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Abstract 

Recent studies show that there is unusual high incidence and prevalence of hypertension in 

developing countries especially in eastern Africa; many scientists refer the problem to change of 

life style. To combat such problem or to improve health condition of hypertensive patients, 

therapeutic agents are the most important components. Thus pharmaceuticals being the prominent 

actors in the health care system, they have to be save, effective, proven quality and have 

affordable cost. This time great concern of regulatory authorities is directed to control of 

circulation of counterfeit and substandard drugs. Many countries are adopting the law that permits 

generic substitution of brand products so as to make health care affordable. But there are 

controversies of the use of multisource products; the most important one is the problem of 

bioequivalence. 

Taking these situations into consideration, the present work is aimed to evaluate the quality as 

well as the physicochemical equivalence of different products of anti hypertensive drugs 

(methyldopa, furosemide and propranolol) and their generic versions from different 

manufacturers marketed locally in Addis Ababa. 

In this study, two brands of methyldopa (Aldomet and Dopegyt) and generic product (Cyprus 

product), two brands of furosemide (Lasix and Fusix) and generic product (Ethiopian product), 

two brands of propranolol (Inderal and Emforal) and generic product (Indian products) were 

included. 

All products showed positive identification test and acceptable hardness except Lasix, Fusix and 

propranolol generic product, which showed hardness below 50 N, but their friability, is found in 

the tolerance limit. All products disintegrate before 15 min., which is as per the specification in 

British Pharmacopoeia indicating that properties of tablet are well optimized. Chemical assay of 

each product, which is done using compendial methods, was found to be within the specification 

described in the specific monographs of each product except generic product of methyldopa, 

which was found to be above the tolerance limit. With statistical treatment, there is significant 

difference between generic products of furosemide and its brand products; in methyldopa the 

difference between one of the brands (Aldomet) and generic product was found to be significant. 

Among the products of propranolol, Emforal has shown extremely significant difference. 



 

The products are expected not only complying the assay limits but also to have active constituents 

distributed uniformly. The uniformity of dosage units of methyldopa was demonstrated by weight 

variation and that of furosemide and propranolol was done with content uniformity test and all 

products showed results within the tolerance limit in pharmacopoeias. 

The other important property of a drug formulated as tablet is its dissolution profile, which has 

strong relation with in vivo bioavailability of the product. The dissolution profile of methyldopa 

and propranolol showed that all products released the labeled amount of drug as per the specific 

monograph while among the brands of furosemide only Lasix is found to release the labeled 

amount of drug in the specified time. There is statistically significant active pharmaceutical 

ingredient release with differences in brands for each class of drug; this has to be further assessed 

by in vivo studies. 
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1.1 Hypertension 

 Hypertension is disease when there is a persistent elevation of either systolic blood pressure 

(>140 mm Hg) or diastolic blood pressure (>90 mm Hg), or when a patient is taking anti 

hypertensive medication (regardless of the blood pressure level). The blood pressure level 

correlates directly with the magnitude of risk for clinical manifestations such as stroke, 

myocardial infarction, congestive heart failure, renal insufficiency, dementia, and peripheral 

vascular disease [Flack, 2005]. Many different actions or situations can normally raise blood 

pressure. Physical activity can temporarily raise blood pressure. Stressful situations can make 

blood pressure go up. When the stress goes away, blood pressure usually returns to normal. These 

temporary increases in blood pressure are not considered hypertension. A diagnosis of 

hypertension made only when a person has multiple high blood pressure readings over a period of 

time. The cause of hypertension is not known in 90 to 95 percent of the people who have it 

[Welsh and Ferro, 2004].  

Hypertension without a known cause is called primary or essential hypertension. When a person 

has hypertension caused by another medical condition, it is called secondary hypertension. 

Secondary hypertension can be caused by a number of different illnesses. Many people with 

kidney disorders have secondary hypertension [Toto, 2005, Verbose et al., 2005, Hsu et al., 

2005]. Cushing's syndrome and tumors of the pituitary and adrenal glands often increase the 

levels of the adrenal gland hormones cortisol, adrenalin and aldosterone, which might cause 

hypertension [ Goth et al.,2005, Fynn and Venyo 2004]. Other conditions that can cause 

hypertension are some vascular diseases [Aouba et al.,2005, Wong et al.,2000], thyroid gland 

disorders [Wawrzynska et al.,2004, Merce et al.,2005], some prescribed drugs [Akahoshi et 

al.,2005], alcoholism and pregnancy [Thiam et al.,2001, Zhang ,2005]. Even though the cause of 

most hypertension is not known, some people have risk factors that give them a greater chance of 

getting hypertension. Many of these risk factors can be changed to lower the chance of 

developing hypertension or as part of a treatment program to lower blood pressure. Age over 

60, male sex, race, heredity, salt sensitivity, obesity [Yekeen et al., 2003], inactive lifestyle, 

heavy alcohol consumption, use of oral contraceptives could be considered as some of the risk 

factors.   
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Some risk factors of hypertension can be changed, while others cannot. Age, male sex, and race 

are risk factors that a person can't do anything about. Some people inherit a tendency to get 

hypertension. People with family members who have hypertension are more likely to develop it 

than those whose relatives are not hypertensive. A person with these risk factors can avoid or 

eliminate the other risk factors to lower their chance of developing hypertension [Flack, 2005] 

1.1.1 Incidence and Prevalence of Hypertension 

Worldwide, hypertension is one of the most prevailing cardiovascular diseases. About 600 

million people are expected to be affected by the disease [Toto 2005, Mbanya et al 1998].  It is 

the commonest cardiovascular disease in Africans occurring in more than 15% of the adult 

population in some studies. It occurs in the lower as much as in the higher socio-economic 

groups. The quickening pace of change and adoption of western lifestyles by people in 

developing countries has led to a sharp rise in the incidence of hypertension. Recent studies have 

confirmed earlier findings that essential hypertension in Africans is characterized by volume 

loading, low plasma rennin activity, high salt taste threshold, high sodium and low potassium 

excretion and high plasma aldosterone [Salako, 1993].  

 

The most dangerous complication of hypertension in Africans is congestive cardiac failure 

followed by cerebrovascular accidents. Coronary heart disease is rare. Even in the absence of 

overt heart failure and compounding factors like obesity, alcoholism, cigarette smoking, diabetes 

mellitus and myocarditis, evidence of abnormal left ventricular morphology and function is often 

present in newly diagnosed patients with moderate or severe hypertension [Pauletto et al., 1994]. 

The Prevalence of the disease is different in whites and blacks as well as in urban and rural 

[Sobngwi et al., 2002, Mbanya et al., 1998, Niakara et al., 2003]. For example there is a higher 

prevalence of hypertension in the urban black population of South Africa and the USA in 

comparison to whites living in the same geographical areas. Several factors including 

urbanization, socioeconomic status and acculturation contribute to the differences in the 

prevalence of hypertension between blacks and whites. In addition there may be a genetic 

element. Biochemical differences in the lipid profile of the blacks in Sub-Saharan Africa may 

play an important role in the lower incidence of coronary heart disease. Blacks have an abnormal 

transport mechanism of sodium. There are varying responses to antihypertensive drugs in blacks 

compared to whites. It is probable that with a better understanding of the pathogenesis of 
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hypertension in blacks could reduce the high prevalence, prevent complications and institute more 

effective treatment and control of hypertension [Seedat, 1996]. In Ethiopians, the commonest 

form of heart disease was found to be rheumatic heart disease, affecting mostly young people, 

who often have advanced valvular lesions. Hypertension is found to be the second most common 

cause of heart disease. It affects mostly young people and 77% of the cases are of essential type 

[Maru, 1993]. The contribution of hypertension to adult mortality in Africa has not been well 

studied. Although cross-sectional surveys have provided data on the prevalence of this condition, 

the relative risk death associated with hypertension has not been defined. In comparison of high 

levels of competing mortality from infectious disease among the general population, and the 

virtual absence of atherosclerotic precursors, estimates of risk derived from industrialized 

countries may not be generalisable [Kaufman, 1996]. 

 

1.1.2 Treatment of Hypertension 

Chronic elevation of arterial blood pressure is common and an important cause of morbidity and 

mortality; antihypertensive treatment can at least partly normalize that risk [Psaty et al., 1997]. 

Present guidelines for the treatment of hypertension stress the importance of reaching a target 

blood pressure of 140/90 mmHg or less. Recent recommendations in the Seventh Report of the 

US Joint National Committee on the Prevention, Detection, Evaluation and Treatment of High 

Blood Pressure, emphasize the potential importance of achieving values below 140/90 mmHg to 

prevent arterial stiffness and renal damage [Chobanian et al., 2003]. Both systolic and diastolic 

blood pressure are targeted, although in recent years it has been shown that systolic blood 

pressure is more important as a risk factor [Kannel, 2000]. However, these targets are seldom 

reached, in part because of issues related to behaviour of both physicians and patients [Burt et al., 

1995]. It is generally thought that this is one of the main reasons why many hypertensive patients 

are susceptible to a myocardial infarction or stroke despite ‘treatment’. Hence, drugs should not 

only lower blood pressure, but also should reduce cardiovascular, central nervous system, and 

renal complications of hypertension. Five major drug classes have been shown to do this and thus 

are considered first-line treatment: diuretics, β-blockers, calcium antagonists, angiotensin-

converting enzyme (ACE-) inhibitors and angiotensin II type I receptor blockers. These drugs 

probably exhibit class effects, thus different preparations within the same class should generally 

be interchangeable when considering efficacy, even though not all of them have been shown to 
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reduce hypertension crisis in clinical trials. Whether the various classes differ in their effects on 

such endpoints, even at the same level of blood pressure lowering, is a matter of hot debate, but 

such differences have not yet been convincingly shown [Staessen et al., 2001]. Thus, reaching 

target blood pressure per se is still considered to be of paramount importance clinically. It is 

implicitly assumed that adequately reduced blood pressure, achieved with a variety of different 

drugs from the five drug classes, will reduce the chance of a myocardial infarction or a stroke. It 

is difficult to predict if a particular antihypertensive agent will be effective in an individual 

patient. Up to two-thirds of patients show effective blood pressure reduction on any individual 

agent [Materson et al., 1993]. Because the reduction of systolic blood pressure is typically 10– 20 

mmHg on an effective antihypertensive drug, many patients need multiple drugs to reach the 

target. This can lead to a cumbersome trial-and-error procedure to reach target blood pressure for 

a given individual, and may be a key reason why the target is only reached in a minority of 

hypertensive patients [Hajjar, 2003].  

 

Prediction of drug effect in a particular individual is thus a useful and important goal. 

