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ABSTRACT 

Infection is common in diabetes and in the course of treatment;ampiclox, metronidazole 

andamoxicillin may be co-administered with metformin for treatment. This study was 

therefore designed to evaluate the effects of co-administration of ampiclox, metronidazole   

and amoxicillin on the pharmacokinetics of metformin in type 2 diabetic patients.  

Eighteen patients with age 25-55 years, weight range 50-70 kg, and height 1.5-1.75 m took 

part in the study. The study was divided into two phases with a washout period of seven 

days between the phases. In phase one,metformin alone was administered to all the subjects 

with 150 ml of water after an overnight fasting. In phase two, the subjects were divided 

into three groups, with six subjects ineach group. The first group received a single dose 

ofmetformin with ampiclox, thesecond group receivedmetformin co-administered with 

metronidazole and the third group received metformin with amoxicillin. Blood samples 

were collected at interval of 0, 0.5, 1.5, 3.0, 4.0, 6.0 and 8.0 hours and stored at 

-4
0
C before analysis. Plasma was obtained from the blood and the drug was extracted from 

the plasma using three times its volume of acetonitrile. The samples were analyzed for 

metformin using HPLC method on a reversed phase column C-8,4.6 x 150 nm, mobile 

phase acetonitrile/potassium dihydrogen orthophosphate (21:79), and aUV detector at 236 

nm.  

The absorption rate constant(Ka), mean peak plasma concentration (Cmax), area under the 

curve (AUC), elimination half-life (t1/2β) of metformin alone were 0.46±0.04 hr
-1

, 

1,140.43±0.52, 4,388.72 ±0. 71and 3.8±0.07 hr
-1

respectively. When metformin was co-

administered withampiclox,Ka increased to 0.58 ±0.04, Cmax  to 1.28 ±0.35 µg/ml, while 
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AUC and t1/2β increased to 5,179.71 ±0.02 and 6.2± 0.02 respectively. When metformin 

was co-administered with metronidazole,Ka increasedto 0.59 ±0.03 and Cmaxto 1.35±0.42 

µg /ml, while AUCand t 1/2β increased to 5,179.71 ±0.02 and 6.2± 0.02 hr
-1

 respectively. 

All these increases were found to be significant (p < 0.05). No significant (p< 0.05) 

changes were observed when metformin was co-administered with amoxicillin.  

The findings indicated that ampiclox and metronidazole may have potentiating effects on 

the hypoglycemicaction of metformin. Consequentlydiabetic patients who require ampiclox 

and /or metronidazole in addition to metformin may need adjustment of dose regimen to 

avoid the risk of toxicity. 
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CHAPTER ONE 

1.0 INTRODUCTION 

1.1 Diabetes Mellitus 

Diabetes mellitus is regarded as a complex disease characterized by a grossly abnormal 

pattern of full usage or over utilization of glucose by the liver and underutilization by other 

organs (WHO, 2014). Diabetes is refers to the excessive urination and mellitus is from 

Latin meaning sweetened with honey, and also refer to the high level of glucose in the 

urine. Mellitus distinguishes the disease from diabetes insipidus which is caused by 

impaired renal reabsorption of water (Makaryus and McFarlane, 2013). 

When blood glucose level falls below the renal threshold (10 mmol/l or 180mg/100ml) 

glycosuria ceases in diabetes as does the osmotic diuresis of water and electrolytes. 

Polyuria with dehydration and excessive thirst are thus alleviated. If the blood-glucose falls 

much below normal levels, appetite is stimulated. Also at metabolic level, in addition to 

enabling glucose to pass across cell membranes the transit of amino acids and potassium 

into the cell is enhanced. Insulin regulates carbohydrate utilization and energy production, 

and enhances protein synthesis (Wilcox, 2005). 

Diabetes mellitus is classified by World Health Organization into four main groups: - Type 

1, type 2, gestational diabetes and ―other types‖ (Gardner and Shoback, 2011). The disease 

is characterized with polyuria, nocturia, decreased visual acuity, frequent thirst, dry mouth, 

volvular pruritis in women, severe skin infection, impotence and dark-spot due to skin 

necrosis. Gangrene of the feet and other extremities, coronary artery disease, retinal 
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diseases and parathesis due to neuropathy are complication of diabetes mellitus. Others 

include urinary tract infection due to favorable media, pulmonary or respiratory diseases 

due to depressed body immune system, and skin infections with Staphylococcus organisms 

as a result of skin abrasion (Walker et al., 2014). 

1.1.1 Type 1 – Diabetes mellitus 

Type 1 – Diabetes mellitus- this is formally known as insulin dependent diabetes (IDDM), 

childhood diabetes, it is characterized by loss of insulin – producing β- cells of the islets of 

Langerhans of the pancreas leading to a deficiency of insulin (Shapiro, 2006).   Sensitivity 

and responsiveness to insulin are usually normal, especially in the early stages. Type 1 

diabetes comprise up to 10% of total cases in the North America and Europe, though this 

varies with geographical location (American Diabetes Association (ADA) (2005). This type 

of diabetes mellitus can affect children or adults but was traditionally termed ―juvenile 

diabetes‖ because it represents a majority of cases of diabetes affecting children. The most 

common causes of β-cell loss leading to type 1diabetes is auto-immune destruction, 

accompanied by antibodies directed against insulin. 

It was reported in 2006, that the principal treatment of type 1 diabetes is replacement of 

insulin. Without insulin, ketosis and diabetes ketoacidosis can develop and coma or death 

will result (Razari et al., 2006). 
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1.1.2 Type 2 diabetes mellitus 

Type 2 Diabetes mellitus was previously known as adult onset diabetes, maturity - onset 

diabetes or non-insulin dependent diabetes mellitus (NIDDM). This is because of the fact 

that, there is defective insulin secretion and insulin resistance or reduced insulin sensitivity 

(defective responsiveness of tissue to insulin), which almost certainly involves the insulin 

receptor in the cell membrane. In the early stage, the pronominal abnormality is reduced i.e. 

reduced insulin sensitivity characterized by elevated level of insulin in the blood. At this 

stage, hyperglycaemia can be reversed by a variety of measure and medications that 

improve insulin sensitively or reduce glucose production by the liver, but as the disease 

progress, the impairment of insulin secretion worsens, and therapeutic replacement of 

insulin often become necessary (Weiss and Sumpio, 2006). There are numerous theories as 

to the exact cause and mechanism for this resistance but central obesity (Fat concentrated 

around the waist in relation to abdominal organs)  is known to predispose for insulin 

resistance, possibly due to its secretion of adipokins (a group of hormone) that impair 

glucose tolerance (Knowler et al., 2002). 

1.1.3 Gestational diabetes mellitus 

Gestational diabetes mellitus is the type of diabetes that involves a combination of 

inadequate insulin secretion and responsiveness resembling type 2 diabetes in several 

respects. Studies have shown that it is normally developed during pregnancy and may 

improve or disappear after delivery although it may be transient or may damage the health 

of the mother or foetus.  About 20 – 50% of women with gestational diabetes develop type 

2 diabetes mellitus later in life (Stuebe et al., 2005). 
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It was observed that gestational diabetes mellitus (GDM) occurs in about 2-5% of all 

pregnancies (Stuebe et al., 2005).  It is temporary and fully treatable but, if left untreated it 

may cause problems with pregnancy, such as microsomal (high birth weight), fetal 

malfunction and congenital heart diseases. It requires careful medical supervision during 

the pregnancy (Stuebe et al., 2005). In large population, clinical investigation includes 

detecting sugar level of patients; and level above 7mml/l is a strong indication of the 

disease condition. Management plan for diabetic patients involves diet and oral 

hypoglycaemic agent, regular exercise, education of patients and insulin therapy (Fowler, 

2007). 

1.1.4 Incidence of diabetic mellitus 

According to World Health Organization and the American Diabetic Association‘s criteria, 

an adult is considered diabetic if fasting blood sugar measured  exceeds 8mmol/l on more 

than one occasion, or if on two occasions, the concentration of glucose  exceeds 11mmol/l  

30, 60, 90 minutes after ingesting about 75 g glucose and remains about this levels two 

hours after ingestion (ADA,2013).  

Diabetes mellitus is one of the major causes of death in Europe and the United States 

(Fowler, 2007). From various studies, 5% of the general population of the USA will 

eventually develop the disease. The prevalence is similar to other countries. About 

382,000,000 people of the World population have been reported to be afflicted with 

diabetes mellitus (Melmed et al., 2012; Shi and Hu, 2014). In Zaria and environs, about one 

out of 50 cases in the Department of medicine Ahmadu Bello University Teaching 

Hospital, Zaria are diabetic. The rate of hospital visit among the affected group of the rural 
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dwellers is quite low as they often resort to traditional medication and only visit the 

hospital when their condition worsens. The demand for constant checkups also made some 

patients to abandon the therapy altogether among this group (DAN, 2011). 

1.2 Statementofthe Research Problem. 

Successful treatment of diabetes is usually measured by the degree to which various 

infections and complications of the disaster are prevented. It is on this basis that multiple 

drugs therapy in diabetics cannot be ruled out.  

The prescription pattern in the diabetic clinic of Ahmadu Bello University Teaching 

Hospital Zaria,for infected diabetics patients show a combination of ampiclox or 

metronidazole or amoxicillin together with metformin. This combination may lead to 

interaction resulting in toxicity or therapeuticfailure. There are no documented records of  

prior studies of the effects of co-administration of ampiclox, metronidazole and/ or 

amoxicillin on the pharmacokinetics of metformin in type 2 diabetic patients attending  the 

diabetic clinic of  Ahmadu Bello University TeachingHospital, Zaria. 

1.3Justification 

The use of several drugs often is essential to obtain a therapeutic objective or to treat 

coexisting disease. Multiple drug therapy can give rise to drug interactions which can be of 

concern, because the outcome of concomitant drug administration could diminish 

therapeutic efficacy or increased toxicity of one or more of the administered 

drugs.Consequently there is theneed to evaluate the possible drug-drug interactions that are 

likely to occur in such cases. 
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1.4 Aim and Objectives 

The aim of the study is to determine the effects of ampiclox, metronidazole and 

amoxicillinif any on the pharmacokinetics of metformin in the treatment of type 2 diabetic 

patients. 

The objectives of the study are to: 

 assess the quality of all the drugs used in the study. 

 optimize and validate the adopted method of analysis. 

 Generate pharmacokinetic profile of metformin in the type 2 diabetic patients to be 

used in this study. 

 evaluate the effects of concomitant administration of ampiclox, metronidazole 

tablets and amoxicillin capsules on the pharmacokinetic profile of metformin. 

1.5 Research Hypothesis 

 Ampiclox, metronidazole and amoxicillin will have significant effects on the 

pharmacokinetics of metformin in type 2 diabetic patients. 
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CHAPTER TWO 

2.0 LITRATURE REVIEW 

2.1 Pharmacokinetics 

The overall biological response of an organism to a drug depends on two major 

phenomena: one termed the pharmacodynamics response is the action of the drug at 

specialized and specified sites in the body to give a pharmacological response. The other 

pharmacokinetic, is the action of the organism on the drug to impede its penetration or 

absorption, to dilute, distribute, transformed excrete the active principles, and thus diminish 

its availability at the site of action. The elucidation of the parameters which describes these 

procedures which modify the time –course of the active drug in the body is a function of 

pharmacokinetics (Rosenbaum, 2012). 

Pharmacokinetics deals with changes of concentration of drug and or its metabolites in the 

human or animal body following administration. That is, the change of drug concentration 

in different body fluids and tissues in the dynamic system of liberation, absorption, 

distribution, metabolism and excretion (Sakai, 2008; Rosenbaum, 2012). 

Pharmacokinetic knowledge provides the followings: 

 Estimation of rates of absorption, metabolism and urinary excretion. 

 Bioavailability – estimation of relative extent of absorption and relative rate of 

absorption following administration of two or more products or formulations 

 Prediction of blood levels after multiple doses from blood levels measured after 

single dose. 
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 Determining quantitative effects of drugs in patients. 

 Aid in elucidation of drug interactions. 

 Aid in determining effect of plasma protein binding of drug distribution. 

When applied to therapy, clinical pharmacokinetics are used for selecting and adjusting 

drug dosage schedules and to facilitate the interpretation of measured serum concentration 

of drugs (Khillon and Gill, 2006; Rosenbaum, 2012). 

2.1.1 Pharmacokineticparameters 

Some of the most useful pharmacokinetic parameters obtained following drug 

administration include: - 

Absorption half-life (t½ abs), area under the curve (AUC), systemic and total body 

clearance (Cl),  volume of distribution and rate constant, elimination half-life (t½ elim ) and 

absorption/ elimination rate constant (DiPiro et al., 2010; Rosenbaum, 2012). Others are 

lag time, Cmax, Tmax 

2.1.1.1 Area under the curve (AUC) 

This is the integral of drug blood level over time from zero to infinity and is a measure of 

quantity of drug absorbed (Bioavailability) in the body. Methods of calculating area under 

the curve are discussed by various authors (DiPiro et al., 2010; Rosenbaum, 2012) 

The methods include planimetry, cut and weigh methods, trapezoidal rule and computer 

applications. Many authors have also used the areas under the curve analysis to develop a 

pharmacokinetic pathway to obtain the rate constant associated with the proposed 
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pharmacokinetic model which is important for calculating plasma clearance and apparent 

volume of distribution. 

2.2.1.2 Apparent volume of distribution 

This is defined as the volume in which the amount of drug in the body would need to be 

uniformly distributed to produce the observed plasma concentration, i.e. higher the volume 

of distribution the more extensively the drug distributed from the blood stream into the 

various tissues, organs and binding site of the body. The concept of volume of distribution 

is used to relate the plasma concentration of a drug to a dose administered (if no 

elimination has occurred or to the amount of drug in the body), the apparent volume of 

distribution does not relate to the physiological or anatomical space, but provided an 

estimateof body fluid compartment and its uptake by tissue. 

 Vd can be determined from the following relationship. 

 

Value  F = Bioavailability 

D = Dose 

AUC = Area under the Curve  

2.2.1.4 Elimination half-Life (Elim t ½β). 

It is the time taken for half the amount of the drug present in the body to be eliminated 

either by excretion or metabolism or both. In practical terms, it is the time taken for the 

plasma concentration to reduce by 50% of its original value (Remington , 2005; DiPiro et 

al., 2010; Rosenbaum, 2012), and can be determined for both one and two compartment  
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model. This is supported mathematically by combining of function to give 

    

Elimination half-life is a useful parameter in the determination of suitable dosage interval 

and the time required to attain steady state during intravenous or chronic therapy 

(Remington, 2005; DiPiro et al., 2010; Rosenbaum, 2012). 

2.2.1.5 Absorption half-Life (t½α) 

This is the time taken for half the amount of the drug to be absorbed into the systemic 

circulations. In practical terms, it is the time taken for the plasma concentration to reach 

half concentration of the drug administered 

Mathematically it can be calculation by equation as follows:- 

 Where Ka = Absorption rate constant 

2.2.1.6 Relationship among Pharmacokinetics Parameters 

Clearance (CI) and volume of distribution (V) are two major pharmacokinetic parameters 

that influence the shape of the plasma concentration-time profile of drug after different 

routes of administration. The CI and V of drugs represent distinct processes in the body 

(elimination and distribution, respectively) which are independent of each other. However, 

a third parameter, elimination half-life (t1/2) (or rate constant, K) is a reflection of the extent 

of both distribution and elimination, thus depending on both CI and V. There is a 

mathematical relationship among these 3 parameter which allows estimation of the third 

parameter when the other two are known. 

However, the use of equation without a complete understanding of the physiological 

relationship among those parameters and their interdependency may result in erroneous 
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estimation of CI or V when there is a change in the kinetics of the drug based on the 

assumption of one-component linear kinetics (Reza, 2004). 

