2:. hJo 
Granulation time (stop): _IT_h 0 .~ 
Granulation time: 3 $" mins 

Tablet Press: K..0-{\2 ~~ B $ B 
Tooling: i \ v--...... rb \';?, ; (C,,"'Ccw-Z 

Press Speed: 5D -4-<) r.p.m. 



RHODES UNIVERSITY, FACULTY{)F PHARMACY, GRAHAMSTOWN, 6140 
BATCH PRODUCTION RECORD 

Batch Number: Lo 2-S- \ Batch Size: S 4--, mg 
Fonnulator: LQ..,t\A. ~~ ~e..r 

Material Fonnula Quantity Added 
L-A)S 2..0 lOOF\. 

I !A~C<:Q..-\ V-ct-H to <,.=-() ~ 
~"",,(.);es.s 37~5 \ 5?l-S c'\ 

~[o(.(J ~ <:tOM ""32-'5 l b2- S-G,\ 

I ~t..ArP ~\e.A \~ o ,2c\(~. \000.... 

1M.~c<.u. t(.,\OOi" -2.() '..l -rQ,2. ~ 

lb-.vo(.eA. ~OM 1 2.{, '7 c.-, 

I ~ c.evv. Ore..'I ~ 10 ~q.6 "'\ 
K.cla. S;;te.c:vo.-~ \ 1+"'\ 
Target weIght: 720 mg Granule mass: "396 g 
Target hardness: 12.0-16 0 N 

Surelease® mass before granulation: 4-SO,SS g 
Surelease® mass after granulation: 54=2· 4: 2..g 
Surelease® mass added: 10 ~ , I 3. g 

Drying Temperature: 60 °C 
Drying Time: \ 2.. hours 

Obsenrations: 

Granulation Date:O 5" III I ~C()'2.. 
Tab letting Date: 06 iT\ I 2..00~ 

Done By Checked By 

LK 
t-'f-
L-K 
u-:-. 
L~ 
a- - ~ 

I K. 
1~ 
l...J.(. 

Temperature: n.~oc 
Relative Humidity: ~""'\ % 

Granulation time (start): I':) hlO 
Granulation time (stop): i5 h Ll 
Granulation time: .J.l..mins 

Tabl~t Press: bOAe..~ h IS 3 B 
Toolmg: \ \ """,,,,,, (j f3" cc-,-,~·,::: 
Press Speed: ~o - ,+0 r.p.m.~ 

RHODES UNIVERSITY, FACULTY OF PHARMACY, GRAHAMSTOWN, 6140 
BATCH PRODUCTION RECORD 

Batch Number: K 02.1 \ 
Fonnulator: i.£-h<h. Ue. ~« 

Material Fonnula 

~PT 7.0 
It'\~ \. 'u+f'\ \.0 
~ VV\. C C\I\.-\ -ore ~ So. 37· ~ 
~oc:.~qoM. 3:2. .S 
I :)\.AIP \ eel. ~~ C) '!k C\ ("'" 

Mutv.o(.o2...\ ~ctr-' 2.0 u -> 

6""Xc;('.;2..\ qO 0. ---, 
~c.C\N\.ore. ~s. to 
Lt-'\o..~ "~c~r~ l 

Batch Size: 6qo mg 

Quantity Added 
100 C, 
~'" 

\ y.,·1. ~o.. 
162-S CA..-

2.()O '" 
WOq 
~ S;-CI\ 

SCC.>... 
SGJ 

Target weight: ,2.0 mg Granule mass: ')-00 g 
Target hardness: \ 1.O ~l bD N 

Surelease® mass before granulation: 6.,)1. 6\? g 
Surelease® mass after granulation: 4 '53 .4-2.. g 
Surelease® mass added: 264-.2.6 g 

Drying Temperature: 6 0oc 
Drying Time: ~ hours 

Granulation Date:02 1 to I 2002-
Tab lettin g Date: 04 110 I LOO:?. 

Done By Checked By 

~ 
IJ( -
IK. 
IK... 
LK 

U<.. 
U. rr 
we 

! empera~u~e: ru °C 
RelatIve HUImdlty: ~l % 

Granulation time (start): 01. hQ! 
Granulation time (stop): <:N h 'i) 
Granulation time: 3'2. rnins 

Tablet Press: r\0f\~~ B3~ 
Tooling: 11 ....... ·- ({i (:;·'tc----to-.....< 
Press Speed: "30 -40 r.p.m. 

t9;(L~""- o..~,~ f r"\ cr (:-0 .su.~~. 
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RHODES UNIVERSITY, FACULTY OF PHARMACY, GRAHAMSTOWN, 6140 
BATCH PRODUCTION RECORD 

Batch Number: MOl \ ~ 
Fonnulator: tg..,'~ ~e.SQf 

Batch Size: 6 7 b mg 

Material Formula Quantity Added 

\"'\ p"\ 20 1000, 
i r\ e.,t'kc <.-l v...u. K \0 c-Oc::.., 
!~COvV\(.H~ . .';. ~ 37·S \"Q1, 5c~ 
If:-rv-.cccu' (-\0 M ~2·S t&'2.. S- c" 

1<., LAle. \. e.G. ~I? Or2 0., \~ \ cO CI\. 

M.e.'(M.c(...U 'L\ODM '2...0 I,.J 
'-' 

~ R c, 
I ~c.O<:-e.., ~ ao M f ~4-;~"" 
~('('\.N\,ore!> ~ \.0 4"'\ co, 

\--\o.q ~\"e.:.v~ \. ,+_0.. ~ 

Targ~t weight: 120 mg Granule mass: y-qO g 
Target hardness: ! W -( 60 N 

Surelease® mass before granulation: ~-32·2 \ g 
Surelease® mass after granulation: 4- 2 :> .2...6 g 
Surel~Jl1aSsadded: 101 .~S" g 

'tf!'!'.. ... ~.~ -... 

Drying Temperature: ~oC 
Drying Time: ~ hours 

Granulation Date:D31 10/20 C L 
Tabletting Date: C) 4- 1\ 0 12..J.'X:; 2.. 

Done By Checked By 

LJ:-
L~ 
U-

L¥-
LK-
tJ-
Lj{... 

U- ~ . 

~ 

Temperature: /6 !"\°C . ., -,-
Relative Hurmdlty: :s ~ % 

Granulation time (start/ () h (0 
Granulation time (stop): 10 hz ') 
Granulation time: ~mins 

Tabl~t P.re,ss: MO-l\e.)b e:,:3:,B 
Toolmg. 1\1r'\.--.. (f IS, C cV'\(c,-..--i! 

Press Speed: 30 -4-0 cp.m. 
Observations: T cJo\Q....~ ~J""'D. ~. \.~ cAw.."...,.::·' 670 ....... %""" 

RHODES UNIVERSITY, FACULTY OF PHARMACY, GRAHAMSTOWN, 6140 
BATCH PRODUCTION RECORD 

Batch Number: \-'\0233 BatchSize:6b2 mg 
Formulator: \...Q...(~ '<-.At: l>12-r 

Material Formula Quantity Added 

t-'\r-t' 2.0 \00 "-\ 
K.~Oc:.~.A. \L4 M \0 SO c\ 

~~o.--e~ ~(-S l~l-)c, 

~(o62.\ C\..Dt-'\ s'2 -S' t 62. 'S" c, 
l'::"v-reJ..e..a..~~ 0.(4 -0 .\~o.\.O\ . '10·-CtO c\ 

'fv\ e.~u i 100D M 2..0' 
v Cf6 C\ 

~<..oC.e.. ( ctcM " 5::' ·6 '" 
~or~~S LO 4-«~ 
I r\ llCl ~ -\--e. tU" (:,,_-,t~ ( 4-.~~ 

_v Target weIght. "'120 mg Granule mass. 4- gO g 
Target hardness: 12Q-IOO N 

Surelease® mass before granulation: ~6u .S-R g 
Surelease® mass after granulation: 4- g l.Ob g 
Surelease® mass added: 2,2., ~ '2 g 

Drying Temperature: bO °C 
Drying Time: ~ hours 

Observations: Bo ::'~(,~ ~ .. W h~\A< .. ~,,%. 
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GranulationDate:03/l01 wo 2.. 
Tabletting Date: Q4 110 i ~O2.. 

Done By Checked By 
L¥:... 

UC-
LK • "'- r 

LK 
LK 
{-#(. 

7Y-
'--K 

L.K 
Temperature: ....c:!-.-°C 

Relative Humidity: ~% 

Granulation time (start): _I( _hl~ 
Granulation time (stop): _I (_hs) 
Granulation time: ~mins 

Tabl~t Press: Ka.ItQ.'::'~ ?> 3 B 
Toolmg: II .--~ (5 1.3, (c.",(c~ 
Press Speed:'36'-4 0 r.p.m. 



RHODES UNNERSITY, ~ACULTY OF PHARMACY, GRAHAMSTOWN, 6140 
BATCHPRODUCTIONRECORD ' ,. 

Batch Number: 00'2..:1-\ 
Formulator: L."e.A ~ "=-'<2- '5.QJ 

Batch Size: 63>5 mg 

Material Formula Quantit}" Added 

O"'XP 2..n tOu $... 

M.Q.XWx e,\-'f..4-H to roG(. 
l~uV'-<.Dre ~~ 37.~ \S:?I. S- <7\ 

I~c.a LeA ctO'M. ~2·'5 \ b2.. S- CI\ 

Sv<e..Au-l~'L U ·l4 -0·\ g"lo. '(0 -9..0 c\ 
.t'\. ~(eA 'OOOM '2.0 

v ..... 
~ '2.. C\ 

~c.tX e..\ CbM ''1 ~2-2-<'\ 
ICvv-.(Cvv..Pf~ ~s.. \0 4b C\ 

MCAA. St-e~ \ 4.6 0., 
v. . 

Target wetght: ,-W mg 
Targethardness:I2.0-1cO N 

Granule mass: 4-6 0 g 

Surelease~ mass before granulation: S'7"$" ~ 72g 
Surelease~ mass after granulation: SO.S -I 3 g 
Surel~:;IIl;ass added: i 0 , ~ g 

,"'.'.-"",;- ---<'-~:'.~.< 

Drying Temperature: 6o"c 
Drying"fime: ~ hours 

«>i>~ • 

Observations: 

Granulation Date: '::0 I ()q / .2.()O"2-
TablettingDate: 04- IlO / 200'2. 

Done By Checked By 

L¥-
t -,C 

UL. 
LK 
Uc... 
u:.. 
Lj(... 

L\C-
LK-

Temperature: ~oC 
Relative Humidity: 4- s % 

Granulation time (start): 1'+ h 48 
Granulation time (stop): I,) h oq 
Granulation time: 2-1 mins 

Tabl~t ~r~ss: \-\w.,.~ ~ ~ fS 
Toolmg. ll,,,,,_ 0;: !:'>' (C~, (G'-V-~ 
Press Speed: 30 -4-0 r.p.rn. 

~\O ~. 

RHODES UNNERSITY, FACULTY OF PHARMACY, GRAHAMSTOWN, 6140 
BATCH PRODUCTION RECORD 

Batch Number: Q 04~ 
Formulator: Le>- t\--. U~ ~.u 

Material Formula 

iOxP 'L-O 
M.~ X\.." c C.l2A \Lu. \"'\ \0 

~Ov--\ore So s. 'br·,;) 
~c.()~qOM "32· 'S 
S\.A-r~\e.tA.':>~ O,Lc....\~ 

1t-i~oc..eA \.C\£CM 2D~ 

6v-..Lo<..<l...1.. C\..o;v-.. ...., 
6:IfV\L~o:-e !)~ lO 
t-\c.1.Q, b.'h::.C\.I'" cU-~ l 

Batch Size: S"6 b mg 

Quantity Added 

taO ." 
m.,:; 

\ <,;n·.s- C\. 

\b2~-S-C'\ 
toO "''\. 
8'~~ 
22'''l~c, 

q..\. ~ 
4·l .~ 

~ . 
Target wetght: I'L..C; mg 
Target hardness: \'W -t(.O N 

Granule mass: It tOg 

Surelease~ mass before granulation: 4-49 ,'gO g 
Sure1easee mass after granulation: '34 r.7 8 g 
Surelease~mass added: to'2..0z... g 

Drying Temperature: 60 oC 
Drying Time: ~ hours 
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Granulation Date:O $' I t I / 2.002 
Tabletting Date: 0 (, Itt / 2-00 2. 

Done By Checked By 

LlL 
L~ 

~ .•. 

we...-
L.\L-
L\L 

t~ 
l1-
LK-

Temperature: 1::::L.°C 
Relative Humidity: ~% 

Granulation time (start):a.=i..b')S' 
Granulation time (stop): ~hW 
Granulation time: Z '5mins 



RHODES UNIVERSITY, FACULTY OF PHARMACY, GRAHAMSTOWN, 6140 
BATCH PRODUCTION RECORD . __ 

Batch Number: 002. 5'1.;" Batch Size: 1\ \. mg 
Fonnulator: Le-\tL,. u c \,~ 

Material FOimula Quantity Added 

6X? 'LO IOCe, 
~~"-4-M lO .\,-0 0.., 

,~u'v-"P re ~ s. '~I-S" \ gr. S'" C-\, 
~(..GC:J2.' '\OM ?:.2... ) (6L-'S- 0, 

<"'v<'e ... \.e_Cl~e... o .4:C\ \c\ . 200~~ 

('-'\ e.Xl--,oc:. ~ t:-\ cC}i 20 v (0:::' 0 

~ c.6c e..\ otcM -f ~~.\ '" 
~~p~ss lO ~\-~ c'\ 

K.C\.o.. S. ~~ , ~-2 ~ 

"'"' Target weIght. fLO mg Granule mass. 51 S- g 
Target hardness: 12..cl-16<J N 

Sure1ease® mass before granulation: ro ~. 2..0 g 
Surelease® mass after granulation: ~ t 'S • t L.. g 
Surelease® mass added: \C\ ~ . c 8 g 

Drying Temperature: 60 °C 
Drying Time: \2. hours 

Granulation Date: os- I L \ I 200 L 
Tabletting Date: 0<; It l I 2...00 2. 

Done By Checked By 

UL 
l.¥-
U'--
LK 
IJL 
L%-
(~ 

1-J:-
U-

- -

Temperature. 1"7. ~oC 
Relative Hurnidity:~ % 

Granulation time (start): ( '5 h r~ 
Granulation time (stop): l')h3g 
Granulation time: 2'f rnins 

Tabl~tPress: M~~~h 8 ~ B 
Toolmg: ll;..-~ 0 IS'( c"'( C'-'~ 
Press Speed: "36 -<t-C r.p.m. 

RHODES UNIVERSITY, FACULTY OF PHARMACY, GRAHAMSTOWN, 6140 
BATCH PRODUCTION RECORD 

Batch Number: P (') ,,~?::. 
Fonnulator: "\ e.1t\--. Ve.s.u-

Material Formula 
'f>~f ""2.0 

(vi.. e...t\...-tCL eJ. 1L4-K to 
I~~ore.s...s "2".)" 
&v.Lcx...d 9.0'/'"'\ '3?- .:::' 

is'v'Ce....\.rL<<5.~ I C.l4-O,l~C\\.<:J<. 
M.~Cl(.U~M 2.D v " 

~(o<-e..\. qOJV\ --r 
t:::M..<..C¥--\ ~ ':, \.0 

1\0...0". ~C..rd ... ;;'~ l 

Batch Size: ~"6 \ mg 

Quantity Added 

\00 C\ 

.. ~ C1 

Ir7.~"'\ 
(62_- ') ~ 

,O.--C{O c:... 
.." ~ 

2-'" <:.'\ 

~g.~ ~ 
3.C{""I 

Target weight: (21) mg Granule mass: 3255" g 
Target hardness: ('LO 1 60 N 

Surelease® mass before granulation: 32.4-4-2.. g 
Surelease® mass after granulation: 2.4 <i -Ilt g 
Surelease® mass added: 7 $". 2.g g 

Drying Temperature: 60 oc 
Drying Time: \ 2.. hours 

Granulation Date: "22-1 01/ 2002-
Tabletting Date: 2.."$ lot I 2.fJo 2, 

Done By' Checked By 

1.Y-
l.K. 
l~ ... 

LJL-
LK 
L~ 

w:... 
WL 
/..-K.. 

Temperature: 2.4 .<:'\°C .. 
RelatIve Hunudlty: ~% 

Granulation time (start): 1'3 h <i- ~ 
Granulation time (stop): .!.i..,h "20 
Granulation time: '3 S'" rnins 

Tabl~t Press: HcV\~~ ~~6 
Toolmg: , \ v"'- "'" ct> g, ( c .... c c.,,=< 
Press Speed: ?£) ·-:4:0 r.p.m. 

Observations: ch~~ \--r&\~ . 
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RHODES UNNERSITY, FACULTY OF PHARMACY, GRAHAMSTOWN, 6140 
BATaIPRODUCTIONRECORD' --

Batch Number: P () 2-1 S' Batch Size: 6 to mg 
Formulator: \.J2-..::.. ~ '<--\e. ~ tlr 

Material Fonnula Quantity Added 

~~p 2...(:) ,00 "" . 
M~cXeA \(.41'-'\ \.0 SD ~. 
~<:.cvv. pre ~ "31·5" \g,.5;d\ 
E:x--.c.ac.4 qCM -:;):2-. S l6L-5'~ 
S~L"'L O.4-~\o... 2.0() ~ 
M e-~e.A ¥-I~ "LO 

~ .... 
\00 ~ 

~c...oce>-.. "OM -, z>S c... 
~c.o.,,-..p ,-e.~ So lO s-Oc-.. 
t-\o..."" S \e:CLCCL'c1(. l ~ ~ 

_v 
Target weight: '720 mg Granule mass: 'Sb 0 g 
Target hardness:l2..() ..,60 N 

Surelease® mass before granulation: 6 's-s. 2 \ g 
Sure1ease® mass after granulation: 4- ~-s. b '\ g 
Surelease®mass added: \~q.s-2-g 

Drying Temperature: ~oC 
Drying Time: \ 7- hours 

Granulation Date: Os 1 lO / 2..D 0 2-
Tabletting Date: 0'+ flo /2...C,()2. 

Done By Checked By 

L¥-
L-\L 
L~ 
1.1~ 
L.'l::-

lY-
L.\.(... 

lY-
~ . 

Ltc-
Temperature: \7·l.°C 

Relative Humidity: 4C{ % 

Granulation time (start): ~h(X) 
Granulation time (stop): ~h U) 

Granulation time: 4-~ mins 

Tablet Press: ~<2.5~ fS2:$ 
Tooling: I\"",,- e G. i <,c~'Ccv-i 
Press Speed: 3D Lto r.p.m. 

Observations: ~ \?'-€ ~~ "'" ~~}C ~',..c:; \.... \. ~"'?j \:,~ v...> e..\ ~ I.-..n ~~ 
\..10 b C{?Prz;-,( rOO",?%" ~o s.t---;~'d~" ~.r"\e>s.-'" \l'6L..<<?~ 
ce.\cJp~\>:) {,,~::,n..-.-t \'- ~\- r~ .. 

RHODES UNNERSITY, FACULTY OF PHARMACY, GRAHAMSTOWN, 6140 
BATaI PRODUCTION RECORD 

Batch Number: .p 02.X' Batch Size: 6 b'2 mg 
Formulator: '-~~ '<.Ae !..e.r 

Material Fonnula Quantity Added 

{J9-0P '2.<::> \00 "''' 
~'<l-...oa.J.... ~~ lO ~-o'"" 
~c..Q·fV\.iYc-e.~ S 34·S \ Jl'7.Sc., 
~c.cc<2.. \ qOM 3"2·S \ bl-S-'; 

I S'Ar e ... \02.Q ~e. 6.2.y l~ lCOC\ 
iv-... te .. ~o'-e.\ 'L \ooM.. 2.{) v - 0(6 c:~ 
0;~oce .. \ <=tOM 

., 
~$3 .. b "\ 

~c."""'"'p.'"(..<~.!: \ a 4- <;1; "'\ 

kCLG\, .s ~e ""ci....t:~ \ it-.~ ~~ 
~ 

Target weight: 720 mg Granule mass: 4 ~O g 
Target hardness:llP-160 N 

Surelease® mass before granulation: S- 3C'1.11 g 
Surelease® mass after granulation: 4- S1.~2.. g 
Surelease~ mass added: (0 '2.. 2. S- g 

Drying Temperature: 60oc 
Drying Time: '\ L hours 

Granulation Date:OSI 101 2062.. 
TablettingDate: 041 (0/"2..002-.. 