Biochemical approaches, such as rennin profiling, and demographic factors, such as age, gender 

and ethnicity, have been proposed as useful predictors of responsiveness to antihypertensive 

drugs [Preston et al., 1998]. However, such approaches have not been shown to have a major 

impact on daily practice [Turner et al., 2001]. An alternative, more individualized prediction, 

based on genetic variants (e.g. single nucleotide polymorphisms), has recently begun to be 

assessed. Advantages claimed for genetic methods relative to biochemical and demographic 

approaches are, for example, information on ‘compartments’ not otherwise obtainable (e.g. a 

genetic test might predict tissue ACE activity), stability (e.g. an advantage over plasma hormone 

levels, which are influenced by many factors that are difficult to control experimentally) and ease 

of automation [Turner et al., 2003]. In a few patients, effective and sustained lifestyle 

modification will be sufficient to reduce blood pressure and/or cardiovascular risk to acceptable 

values [Robinson and Graham, 2004].  A number of trials have sought to demonstrate the benefits 

of lifestyle modification in reducing blood pressure [Moreno et al., 2004]. In particular, attention 

has focused on the benefits of dietary salt reduction. Most of these studies have suggested that a 

moderate reduction in sodium consumption reduces blood pressure to a small extent. 

Furthermore, in the recent Dietary Approaches to Stop Hypertension (DASH) study, which 
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assessed the benefits of a diet rich in fresh fruits, vegetables and low-fat dairy products, the lower 

the salt intake, the lower was the blood pressure. Achieving lifestyle modification is never easy, 

but in the setting of a controlled trial it certainly can be attained. The Trial of Non-

pharmacological interventions in the elderly documented that lifestyle modifications, weight 

reduction and reduced sodium intake could be achieved in elderly patients [Conlin, 2005].The 

following discussion gives a brief account with respect the antihypertensive agents concerned in 

this study. 

 

1.1.2.1. Diuretics 

Diuretics lower blood pressure by causing the body to rid itself off excess fluids and salts through 

urination. This lowers blood volume and the pressure on the walls of the blood vessels. Diuretics 

alone and together with beta-blockers decrease mortality in patients with hypertension. It has 

recently been demonstrated that diuretics are very potent inhibitors of cardiac hypertrophy. They 

seem to be even more powerful than ACE inhibitors in this respect. On the other hand, the danger 

of diuresis in non-congestive patients must also be emphasized: electrolyte disturbances with 

hypokalaemia and sudden death, hypotension and the possibility of thromboembolic events [Hoes 

et al., 1995]. There are three different types of diuretics. Thiazide-type diuretics such as 

hydrochlorothiazide (Microzide, and others) and chlorothalidone are the most widely used and are 

generally safe, but they can cause potassium depletion. Potassium sparing, diuretics like 

spironolactone (Aldactone, and others) are usually used with other diuretics to prevent or correct 

a potassium deficiency. Loop diuretics such as furosemide (Lasix, fusix and others) can be used 

for patients with kidney disease [Rizzo, 2005].  

 

 

 

 

 

          Furosemide (4-chloro-N-furfuryl-5-sulfamoyl anthranilic acid) 
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Furosemide, is an anthranilic acid derivative, chemically, it is 4-chloro-N-furfuryl-5-

sulfamoylanthranilic acid. It is available as white tablets for oral administration in dosage 

strengths of 20, 40 and 80 mg. Furosemide is a white to off-white odorless crystalline powder. It 

is practically insoluble in water, sparingly soluble in alcohol, freely soluble in dilute alkali 

solutions and insoluble in dilute acids [Budavari, 1989].  

 

1.1.2.2 Centrally acting Drugs 

In patients with moderate to sever hypertension, most effective drug regimen includes an agent 

that inhibits function of the sympathetic nervous system [Oates and Brown, 2001]. Such group of 

drugs includes methyldopa, clonidine, moxonidine and others. Blood pressure reduction by 

clonidine results from a reduction of cardiac output due to decreased heart rate and relaxation of 

muscles of blood vessels, with a reduction in peripheral vascular resistance. Methyldopa (L-

methyl-3-, 4-dihydroxyphenyl alanine), an analogue of L-dopa, is a centrally acting anti 

hypertensive agent. It is a pro drug that exerts its antihypertensive activity via an active 

metabolite. The drug is metabolized in adrenergic neurons to α-methyldopamine and α-

methylnorepinephrine [Benowitz 2001], the later acts in the brain to inhibit adrenergic neuronal 

outflow from the brain stem and this effect is responsible for antihypertensive action. The drug is 

a colorless crystal or a white to yellowish-white odorless fine powder, which may contain friable, 

lumps, slightly soluble in water and alcohol; practically insoluble in chloroform and ether; 

dissolves in dilute mineral acids, practically insoluble in the common organic solvents [Budavari, 

1989] 

 

 

                            

             

               Methyldopa (L-methyl-3-, 4-dihydroxyphenyl alanine) 
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1.1.2.3 Beta-Blockers 

This group of drugs shares the common features of antagonizing the effects of cathecolamines at 

β-adrenoreceptors. β-blocking drugs occupy β-receptors and competitively reduce receptor 

occupancy by cathicolamines and other β-agonists, and thus decrease myocardial contractility and 

cardiac output. Such groups of drugs include propranolol, metoprolol, timolol, pindolol and 

others. Propranolo ((1-isopropylamine-3-(1-naphtylhoxy)-2 propanol)) is  useful for lowering 

blood pressure in mild to moderate hypertension.In sever hypertension, the drug is especially 

useful in preventing the reflex tachycardia that often results from treatment with direct 

vasodilators. The drug is white, odorless crystalline powder, soluble 1 in 20 of water or alcohol; 

slightly soluble in chloroform; practically insoluble in ether. Only stable at acidic pH; 

decomposes rapidly in alkaline medium [Oates and Brown, 2001]. 

 

 

 

                

 

                Propranolo (1-isopropylamine-3- (1-naphtylhoxy)-2 propanol) 

 

 

1.2 Quality control of pharmaceutical tablets 

The increasing complexity of modern pharmaceutical manufacture arising from a variety of 

unique drugs and dosage forms imposes complex ethical, legal, and economic responsibilities on 

those concerned with the manufacturing of modern pharmaceuticals.  An awareness of these 

factors is the responsibilities of those involved in the development, manufacture, Control and 

Marketing of quality products.  A systematic quality assurance program takes into consideration 

potential raw material, in-process, packaging of materials, labeling and finished product variables. 
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The general appearance of a tablet, its visual identity and over all its elegance is essential for 

consumer acceptance for control of lot-to-lot uniformity and general tablet-to-tablet uniformity 

and monitoring trouble-free manufacturing.  The control of the general appearance of a tablet 

involves the measurement of a number of attributes such as a tablets size, shape, color, presence 

or absence of an odour, taste, surface texture, physical flaws and consistency, and eligibility of 

any identifying markings [Banker and Anderson, 1976]. The following discussion represents the 

basic concepts of the quality requirements of tablet dosage forms. 

 

1.2.1 Hardness test 

In the heady days of fundamental empiricism, cracking the tablets between the finger and thumb 

and bouncing them on the production area floor was considered sufficient control for hardness 

[Swarbrick and Boylan, 1996]. Now standard operation procedures and good manufacturing 

practices require a more fundamental approach.  Hardness is a misnomer the phenomenon is a 

property and the test measures crushing strength, properly defines as that compressional force 

applied diametrically to a tablet, which just fractures it. Tablet hardness as low as 50 N is 

acceptable [Mikre, 2000]. 

 

1.2.2 Friability 

Resistance to abrasion or friability is an extremely important attribute.  In fact, it takes precedence 

over hardness and must not be ignored. Like disintegration and dissolution hardness is quicker 

and easier to measure but they are mutually dependent. In principle, tablets are subjected to 

tumbling which is consistent with the level and time encountered during manufacture, dedusting, 

coating, handling, transport and packaging and of course with the patient.  Specifically tablets of 

known weight (Wo) are dusted and tumbled in a container for a fixed time (turns, cycles, or falls) 

and weighed (W) again.  The friability F is given by: 

 

F= (Wo-W)/ Wo x 100. 

 

The most widely used commercial test is the Roche Friabilator, where 6 g or typically 20 tablets 

are dedusted and placed in a 12- inch diameter Perspex drum and rotated 100 times (4 min). A 
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limit of < 1% friability is often set, but less than 0.1% is a realistic goal in development 

[Swarbrick and Boylan, 1996]. 

 

1.2.3 Disintegration 

A generally accepted maxim is that for a drug to be readily available to the body, it must be in 

solution. For most tablets, the most important step toward solution is breakdown of the tablet into 

smaller particles or granules, a process known as disintegration.  The time that it takes a tablet to 

disintegrate is measured in a device described in USP/NF.  Research has established that one 

should not automatically expect a correlation between disintegration and dissolution [Babalola et 

al., 2001]. However since the dissolution of a drug from the fragmented tablet appears to control 

partially or completely the appearance of the drug in the blood, disintegration is still used as a 

guide to the formulator in the preparation of an optimum tablet formulation as an in- process 

control test to ensure lot-to-lot uniformity. With the conditions stated, uncoated tablet   have 

disintegration time standards as low as 5 min, but the majority of the tablets have a maximum 

disintegration time of 30 min. Entericoated tablets are to show no evidence of disintegration after 

one hour in simulated gastric fluid.  The same tablets are then tested in simulated intestinal fluids 

and are to disintegrate in two hours plus the time specified in the monograph [Banker and 

Anderson, 1976]. 

 

The type of disintegrant used in tablet formulation strongly affect the disintegration time of a 

tablet; and recent studies show how  rapidly disintegrating tablets i.e. instant disintegration in the 

mouth [Shimizu et al., 2003, Jin et al.2001, Shen et al., 2003] be formulated. For such tablets, 

novel methods and apparatus for disintegration test are developed which resolve the limitation 

faced in official pharmacopoeia with respect to the evaluation of rapid disintegration due to 

strong agitation [Morita et al., 2002, Narazaki et al., 2004, Abdelbary et al., 2005, Anwar et al., 

2005]. Besides pharmaceutical excipients, in vivo disintegration could be affected by food and 

food excipients. Panchgnula et al., 2003 showed poor disintegration of refampicin tablets in the 

presence of fatty food, Fosamax (alendronate) tablets also showed slower disintegration when 

taken in fed state and even with certain beverages [Pstein, et al.,2003]. 
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1.2.4 Uniformity of dosage units 

The uniformity of dosage units can be demonstrated by either of two methods; weight variation or 

content uniformity [USPXXVII].  Both are used to control the uniformity of active constituent 

between tablets.  The uniformity of dosage unity is more compromised in tablets formulated to be 

given in divided doses; this times both weight uniformity and in some instances content 

uniformity may be questionable [Walker et al., 1975]. 

 

1.2.4.1 Weight Variation 

There are some important differences in the way the various compendia control tablet weight, 

although the basic attitude is the same.  Tablet weight, assuming perfect mixing, is a control of 

drug dose and is determined simply and quickly both in process and as part of quality control 

[Swarbrick and Boylan, 1996]. Weight controls is based on a sample of 20 tablets, but the 

interpretation is different and debatable.  Weight uniformity, however still applies, in particular 

where the product contains greater than 50 mg active ingredient or where the drug constitutes 

greater than 50% of the compression weight [USPXXVII]. 