The physiological relationship among pharmacokinetics parameters i.e. clearance of drug in 

human is dependent on certain physiological parameters of the subject and physicochemical 

properties of the drug. For a particular drug, clearance varies among different subject 

because each subject may exhibit different physiological parameters. For example 

metabolic clearance of drugs by the liver is dependent on hepatic blood flow, degree of 

protein binding of the drug in blood and the intrinsic capability of the liver enzymes to 

metabolize the drugs. If one or more of these parameters are changed in a patient because 

of the disease states, interacting drugs or environmental factors, the clearance of the drug in 

the patient may change for instance; rifampicin induces the liver enzyme responsible for the 

metabolism of warfarin (O‘ Reilly, 2001). Therefore, in the presence of rifampicin, the 

hepatic clearance of warfarin is significantly increased. 

The extent of distribution of drugs however, is independent of their clearance. Therefore, a 

change in the clearance of a drug does not necessarily alter the distribution. Indeed, an 

increase in the clearance of warfarin because of enzyme induction by rifampicin did not 

affect the volume of distribution of the drug. Similar to clearance, the distribution is 

dependent on certain physiological parameters of the patient and physicochemical 

properties of the drug, such as tissue perfusion, permeability of tissues to drug, plasma and 

tissue binding, and the volume of body water. Therefore, a change in any of these 

parameters resulting from interacting drugs, disease states, and/or age, may affect the 

volume of distribution of the drug independent of what may or may not happen to its 
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clearance. For example, the volume of distribution of gentamycin is reduced in patient with 

sepsis who are dehydrated (Lingvall et al., 2005).  

However, the renal function and the clearance of gentamycin may be normal in these 

patients. Therefore, clearance and volume of distribution are independent of each other and 

may change in the absence of a change in the other. In some situations, it is possible that 

both major kinetics parameters clearance and volume of distributionchanges 

simultaneously. However, the changes in volume (V) and clearance    (CL) are independent 

of each other, and because of the underlying mechanism(s) that affects both processes.  

In contrast to CL and V, which signify certain physiological processes, the elimination half-

life (or rate constant) does not represent any independent processes by itself and is 

influenced by both the distribution and elimination processes. An increase in clearance 

(elimination efficiency) results in a reduction in the half-life (an increase in K). This is easy 

to understand because the more efficient the elimination pathway, the faster is the decline 

in the plasma concentrations. An increase in V, however, results in prolongation of half-life 

(a decrease in K). This is because an increased V results in a more extensive distribution 

into the tissues, where the drug is safe from elimination.  

2.2CompartmentModels 

Compartment models are used to describe and interprete a set of data obtained by 

experimentation. A model in pharmacokinetics is a hypothetical structure which can be 

used to characterize the behaviour and reproducibility and the fate of a drug in biological 

system when given by a certain route of administration and in a particular dosage form. 
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A compartment is an entity which can be described by a definite volume and a 

concentration of a drug contained in a volume. The compartments are classified into one or 

two or multi compartment (Gibaldi and Perrier, 1991). 

Before any equation may be derived from these models, some basic assumptions have to be 

made. Firstly drugs enter the system only via the central compartment. Secondly, reversible 

transfer occurs between a central and peripheral compartment, and thirdly, the exit of drugs 

from all compartment in the system is described by first order elimination rate constant 

which has units of reciprocal time like min
-1

or hr
-1

(Paxton, 1989). All these assumptions 

are relatively valid for most drugs. The majority of the drugs enter the body via the blood 

stream and from the blood stream via the kidney.  

There are few exceptions which are primarily eliminated by biotransformation, and if given 

in high doses results in saturation of the metabolic enzyme system. The elimination kinetics 

then becomes zero order which means that, rate constant are independent of drug 

concentration (Paxton, 1989). 

2.2.1 Single or one compartment model 

This is the simplest model which depicts the body as a single homogeneous unit in which 

when the drug enters the body it is distributed instantly between the blood and body fluid or 

tissues (that is, the exchange of drug between the plasma and tissue proceeds rapidly 

compared with the rate of elimination). In this compartment, the whole body is considered 

mathematically as a single compartment, this model is useful in the pharmacokinetics 

analysis of salivary and urinary excretion data for drugs which are rapidly distributed 



14 

 

between plasma and other body fluids and tissues upon entry in to the systemic circulation 

(Remington, 2005). 

The assumption that the body behaves as a one compartment – model does not mean that 

the drug concentration in all body tissues at any given time are the same. However, from 

one compartment model, it is assumed that any changes that occur in the plasma 

quantitatively reflect changes occurring in tissues drug level: - 

Assuming instantaneous distribution after I.V injection into this model, the concentration 

(Co) in the plasma immediately after injection is equal to the dose (D) divide by the volume 

of this compartment (Vd) 

Central Compartment 

 

 

 

Drug Dosage     Elimination(by metabolism, excretion). 

        

  

 

Figure 2.1: A single compartment model, rapid (iv) injection of drug in to a single  

compartment (Paxton, 1989). 

The apparent volume of distribution (Vd) of the drug is not a true volume, but that volume 

into which all drug in the body will appear to be distributed to achieve a concentration 

same as that in the plasma (Sakai, 2008).  
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2.2.2 Two compartment model 

The plasma concentration – time curve of a drug is often not a straight line on a semi-log 

plot (Paxton, 1989). If distribution of the drug is however so slow that it cannot be 

disregarded, a model must then be considered which contained a central compartment and 

at least one other peripheral compartment Figure 1.2 illustrate this compartment model. 

        Central    Peripheral 

i.v dose  V1        K       V2 K1 and K2 are  transfer rate 

         K2    constants between the two  

       Distribution    compartments 

 

      Elimination 

Figure 2.2 Showing two compartment model (Paxton, 1989). 

Drugs distribute within a few minutes through this compartment and equilibrium between 

plasma and tissue is rapidly established. The peripheral compartments are then formed by 

less perfused tissues like skin, muscle, or adipose tissue in which drugs enter more slowly.  

The combined effect of two compartments give rise to a biphasic curve on i.v injection with 

two distinct linear portions when drawn on a semi-log, scale as shown in figure2.3 
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      Time 

Figure 2.3 Showing plasma log-concentration Vs time curve for a two compartment 

model. 

Although drug distribution is slow, it is usually much faster than elimination. Thus, the                                       

initial rapid fall in concentration (the α-phase) mainly represents the relatively rapid 

process of drug distribution from central to peripheral compartment. Once distribution is 

complete, the curve enters the relatively slow (β-phase) or elimination phase during which 

drug disappearance is determined mainly by irreversible elimination from the central 

compartment (Gibaldi and Perrier, 1991). 

The two compartment model may be expanded to contain additional compartment which 

can be described mathematically as the sum of as many individual exponential function as 

Plasma 
Conc 
(Log. 

Sca) 
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there are relevant compartment (Multiple Compartment models). In reality, a maximum of 

three compartments is allowed in assay techniques, (Tozer, 1979). 

2.3 Elimination 

The term elimination is used to express the removal of drug activity from the body. Drug 

effects are usually terminated by two processes of elimination, metabolism or excretion 

(Namara et al., 1979). Metabolism or drug biotransformation chiefly occurs in the liver, but 

can also occur in plasma, gastrointestinal tract, kidney and lungs. The biochemical 

mechanism which is complex, but common to all is an increase in the water solubility or 

polarity of the metabolic product as compared with the parent drug. This means there is a 

progressive decrease in lipid solubility which makes metabolites less able to enter cells and 

more readily excreted in the urine. Metabolism usually leads to deactivation and loss of 

pharmacological activity. However, an increase number of exceptions to this rule are 

becoming apparent (Vesta and Wood, 1987).The other process of elimination is excretion 

of the unchanged drug (and metabolite).This takes place mainly in the urine, although 

biliary excretion and from there into feaces may be important for some drugs (Paxton, 

1989). Other minor routes of excretion include exhalation of some anaesthetics by the lungs 

(Rowland, 1988). 

2.4 Bioavailability 

It is important to distinguish between the rate and extent of drug absorption and the amount 

of drug that ultimately reaches the systemic circulation. The amount of drug that reaches 

the system circulations depend not only on the administered dose but also on the fraction of 
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the dose (f) that is absorbed and escape any first-pass elimination, the fraction is the drug 

bioavailability (Rowland, 1988).  

Bioavailability is the term used to indicate measurement of the relative amount of an 

administered dose that reaches the systemic circulation. The absolute bioavailability of an 

oral dose by any other route cannot be determined unless an intravenous study with the 

same dose in the same subject is performed (Remington, 2005). 

It is worthwhile noting here that a low oral bioavailability may not necessarily indicate 

poor absorption. Loss of drug to various degrees may occur due to rapid uptake and 

metabolism in the liver, as the drug is being transferred by the portal system from its 

absorption site in the gastrointestinal treat to the general circulation (Remington, 2005).  

The so-called ―first-pass elimination‖ during the first circulation through the organ is 

observed for a number of drugs in common use, such as propranolol and aloprenolol. Many 

other drugs such as morphine and lignocain have extensive first-pass elimination that they 

are rarely given orally (Paxton, 1989). According to this understanding of bioavailability, 

the absorption of an intravenously administered drug is rapid and complete (Paxton, 1989). 

The therapeutic action of a drug is dependent on an adequate concentration of the drug 

reaching the site of action and this concentration is dependent on the passage of the drug 

across the biological membranes. The rate and extent of absorption of a drug by the body is 

influenced by a number of biological and physiological factors but it may be affected also 

by the rate at which the drug dissolves in the body fluid at or before the site of absorption, 

(Rowland, 1988).  



19 

 

Both the effective disposal of the drug particles in the body fluid and its solubility may 

affect the rate of dissolution. These factors may be dependent on the physiochemical 

characteristics of the drug itself and on other materials and manufacturing processes used in 

the preparation of the dosage form (Rowland, 1988). 

Bioavailability or bioequivalence studies are usually based on measurement of the active 

drug moiety or and its metabolite(s), in biological fluid as a function of time . In vivo 

bioavailability testing in human usually dictates that the biological fluid sample be limited 

to blood, urine and saliva (Benet and Haener, 2002). 

 

Max plasma concentration       Cp 

 

 

 

 

  

Tp                                     Time 

 

Figure 2.4:  A plasma –time curve obtained after oral administration of a dosage. 

The shape of the curve is dependent on number of factors: - 

Elimination of the drug begins as soon as it appear in the blood and absorption distribution 

and elimination (metabolism) and will all modify the shape of the curve. 

There are three important parameters that can be derived from the curve these are:- 
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 The peak plasma (Cmax) 

 The time of the peak plasma curve (Tmax) and  

 Area under the plasma level versus time curve (AUC) (Khillon and Gill, 2006). 

The first two parameter, Cmax and Tmax are related to one another and are used as a measure 

of the rate of bioavailability from the dosage form. The extent absorption is related to the 

third parameter i.e. AUC (Gibaldi and Perrier 1991; Sakai, 2008; Khillon and Gill, 2006). 

The determination of ―absolute bioavailability‖ of a drug involves a comparison of AUC 

obtained following oral and intravenous administration. This is often not possible, and in 

such cases, relative bioavailability is determined by comparing the area under the curve of 

the test drug and a secondary reference standard such as an orally administered solution of 

the drug or dosage form, which has been accepted as a standard (Sakai, 2008; Khillon and 

Gill, 2006). 

The plasma level of some drugs may be very low such that an easy method sensitive 

enough to measure these levels may not be available. Other drugs have long half life and 

the determination of the total area under the plasma concentration- time curve requires 

plasma samples to be obtained for excessively long period of time. This is some time 

desirable to determine availability based on steady state plasma drug level following 

multiple dosing (Sakai, 2008; Khillon and Gill, 2006). To measure bioavailability area 

under the curve is required. The most commonly employed methods for calculating AUC 

are the cut and weigh method, planimetry, trapezoidal rule and by computer operations 

(Bakare, 1991; Sakai, 2008; Khillon and Gill, 2006). 
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Important area of application of bioavailability include, determination of drug interaction, 

the effect of food on drug disposition following ingestionthat is drug-food interaction) and 

determination of those formulation factors that alters the bioavailability of an active 

ingredient in a drug product or products (Bakare, 1991)  

2.4.1 Factors influencing drug bioavailability 

The most widely used oral dosage form is compressed tablet which often present 

bioavailability problems due to the reduction in drug surface area in the formulation in 

addition to the excipients and tableting methodologiesused (Rowland, 1988). 

Absorption may also be affected by same dosage forms from different manufacturers and 

also by different batches of a dosage form from a single source. Most common 

conventional oral dosage form in decreasing order of relative dissolution and absorption 

rates are  solutions, suspensions, capsules, tablets, coated tablet and sustained release 

preparations (Muir et al., 1997; Smith and Williams, 2006; Tomlin, 2010). 

The crystal form in which drug is presented to the patients is also an important factor 

influencing bioavailability of drug. The crystal form of a drug may change because the 

substance exhibit polymorphism. Drug may interact reversely to form complexes with 

substances occurring in the body or with pharmacologically inactive compounds of the 

pharmaceutical dosage form. 

Pharmaceutical factors are therefore extremely important in the control of drug availability. 

In addition to the drug substance, there are excipient, disintegrating agents, binders, 

diluents, lubricants and dyes, all of which may contribute to the performance of the dosage 

form as a drug delivery system. The active drug substance may comprise less than 10% of 
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the total tablet weight, under conditions of fast disintegration; the dissolution rate of the 

solid dosage form will limit the appearance of drug in the blood (Benet and Sheiner, 1985; 

Smith and Williams, 2006; Tomlin, 2010). Another important factor is the influence of 

food and specific dietary component (William et al., 1996; Smith and Williams, 2006; 

Tomlin, 2010). The presence of food have shown to decrease, delay, increase or not to 

affect drug absorption (Burton et al., 2006).The following factors have been found to be 

responsible for the observed effects. That is, the type of drug and dosage form, the nature 

and size of meals, fluid intake, the condition of the subject and the time sequence between 

dieting and drug administration (Bakare, 1991).  

Drug-drug interactions could also affect bioavailability. Drug interaction could be direct as 

in the case of tetracycline chelating metallic ions or indirect as in the case of increase 

acetaminophen absorption through the stimulating effect of metochlopropamide on the 

stomach emptying rate (Ivan, 1994; Greenblatt et al., 2002; McCabeet al., 2005; Esimone, 

2011). 

Volumes of co-administered fluid many have a considerable effect on drug absorption. 

Drug absorption might be expected to occur more rapidly from concentrated solution than 

diluted solutions; nevertheless, the reverse appears to be the case. The pharmaceutical 

actively of sodium phenobarbitone and also the circulating level of salicylates, were greater 

from dilute than from concentrated solution (McCabe et al., 2005). 

Age, pregnancy, stress, disease state, cigarette smoking and exposure to chemicals such as 

insecticide also affect drug disposition. Gender is also a significant variable in some 

animals but appear to be less in humans (Greenblatt et al., 2002) 
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2.5DrugDrug Interactions 

Drug- drug interaction is a phenomenon which occurs when the effects of one drug are 

modified by the prior or concurrent administration of another drug. This may arise as a 

result of either alteration of absorption, distribution, biotransformation or excretion of one 

drug by the other or from combination of their actions or effects. This action can be 

synergistic (when drug‘s effect is increased) or a new effect can be produced that neither 

produces on its own (Haider, et al.,2007). However, interactions may also exist between 

drugs and food (drug – food interactions) as well as drug and medicinal plants or herbs 

(drug- herb interaction). It is therefore easy to see the importance of these pharmaceutical 

interactions in the practice of medicine. It was reported that, if a patient is taking two drugs 

and one of them increase the effect of the other, it is possible that overdose may occur. 

Interaction of two drugs may also increase the risk of side effect to occur. On the other 

hand, if the action of the drug is reduced it may cease to have any therapeutic use because 

of under dosage (Marine et al., 2005). Notwithstanding the above, on occasion, these 

interactions may be sought in order to obtain an improved therapeutic effect (McCabe et 

al., 2005; Esimone, 2011). It is also possible for interaction to occur outside an organism 

before administration of the drug has taken place. This could happen when two drugs are 

mixed for instance in a saline solution prior to intravenous injection.  

