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                                                               ABSTRACT 

 

This study was aimed at assessing the comparative bioavailability of six brands of ofloxacin 

marketed in Zaria.  

Comparative bioavailability studies of six brands of ofloxacin marketed in Zaria was 

successfully conducted. Quality assessment was conducted on the randomly selected six brands 

of ofloxacin marketed in Zaria. Identification test, assay, weight variation, friability, 

disintegration time and dissolution rate were determined according to BP 2009. Cheap, simple 

and accurate U. V. Spectrophotometry method for analysis of ofloxacin in GAA from saliva 

sample at 295nm was developed and validated based on ICH guideline. Calibration curve was 

constructed within the range of 3-18µg/ml and validated. The developed method was then 

employed in the comparative bioavailability studies of six brands of ofloxacin with a washout 

period of one week.  

 

All the brands were found to have the labeled active ingredient. The six brands passed the assay 

as they were within the accepted range of 99.8-102%. Weight variation was conducted and all 

the brands passed as their percentage deviations were less than 5%. Similarly all the brands 

passed the friability except Brand E with more than 1% friability. Disintegration test reveals that 

all the brands disintegrate in less than 15minutes and all the brands passed the dissolution rate as 

more than 85% of the active ingredient was released in 30 minutes. The percentage recovery of 

the developed method was within the accepted range of 98 - 102%. Calibration curve was linear 

within the range of 3-18µg/ml as the correlation co-efficient was 0.998. The regression equation 

was y= 0.092x + 0.008. All the brands were well tolerated by the subjects as no adverse effects 

were reported. The mean Cmax (µg/ml) of brands B, C, E and F were found to be significantly 
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(p≥0.05) different from that of the brand A (innovator) while brand D was not significantly 

(p≥0.05) different (16.66 ± 1.41, 11.7 ± 1.83, 9.82 ± 0.67, 16.25 ± 2.54, 15.35  ± 1.43 and 11.99 

± 0.37 for brand A, B, C, D, E, and F respectively). The mean tmax (hr) of brand C and D were 

found to be statistically similar (p≥0.05) with that of the innovator while that of brand B, E and F 

were significantly (p≥0.05) different from that of the innovator (3.5 ± 0.2, 4.0 ± 1.83, 3.5 ± 0.61, 

4.5 ± 0.61, 2 ± 0.45 and 2.5 ± 0.22 for brand A, B, C, D, E, and F respectively). For AUC0-8 

(µg/ml.h), the values of brands B and D were found to be statistically similar (p≥0.05) with that 

of the innovator while the values of brands C, E and F were significantly (p≥0.05) different from 

that of the innovator (72.68 ± 3.58, 56.53 ± 13.26, 43.24 ± 4.25, 100.40 ± 16.01, 92.74 ± 6.75 

and 28.17 ± 0.62 for brand A, B, C, D, E, and F respectively). The elimination half life (t1/2� 

(h)) of brands B and C were statistically similar (p≥0.05) with that of the innovator while brands 

D, E and F half life values were significantly (p≥0.05) different from that of the innovator (3.08 

± 0.11, 2.89 ± 0.27, 3.01 ± 0.09, 4.27 ± 0.02, 4.23 ± 0.09 and 1.63 ± 0.02 for brand A, B, C, D, 

E, and F respectively).  

 

Brand D was found to be comparatively bioavailable with the innovator. Therefore, it could be 

used in preference to the innovator due to its cheap price compared to the innovator. Brand B, C, 

E and F were not comparatively bioavailable as both the rate and extent of absorption were 

significantly different at p≥0.05 level of significance. 
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                                                            CHAPTER ONE 

                                                             1.1 Introduction 

 

Bioavailability is defined as the fractional extent to which a dose of drug reaches its site of 

action. Pharmacokinetic describes the time course of a drug in the body, encompassing 

absorption, distribution, metabolism, and excretion (also known as ADME). Simply put, it 

describes what the body does to the drug (Timothy, 2006). The biological, physiological, and 

physicochemical factors, which influence the transfer processes of drugs in the body, also 

influence the rate and extent of ADME of those drugs in the body (Larry, 2008). The three 

primary processes of pharmacokinetics are absorption, distribution, and elimination 

(Katzung, 2004). Absorption is the movement of a drug from its site of administration into 

the central compartment and the extent to which this occurs (Iain, 2006). After absorption or 

systemic administration into the bloodstream, a drug is distributed into interstitial and 

intracellular fluids depending on the physicochemical properties of the drug. The rate and 

extent of drug distribution into tissues depend on the cardiac output, regional blood flow, 

capillary permeability, and tissue perfusion (Timothy, 2006). Metabolism is the chemical 

conversion of the drug molecule, usually through an enzymatic reaction, into another 

chemical entity referred to as a metabolite. The metabolite may have the same, or different, 

pharmacological effect as the parent drug, or even cause toxic side effects (Larry, 2008). 

When this reaction generates more polar, inactive metabolites that are readily excreted, the 

process is termed biotransformation. While excretion is the irreversible removal of drug from 

the body and commonly occurs via the kidney or biliary tract (Larry, 2008). Pharmacokinetic 

parameters include  bioavailability (F or %F), area under the curve (AUC), maximum plasma 

concentration (Cmax), time to reach maximum concentration (Tmax), clearance (Cl), volume of 
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distribution (Vd), terminal half-life (t1/2), elimination rate constant (ke, K or Kel) and mean 

residence time (MRT).  

 

1.2  Theoretical Framework 

UV-Visible spectrophotometry is one of the most frequently employed technique in pharmaceutical analysis. It involves 

measuring the amount of ultraviolet or visible radiation absorbed by a substance in solution (Behera et al. 2012 and David, 

2000).  

 

In qualitative analysis, organic compounds can be identified by use of spectrophotometer, if any recorded data is available, 

and quantitative spectrophotometric analysis is used to ascertain the quantity of molecular species absorbing the radiation. 

Spectrophotometric technique is simple, rapid, moderately specific and applicable to small quantities of compounds (Behera 

et al. 2012).  

        

Quantitative analysis basically relates concentration of analyte and the intensity of light 

absorbed. In addition, features of absorption spectra such as the molar absorptivity, spectral 

position, and shape and breadth of the absorption band are related to molecular structure and 

environment and therefore can be used for qualitative analysis (Behera et al. 2012). 

 

Quantification of medicinal substance using spectrophotometer may be carried out by preparing solution in transparent 

solvent and measuring it’s absorbance at suitable wavelength. The wavelength normally selected is wavelength of maximum 

absorption (λmax), where small error in setting the wavelength scale has little effect on measured absorbance. Ideally, 

concentration should be adjusted to give an absorbance of approximately 0.9, around which the accuracy and precision of the 

measurements is optimal (Behera et al. 2012 and David, 2000). 

 

Ofloxacin could be analysed using UV spectrophotometer due to its chromophoric groups. 

However, it has been reported by Fish and Chow (1997) that ofloxacin has two active 

metabolites namely; desmethylofloxacin, and ofloxacin N-oxide. UV spectrophotometer does 
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not discriminate between the parent drug and the metabolites in biological fluid due to the 

fact that they are of similar structures (Joseph, 1995). 

 

However, it is permissible to employ UV spectrophotometer since more than 90% of 

administered ofloxacin is excreted unchanged and also the two metabolites are said to be 

active (Joseph, 1995). 

 

It has been reported by Gauy (1992) that ofloxacin penetrates well into saliva and its 

concentration in the saliva correlates well with serum levels. Therefore, saliva was chosen as 

the biological sample.   