 

1.2.4.2 Content Uniformity 

Although weight rather than drug content has been traditionally used to control dose, the 

increasing number of low dose and potent drugs has led to greater need for content uniformity 

requirements instead of relying on a bulk assay result which assumes perfect mixing and remains 

a universal pharmacopoeial requirement [USPXXVII]. Since content uniformity of dosage units 

has its own share in drug quality and therapeutic efficacy; some studies show this parameter 

failed to meet pharmacopoeial specifications [Orr and Sallam, 1978, Orr, 1980], and the authors 

justifies that particle size and mixing of powders could be the reason. 

 

1.2.5 Chemical Assay 

Assay of drug content is global requirement.  Typically a pooled sample of tablets (n= 20) is 

analyzed according to the monograph method; and the limits are set in each monograph in 

percentages of the labeled amount of the active constituent.  Where samples smaller than 20 are 

taken the limits are tightened [Swarbrick and Boylan, 1996] and progress to content uniformity is 

dependent up on complying with the assay. 
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1.2.6 Dissolution 

Dissolution tests have become one of the most used tests in the characterization of drugs and the 

quality control of dosage forms.  Although dissolution tests are mainly used as quality control 

methods to ensure end product or batch-to-batch consistency and to identify good and bad 

formulations, dissolution data may also be correlated with in vivo activity.  Dissolution tests 

become especially important if dissolution is the rate limiting steps in drug absorption [Posti et 

al., 2000].   Dissolution tests are therefore used to confirm compliance with compondial 

specifications and are needed as part of product license application [Swarbrick and Boydan, 

1991]. 

 

The general principle of dissolution tests is that the powder or solid dosage form is tested under 

uniform agitation in attempt to achieve dissolution. Agitation is accomplished by either using a 

stirrer inside the apparatus or rotating container holding the dosage form. Two general methods 

are included currently in USP and BP, the paddle and the basket method [USPXXVII and BP, 

2001,] as depicted in figure 1.1 and 1.2 below. 

 

 

Fig 1.1 Schematic diagram of dissolution apparatus type I (Basket apparatus) 
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1.2.6.1 Dissolution apparatuses  

1.2.6.1.1 Dissolution apparatus type I (Basket apparatus) 

The assembly consists of the following: a covered vessel made of glass or other inert, transparent 

material 1 (C) a motor, a metallic drive shaft (A) and a cylindrical basket (B). The vessel is 

partially immersed in a suitable water bath of any convenient size or placed in a heating jacket. 

The water bath or heating jacket permits holding the temperature inside the vessel at 37 ± 0.5° 

during the test and keeping the bath fluid in constant, smooth motion. No part of the assembly, 

including the environment in which the assembly is placed, contributes significant motion, 

agitation, or vibration beyond that due to the smoothly rotating stirring element. Apparatus that 

permits observation of the specimen and stirring element during the test is preferable. The vessel 

is cylindrical, with a hemispherical bottom and with a nominal capacity of 1000ml [USP XXVII, 

BP, 2001]. 

 

 

Fig 1.2 Schematic diagram of dissolution apparatus type II (Paddle apparatus) 
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1.2.6.1.2 Dissolution apparatus type II (Paddle apparatus) 

The assembly is same like apparatus 1, except that a paddle formed from a blade and a shaft is 

used as the stirring element. The shaft is positioned so that its axis is not more than 2 mm at any 

point from the vertical axis of the vessel and rotates smoothly without significant wobble. The 

vertical center line of the blade passes through the axis of the shaft so that the bottom of the blade 

is flush with the bottom of the shaft [USP XXVII]. 

 

1. 2.6.2 Factors affecting dissolution 

1.2.6.2.1 Instrumental factors: 

One of the instrumental factors that affect dissolution is vibration [USPXXVII].  The United 

States Pharmacopoeia states that no part of the assembly including, the environment in which the 

assembly is placed, should contribute significant motion, agitation, or vibration beyond that 

caused by a smoothly rotating element.  There is little doubt that excessive vibration of the 

dissolution apparatus considerably increases dissolution rates [Beyer and Smith, 1971].  The other 

important instrumental factors that affect dissolution are shafts and vessels.  Limits should be set 

on shaft eccentricity to reduce the problem associated with variation in dissolution rate that may 

arise due to misalignment.  The use of a hemispherical flask allows some variation in construction 

minor changes in vessel shape may considerably alter the dissolution rates determined by the 

paddle method.  Glasses with an inside bottom flatter than specified gave a high bias in 

dissolution rates, and those with an inside bottom of steeper curvature gave a low bias 

[USPXXVII].  Agitation speed also affects rates of dissolution.  The speed should be uniform 

through out the test time.  For example, the dissolution rates of planar constant release tablets 

were found to increase with increasing paddle rotation speed and increasing distance from the 

center of the vessel bottom [Kamba et al., 2003].  

 

1.2.6.2.2 Temperature 

 The dissolution fluids should be maintained at 37 ± 0.50c.  Even slight temperature variations 

may have a significant effect on tablet dissolution.  A 1.50c change in temperature resulted in a 

15% variation in the dissolution rates of salicylic acid waivers [Swarbrick and Boydan, 1991].  It 

is essential, therefore, to control the temperature of water bath continuously. 
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1.2.6.2.3 Dissolution media 

Ideally a dissolution medium should be formulated as close as possible to those pH anticipative in 

vivo fluids; dissolution media based in 0.1N HCl are used to mimic gastric pH.  This occurs 

despite evidence that the gastric pH in the majority of the population is in the average of 1 to 3.  

Simulated gastric fluid is similarly used.  Many compendial dissolution fluids are at a pH near 

neutral despite the fact that tablets, when swallowed will meet a lower gastric pH.  The use of 

surfactants and enzymes may also be a coarse approximation of the intestinal fluids, although 

surfactants may be included to increase drug solubility by solubilization into micelles 

[USPXXVII].  To simulate in vivo conditions it has been suggested that different materials (e.g.-

bovine serum albumin or milk be included in dissolution media [Swarbrick and Boydan, 1991]. 

 

As quality control test, dissolution test lead to predictive values for the changes of dissolution rate 

on storage and therefore predict the potential storage time of a product estimating problems 

caused by aging.  Delayed or erratic dissolution has been observed in sugarcoated tablets of 

chlorpromasine and propantheline bromide [USPXXVII].  Sulfamethoxasol/trimethoprime and 

quinine also showed poor dissolution after storage of six months in simulated tropical storage 

condition [Kayumba et al., 2004].  Tolbutanide tablets originated from different sources are also 

recommended to be interchanged with careful evaluation since they showed different dissolution 

rates [Ayres, 1980].  Data retrieval is essential, not only for tablets but for all dosage forms 

requiring dissolution tests.  Comparison with previous batches and earlier data on the same batch 

to confirm the absence of aging effects is essential [USPXXVII]. 

 

1.3 Drug Quality 

Drugs play an in important role in improving human health and promoting well-being. However, 

to produce the desired effect, they have to be safe, efficacious and of acceptable quality and have 

to be used rationally.  The use of ineffective and poor quality drugs will not only endanger 

therapeutic treatment but also erode public confidence in a countries health programme.  For that 

reason the production, storage, distribution and use of drugs in each country need to be regulated 

by the government. 
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During the past few decades, many pharmaceutical industries and distribution channels have 

flourished throughout the world; leading to an increase in the number of products circulating in 

national and international markets.  At the same time, however the presence of counterfeit and 

substandard drugs in those markets has increased substantially as a result of ineffective regulation 

of the manufacture and trade of pharmaceutical products by both exporting and importing 

countries [Wondemagnehu, 1999]. 

 

Drug quality is a source of great concern world wide, particularly in many developing countries.  

Recent reports indicate that the availability of substandard and counterfeit (fake) drugs has 

reached a disturbing proportion in resource poor settings such as in most Asian countries.  Poor 

drug quality can be the result of poor manufacturing practices, counterfeiting, or inappropriate 

drug storage in too warm, humid and/or light conditions [Kenyon et al., 1999, Ten Ham, 1992, 

Pecoul et al., 1999,] For example, the dissolution rate of diclofenac formulations (Diclo 50 

manufactured by Camden and Dicloflame 50 manufactured by Intas) have been found to reduce 

significantly when stored under class IV conditions (30oc and 75 relative humidity).  In the same 

way Camden tablets stored for three months under class IV conditions showed a reduction of Cmax 

after oral administration [Risha,et al., 2003].  In other studies, 22 formulations containing 

paracetamol, acetyl salicylic acid, chloroquin and sulfadoxin/pyrimethamine were investigated for 

in vitro evaluation of the quality of essential drugs on Tanzania market. Seven formulations failed 

to meet the limits of USP dissolution test and five formulations failed to meet the dissolution 

tolerance limits after being subjected to an accelerated stability test under simulated tropical 

conditions. This indicates that drugs should be tested for stability under tropical conditions when 

intended to be marketed specifically in this countries [Risha et al., 2002].  

 

On the other hand, in the study of the evaluation of the quality of amodiaquin and 

sulfadoxine/pyrimethamine tablets sold by private wholesale pharmacies in Dar Es Salaam, 

Tanzania, 13% of samples of amodaquin failed dissolution test, 11% and 44% of samples of 

sulfadoxine/phrimethan failed assay for content and dissolution test respectively [Minzi, 2003].  

The work reveals the presence of poor quality antimalarial drugs on that locality and the need for 

continuous monitoring of the quality of marketed drugs to ensure safety and efficacy of these 

products in the treatment of malaria in endemic areas. 
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In a number of developing countries there is a reportedly high incidence of the availability of 

substandard drugs.  The majority of these reports do not contain quantitative data to support their 

claims, not do they describe the methodology employed for the quality assessment. Many assume 

counterfeiting as the reason for the poor quality and in some cases this is not justified.  On the 

study done to assess the incidence of substandard drugs in developing countries samples of 

chloroquine and selected antibacterial were collected from Nigerian and Thialand market and 

analyzed with a validated method using high performance liquid chromatography capable of 

detecting drug related impurities [Shakoor et al., 1997].  The result indicated that 36.5% of the 

samples were substandard with respect to pharmacopoeial limits; and decomposition was found 

the cause of poor quality in a number of samples but over all, poor manufacturing appeared to be 

prevalent.  The analyses generated little evidence to indicate fraudulent manufacturing. 

 

The circulation of substandard or quality drugs in a given market can be correlated with the level 

of understanding of the community and drug sellers.  The limitations in scientific knowledge 

among drug sellers and the low awareness’ among consumers may contribute to the continued 

existence of low quality drugs.  For example on the study done to assess knowledge and 

perception of drug quality among drugs sellers and consumers in Lao people’s Democratic 

Republic, the result showed inadequate scientific drug knowledge among drug sellers [Syhakhang 

et al., 2004].  Among the 59 drug sellers, only one drug seller knew what constitutes a good 

quality drug according to the given criteria, and only two drug sellers knew the correct 

temperature for drug storage, 44% had correct knowledge on drug labeling and 73% could read 

the expiry date.  Both drug sellers and consumers determined drug quality by its perceived 

efficacy in the sense that a drug is good if it takes the diseases away.  They also trusted the 

responsible authorities not provide them with low quality drugs. A majority of consumers did not 

worry about the quality of drugs, their greatest problem being financial constraints. 