Drug interactions that are of greatest concern are those that reduce the desired effects or 

increase the adverse effects of the drugs. Drugs that increase absorption or reduce the 

elimination or metabolism of the drugs, increase the concentration of other drugs in the 

body and lead to increase amount of drugs in the body and more side effects (Merle et al., 

2005). 
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2.5.1 Drug absorption interactions 

Absorption of drugs from the gastrointestinal tract is the most part understandable in terms 

of simple diffusion across the gastro intestinal epithelium. The rate of such diffusion is 

proportional to the lipid solubility of the compound in question. The absorption is complete 

process that depends on many physiological factors such as pH, blood flow, gastric 

emptying time, solubility complexation. If the drug is a weak acid or bases, it is non-

ionized form, it said to be more lipid soluble and the pH within the gastrointestinal tract 

become a major determinant. Alcohol soluble non- electrolyte is rapidly absorbed into the 

blood stream by diffusion across the gastric intestinal mucosa. On the other hand, weak 

base such as quinidine and ephedrine which are predominantly ionized at the pH of the 

gastric juice, are poorly absorbed through the gastric mucosa and are absorbed through the 

intestinal mucosa.    

Weak acids such as salicylate and barbiturates which are predominantly non- ionized in 

acid gastric contents and are more readily absorbed from the stomach (Led Sack et al., 

1992; Kashuba and Bertino, 2006). Absorption interaction usually results into reduction in 

the rate of absorption and the total amount of drug absorbed so that the drug‘s effects are 

reduced or abolished.  

2.5.2 Drug receptor interactions 

The binding forces that holds a drug in combination with its receptor arise from the 

numerous bonds existing in the body system are as follows: - covalent, ionic, and vander-

Waals forces. Conformational changes in the drug-receptor combination cause changes in 

the effect of drug other than the ones known. Structuralvariations in the drug molecule 
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cause marked changes in its potency as in the case with narcotic analgesics (Maehle et al., 

2002; Limbird, 2004). 

2.5.3 Drug excretion interactions 

Only the free fraction of a drug is dissolved in the blood plasma can be removed through 

the kidney. Therefore, drug that are tightly bound to proteins are not available for renal 

excretion as long as they are not metabolizedwhen they may be eliminated as metabolites. 

(Haider et al., 2007). 

Changes in renal function can modify a number of pharmacokinetic processes thereby 

leading to unanticipated drug interaction (Maehle et al., 2002).Creatinine clearance is used 

as a measure of kidney functioning but it is only useful in cases where the drug is excreted 

in an unaltered form in the urine. The excretion of drugs from the kidney's nephrons has the 

same properties as that of any other organic solute: passive filtration, reabsorption and 

active secretion. In the latter phase the secretion of drugs is an active process that is subject 

to conditions relating to the saturability of the transported molecule and competition 

between substrates. Therefore these are key sites where interactions between drugs could 

occur. Filtration depends on a number of factors including the pH of the urine, it having 

been shown that the drugs that act as weak bases are increasingly excreted as the pH of the 

urine becomes more acidic, and the inverse is true for weak acids (Taro,  2004). 

In the latter phase, the secretion of drugs is an active process that is subject to conditions 

relating to the saturability of the transported molecule and competition between substrate. 

Therefore, these are the key site where interactions between drugs could occur. Filtration 

depends on a number of factors including the pH of the urine, having been shown that the 

https://en.wikipedia.org/wiki/Creatinine_clearance
https://en.wikipedia.org/wiki/PH
https://en.wikipedia.org/wiki/Base_%28chemistry%29
https://en.wikipedia.org/wiki/Weak_acid
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drugs that act as weak base are increasingly excreted as the pH of the urine becomes more 

acidic and the inverse is true for weak acids.This mechanism is of great use when treating 

intoxications (by making the urine more acidic or more alkali) and it is also used by some 

drugs and herbal products to produce their interactive effect. (Barley et al., 1998; Kashuba 

and Bertino, 2006).     

2.5.4   Pharmacodynamic interactions 

The changes in an organisms‘ response on administration of a drug is an important factor in 

pharmacodynamic interaction. These changes are extraordinarily different to classify given 

the wide variety of models of action that exist and the fact that many drugs can cause their 

effect through a number of different mechanisms. Pharmacodynamics interactions occur 

when one drug directly alters the molecular, cellular or physiological action of another. 

Example of pharmacodynamics interaction is as follows:- 

The increased effect produced by the two drugs acting at different receptor site such as 

interaction often results in an effect which is greater than the sum of the component effect 

(i.e. potentiation)(Ameer and Waintraub,1997). 

2.5.5 Clinical significance and importance of drug interaction 

In the past, medical practitioners prescribed many drugs to a patient at a particular time   

and thus, new interactions between medications are increasingly reported (Middleton, 

2006). Complexity of this type of prescription is likely to have had considerable effect in 

susceptible patients. In modern medicine, this problem is described as polypharmacy. 

Consequently, it is no longer practical for physicians to rely on memory alone to avoid 

potential drug-drug interactions. Multiple drug regimens carry the risk of adverse 
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interactions. Precipitant drugs modify the object drugs absorption, distribution, metabolism 

excretion or actual clinical effect. From the result of various drugs interactions, certain 

lessons that are drawn can be summarized as follows: 

 Polypharmacy is wide spread in modern medical practice and there has been a large 

increase in the number of potentially significant drug interaction. 

 Drug- drug interaction data obtained from healthy human volunteers will provide 

potentially useful information, which should be extrapolated with caution to disease 

individuals. 
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2.6Metformin 

2.6.1. Chemistry of metformin 

Metformin was first synthesized and found to reduce blood sugar in the 1920s; metformin 

was forgotten as research shifted to insulin and other antidiabetic drugs. Interest in 

metformin was rekindled in the late 1940s after several reports that it could reduce blood 

sugar levels in people, and in 1957, French physician Jean Sterne published the first clinical 

trial of metformin as a treatment for diabetes. It was introduced to the United Kingdom in 

1958, Canada in 1972, and the United States in 1995. Metformin is now believed to be the 

most widely prescribed antidiabetic drug in the world; in the United States alone, more than 

48 million prescriptions were filled in 2010 for its generic formulations (Bailey and Day, 

2004). 

The usual synthesis of metformin, originally described in 1922 and reproduced in multiple 

later patents and publications, involves the reaction of dimethylamine hydrochloride and 2-

cyanoguanidine (dicyandiamide) with heating. 

 

 

(1) (2)  (3) 
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Metformin hydrochloride {N,N-dimethylbiguanide hydrochloride} is a white to off-white 

crystalline compound with a molecular formula of C4H11N5 • HCl and a molecular weight 

of 165.63. Metformin hydrochloride is freely soluble in water and is practically insoluble in 

acetone, ether, and chloroform. The pKa of metformin is 12.4. The pH of a 1% aqueous 

solution of metformin hydrochloride is 6.68. It has a melting point of 218-220
0
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NH

Me2N NH2

NH

H

HCl,

 

Figure 2.8: Structure of metformin 

 

Figure 2.9 Tautomeric forms of metformin in acidic media 

 

The structure of metformin was generally represented in a wrong tautomeric form for a 

number of years. This was corrected in 2005 (Bharatam et al., 2005). The energy difference 

between the correct tautomer and the generally represented tautomer is about 37 kJ/mol (9 

kcal/mol). The drug is administered as metformin hydrochloride. The structure of 

metformin hydrochloride was also corrected recently (Patel et al., 2009). According to 

these studies carried out by Petel in 2009, it was reported that metformin has different 

electronic structure compared to its protonated form. The neutral species is a simple 

conjugated system. Upon protonation, (i) the conjugation breaks down, (ii) the 

intramolecular hydrogen bond breaks down, (iii) the molecule becomes non-planar (iv) two 
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lone pairs get accumulated at the central nitrogen (v) dynamism increases in the system via 

C=N rotational process and via N-inversion process. Thus, electronically, metformin 

hydrochloride should be treated as a simple extension of metformin. The nucleophilicity of 

metformin hydrochloride is moderate and that is a desired property. Metformin is shown to 

belong to a new class of compounds called nitreones (Patel et al., 2009). 

2.6.2 Therapeutic effects of metformin. 

Metformin have been most often prescribed for patients whose hyperglycemia is due to 

ineffective insulin action, i.e. insulin resistance syndrome. The dose of metformin is from 

500mg to maximum of 2.55g daily with the lowest effective dose being recommended. 

Common schedule would be to begin with a single 500 mg given with breakfast for several 

days. If this is tolerated without gastrointestinal discomfort and hyperglycemia persists, a 

second 500 mg may be added with the evening meal. If further dose increase is required 

after one week, dosage should always be divided, since ingestion of more than 1000 mg at 

any time usually provokes significant gastrointestinal side effects (Patel et al., 2009). 

2.6.3 Mechanism of action of metformin 

Metformin is an antihyperglycemic agent which improves glucose tolerance in patients 

with type 2 diabetes, lowering both basal and postprandial plasma glucose. Its 

pharmacologic mechanisms of action are different from other classes of oral 

antihyperglycemic agents. Metformin decreases hepatic glucose production, decreases 

intestinal absorption of glucose, and improves insulin sensitivity by increasing peripheral 

glucose uptake and utilization. Unlike sulfonylureas, metformin does not produce 

hypoglycemia in either patients with type 2 diabetes or normal subjects and does not cause 
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hyperinsulinemia. With metformin therapy, insulin secretion remains unchanged while 

fasting insulin levels and day-long plasma insulin response may actually decrease.  

2.6.4 Adverse effects and toxicity of metformin 

The most common adverse effect of metformin is gastrointestinal upset, including diarrhea, 

cramps, nausea, vomiting and increased flatulence; metformin is more commonly 

associated with gastrointestinal side effects than most other antidiabetic drugs (Bolen et al., 

2007). It was reported in 2010 by Khurana et al., that the most serious potential side effect 

of metformin use is lactic acidosis. This complication is very rare, and the vast majority of 

these cases seem to be related to comorbid conditions, such as impaired liver or kidney 

function, rather than to the metformin itself. 

Metformin has also been reported to decrease the blood levels of thyroid-stimulating 

hormone in people with hypothyroidism and, in men testosterone (Vigersky et al., 2006). It 

should be noted that   the clinical significance of these changes is still unknown (Shegem et 

al., 2002). 

Metformin is contraindicated in people with any condition that could increase the risk of 

lactic acidosis, including kidney disorders (creatinine levels over 150 μmol/l (1.7 mg/dL) 

lung and liver disease (Jones et al., 2003). It was reported in accordance to American 

prescribing information that, the heart failure, in particular, unstable or acute congestive 

heart failure, increases risk of lactic acidosis with metformin. A systematic review of 

controlled trials, however, suggested that metformin is the only antidiabetic drug not 

associated with any measurable harm in people with heart failure, and that it may reduce 

mortality in comparison with other antidiabetic agents (Eurich et al., 2007). The most 
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serious potential adverse effect of biguanide use is lactic acidosis, the incidence for which 

is 9 per 100,000 person-years (Stang et al., 1999).  

When there is impaired renal function, however, clearance of metformin and lactate is 

reduced, leading to increased levels of both, and possibly causing lactic acidosis due to a 

buildup of lactic acid. Because metformin decreases liver uptake of lactate, any condition 

that may precipitate lactic acidosis is a contraindication to its use. Metformin has also been 

suggested to increase production of lactate in the small intestine; this could potentially 

contribute to lactic acidosis in those with risk factors (Garry et al., 2011). However, the 

clinical significance of this is unknown, and the risk of metformin-associated lactic acidosis 

is most commonly attributed to decreased hepatic uptake rather than increased intestinal 

production. 

2.6.5 Pharmacokinetics of metformin 

The absolute bioavailability of metformin 500 mg tablet given under fasting conditions was 

approximately 50% to 60%. Studies using single oral doses of metformin 500 to 1500 mg, 

and 850 to 2550 mg, indicated that there was lack of dose proportionality with increasing 

doses, which is due to decreased absorption rather than an alteration in elimination (Stang 

et al., 1999). 

Food decreases the extent of and slightly delays the absorption of metformin, as shown by 

approximately a 40% lower mean peak plasma concentration (Cmax), a 25% lower area 

under the plasma concentration versus time curve (AUC), and a 35-minute prolongation of 

time to peak plasma concentration (Tmax) following administration of a single 850 mg 
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tablet of metformin with food, compared to the same tablet strength administered fasting. 

The clinical relevance of these decreases is unknown.
 

When metformin is administered orally with food Cmax is achieved within seven hours and 

peak plasma level is reached at approximately 20% lower compared to when the same dose 

of metformin is administered alone.
 

Metformin is known to have oral bioavailability of 50-60% under fasting condition and it is 

said to be absorbed slowly from gastrointestinal tract. It is not metabolized,and iscleared 

from the body by tubular secretion and excreted unchanged in the urine (Heller, 2007). 

Metformin is reported to have acid dissociation constant of 2.8 – 11.5 and exist largely as 

hydrophilic cationic species at physiological pH value.  (Jayasagar, et al., 2002). 
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2.7 Ampicillin/Cloxacillin 

2.7.1 Chemistry of ampicillin/cloxacillin 

The history mpicillin/cloxacillin is as the history of the penicillins since they are mere 

analogues of the penicillins (Hills, 1987; Sneader, 2008). In 1929, Fleming published an 

account of his work, he described the antibacterial action of the substance which he named 

penicillin, mentioned its lack of toxicity for human leucocytes and wounds, and was 

impressed by the possibility that it could be used to suppress bacterial growth (Batchelor et 

al., 1995; Sneader, 2008). 
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Figure 2.10: Structure of Ampicillin 

Today, owing to its high level of safety, the penicillins are the most widely prescribed 

antibiotic in the world effective against both gram positive and gram negative cocci 

(Petersdorf and Turck, 1996; Sneader, 2008). 

The limitation of the penicillins however is the fact that they are destroyed by β – lactamase 

enzyme; they are also acid labile, and resistant strains of bacteria have been found against 

this class of antibiotic (Sneader, 2008).  
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These limitations were the basis for various modifications of the penicillin. Penicillin are 

therefore, the derivative of 6-aminopenicillamic Acid (6-APA),the key to understanding the 

chemistry  of the penicillins.Various side chain s may then be added to produce the other 

active compounds or analogues in use today (Olaniyi,1998). 

The aim in ampicillin and cloxacillin combination therefore is to confer on ampicillin the 

ability to be penicillinase resistant while retaining its broad spectrum capabilities (Hills 

1987) 
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Structural activity relationship of penicillin 

 

Figure 2.11 6- penicillanic Acid (6-APA) 
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2.7.2 Therapeutic effects of ampicillin/cloxacillin 

Penicillin sensitive organisms are Gram positive, penicillin insensitive organisms are Gram 

negative, notable exceptions being meningococci and gonococci. The introduction of the 

reactive group, NH2 into the penicillin molecule leads to broadening of the antibacterial 

spectrum and the most useful compound to emerge is amino phenylacetamido-penicillin 

acid (ampicillin), (Hochadel, 2012). This compound is comparable to the tetracyclines and 

the chloramphenicol; it is active against non-penicillinase-producing staphylococci, and 

most streptococci; also, pneumococci, meningococci and gonococci, but ampicillin is less 

active against these cocci than penicillin G. It is highly active against H. influenzae and 

many strains of E. coli. It is inactive against pseudomonas and some strains of Proteus 

(Hills, 1987). It shows in vitro activity against Shigella and Salmonella, but its clinical 

usefulness in infections due to these organisms has been disappointing. Ampicillin is well 

absorbed when given by mouth, peak blood levels appear in 1-3 hours and detectable 

amounts persist for about 6 hours. Ampicillin has several disadvantages; it is destroyed by 

some penicillinases, resistance to coliform bacteria develop rapidly and hypersensitivity 

reactions to this drug may be severe (Stewart, 1980; Tindall et al., 2014). Such 

disadvantages were the basis for the formulation of ampicillin/ cloxacillin combination 

resulting in a therapeutic advantage over the individual agent. In antibacterial spectrum, 

cloxacillin resembles penicillin G, covering organisms such as streptococci, pneumococci 

meningococci, gonococci and staphylococci. Cloxacillin is less active against those 

organisms for which penicillin G might be considered specific, such as pneumococci and 

haemolytic group A streptococci (Duguid, 1994). In chronic pulmonary infections, 
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cloxacillin may not always remove all staphylococci and the drug has little effect on nasal 

carriers of staphylocci. 