Done By Checked By 
L-.'t-
L-)(... 
,-JC • "'- r 

LL. 
LV-

LL 
UL 
LL 

WL 
Temperature: (7 .. 2. °C 

Relative Humidity: 5'0 % 

Granulation time (start): TO; h 05 
Granulation time (stop): ~h '2 S-
Granulation time: to mills 

Tabl~t Press: t\ar,il.~~ B 3. B 
Toolmg: Il--.-.~ 0 \~, <'C'",( ~ 
Press Speed: 3>0 =if 0 r.p.m. 

Observations: (cJ tAC) \-...~ \."-' (a.ppre-r<. 64-0 -. G ~ .~) ~ ~ .~ • 
~..-e.I>'i:. "CI """"~ &~~ • (CV'I.-.S.I;--zv-.,\::- ~:)..; VCd~4~~ ol?~'N(~ 
~"" ,('\0 ~I ~ I\.~ ,Lv.r->"'5 tz..-!?\e...~'Y=:j 
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BATCH PRODUCTION RECORDS 

DIRECT COMPRESSION - ALL BETA BLOCKERS 

RHODES UNIVERSITY, FACULTY OF PHARMACY, GRAHAMSTOWN, 6140 
BATCH PRODUCTION RECORD 

Batch Number: A 0 2'2S" 
Formulator: L?\ ~ We 'i.e...:--

Material Fonnula 

1"5l .. 1:;, t"?> S 
J',"~.QXv..O<'~\. ¥- <+M 6.~ 
~ """ <. C"-N' P re. ~ s. ::S""2./ 7> 
~Dce,\ CtdN 7..6 5\ 

'E.~(2....\ 8=> \ 0 "). -?,. 

~ c:)(..QA \(..\cc."" ~4 
ToJ,..c 3 
Mo ... C\ s,:'q:' (,·rcL!.ce. 0·" 

v 

Target Weight: -, 4-0 mg 
Target Hardness: I W -I to N 

Blender: Cu-I"Q... 'otfU\clv­
Blend Time: :20 mins 

Batch Size: s-cO mg 

Quantity Added 
~, .. ') ~ 

~4: ~ 

lb~#~ CI\ 

l Sq..)" CI\ 

(4- C\. 

,OC\ 
\ ~ CI\ 

"3,-S-0\ 
v 
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Blending Date: 23/0g/ 2002 
Tabletting Date:U /0 '?rZ .. C02 

Done By Checked By 

L-\'-
L\<-
L~ 
de 
LK 
LX.. 
L.K. 
U<-

..... 

Temperature: n.goC 
Relative Humidity: 11 % 

i! 

,. I, 



RHODES UNNERSITY, FACULTY OF PHARMACY, GRAHAMSTOWN, 6140 
BATOI PRODUCTION RECO:kD 

Batch Number: Ao '2-S5: 
Formulator: \'-gA,\;je> "{).e ~QI 

Material Formula 

ACE \3,.-; 
M<~c(eA. \4.1"\ 6·'6 
~( G'V-'\ (:) r€. 'i> <; 'S'2.-~ 
~C.OCeA. q() tv\. 2.il .Co\. 

18tJ....o LeA ff> \00 2.~<g 

1H.~e.~ '(.\001'-' 14-
I Tcv\.L .s 
r-\C\ ~~o.rr:d..-<'" 6,"" 

~ 

Target Weight: 74-D mg 
Target Hardness: l20--i60 N 

Blender: Cv..\oe., £?:'l~ 
Blend Time: 2..0 mins 

Batch Size: s'uO mg 

Quantity Added 
6,.'50\ 
$<{: ~-

1 b \. OS c'\ 

\~4-. :::. :..,. 
\.14: ~ 
,0 c~ 

\ ~ C'\. 

3'J~::'" 
.J 

Blending Date: 1 '8 / \()/ 2CxY2-
Tab letting Date:"\ 8 / 10 /2-c:x.J 2... 

Done By Checked By 

U<'--
l~ 
LX-
<-.J:... 

L$.. 

we-
L.J-
I.-4C-.. ,-- - ~ 

Temperature: 2.2..6°C 
Relative Humidity: 4-" % 

RHODES UNIVERSITY, FACULTY OF PHARMACY, GRAHAMSTOWN, 6140 
BATOI PRODUCTION RECORD 

t 

BatchNumber: Ao~" 
FOITImlator: Le.Ai(\...-.... ~""e..r 

Material Formula 

Ac£ \"6. ') 
I ~exv,.oC'.J.. 't-'+M. 6 .'~ 
~c.0N\pre ~ s. s2'~ 
~<.a(~\.qOK 2.6.9.. 
Gtt---oc" \ S-ttl \0 2-~ 

1M,? ~(..u Y-lCCM \4-
iTrJ.~ b 

M...a.c\ ~ Cl1a..'ce. 0,1 
..... 

Target Weight: ,'+-0 mg 
Target Hardness: 12.0 i60 N 

Blender: 6.-... \oQ.... t::,~~­
Blend Time: 2-0 mins 

Observations: 

Batch Size: SOC) mg Blending Date: R/~/ 2.002 
Tabletting Date: \ g / I 0 /2...002 

Quantity Added 

6-7·~ ~ 
~4- c:., 

{6t· S- '-'I'"' 

( s <.t • .J c.'",\ 

14- 0'\'-' 

-,0 CJ\ 

\ S 0.,. 

3, ") C,," 

v 
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Done By Checked By 

L¥-
U( 

LX-
. -

LL 
Lt.... 
U 
U<--
lJL 

Temperature: 22·1 °C 
Relative Humidity: 4-5 % 

Tabl~tPress: K.OAe~t.:J (S3.B 
Toolmg: {\ \M"", m etC C.-.( ("<.~ 
Press Speed: ~6 -4D r.p.m. 
\" . .\ ... e../\-.. '\.-c::; _ 

I 0 t'_'" tV { 3 0 N 1r' 7/ 0 .'Y\. 



RHODES UNIVERSITY, FACULTY OF PHARMACY, GRAHAMSTOWN, 6140 
BATCHPRODUCTIONRECORD " 

Batch Number: L.o -2-2. ~ 
Formulator: 1-P..-\ tb X-A e ~ e.r 

Material Fonnula 
t..kt?:> ... 3, .s-
\{J1.n".o(ej. l~ ~.~ 
_~""""ore~ s£.,::' 
~Co::le..\. C{dM '26 .c, 
1~C<:.eJ. pp \ 0 "2. .<g 
I \"\. e.Xh.O( e,,~ 1l...\coJv1 \4-
T"J..c 7> 
\-\0..0. S"t"ec;,",~ e- 0.1 

v 

Target Weight: ,4-0 mg 
Target Hardness: \ 20 -; bO N 

Blender: Cvvbt. &~JJu--
Blend Time: ~ mins 

Batch Size: s,1)o mg 

Quantity Added 

he· ') C\. 
34 0\..,. 

\bt·~ c\ 

L3<+. )~ 
.,4- "'~ 
IOC\~ 

l ~ c:{ 

3·'.)"" 
~ 

Blending Date: 2..,8 /08; '2l'lO2 
Tab letting Date: U 108/2002.. 

Done By Checked By 

L¥... 
lJ::. 
L.~ 

L..\<.. 
Lt.. 
LK 
L.K 
u<- ~- ~ 

Temperature:' 8SoC . " . Relative HumIdIty: 1 ~ % 

Tabl~tPr~ss: ~~il~~'0 {s~6 
Toolmg: \\IM~ ¢ 8" lC-,\(C'-v=$.. 

Press Speed: 30 :40 r.p.m. 
Observations: Wc.-lr.e ~I..i~~ I1.cl ~'3\....cv,;t (r=:--f;-€'-s'~ ~\ CV'\ 10......):: 

RHODES UNIVERSITY, FACULTY OF PHARMACY, GRAHAMSTOWN, 6140 
BATCH PRODUCTION RECORD 

BatchNumber: LD2-sC\. 
Formulator: \..£.A~ We ~~ 

Material Fonnula 

II~ \'$.'5 
Iy\.e)\-oc eA. 14- M 6<'3. 
I~cc.,--,pm~£ "32- ~ 
~c..<X. e. \<10)"-'\ 2b .c\ 
1~~ocQ...\ rP \CO 2..'il 
l-'\e..~.J2 ... \. \(..lOC(v\ \1...\: 
!\C'-'~ '3 
~'\ $~a..r,-'\....te. 0-"1 

v I 
Target WeIght: 74-0 mg 
Target Hardness:t20-1 b() N 

Blender: (....,..\o.L. \S~ 
Blend Time:.20 mins 

Batch Size: ::::''00 mg Blending Date: ~I \01 '20()2 
Tabletting Date: \ & IJ52.) 200 J. 

Quantity Added 

&1.'5"0... 
'3"t- 0... 

(b(.~ C'\ 

1 34 .. \c,\ 
14- "'\ ~ 

,0 0\ 

l S- CI\, 

3·~ c',( 
.....l 

Done By Checked By 

U<.. 
\.~ 
~ 

.- . 

LK 
LK. 
LK 
L.k-
1-1'-

Temperature: 2Z-&oC 
Relative Humidity: 4- 2. % 

Tabl~tPress: rt~ ~~ B3 B 
Toolmg: {\ ,.-_ yf 12\ (C ... "\(~ 
Press Speed: ~o--t{..O r.p.m. 

Observations: Bo~B ~~ ~~ (c",=,pa L.~ ",A. • 
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RHODES UNNERSITY, FACULTY OF PHARMACY, GRAHAMSTOWN, 6140 
BATCH PRODUCTION RECORD 

Batch Number: 2-O2-l.\-\ 
Fonnulator: Le..z~'\.A. e~.eJ 

Material Formula 

tAB \~·s-

t--\.e.:~ v\. \L4 f"'\ 6 - '& 
~c. <:I'Y'n D..-e ':::.5 ~ 2..3. 
~o<: ~ C\.0i"-'\ '2.6 .q 
~ce--\...~(.-A. to 2.~ 8 
Me,~cx:<2.A K.t6cM \4 
\" cv \.«- S 
\.--\0..0.. ~ 'tew-o.kQ. 0.( 

'" 
Target WeIght: 14-0 mg 
TargetHardness:I2.()-IW N 

Blender:C~Q. ~ 
Blend Time: 20 mins 

Batch Size: $D 0 mg Blending Date: 1 'is 110/ 2CO 2.. 

Quantity Added 
61. ~ C\ 

34- 0-
i b ,. S- c,' . 
1-<'4-.~o... 

\4- 0., 

'70 "" 
\ :5 c'\ 

3· <;" '" 
" 

Tabletting Date: \ 'iS1 to / 'Z...co"2 

Done By Checked By 

~ 
L¥--
'LK 
Uc.. 
UL 
UL 
L/<... 
\-.1'- ~ -

Temperature: 'L'J,2..°C 
Relative Humidity: 4- f % 

Tabl~t Press: r\cV"'\.e~ ~ e, ;SID 
Toolmg: j{VVv--, Q5 f, I (Ch(C'~ 
Press Speed: ~D~() r.p.rn, 

Observ ations: ~Kl~ r--v2 ~"- \Jcv~e -tv... L-.-.~\: 

RHODES UNNERSITY, FACULTY OF PHARMACY,GRAHAMSTOWN, 6140 
BATCH PRODUCTION RECORD 

Batch Number: MO (~q 
Formulator: \...€...\~ \<....;.e ~QJ 

Material Formula 

MPI \'S·s 
Ke.:Jc\.. 0 (e1 \L-l\-M b·~ 
6M.~t>!e.~1 "!,2.~ 

~cc:)Ld QOM 2b ,q 
E:.tJ..,.,.ae. \ f"f'lCO 2~~ 
t-\~CL.e.t ~oOM \~ 

t(ctb-O-S:\ t-'\S :s 
t Mo..o. S'eo..rC\A~ c).1 

u 

Target Welght: "'74-0 mg 
Target Hardness: 11.() ·-rtON 

Blender: C...JoZ ~ \U\~ 
Blend Time: 2.0 mms 

Batch Size: sao mg Blending Date: 2q IlO I 2CO \ 
Tabletting Date:2.C\ J \o!2CO \ 

Quantity Added 

6,.) 0,. 

34-- c\, 

Ib\.~'; 
i 'Sit·..) C'\ 

l4.-.~ 
10 C\ 

( 'S 0'\ 

3·.'::, 0... 
.J 

Done By Checked By 

We.. 
LJ(... 

L¥-. _,", r 

L L 
L }::... 

{ L 
I r..... 
LK 

Temperature: 22.4.oC 
Relative Humidity: ~% 

Tabl~t Press: \1.CU\.e-S,b .Ks fS 
Toolmg: II v--v--eJ B. <..c.~·C'~ 
Press Speed: '$0-4-6 r.p.m. 

Observations: Tc,,,'\I)L.e.-:~- v.re.\ d\.r,.~ ~ \~ ~ke r<:./) 
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RHODES UNIVE~SITY, FACULTY OF PHARMACY, GRAHAMSTOWN, 6140 
BATCH PRODUCTION RECORD 

Batch Number:ka ,2>S 
Formulator: ~\:\--. ~es ~ 

Material Formula 
~p I"" t3,5 
tieXt-.O(d.~l'1 6,8 
~(ClMprO.s .~t..- ~ 

~c.o [e.\. C(c:N'-\ '2-6,q 
£r:t-.. oc.vt t=f IOV 2.g 
1K.e.t'1v-ccel IWCiiM )4-

(C'Ja-O--$.;~ M S" t # S 
iTrylc.. ,. ') 
~.o.a.. s-t~c.tro.:t~ (j., 

rng Targ~t Weight: ?u D 
Target Hardness: (1.0 .-( W N 

Blender: Cu.1~ &~.lkr 
Blend Time: 2D mms 

Batch Size: ~ rng Blending Date: '2 ., I 02t Wc<... 
Tabletting Date: 2.." IOU 2002. 

. Quantity Added DoneBy Checked By 

~-"')",,, L-f.. 
'3,~ ~ L-\L 
IbL)~ 4-
i~4~)~ I~ 

14- 0.,- U'-
fa ~ lJ(. ~ - -
(.S~ u.. 
(,y~ U--
3,~ c,,- LIZ 

w 
!empera~e:2\t4°C 

RelatIve HumIdIty: 1iJ...% 

Tabl~t Pn;ss: ~~::,~ S' 3.1.$. 
Toolmg: I \~"'- 0 e., u,-...(c-~ 
Press Speed: ~o =:40 r.p.m. 

Observations: T ~u.~ ~\ t ~ Iv-..,:::""" S~ \ ~\:.. . ~t.2..I2.r> 

RHODES UNIVERSITY, FACULTY OF PHARMACY, GRAHAMSTOWN, 6140 
BATCH PRODUCTION RECORD 

Batch Number: KO\31 
Formulator: Le\ ()...... ¥de. ~e... r 

Material Formula 

MPT \ '3,.'$' 

Ke...~o(f'l \:..4.M b,'?, 
I &v..c "VVI pI e ~.s. 32.-9> 
~ccxe.\ C(aH 26.~ 
E~cl(_e}\ ff lon 2..~ 
M~O(Q.\. ~\ODM t4 
\.Q.l~ ·s 

r\.a..o... S'\e.o..rC\kQ. 0,-' 
'..J 

Target Weight: '74-0 mg 
Target Hardness: 12o-l/tl N 

Blender: Ct-J.,.e... bl~ 
Blend Time: 2-0 mins 

Observations: 

J 

Batch Size: 500 rng Blending Date: '2-\ I D"l'(2.r,:p 2 
Tabletting Date:'2' IDs 12CO 2. 

Quantity Added 

61·)~ 
54- C\ oJ 

lbL~C'\ 
\~<+.~c.... 

14 c-... -
"(0 C', 

\ 'S.""'_"",-
? .>--
;::, • .) C?>. 

.... , 

228 

Done By Checked By 

L-¥--
L'tL 
LK 
LK... 
LI~ 

L1-
LK.. 
LX .. 

... -

Temperature: 2Jt-.i °C 
Relative Humidity: oS' % 

Tabl~t Press: M~e..~~ 8~tS 
Toolmg: (\ "'-_ rt !?>:<. c ..... ce""'~ 
Press Speed: 30 -<+-0 r.p.m. 
~ 



RHODES UNIVERSITY, FACULTY OF PHARMACY, GRAHAMSTOWN, 6140 
BATCH PRODUCTION RECO:RD 

Batch Number: 1'-\0 \. 4-3. 
Fonnulator: L-e-\ ~ ~ ~::,er 

Material I Formula 

\--'\PT t -::sS 
t-\.~oaAf-4-t-'\ b,'?, 
I ~c c.W'-'\p c-e. ~ s. I 3,2....2> 

~coc..eJ. ~O(--\ Lb·q 
I ~ oc-eA Iff to() 2-2 
t-'\~cx.e..A \(,.\6C/'1 14-
(~\:'-O.-s,l\ M. ~ 0,) 
T~\.<- '2-,.:;-

~ 'S> ce (Lra.,t e. 0,1 

Targ'et Weight: '74-0 mg 
Target Hardness: ,2.1:, -lbO N 

Blender: (~ fu~ 
Blend Time: 2..() mins 

Observations: 

Batch Size: S-OO mg Blending Date: 2\ /06/ Leo,­
Tabletting Date: 2...\ /0...";/ "2.D02.. 

Quantity Added 
\:,-7. S-~ 
'34- 0... . 

\6~'~G"".J. 
\3<t, ~ 0\. 

\4 ~ 
,O~ 
L'::> .;;, 
1'2.·~ 0-... 

s·~ <7\ 
-...J 

Done By Checked By 

)~ 

l.)(, 
u:... 
LK.. 
I..Y.. 

LI'-
L.J(.... 
LJ(. .. 

L-K r -

Temperature: 2:3. °C . . . 
Relative HumIdIty: 62 % 

Tabl~tPress:~e-;m iS3R .. 
Toolmg: 1\ IIA. ........ e5 D, (c>."I.<,cw-i( 

Press Speed: "30 -40 T.p.m. 