 

The united Sates pharmacopoeia drug quality and information program has made extensive 

assessment of drug quality on USAID- Assisted countries.  Accordingly at the National hospital 

and university center in Continuo, Benin, on average 10 people arrive each day with kidney 

problems and at least one person dies each day from taking medicines bought on the parallel 

market.  There are an increase number of hospital admissions and deaths occurring throughought 
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the country because of drug poisoning [WHO, 1999].  In Democratic Republic of Congo (DRC) 

fake antiretrovirals were found in Labumbashi.  The bottles and Blisters, which were not in carton 

boxes, were labeled “Triomune” (Stavudine, Lamivudine and nevarapin) and “Duouir” 

(Lamivudine & Zidovudine) both which are Cipla’s brand products. Investigations showed that 

fake labels were put on bottles containing non-ARV pharmaceutical products. Some tablets have 

been identified to contain fluvoxamine (antidepressant) or cuclobenzaprime (muscle relaxant) 

[Ravinetto, 2004].   

 

In Ethiopia, smugglers are illegally importing drugs and passing them of as antiretroviral drugs.  

Ethiopian health officials have warned the public not to buy these drugs [DACA, 2004]. On the 

other hand among 581 samples of drugs taken from 35 pharmacy outlets identified from the 

Nigerian register of Pharmacy, 48% of the samples were found to contain amounts of the active 

ingredient outside the appropriate limits. More than 50% of the group of drugs (antimalerials, 

antibacterials, and antituberculosis) failed to comply with BP specifications, although some 

individual drug preparations were found to be within limits.  According to this report, 

pyrazinamide and metronidazole did not meet specifications, where as amoxicillin and ampicillin 

had low quantities of active ingredients. Five metronidazole suspensions had no active 

ingredients, at all. Medicines originated from 12 countries per labeled information; 38 samples 

were not labeled as to counter’s of manufacture and some capsule preparations contained capsule-

shell fragments suggesting some kind of recycling of product [Taylor et al., 2001]. Among the 22 

samples of Ampicillin 250 mg capsules, analyzed at the Parke Davis control laboratory in Dakor 

1997, Senegal, 21 Samples did not contain the active ingredient but found to contain flour instead 

[Sow and Gueye, 2002].Among 40 samples of chloroquin obtained from 19 locations in Senegal, 

35% of the samples analyzed at the USP Laboratories contained more than the claimed amount 

[Smine et al., 2002].  In China according to the State Administration, a national wide survey on 

the quality of medicine carried out in 1998, found that 13.1% of the 20,000 batches tested were 

either, counterfeit or fell below minimal pharmaceutical standards [Tomlinson, 1999]. 

 

1.3.1 Generic versus Brand Products and drug quality 

The guidelines on registration requirements to establish interchangeability of multisource 

(generic) pharmaceutical products published by WHO, 1996, state that multisource products must 



 18 

satisfy the same standards of quality, safety and efficacy as those applicable to the corresponding 

innovator product.  They recommend that quality attributes of a multisource product should be 

tested against the innovator product for which interchange is intended.  The innovator product is 

usually the most logical comparator product because its quality, safety & efficacy should have 

been well assessed in pre and post-marketing studies and, in addition, the data on its safety and 

efficacy are usually linked to a pharmaceutical product with defined specifications for quality and 

performance [WHO, 2002]. Since the reference product would have been approved in the basis of 

clinical trials where the safety and efficacy of that product was established, the need to redo 

expensive and time consuming clinical trials to assess the safety and efficacy is considered 

unnecessary and instead, a surrogate measure where by the concentration of drug in serum plasma 

of human subject is compared between the test and reference or comparator product is considered 

more appropriate.  Comparative bioavailability studies between test and reference product involve 

the assessment of bioequivalence between a generic and innovator product. This might confirm 

the absence of a significant deference in the rate and extent to which the active ingredient or 

active moiety in pharmaceutically equivalent dosage forms become available at the site of action 

when administered at the same molar dose under similar conditions in an appropriately designed 

study in human subjects [Kanfe, 2002].  

 

 Indeed substitution of generic drugs for brand name products is highly controversial and is often 

met with suspicion by health care providers and patients [Meredith, 2003]. Meredith conducted a 

MEDLINE search published between 1973 and 2003 and highlighted a number of different 

categories and patient subpopulations for which generic substitutions can still prove to be 

problematic.  With this review the author recommended that health care providers should 

continue to exercise caution in the consideration of generic drug substitution under certain 

circumstances.   Historically the debate has focused on the issue of bioequivalence, and clinical 

practice has identified a number of drug classes for which generic substitution should be 

approached with caution. Current bioequivalence requirements are based on a measure of 

bioeqiuvalence; however, there are fears that use of this measure may be inappropriate in the case 

of drugs with a narrow or wide therapeutic range or high intra subject or inter subject variability.  

Under these circumstances, measures of individual or population bioequivalence are proposed to 

be more appropriate than measures of average bioequivalence. 
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FDA also recognizes circumstances where a generic substitution may not be appropriate, even 

though the generic and brand name product are considered to be therapeutically equivalent.  The 

orange book (a list containing FDA's Approved Drug Products with Therapeutic Equivalence) 

states that ‘’in those circumstances where the characteristics of a specific product other than its 

active ingredient, are important in the therapy of a particular patient, the physicians specification 

of that product is appropriate.’’ For example, some patients might be confused by differences in 

colour or shape of tablets, while others might reduce their compliance if they dislike the flavor of 

the substituted medication.  A patient who is supposed to take a partial dose may face difficulties 

in splitting the pill if the generic version is cored differently.  Some patients may be allergic to the 

coating of the generic substitute but not the coating of the brand name product.  Some individuals 

may store their medications under adverse conditions that would affect the stability of the generic 

more than its brand name version [FDA, 2004]. 

 

The other important factor that should be considered in the interchange of brand and generic 

product is the attitudes of providers, consumers and professional organizations as well as 

pharmaceutical firms to their products.  Provider groups generally do not oppose generic 

substitution by pharmacists, as long as the prescribing physician maintains the right to limit such 

substitution when she or he believes it is medically inappropriate.  For example, the American 

Academy of Family Physicians (AAFP), the American College of Cardiologists (ACC), and the 

National Association of Boards of Pharmacy (NABP) State that they do not oppose generic 

substitution by pharmacists even for narrow therapeutic index drugs [American Academy of 

Family Physicians, 2001].   

 

On the other hand, on the study done to assess pharmacists individual and organizational views 

on generic medications, the authors concluded that despite pharmacists general acceptance of 

generic medications, issues surrounding use, along with growing importance of therapeutic 

interchange, are likely to remain matters of concern for pharmacists and their professional 

organization [Kirking et al., 2001]. Casado et al., 2002 also showed that 71% of the patients 

included in the study of the substitution of generic for brand medicines in family medical clinics, 

accepted the change to generic medicine and only 29% did not.  According to this study among 

the patients which didn’t accept the interchange, 67.4% said that they prefer to consult with the 
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prescribing physician, 45.1% were of the opinion that it would not have the same effect, 16.1% 

said if it was cheaper, it must be of a worse quality, and another 16.1% said that they would only 

accept the change if it meant saving some money.  In line with this study, a 2001 National 

Consumer League survey found that more than 80% of consumers age 65 and older believe that 

generic drugs are generally just as effective as their brand name counterparts, and more than 90% 

would be very likely or some what likely to take a generic drug if their doctors or pharmacist 

recommended it as a safe, effective, and less costly alternative to brand name drugs [Yelkur, 

1995].    

 

Generic drug use is also a history of conflict from a variety of perspectives; in which 

manufactures of brand name products abrasively seek to protect their patents from a variety of 

groups that want access to less expensive medications [Ascion et al., 2001]. Another conflict is 

professional, especially for the members of the pharmacy profession who view drug product 

selection as an important opportunity for pharmacist to use their professional judgment.  The 

brand manufactures most of the time suggest that not all products are bioequivalent and of the 

same quality.  The pharmacy profession, generic drug manufacturers, health care institutions and 

the Food & Drug Administration have opposed this position.  As health care costs continue to 

rise, consumers, providers, and policy makers need to assess the best way to keep health care 

affordable without adversely affecting to quality care.  With prescription cost serving as a major 

contributor recent cost increases, generic drug offer an important tool for reducing the rate of 

growth in over all health expenditures [Banker and Andreson, 1976]. Some studies also show the 

economics significance of interchange of generic products to brand name products more strongly 

than the bioeqiuvalenecy and therapeutic outcomes [Azoulay, 2002]. 

 

1.3.2 Private pharmacy and drug quality 

The private sector is the prominent actor in the provision of pharmaceuticals, particularly in 

developing countries. Private provision of drugs has been associated with risks regarding 

availability, affordability, rational use and drug quality.  Ensuring an effective regulatory 

framework is therefore a major challenge for governments, yet the capacity of regulatory 

authorities is often out stripped by private sector growth. For example in a study done to assess 

the quality of private pharmacy practice in Lao Peoples Democratic Republic, services quality 
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showed a tendency to be lowered in most distant districts and poor dispensing practices were 

observed in about 50% of cases, moreover 47% and 26% of the cases showed drugs not being 

labeled and different drugs being mixed in the same package respectively [Stenson et al., 2001].   

 

1.3.3 Cost of Pharmaceuticals and drug quality 

The diffusion of pharmaceutical innovations is a complex social process and is subject to multiple 

influences.  Because drugs are experience goods, the impact of entry is limited by physicians 

switching costs and herding around the most popular products in a given therapeutic class 

[Coscelli, 2003].  As a result, diffusion is rooted in learning, word-of-mouth, and other dynamic 

phenomena occurring within the population of potential adopters. 

 

While there exists numerous sources of information that might influence the adoption of 

pharmaceutical innovations at the individuals physician level, at more aggregate level information 

regarding product quality is made available to potential adopters through two primary information 

channels advertising by pharmaceutical firms and published clinical results regarding the safety 

and efficacy of drug therapies. 

 

In experience-good markets, the mere fact that a product is advertised can signal to customers that 

it is of high quality.  In this perspective, advertising can be interpreted as performing mostly a 

persuasive role, since it conveys information only implicitly.  The medical literature has further 

argued that advertising swamps the effect of professionally sanctioned sources of information and 

has deleterious effects on medical products. Pharmaceutical firms promote their products heavily, 

with advertising expenditures typically amounting to between 12% and 15% of sales.  The most 

heavily used form of promotion known as detailing- consists visits to physicians by the sales 

representatives of the producers of branded pharmaceuticals.  Another instrument for bringing 

product information to the attention of prescribing physicians is medical journal advertising. 