 
 

                                           1.3 Statement of the Research Problem 

Considering the fact that there are many brands of ofloxacin tablet and it is claimed that 

generic drugs are inferior to brand name products (WHO, 1993).  It is therefore important to 

carry comparative bioavailabity studies of these brands to assess their bioequivalence. This 

will go a long way in providing information on available options for the prescribers. 

 

 

                             1.4 Justification of the Research Problem 

Considering the proliferation of several brands of ofloxacin tablet dosage form and the 

general believe that generic drugs are inferior to brand name products. There is a need to 

carryout comparative relative bioavailability studies of various formulations of ofloxacin. 
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  1.5 Aim of the Research 

To carry out comparative relative bioavailability studies of various formulations of ofloxacin. 

 

                                                    1.6 Specific Objectives 

1. To carry out pharmaceutical equivalent studies on ofloxacin tablets. 

2. To develop and validate UV spectrophotometric method for analysis of ofloxacin.  

3. To study the bioavailability of various brands of ofloxacin tablets. 

 

                                                       1.7 Null Hypothesis 

There is no significant difference in bioavailability and biopharmaceutics between the 

different brands of ofloxacin. 

 

                                                       1.8 Alternate Hypothesis 

There is significant difference in bioavailability and biopharmaceutics between the different 

brands of ofloxacin. 
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                                                            CHAPTER TWO 

                                           2.0 LITERETURE REVIEW 
 

 

                                  Figure 2.1: Ofloxacin Chemical structure 

 

                                          2.1 Ofloxacin General Property 

1. Molecular formula - C18H20FN3O4.  

2. Molecular weight – 361.3675.  

3. Route of administration – oral or ophthalmic route.  

4. Physical state – solid.  

5. Melting point – 250 – 257oC.  

6. Water solubility – 28.3 mg/ml.  

7. Log P/ Hydrophobicity – 2.1.  

8. Protein binding – 32%.  

            9. Half life – 6 - 9 hrs.  

           10. Absorption – Bioavailability of Ofloxacin in tablet formulation is approximately 

  98% 
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           11. Stability and Storage - Ofloxacin tablets should be stored below 30�C (86�F) in a 

  well-closed container. 

  (Streubel, et al. 2003, Tadakazu and Yoshiharu, 2005, Lynne, et al. 2000 and 

  Sean, 2009). 

 

                                      2.2 Analytical Profiles of Ofloxacin 

2.2.1 Compendial methods of analysis 

 

2.2.1.1 Identification methods for the drug substances 

The European Pharmacopoeia recommends the use of infrared absorption spectrophotometry 

for the identification of the pure drug 

 

2.2.1.2 Tests 

Absorbance: 

 Dissolve 0.5 g in 0.1 M hydrochloric acid and dilute to 100 ml with the same solvent. The 

absorbance of the solution measured at 440 nm is not greater than 0.25. 

 

Optical rotation: 

Dissolve 0.300 g in a mixture of 10 volumes of methanol R and 40 volumes of methylene 

chloride R and dilute to 10 ml with the same mixture of solvents. The optical rotation is -

0.100 to +0.100. 

 

Assay: 

Dissolve 0.300 g in 100 ml of anhydrous acetic acid R. Titrate with 0.1 M perchloric acid 

determining the end-point potentiometrically. 

1 ml of 0.1 M perchloric acid is equivalent to 36.14 mg of C18H20FN3O4. 
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 Heavy metals: 

2.0 g complies with limit test C for heavy metals (10 ppm). Prepare the standard using 2 ml 

of lead standard solution (10 ppm Pb) R. 

 

Loss on drying: 

Not more than 0.2%, determined on 1.000 g by drying at 100–1050C for 4 h. 

 

Sulfate ash: 

Not more than 0.1%, determined on 1.0 g. 

 

2.2.2 Reported literature methods of analysis 

 

2.2.2.1 Titration method 

Four DNA topisomerase (gyrase) inhibitors, including ofloxacin (alone or in mixture with 

other drugs), were determined by titration method. Tablets containing ofloxacin were 

extracted 3 times with 30 ml methanol. A portion of the solution was mixed with 2 ml water 

and the resulting solution was titrated with aqueous 5mM NaOH, 5mM tetrabutylammonium 

hydroxide, or 5 mM AgNO3 by adding 0.1 ml increments at 2 min intervals.  

The end point was detected by conductimetry (Belal et. al. 1999). 

 

2.2.2.2 Spectrophotometric methods 

An extractive spectrophotometric method was developed for determination of ofloxacin in 

bulk and pharmaceutical dosage form (Suslu and Tamer, 2003). These methods are based on 

the formation of yellow ion-pair complexes between the basic nitrogen of the drug and 

bromophenol blue and bromocresol purple as sulfophthalein dyes in phthalate buffer pH 3.0 

and 3.1 respectively. The formed complexes were extracted with chloroform and measured at 
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414 nm for ofloxacin–bromophenol blue and 408 nm for ofloxacin–bromocresol purple. 

Beer’s law was obeyed in the range 0.87– 17.35 and 0.58–14.46 mg/ml for ofloxacin–

bromophenol blue and ofloxacin–bromocresol purple, respectively. 

Quan, et al. (2002) reported a net charge-transfer complex that formed by reaction of 

ofloxacin with p-nitrophenol. This complex had strong absorbance at 302 nm while ofloxacin 

had no absorbance at the same wavelength. The linear calibration range was 2–80 mg/ml for 

the drug. 

Ballesteros et al. (2002) developed a method for the determination of trace amounts of 

ofloxacin in human urine and serum sample based on solid phase spectrofluorimetry. The 

relative fluorescence intensity of ofloxacin fixed on Sephadex SP C-25 gel was measured and 

emission was 294 and 494 nm respectively. The linear concentration range of application was 

0.5–16.0 ng/ml of ofloxacin, with relative standard deviation (RSD) of 1.1% and detection 

limit of 0.14 ng/ml. Recovery level of the method reached 100% in all cases. 

A simple, rapid, accurate and sensitive spectrophotometric method for the determination of 

ofloxacin in pharmaceutical formulations was described by Amin (Amin, 2000). This method 

is based on the formation of an ion pair with Sudan III in aqueous acetone medium (40% 

acetone (v/v).The colored products are measured at 565 nm. Beer’s law is obeyed in the 

range 0.4–8.8 mg/ml. The results obtained showed good recoveries of ±1.5% with RSD of 

0.83%. 

 

2.2.2.3 Chemiluminescence methods 

A flow-injection chemiluminescence (CL) method was described for the determination of 

three fluoroquinolones; including ofloxacin (Liang, et al. 2004). The method is based on 

these compounds of the weak CL from peroxynitrous acid. The linear range is 3 ×10-7 to 
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3×10-5 for ofloxacin. The detection limit (S/N = 3) is 1.1×10-7mol l-1. The recoveries were 

96–106% (n= 5). 

Other methods include; 

 High-performance liquid chromatographic methods (HPLC) (Samanidou et al. 2003). 

 Capillary electrophoresis (CE) (Zhang et al. 2001). 

 Microbiological methods (British Pharmacopoeia, 2007). 

 

                                                 2.3 Mechanism of Action 

Ofloxacin acts by targeting bacterial DNA gyrase and topoisomerase IV. In gram-positive 

bacteria, topoisomerase IV is the primary target while in gram-negative bacteria, DNA gyrase 

is the primary quinolone target (Petri, 2006). 