RHODES UNIVERSITY, FACULTY OF PHARMACY, GRAHAMSTOWN, 6140 
BATCH PRODUCTION RECORD 

Batch Number: e\Ol4-1 
Fonnulator: Lg...;~ "" ~ e ~ "-1 

Material Formula 

tvtP\ \'3,.5 
K.eK1AO c..e.l1-4(-\ ~, ''& 
(:yV\.L~PC-<S, ~ I "52."3-
~c..oc. Q. \ ~o,M. 26 .C\, 

~o<..e..,\. ff\o '2... '6 
I t-\~cx 0\ 'P-CXJt-I, \4-
\0-\.<- ~ 
t\.o..."'\. ~"e(J..ro...:te.. 0·, 

v I 
Target Weight-r4- 0 mg 
Target Hardness: lLO-IcO N 

Blender: [..Joc... ~~ 
Blend Time: 20 mins 

; 

Batch Size: 'SbO mg Blending Date: D'S / oD 20)2-
Tabletting Date: OS IO'S 12-C02 

Quantity Added 

6,· S' 0.-
3Lt c,. ~ 

\ 6 t~ S'_Qi 
\ ~4-. S-~ 

\4 c.. 

cO --'\ 
\ -s; c'\ 

3·S-~ 
-J 
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Done By Checked By 

UL-
!.JC-
~ 
U-. 
U-'--
U 
t...1t-
we-

Temperature: \'i. g °C 
Relative Humidity: 6<+ % 



RHODES UNIVERSITY, FACULTY OF PHARMACY, GRAHAMSTOWN, 6140 
BATCH PRODUCTION RECQRD 

Batch Number: Mo \ 4- C\ 
Fonnulator: '\..-C2..l\ ~ ~ e. ~e.. r 

Material Fonnula 

~P\ l ~.:; 
M e.X\..-.O( 0\ \U+i-"\ 6··~ 
~c. 0--. P re. ~ s 's2...- 3. 
EVVI. CDc .,...\ q dM 
~oc...rU. ~1 
IK~oc~\ \L\OOM 
rt-M<-· 
MeL"" S-teo-n::t..te 

v 

Tatget Weight: 74.-9 mg 
Target Hardness: (2D -/60 N 

Blender: Lv-bL ~ 
Blend Time: 20 mins 

Observations: 

2.6,q 
2...g 
\C+ 
~ 

0.1 

Batch Size: s;oO mg Blending Date: 0 S 10 'Sl 2CO~ 
Tabletting Date: Os IOS-1 2-00.,2 

Quantity Added 

6?'S;"" 
=3..4- ~ 

t(-,(. S-~. 
\ 3 4-. 5""':;',... 

1'+ o..~ 
,oc.....~ 

l S- G\ 

'.3.S- C'\ 
~ 

Done By Checked By 

L-¥--
U'-
L..j(... 
LK 

LJ( 
U'-.. 
Lt 

tAL.... ~ - ~ 

Temperature: lel·1 oC 
Relative Humidity: 63. % 

RHODES UNIVERSITY, FACULTY OF PHARMACY, GRAHAMSTOWN, 6140 
BATCH PRODUCTION RECORD 

Batch Number: 1'-'\0\ S' \ 
Fonnulator: b~ t\r... 'tle. ~e.r 

Material Formula 

IMP, \~S 
~ ~~e...l '<-4-14 6.<6 
1~c.Vv'-'\ore s. ~ '32.5 
&-v..cO(. J ... \.. qO'M '2-~ .q 
~O[ e,..\ f1' \ 06 2-.~ 
tiei(l .. "x. e>,. ~lO 6M \4-
ToAc '3> 
KG\.t\ S-t u<.rCl..-'- e. 0., 

v 

Target Weight: 14-0 mg 
Target Hardness: OO-({;() N 

Blender:~~ 
Blend Time: 2-0 mms 

Batch Size: S() 0 mg 

Quantity Added 

67.S ~ 
3~ Co 

Ibl,1) ;: 
1~4.~". 

14- eo.. .J 

fO ~ 

( ::5 C::) 

3,. ~ C.\. 
~ 

J 
Blending Date: 0'3 I 05i 2-00"2-
Tabletting Date:03 IdS'I2...00~ 

Done By Checked By 

L~ 
Lt 
tJ-. 
Lx.. 
I.K.. 
Li<-
LK 
1.)<.. 

., .. 

Temperature: '2.0 °C 
Relative Humidity: 64- % 

Tabl~tPress: K.O-"e..~~ ~sB. 
Toolmg: d "'-~- 0 fS. '-"\.-c~_·,<" 
Press Speed: ~6-40 r.p.m. 

Observations: S'" <.\.u'\...... ~L \;:0 

, 
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RHODES UNIVERSTIY, FACULTY OF PHARMACY, GRAHAMSTOWN, 6140 
BATCH PRODUCTION RECO~ 

Batch Number: tv\o \ S"'2> 
Fonnulator: ~ ~ ¥-A e.. ~.e....r 

Material I Formula 
t--\ p \ \3 .. s;-
HL~o (e..\. t4 K f) ,g 
~~o(t''!''s. -~z.-~ 

~.e\C\.dM l.-b ,C\ 

E.(hc) <- e.\ S;t-c)... 4-<; 2.. .8 
\--\~O(Q..\. ~\~M '4-
"\ 0...,\..<':' S 
M..a,~ s,"t"e.c\.rGLt€ o .r 

\J I 
Target Welght: '74:- 0 mg 
TargetHardness: t2.0~lb6 N 

Blender: Cub\?.. is l.¥...~ 
Blend Time: 2.0 mins 

Observations: 

Batch Size: s;D 0 mg Blending Date: CJ -s / C)~7 2....00 1-
TablettingDate: Os /oJ 12.00:> 

Quantity Added 
A -r.S" e, 
S'*- ~. 

i E,{ - s;- 0\.. 

\ :S<-+-- S- "" 
l'-t "'" 

(6 ~ 

\~ 0-. 

3.S'o.. ... 

DoneBy Checked By 

l_¥-
L'K. 

\...l(. 

L~ 
LK. 

l.t. 
l~ 

Ix: 

Temperature: 2..0 °C 
Relative Humidity: J:J... % 

RHODES UNNERSTIY, FACULTY OF PHARMACY,GRAHAMSTOWN, 6140 
BATCH PRODUCTION RECORD 

Batch Number: M 0 ~ Ss­
Fonnulator: Le,;,~ \LA~~ 

Material Formula 

KP"t 13·S 
\\e...-'<l--cxQ..\ ¥-4-M 6·8 
~C~D~~S ;)'2..~ 

~ccxiA ~c'M "2..6,q 
E1J..-,o(eA S+cl \0 2·~ 
t'\,.e.X\..-.cx. et 'Pee 1'-'1 l4-
\Cdr ~ 
M.a..::;. s-t~cv~ 0" 

v I 
Target Weight: 74-0 mg 
TargetHardness: r2.0~160 N 

Blender: (()...'ot. ~le.v,.olu 
Blend Time: W mms 

Batch Size: sno mg 

Quantity Added 

6r'~~ 
34- c, 

\bl, S- c.( 
[34-S" Co 

l~ c... J 

to"" ..) 
t S' ~ 

s- S-~, 
v 

J . 

BlendingDate:(}S /c.S;LOO'2. 
Tabletting Date: 05,/O~/ 2...00 '2. 

Done By Checked By 

1 J(. 
Lh 

L¥--
1-¥-
l..¥-. 
L..K., 
1../.( 

L.¥-

Temperature: 'ltJ. '3°c 
Relative Humidity: ~% 

Tabl~tPr~ss: ~~n~.~ ~s8, 
Toolmg: tl",",,~ <;0 ,:>, c<...--.(~ 
Press Speed: 36;' q..O r.p.m. 

Observations:, Shv\....."'"'::J $~........ c.......\..'::) hwc.v-cls ~.-e..-c::l.. 

'\--~""-.c ~..s -..J ~t.-lL.e.J. ?,!,=o k:2L'.,~e t- ~CJ .... ~ ~lc ..... v-e ~ 
(c.v-.. \ ~t bL-'='v.l ex.,,, ~ ~...v 0 ~ cA.., s..e..-b, ~C--..N~-
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RHODES UNIVERSITY, FACULTY OF PHARMACY, GRAHAMSTOWN, 6140 
BATCH PRODUCTION RECORD 

Batch Number: (--{ 0 t S -, 
FOITI1Ulator: \ cihc. k\ e~e..r 

Material Formula 
\,-\p, \? ,-;:::,.:::, 

-{~~O(e.lI?4f-"\ b'~ 
::'jV\c.c",""O~ S ~2.-~ 

&.r-ccc e t C\.C'M 2.b .~ 
~o<. 12., <;'I.:d.. 2D L'~ 
M.e.,,~c(e.t UCCf'1 \~ 

1\0--\.<. . S 
t-\o.-<=>\ s;ten.r ,..J;~ O·l 

\,J 

Target WeIght: '74:0 mg 
TargetHardness:lZO-160 N 

Blender: (w";'Q. ~ 
Blend Time: ?o mins 

Batch Size: SO 0 mg Blending Date: 0'3 1 (SI LC0'L 
Tabletting Date: 03.br- I-u:::02.. 

Quantity Added 

61'S-C\ 
'3 4:- ~ ....... 

\bt·S-~ . 
\34-,,,"<: 

\4- <::.. ..J 

70 "'" 
\ S- CA 

'S. . s-"" 
,J 

Done By Checked By 

~ 
Wt(.. 

U<... 
~ 
UL. 

/.....1( 
L¥-. 
LJL- ~ 

Temperature: 'LO °C 
Relative Humidity: ..§..L% 

Tabl~t Press: Kcu--;; ? kJ ~ $ .(3 
Toolmg: 1 t "".~ (() '" t.t.y Cl ,,'( 
Press Speed: 36~ 0 r.p.m. 

\1-e.-~Y' bJ c 

RHODES UNIVERSITY, FACULTY OF PHARMACY,GRAHAMSTOWN, 6140 
BATCH PRODUCTION RECORD 

Batch Number: "10 l S-q 
Formulator: I p;''Cb. 'f..Ac~u-

Material Formula 

\A. f' \ (3·~ 
M~e.~ ¥4M 6,~ 
y"""C.Cv\...,ofL ~~ 31...- ?, 

~6c.e...l qOtA. U :l, 

1~0<.eJ. FP{CD L.~ 

Me..(ko( e..\ \Ll~ M v+ 
TMe... "3, 

KQu:. S \-ea.r~-d:e.. 11.( 
v , 

Target Weight: '74;-0 mg 
Target Hardness: (2{) -(60 N 

Blender: Cv..k 13>~ 
Blend Time: 2..0 mins 

•. J 

Batch Size: SOc) mg Blending Date: 0 S 1 O~I '2.00'2.. 

Quantity Added 

67.S CI\ 

34- 0-

lb(~ J ~ 
\ s4.')c'\ 

\ 4- 0.,,-' 

ro c'\ 

is';: 
3·5 .::~ 

.J 

232 

Tabletting Date:63./()~ 1200> 

Done By Checked By 
LJ(.. 

L¥-
LK 
Lt-
U(.. 
U<... 
LK. 
LJI.... 

• __ r 

Temperature: 2.0 °C 
Relative Humidity: (;2. % 



RHODES UNIVERSITY, FACULTY OF PHARMACY, GRAHAMSTOWN, 6140 
BATCH PRODUCTION RECORD , 

Batch Number: H 020 S 
Formulator: lU C\--,. v.-.:e.~.e.r 

Formula 

2...0 

0.'" 

Target Weight: 74:: C mg 
Targe1Hardness: I ZO~{tQ N 

Blender: W~ B~ 
Blend Time: "LO mins 

Observations: 

Batch Size: "5D () mg Blending Date: Ot 1 ~ '200 2-
Tabletting Date:67 I08/'2...CYJ 2. 

CheckedB 

Temperature: \ ~.'3 °C 
Relative Humidity: ~ % 

Tabl~tPr~ss: M.l.V'\e~~ {$3~ 
Toolmg: I \ """-~ ...... (» b t {C-"Cl'h~ 
Press Speed: "$0 -q.O r.p_m. 

~t 
t 

RHODES UNIVERSITY, FACULTY OF PHARMACY, GRAHAMSTOWN, 6140 
BATCH PRODUCTION RECORD 

Batch Number: KG LO-' 
Formulator: kei 0.-,.. 0e..:.e..r 

Formula 

20 

0 .. / 

Target Weight: ,,+0 mg 
TargetHardness:lLO-/{,O N 

Blender: ((...:6<.- &teyv{.¥ 
Blend Time: 20 mins 

Batch Size: <::,--00 

Quantity Added 

61. 'S' 

233 

mg Blending Date: 0 1 10 E I '2.(:)02... 

Tabletting Date:Qlb8 /2-c-02 

DoneBy Checked By 

u 

Temperature: ,~s °C 
Relative Humidity: !±.L% 

Tablet Press: t-'\or.!2.-5. ~ &:sB 
Tooling: II ........ "". 0 8;i<...£( ... ~_.-<... 
Press Speed: 36 --<fO LILm. 



RHODES UNIVERSITY, FACULTY OF PHARMACY, GRAHAMSTOWN, 6140 
BATCH PRODUCTION RECORD 

Batch Number: MO'LS-q 
Fonnulator: Le.:\ 'C1...-.. If-.\ ~ ~ if 

Material Fonnula 
f-rex:-:> t.-~e.c\.. I"\e. \-<r~c..J.. 
lM~o(e.A. ~ H 
! e.,---, Ct."¥'-0 Ii: ~ s 
~coc..~\. C\Ol'-'I 
('{e;t\.....o<.e). ~OCM 

Tt0..c.. 
M..~o.. ~-t-ec~rc::I-A<2... 

'...I 

Target Weight: 74: C mg 
TargetHardness: i~-160 N 

{6.~ 

6·8 
-3.2. ? 
'2..b,q 

14-
'"3 
Q.l 

Blender: C~ B~ 
Blend Time: <...0 mins 

Batch Size: 26"+ mg Blending Date: 06 /Jl/ 2002-
TablettingDate: ~ /J.LI LcaL 

Quantity Added 
0-3,..,.,. 
i cg <::> 

$.?S c: .... ' 
.,\. c: 
SI ~ 

r;; ~ 
2..';' .... 

Done By Checked By 

IlL-
1'L 
U<"" 
IY-
L-IL 

L.\(... 
L-{<'" 

r- -

Temperature: t ~·PC 
Relative Humidity: 4S"" % 

Tablet Press: K~~ ~ C~8. 
Tooling: it VV'_ 0' 8: ((1 .. "",:~ 
Press Speed: '30 ·-l..(.Or.p.m. 

Observations: r{~~ -. p- ~S- . I.!. c:.'l~cl ,'.-., 

HIT -t 7·4- U l..~\ce ~\.A\o~e \.a.. 11>·S ~f. ckj ;- '2.~'? .~(. .e..~keJ.~tc::.~ I 

l'io ~+\ ~\'"'8 ;;C;;;~ t?J:.l%'4' St~ \r....<v-J.-..R ~~ "",6 ~:,f""t 
V,.;:t..UA.e..l. 10 (!...-~~ ty:>c. p ........... cA..-, ~. 

RHODES UNNERSITY, FACULTY OF PHARMACY, GRAHAMSTOWN, 6140 
BATCH PRODUCTION RECORD 

Batch Number: \"\02-6 \ 
Fonnulator: \....€At\...-. ve ~Q..r 

Material Fonnula 

I~<..~<,:t -J..r: ~J.. ~h:\IU'~""\ 2.1~~ 

M..u\...cLe\ ~K 6 
~c.CM-\P!"e1> '::. 2-6 
• ~ c (.xel C{,O N "2-2.. 8 
M~oce\~\CCH \'-\-
To...lc "3, 

t-\ C-'..C\ s."t"P C\. n:ll:e.. 0 . .., 
,..) 

Target Weight: 74-b mg 
Target Hardness: {2-0 -{ bO N 

Blender: Cw.'-o~ ~Gln.r 
Blend Time: "'2.0 mins 

Batch Size: (\ b mg 

Quantity Added 

32.~ 

"f6. 
~O,2~ 
2..6 i<::;'; 

\6 ."L~ 
~. 5" '" v 

().~.;. 
v 

Blending Date: 0 S"" / ~I -z..co 2. 
Tabletting Date:OS" /~ 2..00"2.. 

Done By Checked By 

/...-'b 
t-¥:-

\..JC 
w:..... 
LY-

W::... 
U'"' 

.. -

Temperature: 204°C 
Relative Humidity: 3 S"" % 

Tabl~tPress: t-{~~'D BsfS 
Toolmg: I \ ........ ~ l7S b. (c.,(c.",'<' 

Press Speed: ~ U =4- 0 r.p.m. 
Observations: ~0g, ~t.d. v'V\.cc~'C\:..-\ ~ .0PT ~ §) ol:;.)s,ol~o\. ,,,",, 

f~ c-

234 

, I 
I 



RHODES UNIVERSITY, FACULTY OF PHARMACY, GRAHAMSTOWN, 6140 
BATCH PRODUCTION RECORD 

Batch Number: 0 02."2-.., 
Fonnulator: LeAtL---. tie ~QJ 

Material FOlTImla 

o~r \:,S 
M. eX\.-...oc. 'L.\ \(4M 6·g 
~<.~p,'"C.;,. S. ~~.3 

IE""'to~e.\ SCM 26·Q 
~cx.e.A. no \0 2·'? 
1H.~o( eJ. \:-tOCt ~~ 

~c 3, 
KGLo, ~teCL~e. 0., 

v 

Target Weight: Itt 0 mg 
TargetHardness:(2-0-{bO N 

Blender: (t-<..\"~ gk~ 
Blend Time: '2...0 mins 

Batch Size: 500 mg Blending Date: 2g IO'i'1 2..D(),2_ 
TablettingDate: 2-'?!C18/?oo~ 

Quantity Added 

6.....,.~<?'. 
34- "" 

16(.~-~ . 
i:S~.S-~ 

\4 c"-
-1 () "'\ 

\ -S- c;, 
~.:;- ~" 

J 

Done By CheckedB~ 

WL 
LK 
U~ 
L-K 
~. 
W<., 
L-k... 
l\<- r - .-

Temperature: t & . \ °C 
Relative Humidity: I' % 

Tablet Press:" e~ 8~B 
Tooling: IIM.""- -. (:::>\'(e''''( C'-~ 
Press Speed: 3,D :40 r.p.m. 

Observations: =r<:,},,,,,lL-"\- ~t';hb ~ h.c~,"",H.S. Yc ... t..",.e ~ ~ 

RHODES UNIVERSITY, FACULTY OF PHARMACY, GRAHAMSTOWN,6140 
BATCH PRODUCTION RECORD 

Batch Number: 0024 ~ 
Fonnulator: LQ.; tL., ¥-:~e l;.'1.,-

Material Formula 

hxP r~ .s 
!H~O( e. .. A~1'-\ ",.'1, 
~c.~~\e~ '3"2-3 
b-x.occ..~ qoM 2-6-9 
f2t::t....o<. e. \ ff> leO 2.'6 
M.e,~.v. \Ltc<) M 14-
\cU...L S 

t-\a.C\, Ste.c-.-rcJ.k~ 0" 
v 

Target WeIght: 74-0 mg 
Target Hardness: 12o-i 60 N 

Blender: (t.JoL &~ 
Blend Time: lQ mins 

Batch Size: Sbo mg Blending Date: ~/(O /2-C02.. 

Quantity Added 

67.::, C\ 

34- 0.. 

lil(·S-~ 
l34-. S:' 
fl.", 
,0 ;; 
l~- c~ 

3.S-~ 
-.) 

Tabletting Date: \ 2./~/2..0C2.. 

Done By Checked By 

Ul.... 
L.K 
U!--
~ 
I~ 
u:-. 
L..K. 
w::.... 

" -

Temperature: 23-2. °C 
Relative Humidity: S"'4 % 

Tabl~t Press: 0c::'e~~ £3 ~B 
Toolmg: I \v- --. C"l.ic,,..,.. b· (c;,\-.,......~ 
Press Speed: =:;0 -40 r.p.m. 

Observations: \?re.~s. ~ 0~y.., ~~ h:..k. f'E?""L....-.( -e ct CC ... A .... prt ~!.i """' 

235 
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RHODES UNIVERSITY, FACULTY OF PHARMACY, GRAHAMSTOWN, 6140 
BATCH PRODUCTION RECORD 

Batch Number: 0024S 
Formulator: Wtv-. U e.\eJ 

Material Fonnula 
OXe l~. S 
M;(..(\."oc. 0 ~ H 6·'J 
E """,-(,vv\ p rt' Ii. !. ~2..S 

b-v.CO(.v... q,oM 26.~ 
E'O.-o<. eA St-~ \ 0 2.$5 
K~t\..-.o( ~, ~C(Y (4 
\o-A.<-. ;:, 
t"'\a.q 5-\-eG'rc",~ c . ..., 

V 

Target Weight: ,,+0 mg 
Target Hardness: 12.0'1 bO N 

Blender: (~~lec,cLu 
Blend Time: 2.(:) mins 

Batch Size: ~=-oO mg Blending Date: ~/ to/2...iXJ2.. 