2.7.3 Mechanism of action of ampicillin/cloxacillin 

The possession of mucopeptide by bacterial cells appears to be unique factor distinguishing 

it from human cells. It is this difference which confers on penicillin its ability to be 

selectively toxic for bacterial cells (Park and Strominger, 1997; Eghianruwa, 2014). 

When Fleming discovered penicillin, he also discovered an enzyme, lysozyme and 

recognized that lysis resulting in bacteria from the action of lysozyme was caused by the 

disruption of the bacterial cell wall. When the cell wall is impaired or destroyed, the 

organism is unable to withstand osmotic action if the surrounding medium is hypotonic in 

relation to the interior of the cell. It assumes spherical shape, enlarges and finally ruptures. 

These changes occurred in both Gram positive and Gram negative bacteria, indeed were 

most marked in Gram negative organisms which showed most resistance to lysis by 

penicillin (Hills, 1987; Lemke et al., 2008). These observations on the morphological 

changes in bacteria subjected to the action of penicillin focused attention on the cell wall 

and interest was then centered on the biochemical and metabolic behavior of this structure. 

From biochemical point of view, Park and Strominger (1997) showed that penicillin 

prevented the uptake of glutamic acid in staphylococci but not in Gram negative coliform 

bacilli, and in 1997 Park and Johnson found that phosphates accumulated in staphylococci 

grown in low concentrations of penicillin. It was therefore proposed that uridine diphospho-

acetyl muramyl-pentapeptide, the major accumulated peptide, was a cell wall precursor, 

and its accumulation resulted from inhibition of cell wall synthesis by penicillin (Hills, 
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1987; Lemke et al., 2008). This hypothesis has been confirmed by isotopic measurements 

of cell wall synthesis in Gram positive and Gram negative bacteria (Park and Johnson, 

1989). 

Recent studies suggest that the rigidity of the cell wall is at least in part accounted for by 

cross-linking between the various mucopeptide structures, and it seems probable from 

recent work that a transpeptidation is inhibited by the action of penicillin (Gilmore et al., 

2001; Duguid, 1994). 

In conclusion, the action of these penicillin analogues may be summarized by the observed 

physical changes: swelling of the cell, inhibition of cell divisions, and production of 

spheroplasts. The biochemical factors include the accumulation of nucleotide precursors of 

both mucopeptide and teichoic acids, and in the breaking of the transpeptide bridge 

between two glycopeptide chains (Hills, 1987; Gilmore et al., 2001). 

2.7.4 Adverse effects and toxicity of ampicillin/cloxacillin 

Although all antibiotic have in common, that in low concentrations, they exert a 

bacteriostatic or bactericidal action on microorganisms or certain cell systems, they differ 

in many microbiological, pharmacokinetic and toxicological aspects (Hills, 1987). 

 The penicillins have a very low acute toxicity both in humans and in most animals. The 

lack of intrinsic toxicity of the penicillins to man and animals is explained by their peculiar 

mode of action. In bacteria, they interfere with the formation of cell walls, which are 

chemically unrelated to any substances to be found in the human and animal body (Duguid, 

1994). 
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The penicillins and their analogues are notorious because of the frequency of 

hypersensitivity reactions they may provoke (Grammer and Greenberger, 2009). In the 

absence of allergy however, they belong to the safest drugs now available. This also applies 

to their use during pregnancy and early childhood. 

Cloxacillin cause relatively few side reactions: hypersensitivity reactions, a history of any 

penicillin reaction in a patient is to be regarded as a contraindication to the use of these 

drugs since they show cross allergy. In the gastrointestinal tract, cloxacillin causes a 

minimum shift or disturbance of the enteral bacteria (Kasik and Thompson, 1989; Grammer 

and Greenberger, 2009). 

After oral administration of ampicillin by 90% of patients with infectious mononucleosis 

(glandular fever, Pfeiffer‘s disease) they develop a rash (McKay et al., 2010). 

Mononucleosis is often associated with sore throat and positive throat culture for 

haemolytic streptococci. In some individuals, ampicillin may cause depression of the bone 

narrow, which is at least in some patients, has been fatal. This rare form of bone marrow 

aplasia has also occasionally been observed with methicillin (Riel-Romero, 2006). 

Agranulocytosis during therapy with ampicillin occurred in at least two patients (Seth and 

Seth, 2009). Much about the cutaneous reactions following oral ampicillin has been 

reported; a distinction has to be made between true penicillin reactions, which are usually 

of the urticarial type, and the reactions specific for ampicillin and perhaps some other semi-

synthetic penicillins that are maculo-papular in type. The latter start most commonly over 

the elbows and knees, and often spread symmetrically to most areas of the body. They 

usually, give rise to much less irritation than urticarial due to penicillin (Hills, 1987). 
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Ampicillin causes a far higher incidence of contact dermatitis than other penicillins 

(Samuels et al., 1998). Patients receiving oral ampicillin may complain of a number of 

gastrointestinal tract reactions, such as loose stools, diarrhea, pruritis, nausea and vomiting. 

Abnormal serum transaminase levels were found after parenteral administration of 

ampicillin (Reisman and Arbesman, 1988). Ampicillin may promote the selective 

multiplication of resistant organisms such as Candida, Pseudomonas, Enterobacter, and 

certain group of Proteus. Especially in debilitated or malnourished patients, and those 

receiving corticosteroids, immunosuppressive agents, or irradiation are at risk of 

developing infections or superinfections (Hills,1987). Bacterial resistance to 

ampicillin/cloxacillin is usually of the extra chromosomal type. 

2.7.5 Pharmacokinetics of ampicillin/cloxacillin 

These penicillins are rapidly absorbed, diffuse easily into body cavities and joint spaces and 

are very quickly excreted by the renal tubules (Atkinson et al., 2012). Very little crosses 

from the blood into the cerebrospinal fluid (CSF) when the meninges are intact. The level 

of this drug in the bile is usually several times that of the plasma; if there is obstruction to 

the bile ducts, no penicillin may reach the bile. Because of very rapid renal excretion, high 

blood levels of penicillin can only be maintained by large dose at frequent intervals or by 

reducing the rapidity of renal excretion. A planned pharmacological approach by Beyer led 

to the discovery of carinamide and later, the more effective probenecid which depresses 

renal tubular excretion, but does not eliminate glomerular filtration of penicillin (Hills, 

1987). Excretion of antibiotics other than penicillins, cephalosporins and amino salicylic 

acid is not affected. Penicillins may be found in inflammatory exudates (Pines et al., 1986). 

Another variable in the availability of penicillin at any given site is the proportion bound in 
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plasma and tissues. The bond between penicillins and serum is reversible so that, an 

equilibrium is established between the protein and free antibiotic on one hand, and the 

protein – bound drug on the other (Kunin, 1996). 

Ampicillin is well absorbed when given orally, peak blood levels appear in 1-3 hours and 

detectable amounts persist for about 6 hours (Petersdorf and Turck, 1996). It is excreted for 

the most part unchanged in the urine and reaches quite high levels (up to ten times the 

plasma level) in bile. Cloxacillin also is well absorbed when administered orally; peak 

levels appear in 2 hours and persist in blood for about 8 hours being higher than oxacillin 

and intramuscular injection provides double the plasma level of a comparable oral dose 

(Hills, 1987). The t1/2 of ampicillin and cloxacillin is 75 minutes and 30 minutes 

respectively. While ampicillin is 20% bound to protein, cloxacillin is 95% protein bound 

(Hills, 1987). 
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2.8 Metronidazole 

2.8.1 Chemistry of metronidazole 

Metronidazole is an oral synthetic antiprotozoal and antibacterial agent, l-β-hydroxyethyl)-

2-methyl-5-nitroimidazole, which has the following structural formula: 

N

N

CH2CH2OH

CH3O2N

 

Figure 2.12: Structure of metronidazole 

2.8.2 Therapeutic effects of metronidazole 

Metronidazole is available in a 500mg/100ml intravenous solution, a 375mg oral capsule, a 

250 mg and 500mg oral tablet, and a 750mg extended release oral tablet. Topically, 

metronidazole is available as a 0.75% and 1% cream, a 0.75% topical emulsion, gel/jelly, 

lotion and vaginal gel/jelly. The drug is contraindicated in patients with a metronidazole or 

nitroimidazole sensitivity, people who are sensitive to the parabens used in gel 

formulations, and in women in their first trimester of pregnancy (can be used cautiously in 

2nd and 3rd trimester). Precaution should be used in patients that are receiving anti-

coagulant therapy, that have concomitant blood dyscrasia, or a prior or current history of 

central nervous system disease (risk of seizure or peripheral neuropathy). Patients with 

severe hepatic disease or that might have enhanced elimination due to phenytoin or 

phenobarbital therapy should be closely monitored. A patient with concomitant alcohol 
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consumption could have a possible disulfiram reaction, which includes flushing, nausea, 

vomiting, and tachycardia (Torcher and Edward, 1994). 

2.8.3 Mechanism ofaction ofmetronidazole 

Metronidazole is cytotoxic to facultative anaerobic bacteria such as Helicobacter pylori and 

Gardnerella vaginitis, but the mechanism of this action is not well understood (Edwards, 

1993). However, its activity against obligate anaerobes occurs through a four-step process: 

Entry into the microorganism — metronidazole is a low molecular weight compound that 

diffuses across the cell membranes of anaerobic and aerobic microorganisms. However, 

antimicrobial activity is limited to anaerobes (Edwards, 1993). Reductive activation by 

intracellular transport proteins — metronidazole is reduced by the pyruvate:ferredoxin 

oxidoreductase system in the mitochondria of obligate anaerobes, which alters its chemical 

structure. Pyruvate: ferredoxin oxidoreductase normally generates ATP via oxidative 

decarboxylation of pyruvate. With metronidazole in the cellular environment, its nitro 

group acts as an electron sink, capturing electrons that would usually be transferred to 

hydrogen ions in this cycle. Reduction of metronidazole creates a concentration gradient 

that drives uptake of more drug, and promotes formation of intermediate compounds and 

free radicals that are toxic to the cell (Torcher and Edward, 1994). 

Reduced intermediate particle interacts with intracellular targets — cytotoxic intermediate 

particles interact with host cell DNA, resulting in DNA strand breakage and fatal 

destabilization of the DNA helix. Breakdown of cytotoxic intermediate products — The 

toxic intermediate particles decay into inactive end products (Tocher and Edwards, 1994). 
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Metronidazole exerts rapid bactericidal effects against anaerobic bacteria; with a killing 

rate proportional to the drug concentration (Stratton et al., 1991) dependent killing has also 

been observed with Entamoeba histolytica and Trichomonas vaginalis. Metronidazole kills 

Bacteroides fragilis and Clostridium perfringens more rapidly than clindamycin (Ralph and 

Kirby, 1995).                    

2.8.4 Pharmacokinetics of metronidazole 

Disposition of metronidazole in the body is similar for both oral and intravenous dosage 

forms, with an average elimination half-life in healthy humans of eight hours. The major 

route of elimination of metronidazole and its metabolites is via the urine (60 to 80% of the 

dose), with fecal excretion accounting for 6 to 15% of the dose. The metabolites that appear 

in the urine result primarily from side-chain oxidation [l-β-hydroxyethyl)-2-

hydroxymethyl-5-nitroimidazole and 2-methyl-5-nitroimidazole-1 -yl-acetic acid] and 

glucuronide conjugation, with unchanged metronidazole accounting for approximately 20% 

of the total. Renal clearance of metronidazole is approximately 10 mL/min/1.73m
2
 

(Hellgren et al., 2003). 

Metronidazole is the major component appearing in the plasma, with lesser quantities of the 

2-hydroxymethyl metabolite also being present. Less than 20% of the circulating 

metronidazole is bound to plasma proteins. Both the parent compound and the metabolite 

possess in vitro bactericidal activity against most strains of anaerobic bacteria and in vitro 

trichomonacidal activity. Metronidazole appears in cerebrospinal fluid, saliva, and human 

milk in concentrations similar to those found in plasma. Bactericidal concentrations of 

http://www.rxlist.com/script/main/art.asp?articlekey=7529
http://www.rxlist.com/script/main/art.asp?articlekey=92560
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metronidazole have also been detected in pus from hepatic abscesses (Ravdin and 

Skilogiannis 1989; Hellgren et al., 2003).. 

Following oral administration, metronidazole is well absorbed, with peak plasma 

concentrations occurring between one and two hours after administration (Hellgren et al., 

2003). 

Plasma concentrations of metronidazole are proportional to the administered dose. Oral 

administration of 250 mg, 500 mg, or 2,000 mg produced peak plasma concentrations of 6 

mcg/ml, 12 mcg/ml, and 40 mcg/ml, respectively. Studies reveal no significant 

bioavailability differences between males and females; however, because of weight 

differences, the resulting plasma levels in males are generally lower. 

Decreased renal function does not alter the single-dose pharmacokinetics of metronidazole. 

However, plasma clearance of metronidazole is decreased in patients with decreased liver 

function. 

2.8.5 Adverse andtoxicity of metronidazole. 

 Mild side effects of metronidazole therapy may include nausea, headaches, loss of appetite, 

a metallic taste, and occasionally a rash. Metronidazole is generally well tolerated, so 

serious side effects are rare. If a patient experiences seizures and damage of nerves 

resulting in numbness and tingling of extremities, the drug should be discontinued. 

Metronidazole can increase the blood thinning effects of warfarin and increase the risk of 

bleeding. Cimetidine increases the blood level of metronidazole. Other probable drug-drug 

interactions include those that occur with amiodarone, amprenavir, busulfan, 
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carbamazepine, cholestyramine, cyclosporine, dihydroergotamine, disulfiram, ergoloid 

mesylates, ergonovine, ergotamine, fluorouracil, lithium, methylergonovine, milk thistle 

and tacrolimus. Metronidazole can be taken with or without food, and the patient should be 

sure to complete the course of treatment rather than discontinue upon improvement of 

symptoms. Metronidazole will continue to be a useful and effective antibiotic in the future. 

If resistance becomes more common, other 5-nitroimidazoles such as tinidazole will 

become more popular in clinical use ( Hellgren et al., 2003). 

 

 



48 

 

2.9Amoxicillin 

2.9.1 Chemistry of amoxicillin 
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Figure 2.13: Structure of amoxicillin 

 

Synonyms:  AMX, p-hydroxyampicillin  

Formula:  C16H19N3O5S 

Its IUPAC chemical name is (2S,5R,6R)-6-[[(2R)-2-amino-2-(4-

hydroxyphenyl)acetyl]amino]-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-

carboxylic acid and its chemical formula is C16H19N3O5S, giving it a molecular mass of 

365.4042 g/mol. It is a beta-lactam drug and is hence susceptible to degradation by -

lactamase enzymes. 

2.9.2 Therapeutic effects of amoxicillin 

Amoxicillin (AMX), also spelled amoxycillin, and also called p-hydroxyampicillin, is an 

antibiotic drug that is very similar to ampicillin but which has enhanced stability towards 

gastric juices compared to other β -lactam antibiotics. It is effective against a wide range of 

Gram-positive bacteria but limited Gram-negative bacteria. It is used for bacterial strains 

that do not produce β -lactamase, an enzyme which would degrade the drug. The incidence 
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of β -lactamase-resistance in bacteria is increasing, leading to the increased use of 

clavulanic acid, a β -lactamase inhibitor, with amoxicillin and other β -lactam drugs. It is 

used to treat infections in the ears, nose and throat, the genitourinary tract, the skin and the 

respiratory tract. It is effective against E. coli, S. pneumoniae, Staphylococcus spp., H. 

influenzae, P. mirabilis, E. faecalis, N. gonorrheae and some strain (Wilson, 1995). 