 

                                                    2.4 Absorption and Bioavailability 

Owing to the presence of piperazinyl group at position 7 of the 4-quinolone methylated 

nucleus, ofloxacin has great bioavailability compared with other fluoroquinolones. It is 

rapidly and well absorbed from the gastrointestinal tract and oral bioavailability is almost 

complete in healthy-fasting adults.  The peak plasma concentration of 3–5 µg/ml is achieved 

1–2 h after single 400 mg dose by mouth (Sean, 2009). It undergoes minimal first pass 

metabolism. Absorption time may be delayed by the presence of food or when complexed 

with minerals such as ferrous, ferric, or calcium; however, the extent of absorption is not 

affected (Sean, 2009).  
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The plasma half-life ranges from 5 to 8 h in normal healthy human. It is 20-32% bound to 

plasma protein and is widely distributed into body tissues and fluids following oral 

administration. The apparent volume of distribution of the drug averages 2.4–3.5 l/kg 

following oral or intravenous administration. It is distributed into bone, cartilage, bile, skin, 

sputum, bronchial secretions, pleural effusions, tonsils, saliva, gingival mucosa, nasal 

secretions, aqueous humor, tears, sweat, lung, blister fluid, pancreatic fluid, ascitic fluid, 

peritoneal fluid, gynecologic tissue, vaginal fluid, cervix, ovary, semen, prostatic fluid, 

prostatic tissue, and cerebrospinal fluid. Ofloxacin concentrations in the tissues or fluids are 

more than that of serum concentrations. The drug crosses the placenta and found in amniotic 

fluid. It is also found in mammalian milk in a moderate concentration after oral 

administration (Sean, 2009 and Katzung, 2004). 

 

                                                             2.5 Metabolism 

Ofloxacin is metabolized in the liver at the piperazinyl moiety following oral doses. Unlike 

other fluoroquinolones, ofloxacin structure contains an oxazine ring linking the nitrogen at 

position 1 and carbon at position 8 of the quinolone nucleus. This fused ring results in low 

metabolism of the drug in vivo. Nearly 90% of the administered dose is excreted unchanged 

in the urine within 48 h following single oral dose of ofloxacin and less than 10% of the 

compound is excreted as metabolites (Ichihara, et al. 1984). Two metabolites of Ofloxacin, 

desmethylofloxacin, and ofloxacin N-oxide have been identified at low concentrations in 

human urine (Fish and Chow, 1997). The former metabolite has moderate antibacterial 

activity, while the other has only minimal microbiological activity. A third metabolite, 

ofloxacin β-D-glucuronide, which does not have any activity, is eliminated by biliary 

excretion in humans and recently, it has been found in urine (Verho, et al. 1986). 
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                                                               2.6 Excretion 

Ofloxacin is excreted mainly (90%) unchanged by the kidney via active tubular secretion and 

glomerular filtration with an elimination half-life of 5–7.5 h. Ofloxacin is found in breast 

milk. The drug crosses the placenta and found in relatively high concentration in cord blood 

and amniotic fluid (Sean, 2009, Katzung, 2004 and Petri, 2006). 

 

                                                             2.7 Therapeutic uses 

It is used in urinary tract infections, bacterial respiratory tract infections, gastrointestinal 

infections, and Infection by pneumocystis jiroveci etc (Petri, 2006). 

 

                                                              2.8 Adverse Effect 

Fluoroquinolones are extremely well tolerated. The most common effects are nausea, 

vomiting, and diarrhea. Occasionally, headache, dizziness, insomnia, skin rash, or abnormal 

liver function tests develop. Fluoroquinolones may damage growing cartilage and cause 

arthropathy. Thus, they are not routinely recommended for use in patients under 18 years of 

age. However, the arthropathy is reversible, and there is a growing consensus that 

fluoroquinolones may be used in children in some cases (eg, for treatment of pseudomonal 

infections in patients with cystic fibrosis). Tendinitis, a rare complication that has been 

reported in adults, is potentially more serious because of the risk of tendon rupture. They 

should be avoided during pregnancy in the absence of specific data documenting their safety 

(Sean, 2009, Katzung 2004 and William, 2006). 
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                         2.9 Relation between Dissolution test and Bioavailability 

Edwards in 1951 was the first to appreciate that following the oral administration of solid 

dosage forms, if the absorption process of drug from the gastrointestinal tract is rapid, then 

the rate of dissolution of that drug can be the step which controls its appearance in the body. 

In fact, he postulated that the dissolution of an aspirin tablet in the stomach and intestine 

would be the rate process controlling the absorption of aspirin into the blood stream 

(Edwards, 1951). However, Nelson in 1957 was the first to explicitly relate the blood levels 

of orally administered theophylline salts to their in vitro dissolution rates (Nelson, 1957). He 

used a non-disintegrating drug pellet, (mounted on a glass side so that only the upper face 

was exposed), placed at the bottom of a 600mL beaker in such a manner that it could not 

rotate when the dissolution medium was stirred at 500 rpm. 

In mid 1960s to early 1970s a number of studies demonstrating the effect of dissolution on 

the bioavailability of a variety of drugs were reported in the literature. Two reports were 

published in 1963 and 1964 drawing attention to the lack of full clinical effect for two brands 

of tolbutamide marketed in Canada (Campagna et al., 1963, Levy et. al., 1964). These tablets 

were shown to have long disintegration times as well as slow dissolution characteristics 

(Levy, 1964). Besides, a slight change in formulation of an experimental tolbutamide 

preparation was shown to produce significantly lower blood levels and hypoglycemic effect 

(Varley, 1968). In 1968, Martin et al. reported significant differences in the bioavailability 

between different brands of sodium diphenylhydantoin, chloramphenicol and sulfisoxazole. 

MacLeod et al. (1972) reported greater than 20% difference in peak concentration and area 

under the serum concentration–time curve for three ampicillin products. In late sixties it was 

realized that differences in product formulation could lead to large differences in speed of 

onset, intensity and duration of drug response. At that time the term “bioavailability” was 
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coined to describe either the extent to which a particular drug is utilized pharmacologically 

or, more strictly, the fraction of dose reaching the general circulation.  
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                                                            CHAPTER THREE 

                                              3.0 MATERIALS AND METHOD 

                                                          3.1 Material  

3.1.1 Drugs 

Six Brands of 200mg ofloxacin tablets  

Standard powder of ofloxacin was donated by May and Baker 

3.1.2 Glass wares and accessories 

2×250ml Extraction tubes (Pyrex England) 

2×100ml measuring cylinders (Pyrex England) 

2×100ml and 2×250ml conical flasks (Pyrex England) 

2×25ml and 2×50ml beakers (Pyrex England) 

6×10ml test tubes (Pyrex England) 

6×15ml centrifuge tubes (Pyrex England) 

2×25ml,2×50ml and 2×100ml volumetric flasks (Pyrex England) 

20×Filter paper 

3.1.3 Equipments 

Electronic weighing balance (Metlers Pr 63 Switzerland) 

Tablet friabilator (Erweka TA3, Germany) 

Disintegration apparatus (Erwaka G.M.B.H Germany) 
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Tablet hardness tester (Monsanto, Philip Harries Ltd, England) 

Centrifugation machine (Gallen Kamp, Philip Harries Ltd, England) 

Gallen Kamp Hot Air Oven (Philip Harries Ltd, England) 

Porcelain pestle and mortar 

Thermometer (Mc Donald Scientific International, England) 

Dissolution machine (DA-6D, Veego Scientific devices Mumbai, India) 

UV Spectrophotometer (Helios Zeta, Model 164617) 

Stop watch (Smith England clock system) 

3.1.4 Reagents 

Glacial acetic acid (BPH Chemical, England) 

Distilled water (BPH Chemical, England)                 

Ethanol (BPH Chemical, England)                            

Methanol (BPH Chemical, England)                        

Glacial acetic (BPH Chemical, England)                    

N-hexane (BPH Chemical, England)                         

Chloroform (BPH Chemical, England) 

Conc. HCl (BPH Chemical, England) 

NaOH pallet (BPH Chemical, England)  
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                                                       3.2 Method 

3.2.1 Purchase of ofloxacin tablet 

Six brands of ofloxacin tablets were purchased from Sabon Gari Market, Zaria, Kaduna and 

were then coded as A, B, C, D, E and F. Brand A considered as innovator (see Appendix 1). 