Quantity Added 
6r. S- C\ 

34- c-., 
i6(·.) 0\ 

~< 

\~4. \'0\ 
14- c'\ ,0 C\ 

IS;- ~ 

s.~·~ 
..) 

Tabletting Date: J~./J!2J 2...002. 

Done By Checked By 

Lk-
w:-
L+., 
W'-
\.-L 
UL-
c}::. 
lJ!.. r - ~ 

Temperature: 2.3·!t°C 
Relative Humidity: ~% 

Tabl~tPr~ss: K.c~<?.l.~ \3:58 
Toolmg: It"","",- 0 8,(.v,-c~c'~ 
Press Speed: '3 () -ero r.p.m. 

Observations: )-\-c-.,.-c\."",{)'i,.,!; vC'..-( ..... e~ rt-\ Ct \:-'~-n cc ...... 1>h* Tc:...l.ol 1<..t 

RHODES UNIVERSITY, FACULTY OF PHARMACY, GRAHAMSTOWN, 6140 
BATCH PRODUCTION RECORD 

Batch Number: ~O \ 2.S 
Formulator: L'GZ ~ "-"~!.e..f 

Material Formula 

I p (l.OP l~·S 
l-\~oc e.,\ \L4-t-\ b·~ 
. bv,cfVV\Ore,:" ~ sL-~ 

~coc0\ c~OM '1.6 ~ 
E:.tt..-..cx.t2A f'f' \00 2.·8 
M..~C{ U. UOCM \1+ 
Ca..loO~\ \ ME; ::, 
~c\..C\ Ste(Lrct ... t~ 0., 

'-J I 
Target Weight: ILtO mg 
Target Hardness: 12.0 -(W N 

Blender: C ..... \.o£ ¥,\~ 
Blend Time: ?.C mins 

Observations: 

Batch Size: S"OO mg Blending Date:C>8 /~/20d\ 
Tabletting Date:08 /~/'2f:Jc , 

Quantity Added 

6'·~C'\, 
~4- c-, 

\6 t. ~ ;;',.. 
\ :S4-.:) C:, 

(4 C\ -l 

,00: 
\ $" c,\ 

;SSe:. 

Done By Checked By 

l-\L. 
we 
L...¥- ~ -
LIC-
L-)(.. 
ue 
LK 
~ 

Temperature: (8 .C"\ °C 
Relative Humidity: (, 2 % 

Tabl~t Press: KC-l"e ~M -e:, s B 
Toolmg: \ \\A.,.~ ¢ i?,! <.c-,c<-..r< 

Press Speed: ~c) ':"'4,0 r.p.m. 

~l.>2.." ,~;-:Jh\:;I \Ap.eo 
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RHODES UNIVERSITY, FACULTY OF PHARMACY, GRAHAMSTOWN,6140 
BATCH PRODUCTION RECORD 

Batch Number: PO t '3. q 
Fonnulator: \.-lG.\ ~ '(j, e. ... e..c 

Material Fonnula 
'P (2.op \~-'S 
!vi. e..'(\..,.oc. <2.\ 4M 6·~ 
~c..Cv'V\Pft.. '::os.. ""?:,""1..-s 

~C.OC.oL • .\. cWM 26,c, 
e.<:J..-...c)C ~ Ff 100 1..-~ 
\'\lI...tMc<.€.\ 'f-\CC M \4-
(a-bOS \\ H.~ \ . ::::, 

,cJ.<- \ .S 

I M. c1-. C\ 'S. t"eC\...rcU: «- 0-" 
Target WeIght. r4-0 mg 
TargetHardness:ll.O-(bO N 

Blender: &--\oL BlQ.lCClv 
Blend Time: 20 mins 

Observations: 

Batch Size: 'SOO mg Blending Date: '2..\ 103/ 2CO'L 
Tabletting Date: 2l/o?"/20o';J... 

Quantity Added 
6 7.~ CI\ 

~4- ~ 
\ 6 \.s- Cf\' 

t 34-·S ~ 
t4: ~ ~ 

,0 C'\J 

/. j c\ 

" ~ <\ 
'"?:, .S-~ 

.J 

Done By Checked By 
(x 
\...k 
L¥-
L~ 
U<-
UL 
L~ 
L1-
t..;.::.. 

r .. ~ 

0 Temperature. '2.3·, C 
Relative Humidity: £L% 

RHODES UNIVERSITY, FACULTY OF PHARMACY, GRAHAMSTOWN, 6140 
BATCH PRODUCTION RECORD 

Batch Number: P () l4- \ 
Fonnulator: \.g..t tl--. H e ~e£ 

Material Fonnula 

f''lZ.oP 13-5 
M~oce1lL4M 6·'l 
~c.c.'\M.P~ ~.,. ""3>"2..~ 
~CO( Q. l q 01'-\ 2.b .c~ 

E~o(e..-\ f1JloO L·g 
Kt-n....c."X~l K.\oD."'-\ \It-
Gt.60 ~\' \.HS" o·S" 
\o...A.c... 2, S 
K(.\.a,. $tea r< ....... te..1 0·' -Target WeIght: 74- 0 mg 
Target Hardness:lLO ~{bO N 

Blender: Cu..~ Bll2..--\clSlr 
Blend Time: LO mins 

Observations: 

Batch Size: SDO mg Blending Date: ')...l / 0"3/ 200'L 
Tabletting Date: 2.i. lOs / ze02 

Quantity Added 

6 /. S- C'\ 

s~ Co\. 
\ bl ·5- c" 
I?:.\.t-.$" -:'\ 

llt .'"\ 
10 6\. 

2-:S- 0., 

\1..- ~ ~ 
"3 ·s~ "" ~ 

Done By Checked By 

L-)L. 
L..~ 

U-- • "'- r 

L-.~ 

L-K. 
L.K 

W(, 
WL. 
IJ( 

Temperature: 2.3 '0 °C 
Relative Humidity: s-& % 

Tabl~tPress:KO-r\e~b BsES 
Toohng: \ l I""'-~ (2:· !) l ~<.-.cc.",,:­
Press Speed: ""30 -4- 0 r.p.m. 

rt..lcvb~ l"C) LL0.1~-r-..-

237 



RHODES UNIVERSITY, FACULTY OF PHARMACY, GRAHAMSTOWN, 6140 
BATCH PRODUCTION RECORD 

Batch Number: pO \ b \ 
Formulator: Le-\~ '<.Ae~e r 

Material Formula 

PfZ-oP \~S 
M. eK\.--a J ~M 6·g, 
~cVo,,\{) te...J. s: '32. '"3-
E:vv-.<. Cc. e.... \ CiOi\l\ 26 ,c"\ 
I~e...\ rP, 2.g 
K~c<.d ¥.l0()~ \t+ 

!Tc:"'\.<...: S 
t--\C\ <;,. t-e CLraXQ. . 0··, 

Target Weight: ,4-0 mg 
Target Hardness: {2e -( bO N 

Blender: (.)-k.~ ele.v,.cl.u-
Blend Time: 1...0 mins 

Batch Size: SOO mg Blending Date: ~"( lo:;j 2002-
Tab letting Date: \"-T 10 SI 2...<502.. 

Quantity Added 

67. S c" 
'~4- "'" 
\6(. ')-~. 

'\:'<:4- • .:::.- "" 
\4: ~ 

10 CA. .... 

\ S- C,," 

3> .:::,- c,," 

J 

Done By Checked By 

L'f-
l..¥-
u::.. 
Lt... 
LL 
Lr.. 
lJ<-
LJ:'- ~ - ~ 

Temperature: 14.1°C 
Relative Humidity: !,-2. % 

Tabl~t ~ress: K~~ h B3.B. 
. Toolmg. (I VV' ...... 10 t:> I t, '" ('< .. "'..;: 

Press Speed:?6 -4-<) r.p.m. 

b.Ae~"'s-\\......d (?-:?c. e () oS • 

RHODES UNIVERSITY, FACULTY OF PHARMACY, GRAHAMSTOWN, 6140 
BATOI PRODUCTION RECORD 

Batch Number: POl b S 
Formulator: Le.Aha ~e.~~r 

Material Formula 

PR.oP \<,S 
t--\.e-~ ex. e-\. ~4-M 6·8 
~ <. (;'V\.\ ptt ~ ~ :';2-"3> 
C:\'"'""'ILcc.Q..\.C(.oM "2.6.9 
IF-(l..,.o( Q...\ -rP\O 2·g 
t1..~.0. 'LlC01'-"\ \1.\-

1\"0-\<- :.s 
K.o-..C\ ~c.C\.rcs ~ 0" ..... 

Target Weight: ,'+0 mg 
Target HardnessYW-: bON 

Blender: c. ...... \o~ &V\~ 
Blend Time: z..o mms 

Batch Size: S"OO mg Blending Date: \"( I 0 ~ 2.00'2. 

Quantity Added 
be. )0., 
340.." 
\b~. ~ c" 

\ "3!f_'\ Ci\ 
~c; .J 

10_0. 

l '::l "'" 
3,.5"",\ ...., 
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Tabletting Date: n IOn 2..OCJ 2. 

Done By Checked By 

L.+.-
u::..-
w:- .0 

t4-. 
u:.. 
lJ~ 
l\( 
W'-

Temperature: Itt-· SoC 
Relative Humidity: S""2 % 

Tabl~t ~ress: KCV\c2.~tJ (S 3 ~ 
Toolmg. d <'"' ........... G6 ':;' I CC~( ~ 
Press Speed: .~ D -40 r.p.m. 



RHODES UNIVERSITY, FACULTY OF PHARMACY, GRAHAMSTOWN, 6140 
BATCH PRODUCTION RECORD 

Batch Number: eO t b s­
Formulator: L-.~ \ h...., h~ e ~ r<..r 

Material Formula 

IP~P ~~.S 

IMeXwxQ-\ ~H ().g 
~<"('Vv,o ~~.s. '~2.S 

EI'V\LO<' e.J q OM L.6 .c\ 

~~oc. Q..\ R'lOO 7-.8 
KQ,~o( ~ '?t06 M \4-
1-~~\<..: 3-
M,GlQ S+e CLn::t-~~ 0.1 

v 

Target Weight: 14-0 mg 
Target Hardness: 120 -(W N 

Blender: eu.1ot. s.~ck 
Blend Time: "2-0 mms 

Batch Size: .so 0 mg Blending Date: DJ o'S1 2.C:G 2.. 

Quantity Added 

h(') C'\ 

"":S4, ~ 
\ 6 t. S- ~< 
\34-.)-~ 

\4 Co 

fO c,,<J 

\ S- "'" 
~.~ .~ 

..J 

Tabletting Date: Y210 Sf 2-00'2.. 

Done By Checked By 

1.-"-
\...¥-
L..K 
L.{L.. 

l..K. 
L~ 
LK-
LK. - . 

Temperature: 14 ·PC 
Relative Humidity: ~2. % 

Tabl~tPress: KC'V',,:"lh;, ~sl3. 
Toolmg: \ {,.,.tv- 6 f!:,.. (P ..... ct'~ 
Press Speed: -3 D - 4-0 r.p.m. 

,,",c--.J..-< -< ~ S-€.9 A 

. RHODES UNIVERSITY, FACULTY OF PHARMACY, GRAHAMSTOWN, 6140 
BATCH PRODUCTION RECORD 

Batch Number: eO \ D "\ 
Formulator: Le.\tL-, ~ e. ~e...r 

Material Formula 

pRoP \3. S 
1M..~oc.Q). "-4-K 6·3 
~(~~~<;,. 32'~ 
&v--coc. e \ q eM '2-6 .~ 
i~(...d. S~l4..s ")... 't 
K.e. ~c.(.;2 .. ~ 'Ll Ct~ \4-
Tcv\...<"" 2, 

t-\.o.C-\. 5,t~O-ro.X~ 0,.., 
...J 

Target Weight: .., Lt~ mg 
Target Hardness:! z.o -i 60 N 

Blender: ( .. " .. k t5l!l ....... ol·.Ar 
Blend Time: "2..0 mins 

ObseIVations: 

Batch Size: -S.()O mg Blending Date: ~/OS7 2002. 

Quantity Added 

67. ~_"\. 
.$ «-~ 

leV)' c.. 
1~4-.~-~ 

i4 Co) J 

',0 <>"\ 

\ s;- c,\ 

:-s. ~ ~'\ 
oJ 
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Tabletting Date: .o..bSD . .oO"2.. 

Done By Checked By 

L....'L 
w:-. 
Lt-
L-K 

.l J('" 
l..K 
LK 
W~ 

• __ r 

Temperature: l~-·I °C 
Relative Humidity: )"2. % 

Tabl~tPress: ~e~h.9 e3ES 
Toolmg: 1 [vv--..-.(1) @"c:.C;...,fO£ 
Press Speed: .~ -4-0 r.p.m. 



RHODES UNWERSITY, FACULTY OF PHARMACY, GRAHAMSTOWN, 6140 
BATCH PRODUCTION RE'CORD 

Batch Number: p () \ ~§\ 
Fonnulator: L~\ tb '<...:\ e.~.Q r 

Material Fonnula 
Pf2...0p \-:s., 
~~cce...-l~K b·,({ 

~~Ot-:t~s. '$L'~ 
hLClC e.J. C(CM 26 ,~ 
8'Ch.Oc.v '\.hJ .. to '2."8 
k fL.(Lc,<: ~ ¥-\.~('\ \'+ 
~c '3 
l'-\.Cl~ ~t.L~~ (j,., 

V 

Target Weight: 74-0 mg 
Target Hardness: 1l0-(60 N 

Blender: {(.A.. k SL2..r..clsv­
Blend Time: --=-"'--

Observations: 

Batch Size: 500 mg Blending Date: \., / O'92.CO""2. 

Quantity Added 
f::".~~ 

s'-t- "" 
\ &.L'i l7\< 

\ ~4"S-G\ 
\ 4- c., 

,00;' 
I'S 0\,-

's- ') '" 
,...J 

TablettingDate: \,/on?-co2 

Done By Checked By 
\-~ 
uc .. 
Lj(.. 
\ \L. 
t~ 
IV 

Ii 
L J~ .. r- -

Temperature: I S.s°C 
Relative Humidity: ..("~ % 

RHODES UNWERSITY, FACULTY OF PHARMACY, GRAHAMSTOWN, 6140 
BATCH PRODUCTION RECORD 

Batch Number: f 0 \1 \ 
Fonnulator: \...e....( a.,. 'fJ e.. :::.e.. r 

Material Fonnula 

PRoP i'3..S 
(-\t? ~{)(O_\ 'L4-H 6·'[5 
/.?v..( c:M-\ o.f' s.. ~ ~"2..---:s 
~l<X.i.A .:tOM 2b.Q 
F-~O(.~_ \ S-h;I\ 2.0 '2.8 
ti-e.-~(, e.-\ )::...l 00,"'1 tLt-
I\o-..\.<..... 3 
Mo.-9- Ste.,...,..oX>L 0., 

v 

Target Weight: ,4-0 mg 
Target Hardness: iW -fCO N 

Blender: C ( .. d.o.e 6I.e\/\C)...:u-
Blend Time: 2...0 mins 

Observations: 

Batch Size: S:OO mg Blending Date: \ ( / (}'fI 2.002. 

Quantity Added 

61- S- c') 

.~ 4- c.,-

ibl·,)o.. 
\34-.('" ~ 

14-0, ..0 

700,.:-' 
\ S c ..... 

'3. :'-Ci 
V' 

240 

Tabletting Date: \.., / 0 ~/zc.o2. 

Done By Checked By 

t...-K 
l J:::-. 
L.Y- .. -
L¥-
L.J::-., 
L-K-

J-k. 
tJ-.., 

Temperature: \5. S"°C 
Relative Humidity: )2. % 

Tabl~tPress: H?14'~.~bJ £SSG. 
Toollllg: ilv-~ 0 i').<.c,,(C~i(' 
Press Speed: '~D:40 r.p.m. 



RHODES UNIVERSITY, FACULTY OF PHARMACY, GRAHAMSTOWN, 6140 
BATCH PRODUCTION RECORD 

Batch Number: p92..0 \ 
Fonnulator: LeJ.\::\.-.. \LAe~1Lr 

Material Fonnula 

~CP t~ ,S" 
('\ ~O( e..\ ¥:--Lt 1--\ I ~.g 

~(."'V\Prt \os. -2-S" 
~(c.)C: e.\ qo,,,,, 'L() 
Im.-.o<,eA \:"flO 2...0 
:Y\.~ e .. \. \'-\.06M \L... 

i\" &\.F~C 3, 

t'\.o...q Ste c.w-c.l,~ cl. ( 
v 

Target WeIght: .,t.t:O mg 
TargetHardness:\W-160 N 

Blender: ev-bL 6l~ 
Blend Time: "1-0 mins 

Batch Size: 5'00 mg Blending Date: Or /0'6(2.<:02-
Tabletting Date: Or / o/).tz..CC2... 

Quantity Added 
6,.S-,,, 
'2-q .;: 
ll-~';:-
\00 C-\ 

\.OO~ 

60.s:. 
\ S"'"" ... Q\ 

s·~ 0-
.J 

DoneBy Checked By 
UL 
Ue:.... 
Ll'-
L-K 
L-¥-
LK 
lJ( 
LK ~ -

.-Temperature: \"2.-soC 
Relative Humidity: M..% 

Tabl~tPress: MC\.Ae~ho0~:S ~ 
Toolmg: i ( ........ ""- cl l c........ 0' l. _,u""'< 

Press Speed: 36 -40 r.p.m. 
Observations: poor f-\c~ ~ &YfQ.>-. 

RHODES UNIVERSITY, FACULTY OF PHARMACY, GRAHAMSTOWN, 6140 
BATGI PRODUCTION RECORD 

) 

Batch Number: Po ')...()~ 
Fonnulator: LeJt"b ye ~~r 

Material Fonnula 

r~Op [''S .~ 
He..~o(Q....\ ¥-4M ~. g 
~~Pr€~..\. . ., S 

6M.(o(..e.\. (toM 20 
I ~ p J. ~\-~ 2..G! 20 
Ke.,,~·(d. \40oM \'2-

TCl--I..~ ~ 
'Mo-o.. S-t-~l<.ro-\-~ 0" 

\J 

Target WeIght: 74;-0 mg 
Target Hardness: \ 2..0 '-(bO N 

Blender: C ... ~b~ e.l e "J...cu 
Blend Time: "<- 0 mins 

Batch Size: 'S" 0 0 mg Blending Date: 67 / 0/31 2.002-
Tabletting Date: 67 /O'g / 2..CD·2.. 

Quantity Added 

b 7- ') C'\ 

'2...'\ e., 

il.S'" c:" 
jOo·<,\ 

\00 C"\. 

h(,) c 

. S- C'\. 

3·$'_~ 
v 

Done By Checked By 

L--~ 
l-K. 
L-K ... 
LJC.. 
l .'t( 
rK. 

_Lt-
u::... 

Temperature: t'l·S"°C 
Relative Humidity: .i£:L% 

Tabl~t ~ress: t\,Cl .. ,,;~b.j 63 B 
Toolmg. ll~~~ <72 b ((c>..""c·""R. 

Press Speed: 30 -4;0 r.p.m. 
Observations: ex<~ bc:~ ~vv-.. ~(?..Q;-~ 'PO 20 l . 
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RHODES UNIVERSITY, FACULTY OF PHARMACY, GRAHAI\ISTOWN, 6140 
BATCH PRODUCTION RECORD 

Batch Number: PC'2 __ S/ 
Fonnulator: k~\ tl-- 'f-A -<.)~ 

Material Fonnula 

~fe..~~.<.-J,..r\ tc.\vvx:: \;;m(JJ\ ~TS-

~ .d~c...eJ.. \Ll+M b 
f::::vv...C("vv>'Dr--€ l> 50. '2-b 
Erv-.c.o<-..e.\ qc:>M 'k"L':g 
J-\~QJ.~H ILl-
'Try"c 3 
r\o..c,. Ste.eL rctX-e. D,"'" 

u 

Target Weight: 7'+0 mg 
Target Hardness: 11..0 -j bO N 

Blender: LcJoz. ~ 
Blend Time: 20 mins 

Batch Size: \ 2'S2.mg Blending Date: 0 ~/_I_\ / 200'­
Tabletting Date: os-/~ 2..00'2-

Quantity Added 

<W3 
II 5 

4-'7 . ?::, 0..' 
LJ-{-S-~ 
"2_SS ~ 

S-"~_~ 
l- ~_"'" 

.J 

Done By Checked By 
L---\(... 