Studies show that such types of activities strongly affect the costs of pharmaceuticals as well as 

influence believes of patients to drug quality [Azoulay, 2002]. 
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1.4 Bioavailability, Bioequivalence and in vitro in vivo correlations 

Bioavailability and bioequivalence of drug products, and drug product selection have emerged as 

critical issues in pharmacy and medicine during the last three decades [Banakar, 2005]. Concern 

about lowering health care costs has resulted in a tremendous increase in the use of generic drug 

products; currently about one half of all prescriptions written are for drugs that can be substituted 

with a generic product Over 80% of the approximately 10,000 prescription drugs available in 

1990 were available from more than one source [Miller and Strom, 1990]. With the increasing 

availability and use of generic drug products, health care professionals are confronted with an 

ever-larger array of multisource products from which they must select those that are 

therapeutically equivalent. This phenomenal growth of the generic pharmaceutical industry and 

the abundance of multisource products have prompted some questions among many health 

professionals and scientists regarding the therapeutic equivalency of these products, particularly 

those in certain critical therapeutic categories such as anticonvulsants and cardiovasculars [Miller 

and Strom, 1990, Lamy, 1985, Colaizzi and Lowenthal, 1986, Foster, 1991].  

 

Inherent in the currently accepted guidelines for product substitution is the assumption that a 

generic drug considered to be bioequivalent to a brand-name drug would elicit the same clinical 

effect. As straightforward as this statement regarding bioequivalence appears to be, it has 

generated a great deal of controversy among scientists and professionals in the health care field. 

Numerous papers in the literature indicate that there is concern that the current standards for 

approval of generic drugs may not always ensure therapeutic equivalence [Levy, 1960, Lamy, 

1986, Dettelbach, 1986]. The availability of different formulations of the same drug substance 

given at the same strength and in the same dosage form poses a special challenge to health care 

professionals, making these issues very relevant to pharmacists in all practice settings. Since 

pharmacists play an important role in product-selection decisions, they must have an 

understanding of the principles and concepts of bioavailability and bioequivalence. 

 

1.4.1 Assessment of Bioavailability 

Bioavailability is a pharmacokinetic term that describes the rate and extent to which the active 

drug ingredient is absorbed from a drug product and becomes available at the site of drug action. 

Since pharmacologic response is generally related to the concentration of drug at the receptor site, 
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the availability of a drug from a dosage form is a critical element of a drug product's clinical 

efficacy. However, drug concentrations usually cannot be readily measured directly at the site of 

action. Therefore, most bioavailability studies involve the determination of drug concentration in 

the blood or urine. This is based on the premise that the drug at the site of action is in equilibrium 

with drug in the blood. It is therefore possible to obtain an indirect measure of drug response by 

monitoring drug levels in the blood or urine.  

 

Thus, bioavailability is concerned with how quickly and how much of a drug appears in the blood 

after a specific dose is administered. The bioavailability of a drug product often determines the 

therapeutic efficacy of that product since it affects the onset, intensity and duration of therapeutic 

response of the drug. In most cases one is concerned with the extent of absorption of drug, (that 

is, the fraction of the dose that actually reaches the bloodstream) since this represents the 

"effective dose" of a drug. This is generally less than the amount of drug actually administered in 

the dosage form. In some cases, notably those where acute conditions are being treated, one is 

also concerned with the rate of absorption of a drug, since rapid onset of pharmacologic action is 

desired. Conversely, there are instances where a slower rate of absorption is desired, either to 

avoid adverse effects or to produce a prolonged duration of action [Banakar, 2005]. 

 

 With the phenomenal increase in the availability of generic drugs in recent years, the issues of 

bioavailability and bioequivalence have received increasing attention. In order for a drug product 

to be interchangeable with the pioneer (innovator or brand name) product, it must be both 

pharmaceutically equivalent and bioequivalent to it. According to the FDA, "pharmaceutical 

equivalents" are drug products that contain identical active ingredients and are identical in 

strength or concentration, dosage form, and route of administration [FDA, 2005]. However, 

pharmaceutical equivalents do not necessarily contain the same inactive ingredients; various 

manufacturers' dosage forms may differ in color, flavor, shape, and excipients. The terms 

"pharmaceutical equivalents" and "chemical equivalents" are often used interchangeably [Gross, 

2003]. 

 

Bioavailability testing is a means of predicting the clinical efficacy of a drug. The estimation of 

the bioavailability of a drug in a given dosage form is direct evidence of the efficiency with which 
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a dosage form performs its intended therapeutic function. The bioavailability of a drug substance 

formulated into a pharmaceutical product is fundamental to the goals of dosage form design and 

essential for the clinical efficacy of the medication. Thus, bioavailability testing, which measures 

the rate and extent of drug absorption, is a way to obtain evidence of the therapeutic utility of a 

drug product. Bioavailability determinations are performed by drug manufacturers to ensure that a 

given drug product will get the therapeutic agent to its site of action in an adequate concentration. 

Bioavailability studies are also carried out to compare the availability of a drug substance from 

different dosage forms or from the same dosage form produced by different manufacturers 

[Banakar, 2005]. 

 

1.4.1.1 In vivo methods 

One method for assessing the bioavailability of a drug product is through the demonstration of a 

clinically significant effect. However, such clinical studies are complex, expensive, and time-

consuming and require a sensitive and quantitative measure of the desired response. Further, 

response is often quite variable, requiring a large test population. Practical considerations, 

therefore, preclude the use of this method except in initial stages of development while proving 

the efficacy of a new chemical entity. Quantification of pharmacologic effect is another possible 

way to assess a drug's bioavailability. This method is based on the assumption that a given 

intensity of response is associated with a particular drug concentration at the site of action. 

However, monitoring of pharmacologic data is often difficult, precision and reproducibility is 

difficult to establish, and there are only a limited number of pharmacologic effects (e.g. heart rate, 

body temperature, blood sugar levels) that are applicable to this method [Banakar, 2005]. 

 

Because of these limitations, alternative methods have been developed to predict the therapeutic 

potential of a drug. The current method to assess the clinical performance of a drug involves 

measurement of the drug concentrations in the blood or urine. In such studies a single dose of the 

drug product is administered to a panel of normal, healthy adult subjects. Blood and/or urine 

samples are collected over a period of time following administration and are analyzed for drug 

content. Based on the blood concentration as a function of time and/or urinary excretion profile, 

inferences are drawn regarding the rate and extent of absorption of the drug. These studies are 

relatively easy to conduct and require a limited number of subjects [Banakar, 2005].  
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1.4.1.2 In Vitro methods 

Pharmaceutical scientists have for many years been attempting to establish a correlation between 

some physicochemical property of a dosage form and the biological availability of the drug from 

that dosage form. The term commonly used to describe this relationship is "in-vitro/in-vivo 

correlation" [USPXXVII]. Specifically, it is felt that if such a correlation could be established, it 

would be possible to use in-vitro data to predict a drug's in-vivo bioavailability. This would 

drastically reduce, or in some cases, completely eliminate the need for bioavailability tests. The 

desirability for this becomes clear when one considers the cost and time involved in 

bioavailability studies as well as the safety issues involved in administering drugs to healthy 

subjects or patients. It would certainly be preferable to be able to substitute a quick, inexpensive 

in-vitro test for in-vivo bioavailability studies. This would be possible if in-vitro tests could 

reliably and accurately predict drug absorption and reflect the in-vivo performance of a drug in 

humans [Nicolaides et al., 1999]. 

 

1.4.1.2.1 Disintegration Test 

 The early attempts to establish an indicator of drug bioavailability focused on disintegration as 

the most pertinent in-vitro parameter. The first official disintegration test appeared in the United 

States Pharmacopoeia in 1950. However, while it is true that a solid dosage form must 

disintegrate before significant dissolution and absorption can occur, meeting the disintegration 

test requirement only insures that the dosage form (tablet) will break up into sufficiently small 

particles in a specified length of time. It does not ensure that the rate of solution of the drug is 

adequate to produce suitable blood levels of the active ingredient. Therefore, while the test for 

tablet disintegration is very useful for quality control purposes in manufacturing, it is a poor index 

of bioavailability [Banakar, 2005]. 

 

1.4.1.2.2 Dissolution Test 

Since a drug must go into solution before it can be absorbed and since the rate at which a drug 

dissolves from a dosage form often determines its rate and/or extent of absorption, attention has 

been directed at the dissolution rate. It is currently considered to be the most sensitive in-vitro 

parameter most likely to correlate with bioavailability [Posti et al., 2000, Dalton et al., 2001]. 
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Dissolution tests are an extremely valuable tool in ensuring the quality of a drug product. 

Generally, product-to-product variations are due to formulation factors, such as particle size 

differences, excessive amounts of lubricant and coatings. These factors are reactive to dissolution 

testing. Thus, dissolution tests are very effective in discriminating between and within batches of 

drug product(s) [Mendes et al., 1978]. The dissolution test, in addition, can exclude definitively 

any unacceptable product [Petersen, 2003]. 

 

There are, however, problems with in-vitro dissolution testing, which should be noted - problems 

that make correlation with in vivo availability difficult. The first is related to instrument variance 

and the absence of a standard method.  Another significant problem is related to the difference 

between the in-vitro and in vivo environments in which dissolution occurs. In-vitro studies are 

generally carried out under controlled conditions in one, or perhaps two, standardized solvents 

[Loucas et al., 1993]. The in-vivo environment (the gastrointestinal tract), on the other hand, is a 

continuously changing, complex environment. There are many variables that can affect the 

dissolution rate of a drug in the gastrointestinal tract, including pH, enzyme secretions, surface 

tension, motility, presence of other substances and absorption surfaces [Welling, 1991]. Thus, 

drugs frequently dissolve in the body at rates quite different from those observed in an in vitro 

test situation. Most of the official dissolution tests tend to be accelerated dissolution tests which 

bear limited or no relationship with in vivo dissolution. Adding to the complexity of correlating 

dissolution with in vivo absorption are factors such as drug-drug interactions, age, food effects, 

health, genetic background, biorhythm and physical activity [Welling, 1986, HÜttenrauch, 1985]. 

All these factors may have an effect on the rate and extent of absorption of a drug. Thus, the in 

vivo environment is far more complex, variable, and unpredictable than any in vitro test 

environment, making in-vitro / in vivo correlations very difficult [Lake et al., 1999].  

 

1.4.2 Bioequivalency 

"Bioequivalence" is a comparison of the bioavailability of two or more drug products. Thus, two 

products or formulations containing the same active ingredient are bioequivalent if their rates and 

extents of absorption are the same. When a new formulation of an existing drug is developed, its 

bioavailability is generally evaluated relative to the standard formulation of the originator. 

Indeed, a bioequivalence trial against the standard formulation is the key feature of an 
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Abbreviated New Drug Application (ANDA) submitted to the Food and Drug Administration by 

a manufacturer who wishes to produce a generic drug. For a generic drug to be considered 

bioequivalent to a pioneer product there must be no statistical differences (as specified in the 

accepted criteria) between their plasma concentration- time profiles. Because two products rarely 

exhibit absolutely identical profiles, some degree of difference must be considered acceptable. 

Since the concentration of a drug in blood is used as an assessment of its clinical performance, 

inherent in the demonstration that two preparations containing equivalent amounts of the same 

drug produce similar concentrations of the drug entity in blood is the assumption that they will 

elicit equivalent drug responses. Thus, two products that are deemed to be bioequivalent are also 

assumed to be therapeutically equivalent, and therefore interchangeable. This principle is 

fundamental to the concept of bioequivalence and is the basic premise on which it is founded 

[Banakar, 2005]. 