 

3.2.2 Inspection of NAFDAC label requirement 

Addresses of manufacturers, batch numbers, manufacturing dates and expiry dates were 

recorded for all the brands and only products within the expiry date were used. 

 

3.2.3 Identification test 

Ofloxacin was identified in all the six brands according to BP 2009 as follows; three tablets 

were randomly picked and crushed in a porcelain pestle and mortar. 0.5g equivalent of the 

ofloxacin powdered tablets was weighed. This was then extracted with five portions of 20ml 

0.1N HCl. Absorbance of solution was taken at 440nm. Ofloxacin is present if the maximum 

absorbance is not greater than 0.25. 

3.2.4 Assay of ofloxacin tablet content 

BP 2009 method of ofloxacin assay was adopted and modified as follows; three tablets of 

ofloxacin were crushed in a porcelain pestle and mortar. 0.3g equivalent of ofloxacin 

powdered tablets was weighed. It was then dissolved in 100 ml of anhydrous acetic acid R 

and two drops of gentian violet was added. This is then titrated with 0.1 M perchloric acid. 

End-point was determined by yellowish green coloration. 
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1 ml of 0.1 M perchloric acid is equivalent to 36.14 mg of C18H20FN3O. 

 

3.2.5 Uniformity of weight 

Twenty (20) tablets were individually weighed on an analytical balance. The mean            

weights were calculated followed by the 5% percentage deviation from the mean weight. The 

same procedure was repeated for all the brands. 

3.2.6 Disintegration test 

Six tablets were randomly selected from each brand and placed in the six basket units of 

Erweka disintegration machine, Germany, in 0.1N HCl solution, maintained at 37 ±100C. The 

time taken for all the tablet particles in each unit to pass through the mesh was recorded. The 

mean time for the six tablets was taken as the disintegration time. 

 3.2.7 Dissolution rate 

The dissolution rates for all the six brands were determined using Erweka dissolution 

apparatus Germany. The dissolution medium was 0.1N HCl maintained at 37± 0.50C. The 

basket was rotated at a rotational speed of 100rpm. 10ml samples were withdrawn at 30 

minutes. The amounts of ofloxacin in the collected samples were determined   

spectrophotometrically at 290nm. All measurements were conducted in triplicate. 

3.2.8 Friability test 

Roche friabilator was used to carry out the friability test. Ten (10) tablets from each brand 

were taken and weighed and then placed on the friabilator, which was then operated for four 

(4) min at 25 rpm (100 revolutions). The tablets were de-dusted, reweighed and the difference 

in tablet weight was determined and percentage friability was calculated as follows: 

Friability (%) = (W1- W2 / W1) 100 
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Where, W1 = original weight and, W2 = final weight 

 

3.2.9 Identification of standard ofloxacin powder 

This was done according to BP 2009; an IR spectrum of ofloxacin standard was taken and the 

finger print region was compared with the standard IR spectra of ofloxacin powder. 

3.2.10 Selection of solvent   

The solubility studies of Ofloxacin were conducted in distilled water, ethanol, methanol, 

chloroform, glacial acetic acid and hexane.10mg of standard Ofloxacin powder was dissolved 

in each solvent at room temperature and then observed. 

3.2.11 Preparation of stock solution 

10mg of Ofloxacin standard powder was dissolved in 20ml glacial acetic acid contained in 

100ml volumetric flask and was made up to 100ml with the same solvent. Therefore, making 

100 µg/mL solution. 

3.2.12 Determination of wavelength of maximum absorption 

1ml was withdrawn from the stock solution into a 10ml volumetric flask and made up to 

10ml with 1% v/v glacial acetic acid to make 10µg/ml solution. This was then scanned 

through the workable wavelength (200-400nm) so as to obtain the wavelength of maximum 

absorption.  

3.2.13 Determination of pH of maximum absorption 

10ml was withdrawn from the stock solution of the standard powder and then made up to 

100ml with 1% v/v glacial acetic acid to obtain 10µg/ml solutions. 5ml each of the prepared 

10µg/ml solutions were pipetted into five different 10ml test tubes and labeled pH 4, 5, 8, 9 

and 10. 2ml of the prepared pH solutions were added accordingly and vortex mixed. The 

prepared solutions of the standard powder containing the different pH values were scanned at 

200-400nm so as to obtain pH of maximum absorption. 
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3.2.14 Validation of the developed analytical method 

The developed method was validated for its linearity, precision, accuracy and percentage 

recovery according to ICH guideline. 

3.2.14.1 Linearity 

This was established by least square method using Microsoft excel 2010. 

 

3.2.14.2 Precision 

This is done by actual determination of 6 replicates of a fixed concentration of the drug 

(10µg/ml) within the Beer’s range and finding out the absorbance by the proposed method. It 

consists of; 

 

Intra-day precision (within day precision): 

This essentially consists of determining the absorbance of 10µg/ml solution buffered with 

pH5 solution for six times at the interval of one hour. 

 

Inter-day precision (between day precision): 

This essentially consists of determining the absorbance of 10µg/ml solution buffered with 

pH5 solution three times for three different days 

 

 

3.2.14.3 Accuracy 

The accuracy of the proposed method was tested by recovery studies at 80%, 100%, and 

120% by adding 4.4, 2.5 and 1.2ml to 5ml of 15µg/ml solution contained in three 10ml test 

tubes thereby yielding 8, 10 and 12µg/ml solutions. 
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3.2.15 Extraction procedure 

Micele et al. (1979) method of ofloxacin extraction was adopted and modified as follows; 

2ml saliva was mixed with 2ml of the extracting solvent (1% v/v glacial acetic acid) and 

buffered with 1ml of pH 5. This was then vertex mixed for 2 minutes and then centrifuged at 

3g for 10 minutes. 2ml of the supernatant was taken and absorbance recorded at 295 nm. 

 

3.2.16 Percentage recovery  

2ml blank saliva was collected prior to drug administration and then vortex mixed with 1ml 

pH 5 buffer solution together with the 2ml of extracting solvent (1% v/v glacial acetic 

acid).This was then centrifuged at 3g for 10 min and 2ml supernatant was collected thereby 

forming the blank solution. 

Two 200mg tablets were then given to a volunteer with adequate water after overnight 

fasting. 4ml saliva was collected after two hours (2hrs) of drug administration and then 

divided into two equal parts in two test tubes labeled A and B. 1ml of pH 5 buffer solution 

was also added together with 2ml of the extracting solvent into test tube A. This was then 

centrifuged at 3g for 10minutes. 2ml supernatant was then collected and the absorbance was 

then measured at 295nm against the previously prepared blank. 0.46ml of the standard 

solution of ofloxacin was added into test tube B to make 5µg/ml solution and then extracted. 

2ml supernatant was then collected and the absorbance was then measured at 295nm against 

the previously prepared blank.  