.~ 
~ 
L\L. 
u:.... 
LX. 
LK 

r - -~-

Temperature: '2.0. \ °C 
Relative Humidity: ;S S' % 

Tabl~t Press: K~~~~ fS 33 
T oolmg: (l ~ ¢' b, u:., c" ... ""'" 
Press Speed: 36 --4-0 r.p.m. 

~ .~_:~:cy.... . 

RHODES UNIVERSITY, FACULTY OF PHARMACY, GRAHAMSTOWN, 6140 
BATCH PRODUCTION RECORD 

J 

Batch Number: . P<Y2.b ',:s 
Fonnulator: L.g..\ ~ V-Ae. ~.~ 

Material I Fonnula 

r::('R..<::ce.-d-ri;:.c\ M !:L~o.\ I b :"!;, 
}-\e~eA kAM 6,b 
IEM(~.ort.~" "~2.-"3 
~<. c(. ~.J etc) M 2.6.~ 
1t\.~OL~ ~.locM 14-
C~c.. ?, 

M.C\.~ Jtea..rct.te Drf 
.J 

Target Weight: .4-0 mg 
Target Hardness: (20 -( teN 

Blender: CiA-Io(. &lu\clc[ 
Blend Time: 20 mins 

Batch Size:3b2 mg Blending Date: 06 I~/ 2,C()2 
Tabletting Date: Db IJ..:....I 2....CXY2... 

Quantity Added 

S'\ "" 
'2-4 . <=> '-'0-

\\10.. 
-~ 

q(,~0. 
50.,;;-, 
\ \ ...... -' 

'2.""",-
j 

Done By Checked By 

L "--

lJ:. 
~ 

• __ r 

1--K-
Lk.. 
LJ(.. 

t...JC 

Temperature: \8·2... oc 
Relative Humidity: ~% 

Tabl~tPress: Kc~e~~ €.:,sfS 
Toolmg: d """v_ 0 is, (.c.,(O--I( 

Press Speed: 3 0 -4-0 r.p.m. 

Observations: t-..:) 0 ~ ~ W \..-.. ~ <..,e.g"V"'"'.; ~ c\ 1/'..° C e<. p P " ..... 0J 
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APPENDIX THREE 

OFFICIAL BATCH RECORDS - ALL BETA BLOCKERS 

) 
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Batch Identification: Wet Granulation (5% EC) 
Date of Manufacture: 30 September & 01 October 2002 
Batch size: 580 g 

Formula: 

Acebutolol hydrochloride 
Methocel® K4M . 
Emcompress ® 
Emcocel® 90M 
Surelease® 
Methocel® K1 OOM 
Emcocel® 90M 
Emcompress ® 
Magnesium stearate 

Target Weight: 720 mg 
Target Hardness: 120 -160 N 

Physical Assessment: 

Weight 
Thickness 
Diameter 
Hardness 

Friability (10 tablets) 
Mass before test: 7.8329 g 
Mass after test: 7.8295 g 
Mass lost: 0.0034 g 
Percentage lost: 0.0434% 

Dissolution Rate Profile: 

20 
10 
37.5 
32.5 
0.2 gig 
20 
7 
10 
1 

Mean 
783.3 
7.93 
11.26 
138.5 

Batch Number: A0219 

Temperature: 16.6°C 
Relative Humidity: 43% 

100 g 
50 g 
187.5 g 
162.5 g 
100 g 
84 g 
29.4 g 
42g 
4.2 g 

Final Granule 
mass: 420 g 

%RSD 
1.69 
0.66 
0.04 
4.18 

60~--------------------------------1l 50 -

~ ------~ 40 /' 

230r---~~-------------------------
~ ./ i 20 r 
t Jt. 
~ 10 I 
o~----~----~----~------~----~ 

o 10 15 20 25 

Time (hours) 

Residual Content: 2.76 ± 1.59 % 
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Batch Identification: 3% Talc, Ethoc~i®FP 10 
Date of Manufacture: 28 August 2002 
Batch size: 500 g 

Formula: 

Acebutolol hydrochloride 
Methocel® K4M 
Emcompress ® 
Emcocel® 90M 
Ethocel® FP 10 
Methocel® KI00M 
Purifi'ed talc 
Magnesium stearate 

Target Weight: 740 mg 
Target Hardness: 120 -160 N 

Physical Assessment: 

Weight 
Thickness 
Diameter 
Hardness 

Friability (11 tablets) 
Mass before test: 6.8492 g 
Mass after test: 6.8385 g 
Mass lost: 0.0107 g 
Percentage lost: 0.1562% 

13.5 
6.8 
32.3 
26.9 
2.8 
14 
3 
0.7 

Mean 
611.3 
7.14 
11.24 
95.87 

Content Uniformity: 99.18 ± 3.26 % 

Dissolution Rate Profile: 

-..; 

Batch Number: A0225 

Temperature: 17.8°C 
Relative Humidity: 77% 

67.5 g 
34g 
16l.5 g 
l34.5 g 
14 g 
70 g 
15 g 
3.5 g 

~- ~ 

%RSD 
5.12 
0.44 
0.09 

40.09 

100,-----------------

~ 
~ .. 80 

~ 

~ ~ 60 
OJ) /' E 
:; 40 
C £ .. 
t 20 .. V ::.. 

0 

o 10 15 20 25 

Time (hours) 

Residual Content: 1.26 ± 0.14 % 
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Batch Identification: Wet Granulation (2.5-3.5% EC) 
Date of Manufacture: 30 September & 01 October 2002 
Batch size: 635 g 

Formula: 

Acebutolol hydrochloride 
Methocel® K4M 
Emcompress® 
Emcotel® 90M 
Surelease® 
Methocel® KlOOM 

- ® Emcocel 90M 
Emcompress ® 
Magnesium stearate 

Target Weight: 720 mg 
Target Hardness: 120 -160 N 

Physical Assessment: 

Weight 
Thickness 
Diameter 
Hardness 

Friability (10 tablets) 
Mass before test: 7.6476 g 
Mass after test: 7.6412 g 
Mass lost: 0.0064 g 
Percentage lost: 0.0837% 

20 
10 
37.5 
32.5 
0.14-0.18 gig 
20 
7 
10 
1 

Mean 
760.4 
7.96 

11.27 
105.7 

Content Uniformity: 79.62 ± 6.21 % 

Dissolution Rate Profile: 

100 
il 
:g 80 
~ 
~ 60 .... e 
Q 40 ... = .. 
i:: .. 20 

=--
0 

0 5 10 15 

Time (hours) 

Residual Content: 4.16 ± 0.60 % 
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Batch Number: A0231 

Temperature: 16.8°C 
Relative Humidity: 42% 

100 g 
50 g 
187.5 g 
162.5 g 
70-90 g 
92 g 
32.2 g 
46g 
4.6 g 

20 25 

Final Granule 
mass: 460 g 

%RSD 
1.95 
0.71 
0.09 
9.69 



Batch Identification: 3% Talc, Etho~el®FP 100 
Date of Manufacture: 18 October 2002 
Batch size: 500 g 

Formula: 

Acebutolol hydrochloride 
Methocel® K4M 
Emcompress® 
Emcocel® 90M 
Ethocel® FP 100 
Methocel® KI00M 
Purified talc 
Magnesium stearate 

Target Weight: 740 mg 
Target Hardness: 120 -160 N 

Physical Assessment: 

Weight 
Thickness 
Diameter 
Hardness 

Friability (11 tablets) 
Mass before test: 6.9930 g 
Mass after test: 6.9880 g 
Mass lost: 0.0050 g 
Percentage lost: 0.0715% 

Dissolution Rate Profile: 

13.5 
6.8 
32.3 
26.9 
2.8 
14 
3 
0.7 

Mean 
640.7 
6.84 
11.21 
183.6 

,< 

Batch Number: A0235 

Temperature: 22.6°C 
Relative Humidity: 47% 

67.5 g 
34g 
161.5 g 
134.5 g 
14 g 
70 g 
15 g 
3.5 g 

,-. - --:-

%RSD 
3.53 
1.16 
0.08 
16.08 

120,----------------

1l 100 
; 

-------..!! 80 
~ ~ OJ) 

60 2 ./ ~ 

:: 40 

/' .. 
t 20 .. 

II ~ 
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0 10 15 20 25 

Time (hours) 

Residual Content: 0.20±0.09 % 
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Batch Identification: 3% Talc, Ethocel® Std 10 
Date of Manufacture: 18 October 2002 
Batch size: 500 g 

Batch Number: A0237 

Temperature: 22.7°C 
Relative Humidity: 45% 

Formula: 

Acebutolol hydrochloride 
Methocel® K4M 
Emcompress® 
Emcocel® 90M 
Ethocel® Std 10 
Methocel® Kl OOM 
Purified talc 
Magnesium stearate 

Target Weight: 740 mg 
Target Hardness: 120 -160 N 

Physical Assessment: 

Weight 
Thickness 
Diameter 
Hardness 

Friability (11 tablets) 
Mass before test: 7.0046 g 
Mass after test: 6.9995 g 
Mass lost: 0.0051 g 
Percentage lost: 0.0728% 

Dissolution Rate Profile: 

13.5 
6.8 
32.3 
26.9 
2.8 
14 
3 
0.7 

Mean 
634.9 
6.88 
11.22 
159.5 

67.5 g 
34g 
161.5 g 
134.5 g 
14 g 
70g 
15 g 
3.5 g 

120.-------------------

1 100t---------=====~~~~--a ___ 
~ 80+-----___ -~---~---------
.. 60 ~ ~ +---~~~------------
= 40+-~~~--------------
t ' ~ 20r~~----------------
~ 0 ... V __ ---,-__ ---,r--__ ~---.----_, 

%RSD 
4.23 
1.19 
0.07 

21.99 

o 5 10 15 20 25 

Time (hours) 

Residual Content: 0.63 ± 0.20 % 
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Batch Identification: Wet Granulation (10% EC) 
Date of Manufacture: 05 & 06 November 2002 
Batch size: 538 g 

Formula: 

Acebutolol hydrochloride 
Methocel® K4M 
Emcompress® 
Emcocel® 90M 
Surelease® 
Methocel® KI00M 
Emcocel® 90M 
Emcompress® 
Magnesium stearate 

TargetWeight: 720 mg 
Target Hardness: 120 -160 N 

Physical Assessment: 

Weight 
Thickness 
Diameter 
Hardness' 

Friability (10 tablets) 
Mass before test: 7.3637 g 
Mass after test: 7.3637 g 
Mass lost: 0.0000 g 
Percentage lost: 0.0000% 

Dissolution Rate Prome: 

70 

1l 60 
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~ 40 
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t 10 
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V 
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./ 

20 
10 
37.5 
32.5 
0.4 gig 
20 
7 
10 
1 

Mean 
742.1 
7.63 
11.23 
139.3 

.......,---
~ 

10 15 

Time (hours) 

Residual Content: 4.37 ± 1.45 % 
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Batch Number: A0247 

Temperature: 16.9°C 
Relative Humidity: 41 % 

100 g 
50 g 
187.5 g 
162.5 g 
200 g 
78 g 
27.3 g 
39 g 
3.9 g 

-- --

20 25 

Final G-ranule 
mass: 390 g 

%RSD 
3.11 
1.61 
0.05 
9.03 



Batch Identification: Wet Granulation (2.5-3.5% EC) 
Date of Manufacture: 30 September & 01 October 2002 
Batch size: 593 g 

Formula: 

Labetalol hydrochloride 
Methocel® K4M 
Emcompress® 
Emcocel® 90M 
Surelease® 
Methocel® KlOOM 
Emoocel® 90M 
Emcompress® 
Magnesium stearate 

TargetWeight: 720 mg 
Target Hardness: 120 -160 N 

Physical Assessment: 

Weight 
Thickness 
Diameter 
Hardness 

Friability (10 tablets) 
Mass before test: 7.3432 g 
Mass after test: 7.3324 g 
Mass lost: 0.0108 g 
Percentage lost: 0.1471% 

20 
10 
37.5 
32.5 
0.14-0.18 gig 
20 
7 
10 
1 

Mean 
742.7 
8.03 
1l.27 
100.4 

Content Uniformity: 86.72 ± 3.84 % 

Dissolution Rate Profile: 

Batch Number: L0223 

Temperature: 15.8°C 
Relative Humidity: 40% 

100 g 
50 g 
187.5 g 
162.5 g 
70-90 g 
86g 
30.1 g 
43 g 
4.3 g 

.... 

Final Granule 
mass: 430 g 

%RSD 
2.09 
0.33 
0.07 
13.83 

90 
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; 70 ---.. 
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Residual Content: 18.41 ± 1.22 % 
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10 15 20 25 

Time (hours) 
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Batch Identification: 3% Talc, Ethocel®FP 10 
Date of Manufacture: 28 August 2002 

Batch Number: L0229 

Batch size: 500 g Temperature: 18.5°C 
Relative Humidity: 76% 

Formula: 

Labetalol hydrochloride 
Methocel® K4M 
Emcompress® 
Emcocel® 90M 
Ethocel® FP 10 
Metfiocel® KlOOM 
Purified talc 
Magnesium stearate 

TargetWeight: 740 mg 
Target Hardness: 120 -160 N 

Physical Assessment: 

Weight 
Thickness 
Diameter 
Hardness 

Friability (10 tablets) 
Mass before test: 7.2152 g 
Mass after test: 7.2065 g 
Mass lost: 0.0087 g 
Percentage lost: 0.1206% 

13.5 
6.8 
32.3 
26.9 
2.8 
14 
3 
0.7 

Content Uniformity: 99.59 ± 4.04 % 

Dissolution Rate Profile: 

Mean 
721.1 
7.92 
11.23 
145.1 

67.5 g 
34g 
161.5 g 
134.5 g 
14 g 
70 g 
15 g 
3.5 g 

100 -,-------------------

1 80+-----------------
~ 
~ 60+------~~=---------
2" 
~ 40+--~~-------------

-= ~ 20~~---------------
=-
O.---~--~---~--~--~ 

%RSD 
3.24 
0.75 
0.05 

23.30 

o 5 10 15 20 25 

Time (hours) 

Residual Content: 12.42 ± 1.52 % 
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Batch Identification: 3% Talc, Etho~el®FP 100 
Date of Manufacture: 18 October 2002 
Batch size: 500 g 

Formula: 

Labetalol hydrochloride 
Methocel® K4M 
Emcompress® 
Emcocel® 90M 
Ethocel® FP 100 
Methocel® Kl OOM 
Purified talc 
Magnesium stearate 

Target Weight: 740 mg 
Target Hardness: 120 -160 N 

Physical Assessment: 

Weight 
Thickness 
Diameter 
Hardness 

Friability (10 tablets) 
Mass before test: 6.8889 g 
Mass after test: 6.8851 g 
Mass lost: 0.0038 g 
Percentage lost: 0.0552% 

Dissolution Rate Profile: 

120 

." 100 .. 
; .. 
~ 80 
OJ) 

60 = .. 
~ 

-= 
40 .. 

!: 20 .. 
~ 

0 

0 

13.5 
6.8 
32.3 
26.9 
2.8 
14 
3 
0.7 

5 

Mean 
694.7 
7.39 
11.22 
223.5 

10 

"< 

15 

Time (hours) 

Residual Content: 10.70±4.03 % 
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Batch Number: L0239 

Temperature: 22.8°C 
Relative Humidity: 42% 

67.5 g 
34g 
161.5 g 
134.5 g 
14 g 
70 g 
15 g 
3.5 g 

20 25 

%RSD 
5.06 
0.80 
0.11 

30.59 

II 
II 

il 
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.. 

Batch Identification: 3 % Talc, Ethocel® Std 10 
Date of Manufacture: 18 October 2002 
Batch size: 500 g 

Formula: 

Labetalol hydrochloride 
Methocel® K4M 
Emcompress® 
Emcocel® 90M 
Ethocel® Std 10 
Methocel® Kl OOM 
Pufified talc 
Magnesium stearate 

Target Weight: 740 mg 
Target Hardness: 120 -160 N 

Physical Assessment: 

Weight 
Thickness 
Diameter 
Hardness 

Friability (10 tablets) 
Mass before test: 6.9880 g 
Mass after test: 6.9797 g 
Mass lost: 0.0083 g 
Percentage lost: 0.1188% 

Dissolution Rate Profile: 

140 

l3.5 
6.8 
32.3 
26.9 
2.8 
14 
3 
0.7 

Mean 
691.1 
7.77 
11.23 
l3l.7 

1 120 

~ 100 

~ 
0.Il 80 ------~ 

/' r 
1 

~ 60 .. = 40 

~ 20 

o 
o 5 10 15 

Time (hours) 

Residual Content: 6.95 ± 5.58 % 
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Batch Number: L0241 

Temperature: 22.8°C 
Relative Humidity: 42% 

67.5 g 
34g 
16l.5 g 
l34.5 g 
14 g 
70 g 
15 g 
3.5 g 

----
20 25 

%RSD 
5.59 
0.34 
0.11 

35.21 



Batch Identification: Wet Granulation (10% EC) 
Date of Manufacture: 05 & 06 November 2002 
Batch size: 725 g 

Formula: 

Labetalol hydrochloride 
Methocel® K4M 
Emcompress® 
Emcocel® 90M 
Surelease® 
Methocel® K1 OOM 
Emcocel® 90M 
Emcompress® 
Magnesium stearate 

Target Weight: 720 mg 
Target Hardness: 120 -160 N 

Physical Assessment: 

Weight 
Thickness 
Diameter 
Hardness 

Friability (10 tablets) 
Mass before test: 7.1523 g 
Mass after test: 7.1523 g 
Mass lost: 0.0000 g 
Percentage lost: 0.0000% 

Dissolution Rate Profile: 

80 

1l 70 
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eo 40 
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20 
10 
37.5 
32.5 
0.4 gig 
20 
7 
10 
1 

Mean 
702.5 
7.59 

11.23 
134.7 

--------
~ 

o 5 10 15 

Time (hours) 

Residual Content: 26.50 ± 1.41 % 
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Batch Numbe.·: L0249 

Temperature: 17.3°C 
Relative Humidity: 39% 

100 g 
50 g 
187.5 g 
162.5 g 
200 g 
105 g 
36.75 g 
52.5 g 
5.3 g 

---

20 25 

Final Granule 
mass: 525 g 

%RSD 
5.10 
2.74 
0.12 

23.92 



Batch Identification: Wet Granulation (5% EC) 
Date of Manufacture: 05 & 06 November 2002 
Batch size: 547 g 

Formula: 

Labetalol hydrochloride 
Methocel® K4M 
Emcompress® 
Emcocel® 90M 
Surelease® 
Methocel® KI00M 

- Emcocel® 90M 
Emcompress® 
Magnesium stearate 

Target Weight: 720 mg 
Target Hardness: 120 -160 N 

Physical Assessment: 

Weight 
Thickness 
Diameter 
Hardness 

Friability (10 tablets) 
Mass before test: 7.0844 g 
Mass after test: 7.0839 g 
Mass lost: 0.0005 g 
Percentage lost: 0.0071 % 

Dissolution Rate Profile: 

20 
10 
37.5 
32.5 
0.2 gIg 
20 
7 
10 
1 

Mean 
708.9 
7.60 

11.24 
126.2 
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Residual Content: 17.93 ± 1.01 % 
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Time (hours) 
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Batch Number: L0251 