2.9.3 Mechanism of action of amoxicillin 

Amoxicillin binds to the penicillin-binding protein 1A (PBP-1A) located inside the 

bacterial cell well. It inhibits the last stage of bacterial cell wall synthesis by acylating the 

penicillin-sensitive transpeptidase C-terminal domain thereby stopping the cross-linking of 

peptidoglycan strands. Autolytic enzymes in the bacteria then lyse the cell (Wilson, 1995). 

2.9.4 Adverse effects and toxicity of amoxicillin 

The penicillins are remarkably non-toxic. Most of serious adverse effects are due to 

hypersensitivity. Products of penicillin  particularly peneciloic acid  and product of alkaline 

hydrolysis bound to host protein. Allergic reaction includes anaphylactic shock (very rare-

0,05% of recipient), urticarial,  fever, joint swelling, intense pruritis and a variety of skin 

rashes and anaemia. Large doses of penicillins given orally may lead to gastrointestinal 

upset particularly , nausea, vomiting and diarrhea (Wilson, 1995). 

2.9.5 Pharmacokinetics of amoxicillin 

Amoxicillin is stable in the presence of gastric acid and is rapidly absorbed after oral 

administration. The effect of food on the absorption of amoxicillin have been partially 

investigated; 400-mg and 875-mg formulations have been studied only when administered 

at the start of a light meal. Orally administered doses of 250-mg and 500-mg amoxicillin 
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capsules result in average peak blood levels 1 to 2 hours after administration in the range of 

3.5 mcg/mL to 5.0 mcg/mL and 5.5 mcg/mL to 7.5 mcg/mL respectively. 

Orally administered doses of amoxicillin suspension, 125 mg/5 mL and 250 mg/5 mL, 

result in average peak blood levels 1 to 2 hours after administration in the range of 1.5 

mcg/mL to 3.0 mcg/mL and 3.5 mcg/mL to 5.0 mcg/mL respectively (Spartt, 1994). 

Amoxicillin diffuses readily into most body tissues and fluids, with the exception of brain 

and spinal fluid, except when meninges are inflamed. In blood serum, amoxicillin is 

approximately 20% protein-bound. Following a 1-gram dose and utilizing a special skin 

window technique to determine levels of the antibiotic, it was noted that therapeutic levels 

were found in the interstitial fluid. The half-life of amoxicillin is 61.3 minutes. 

Approximately 60% of an orally administered dose of amoxicillin is excreted in the urine 

within 6 to 8 hours. Detectable serum levels are observed up to 8 hours after an orally 

administered dose of amoxicillin. Since most of the amoxicillin is excreted unchanged in 

the urine, its excretion can be delayed by concurrent administration of probenecid. 
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2.10Methods of Pharmaceutical Analysis 

The science of drug analysis is an extremely active one in terms of research on newer, more 

reliable, or more sensitive methods of analysis (Olaniyi and Ogunlana, 1995; Lee and 

Webb, 2003; Ahuja and Scypinski, 2011). 

In the development and application of separation and analytical techniques to the 

determination of drugs present in biological fluids or tissues, it is essential to know the 

potential and limitations of the technique selected.  The validity of the method depends on 

the assumption that a drug added to a tissue dispersion will behave identically with regard 

to separation as it would if present in the tissue of intact animals.  The logical development 

of the methodology should therefore include: 

 Determination of the characteristics (Linearity) of the instrumentation used 

for analysis of drug concentration by construction of an absolute 

concentration curve. 

 Determination of a calibration curve for the total procedure by application to 

aqueous drug solutions to obtain ―aqueous recovery‖ values. 

 Calibration of the total procedure by application to biological samples to 

which known concentrations of the drug have been added, to obtain ―tissue 

recovery‖ values. 

 Determination of the specificity of the procedure with respect to interference 

from both endogenous compounds (tissue blank) and drugs metabolites.  

This usually involves application of techniques different from those used in 
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the separation procedure to establish that the desired compound has been 

separated and is being solely estimated by the analytical procedure under 

application (Trevor et al., 1971). 

The various analytical methods that have been developed for the quantitation of drugs from 

biological samples.  - Titrimetry and Gravimetry, Chromatography, Spectropholomery 

(U.V/Visible, I.R, N.M.R), Mass spectroscopy, Atomic Absorption spectroscopy and flame 

photometry, Refractometry and polarimetry (Olaniyi and Ogunlana, 1989; Lee and Webb, 

2003; Ahuja amd Scypinski, 2011). 

Any of these methods could provide desired results thus; a method to be adopted may 

depend on the instrument available. For making a choice of an analytical method, the 

criteria to bear in mind are selectivity, sensitivity, reliability and convenience. 

Similarly the understanding of physiochemical characteristic of a drug being studied is very 

vital too, these include solubility in variety of solvents, pKa values of ionisable compounds 

(which will lead to solubility -pH relations) molecular weight and weather the drug exist in 

optically active form (Olaniyi and Ogunlana, 1995; Lee and Webb, 2003; Ahuja amd 

Scypinski, 2011). 

2.10.1 High performance liquid chromatography 

Chromatography is a separation techniques used in the analysis of component of a mixture. 

The chromatographic method of determination of metformin in human plasma particularly 

high pressure/performance liquid chromatography has the following advantages: 
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(a) It provides a specific, sensitive and precise method for analysis of complicated 

samples. 

(b) There is ease of sample preparation and sample introduction. 

(c) There is speed of analysis. 

(d) The analysis by HPLC is specific, accurate and precise 

The type of chromatography where a liquid (mobile phase) is forced through the column 

(stationary phase) under pressure is known as high performance liquid chromatography. 

When the stationary phase is solid, the mobile is a liquid – is called liquid –solid 

Chromatography (LSC), when the stationary phase is liquid the mode is a Liquid – is called 

Liquid- liquid Chromatography (LLC). 

The real breakthrough in HPLC came with the introduction of packing materials in which a 

stationary phase was covalent link to the silica support bonded. This enables reproducible 

and durable reverse – phase column to be manufactured, the used method is to react the 

silica with organochlorosilane or similar reagent to make a stationary phase of any desire 

polarity. 

 -SiOH  +Cl-SiR3 -SiO-SiR3 

The most popular supports have been R is octadecyl or octyl. The former is suitable for all 

application where is important to note here any residual interaction with the silicon atoms 

which sterically shielded. Octyl phase are less lipophilic and retain drug molecule less 

strongly: separation can then be faster for equivalent length of column. Some packing 

materials which are commercially available under variety of names which include: 
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(1) Ubonokpak Phenyl 

(2) Ultrasphere ODS C18 

(3) Apex Octadelyl 

(4) Novapak C18 

(5) Spheresorb C8 

(6) Hypersil 

(7) Supelco C8 

Although packing from different manufacturer appear to have the same description on 

paper. The different methods of manufacture and treatment, as well as purity of reagents 

can lead to different performance characteristics thus the transfer of methods from one 

laboratory to another may not be as straight forward as would appear on the surface and the 

analysis should be aware of the potential differences. Apart from robustness of the bonded 

stationary phase, the new columns were eminently suited to drug analysis in biological 

fluids. First, the drug is likely to be one of the most lipophilic components of the sample 

and hence is retained on the column longer than most endogenous compounds. This 

includes metabolites, which generally one more polar than the parent drug. 

Secondly the reverse – phase mode means that, the mobile phase is aqueous which is 

appropriate medium for analyzing an aqueous sample. 

 Improvement in the performance of reserved- phase systems have been claimed by the use 

of radial compression chromatographic columns; these are intended to eliminate the 

channeling that can occur at periphery of the column by compressing the column inward, 
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and assays using such column have been described for Azathioprine, Lomefloxacin, and 

galocitabine  (Olaniyi and Ogunlana,1995; Chamberlain, 1995). 

2.10.1.1 Mobile phases 

In HPLC it is now more common to settle on a single reverse – phase column and achieve 

the required separation by controlling the partition between the organic stationary phase 

and the mobile aqueous phase. 

 The simplest form of mobile phase is water such a simple system would be extremely 

limited however, the addition of water – miscible organic solvents such methanol, ethanol 

or acetonitrile, may be used to modify the polarity of the organic phase. 

For drugs which are weak acid or weak base the partition can be adjusted by altering the 

pH of the aqueous phase with suitable buffer. In the simpler applications, small amount of 

acid (usually acetic or phosphoric, but some time nitric or sulphuric) are added to the 

aqueous mobile phase, this will cause increase retention of the organic acids as the 

ionization is suppressed and decreased retention of bases as the ionic form is preferred.   

Nicholls et al. (1995) described the optimization of the separation of anthrocytidines and 

the metabolites using reversed- phase liquid chromatography, and the use of a retention 

index library has been initiated for screening by reversed – phased HPLC. 

2.10.1.2 Detectors 

In the early development of HPLC the two most popular detectors were the refractive index 

detector and the ultraviolet absorption.  
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The most popular detector by far- for drug analysis and other applications have been the 

U.V absorption detector although for very sensitive applications, the fluorescence detector 

is also very popular. U.V detectors are the workhouse of HPLC analysis for applications 

which are not very demanding. In its simplest form, the u.v detector consist of a single 

wavelength source (the 254nm mercury line) the detector monitors the effluent from the 

column and will produce a response for all compounds which have some absorption at this 

wavelength, it is very necessary that the compound should exhibit its maximum absorption 

at this at this wavelength, u.v. spectra display wide absorption bands and hence practice the 

use of fixed wavelength detectors is not a limited as first appear. The limit of sensitivity of 

detection with this detector depends on the extinction coefficient of the analyte at 254nm 

and also on the efficiency of the column. If the chromatographic peak is broad the 

measured drug is considerable diluted. 

The limit of detection of particular component can be extended by using variable 

wavelength detector. This can be done by setting the wavelength of the absorption 

maximum of the drug. However it is often just as useful to choose a wavelength that 

minimizes interference, rather than minimizes response. 

 In screening methods, where drugs may have absorption maxima at widely different 

wavelength some of the sensitivity of the detector may be lost and detectors which can 

simultaneously monitor column effluent at several different wavelengths have proved 

particularly useful. 

Naturally, the drug molecule need to have u.v. absorbing, group to be used with a u.v. 

detector unsaturated ketones, such as in the steroid sex hormones and cortisone provide 
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excellent absorbing species, but even saturated ketones can be detected with reasonable 

sensitivity. 

2.10.2 Ultraviolet analysis 

For detection of drugs in body fluids, ultraviolet (UV) analysis is used in the analysis of 

drug in body fluid. This technique is applicable to a wide variety of compounds that are 

capable of absorption of energy from radiations in the wavelength 200 – 350 μm.  

Absorption in this range is usually associated with the displacement of outer electrons 

within the molecules giving rise to a new energy state.The spectrum is usually 

characteristic for a given molecule and the extent of absorption at a given wavelength can 

be utilized for quantitative analysis. 

The UV method is also of value in identification and estimation of purity of a compound.  

Both molar coefficient and wavelength at which maximum absorbance occurs are 

characteristics of the molecule. 

Although a wide variety of solvents are permissible, it is important to check that the solvent 

does not have absorption bands in the same region as that selected for measurement of the 

compound.   

Ultraviolet spectrometry is characterized by a high degree of precision and accuracy, but 

lacks sensitivity.  A compound rarely has a sufficiently high molar extinction coefficient to 

permit quantitation of less than the μg per ml of solution (Trevor et al., 1971). 
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2.10.2.1 Factors governing absorption of radiation in the ultraviolet region 

Radiation in the U.V region is absorbed though excitation of the electrons involved in the 

bonds between the atoms making up the molecule so that the electron cloud holding the 

atoms together redistributes itself and the orbitals occupied by the bonding electrons no 

longer overlap. Short wavelength UV radiation <150 nm (>8.3 eV) can cause the strongest 

bonds in organic molecules to break.  It is the weaker bond in the molecule that are of more 

interest to analysts because they can be excited by longer wavelength UV radiations >200 

nm which is at a longer wavelength than the region in which air and common solvents 

absorb. 

Considering a very simple organic molecule, ethylene, CH2=CH2, it contains two types of 

carbon-carbon bonds, a strong σ bond and a weaker  bond. The σ bond would become 

excited and break when exposed to radiation at 150nm. The weaker  bond requires less 

energetic radiation at 180nm to produce * excited state.  This excitation can occur without 

the molecule breaking since the σ orbitals remain unexcited by the longer wavelength 

radiation at 180nm.  A single double bond is not useful as a chromophore for determining 

analytes by UV spectrophotometry since it is still in the region where air and solvents 

absorb. 

Absorption takes place at longer wavelengths with greater intensity if more double bonds 

are present in a structure in conjugation.  Such extended system of double bonds are known 

as ‗chromophores’.  The most common chromophore found in drug molecules is a benzene 

ring. 
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Benzene has its absorption maxima at a much shorter wavelength than a linear triene such 

as hexatriene (absorption max. 275nm) and its strongest absorbance is at the wavelength of 

absorption of an isolated double bond at 180nm. It also has a strong absorption band at 204 

nm.This is due to the symmetry of benzene; it is not possible to have an excited state 

involving all the bonds in benzene because this would mean that the dipole (polarisation of 

the chromophore), a two dimensional concept which is created in the excited state, would 

be symmetrical and thus would have to exist in thee dimensions rather than two.  There is a 

weak absorption in the benzene spectrum close to the absorption max. for hexatriene and 

this can occur because vibration of the benzene ring in a particular direction can distort its 

symmetry and thus allow all thee double bonds to be involved in an excited state.  If the 

symmetry of the benzene ring is lowered by substitution, the bands in the spectrum undergo 

a bathochromic shift (a shift to a longer wavelength). Substitution can either involved 

extension of the chromophore or attachment of an auxochrome (a group containing one or 

more lone pair of electrons) to the ring or both.  The absorption spectrum of a drug 

molecule is due to the particular combination of auxochromes and chromophores present in 

its structure (Trevor et al., 1971). 
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2.10.2.2Beer-Lambert’s Law 

Absorption of radiation by a solution containing a UV absorbing compound is depicted 

below 

 

 

 

 

 

 

    Sample 

 

The measurement of light absorption by a solution of molecule is governed by the Beer-

Lambert‘s law, which is written as follow:- 

   

  Log    Io= A = bc 

             It 

Where  Io –  is the intensity of the incident radiation. 

It –  is the intensity of the transmitted radiation. 

A –  is known as the absorbance and is a measure of the amount of  

 light absorbing by the sample. 

 – is a constant known as molar extinction coefficient and is the  

absorbance of a IM solution of the analyte. 

b –  is the path length of the cell in cm, usually I cm 

c –  is the concentration of the analyte in moles litre
–1

. 

Io It 
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The molar coefficient and wavelength at which maximum absorbance occurs and 

characteristics of the molecule, a calibration curve can be constructed at various 

concentration of the drug (Trevor et al., 1971). 

Even with the availability of more sensitive and sophisticated instruments for drug analysis 

nowadays, U.V –spectrophotometric technique still remain one of the  most basic and 

fundamental technique used for of handling, maintenance and availability (Blanchard  and 

Sawchuck, 1995). 

2.10.2.3. Precision 

This is an analytical control in which the degree of agreement among individual tests when 

the method is applied repeatedly. Precision is normally express as coefficient of variation 

(C.V), where a small CV indicates higher precision.  