 

1.4.3 In vitro-in vivo Correlation  

The term in vivo in vitro correlation first appeared in pharmaceutical literature as a result of the 

awareness of the concepts of bioavailability and of in vitro dissolution rate determinations .The 

term in vivo in vitro correlation refers to the establishment of a relationship between a biological 

property, or a parameter derived from a biological property produced by a dosage form, and a 

physicochemical property or characteristic of the same dosage form. The biological properties 

most commonly used are one or more pharmacokinetic parameters, such as Cmax or AUC, 

obtained following the administration of the dosage forms. The physicochemical properties most 

commonly used are a dosage form’s in vitro dissolution behavior (e.g. percent of drug released 

under a given set of conditions). The relationship between the two properties, biological and 

physicochemical is then expressed quantitatively [USP XXVII]. Even though, in vitro dissolution 

has been extensively used as a quality control tool for solid oral dosage forms, in several cases, 

however, it is not known whether one can predict the in vivo performance of these products from 

in vitro dissolution data [Kibwage and Nguyo, 1993].  

 

 In an effort to minimize unnecessary human testing, investigations of in vitro-in vivo correlations 

between in vitro dissolution and in vivo bioavailability are increasingly becoming an integral part 

of extended release drug product development. This increased activity in developing in vivo-in 
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vitro correlations indicates the value of in vivo-in vitro correlations to the pharmaceutical industry 

[Yuksel et al., 2003]. A predictive in vivo-in vitro correlation enables in vitro dissolution to serve 

as a surrogate for in vivo bioequivalence testing [Varshosaz et al., 2000]. In vivo-in vitro 

correlations can be used in place of biostudies that may otherwise be required to demonstrate 

bioequivalence, when certain preapproval and postapproval changes are made in formulation, 

equipment, and manufacturing process or in the manufacturing site [Dunne et al., 1999, Sathe et 

al., 1997]. In vivo-in vitro correlation   development could lead to improved product quality 

(more meaningful dissolution specifications) and decreased regulatory burden (reduced biostudy 

requirements [Uppoor, 2001] 

 

1.5 Objective 

 From the prevailing situation of counterfeit and substandard products that circulate in the world 

market and from the attitude and understanding of pharmacists and their organizations towards 

generic and brand products, it is a prime importance to study the in vitro bioequivalence and 

physicochemical properties of marketed pharmaceutical products. Hence the general and specific 

objectives of this study are as follows. 

 

1.5.1 General Objective  

To evaluate the quality as well as the physicochemical equivalence of   different brands of anti 

hypertensive drugs (furosemide, propranolol and methyldopa tablets) and their generic versions 

from different manufacturers marketed in local market, in Addis Ababa. 

 

1.5.2 Specific Objective 

• To evaluate the physical properties such as, hardness, friability and disintegration time of 

antihypertensive drugs (furosemide, propranolol and methyldopa tablets) in comparison to 

specifications and requirements stated by the official compendia. 

• To assay the contents of each tablet using official methods and inferring the quality of 

drugs mentioned above. 

• To investigate whether the parameters that affect tablet property are properly optimized or 

not. 
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• To compare the physicochemical equivalence of different brands of the above drugs with 

their generic versions 
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2.1 Materials 

Chemicals and reagents 

The following chemicals and reagents are used to conduct the experimental part of the work. 

Potassium phosphate monobasic, Codex ( Milano),  Ethanol, Alpha Laboratory reagents (India), 

Ferrous sulphate, LOBA CHEMIE PVT LTD ( India), Potassium sodium tartarate , 

s.d.fine.chem.ltd (Mumbai) ,Sodium bisulfite, E.MERK ( Germany) , Ammonium Acetate, LAB 

TECH CHEMICALS, Sulphuric acid, TECHNO PHARMACHEM  (India) ,Methyl alcohol, 

TECHNO PHARMACHEM  (India) , Hydrochloric acid, AVONDAL LABORATOEIES 

(England). And the following reference/working standards are kindly donated by the Drug 

Administration and regulatory authority (DACA) of Ethiopia: Propranolol hydrochloride 

(working standard), Furosemide (SIZA International working reference standard/RD) and 

methyldopa BPCRS. Different products of methyldopa, furosemide and propranolol tablets are 

collected from local market, Addis Ababa. Detailed description of these products is presented in 

table 2.1. 
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Drug Product Manufacturer Batch Number Mng. Date Expiration Date 

Methyldopa 

250 mg Tablet 

Methyldopa  

(Generic) 

Remedica Ltd. ,Limassol 

(Cyprus) 

22319 02/2004 02/2009 

 Aldomet Merck sharp & DOHME B.V. 

(Netherlands) 

HWO 4630 04/2004 04/2007 

 Dopegyt EGIS Pharmaceuticals Ltd. 

(Hungary) 

124910803 08/2003 08/2008 

Furosemide 40 

mg Tablet  

Furosemide  

(Generic) 

Epharm (Ethiopia) 403272 03/2004 03/2007 

 Lasix Hoechst (Germany) 40L 293 09/2003 08/2008 

 Fusix  Kuwait Saudi Pharmaceutical 

CO.S.A.K.(Kuwait) 

3T180 05/2003 05/2006 

Propranolol 40 

mg Tablet 

Propranolol  

(Generic) 

UNIBIOS Laboratories LTD.   

( India) 

LO-306 09/2003 08/2007 

 Inderal Astrazenca UK Ltd. 

 (United Kingdom) 

BF 800 05/2002 05/2007 

 Emforal Remedica Ltd. ,Limassol 

(Cyprus) 

18891 09/2002 09/2007 

Table 2.1 detailed description of antihypertensive drugs used in the study 
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2.2 Methods  

The experimental part of the work is done using pharmacopoeial procedures, the United States 

pharmacopoeia (USP XXVII) and the British Pharmacopoeia (BP, 2001). 

 

2.2.1 Identification test 

The identification test of methyldopa was done using the methods specified in USP/NF where to 

10 mg of finely powdered methyldopa tablets 2 ml of 0.1 N sulfuric acid, 2 ml of ferrous tartarate 

and 0.25 ml of 6 N ammonium hydroxide solutions were added and the color was recorded. In 

addition to this, the UV/Visible spectrum scan of solutions of the reference standard and all 

products of methyldopa were compared.   

 

The light absorption spectrum of all products of furosemide was observed in the UV/Visible 

region, the spectrum of the working standard was also recorded. Solutions of the working 

standard and all products of furosemide were prepared following the procedure in the assay 

method. In the same way the identification test of propranolol was done using UV/Visible 

spectrophotometer, the method described in British Pharmacopoeia, solutions were prepared 

following the assay method [BP, 2001].  

 

2.2.2 Hardness Test 

The hardness of each tablet was determined by selecting six tablets randomly using Hardness 

Tester (CALEVA, G.B., Caleva Ltd.,UK). Each tablet was placed between two anvils and force 

was applied to the anvils, and the crushing strength that just causes the tablet to break was 

recorded. Crushing strength of average of six tablets was recorded. 

 

2.2.3 Friability (F) 

The friability of twenty tablets of known weight (dusted before) from each product were placed in 

the friability tester (ERWEKA, TAR 20, Germany) and were subjected to combined effects of 

abrasion and shock by placing them in a plastic chamber that revolves at 25 rpm for 4 min. The 

tablets were then sieved and weighed. The percent loss in weight was calculated as friability. 
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2.2.4 Disintegration time (DT) 

Disintegration time test was carried out according to USP/NF specification [USP XXVII]. Six 

tablets were placed in a disintegration tester (CALEVA, G.B. Caleva Ltd., UK) filled with 

distilled water at 37±0.50C. The tablets were considered completely disintegrated when all the 

particles passed through the wire mesh and time was recorded. 

 

2.2.5 Chemical Assay 

Assay of the contents of methyldopa tablets were analyzed using the method described in 

USP/NF and that of furosemide and propranolol was done using BP method. 

 

Furosemide tablets 

Twenty tablets were randomly selected, weighed and finely powdered. The weight of powder 

equivalent to 0.2 gm was taken and dissolved in 300 ml of 0.1 M sodium hydroxide and shaken 

for 10 min. and the volume was adjusted to 500 ml with 0.1 M sodium hydroxide. The solution 

was filtered and 5 ml was diluted to 500 ml and the absorbance was measured at 271 nm using 

UV/Visible spectrophotometer (Spectronic® Genesis™) taking 580 as A (1%, 1cm). After the 

dilution factors are properly considered, average content was determined. 

 

  

Methyldopa tablets 

Twenty tablets (randomly selected) were weighed and finely powdered. A portion of the powder 

equivalent to about 100 mg of methyldopa was taken and dissolved in 50 ml of 0.1N sulfuric acid. 

The solution was agitated for 15 min. and adjusted to 100 ml with o.1 N sulphuric acid. The 

solution was filtered and derivitised using ferrous tartarate solution ( a solution  prepared by 

Dissolving 1 g of ferrous sulfate, 2 g of potassium sodium tartrate, and 100 mg of sodium 

bisulfite in water to make 100 ml)  at pH 8.5 using phosphate buffer. The absorbance of resulting 

solution was determined at 520 nm using UV/visible spectrophotometer (Spectronic® 

Genesis™). The same procedure was done for methyldopa reference standard and the average 

content was calculated after considering dilution factors. 
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Propranolol tablets 

A randomly selected 20 tablets were weighed and finely powdered; and weight of the powder 

equivalent to 20 mg of propranolol was taken and dissolved in 20 ml of water and shaken for 10 

min. then 50 ml of methanol was added and shaken for 10 min. The solution was adjusted to 100 

ml with methanol then filtered. 10 ml of the filtrate was diluted to 50 ml with methanol  and its 

absorbance was measured at 290 nm using UV/visible spectrophotometer (Spectronic® 

Genesis™) and content was calculated using 206 as A (1%, 1 cm) of propranolol at 290 nm after 

dilution factors are considered. 

 

2.2.6 Uniformity of dosage units 

The uniformity of dosage units of each drug was evaluated by either weight variation or content 

uniformity. The dosage uniformity of methyldopa was evaluated by weight variation, where 10 

tablets were taken and the average content was determined assuming uniform distribution of the 

active constituent. The dosage uniformity of furosemide and propranolol was determined using 

content uniformity test where a randomly selected 10 tablets were taken followed by the assay of 

each tablet individually using the method in the specific monograph and the average content was 

determined.                                                                                                    

 

2.2.7 Dissolution test 

Furosemide tablets 

The dissolution test of furosemide tablets was done according to the USP/NF specification using 

dissolution apparatus Type II (Pharma Test), with 900 ml phosphate buffer (pH 5.8) as the 

dissolution medium maintained at 37± 0.5 0C which was stirred at a rate of 50 rpm. 10 ml of 

aliquots of the dissolution medium were removed at 5, 10, 15, 20, 30, 45, 60 and 70 min. and 

filtered using Whatman No.1 filter paper. Equal amount of fresh medium kept at the same 

temperature was transferred into the dissolution vessel. The filtered samples were appropriately 

diluted and absorbance readings were taken with UV/Visible spectrophotometer (Spectronic® 

Genesis™ 5) at 274 nm; solution of furosemide reference standard was also prepared using 

dissolution medium and absorbance was measured. Phosphate buffer was used as a blank. All the 

necessary corrections for dilution were made when calculating the percent of drug release in 

comparison of the reference standard. 
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Methyldopa tablets 

The dissolution of methyldopa was also done according to the specification of USP/NF using 

dissolution apparatus type II (Pharma Test); 0.1 N HCl as dissolution medium maintained at 37± 

0.5 0C which was stirred at 50 rpm. 10 ml of samples were drawn at 5,10 15, 20, 25,30,40 and 50 

min. each time replacing with equal amount of fresh medium maintained at equal temperature.  