 

Percentage recovery =   Conc. in B - 3µg/ml   × 100 
                                            Conc. in A        
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3.2.17 Preparation of calibration curve 

0.3, 0.6, 0.9, 1.2, 1.5, and 1.8 ml of the stock solution were withdrawn into six labeled test 

tubes and then made up to 10ml with glacial acetic acid making 3µg/ml -18µg/ml solutions. 

Fifteen (15) ml saliva was collected from a volunteer with the aid of chewing gum to 

stimulate salivation and centrifuged. The supernatant was collected thereby discarding the 

mucus and particulate matters. 2ml of each of the prepared 3µg/ml -18µg/ml solutions were 

measured into labeled test tubes followed by adding 1ml of pH 5 and spiked with 2ml of the 

saliva. 2ml of glacial acetic acid was then added as the extracting solvent. The solutions were 

vortex mixed for one minute and then centrifuged at 3g for 10 minutes so as to obtain a clear 

solution. 5ml of the supernatants were withdrawn and their absorbance recorded at 295nm. 

The absorbance were plotted against concentrations with the aid of Microsoft excel 2007. 

 

3.2.18 Protocol of the study 

Six healthy, nonsmoking, non alcoholic and free from liver and kidney disease adult male 

volunteers (mean age ± SD, 26.375 ± 5.449; range 22 -37 years and mean weight 55± 5.45 

kg) were selected for enrollment in the study. Subjects were included in the study after 

normal findings from physical examination and previous medical history.  Prior to any 

screening procedures, a written consent was obtained from each subject participating in this 

study after adequate explanation of the aims, methods, objective, and potential hazards of the 

study were made. 

 

3.2.19 Study drug 

Six brands of 200mg Ofloxacin tablets were purchased from Sabon Gari Market, Zaria, 

Kaduna and were then coded as brand A, B, C, D, E, and F. Brand A was considered as the 

innovator. 
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3.2.20 Study design 

After an overnight fast, the volunteers were made to rinse their mouths, and 5ml saliva was 

collected prior to drug administration with the aid of chewing gum. Volunteers were then 

administered two 200mg innovator with adequate water. Food was withheld until after 2hrs 

of drug administration (this is the time when maximum plasma concentration is said to 

occur). About 5ml of saliva sample was collected at time 30 min 1, 2, 3, 4, 5, 6, 7 and 8 

hours. Saliva samples were stored at - 20oC (it has been shown that at this temperature no 

reaction is said to occur) and analyzed the next day. The same procedures were repeated for 

the remaining five brands with a wash out period of one week. 

 

 

3.2.21 Pharmacokinetic analysis 

Pharmacokinetic parameters were determined by residual method while AUC was determined 

by trapezoidal method. Results were expressed as mean ± SEM and statistical analysis was 

done using student’s t-test at 95% confidence interval. 
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                                                     CHAPTER FOUR 

                                                           4. Results 
 

         Table 4.1: Label Information of six different brands of ofloxacin tablets  

S/�¶  Product code    Batch �¶  
(NAFDAC �¶�• 

Mfg. Date Exp. Date Price/10unit 
        (
G) 

1 �$�N�=�J�@���# 
 

  IG006A 
 (04-0885) 

Jan-11 Dec 2015     1200 

 
2 

 
�$�N�=�J�@���$ 

 

  
 RA 1001 
 (A4-3914) 

 
Aug-11 

 
Jul 2014 

 
     200 

 
3 

 
�$�N�=�J�@���% 

 

   
 N-496 
 (A4-2783) 

 
Jun-12 

 
May 2015 

 
     200 

 
4 

 
�$�N�=�J�@���& 

 

   
 V0102R 
 (A4-2047) 

 
Feb-12 

 
Jan 2014 

 
     200 

 
5 

 
�$�N�=�J�@���'  

   
111016 
 (A4-5948) 

 
Oct-11 

 
Oct 2014 

 
     200 

 
6 

 
�$�N�=�J�@���(  

   
Do-10002 
 (A4-2719) 

 
May-10 

 
Apr 2013 

 
     200 

      
All the brands passed the NAFDAC requirements as shown above 

 

                                  4.1 Identification of Ofloxacin Powder 

The IR spectrum of ofloxacin powder was found to be super imposable with the standard IR 

spectra of ofloxacin as shown in appendix 9 and 10. 

  

                                  4.2 Identification of Ofloxacin in the Tablets 

All the brands passed the identification test as none of them have absorbance of greater than 

0.25 at 440nm. 
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                        Table 4.2: Absorbance of Ofloxacin tablet at 440nm 

S/№               Brands           Absorbance 

1                    Brand A               0.222 

2                    Brand B               0.233 

3                    Brand C               0.189 

4                    Brand D               0.201 

5                    Brand E               0.178 

6                    Brand F               0.235 

 

 

 

 

 

                                             4.3 Quality Control Result 

4.3.1 Assay: 

All the brands except C passed the test as their % content were within the accepted limit 
(99.8-102 %.) 
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  Table 4.3: Assay of Ofloxacin Tablet Content 

Brands               % content           Remark 

Brand A                100                    Passed 

Brand B                100                    Passed 

Brand C                99                      Failed 

Brand D               99.8                    Passed 

Brand E               101                      Passed 

Brand F               100                      Passed 

   

 

 

 

 

 

 

 

4.3.2: Weight variation: 

All the brands passed the weight variation test as their % mean deviation was less than 5%.   
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Table 4.4: Uniformity of weight (mean ± SD) and their mean percentage deviation 

Brands               Weight variation(mg) ± SD                       % mean deviation  
                                        ( n=20)             

Brand A                            401 ± 3                                                              0.224                         

Brand B                            865 ± 13                                                            1.098                            

Brand C                            405 ± 5                                                              1.235                            

Brand D                            663 ± 19                                                            2.353                           

Brand E                            409 ± 11                                                            2.298                            

Brand F                            614 ± 8                                                              1.107                            
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4.3.3 Friability and Disintegration time: 

 All the brands passed the friability test except brand E with percentage friabilities of > 1% 

and their disintegration time were less than 30minutes. 

 

 

 

 

 

                   Table 4.5: Percentage Friability and Disintegration time 

Brands                              % Friability                    Disintegration(min) ± SD    
                                            (n=6)                                      (n=6) 
    
Brand A                              0.000                                  7.89 ± 0.418                                       

Brand B                              0.000                                  7.86 ± 0.673                                      

Brand C                              0.000                                  3.05 ± 0.329                                       

Brand D                              0.754                                  4.82 ± 2.887                                        

Brand E                              1.463                                  6.50 ± 1.335                                       

Brand F                              0.000                                  3.00  ± 0.794                                      
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4.3.4 Dissolution test: 

All the brands passed as more than 85% of the drug is released at 30min. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
             Table 4.6: Dissolution rate in 0.1N HCl at thirty minutes (30min). 
 

           

 

 

 

 

 

Brands                         % release( t = 30min)         Remarks 

Brand A                                  94                            Passed 

Brand B                                  93                            Passed 

Brand C                                  94                            Passed 

Brand D                                  91                            Passed 

Brand E                                  92                            Passed 

Brand F                                  92                            Passed 
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                                        4.4 Analytical Method Result 

4.4.1 Determination of wavelength of maximum absorption 

295nm was obtained as an analytical wavelength after scanning of 10µg/ml solution of 

ofloxacin at pH5 through the workable wavelength (200-400nm). 
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Figure 4.1: Scanned spectrum of 10µg/ml of ofloxacin standard powder at 200 – 400nm 

 

 

4.4.2 Effect of pH on wavelength of maximum absorption 

pH 5 was found to be the pH of maximum absorption 

 

 

 

 

 

                    

                 

 

                   Table 4.7: Effect of pH on Wavelength of Maximum Absorption 

 

 

 

 

               

 

 

 

pH                                     Absorbance   

5                                          1.091 

7                                       0.248 

9                                       0.252 

10                                       1.028      
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               Figure 4.2: Absorbance of 10µg/ml of ofloxacin standard powder at pH 5 

 

 



33 
 

                                      4.5 Results for Validation Parameter 

4.5.1 Intra-day precision 

Percentage relative standard deviation (% RSD) is less than 2 hence; there is agreement 

between replicated measurements (precise). 