Temperature: 17.3°C 
Relative Humidity: 39% 

100 g 
50 g 
187.5 g 
162.5 g 
100 g 
79.2g 
27.7 g 
39.6 g 
4g 

~ 

20 

Final Granule 
mass: 396 g 

%RSD 

25 

4.08 
1.28 
0.07 

19.05 



Batch Identification: 3% Cab-O-Sil®, Ethocel®FP 100 
Date of Manufacture: 29 October 2001 

Batch Number: M0119 

Batch size: 500 g Temperature: 22.4°C 
Relative Humidity: 68% 

Formula: 

Metoprolol tartrate 
Methocel® K4M 
Emcompress® 
Emcocel® 90M 
Ethocel® FP 100 
Methocel® Kl OOM 
Cab-O-Sil® M5 
Magnesium stearate 

Target Weight: 740 mg 
Target Hardness: 120 -160 N 

Physical Assessment: 

Weight 
Thickness 
Diameter 
Hardness 

Friability (11 tablets) 
Mass before test: 6.5879 g 
Mass after test: 6.5820 g 
Mass lost: 0.0059 g 
Percentage lost: 0.0896% 

l3.5 
6.8 
32.3 
26.9 
2.8 
14 
3 
0.7 

Mean 
602.0 
7.07 

11.29 
107.9 

Content Uniformity: 90.88 ± 3.45 % 

Dissolution Rate Profile: 

67.5 g 
34g 
161.5 g 
134.5 g 
14 g 
70 g 
15 g 
3.5 g 

120,--------------------------------

1 100+-----------------~~=----=~-~--

B ----- 80+---------~~~~---------------------
~ ~ I 60+-----~~~-------------------------
- 40+-~~-----------------------------
~ / 
~ 20+r-~------------------------------

=.. 0 ... V ____ ---, _____ ,--____ -,---___ -., ____ ---, 
o 5 10 15 20 25 

Time (hours) 
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%RSD 
1.66 
0.25 
0.31 
12.6 



Batch Identification: 1.5% Cab-O-Sil®, 1.5% Talc 
Date of Manufacture: 27 February 2002 

Batch Number: M013S 

Batch size: SOO g Temperature: 24.4°C 
Relative Humidity: 67% 

Formula: 

Metoprolol tartrate 
Methocel® K4M 
Emcompress® 
Emcocel® 90M 
Ethocel® FP 100 
Methocel® K100M 
Ca15-0-Sil® M5 
Purified talc 
Magnesium stearate 

Target Weight: 740 mg 
Target Hardness: 120 -160 N 

Physical Assessment: 

Weight 
Thickness 
Diameter 
Hardness 

Friability (11 tablets) 
Mass before test: 6.7431 g 
Mass after test: 6.7421 g 
Mass lost: 0.0010g 
Percentage lost: 0.0148% 

13.5 
6.8 
32.3 
26.9 
2.8 
14 
1.S 
1.S 
0.7 

Mean 
607.4 
6.95 

11.31 
112.2 

Content Uniformity: 94.85 ± 2.49 % 

Dissolution Rate Prome: 

67.5 g 
34 g 
161.5 g 
134.S g 
14 g 
70 g 
7.S g 
7.5 g 
3.S g 

120,--------------------------------

] 100~--------------_===::====~.,---a .---
~ 80 ____ 

!OJ) 60 ~ ... 
~ +----~~~------------------------

- 40+-~~~----------------------------
~ I 
~ 20+,r-------------------------------

o !/ 
o 10 15 20 25 

Time (hours) 

Residual Content: 0.501 ± 0.23 % 
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%RSD 
4.36 
0.95 
0.24 

31.87 



Batch Identification: 3% Talc, Ethocel® FP 100 
Date of Manufacture: 21 March 2002 

Batch Number: M0137 

Batch size: 500 g Temperature: 24.1°C 
Relative Humidity: 65% 

Formula: 

Metoprolol tartrate 
Methocel® K4M 
Emcompress® 
Emcocel® 90M 
Ethocel® FP 100 
Methocel® K1 OOM 
Purified talc 
Magnesium stearate 

Target Weight: 740 mg 
Target Hardness: 120 -160 N 

Physical Assessment: 

Weight 
Thickness 
Diameter 
Hardness 

Friability (10 tablets) 
Mass before test 7.0143 g 
Mass after test 7.0067 g 
Mass lost: 0.0076 g 
Percentage lost: 0.1084% 

Dissolution Rate Profile: 

13.5 
6.8 
32.3 
26.9 
2.8 
14 
3 
0.7 

Mean 
70l.9 
7.85 
11.31 
111.4 

67.5 g 
34 g 
161.5 g 
134.5 g 
14 g 
70g 
15 g 
3.5 g 

120.-----------------

1 100t--------~~~==------~--; .~ 
~ 80+-----=-=~=-----------
OJ) 60 ~ 
~ ./ 
~ 40 +-~--------------

~ 20+.;tr-----------------------------
O+---~--~--~---~-__. 

o 5 IO 15 20 25 

Time (hours) 

Residual Content: 2.07 ± 0.39 % 
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%RSD 
2.28 
0.68 
0.24 
10.4 



Batch Identification: 0.5% Cab-O~Sil®, 2.5% Talc 
Date of Manufacture: 21 March 2002 
Batch size: 500 g 

Formula: 

Metoprolol tartrate 
Methocel® K4M 
Emcompress® 
Emcocel® 90M 
Ethocel® FP 100 
Methocel® K100M 
Cab-O-Sil® MS 
Purified talc 
Magnesium stearate 

TargetWeight: 740 mg 
Target Hardness: 120 -160 N 

Physical Assessment: 

Weight 
Thickness 
Diameter 
Hardness 

Friability (10 tablets) 
Mass before test: 6.6402 g 
Mass after test: 6.6362 g 
Mass lost: 0.0040 g 
Percentage lost: 0.0602% 

Dissolution Rate Profile: 

13.5 
6.8 
32.3 
26.9 
2.8 
14 
O.S 
2.S 
0.7 

Mean 
654.1 
7.15 

11.26 
140.1 

Batch Number: M0143 

Temperature: 23.0°C 
Relative Humidity: 62% 

67.5 g 
34 g 
161.S g 
134.5 g 
14 g 
70 g 
2.S g 
12.5 g 
3.5 g 

%RSD 
2.90 
0.56 
0.09 

18.34 

120 -r-------------------1 100+--------=-~~~~==~--

~ 80 -------~ .7 
2' 60 /' 

~ 40+-T~-----------------
5 f 
!:: 20 ~ 0 +v-l------------------

o 5 10 15 20 25 

Time (hours) 

Residual Content: 0.509 ± 0.24 % 
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Batch Identification: 3% Talc, Ethocel® FP 10 
Date of Manufacture: 03 May 2002 
Batch size: 500 g 

Formula: 

Metoprolol tartrate 
Methocel® K4M 
Emcompress® 
Emcocel® 90M 
Ethocel® FP 10 
Methocel® K1 OOM 
PUfified talc 
Magnesium stearate 

Target Weight: 740 mg 
Target Hardness: 120 -160 N 

Physical Assessment: 

Weight 
Thickness 
Diameter 
Hardness 

Friability (10 tablets) 
Mass before test: 6.7896 g 
Mass after test: 6.7853 g 
Mass lost: 0.0043 g 
Percentage lost: 0.0633% 

13.5 
6.8 
32.3 
26.9 
2.8 
14 
3 
0.7 

Mean 
677.3 
7.65 
11.27 
97.93 

Content Uniformity: 99.20 ± 4.41 % 

Dissolution Rate Profile: 

Batch Number: M0147 

Temperature: 19.8°C 
Relative Humidity: 64% 

67.5 g 
34 g 
161.5 g 
134.5 g 
14 g 
70 g 
15 g 
3.5 g 

%RSD 
1.67 
0.53 
0.08 
12.02 

120 -,-------------------1
100 

------~ .. 80 ~ ~ r------~~=----------------

2 60+--~~~~--------------
~ 40 / 

.g 20 f - ~v~-------------------------
p~--~---~--~---~---. 

o 5 10 15 20 25 

Time (hours) 

Residual Content: 1.53 ± 0.43 % 
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Batch Identification: 3% Talc, Etho'~el®FP 7 
Date of Manufacture: 03 May 2002 

Batch Number: M0149 

Batch size: 500 g Temperature: 19. 7°C 
Relative Humidity: 63% 

Formula: 

Metoprolol tartrate 
Methocel® K4M 
Emcompress® 
Emcocel® 90M 
Ethocel® FP 7 
Methocel® Kl OOM 
PuriHed talc 
Magnesium stearate 

Target Weight: 740 mg 
Target Hardness: 120 -160 N 

Physical Assessment: 

Weight 
Thickness 
Diameter 
Hardness 

Friability (10 tablets) 
Mass before test: 6.7200 g 
Mass after test: 6.7086 g 
Mass lost: 0.0114 g 
Percentage lost: 0.1696% 

Dissolution Rate Profile: 

13.5 
6.8 
32.3 
26.9 
2.8 
14 
3 
0.7 

Mean 
687.8 
7.81 

11.28 
101.1 

"< 
67.5 g 
34 g 
161.5 g 
134.5 g 
14 g 
70 g 
15 g 
3.5 g 

120,----------------

1 100+---------=~=----===~--
B ~ .... 
~ 80+------~~=---------------

E 60 ~ 
~ 40 {/ 

~ 20+/r--------------------

O~---~---~--~----._--~ 

o 10 15 20 25 

Time (hours) 

Residual Content: 2.12 ± 0.65 % 
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%RSD 
3.41 
0.65 
0.27 
24.3 
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Batch Identification: 3% Talc, Ethocel®FP 100 
Date of Manufacture: 03 May 2002 

Batch Number: M0151 

Batch size: SOO g Temperature: 20.0°C 
Relative Humidity: 64% 

Formula: 

Metoprolol tartrate 
Methocel® K4M 
Emcompress® 
Emcocel® 90M 
Ethocel® FP 100 
Methocel® K1 OOM 
Purified talc 
Magnesium stearate 

Target Weight: 740 mg 
Target Hardness: 120 -160 N 

Physical Assessment: 

Weight 
Thickness 
Diameter 
Hardness 

Friability (11 tablets) 
Mass before test: 6.9700 g 
Mass after test: 6.9670 g 
Mass lost: 0.0030 g 
Percentage lost: 0.0430% 

Dissolution Rate Profile: 

13.5 
6.8 
32.3 
26.9 
2.8 
14 
3 
0.7 

Mean 
69l.5 
7.60 
11.27 
121.S 

67.S g 
34g 
161.S g 
134.S g 
14 g 
70 g 
15 g 
3.S g 

) 

120.,------------------

1 100t---------=~~~=--------

~ ----~ 80 ~ 
2 60+--~~-------------
~ 40 ./ 

~ 20 f ~ +/~---------------

o~--~--~---~--~--~ 

o 5 10 15 20 25 

Time (hours) 

Residual Content: 1.96 ± 0.20 % 
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%RSD 
2.51 
1.19 
0.08 

15.36 



Batch Identification: 3% Talc, Ethocel® Std 45 
Date of Manufacture: 03 May 2002 

Batch Number: M0153 

Batch size: 500 g Temperature: 20.0°C 
Relative Humidity: 61 % 

Formula: 

Metoprolol tartrate 
Methocel® K4M 
Emcompress® 
Emcocel® 90M 
Ethocel® Std 45 
Methocel® K1 OOM 
Purified talc 
Magnesium stearate 

Target Weight: 740 mg 
Target Hardness: 120 -160 N 

Physical Assessment: 

Weight 
Thickness 
Diameter 
Hardness 

Friability (10 tablets) 
Mass before test: 7.1017 g 
Mass after test: 7.0981 g 
Mass lost: 0.0036 g 
Percentage lost: 0.0507% 

Dissolution Rate Profile: 

13.5 
6.8 
32.3 
26.9 
2.8 
14 
3 
0.7 

Mean 
712.8 
7.79 
11.28 
97.8 

67.5 g 
34 g 
161.5 g 
134.5 g 
14 g 
70 g 
15 g 
3.5 g 

120.,-----------------

1 100+---------~---=~~~-

~ 80 ------
~ 60 ./ 

~ 40 1/ 
g 20+r----------------­

Po.. I 
O+---~--~--~---~-~ 

o 5 10 15 20 25 

Time (hours) 

Residual Content: 2.26 ± 0.27 % 
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%RSD 
2.20 
1.33 
0.14 
14.6 
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Batch Identification: 3% Talc, Ethocel® Std 10 
Date of Manufacture: 03 May 2002 
Batch size: 500 g 

Formula: 

Metoprolol tartrate 
MethoceI® K4M 
Emcompress® 
Emcocel® 90M 
Ethocel® Std 10 
Methocel® KI00M 
Purified talc 
Magnesium stearate 

Target Weight: 740 mg 
Target Hardness: 120 -160 N 

Physical Assessment: 

Weight 
Thickness 
Diameter 
Hardness 

Friability (10 tablets) 
Mass before test: 6.9042 g 
Mass after test: 6.9007 g 
Mass lost: 0.0035 g 
Percentage lost: 0.0507% 

Dissolution Rate Profile: 

13.5 
6.8 
32.3 
26.9 
2.8 
14 
3 
0.7 

Mean 
686.3 
7.56 

11.27 
100.1 

Batch Number: M0155 

Temperature: 20.3°C 
Relative Humidity: 61 % 

67.5 g 
34 g 
16l.5 g 
134.5 g 
14 g 
70 g 
15 g 
3.5 g 

%RSD 
1.14 
l.66 
0.07 
5.99 

120 -,------------------

1 100t---------~====~~~~-

! ----~ 80--~ 

2 60+---~~=-------------
~ 40 ~ 
~ 20 ~ 

o V 
o 10 15 20 25 

Time (hours) 

Residual Content: 2.51 ± 0.20 % 

264 



Batch Identification: 3% Talc, Ethocel® Std 20 
Date orManufacture: 03 May 2002 

Batch Number: MOl57 

Batch size: 500 g Temperature: 20.0oe 
Relative Humidity: 61 % 

Formula: 

Metoprolol tartrate 
Methocel® K4M 
Emcompress® 
Emcocel® 90M 
Ethocel® Std 20 
Methocel® K1 OOM 
Purified talc 
Magnesium stearate 

TargetWeight: 740 mg 
Target Hardness: 120 -160 N 

Physical Assessment: 

Weight 
Thickness 
Diameter 
Hardness 

Friability (10 tablets) 
Mass before test: 7.0402 g 
Mass after test: 7.0351 g 
Mass lost: 0.0051 g 
Percentage lost: 0.0724% 

Dissolution Rate Profile: 

13.5 
6.8 
32.3 
26.9 
2.8 
14 
3 
0.7 

Mean 
703.6 
7.70 
11.28 
105.4 

67.5 g 
34 g 
161.5 g 
134.5 g 
14 g 
70 g 
15 g 
3.5 g 

120~-------------------------------

~ 100+-----------------==~--~~~~---

~ -----~ 80 ../'" 

2 60+---~~~~------------------------
i 40-7 / 

~ 20+~r-----------------------------­
~ I 

O+-----~----~----~------~--~ 

o 5 10 15 20 25 

Time (hours) 

Residual Content: 2.73 ± 0.33 % 
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%RSD 
4.13 
0.78 
0.24 

25.16 



Batch Identification: 3% Talc, Ethocel®FP 100 
Date of Manufacture: 03 May 2002 
Batch size: 500 g 

Formula: 

Metoprolol tartrate 
Methocel® K4M 
Emcompress® 
Emcocel® 90M 
Ethocel® FP 100 
Methocel® Kl OOM 
Purified talc 
Magnesium stearate 

Target Weight: 740 mg 
Target Hardness: 120 -160 N 

Physical Assessment: 

Weight 
Thickness 
Diameter 
Hardness 

Friability (10 tablets) 
Mass before test: 6.8391 g 
Mass after test: 6.8348 g 
Mass lost: 0.0043 g 
Percentage lost: 0.0628% 

Dissolution Rate Profile: 

13.5 
6.8 
32.3 
26.9 
2.8 
14 
3 
0.7 

Mean 
701.1 
7.69 

11.27 
115.8 

Batch Number: M0159 

Temperature: 20.0°C 
Relative Humidity: 62% 

67.5 g 
34g 
161.5 g 
134.5 g 
14 g 
70 g 
15 g 
3.5 g 

%RSD 
2.71 
0.55 
0.15 
17.1 

120 -r-----------------

"2 100 ... 
; 
~ ~ 80 

~ 7' I>Jl 60 = .. ./" ~ 

i 40 
of t 20 ~ V 0 

o 5 10 15 20 25 

Time (ho~rs) 

Residual Content: 2.18 ± 0.29 % 
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\ 



~~ 

Batch Identification: Std 20 (20% Ethocel®) 
Date of Manufacture: 07 August 2002 
Batch size: 500 g 

Batch Number: M0205 

Temperature: 13.3°C 
Relative Humidity: 41 % 

Formula: 

Metoprolol tartrate 
Methocel® K4M 
Emcompress ® 
Emcocel® 90M 
Ethocel® Std 20 
Methocel® KIOOM 
Purified talc 
Magnesium stearate 

Target Weight: 740 mg 
Target Hardness: 120 -160 N 

Physical Assessment: 

Weight 
Thickness 
Diameter 
Hardness 

Friability (10 tablets) 
Mass before test: 7.0420 g 
Mass after test: 7.0395 g 
Mass lost: 0.0025 g 
Percentage lost: 0.0355% 

Dissolution Rate Profile: 

l3.5 
5.8 
25 
20 
20 
12 
3 
0.7 

Mean 
702.7 
7.96 
11.25 
105.6 

67.5 g 
29 g 
125 g 
100 g 
100 g 
60 g 
15 g 
3.5 g 

120..,-----------------

1 100t---------~~~~~~-a ______ 
~ 80 .~ 
e 60+--~~~~-------------
~ 40 ./ 

~ 20 I ~ +v+----------------
O+---~--~---~--~--~ 

o 5 10 15 20 25 

Time (hours) 

Residual Content: 2.20 ± 0.28 % 
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~ __ 4 

%RSD 
1.07 
0.49 
0.09 
7.67 



Batch Identification: FP 10 (20% Ethocel®) 
Date of Manufacture: 07 August 2002 
Batch size: 500 g 

Formula: 

Metoprolol tartrate 
Methocel® K4M 
Emcompress® 
Emcocel® 90M 
Ethocel® FP 10 
Methocel® Kl OOM 
Purified talc 
Magnesium stearate 

Target Weight: 740 mg 
Target Hardness: 120 -160 N 

Physical Assessment: 

Weight 
Thickness 
Diameter 
Hardness 

Friability (11 tablets) 
Mass before test: 7.1046 g 
Mass after test: 7.1025 g 
Mass lost: 0.0021 g 
Percentage lost: 0.0296% 

Dissolution Rate Profile: 

13.5 
5.8 
25 
20 
20 
12 
3 
0.7 

Mean 
638.3 
7.99 
11.25 
116.7 

Batch Number: M0207 

Temperature: 13.3°e 
Relative Humidity: 41 % 

67.5 g 
29 g 
125 g 
100 g 
100 g 
60 g 
15 g 
3.5 g 

%RSD 
2.74 
1.44 
0.15 

23.72 

120,----------------

~ 100 
~ -----i 80 

~ OJ) 
60 = .. / ~ 

'c: 40 .. f l:: 20 .. 
I ~ 

O~--~--_r--~---~-__, 

o 5 10 15 20 25 

Time (hours) 

Residual Content: 2.66 ± 0.49 % 
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Batch Identification: Wet Granulation (10% EC) 
Date of Manufacture: 03 & 04 October 2002 
Batch size: 690 g 

Batch Number: M02ll 

Temperature: 18.1°C 
Relative Humidity: 51 % 

Formula: 

Metoprolol tartrate 
Methocel® K4M 
Emcompress® 
Emcocel® 90M 
Surelease® 
Methocel® K1 OOM 