It is usually  determined by assaying sufficient number of aliquots of a homogenous sample 

in order to  estimates the mean (X) and  standard deviation (S.D) , the C.V coefficient of 

variation, is then calculated using the formular 

                                 C.V= X 

S.D 

For good precision, the value of C.V should not be >15 % 

 

2.10.3 Percentage eextraction recovery (PR) 

The percentage extraction recovery of analytical method is to test the efficiency and 

acceptability of the extraction method to be employed, in the analysis and also for the 
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procedure to be reproducible. The percentage extraction recoveries were calculated using 

the following relationship:-  

 

PR= Amount of metformin recovered after plasma extraction   x    100 

        Amount in the standard preparation solution of metformin           1 

 

2.10.4 Validation of analytical method 

Validation of analytical method includes all the proceeding of a particular analytical 

method for the quantitative determination of the concentration of an analyte or series of  

analytes in biological materials for the intended application. The rationales of validation of 

analytical method include the following:- 

 To establish confidence in the analytical data generated from the experiment. 

 To insure that a selected analytical procedure will give reliable result and 

reproducible, so that it will therefore be necessary to validate a method according to 

the well-established criteria of precision, accuracy, sensitivity specificity and 

reproducibility. 
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CHAPTER THREE 

3.0 MATERIALS AND METHODS 

3.1Materials 

3.1.1 Test drugs 

3.1.1.1 Metformin 

Batch No. 10 3144BC 

Manufacturing date:  December, 2012 

Expiry Date      :        December, 2016 

Manufacturer     :   Merck Pharm Serono UK                

  3.1.1.2 Ampicillin/cloxacillin (Ampiclox) 

Batch No. : AS5010019A 

sManufacturing Date: June, 2011 

Expiry Date:         June, 2015 

Manufacturer:  Beecham Pharmaceuticals Brentford England 

3.1.1.3 Metronidazole  

Batch No. :  M6257 

Manufacturing Date:  February, 2012 

Expiry Date:              February, 2016 

Manufacturer:  Emzor Pharmaceutical Ind.Ltd.Nig. 
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3.1.1.4  Amoxicillin  

Batch No. AS4500087C 

Manufacturing Date: March, 2011 

Expiry Date:          March, 2017 

Manufacturer: Beecham Pharmaceuticals Brentford England 

 3.1.1.4 Reference compounds 

Metformin standard powder (Merck pharm serono UK ) 

Sulfadoxine standard powder ( Fidson Pharmaceutical. Nig.Ltd) 

3.1.2   Glass wares 

Beakers: 100 and 250ml   (Pyrex, England). 

Volumetric flask: 100 and 250 ml (Pyrex, England). 

Samples bottles. 

Conical flasks: 50,100 (Pyrex, England). 

Measuring Cylinders 50,100ml and 1L (Pyrex, England). 

Pipettes: 1 ml, 5ml, 10 ml (Pyrex, England). 

Centrifuge tube (Pyrex, England) 

Automatic water distiller Model NO SZ-1 (Gallenkamp, England). 

3.1.3  Equipment 

Centrifuge tube (Pyrex England). 

Melting point apparatus-Eureka England. 

Double beam UV. Spectrophotometer (Pyrex Unicam). 

Refrigerator-premier Thermocool Nig. 
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Hot air oven –big size Gallenkamp, England. 

High performance liquid chromatography (Agilent Technogies 1120 Compact LG). 

Auto rotator mixer (-Stuart, England). 

Electronic balance-(Metter Toledo EA204). 

Disintegration rate study (Eureka, England). 

Dissolution rate study apparatus (Eureka, England). 

3.1.4 Reagents and standard samples 

Methanol -  Analar grade (BDH Chemicals Ltd., Poole, England). 

Potassium dihydrogen orthophosphate- Baker Inc. USA. 

Acetonitrile   - Analar grade (BDH Chemicals Ltd., Poole, England) 

Metformin standard- Fibson pharmaceutical. Nig. Ltd. 

Sulfadoxine standard powder-   Ranbaxy Nig. PLC. 

Ortho-phosphoric acid – May and Baker Ltd., Dagenham, England. 

 

3.2 Methodology 

3.2.1  In-vitro studies of metformin 

3.2.1.1Identification test of metformin tablets 

(a). A quantity of the powdered tablets containing 20 mg of metformin hydrochloride was 

shaken  with 20 ml of absolute ethanol , filtered and  the filtrate was evaporated to dryness 

on a water bath .The residue was dried at 105°C for 1 hour.   
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3.2.1.2 Assay of metformin (B.P.2002) 

Twenty metformin tablets were accurately weighed; the average weight determinedand the 

tablets were powdered. A quantity of thepowder containing metformin hydrochloride(0.1 g) 

was weighed; 70 ml of water was added and shaken for 15 minutes. The mixture was 

diluted to 100 ml with water and filtered. 10 ml of the resulting solution was diluted to 100 

ml with waterand the resulting solution 10 ml was also diluted to 100 ml with water. 

Finally theabsorbance of the resulting solutionwasread at 232 nm. The total content of 

metformin in the sample was calculated taking 798 as the value of A (1%, 1 cm) at 232 nm 

(see appendix vi) 

3.2.2 In-vitro studies of ampicillin/cloxacillin 

3.2.2.1   Identification of ampicillin/cloxacillin in ampiclox capsules  

The identification test was carried out by weighing 0.038g of the ampiclox powder, and 2mg 

of the powder was transferred into a test-tube. 2mg of chromotropic acid sodium salt and 

2ml of sulphuric acid (96%w/w) were then added to the content of the test tube, and 

immersed in paraffin oil-bath at 150
o
C. The solution was shaken and observed for colour 

change at an interval of 30 seconds. 

Also, 20mg of powdered capsules was suspended in 1ml of water and a mixture of 6ml of 

water and 2ml of potassium curpritartarate solution was then added to the contents of the 

test tube. 

In another qualitative test, 0.2g of the powdered capsule was dissolved in 2ml of water 

contained in a test-tube. No precipitate was observed by adding 2ml of 15% w/w solution 

of potassium carbonate even after being heated to boiling. The test continued by adding 
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4mlpotassium antimonate solution to the contents of the test-tube and then heated to boiling 

(B.P. 2002).  

3.2.2.2 Chemical assay of ampiclox capsules (Ampicillin/Cloxallin)(B.P.2002). 

 (a) Ampicillin 

The assay of ampicillin in ampiclox was carried by weighing 20 capsules and average 

weight was determined. Ampicloxpowder(0.15 g) was weighedand dissolved in sufficient 

water and made up to 500ml in a volumetric flask.The mixture wasshaken for 30 minutes 

and filtered. Thefiltrate (10 ml) was transferred to a 100 ml volumetric flask and 10 ml of 

boric buffer PH 9.0 and 1 ml acetic anhydride-dioxane solution were added. The resulting 

solution was allowed to stand for 5 minutes and finally the solution was made up to 100 ml 

by adding sufficient distilled water. 

Two 2-ml aliquots of this solution were placed in two separate stoppered tubes; to one of 

the tube (A),10ml of imidazole-mercury reagent was added and mixed. The tube was 

tightly covered, immersed in a water bath at 60
0
C for 25 minutes with occasional swirling. 

To the second tube (B), 10 ml of water was added and finally the absorbance of the two 

solutions A and B were measured at 325nm. 

The content of ampicillin was calculated from the difference between the absorbance of 

solution A and B  from the difference obtained by repeating the operation using 0.17 g of 

ampicillox trihydrate BPCRS in place of the substance being examined and from the 

declared content of ampicillin in ampiclox (see appendix VII). 
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(b). Cloxacillin 

The chemical assay of cloxacillin in ampiclox was carried out by weighing the content of 

20 capsules of ampiclox (0.25g) of the ampiclox powder was weighed   and added to 70ml 

of water, followed by shaking for 15minutes and sufficient   water was added to make up to 

500ml. 

The mixture was shaken for 30 minutes and filtered. 10ml of the filtrate was transferred to a 

100 ml volumetric flask and 10ml of boric buffer PH 9.0 and 1 ml acetic anhydride-dioxane 

solution were added and allowed to stand 5 minutes and finally sufficient water was added 

to produce 100 ml. 

Two 2-ml aliquots of this solution were placed in two separate stoppered tubes, to one of 

the tube (A), 10 ml of imidazole-mercury reagent was added and mixed. The tube was 

tightly covered, immersed in a water bath at 60
0
C for 25 minutes with occasional swirling. 

To the second tube (B) 10 ml of water was added and finally the absorbance of the two 

solutions A and B were measured at 325nm. 

The content of cloxacillin was calculated from the difference between the absorbances of 

solution A and B  from the difference obtained by repeating the operation using 0.17 g of 

cloxacillin sodium BPCRS in place of the substance being examined and from the declared 

content of cloxacillin in ampiclox (see appendix VIII). 

3.2.3  In-vitro studies of metronidazole 

3.2.3.1 Identification test for metronidazole tablets (B.P. 2002) 

A quantity of the powdered containing 10 mg of metronidazole was dissolvedin 1 ml of 

water and 0.25 ml of hydrochloric acid and heated in water bath with 10 mg of zinc powder 
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for 5 minutes, cooled in iceand 5ml of sodium nitrite solution was added and excess of 

Nitrite was removed with sulphuric acid, 0.5ml of the product wasadded to a mixture of 0.5 

ml of 2-naphthol solution and 2 ml of 5M sodium hydroxide and observed for any colour 

change. 

3.2.3.2 Assay test of metronidazole tablets(B.P 2002). 

The assay of metronidazole was carried out by weighing 20 tablets of metronidazole noting 

the average weight and powdering them thereafter. A quantity of the powder containing 

(0.2 g) of metronidazole was transferred to sintered glass crucible and extracted with six 

(10 ml) quantities of hot acetone and cooled.To the combined extracts, 50 ml of acetic 

anhydride and 0.1 ml of 1 % solution of brilliant green in anhydrous acetic acid were added 

and titrated with 0.1 M perchloric acid to a yellow- green end point. 

A repeat of the titration was carried out without powdered metronidazole tablets, the 

difference between the end point of the titration with and without powdered metronidazole 

tablets represent the amountofperchloric acid required. Each ml of 0.1M perchloric acid VS 

is equivalent to 17.12 mg of C6H9N3O3(see appendix IX). 

3.2.4 In-vitro studies of amoxicillin 

3.2.4.1 Identification test for amoxicillincapsules 

Identification test for amoxicillin capsules was carried out by preparing 0.01 % w/v 

solution of amoxicillin powder in 0.067M mixed phosphate buffer pH 7.0 in a test tube 

(solution A). 0.5 ml of dilute penicillinase solution was added to 10 ml of the solution A 

and allowed to stand for 10 minutes at 30
0
C (Solution B). 

5 ml of each of solution A and B were mixed in separate test tube and 10 ml of acetate 

buffer pH 4.6 and 5 ml of 0.0005 M iodine were added to the content of each test tube, 
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(0.1 ml) of starch solution was then added to each of the test tube .The mixture produced 

with solution A was blue while B remained colorless (B.P 2002). 

3.2.4.2 Assay of amoxicillin capsules (B.P.2002) 

The assay of amoxicillin capsules was carried out by weighing 20 capsules of amoxicillin 

and the average weight was determined. The equivalent weight of 0.03444 g of amoxicillin 

was dissolved in sufficient water to produced 100 ml and shaken for 30 minutes and 

filtered. 

2ml of the filtrate was transferred to a 100 ml volumetric flask and added 2ml of boric 

buffer PH 9.0 and 0.2 ml acetic anhydride-dioxane solution were and allowed to stand 5 

minutes and finally sufficient water was added to produce 20 ml. 

Two 2-ml quantities of this solution were placed in separate stoppered tubes. To one tube 2 

ml of imidazole –mercury reagent was added and mixed  then  immersed in a water bath at 

60
0
C for exactly 25 minutes, with occasionally swirling .The tube was removed and rapidly 

cooled to 20
0
C (solution A). 

To the second tube (solution B), 2 ml of water was added and mixed and without delay the 

absorbance of A and B were taken at 325 nm. 

 The content of amoxicillin was calculated from the difference between the absorbance of  

solution  A and B   by repeating the operation using 0.17g of amoxicillin trihydrate BPCRS 

in place of the substance being examined and from the declared content of amoxicillin in 

amoxicillin trihydrate BPCRS (see appendix X). 
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3.3Preparation of Solution Metformin and Sulfadoxine(I.S) 

3.3.1 Preparation of metformin 

Stock solution of metformin was made by dissolving 0.1 g of metformin standard powder 

in 100 ml of methanol to give 1 mg/ml. 

Serial dilutions of working concentrations of 0.030-4.0μg/ml were prepared from the stock 

solution using the formula C1 x V1 = c2 x v2. 

Stock solution of Sulfadoxine (Internal standard) was also prepared in a similar manner. 

From the stock solution, 4.0 μg/ml was prepared using the formula C1 x V1 = c2 x v2 

3.3.2 Preparation of buffer 

0.01M of potassium dihydrogen orthophosphate phosphate was prepared by dissolving 

1.36g of KH2PO4 crystals in 1L of distilled water and the pH adjusted to 2.5 using 

phosphoric acid. 

3.3.3 Development of solvent system 

The optimization of the solvent system was carried out inwhich acetonitrile and potassium 

dihydrogene orthophosphate were used as mobile phase. Several conditions for ratios of 

mobile phase, pH and flow rate were tried (trial and error) and the chromatograms were 

obtained. Solvent system used by Bhavesh et al., 2007 was adopted, modified and validated 

to ascertain the reliability and reproducibility. 
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3.4 Extraction procedure 

The processes of recovering the drug from the plasma samples were conducted as follows:- 

I. 3.0 ml of the separated plasma was taken from each of the samples and placed 

in a cleaned and dried glass test tube. Acetonitrile was added to plasma samples 

in the ratio1:3 and mixed on a vortex mixer for 5 minutes to precipitate the 

proteins and liberated the drug bound to the proteins.  

II. The mixture was spun in a Uniscope bench laboratory centrifuge for 10 minutes 

at the rate of 4000 revolutions per minute.  The supernatant was collected with 

aid of 5 ml needle and syringe.  

3.4.1 Precision and percentage extraction recovery of metformin 

The precision of the analytical method was determined by assaying a number of aliquots 

homogenous samples in order to calculate statistical valid estimate of mean among the 

individual test applied. Repeatedly for at least five times for three concentration points with 

estimate of S.D and coefficient of variation (C.V) for both within day and between day 

precision.  

Percentage extraction recovery was estimated using two different concentrations (0.2 and 

0.8 µg/ml) and was calculated using the following relationship:-  

 

PR= Amount of metformin recovered after plasma extraction  x  100 

        Amount in the standard preparation solution of metformin     1 
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3.5 Calibration Curve 

Calibration curve of metformin was prepared using blank plasma sample (3.0 ml) spiked 

with  1.0 ml each of  different concentrations (0.03, 0.05, 0.1, 0.2, 0.4, 0.8, 1.0, 2.0, 3.0 and 

4.0 µg/ml) of the standard metformin and 4.0µg/ml of sulphadoxine (I.S)  in separate test-

tubes. Acetonitrile (1.0 ml) was then added to the ten different test tubes and mixed on a 

vortex mixer for 5 minutes. The acetonitrile layer containing metformin were run into the 

HPLC machine. The peak area ratios of metformin to sulphadoxine from the 

chromatograms obtained were plotted against their corresponding concentration to give the 

calibration curve (see Table 3.1 and appendix XI). 
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Table 3.1: Metformin concentrations (μg/ml) and their respective peak area ratio in 

high performance liquid chromatograms 

Conc. µg/ml Peak area ratios 

0.03 238.0 

0.05 240.0 

0.1 224.0 

0.2 253.0 

0.4 316.0 

0.8 380.0 

1.0 292.0 

2.0 817.0 

3.0 1307.0 

4.0 1527.0 

 

3.7Study Design 

Eighteen type 2 diabetic patients participated in the study. The criteria for selecting the 

participants were based on the National Diabetes Data group‘s recommendation of 1989 

and the selection was done by the practicing clinician, none of participants was below the 

age of 35 years. The age of the patients ranged from 35-55 years (mean ±S.D 45 ±6.4 

years) weight ranged from 50-70 kg (mean ±S.D, 62.3 ±7.34 kg) with height range 1.5-

1.75m (mean ±S.D, 1.65 0.1M) took part in the study. 
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The approval of the research was anoffshoot of the approval granted by the Ethical 

Committee of Ahmadu Bello University Teaching HospitalZaria, Nigeria (see appendix 

XII). 