 

 

 

 

 

 

                             Table 4.8: Intra-day Precision of 10µg/ml Ofloxacin Solution 

�6���‹                  Absorbance 

1 0.961 

2 0.982 

3 0.971 

4 0.971 

5 0.984 

6 0.984 

Mean ± SD       0.98 ± 0.009 

RSD                  0.875% 
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 4.5.2 Inter-day precision: 

Percentage relative standard deviation (%RSD) is less than 2 hence; there is agreement 

between replicated measurements (precise). 

 

         

 

 

 

                       

                           Table 4.9: Inter-day Precision of 10µg/ml Ofloxacin Solution 

 

                                              

 

 

 

 

 

 

 

                

                                             

 
 
 
 
 
 
 
 

�6���‹                Absorbance     

1 0.991 

2 0.991 

3 0.976 

4 0.976 

5 0.961 

6 0.982 

Mean ± SD     0.980 ± 0.01 

RSD               1.05%  
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4.5.3 Accuracy and percentage recovery: 
 
The percentage recovery was found to be within the accepted limit of 98-102%. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 4.10: Accuracy and Percentage Recovery of Standard Ofloxacin Powder Spiked 
into Blank Saliva 
 
�6���‹     Amount added (µg/ml)             Amount found (µg/ml)     Percentage recovery (%) 
                          n = 3                                      n = 3 
1                           8                                            7.9                                99 

2                          10                                           9.8                                98 

3                          12                                          11.8                               99 
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                       Table 4.11: Summary of Validation Parameter of the Developed Method 

 

 

 

 

 

 

 

S/№        Parameter                      Result obtained  

1          λmax                                     295nm 

2          Range                                    3-15µg/ml 

3            Regression equation              y = 0.092x + 0.008 

4          Coefficient of correlation         0.999 

5           Intercept                                0.008 

6           Accuracy                                98-99% 

7           Precision:                                             

             Intra-day(%RSD)                   0.875 

             Inter-day(%RSD)                   1.05                    
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4.5.3 Linearity of the method: 

The method was found to obey Beer lamberts’ law in the concentration range of 3-18µg/ml as 

Coefficient of correlation was 0.999. 

 

 

 

 

 

 

 

 

                              Table 4.12: Linearity Study of Ofloxacin 

S/№            Conc.(µg/ml)                           Absorbance                                        

1                      3                                               0.28 

2                      6                                               0.568 

3                      9                                               0.842 

4                     12                                              1.126 

5                     15                                              1.38 

6                     18                                              1.677 
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                                       Figure 4.3: Calibration Curve of Ofloxacin 
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                                           4.6 Result of In-vivo Studies  

4.6.1 Salivary concentration of ofloxacin detected for the various tablet brands 

The mean salivary concentrations of the various brands reveal maximum plasma 

concentration (Cmax) range of 9.82-16.66µg/ml at 2-4.4hr. 

 

 

 

                        Table 4.13: Mean Salivary Concentration of the Various Brands  

Time(hr)                    Concentration(µg/ml) 
                    A         B         C            D           E            F       
0.5             0.000     4.093     5.709      8.569     10.507    3.185 

1                6.353      0.000    6.245     10.109    14.183    1.725 

2                7.187      0.000    7.252     14.801    13.009    7.813 

3               10.489    6.766     5.576     15.073    13.009    5.949 

4               16.000   11.701    3.152     13.545    11.570    3.185 

5                 8.272    8.841    7.136       5.366     11.386   1.020 

6               11.085    4.707    8.250      15.576    13.950    3.112 

7               11.726    7.289    3.108      12.306    13.882    2.473 

8                 6.303    8.775    2.623       9.735     10.119    1.053 
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  Figure 4.4: Graph showing the super imposed mean salivary concentration–time graph 
  of all Brand 
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4.7 Result for Comparism of Pharmacokinetic Parameters of Brand A and other  
 Brands 
 

 

 

 

 

 

Table 4.14: Mean Pharmacokinetic Parameters Comparism between Brand A and B 

Pharmacokinetic           Brand A                        Brand B                  P-value 

parameter 

Cmax(µg/ml)                 16.66 ± 1.41                  11.70 ± 1.83              P<0.05 

Tmax(hr)                       3.5 ± 0.20                     4.00 ± 1.83                P<0.05 

Ke(µg/ml/h)                   0.23 ± 0.01                    0.24 ± 0.02                P>0.05 

Ka(µg/ml/h)                   1.73 ± 0.15                    1.01 ± 0.18                P<0.05 

t1/2β(hr)                           3.08 ± 0.11                    2.89 ± 0.27                P>0.05 

t1/2α(hr)                           0.41 ± 0.03                    0.91 ± 0.23                P<0.05 

AUC0-8(µg/ml.h)             72.68 ± 3.58                  56.53 ± 13.26             P>0.05 

AUC0-∞(µg/ml.h)            100.33 ± 4.24                100.59 ± 25.94            P>0.05 

Vd(ml)                         25088.14 ± 2120.79      40035.26 ± 6247.63        P<0.05 

Cl(ml/h)                         5585.22 ± 275.16        10560.91 ± 2479.51        P<0.05 
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Table 4.15: Mean Pharmacokinetic Parameters Comparism between Brand A and C 

Pharmacokinetic              Brand A                       

parameter 

   Brand C                   P-value 

Cmax(µg/ml)                    6.66 ± 1.41                 

Tmax(hr)                             3.5 ± 0.20                  

 

Ke(µg/ml/h)                         0.23 ± 0.01             

 

Ka(µg/ml/h)                         1.73 ± 0.15                

 

t1/2β(h)                                   3.08 ± 0.11                 

 

t1/2α(h)                                   0.41 ± 0.03              

 

AUC0-8(µg/ml.h)                72.68 ± 3.58                 

 

   9.82 ± 0.67                P<0.05 

   3.5 ± 0.61                  P>0.05 

   0.23 ± 0.01                P>0.05 

   1.61 ± 0.26                P>0.05 

   3.01 ± 0.09                P>0.05 

   0.51 ± 0.08                P>0.05 

  43.24 ± 4.25               P<0.05 

  54.17 ± 2.03               P<0.05 

41903.78 ± 2871.53      P<0.05 
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AUC0-∞(µg/ml.h)              100.33 ± 4.24               

 

Vd(ml)                          25088.14 ± 2120.79      

 

Cl(ml/h)                         5585.22 ± 275.16         

 9817.98 ± 964.14         P<0.05 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4.16: Mean Pharmacokinetic Parameters Comparism between Brand A and D 

Pharmacokinetic                  Brand A               

parameter 

     Brand D                    P-value 

Cmax(µg/ml)                        16.66 ± 1.41        

Tmax(hr)                                   3.5 ± 0.20           

     16.25 ± 2.54               P>0.05 

       4.5 ± 0.61                 P>0.05 
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Ke(µg/ml/h)                              0.23 ± 0.01              