- ® Emcocel 90M 
Emcompress ® 
Magnesium stearate 

Target Weight: 720 mg 
Target Hardness: 120 -160 N 

Physical Assessment: 

Weight 
Thickness 
Diameter 
Hardness 

Friability (10 tablets) 
Mass before test: 7.4943 g 
Mass after test: 7.4943 g 
Mass lost: 0.0000 g 
Percentage lost: 0.0000% 

Dissolution Rate Profile: 

20 
10 
37.5 
32.5 
0.4 gig 
20 
7 
10 
1 

Mean 
759.0 
7.86 
11.24 
119.5 

100 g 
50 g 
187.5 g 
162.5 g 
200 g 
100 g 
35 g 
50 g 
5g 

120~-----------------------------..., 
; 100t----------------=====~~=----

~ 80+--------~---.~~~------------­
E 60+-----~~---------------------
:: 40 ./ 

~ 20 ./ 

~ 0 ~V----__r----__,----____,r----____,----____, 
o 5 10 15 20 25 

Time (hours) 

Residual Content: 3.02 ± 0.47 % 
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Final Granule 
mass: 500 g 

%RSD 
3.86 
2.72 
0.06 
7.64 



Batch Identification: Wet Granulation (5% EC) 
Date of Manufacture: 03 & 04 October 2002 
Batch size: 676 g 

Batch Number: M0213 

Formula: 

Temperature: 16.9°C 
Relative Humidity: 39% 

Metoprolol tartrate 
Methocel® K4M 
Emcompress® 
Emcocel® 90M 
Surelease® 
Methocel® K1 OOM 
Emcocel® 90M 
Emcompress® 
Magnesium stearate 

Target Weight: 720 mg 
Target Hardness: 120 -160 N 

Physical Assessment: 

Weight 
Thickness 
Diameter 
Hardness 

Friability (10 tablets) 
Mass before test: 6.8488 g 
Mass after test: 6.8485 g 
Mass lost: 0.0003 g 
Percentage lost: 0.0044% 

Dissolution Rate Profile: 

20 
10 
37.5 
32.5 
0.2 gig 
20 
7 
10 
1 

Mean 
679.9 
7.25 

11.25 
131.9 

100 g 
50 g 
187.5 g 
162.5 g 
100 g 
98 g 
34.3 g 
49 g 
5g 

100,----___________ _ 

.... 1 
~ 80 ~ 

~ 60+---~~~-------___ _ 

140 / :: ? ~ 20+F~---__________ __ 

~ 0 .. V------,r--__ ~--_._--__r_--~ 
o 5 10 15 20 25 

Time (hours) 

Residual Content: 1.15 ± 0.13 % 
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Final Granule 
mass: 490 g 

~ - ~ 

%RSD 
1.23 
0.83 
0.05 
5.29 

I 
I 



Batch Identification: Wet Granulation (2.5-3.5% EC) 
Date of Manufacture: 03 & 04 October 2002 
Batch size: 662 g 

Formula: 

Metoprolol tartrate 
Methocel® K4M 
Emcompress® 
Emcocel® 90M 
Surelease® 

- Methocel® K1 OOM 
Emcocel® 90M 
Emcompress® 
Magnesium stearate 

Target Weight: 720 mg 
Target Hardness: 120 -160 N 

Physical Assessment: 

Weight 
Thickness 
Diameter 
Hardness 

Friability (10 tablets) 
Mass before test: 6.6919 g 
Mass after test: 6.6919 g 
Mass lost: 0.0000 g 
Percentage lost: 0.0000% 

20 
10 
37.5 
32.5 
0.14-0.18 gig 
20 
7 
10 
1 

Mean 
667.1 
7.i9 

11.26 
124.0 

Content Uniformity: 97.36 ± 3.76 % 

Dissolution Rate Prome: 

100 

." 
OJ 80 li 
OJ 

~ 60 
o.e 
E 

::l 40 

== .. 
~ 
OJ 

20 

=-
0 

0 5 10 15 

Time (hours) 

Residual Content: 1.26 ± 0.94 % 
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Batch Number: M0233 

Temperature: 17°C 
Relative Humidity: 38% 

100 g 
50 g 
187.5 g 
162.5 g 
70-90 g 
96 g 
33.6 g 
48 g 
4.8 g 

20 25 

.J:inal Granule 
mass: 480 g 

%RSD 
0.55 
0.49 
0.05 
3.42 



Batch Identification: Freeze-dried (2.8% EC solids) 
Date of Manufacture: 06 November 2002 
Batch size: 264 g 

Formula: 

Freeze-dried material 
Methocel® K4M 
Emcompress ® 
Emcocel® 90M 
Methocel® KI00M 
Purified talc 
Magnesium stearate 

TargetWeight: 740 mg 
Target Hardness: 120 -160 N 

Physical Assessment: 

Weight 
Thickness 
Diameter 
Hardness 

16.3 
6.6 
32.3 
26.9 
14 
3 
0.7 

Mean 
729.7 
7.55 
11.24 
98.41 

Freeze-dried Material: Metoprolol tartrate 
Surelease® 

Friability (10 tablets) 
Mass before test: 7.2716 g 
Mass after test: 7.2651 g 
Mass lost 0.0065 g 
Percentage lost 0.0894% 

Dissolution Rate ProfIle: 

100 

." 
90 

" 80 ; .. 70 
~ 60 
~ 

50 2 
= 40 

-= 30 
" ~ 20 
" ~ 10 

-~ r 
/' 

./ 
/ 

f_ 
I 

o 
o 10 15 

Time (hours) 

Residual Content: 0.56 ± 0.16 % 
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85 g 

Batch Number: M0259 

Temperature: 18.5°C 
Relative Humidity: 45% 

43 g 
18 g 
85 g 
7lg 
37 g 
8g 
2g 

%RSD 
0.37 
0.24 
0.06 
3.18 

70.5 g (17.6 g ethylcellulose solids)·· 

.-

20 25 



---------------_2,", 
Batch Identification: Freeze-dried (14% EC solids) 
Date of Manufacture: 05 November 2002 
Batch size: 116 g 

Formula: 

Freeze-dried material 
Methocel® K4M 
Emcompress® 
Emcocel® 90M 
Methocel® KlOOM 
Purified talc 

-Magnesium stearate 

Target Weight: 740 mg 
Target Hardness: 120 -160 N 

Physical Assessment: 

Weight 
Thickness 
Diameter 
Hardness 

"< 

27.5 
6 
26 
22.8 
14 
3 
0.7 

Mean 
672.4 
7.27 

11.22 
72.54 

Freeze-dried Material: Metoprolol tartrate 
; Surelease® 

Dissolution Rate Profile: 

30 g 

Batch Number: M0261 

Temperature: 20.4°C 
Relative Humidity: 35% 

32 g 
7g 
30.2 g 
26.5 g 
16.2 g 
3.5 g 
0.8 g 

%RSD 
0.56 
0.31 
0.05 
6.13 

120 g (30 g ethylcellulose solids) 

120T-----__________________________ __ 

1 100 
; 
II ----~ 80 

~ bII 
60 E / Q 

= 40 

7 II 

'" .. 
20 II 

=- V 0 

o 5 10 15 20 25 

Time (hours) 

Residual Content: 2.44 ± 0.09 % 
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Batch Identification: Wet Granulation (2.5-3.5%EC) 
Date of Manufacture: 30 September & 01 October 2002 
Batch size: 635 g 

Formula: 

Oxprenolol hydrochloride 
Methocel® K4M 
Emcompress® 
Emcocel® 90M 
Surelease® 
Methocel® K100M 

- Emcocel® 90M 
Emcompress® 
Magnesium stearate 

Target Weight: 720 mg 
Target Hardness: 120 -160 N 

Physical Assessment: 

Weight 
Thickness 
Diameter 
Hardness 

Friability (10 table'ts) 
Mass before test: 7.8064 g 
Mass after test: 7.7957 g 
Mass lost: 0.0107 g 
Percentage lost: 0.1371 % 

20 
10 
37.5 
32.5 
0.14-0.18 gig 
20 
7 
10 

Mean 
782.2 
8.00 
11.24 
87.2 

Content Uniformity: 75.15 ±4.72 % 

Dissolution Rate Prome: 

120 

ii 100 
~ .. 
~ 80 
OJ) 

60 t 
~ 

': 40 .. 
l:: 20 OJ 

Il.. 

0 

0 5 10 15 

Time (hours) 

Residual Content: 2.87 ± 0.42 % 

274 

Batch Number: 00221 

Temperature: 16.4°C 
Relative Humidity: 43% 

100 g 
50 g 
187.5 g 
162.5 g 
70-90 g 
92 g 
32.2 g 
46 g 
4.6 g 

20 25 

Final Granule 
mass: 460 g 

%RSD 
3.27 
1.85 
0.08 

10.27 



--------------------......... .. 
Batch Identification: 3% Talc, Ethocel® FP 10 
Date of Manufacture: 28 August 2002 

Batch Number: 00227 

Batch size: 500 g Temperature: 18.1°C 
Relative Humidity: 77% 

Formula: 

Oxprenolol hydrochloride 
Methocel® K4M 
Emcompress® 
Emcocel® 90M 
Ethocel® FP 10 

-Methocel® Kl OOM 
Purified talc 
Magnesium stearate 

Target Weight: 740 mg 
Target Hardness: 120 -160 N 

Physical Assessment: 

Weight 
Thickness 
Diameter 
Hardness 

Friability (10 tablets) 
Mass before test: 6.5086 g 
Mass after test: 6.5027 g 
Mass lost: 0.0059 g 
Percentage lost: 0.0906% 

13.5 
6.8 
32.3 
26.9 
2.8 
14 
3 
0.7 

Mean 
647.6 
7.12 
11.23 
138.7 

Content Uniformity: 96.44 ± 3.51 % 

Dissolution Rate Profile: 

67.5 g 
34g 
161.5 g 
134.5 g 
14 g 
70 g 
15 g 
3.5 g 

100,--------------------------------
1 80t-------------~==~~~~==~---
~ 60 =------E ~ 
~ 40+-~~~---------------------------.. ;-
~ 20+~·------------------------------
~ II 

o+-----~----~------~----~----~ 

o 5 10 15 20 25 

Time (hours) 

Residual Content: 0.80 ± 0.12 % 

275 

%RSD 
1.79 
0.36 
0.06 
11.93 



Batch Identification: 3% Talc, Ethocel®PP 100 
Date of Manufacture: 18 October 2002 

Batch Number: 00243 

Batch size: 500 g Temperature: 23.2°C 
Relative Humidity: 54% 

Formula: 

Oxprenolol hydrochloride 
Methocel® K4M 
Emcompress® 
Emcoeel® 90M 
Ethocel® FP 100 
Methocel® Kl OOM 
Purified talc 
Magnesium stearate 

Target Weight: 740 mg 
Target Hardness: 120 -160 N 

Physical Assessment: 

Weight 
Thickness 
Diameter 
Hardness 

Friability (10 tablets) 
Mass before test: 6.7017 g 
Mass after test: 6.7001 g 
Mass lost: 0.0016 g 
Percentage lost: 0.0239% 

Dissolution Rate Profile: 

13.5 
6.8 
32.3 
26.9 
2.8 
14 
3 
0.7 

Mean 
667.0 
6.93 
11.20 
167.7 

67.5 g 
34g 
16l.5 g 
134.5 g 
14 g 
70 g 
15 g 
3.5 g 

120.--------------------------------

1 100t---------------~~~-----=~-L---

= -----
~ 80+-------~~---------------------

2 60 ./ 

~ 40 /' 

~ 20TIvr~--------------------------
O+-----~----_.------~----~----~ 

o 5 10 15 20 25 

Time (hours) 

Residual Content: 0.30 ± 0.28 % 
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%RSD 
2.63 
1.68 
0.04 
8.17 



Batch Identification: 3 % Talc, Ethocel® Std 10 
Date of Manufacture: 18 October 2002 

Batch Number: 00245 

Batch size: 500 g Temperature: 23.4°C 
Relative Humidity: 51 % 

Formula: 

Oxprenolol hydrochloride 
Methocel® K4M 
Emcompress® 
Emcocel® 90M 
Ethocel® Std 10 
Methocel® K1 OOM 
Purified talc 
Magnesium stearate 

Target Weight: 740 mg 
Target Hardness: 120 -160 N 

Physical Assessment: 

Weight 
Thickness 
Diameter 
Hardness 

Friability (11 tablets) 
Mass before test: 6.9935 g 
Mass after test: 6.9894 g 
Mass lost: 0.0041 g 
Percentage lost: 0.0586% 

DissolutionRate ProfIle: 

13.5 
6.8 
32.3 
26.9 
2.8 
14 
3 
0.7 

Mean 
650.2 
6.93 
11.21 
160.0 

67.5 g 
34g 
161.5 g 
134.5 g 
14 g 
70 g 
15 g 
3.5 g 

120,--------------------------------

1 100t---------------~~~~~~~---
j .----~ 
~ 80+-------~~~-------------------

E 60 /' 

~ 40 /' 

g 20+r-p(------------------------------

=-- 0 .. V ____ -.., ______ ,.---____ -.-____ --. ____ --, 
o 5 10 15 20 25 

Time (hours) 

Residual Content: 0.53 ± 0.07 % 
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%RSD 
3.67 
1.74 
0.08 
12.88 



• 
--

Batch Identification: Wet Granulation (5%EC) 
Date of Manufacture: 05 & 06 November 2002 
Batch size: 566 g 

Formula: 

Oxprenolol hydrochloride 
Methocel® K4M 
Emcompress® 
Emcocel® 90M 
Surelease® 
Methocel® Kl OOM 
Emcecel® 90M 
Emcompress ® 
Magnesium stearate 

Target Weight: 720 mg 
Target Hardness: 120 -160 N 

Physical Assessment: 

Weight 
Thickness 
Diameter 
Hardness 

Friability (10 tablets) 
Mass before test: 6.7735 g 
Mass after test: 6.7735 g 
Mass lost: 0.0000 g 
Percentage lost: 0.0000% 

Dissolution Rate Profile: 

20 
10 
37.5 
32.5 
0.2 gig 
20 
7 
10 
1 

Mean 
676.3 
7.14 
11.23 
118.0 

Batch Number: 00253 

Temperature: 17.0°C 
Relative Humidity: 41% 

100 g 
50 g 
187.5 g 
162.5 g 
100 g 
82g 
28.7 g 
41 g 
4.1 g 

Final Granule 
mass: 410 g 

%RSD 
2.40 
l.50 
0.05 
5.02 

120 ~---------------­

~ 100t--------~~~-----=~~~---
; ~-
~ 80+-----~~~=------------

2 60 ./ 

i 40 // 

~ 20 Ii 
O~--~--~---~--_--~ 

o 5 10 15 20 25 

Time (hours) 

Residual Content: 2.12 ± 1.47 % 
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Batch Identification: Wet Granulation (10%EC) 
Date of Manufacture: 05 & 06 November 2002 
Batch size: 711 g 

Batch Number: 00255 

Temperature: 17.3°C 
Relative Humidity: 41 % 

Formula: 

Oxprenolol hydrochloride 
Methocel® K4M 
Emcompress® 
Emcocel® 90M 
Surelease® 
Methocel® KlOOM 
Emcocel® 90M 
Emcompress® 
Magnesium stearate 

TargetWeight: 720 mg 
Target Hardness: 120 -160 N 

Physical Assessment: 

Weight 
Thickness 
Diameter 
Hardness 

Friability (10 tablets) 
Mass before test: 7.3733 g 
Mass after test: 7.3733 g 
Mass lost: 0.0000 g 
Percentage lost: 0.0000% 

Dissolution Rate Profile: 

20 
10 
37.5 
32.5 
0.4 gig 
20 
7 
10 
1 

Mean 
736.6 
7.71 
11.22 
99.27 

100 g 
50 g 
187.5 g 
162.5 g 
200 g 
103 g 
36.05 g 
51.5g 
5.2 g 

120.,...-----------------

1 100t---------~~~--~--~--

~ -----~ 80 _____ 

E 60+---~~~-------------
~ 40 / 

E 20 / 

~ 0 .. v ___ ,---__ --.----__ -.-__ -"T __ ---. 

o 10 15 20 25 

Time (hours) 

Residual Content: 4.23 ± 0.95 % 
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Final Granule 
mass: 515 g 

%RSD 
2.98 
1.97 
0.06 
7.60 



--
Batch Identification: 3% Cab-O-Sil®, Ethocel®FP 100 
Date of Manufacture: 11 November 2001 
Batch size: 500 g 

Formula: 

Propranolol hydrochloride 
Methocel® K4M 
Emcompress® 
Emcocel® 90M 
Ethocel® FP 100 
Methocel® Kl OOM 
Cab-'O-Sil® M5 
Magnesium stearate 

Target Weight: 740 mg 
Target Hardness: 120 -160 N 

Physical Assessment: 

Weight 
Thickness 
Diameter 
Hardness 

Friability (11 tablets) 
Mass before test: 6.8150 g 
Mass after test: 6.8116 g 
Mass lost: 0.0034 g 
Percentage lost: 0.0499% 

Dissolution Rate Profile: 

13.5 
6.8 
32.3 
26.9 
2.8 
14 
3 
0.7 

Mean 
602.2 
6.97 
11.29 
116.1 

.< 

Batch Number: POl2S 

Temperature: 18.9°C 
Relative Humidity: 62% 

67.5 g 
34 g 
161.5 g 
134.5 g 
14 g 
70 g 
15 g 
3.5 g 

.-- ~ 

%RSD 
4.15 
0.90 
0.34 

29.79 

120,-----------------

'2 100 
; .. 