Filtered samples were then appropriately diluted and absorbance readings were taken with 

UV/Visible spectrophotometer (Spectronic® Genesis™ 5) at 280 nm; solution of methyldopa 

reference standard was also prepared using dissolution medium and absorbance was measured. 

0.1 N HCl was used as a blank. The percent of drug release at each time was calculated after 

proper consideration of dilution factors in comparison to the reference standard. 

 

Propranolol tablets 

A 1 in 100 ml of HCl was recommended by the USP/NF as dissolution medium for the 

dissolution of propranolol using dissolution apparatus I with 100 rpm. The medium was 

maintained at 37± 0.5 0C and samples were withdrawn at 5, 10, 15, 20, 25, 30, 40, and 50 min. 

each time equal amount of the medium maintained at the same temperature was added for 

replacement. Samples were filtered and absorbance was measured at 290 nm using UV/Visible 

spectrophotometer. The absorbance of a solution of working standard of propranolol prepared in 

dissolution medium was also determined.  In comparison to working standard, the percent of drug 

release at each time was calculated. 

 

2.2.8 Data Analysis  

Analytical data obtained from the experimental part of the work is treated using Microsoft Excel 

2000, ORIGIN® graphing and scientific analysis software and GrahPad  InStat Demo software 

program. 
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3.1 Antihypertensive drugs included in the study 

The antihypertensive drugs used in this study are furosemide 40 mg tablet as a diuretic agent, 

methyldopa 250 mg tablet as a centrally acting antihypertensive agent and propranolol 40 mg 

tablet from β- blockers. In each group of drugs investigated, both brand and generic versions of 

the drug are included. Aldomet, Lasix and Inderal are innovator products of methyldopa, 

furosemide and propranolol tablets respectively. The products are collected from different outlets 

including both governmental and private from the local market, Addis Ababa. As shown in the 

table all products are within the expiry date, originated from Asia, Europe, Middle East and 

Africa. Their mode of packaging is blister except where furosemide (generic) and Inderal are 

1000 tabs per tin.  Each product is found showing the proper storage condition, expiry date, 

manufacturing date, lot/ batch number.   

 

3.2 Identification Test 

The identification tests of all compounds had shown positive test as per the specifications 

described by the USP/NF and BP. The colour test of methyldopa had shown dark purple colour in 

ferrous tartarate in the presence of sulphuric acid and ammonium hydroxide. The reaction is 

found to be between the catechol hydroxyl groups and ferrous ions and the resulting colour is 

stabilized by the presence of citrate or tartarate ions [Rath et al., 1981].  The reaction involved is 

depicted below. The light absorption spectrum of each product with the respective reference 

/working standard is annexed. 
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3.3 Hardness 

Tablets require a certain degree of strength, or crushing strength and resistance to friability and 

abrasion, to withstand mechanical shocks of handling during manufacturing, packaging and 

shipping. Adequate tablet hardness as well as a reasonable friability and abrasion are necessary 

requirements for consumer acceptance. Conventional compressed tablets that have crushing 

strength greater 50 N and that loss less  than 1 % of their weight after friability or abrasion tests 

are generally considered acceptable [Getie et al., 1998]. The average hardness test results of the 

products included in this study are presented in table 3.1. The results showed that there is 

extremely large difference in crushing strength of the products. Lasix (44.00±2.19), Fusix 

(33.50±3.33) and propranolol (generic) (27.83±4.62) showed crushing strength less than 50 N, 

while methyldopa (generic) had shown sufficiently high crushing strength (198.00±19.24). As 

shown in the friability test, even though some of the products showed crushing strength below the 

acceptance value, the friability of uncoated products was found within the limits specified in the 

USP/NF suggesting the use of appropriate binder. It is known that the type of binder used will 

affect the disintegration time of a tablet. But methyldopa (generic product) having sufficiently 

high crushing strength, its disintegration time was not affected adversely indicating proper 

optimization during formulation  

 

3.4 Disintegration Time Test 

Complete disintegration is defined as that state in which any residue of the unit, except fragments 

of insoluble coating or capsule shell, remaining on the screen of the test apparatus is a soft mass 

having no palpably firm core. Disintegration does not imply complete solution of the unit or even 

of its active constituent [USP XXVII]. Both USP and BP states that tablets should be disintegrate 

within specified period time. The mean disintegration time of the products included in this study 

are depicted in table 3.2. 

 

As shown in the table all products disintegrate in less than 15 min, which is recommended in BP. 

Almost all products disintegrate in less than 5 min. except methyldopa (generic) (11.33±1.96 

min.) and Inderal (7.50± 2.07 min.). The relatively longer period of disintegration time of 

methyldopa   is also reflected by its high crushing strength (198.00±19.24). 
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Table 3.1 Hardness and mean disintegration time of products included in the study 

 

Drug Product Hardness (N) Disintegration time 

(Min) 

Methyldopa (Generic) 198.00±19.24 11.33± 1.96 

Aldomet 120.00± 7.40 2.00 

Methyldopa 250 mg tabs. 

Dopegyt 147.83±69.16 1.00 

Furosemide (Generic) 89.17± 14.61 3.00 ± 2.07 

Lasix 44.00±2.19 1.00 

Furosemide 40 mg tabs. 

Fusix 33.50± 3.33 2.00 

Propranolol (generic) 27.83± 4.62 1.33±38.72 

Inderal 65.50± 7.37 7.50 ± 2.07 

Propranolol 40 mg tabs. 

Emforal 100.83± 9.98 2.00 

 

 

 

On the other hand Dopegyt and Aldomet with relatively high crushing strength (147.83±69.16) 

and (120.00± 7.40) had shown immediate disintegration, 1.00 and 2.00 min respectively 

indicating the absence of the impacts of compressional force and binders on table disintegration; 

and Inderal with crushing strength 65.50± 7.37, has relatively longer disintegration time (7.50± 

2.07). In general, hardness and disintegration properties of tablets investigated in this study 

showed proper optimization. 

 

3.5 Friability 

The USP states that, the friability test is applicable to compressed uncoated tablets and run 

generally once. A maximum weight loss of not more than 1% of the weight of the tablets being 

tested is considered acceptable for most products. In the case of new formulations, an initial 

weight loss of 0.8% would be permitted until sufficient packaging data are obtained to extend the 

limit to a targeted value of 1%. As shown in the table all products of furosemide tablets have 

weight loss less than 1 %. Measurement of tablet friability supplements other physical strength 

measurements, such as tablet 
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Table 3.2 Friability tests of furosemide tablets 

 

Brand Initial Weight (g) Final Weight (g) %  Loss 

Furosemide (Generic) 2.84 2.83 0.35 

Lasix 3.19 3.18 0.31 

Fusix 3.28 3.26 0.61 

 

. 

 

Crushing strength. If obviously cracked, cleaved, or broken tablets are present in the tablet sample 

after tumbling, the sample fails the test. If the results are doubtful or if the weight loss is greater 

than the targeted value, USP recommends the test to be repeated twice and the mean of the three 

be determined. Fusix which is relatively more friable (0.60%) has low tablet crushing strength 

(33.50 ±3.33) while furosemide (generic) has high tablet crushing strength (89.17± 14.61), but 

less friable (0.35 %) which is in accordance with the theoretical relationship of tablet friability, 

and crushing strength i.e. as the crushing strength increases friability decreases and vicversa. 

 

3.6 Chemical assay 

Chemical assay of each drug used in the study are analyzed using official methods in the specific 

monographs. The methods for each drug is selected by taking the availability of instruments and 

cost effectiveness into consideration. Methyldopa is analyzed using the method described in USP, 

and it should contain not less than 90.0 percent and not more than 110.0 percent of the labeled 

amount. Furosemide and propranolol are analyzed with the method described in BP and 

furosemide should contain 95.0 to 105.0% of the stated amount and propranolol 92.5 to 107.5% 

of the stated amount. Assay result is depicted in table 3.3. The results showed that assay results of 

Aldomet and Dopegyt are within the pharmacopoeial limits while that of methyldopa (generic) is 

out of the pharmacopoeial limit. The statistical results of assay of methyldopa products showed 

that no significant difference between Dopegyt vs. Aldomet and Dopegyt vs. methyldopa generic 

(P>0.05) but the difference between Aldomet and methyldopa generic is significant (P<0.05).   
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Table 3.3 Assay results 

 

Drug Product Assay results  

(%W/W ±RSD) 

Methyldopa (Generic) 112.96± 1.13 

Aldomet 107.46± 2.79 

Methyldopa 250 mg tabs. 

Dopegyt 109.88± 0.93 

Furosemide (Generic) 98.4± 0.80 

Lasix 100.21± 2.14 

Furosemide 40 mg tabs. 

Fusix 100.04± 1.29 

Propranolol (generic) 101.49±0.71 

Inderal 100.86 ±0.26 

Propranolol 40 mg tabs. 

Emforal 104.68 ±1.61 

 

 

As shown in the table all products of furosemide showed assay results within the pharmacopoeial 

limit. With 95 % confidence interval, assay results of furosemide generic product showed that it is 

significantly different from the two brands (P< 0.05) and the two brands didn’t show significant 

difference between each other (P>0.05). Statistically, the results indicate that the generic product 

of furosemide is not equivalent to brand products included in the study with respect chemical 

assay. On the other hand assay results of all products of propranolol are within the 

pharmacopoeial limitations; statistically Emforal showed extremely significant difference 

(P<0.0001) from the two products of propranolol and the difference of propranolol generic and 

Inderal is not significant (P>0.05). 

 

3.7 Uniformity of dosage units 

As per the USP/NF, the uniformity of dosage units can be demonstrated by either of two methods, 

weight variation or content uniformity [USP XXVII]. 
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3.7.1 Content Uniformity 

The test for content uniformity is required for coated tablets, except film-coated tablets that 

contained 50 mg or more of an active ingredient [USP XXVII]. Hence dosage unit uniformity of 

furosemide 40 mg and propranolol 40 mg tablets is demonstrated by content uniformity test as 

these products are containing active ingredient less than 50 mg. The requirements for dosage 

uniformity as per USP/NF, are met if the amount of the active ingredient in each of the 10 dosage 

units as determined from the content uniformity method lies within the range of 85.0% to 115.0% 

of the label claim and the relative standard deviation is less than or equal to 6.0%. The results of 

content uniformity test are depicted in table 3.4. The results showed that the tested dosage forms 

are within the pharmacopoeial limit. But, statistically, with 95% confidence interval, the results 

showed that there is significant difference among the tablets in each product for furosemide tabs 

(Lasix P<0.0001, Fusix P< 0.0001 and furosemide generic P<0.0001) but no significant 

difference (P= 0.921) between products. Hence, the two brands and generic product of 

furosemide are equivalent with respect to content uniformity test.  