 

Ka(µg/ml/h)                              1.73 ± 0.15              

 

t1/2β(h) 3.08 ± 0.11          

 

t1/2α(h)  0.41 ± 0.03          

 

AUC0-8(µg/ml.h)                    72.68 ± 3.58     

 

AUC0-∞(µg/ml.h)                  100.33 ± 4.24           

 

Vd(ml)                            25088.14 ± 2120.79       

 

Cl(ml/h)                           5585.22 ± 275.16           

       0.16 ± 0.00               P<0.05 

       0.44 ± 0.03               P<0.05 

       4.27 ± 0.02               P<0.05 

       1.60 ± 0.09               P<0.05 

    100.40 ± 16.01             P>0.05 

    160.38 ± 20.88             P>0.05 

 28829.59 ± 4501.34         P>0.05 

   4701.11 ± 1919.20         P>0.05 
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Table 4.17: Mean Pharmacokinetic Parameters Comparism between Brand A and E 

  

 

 

  

Pharmacokinetic                Brand A             

parameter 

Brand E                      P-value 

Cmax(µg/ml)                      16.66 ± 1.41    

Tmax(hr)                                3.5 ± 0.20            

 

Ke(µg/ml/h)                            0.23 ± 0.01         

 

Ka(µg/ml/h)                            1.73 ± 0.15           

 

t1/2β(h)                                      3.08 ± 0.11           

 

t1/2α(h)                                      0.41 ± 0.03     

 

AUC0-8(µg/ml.h)                   72.68 ± 3.58         

 

AUC0-∞(µg/ml.h)                  100.33 ± 4.24                     

 

Vd(ml)                           25088.14 ± 2120.79 

 

Cl(ml/h)                           5585.22 ± 275.16          

15.35 ±1.43                  P<0.05 

 2 ± 0.45                       P<0.05 

 0.16 ± 0.00                  P<0.05 

 0.55 ± 0.03                  P>0.05 

 4.23 ± 0.09                  P<0.05 

 1.29 ± 0.07                  P<0.05 

92.74 ± 6.75                 P<0.05 

154.12 ± 8.96               P<0.05 

27228.22 ± 2526.23      P<0.05 

  4430.25 ± 322.06        P<0.05 
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Table 4.18: Mean Pharmacokinetic Parameters Comparism between Brand A and F  

Pharmacokinetic                Brand A             

parameter 

 Brand F                       P-value 

Cmax(µg/ml)                      16.66 ± 1.41         

Tmax(hr)                                 3.5 ± 0.20             

 

Ke(µg/ml/h)                             0.23 ± 0.01      

 

Ka(µg/ml/h)                             1.73 ± 0.15         

 

t1/2β(h)                                       3.08 ± 0.11         

 

t1/2α(h)                                      0.41 ± 0.03           

 

AUC0-8(µg/ml.h)                 72.68 ± 3.58           

11.99 ± 0.37                   P<0.05 

 2.5 ± 0.22                     P<0.05 

0.43 ± 0.01                    P<0.05 

1.22 ± 0.31                    P>0.05 

1.63 ± 0.02                    P<0.05 

0.77 ± 0.19                    P<0.05 

28.17 ± 0.62                  P<0.05 

30.56 ± 0.39                  P<0.05 

33525.24 ± 1040.56       P<0.05 
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AUC0-∞(µg/ml.h)              100.33 ± 4.24  

 

Vd(ml)                          25088.14 ± 2120.79 

 

Cl(ml/h)                          5585.22 ± 275.16        

14233.13 ± 307.81         P<0.05 

                                                         

 

 

 

 

 

 

                                                    CHAPTER FIVE 

                                                      5.1 Discussion 

Quality assessments are conducted in order to choose the best and affordable brands so as to 

obtain better therapeutic outcome. This may official or non official methods (Compendial or 

non-Compendial standard).The Compendial standards are weight variation, assay, and 

disintegration test and dissolution rate while the non Compendial standards are crushing 

strength and friability test. However, United state Pharmacopoeia (USP, 1995) included 

friability test among its official test. Presently, over 10 brands of ofloxacin tablets are 

available in Zaria market leading to difficulty faced by the pharmacist and the physician in 

the course of selection. All the brands passed the BP 2009 identification test as none had 

absorbance greater than 440nm in 0.1N HCl. Results of the assay indicated that all the brands 

were within the accepted limit except brand C as shown on Table 4.3. All the brands passed 

the weight uniformity test as none deviated from the mean weight by more than 5% as 
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specified in British pharmacopoeia (BP, 2009). The percentage weight deviation was within 

the range of 0.224-2.353% as shown in Table 4.4. This indicates that good manufacturing 

practice (GMP) was adhered to during granulation and compression stages of the tableting. 

Sunday et al. 2010 conducted the same study on nine brands of ofloxacin tablets and found a 

maximum percentage deviation of 0.045%. British Pharmacopoeia (BP, 1998) stated that 

percentage friability should not be more than 1%. This is a very important parameter as it 

indicates how tablets withstand the rigors of transportation without undergoing chipping at 

the edges. All the brands passed the friability test except brand E with percentage friability of 

1.463% as shown in Table 4.5. A similar study was conducted on nine brands of ofloxacin by 

Sunday et al. 2010 and found a maximum of 0.095% while Badu et al. 2011 had a maximum 

of 0.075% on five brands. Furthermore, all the brands disintegrated in less than 30minutes as 

prescribed in British Pharmacopoeia (BP, 2009). This indicated that the various brands will 

have their active ingredient available in the system for absorption. Sunday et al. 2010 carried 

out a similar study on nine brands of ofloxacin tablets and found out that all the brands 

passed the test. There is strong correlation between dissolution rate and bioavailability of 

drugs. British Pharmacopoeia (BP, 2009) specifies that not less than 80% w/w of the active 

drug should be release at 30minutes. Dissolution testing plays important role in quality 

assessments as it provides information on batch-batch consistency of drug release from 

tablets and as an in vitro surrogate for in vivo performance (Dressman et al. 1998). All the 

brands passed the dissolution test as they released more than 90% of the drug within 

30minutes as shown in Table 4.6. Ngwuluka et al. 2009 conducted similar study on six 

brands of ciprofloxacin and found out that all the brands passed the test. 

 

Cheap, specific and selective UV spectrophotometric method for analysis of ofloxacin in 

biological sample was developed. The method was validated according to international 
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conference on Harmonization (ICH) guideline. Wavelength of maximum absorbance was 

obtained at 295nm when 10µg/ml ofloxacin solution was scanned through workable 

wavelength. Maximum absorbance was recorded at pH 5. Arun, et al. 2011 obtained 

Wavelength of maximum absorbance at 293nm in 0.1N HCl while Gautem, et al. 2012 

obtained 295nm in 0.1N HCl at pH 1.2. Beer-Lambert �s law was obeyed in the 

concentrations of 3-18µg/ml as the correlation co-efficient was 0.999. Precision of the 

developed method was established by evaluating intra-day and inter-day precisions. Relative 

standard deviation (RSD) values for intra-day and inter-day precisions were 0.875 and 1.05 

respectively. The values were within the normal limit of <0.5-2% indicating that the 

developed method have good repeatability. The percentage recovery was found within the 

range of 98-99% which is within the accepted limit of 98-102% (Chan, 2008).The developed 

method is simple, inexpensive, precise and accurate and therefore can be used for the analysis 

of ofloxacin from biological sample. 