The study was divided into two phases with a washout period of seven days between the 

phases. In phase 1, metformin alone was administered to all the subjectswhile in phase 2, 

the subjects were divided into three groups, with six subjects in each groups for co-

administration of metformin with the three interacting drugs 

The protocol of the study was explained to each of the patients and informed consent were 

obtained. They were not allowed any drugs or alcohol two weeks prior to the study. 

3.7.1 Phase 1 

1 g of metformin alone was administered to each subject with 150 ml of water after an 

overnight fasting. 3ml of blood samples were then taken at time interval of 0, 0.5, 1.5, 3.0, 

4.0, 6.0, 0.8 hours. The blood samples collected were centrifuged for ten minutes at 100 

revolutions per minutes (rpm), and the plasma transferred into a bijoux bottle with a Pasteur 

pipette. These stoppered bottles were then stored in the freezer at -4
0
C before analysis. This 

was followed by a wash out period of seven days. Glucose levels were determined for the 

samples taken at each sampling time. 

3.7.2 Phase 2 

Phase 2 involved regrouping the eighteen patients intothree groupsof six volunteers.The 

first group was co-administered 1 g metformin and 1 g ampiclox . 
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The second group was concomitantly administered 1g metformin with 400 mg 

metronidazole.  

The third groups wereconcomitantly administered 1 g metformin and 1g amoxicillin. 3ml 

of blood samples were then taken at each sampling time. The blood samples collected 

foreach of the group were centrifuged for ten minutes at 100 revolutions per minutes 

(rpm),and the plasma transferred into a bijoux bottle with a Pasteur pipette. These 

stoppered bottles were then stored in the freezer at -4
0
C before analysis. This was followed 

by wash out period of seven days. Glucose levels for each of the groups were determined 

for the samples taken ateach of the sampling time. 

3.8 Analysis 

Agilent Technologies 1120 compact model LC Series (USA) consist of pump type L-7100 

with U.V absorbance detector (VWD) part NO-G1314 and with thermostat column   at 

ambient temperature with auto sampler, and automatic injection system of 10-20µl volume 

with different column of each test drug, was used in the analysis using optimized condition.
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3.8.1 High Performance Liquid Chromatography (HPLC) Variables and 

chromatographic conditions used for the determination of   metformin and 

sulfadoxine ( I.S). 

Mobile phase  : -       Acetonitrile:                   0.01M KH2P04 

   21                                          79 

Pressure  :            120-245 psi 

Column       :         Eclipse X   BD C-8 4.6 x150mn 

Flow rate  : -      1.50 ml/min. 

Injection volume  : -          20 µl 

Wave length   : -  236 nm 

 pH   :   5.4 (adjusted with phosphoric acid) 

 Column Temperature : -  ambient temperature 

CHROMATOGRAM 

                                                        Retention time                                            

Metformin                         :               1.06 min 

Sulfadoxine (I.S)               :               2.25min 

3.9 Laboratory Documentation 

The results of various studies in the whole work were carefully recorded, figures and tables 

were drawn where appropriate and graphical representations, pharmacokinetics values were 

generated using computer method in determining the pharmacokinetic parameters (Joelet 

al., 2012). 
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The following parameters were obtained from each plot:- 

Lag time (time at which absorption commenced). 

 Cmax  (maximum concentration attained by the drug). 

Tmax  (time taken to reach the maximum concentration) 

t1/2   (absorption half- life) 

Kα   (rate constant of absorption) 

t1/2β    (Elimination half-life) 

Kβ   (Elimination rate constant) 

AUC (Area under the curve)s 

Other parameters were calculated (Paxton,1981) based on the derived parameters from the 

plots and these include  

Volume of distribution (Vd) 

 

F= fraction of the dose absorbed (assumed as 1) 

D = dose of the drug administered 

AUC = Area under the curve  

Kβ ( Elimination rate constant) 
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The Area under the curve was by trapezoidal rule (Gibaldi and Perrier,1991).The AUC 

derived, is from 0-infinity (AUC0-∞ ), consisting  of AUC0—8 hours using  trapezoidal rule  

and AUC8---∞ hr obtained by deviling the last concentration in the plasma level-time plot, by 

elimination rate constant of the slow phase. 

Therefore AUC0--∞= AUC0---8 hrs + AUC8---∞ hrs. 

Clearance (cl)  =Kβ x Vd 

Absorption half-life =   

 

Elimination half-life=   

                                                                                                                        (Paxton, 1989) 

All the results were expressed as Mean ± standard error of mean (SEM). They were 

analyzed for statistical significance using student t-test for paired data. Statistical analysis 

was carried out. P  Value less than 0.05(p<0.05) were considered of statistical significance 

while p>0.05 were not considered   to be statistically significant (Harper, 1984) 
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CHAPTER FOUR 

4.0 RESULTS 

4.1 In-vitro Studies 

4.1.1 Identification test for metformin tablets 

An orange red colour was produced which darkened on standing, indicated the presence of 

metformin hydrochloride. The sample passed the test. 

4.1.2 Chemical assay for metformin tablets 

The metformin tablets analyzed contained 99.40% of the active ingredients using A (1%, 1 

cm) 798 value at 232nm. The sample complied with the official specification of drug 

content (95.0 -105%), B.P 2002. The sample passed the test. 

4.1.3 Identification tests of ampiclox capsule (ampicillin/cloxacillin) (2002) 

Chemical test with chromatopic acid sodium salt produced a purple colour after two 

minutes. 

Chemical test with potassium cupritartarate solution produced an instant violet colour 

characteristic of ampicillin. A white dense precipitate was observed in the chemical test 

involving potassium carbonate and potassium antimonite solution. 

4.1.4 Chemical assay of ampicillin/cloxacillin in ampiclox capsules 

The ampiclox capsules assayed contained98.53% of ampicillin and 98.69 % of cloxacillin. 

The sample complied with the Official specification of 92.5 -107.5 % for each of the active 

ingredients (B.P.2002).The sample passed the test. 
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4.1.5 Identification test for metronidazole tablets 

The melting point of the precipitate after washing with water and dried at about 105
0
C was 

150
0
C. An orange to red colour produced indicated the presence of metronidazole in 

accordance to the specification of (B.P. 2002).The sample passed the test. 

4.1.6 Chemical assay for metronidazole tablets 

The percentage content was 99.44.The sample complied with the official specification of 

drug content 99.0-101.0 %(B.P.2002).The sample passed the test. 

4.1.7 Identification test for amoxicillin 

The mixture produced with solution A was blue while B remained colorless .The sample 

complied with the specification of (B.P 2002). 

4.1.8 Chemical assay for amoxicillin. 

The percentage content was 98.5.The sample complied with the official specification B.P 

2002 which inferred that the sample has passed the test. 

4.2 Solvent System and Optimization of Hplc Conditions 

The solvent system combinations tried in six point variation in the development of mobile 

phases are as shown in Table 4.1. Acetonitrile: potassium dihydrogen orthophosphate 

(21:79) with pH 5.4 gave the best resolution with better peak symmetry and no baseline 

instability. The sampleswere ran using an Eclipse X DB C-8 column with dimension of  4.6 

x 150 nmat temperature30 
0
C and flow rate of 1.5 ml /min. The samples were detected at 

wavelength 236 nm using a U.V detector. The retention times of metformin and 

sulfadoxine (I.S) recorded was 1.066 and 2.255 minutes respectively (see page 85). 
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When metformin powder was combined with the interacting drugs, to test whether or not 

there was going to be separation in an optimized conditions, the result showed changes in 

the retention time of metformin from 1.066 to 1.62; as a result of change in the flow rate 

from 1.5ml/min to 1.0 ml/min. (see page 85 b). 
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Table 4.1: Optimization of Solvent System for the Determination of Metformin in 

Biological Fluid. 

Solvent Combination pH Flow rate 

(ml/min) 

Retention time 

(min) 

Acetonitrile: KH2O4    

21 : 79 5.4 1.5 1.066 

25 : 75 5.2 2.0 1.54 

30 : 70 5.0 1.0 1.32 

50 : 50 5.5 1.4 1.07 

40 : 60 4.9 2.5 1.50 

20 : 80 4.5 1.6 1.00 
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4.3 Precision and Percentage Extraction Recovery 

The precision of the analytical method was observed in both within- day and between days 

runs. The low values of coefficient of variation (C.V) indicate the reproducibility of the 

method, while the percentage recoveries found was between (96.52 and 98.43%). This 

indicated the efficiency of the extraction procedure employed (See appendix I). 

4.4Calibration Curve 

The calibration curve of the peak area ratios of metformin to sulphadoxine against their 

corresponding concentrations was found to be linear in the range of 0.03 – 4.0 µg/ml.The 

linear regression of equation from the plot is y = 343.94x + 161.11; where y is the peak 

area ratios, x is the concentration, 343.94 is the slope while 161.11 is the intercept and a 

correlation coefficient (r) of 0.983 (See appendix XI).  
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Table 4.2: Mean Plasma concentrations of metformin (n=6) whenmetformin alone, 

and metformin co-administered with ampiclox,metronidazole and amoxicillin to type 

2 diabetic patientsPlasma concentrations (µg/ml) 

Time (hr) Phase One                             

 Metf.alone 

        Phase Two 

Metf+Ampiclox          

 

Metf. +Metro. 

 

   Metf. +   

Amoxicillin 

0.0 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

0.5 0.208±0.18 0.526±0.19 0.435±0.18 0.232±0.03 

1.5 0.833±0.16 0.943±0.15 1.090±0.19 0.821±0.08 

3.0 1.140±0.20 1.280±0.31 1.347±0.39 1.104±0.07 

4.0 0.601±0.38 0.919±0.17 0.0.654±0.09 0.574±0.18 

6.0 0.343±0.16 0.377±0.18 0.454±0.90 0.325±0.05 

8.0 0.234±0.22 0.201±0.12 0.2 35±0.18 0.218±0.02 

 

Metf.= matformim                                    Metro. = metronidazole 

Comparison of plasma concentrations (µg/ml) of single dose of  metformin alone and when 

co-administered with ampiclox, metronidazole, amoxicillin and comparison of postprandial 

mean glucose concentrations  following oral administration of 1 gm  metformin alone  and 

when co-administered with 1 g ampiclox, 400mg metronidazole and  1g  amoxicillin each 

are shown  in Figures 4.2 – 4.8 respectively. 
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Figure 4.2: Comparison of plasma concentrations (µg/ml) of metformin alone (A) and 

co-administered with ampiclox (B). 
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Figure 4.3: Comparison of mean glucose concentrations in six type 2 diabetic 

patients following oral administration of 1 g metformin (A) tablets and 

concomitantly with 1 g ampiclox capsule (B) 
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Figure 4.4: Comparison of plasma concentrations (µg/ml) of metformin alone (A) 

and co-administered with metronidazole (C) 
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Figure 4.5: Comparison of mean glucose concentration s in six type 2 diabetic 

patients following oral administration of 1g metformin (A)tablets and concomitantly 

with 1 g metronidazole capsule (B) 
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Figure 4.6: Comparison of plasma concentrations(µg/ml) of metformin alone ( A ) 

and co-administered  with amoxicillin (D ). 
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Figure 4.7: Comparison of Mean glucose concentrations in six type 2 diabetic patients 

following Oral administration of 1 g metformin (A) tablets and concomitantly with 1 g 

Amoxicillin capsule (B) 
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Figure 4.8:  Comparison of plasma concentrations (µg/ml) of metformin alone (A) 

and co-administered with ampiclox (B), metronidazole (C) and amoxicillin (D) 
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Table 4.3: Pharmacokinetic parameters of Metformin alone andmetformin co-

administered with ampiclox  (Mean ±S.D,N=6) 

 Metformin alone Metformin + 

Ampiclox 

Paired sample   

T-TEST 

Lag time (hr) 0.12±0.02 0.15±0.02 NS 

Absorption half-

life ( t1/2α(h) 

1.5±0.03 1.2±0.05 S 

Absorption rate 

constant  Ka (hr
-1

) 

0.46±0.03 0.58±0.04 S 

Peack plasma 

Conc. Cmax (µg/ml)   

1.14±0.52 1.28±0.35 NS 

Time to peak conc. 

Tmax(min) 

3.0±0.1 3.0±0.19 NS 

Area under the 

curve AUC0-8( hr 

µg/ml/hr) 

4.39±0.71 5.18±1.02 NS 

AUC0-∞  

( hr µg/ml/hr) 

7.57±0.51 8.66±0.17 NS 

Volume of 

distribution  Vd 

(ml) 

337,852.19±0.27 303,061.43±0.40 NS 

Clearance 

CL(ml/hr) 

59,013.39±0.41 41,028.98±0.37 S 

Elimination half-

life t 1/2β(hr
-1

) 

3.8±0.07 5.1± 0.09 S 

Elimination rate 

constant Ke(hr-1) 

0.18±0.12 0.14±0.01 S 

 

p <0.05
*
 = Significant(s)   p>0.05 = Not significant (NS). 
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Table 4.4: Pharmacokinetic parameters of Metformin alone andmetformin co-

administered with metronidazole ( (Mean ±S.D, N=6) 

 Metformin alone    Metformin+Metro. Paired sample T- test 

value 

Lag time (hr) 0.12±0.02 0.11±0.05 NS 

Absorption half-life 

t1/2α(h) 

1.5±0.03 1.2±0.05 S 

Absorption rate 

constant Ka (hr
-1

)   

0.46±0.04 0.59±0.03 S 

Peack plasma Conc. 

Cmax (µg/ml) 

1.14±0.52 1.35±0.42 S      

Time to peak conc. 

Tmax(min) 

3.0±0.19 3.0±0.19 NS 

Area under the curve 

AUC0-8(hr µg/ml/hr) 

4.39±0.71 5.36±0.80 S 

AUC0-8(hr µg/ml/hr)  7.57±0.51 8.45±0.22 S 

Volume of 

distribution Vd (ml) 

337,852.19±0.87 313,061.43±0.02 NS 

Clearance CL(ml/hr) 59,013.39±0.41 42,435.56±0.21 S 

Elimination half-life 

t 1/2β(hr) 

3.8±0.07 6.2± 0.02 S 

Elimination rate 

constant Ke(hr-1) 

0.18±0.12 0.11±0.02 S 

 

P<0.05
*
 =Significant(S )      p>0.05 = Not significant (NS). 
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Table 4.5: Pharmacokinetic parameters of Metformin alone and  metformin co-

administered with amoxicillin (Mean ±S.D, N=6) 

 Metformin alone      Metformin + 

Amoxicillin 

Paired sample         

T- test value 

Lag time (hr) 0.12±0.02 0.11±0.05 NS 

Absorption half-life 

t1/2α(h) 

1.5±0.02 0.75±0.02 S 

Absorption rate 

constant Ka (hr
-1

)   

0.46±0.04 0.19±0.01 S 

Peack plasma Conc. 

Cmax (µg/ml) 

1.14±0.52 1,104.40±0.04 NS 

Time to peak conc. 

Tmax(min) 

3.0±0.19 3.0±0.19 NS 

Area under the curve 

AUC0-8( hr µgml/hr) 

4.39±0.71 4,250.25±0.45 NS 

AUC0-8( hrµg/ml/hr)  5.57±0.51 6,591.29±0.90 NS 

Volume of 

distribution Vd (ml) 

337,852.19±0.27 3497, 352.06±0.11 NS 

Clearance CL(ml/hr) 59,013.39±0.41    62,196.88±0. 39 NS 

Elimination half-life 

t 1/2β(hr) 

3.80±0.07 3.70 ± 0.02  S 

Elimination rate 

constant Ke(hr-1) 

0.18 ± 0.12 0.19 ± 0.01  S 

 

p <0.05
*
 = Significant(S),   p>0.05 = Not significant (NS). 