 

With 95 % confidence interval, the tablets in Emforal showed significant difference (P<0.05) and 

in Inderal the difference is extremely significant (P<0.0001) and generic product showed non-

significant difference (P>0.05). In line with the above results, the difference of three products of 

propranolol (generic product, Emforal and Inderal) was significant (P<0.001); in which Inderal 

and Emforal showed significant difference (P<0.05) and propranolol generic showed extremely 

significant difference from the two brands. Hence, statistically the products of propranolol are not 

equivalent with respect to content uniformity. 

 

3.7.2 Weight Variation 

When products contain 50 mg or more of an active ingredient comprising 50% or more, by 

weight, of the dosage unit, USP/NF recommends uniformity of dosage units  be demonstrated by 

weight variation. Weight variation test is done by weighing accurately 10 tablets individually, and 

from the result of the assay, the content of active ingredient in each of the 10 tablets will be 

calculated, assuming homogeneous distribution of the active ingredient. 
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Table 3.4 Result of content uniformity test for furosemide and methyldopa tables 

 

Drug Product Average content for 10 tabs 

from content uniformity test 

(%W/W±RSD) 

Furosemide (Generic) 100.52±1.29 

Lasix 99.34±1.27 

Furosemide 40 mg tabs. 

Fusix 100.42± 1.73 

Propranolol (generic) 97.53 ± 2.32 

Inderal 100.76±1.4 

Propranolol 40 mg tabs. 

Emforal 101.68±1.37 

 

The requirements for dosage uniformity as per USP/NF, are met if the amount of the active 

ingredient in each of the 10 dosage units as determined from the weight variation test lies within 

the range of 85.0% to 115.0% of the label claim and the relative standard deviation is less than or 

equal to 6.0%.  The results of weight variation test of methyldopa 250 mg tabs are depicted in 

table 3.5.  As the results show the uniformity of dosage units of methyldopa 250 mg demonstrated 

by weight variation test is within the limits of USP/NF specification. But statistically the three 

products of methyldopa showed extremely significant difference (P<0.0001), indicating that the 

products are not equivalent with respect to uniformity of dosage units. 

 

 

Table 3.5 Weight variation test of methyldopa 250 mg tablets 

 

Drug Product Average content for 10 tabs. 

from weight variation test 

(%W/W ±RSD ) 

Methyldopa (Generic) 113.10± 0.51 

Aldomet 107.21±0.72 

Methyldopa 250 mg tabs. 

Dopegyt 109.81±1.39 
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3.8 Dissolution Test 

A. Methyldopa tablets 

The dissolution profile of each product is tested with the method described in the USP/NF. The 

pharmacopoeia states that 80% of the labeled amount of methyldopa should be released within 20 

min. using USP dissolution apparatus type II.  

 

 

Table 3.6 Time dependent drug releases of different products of methyldopa tablets. 

 

Percent of Drug Released (W/W) Time of 

sampling (Min.) Methyldopa Generic Aldomet Dopegyt 

5 8.38 71.82 59.74 

10 22.40 90.97 89.18 

15 60.18 95.44 92.52 

20 85.57 96.05 93.68 

25 90.01 95.93 93.34 

30 92.16 94.51 94.04 

40 92.81 94.49 93.07 

50 92.43 92.77 92.14 

 

 

The results obtained are presented in table 3.6. As the results show all products of methyldopa 

release grater than 80 % within 20 minutes, Aldomet released 96.04 %, Dopegyt released 93.68 % 

and the generic product released 85.57 %. The time dependent drug release of methyldopa 

products is also presented in fig 3.1 

 

As can be noted from the graph there is an immediate release of the drug from the two brands but 

a relatively slow release from the generic one. The result is inline with disintegration time test of 

the products in which both brands showed immediate disintegration (Dopegyt = 1.00 min and 

Aldomet = 2.00) where as the generic product showed disintegration time of 11.33±1.96 min. 
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Hence the results support that products with longer duration of disintegration time have slow drug 

release and vice versa. When we considered the time taken to release 50% (t50 ) and 90% (t90) of 

drug , both brands released 50% of the drug before 5 min. (Aldomet = 3.6 min. and Dopegyt = 

4.07 min) while the generic product released 50% of the drug after 13.44 min. t90  for both brands 

is found to be around 10 min.( Aldomet = 9.51 and Dopegyt = 10.6) and the brand product 

released 90% of the drug after 25 min. (t90 =25 01 ) indicating that there is significant time 

difference between generic and brand products to release 50% and 90% of labeled amount of the 

drug.   Statistically, when the drug release of the products is compared at 20 min, with 95 % 

confidence interval the generic product is extremely different from the two brand products (P< 

0.001) while the brands show no significant difference (P>0.05). Thus generic and brand products 

of methyldopa showed different in vitro drug release, which might also be reflected, in their in 

vivo bioavailability, suggesting problem of bio inequivalence. 
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Figure 3.1 Dissolution profiles of different products of methyldopa tablets. 
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B. Furosemide tablets 

The dissolution test of furosemide products is also tested using USP/NF method. As per the 

USP/NF specification, furosemide tablets should release not less than 80 % of the labeled amount 

within 60 min. using USP apparatus type II. The results are presented in table 3.7. The result 

revealed that Lasix released 82.67 % which is within the tolerance limit and the generic product 

and Fusix failed to release the minimum amount (Fusix = 71.21% and generic product = 

76.90%).When we consider the t50 of the products, the generic product has t50 at 10.78 min., Lasix 

at 5.88 min. and Fusix at 14.37 min. showing almost a 5 min. difference; but all products didn’t 

show 90% drug release up to 70 min. The dissolution profile of the products is depicted in fig 3.2. 

The percent of drug released at 60 min is also compared. Statistically, with 95 % confidence 

interval, all products of furosemide tablet showed extremely significant difference (P<0.001), 

indicating difference in vitro drug release that might affect the in vivo bioavailability and the 

bioequivalence of the products. 

 

 

 

Table 3.7 Time dependent drug releases of different products of furosemide tablets 

 

Percent of Drug Released (W/W) Time of 

sampling (Min.) Furosemide (Generic) Lasix Fusix 

5 32.97 47.64 28.32 

10 49.30 66.28 42.17 

15 59.31 66.28 51.00 

20 64.42 79.32 57.16 

30 70.90 79.34 59.95 

45 75.25 81.70 64.46 

60 76.91 82.67 71.21 

70 79.46 82.65 73.56 

 

. 
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Figure 3.2 Dissolution profiles of different products of furosemide tablets. 

 

 

Table 3.8 Time dependent drug releases of different products of Propranolol tablets. 

 

Percent of Drug Released (W/W) Time of 

sampling (Min.) Propranolol (Generic) Inderal Emforal 

5 98.12 70.58 96.92 

10 97.18 97.03 101.76 

15 96.15 98.79 101.61 

20 94.71 98.50 101.61 

25 88.75 97.85 100.31 

30 92.95 97.11 99.85 

40 92.20 97.12 98.66 

50 91.53 95.25 97.76 
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C. Propranolol tablets 

Likewise, dissolution profile of propranolol is tested using USP/NF method. As per the USP 

method, propranolol tablets should release 75 % of the labeled amount within 30 min using USP 

type I method. The results show all products of propranolol released greater 75 % of the labeled 

claim within the specified time.  The results are depicted in table 3.8. t50 and t90 of all products are 

also calculated. The t50  of all products was found to be less than 5 min. ( propranolol generic = 

2.53, Inderal = 3.4 min and Emforal = 2.53 min ) and t90 less than 10 min. (propranolol generic = 

4.5 min., Inderal = 8.63 min and Emforal = 4.94 min) indicating immediate drug release. With 95 

% confidence interval, the generic product of propranolol showed extremely significant 

difference with Emforal, (P< 0.001), significant difference with Inderal (P<0.05) and no 

significant difference was observed between the two brands (P> 0.05). Hence the results reveal 

that there is difference in vitro release of generic and brand products of propranolol that might 

affect the in vivo bioavailability of the products as well as their bioequivalence. 
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Figure 3.3 Dissolution profiles of different products of propranolol tablets. 
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In the present study, an attempt was made to evaluate the physicochemical properties of 

antihypertensive drugs of both brand and generic products. The physical properties of tablets such 

as hardness, friability and disintegration of the products assessed were found within the 

pharmacopoeial specification except fusix, lasix and propranolol which show hardness less than 

50 N. A rigid control of dosage unit uniformity and assay of products is extremely important to 

assure safety, efficacy and quality of a given product and to avoid circulation of substandard 

products in the world market.  

 

The products included in this study are found to be as per the compendial specifications with 

respect to assay and uniformity of dosage units except the generic product of methyldopa which is 

found to contain above the maximum percentage limit. Statistical treatment, with 95 % 

confidence interval, of methyldopa products; Aldomet and the generic product showed 

significance difference of assay results. In the same way assay result of the generic product of 

furosemide was found to be significantly different from the brand products included in the study 

and among propranolol products, Emforal was found to be significantly different.  Properly 

designed dissolution test as a proof for in vitro bioequivalence but it should be supported by in 

vivo bioavailability studies as recommended by FDA. Except furosemide generic product and 

fusix, the antihypertensive drugs included in this study released percentage of labeled amount of 

the drug in the specified time. Bioequivalence of multisource and innovator products is an 

important factor to have interchange of medications; products showing significant difference of 

assay results and dissolution profiles could show problem of bioequivalence but it should be 

supported by in vivo studies. 
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� The in vivo bioavailability study of the investigated drugs should be studied to compare 

their efficacy and set the in vitro and in vivo bioequivalence between marketed brand and 

multisource products. 

� The stability of these products should be assessed under different climatic conditions 

(accelerated stability indicating assay) in order to identify if possible to quantify the 

degradation products. 

� There is need of continuous post marketing quality assessment of pharmaceuticals with a 

particular emphasis for drugs that are smuggled through international borders. 
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Annex 1 UV/Visible spectrum of methyldopa BPCRS                                                              
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Annex 2 UV/Visible spectrum of methyldopa in generic product tablets 
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Annex 3 UV/Visible spectrum of methyldopa in Aldomet tablets 
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     Annex 4 UV/Visible spectrum of methyldopa in Dopegyt tablets                                                                                  
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Annex 5 UV/Visible spectrum of Furosemide working standard                                                   
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Annex 6 UV/Visible spectrum of Furosemide in generic product 
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                             Annex 7 UV/Visible spectrum of furosemide in Lasix tablets                          

 

 

 

 

 

 

 

 

 

 

 



 68 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

         Annex 8 UV/Visible spectrum of furosemide in Fusix tablets       
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    Annex 9 UV/Visible spectrum of propranolol working standard                                                   
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      Annex 10 UV/Visible spectrum of propranolol generic product                                    
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        Annex 11 UV/Visible spectrum of propranolol in Inderal tablets                                                                                    
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                 Annex 12 UV/Visible spectrum of propranolol in Emforal tablets                                                                                

                                                             