80 --~ ~ CI) 
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40 
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Time (hours) 
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Batch Identification: Wet Granulation (2.5-3.5%EC) 
Date of Manufacture: 22 & 23 January 2002 
Batch size: 531 g 

Formula: 

Propranolol hydrochloride 
Methocel® K4M 
Emcompress® 
Emcocel® 90M 
Surelease® 
Methocel® KI00M 
Emcocel® 90M 
Emcompress® 
Magnesium stearate 

TargetWeight: 720 mg 
Target Hardness: 120 -160 N 

Physical Assessment: 

Weight 
Thickness 
Diameter 
Hardness 

Friability (10 tablets) 
Mass before test: 6.9250 g 
Mass after test: 6.9186 g 
Mass lost: 0.0064 g 
Percentage lost: 0.0924% 

20 
10 
37.5 
32.5 
0.14-0.18 gig 
20 
7 
10 
1 

Mean 
685.1 
7.28 

11.21 
168.6 

Content Uniformity: 91.54 ± 9.97 % 

Dissolution Rate Prome: 

120 

1i 100 ; 
.!! 80 ~ 
~ 

60 E 
~ .. 40 = .. 
l:: 20 .. 

=-
0 

0 5 10 15 

Time (hours) 
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Batch Number: P0133 

Temperature: 24.9°C 
Relative Humidity: 80% 

100 g 
50 g 
187.5 g 
162.5 g 
70-90 g 
77g 
27 g 
38.5 g 
3.9 g 

20 25 

Final Granule 
mass: 385 g 

%RSD 
3.86 
1.55 
0.05 
7.56 



Batch Identification: 1.5% Cab-O-Sil®, 1.5% Talc 
Date of Manufacture: 21 March 2002 

Batch Number: P0139 

Batch size: 500 g Temperature: 23.1 °C 
Relative Humidity: 61 % 

Formula: 

Propranolol hydrochloride 
Methocel® K4M 
Emcompress® 
Emcocel® 90M 
Ethocel® FP 100 
Methocel® K1 OOM 
Cab-O-Sil® M5 
Purified talc 
Magnesium stearate 

TargetWeight: 740 mg 
Target Hardness: 120 -160 N 

Physical Assessment: 

Weight 
Thickness 
Diameter 
Hardness 

Friability (11 tablets) 
Mass before test: 7.0083 g 
Mass after test: 7.0032 g 
Mass lost: 0.0051 g 
Percentage lost: 0.0728% 

Dissolution Rate Prome: 

13.5 
6.8 
32.3 
26.9 
2.8 
14 
1.5 
1.5 
0.7 

Mean 
639.2 
7.12 
11.25 
158.0 

67.5 g 
34g 
161.5 g 
134.5 g 
14g 
70g 
7.5 g 
7.5 g 
3.5 g 

1,20,-----------------

1 l00+_-------------~--i ____ --
~ 80 _____ 

e ~+_--~r=------------
e 40 /" 

~ 20 /' 

=- 0 ... V __ -----, ___ -,--__ --,-__ --,-__ -----, 
o 5 10 15 20 25 

Time (hours) 

282 

%RSD 
1.12 
0.65 
0.17 
7.74 



--
Batch Identification: 0.5% Cab-O-Sil®, 2.5% Talc Batch Number: P0141 
Date of Manufacture: 21 March 2002 
Batch size: 500 g Temperature: 23.6°C 

Relative Humidity: 58% 
Formula: 

Propranolol hydrochloride 
Methocel® K4M 
Emcompress® 
Emcocel® 90M 
Ethocel® FP 100 
Methocel® KI OOM 
Cab-O-Sil® M5 
Purified talc 
Magnesium stearate 

Target Weight: 740 mg 
Target Hardness: 120 -160 N 

Physical Assessment: 

Weight 
Thickness 
Diameter 
Hardness 

Friability (10 tablets) 
Mass before test: 6.8749 g 
Mass after test: 6.8704 g 
Mass lost: 0.0045 g 
Percentage lost: 0.0655% 

Dissolution Rate ProfIle: 

13.5 
6.8 
32.3 
26.9 
2.8 
14 
0.5 
2.5 
0.7 

Mean 
686.9 
7.64 
11.23 
146.9 

67.5 g 
34g 
161.5 g 
134.5 g 
14 g 
70 g 
2.5 g 
12.5 g 
3.5 g 

120,--------------------------------

~ 100+------------------------=~~---

~ 80 ~ -------
E 60+-----~~-----------------------
= 40 /'" 

] 20+~~------------------------------
O+-----~----~----~------,_--~ 

o 5 10 IS 20 25 

Time (hours) 

283 

%RSD 
3.17 
0.32 
0.08 
15.34 



Batch Identification: 3% Talc, EthoceJ®FP 7 
Date of Manufacture: 17 May 2002 

Batch Number: P0161 

Batch size: 500 g Temperature: 14.7°C 
Relative Humidity: 52% 

Formula: 

Propranolol hydrochloride 
Methocel® K4M 
Emcompress® 
Emcocel® 90M 
Ethocel® FP 7 
Methocel® KI00M 
Purified talc 
Magnesium stearate 

TargetWeight: 740 mg 
Target Hardness: 120 -160 N 

Physical Assessment: 

Weight 
. Thickness 

Diameter 
Hardness 

Friability (10 tablets) 
Mass before test: 7.4747 g 
Mass after test: 7.4741 g 
Mass lost: 0.0006 g 
Percentage lost: 0.0080% 

Dissolution Rate Profile: 

13.5 
6.8 
32.3 
26.9 
2.8 
14 
3 
0.7 

Mean 
741.4 
8.05 
11.24 
123.1 

67.5 g 
34 g 
161.5 g 
134.5 g 
14 g 
70 g 
15 g 
3.5 g 

120 ~----------------

1 100+-------------~~-­

j 80+------~=_-~~------------
~ .,------
E 60 ./ 

~ 40+-~~~----------------------------
! 20 j/ 

O.----r--~----~---~---~ 
o 10 15 20 25 

Time (hours) 

Residual Content: 12.16 ± 1.88 % 

284 

%RSD 
2.67 
0.24 
0.07 
17.6 



Batch Identification: 3% Talc, Ethocel® FP 10 
Date of Manufacture: 17 May 2002 

Batch Number: P0163 

Batch size: 500 g Temperature: 14.5°C 
Relative Humidity: 52% 

Formula: 

Propranolol hydrochloride 
Methocel® K4M 
Emcompress® 
Emcocel® 90M 
Ethocel® FP 10 
Methocel® KI00M 

- Purified talc 
Magnesium stearate 

Target Weight: 740 mg 
Target Hardness: 120 -160 N 

Physical Assessment: 

Weight 
Thickness 
Diameter 
Hardness 

Friability (10 tablets) 
Mass before test: 7.2625 g 
Mass after test: 7.2512 g 
Mass lost: 0.0113 g 
Percentage lost: 0.1556% 

13.5 
6.8 
32.3 
26.9 
2.8 
14 
3 
0.7 

Content Uniformity: 96.50 ± 5.01 % 

Dissolution Rate Profile: 

Mean 
737.5 
8.06 

11.25 
118.3 

67.5 g 
34g 
161.5 g 
134.5 g 
14 g 
70 g 
15 g 
3.5 g 

120 -,------------------

~ 100T------------~~~---

~ 80 -----e 60 ~ 
Q 40 / 
i ~ 
~ 20+~4-------------------
~ 0 .V ______ r--__ -r-__ -r-__ ~----

o 5 10 15 20 25 

Time (hours) 

Residual Content: 11.50 ± 0.77 % 

285 

%RSD 
2.37 
0.44 
0.07 
18.93 



Batch Identification: 3% Talc, Ethocel®FP 100 
Date of Manufacture: 17 May 2002 

Batch Numbe.·: P0165 

Batch size: 500 g 

Formula: 

Temperature: 14.5°C 
Relative Humidity: 52% 

Propranolol hydrochloride 
Methocel® K4M 
Emcompress® 
Emcocel® 90M 
Ethocel® FP 100 
MethoceI® K1 OOM 

-Purified talc 
Magnesium stearate 

Target Weight: 740 mg 
Target Hardness: 120 -160 N 

Physical Assessment: 

Weight 
Thickness 
Diameter 
Hardness 

Friability (10 tablets) 
Mass before test: 7.1088 g 
Mass after test: 7.1015 g 
Mass lost: 0.0073 g 
Percentage lost: 0.1027% 

Dissolution Rate Profile: 

13.5 
6.8 
32.3 
26.9 
2.8 
14 
3 
0.7 

Mean 
718.9 
7.88 

11.25 
115:6 

67.5 g 
34g 
161.5 g 
134.5 g 
14 g 
70 g 
15 g 
3.5 g 

120 ,-----_~ __________ _ 

1 100+-----_______ ~=_~---

a ~ 
~ 80 ....----
~ 60+----7~-_________ ___ 

e 40 ./ 

ii *' t 20 +~.L-----_________ _ 
=- 0 .[7 ___ .--__ .-__ ---.-__ -.. __ ---, 

o 5 10 15 20 25 

Time (hours) 

Residual Content: 9.74 ± l.18 % 

286 

%RSD 
2.58 
0.37 
0.08 

18.30 



Batch Identification: 3% Talc, Ethocel® Std 45 
Date of Manufacture: 03 May 2002 
Batch size: 500 g 

Formula: 

Propranolol hydrochloride 
Methocel® K4M 
Emcompress ® 
Emcocel® 90M 
Ethocel® Std 45 
Methocel® KI00M 
Purified talc 
Magnesium stearate 

Target Weight: 740 mg 
Target Hardness: 120 -160 N 

Physical Assessment: 

. Weight 
Thickness 
Diameter 
Hardness 

Friability (10 tablets) 
Mass before test: 7.1621 g 
Mass after test: 7.1565 g 
Mass lost: 0.0056 g 
Percentage lost: 0.0782% 

Dissolution Rate Profile: 

120 
"CI 100 .. 
II 

..S! 80 ~ .... 60 2 
= 
-= 

40 .. 
~ 20 .. 

=-
0 

0 5 

13.5 
6.8 
32.3 
26.9 
2.8 
14 
3 
0.7 

Mean 
719.9 
7.78 

11.24 
118.7 

10 

.< 

15 

Time (hours) 

Residual Content: 9.20 ± 0.90 % 

287 

Batch Number: P0167 

Temperature: 15.1 °C 
Relative Humidity: 52% 

67.5 g 
34 g 
16l.5 g 
134.5 g 
14 g 
70g 
15 g 
3.5 g 

20 25 

%RSD 
2.29 
0.59 
0.08 
16.5 

r- -* 

'/ 
I 
\ 

i 
1 
i 

I 



Batch Identification: 3% Talc, Ethocel® Std 10 
Date of Manufacture: 17 May 2002 

Batch Number: P0169 

Batch size: 500 g Temperature: 15.5°C 
Relative Humidity: 52% 

Formula: 

Propranolol hydrochloride 
Methocel® K4M 
Emcompress® 
Emcocel® 90M 
Ethocel® Std 10 
Methocel® K100M 
Puiified talc 
Magnesium stearate 

Target Weight: 740 mg 
Target Hardness: 120 -160 N 

Physical Assessment: 

Weight 
Thickness 
Diameter 
Hardness 

Friability (10 tablets) 
Mass before test: 7.1826 g 
Mass after test: 7.1756 g 
Mass lost: 0.0070 g 
Percentage lost: 0.0975% 

Dissolution Rate Profile: 

13.5 
6.8 
32.3 
26.9 
2.8 
14 
3 
0.7 

Mean 
713.8 
7.77 
11.25 
112.0 

67.5 g 
34g 
161.5 g 
134.5 g 
14 g 
70 g 
15 g 
3.5 g 

120,-----------------

-g 100 -

~ -----~ 80 _______ 

E 60 /' 

~40 .-' 

~ 20~~~--------------
=- 0 .V __ ---,,---__ ,--__ ---.---__ -,-__ ---. 

o 5 10 15 20 25 

Time (hours) 

Residual Content: 10.31 ± 1.04 % 

288 

%RSD 
0.82 
1.59 
0.05 
10.16 



Batch Identification: 3% Talc, Eth~-cel® Std 20 
Date of Manufacture: 17 May 2002 
Batch size: 500 g 

Formula: 

Propranolol hydrochloride 
Methocel® K4M 
Emcompress® . 
Emcocel® 90M 
Ethocel® Std 20 
Methocel® KI00M 
Purified talc 
Magnesium stearate 

Target Weight: 740 mg 
Target Hardness: 120 -160 N 

Physical Assessment: 

Weight 
Thickness 
Diameter 
Hardness 

Friability (10 tablets) 
Mass before test: 6.9978 g 
Mass after test: 6.9914 g 
Mass lost: 0.0064 g 
Percentage lost: 0.0915% 

Dissolution Rate Profile: 

120 

-g 100 
; 

..!! 80 &! 
a.c 60 2 = 
-= 

40 .. 
~ 20 .. 
~ 

Residual Content: 10.21 ± 0.78 % 

13.5 
6.8 
32.3 
26.9 
2.8 
14 
3 
0.7 

Mean 
713.2 
7.66 

11.24 
123.9 

Time (hours) 

289 

Batch Number: POl71 

Temperature: 15.5°C 
Relative Humidity: 52% 

67.5 g 
34g 
16l.5 g 
134.5 g 
14 g 
70 g 
15 g 
3.5 g 

%RSD 
2.88 
0.42 
0.05 
9.68 



• 

Batch Identification: FP 10 (20% Ethocel®) 
Date of Manufacture: 07 August 2002 
Batch size: 500 g 

Batch Number: P020l 

Temperature: 12.5°C 
Relative Humidity: 40% 

Formula: 

Propranolol hydrochloride l3.5 
Methocel®K4M 5.8 
Emcompress® 25 
Emcocel® 90M 20 
Ethocel® FP 10 20 
Methocel® K100M 12 
Purified talc 3 
Magnesium stearate 0.7 

Target Weight: 740 mg 
Target Hardness: 120 -160 N 

Physical Assessment: 

. Weight 
Thickness 
Diameter 
Hardness 

Friability (11 tablets) 
Mass before test: '6.6083 g 
Mass after test: 6.6025 g 
Mass lost: 0.0058 g 
Percentage lost: 0.0878% 

Dissolution Rate Profile: 

Mean 
629.6 
7.75 
11.24 
151.4 

67.5 g 
29 g 
125 g 
100 g 
100 g 
60 g 
15 g 
3.5 g 

120r-----------~---------------------

] 100+---------------------------~~---
j 
~ 80+-------------~--~~-------------

~ 60+-----~~------------------------­

= ~ 40+-~~-----------------------------

~ 20~~-------------------------------

%RSD 
5.57 
0.65 
0.08 

37.14 

5 10 15 20 25 

Time (hours) 

Residual Content: 8.14 ± 5.28 % 

290 

, ~ 
'i 

1'1 ·.1.: 
'I: 

li:1 
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Batch Number: P0203 Batch Identification: Std 20 (20% Ethocel®) 
Date of Manufacture: 07 August 2002 
Batch size: 500 g Temperature: 12.5°C 

Relative Humidity: 41 % 
Formula: 

Propranolol hydrochloride 
Methocel® K4M 
Emcompress® 
Emcocel® 90M 
Ethocel® Std 20 
Methocel® KI00M 
Purified talc 
Magnesium stearate 

Target Weight: 740 mg 
Target Hardness: 120 -160 N 

Physical Assessment: 

Weight 
Thickness 
Diameter 
Hardness 

Friability (10 tablets) 
Mass before test: 7.0495 g 
Mass after test: 7.0447 g 
Mass lost: 0.0048 g 
Percentage lost: 0.0681 % 

Dissolution Rate ProfIle: 

t 

13.5 
5.8 
25 
20 
20 
12 
3 
0.7 

Mean 
707.5 
8.04 

11.24 
105.5 

67.5 g 
29 g 
125 g 
100 g 
100 g 
60 g 
15 g 
3.5 g 

120,-------------------

1 100+-------------~~~-i ______ 
~ 80 

2 60 ~ 
~ 40 /' 

~ 20+~~----------------­
o 11 

%RSD 
2.62 
1.48 
0.08 
13.20 

o 5 10 15 20 25 

Time (hours) 

Residual Content: 9.71 ± 0.78 % 

291 

." -



Batch Identification: Wet Granulation (10% EC) 
Date of Manufacture: 03 & 04 October 2002 
Batch size: 690 g 

Formula: 

Propranolol hydrochloride 
Methocel® K4M 
Emcompress® 
Emcocel® 90M 
Surelease® 
Methocel® K100M 
Emcocel® 90M 
Emcompress® 
Magnesium stearate 

Target Weight: 720 mg 
Target Hardness: 120 -160 N 

Physical Assessment: 

Weight 
Thickness 
Diameter 
Hardness 

Friability (10 tablets) 
Mass before test: 7.0084 g 
Mass after test: 7.0080 g 
Mass lost: 0.0004 g 
Percentage lost: 0.0057% 

Dissolution Rate Profile: 

90 
~ 80 .. 

20 
10 
37.5 
32.5 
0.4 gig 
20 
7 
10 
1 

Mean 
693.0 
7.40 
11.24 
121.9 

:i 70 .. 
~ 60 ----a.I) 50 

~ 40 

= 30 
t 20 .. =- 10 

o 

~ 
./ 

; ,. 
I 

o 

Residual Content: 10.64 ± l.04 % 

---
10 15 

Time (hours) 

292 

Batch Number: P02lS 

Temperature: 17.2°C 
Relative Humidity: 49% 

100 g 
50 g 
187.5 g 
162.5 g 
200 g 
100 g 
35 g 
50 g 
5g 

JIIr ----
20 25 

Final Granule 
mass: 500 g 

%RSD 
l.20 
0.52 
0.06 
3.57 



Batch Identification: Wet Granulation (5% EC) 
Date of Manufacture: 03 & 04 October 2002 
Batch size: 662 g 

Batch Number: P02l7 

Temperature: 17.2°C 
Relative Humidity: 50% 

Formula: 

Propranolol hydrochloride 
Methocel® K4M 
Emcompress® 
Emcocel® 90M 
Surelease® 
Methocel® K1 OOM 
Emcocel® 90M 
Emcompress® 
Magnesium stearate 

Target Weight: 720 mg 
Target Hardness: 120 -160 N 

Physical Assessment: 

Weight 
Thickness 
Diameter 
Hardness 

Friability (11 tablets) 
Mass before test: 6.6194 g 
Mass after test: 6.6184 g 
Mass lost: 0.0010 g 
Percentage lost: 0.0151% 

Dissolution Rate Profile: 

~< 

20 
10 
37.5 
32.5 
0.2 gig 
20 
7 
10 
1 

Mean 
655.9 
7.7.13 
11.24 
121.8 

100 g 
50 g 
187.5 g 
162.5 g 
100 g 
96 g 
33.6 g 
48 g 
4.8 g 

120.,..------------------

~ 100+----------------------­J 80 +-----~-----~..z-::&-""'---=---------­
E 60+---~=_~----------------

I:: /7 
c::: 0 .. V ____ ----, ______ ~----_r_----~---_ 

o 5 10 15 20 25 

Time (hours) 

Residual Content: 12.85 ± 3.10 % 
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Final Granule 
mass: 480 g 

%RSD 
1.61 
0.77 
0.08 
10.80 



~ --
Batch Identification: Freeze-dried (14% EC solids) 
Date of Manufacture: 05 November 2002 
Batch size: 182 g 

Formula: 

Freeze-dried material 
Methocel® K4M 
Emcompress® 
Emcocel® 90M 
Methocel® K1 OOM 
Purified talc 
Magnesium stearate 

Target Weight: 740 mg 
Target Hardness: 120 -160 N 

Physical Assessment: 

Weight 
Thickness 
Diameter 
Hardness 

27.5 
6 
26 
22.8 
14 
3 
0.7 

Mean 
526.4 
6.53 
11.20 
60.09 

~, 

Freeze-dried Material: Propranolol hydrochloride 
Surelease® 

Dissolution Rate ProfIle: 

Batch Number: P02S7 

Temperature: 20.1°C 
Relative Humidity: 35% 

50 g 
llg 
47.3 g 
41.5g 
25.5 g 
5.5 g 
1.3 g 

r- --'" 

%RSD 
12.54 
2.68 
0.09 

50.22 

30 g ~ ~ 

120 g (30 g ~thylcellulose solids) 

--80 

." 70 .. 
B 60 ~ 

~ 50 

2 40 

= 30 1: t 20 
~ 10 

o 

~ 
./ 

v---
l-

I/ 

o 5 

Residual Content: 3.44 ± 1.53 % 

----
10 15 20 25 

Time (hours) 
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Batch Identification: Freeze-dried (2.8% EC solids) 
Date of Manufacture: 06 November 2002 
Batch size: 362 g 

Formula: 

Freeze-dried material 
Methocel® K4M 
Emcompress® 
Emcocel® 90M 
Methocel® K100M 
Purified talc 
Magnesium stearate 

Target Weight: 740 mg 
Target Hardness: 120 -160 N 

Physical Assessment: 

-- Weight 
Thickness 
Diameter 
Hardness 

16.3 
6.6 
32.3 
26.9 
14 
3 
0.7 

Mean 
653.0 
6.87 
11.23 
93.66 

Freeze-dried Material: Propranolol hydrochloride 
Surelease® 

Friability (11 tablets) 
Mass before test: 7.0192 g 
Mass after test: 7.0163 g 
Mass lost: 0.0029 g 
Percentage lost: 0.0413% 

Dissolution Rate Profile: 

90 

'1:1 80 
; 70 .. 
0: 60 
r;. 50 
t 40 = 

== 30 
~ 20 
~ 10 

o 

./ 
..I' 
I 

V 

o 

/" 

5 

Residual Content: 5.35 ± 1.88 % 

--------

10 15 

Time (hours) 

295 

70 g 

Batch Number: P0263 

Temperature: 18.2°C 
Relative Humidity: 42% 

59 g 
24.6 g 
117 g 
97.4 g 
50.7 g 
l1g 
2.5 g 

%RSD 
4.28 
2.78 
0.05 

12.55 

J , ... 

58 g (14.5 g ethylcellulose solids) 

--
20 25 



---
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