98 

 

CHAPTER FIVE 

5.0 DISCUSSION 

5.1 Quality Control Test 

Before the commencement of the in vivo study, metformin tablets, ampiclox capsules, 

metronidazole tablets and amoxicillin capsules were subjected to quality control tests 

(Identification and chemical assay tests). 

The World Health Organization (WHO) have always maintained the rationale for such tests 

and the necessity for such tests was strongly emphasized after the Bangladesh epidemic a 

reported case of  fatal renal failure caused by propylene glycol in paracetamol elixir. 

(Hannif et al, 1995). 

 The standard sample of metformin as well as the tablets of metformin, metronidazole and 

capsules of ampiclox and amoxicillin complied with the B.P. (2002) specification for 

quality control test such as identification and chemical assay test. 

5.2 In-vivo Bioavailability Studies 

5.2.1 Effect of ampiclox (ampicillin/cloxacillin) on pharmacokinetics of metformin 

Following the concomitant administration of 1 g of metformin with 1 g ampiclox to type 2 

diabetic patients, the influence of ampiclox capsules on the pharmacokinetics of metformin  

clearly revealedsignificant pharmacokineticchanges (P < 0.05)  ( see Table 4.9). 

 An increase in the absorption rate constant ka  from 0.46±0.04 to 0.58±0.04 hr
-1

was 

observed, these changes were found to be significant(p < 0.05, using student t-test for  
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paired data) differences in the Cmax , AUC, Vd, Cl, lag- time while other parameters were 

not significantly different in their values, (p>0.05). 

There was an increase in peak plasma concentration (Cmax) from 1.14±0.52 to 1.28 

±0.35µg/ml  while area under the curve (AUC) increased from 4.39 ±0.71 to 5.18 ±0.02 

µg/ml/hr they were statistically insignificant at (P>0.05), which is also in agreement with 

the finding of Paxton in 1989 that, the high AUC value of metformin in the presence of 

ampiclox capsules is most likely responsible for the decreased plasma glucose 

concentration following treatment with the two drugs. It could be due to the fact that both 

drugs bound to plasma protein and the same binding sites.  Competition for binding sites 

when both drugs were administered concomitantly may result in displacement of 

metformin. This may be the most likely reason for high bioavailability of metformin 

observed which resulted in increased of AUC and Cmax. 

Both drugs are tightly bound to plasma protein, and there exist the possibility of common 

binding sites (Ptalsky, 1980, Hills, 1987). Competition for binding sites when both drugs 

are concurrently administered may lead to the displacement or metformin from its binding 

sites. Activity of any drug is usually a function of the fraction of the unbound drug, high 

level of metformin and thus, an enhanced activity in the presence of ampiclox capsules 

must have accounted for the significant decrease in plasma glucose level observed 

following their concomitant administration. 

Greater percentage of metformin and ampiclox are excreted by the renal – tubular secretion 

mechanism (Burger and Mitchell 1985). Thus, there is a possibility that both drugs compete 

for the same renal – tubular secretion. When this happens, there is every tendency that 
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ampicillin/cloxacillin known to be rapidly eliminated from the system will be secreted first 

in preference to metformin when they are co-administered. By such mechanism, the 

clearance rate of metformin will be reduced as well as its volume of distribution as shown 

in Table 4.6. In this study, there was an insignificant decrease (P > 0.05) in the volume of 

distribution (Vd) of metformin from 337,852.19±0.27 to 303,061.43 ±0.40 ml in the 

presence of ampiclox capsules which agreed with the result of the study carried out 

byBakare et al., (2001) on the influence of ampiclox on the pharmacokinetics of 

chlorpropamide in type 2 diabetic patients. 

The observed significant decrease (p<0.05) in  clearance from 59,013.39 ±0.41 to 

41,028.98±0.37 ml/hr  with a   reduction in the volume of distribution  when metformin 1 g 

was co-administered  with 1 g ampiclox  to type 2 diabetic patients,   may be due to the  

decrease in elimination rate constant ( Charles et al.,2009) . 

The mean postprandial glucose level increased significantly (p<0.05) at 2 hours but reduced 

at 3 hours for both  metformin alone and when co-administered with ampiclox but not 

prominent as when compared with when metformin co-administered with metronidazole 

(Figures 4.4 and 4.6), this could be as a result of potentiation effect observed when 

metformin was co-administered with the interacting drugs. 

5.2.2 Effect of metronidazole on pharmacokinetics of metformin 

Following the  concomitant administration of a single dose of 1 g of metformin with 400 

mg metronidazole to Type 2 diabetic patients, significant increase (p<0.05) in the 

absorption rate constant (ka), peak plasma concentration (Cmax ), and area under the curve 
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(AUC) of metronidazole were observed (Table 4.10). The greater the amount of drug 

absorbed, the greater the AUC and the greater the bioavailability. 

A decrease in elimination rate constant ke (hr
-1

) from 0.18±0.12 to 0.11±0.02 hr
-1

was 

observed on co- administration of metformin with metronidazole to type 2 diabetic patients, 

with an increase in elimination half-life 3.8±0.07 to 6.2±0.02 hr and decrease clearance 

from 59,013.39 ±0.41 to 42,435.56 ±0.21 ml/hr which were significant (p<0.05).This is in 

agreement with the reportof the study carried out by Bakare-Odunola et al.,(2001), on 

Chlorpropamide and metronidazole in which there was significant increase renal tubular 

secretion of metformin by metronidazole. They indicated that both drugs may be competing 

for the same renal tubular secretion. 

The mean postprandial glucose level increased significantly at 2 hours but reduced at 3 

hours for both metformin alone and metformin co-administered with metronidazole, this 

may be due to the potentiation when metformin was co-administered with the interacting 

drug (Figure 4.6). 

5.2.3 Effect of amoxicillin on pharmacokinetics of metformin 

The result of concomitant administration of a single dose of 1 g of metformin with 1 g 

amoxicillin capsules to type 2 diabetic patients, revealed significant changes in the   

pharmacokinetic of amoxicillin. 

 Absorption rate constant decreased significantly(p<0.05) from 0.46±0.04 hr
-1

. A 

statistically significant decrease (p<0.05) in Cmax  of metformin  from 1.14±0.52 to 1.10 ± 

0.04 µg/ml with also decrease area under the curve from 4.39 ±0.71 to 4.25 ±0.45 µg/ml/hr 

when administered  concomitantly with amoxicillin  was recorded. 
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 The significant (p<0.05) reduction in absorption rate constant (ka)resulted in an 

insignificant increase (p>0.05) in volume of distribution 337,852.19±0.27 to 349,352.06 

±0.11ml. This is in agreement with the report of the study carried out by   Samogyi et al. 

(1987) on metformin and cimetidine in which there was reduction renal tubular secretion of 

metformin by cimetidine. 

The mean postprandial glucose level changes were not significant when metformin was co-

administered with amoxicillin. This may be as a result of non- interaction when metformin 

was co-administered with amoxicillin. 
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CHAPTER SIX 

6.0 CONCLUSION AND RECOMMENDATION 

6.1 Conclusion 

From the study, the quality of the drug products evaluated was conformed to have satisfied 

the requirements of the B.P (2002) with respect to identification and assay tests. 

It has been established in the course of this study that ampiclox capsules, metronidazole 

tablets and amoxicillin capsules have influenced the Pharmacokinetics of metformin and 

strongly suggested pharmacokinetics interaction between the interacting drugs with 

metformin. 

 The method of high performance liquid chromatography, in the monitoring of metformin 

in the   plasma was very effective and efficient. 

The results of the findings indicated pharmacokinetics changes when   metformin was 

administered alone and co-administered with ampiclox, metronidazole, and  amoxicillin. 

Potentiation  effects  on metformin was only was observed with concomitant administration 

of a single dose of 1 g metformin with 400 mg of metronidazole tablets and 1 g ampiclox   

capsules by increasing  the peak plasma concentration  of metformin.  

 Concomitant administration of 1 g metformin with 1 g of amoxicillin had no significant 

effect.  
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6.2 Recommendations 

The findings indicated that diabetic Patients on metformin who require ampiclox or 

metronidazole needs adjustment of dose regiment to avoid the risk of toxicity or therapeutic 

failure.  

On the other hand, the combination of metformin with amoxicillin capsule in management of 

Type 2 diabetic patients may be clinically safe. 
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Appendices 

Appendix I:The precision of the analytical method 

Sample Concentration(µg/ml) C.V % N 

Within day run    

Metformin 0.05 3.4 5 

 1.00 2,8 5 

 4.00 1.2 5 

Between day run    

 0.05 4.2 5 

 1.00 3.1 5 

 4.00 2.3 5 
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 Appendix II:Percent extraction recovery of metformin 

Sample Concentration (µg/ml) Recovery % ± S.D N 

Metformin 0.20 96.52 ±6.7 5 

 0.40 98.43 ±7.0 5 
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Appendix III: Plasma concentrations of metformin for type 2 diabetic patients. 

Time 

(hr) 

P1 

(µg/ml) 

P2 

(µg/ml) 

P3 

(µg/ml) 

P4 

(µg/ml) 

P5 

(µg/ml) 

P6 

(µg/ml) 

Mean ±S.D, 

(n=6) 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00±0.00 

0.50 0.21 0.20 0.21 0.20 0.21 0.20 0.21 ±0.18 

1.50 0.84 0.83 0.83 0.84 0.83 0.84 0.84 ± 0.16 

3.00 1.14 1.14 1.13 1.15 1.14 1.14 1.14 ±0.20 

4.00 0.61 0.60 0.60 0.60 0.61 0.60 0.60±0.38 

6.00 0.34 0.34 0.34 0.34 0.34 0.34 0.34±0.16 

8.00 0.23 0.24 0.23 0.24 0.23 0.23 0.23±0.22 

P=Patients. 
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AppendixIV: Plasma concentration s of metformin co-administered with ampiclox 

totype 2 diabetic patients. 

Time 

(hr) 

P1 

(µg/ml) 

P2 

(µg/ml) 

P3 

(µg/ml) 

P4 

(µg/ml) 

P5 

(µg/ml) 

P6 

(µg/ml) 

Mean ±S.D, 

(n=6) 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00±0.00 

0.5 0.52 0.53 0.52 0.53 0.52 0.53 0.53±0.19 

1.5 0.60 0.70 0.67 0.72 0.54 0.83 0.71±0.16 

3.00 1.28 1.27 1.29 1.28 1.28 1.28 1.28±0.31 

4.00 0.92 0.92 0.92 0.92 0.92 0.92 0.92±0.17 

6.00 0.38 0.38 0.38 0.37 0.38 0.38 0.38±0.18 

8.00 0.20 0.97 0.20 0.21 0.20 0.21 0.20±0.12 
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Appendix V: Plasma concentration s of metformin co administered with 

metronidazole for type 2 diabetic patients. 

Time 

(hr) 

P1 

(µg/ml) 

P2 

(µg/ml) 

P3 

(µg/ml) 

P4 

(µg/ml) 

P5 

(µg/ml) 

P6 

(µg/ml) 

Mean ±S.D, 

(n=6) 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00±0.00 

0.50 0.44 0.43 0.43 0.43 0.44 0.43 0.44±0.18 

1.50 1.09 1.09 1.09 1.09 1.09 1.09 1.09±0.19 

3.00 1.32 1.33 1.33 1.32 1.33 1.32 1.33±0.39 

4.00 0.64 0.65 0.64 0.65 0.64 0.65 0.65±0.09 

6.00 0.45 0.46 0.45 0.45 0.45 0.45 0.45±0.90 

8.00 0.23 0.24 0.24 0.23 0.24 0.23   0.21±0.18 
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AppendixVI: 

Weight of   20 tabs of metformin 10.5606 g 

Average weight     =           

                                      = 0.528 g 

             0.5g of 1 tab =    0.528 g 

  0.10 g        =        x 

X =      

 = 0.106 g 

            0.106 g in 100 ml 

 = 0.106g/ml C1 

          V1  = 10 ml 

         V2  = 100 ml 

First dilution   C2 

 

0.00106 g/ml 

Actual concentration = 0.00106 g/ml 

The value of A1%, 1cm at 232nm = 398 

Theoretical concentration   =  

 =  

 = 0.001030151g/ml 

% Content of metformin =     

 

  97.0%metformin 
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Appendix VII: 

Weight of 20 ampiclox capsules =   11.4353 g 

Average weight =   0.57165 g 

Each capsule = 0.250 g 

0.250 g =   0.57165 g 

Equivalent weight of 0.17 g = x g. 

X =    

           0.388722g 

0.388722g   in 100 ml   0.388722 g/ml   C1 

V1   =5 ml 

V2  = 20 ml 

C2  =  

          0.071805g/ml. 

Actual concentration =   0.071805g/ml. 

Absorbance of   0.071805 g/ml of ampicillin powder in ampiclox  capsule =0.034 

Absorbance of   0.071805 g/ml of ampicillin standard powder = 0.033483 

Absorbance of   standard powder  0.033483  = 100% ampicillin  content 

Absorbance of    ampicillin powder in ampiclox capsule 0.034 = x % amoxicillin 

content.  

 

  X x 100 

98.53 % ampicillin 
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Appendix VIII: 

Weight of 20 ampiclox capsules =   11.4353 g 

Average weight =   0.57165 g 

Each capsule of cloxacillin = 0.25 g 

0.25 g =   0.57165 g 

0.1 g = x g 

       = 0.22866 g 

Equivalent weight of 0.1 g = 0.22866 g. in 500 ml 

 But in 100 ml = 0.045732 g 

             But in 100 ml = 0.045732 g                           0.045732 g /ml    C1 

V1   =5 ml 

V2 = 20 ml 

C2 =  x 5 

 

          0.011433g/ml. 

Actual concentration = 0.011433g/ml 

Absorbance of 0.011433g/ml cloxacillin   powder in ampiclox capsule =0.1737 

Absorbance of    0.011433g/ml cloxacillin standard powder = 0. 

176 

 Absorbance of   standard powder 0.1737 = 100% cloxacillin  content 

   Absorbance of    cloxacillin powder in ampiclox capsule 0.1737 = x % cloxacillin 

content.  

 

  X    X 100 

98.69% cloxacillin 
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Appendix IX: 

Weight of 20 tablets of metronidazole =10.3977g 

Average Weight = 0.519885 g 

0.4 g of metronidazole =0.519885 

0.2 g        = x g 

X   =     

     = 0.2599425 g 

  End point of titration with the powder = 13.8 ml 

End point of titration without the powder =2.3 ml 

Volume of perchloric acid = 13.8 – 2.3  

                                                    11.5 ml 

0.1 ml   17.12 mg 

11.5 ml  X mg 

X =    x11.5 

            198.8mg 

       198.8 mg = 0.19688 g 

% content of metronidazole =            x100 

 

 X100 

 

 99.44 % metronidazole 
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Appendix X: 

Weight of 20 Amoxicillin Capsules    = 11.4482 g 

Average weight                        = 0.57241 g 

Each capsule contains 500 mg. 

O.5 g                           0.57241 g 

0.15 g x 

X    =                    

               0.171723 g =500 ml 

                         X g     = 100 ml 

 

                           =0.03444 g. 

         0.0344 g     dissolved in 100 ml 

          X g                    ,,             1 ml 

       X =0.00344g/ml        C1 

V1 = 2 ml 

     V2    = 20 ml 

      C2   =  

               0.00034 g/ml 

Absorbance of   0.00034 g/ml of amoxicillin powder in a capsule =0.1737 

Absorbance of   0.0003 g/ml of amoxicillin standard powder = 0.176 

Absorbance of   standard powder 0.176 = 100% amoxicillin content 

Absorbance of    amoxicillin powder in a capsule 0.1737 = x % amoxicillin content. 

 

  X x 100 

 98.5 % 
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  Appendix XI: Calibration Curve of metformin 

y = 343.9x + 161.1
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