 

All the brands were well tolerated by the subjects as no adverse effects were reported. Brand 

A was considered as the innovator while brands B, C, D, E and F were considered as 

generics. The mean saliva concentration time curve of the six brands was found not to be 

similar and not super imposable except brand D as shown in figure 4.4. The mean Cmax 

(µg/ml) of brands B, C, E and F were found to be significantly different from that of the 

brand A (innovator) while brand D was not significantly different ( 16.66 ± 1.41, 11.7 ± 1.83, 

9.82 ± 0.67, 16.25 ± 2.54, 15.35  ± 1.43 and 11.99 ± 0.37 for brand A, B, C, D, E, and F 

respectively). The mean tmax (hr) of brand C and D were found to be statistically similar 

with that of the innovator while that of brand B, E and F were significantly different from that 

of the innovator ( 3.5 ± 0.2, 4.0 ± 1.83, 3.5 ± 0.61, 4.5 ± 0.61, 2 ± 0.45 and 2.5 ± 0.22 for 

brand A, B, C, D, E, and F respectively). For AUC0-8 (µg/ml.h), the values of brands B and D 
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were found to be statistically similar with that of the innovator while the values of brands C, 

E and F were significantly different from that of the innovator (72.68 ± 3.58, 56.53 ± 13.26, 

43.24 ± 4.25, 100.40 ± 16.01, 92.74 ± 6.75 and 28.17 ± 0.62 for brand A, B, C, D, E, and F 

respectively). The mean AUC0-∞ (µg/ml.h) of brands B and D were found to have no 

significant difference with that the innovator while brands C, E and F values were 

significantly different from that of the innovator ( 100.33 ± 4.24, 100.59 ± 25.94, 54.17 ± 

2.03, 160.38 ± 20.88, 154.12 ± 8.96 and 30.56 ± 0.39 for brand A, B, C, D, E, and F 

respectively ).The elimination half life (t1/2 � (h)) of brands B and C were statistically 

similar with that of the innovator while brands D, E and F half life values were significantly 

different from that of the innovator ( 3.08 ± 0.11, 2.89 ± 0.27, 3.01 ± 0.09, 4.27 ± 0.02, 4.23 ± 

0.09 and 1.63 ± 0.02 for brand A, B, C, D, E, and F respectively ). Furthermore, the 

elimination rate constant (Ke) for brands C  and B were similar while brands D, E and F were 

significantly different ( 0.23 ± 0.01, .24 ± 0.02, 0.23 ± 0.01, 0.16 ± 0.00, 0.16 ± 0.00 and 0.43 

± 0.01 for brand A, B, C, D, E, and F respectively ).The Cmax was in the range of 9.82 – 

16.66µg/ml against 1.82 – 1.98µg/ml reported by Rajani, et al. 2010 while Hemanth Kumar 

and  Gurumurthy, 2003 reported an average of 4.88µg/ml. Likewise, tmax in the range of 2 – 

4.5hr against 2hr reported by Rajani, et  al. 2010 and 1.33hr reported by Hemanth Kumar, et 

al. 2004. In this research, Vd was found to be within the range of 25-42 Litres which is lower 

than 121-135 Litres after 200mg intravenous dose reported by Gauy, et al. 1991 and 82.61-

168.7 Litres after 200mg oral dose reported by Hameed, et al. 2002. AUC was found to be 

28.17-100.40µg/ml.h higher than 15.27µg/ml.h reported by Edoka, et al. 1997 and 8.744-

22.93µg/ml.h reported by Hameed, et al. 2002. In this research CL was 4.43-10.56ml/h lower 

than 8.722-22.87ml/h after 200mg oral dose reported by Hameed, et al. 2002. The 

elimination half life in this research (1.63-4.27h) was lower than 4.98h after 200mg 

intravenous dose reported by Gauy, et al. 1992 and 4.9h reported by Orlando, et al. 1992. The 
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elimination rate constant (Ke) was found to be 0.16-0.43µg/ml/h which was lower than 

0.083-0.647µg/ml/h after 200mg oral dose reported by Hameed, et al. 2002. Absorption rate 

constant was found to be 0.44-1.73µg/ml/h which was lower than 1.214-23.93µg/ml/h after 

200mg oral dose reported by Hameed, A. et al. 2002 and 2.26µg/ml/h reported by Yuan, et 

al. 1992. All the above differences could be due to differences in race, genetic makeup and 

regional variations (circadian rhymes).  Brand D was found to be comparatively bioavailable 

with the innovator as both the rate (Cmax and Tmax) and the extent (AUC0-∞ and Cmax) were 

comparable while brands B, C, E and F were found not to be comparably bioavailable with 

the innovator.   

 

 

                                               5.2 Conclusion 

All the six brands passed the conducted physicochemical tests which include label 

requirements, identification test, assay, weight uniformity test, friability, dissolution rate and 

disintegration test. An accurate, simple and cheap UV spectrophotometric method for the 

analysis of ofloxacin in saliva was developed and validated according to ICH guideline. 

Brand D was found to be comparatively bioavailable with the innovator. Therefore, could be 

used in preference to the innovator due to it cheap price compared to the innovator.  

Brand B, C, E and F were not comparatively bioavailable as both the rate and extent of 

absorption was significantly different at p≥0.05 level of significance. 

 

 

                                                 5.3 Recommendation 

Comparative bioavailability studies of ofloxacin should be conducted frequently as more 

brands are continuously manufactured so as to ensure better therapeutic outcome, prevent 
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toxicity and emergence of resistance. Furthermore, pharmacokinetic parameters of drugs, 

most especially antibiotics, should be established as there are genetic, racial and circadian 

differences among populations.   
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Appendices 

 
1. Label information of six different brands of ofloxacin tablets (200mg). 

S/�¶  Product code    Batch �¶  
(NAFDAC �¶�• 

Mfg. Date Exp. Date Price/10unit 

1 �$�N�=�J�@���# 
 

  IG006A 
 (04-0885) 

Jan-11 Dec-15 1200* 

 
2 

 
�$�N�=�J�@���$ 

 

  
 RA 1001 
 (A4-3914) 

 
Aug-11 

 
Jul-14 

 
200* 

 
3 

 
�$�N�=�J�@���% 

 

   
 N-496 
 (A4-2783) 

 
Jun-12 

 
May-15 

 
200* 

 
4 

 
�$�N�=�J�@���& 

 

   
 V0102R 
 (A4-2047) 

 
Feb-12 

 
Jan-14 

 
200* 

 
5 

 
�$�N�=�J�@���'  

   
111016 
 (A4-5948) 

 
Oct-11 

 
Oct-14 

 
200* 

 
6 

 
�$�N�=�J�@���(  

   
Do-10002 
 (A4-2719) 

 
May-10 

 
Apr-13 

 
200* 

All the brands passed the NAFDAC requirements as shown above 

2. Weight (mg) variation raw data 
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Brand A                Brand B       Brand C            Brand D            Brand E       Brand F 

0.40  0.85 0.41 0.64 0.39 0.61 

0.40                       0.87 0.41 0.64 0.41 0.62 

0.40                       0.85 0.40 0.67 0.41 0.63 

0.40                       0.85 0.41 0.66 0.42 0.62 

0.40                       0.87 0.40 0.68 0.39 0.61 

0.41                       0.86 0.41 0.68 0.42 0.61 

0.40                       0.87 0.40 0.70 0.42 0.60 

0.40                       0.89 0.40 0.65 0.41 0.61 

0.40                       0.87 0.40 0.66 0.42 0.61 

0.40                       0.87 0.40 0.65 0.40 0.61 

3. Friability test raw data 

                                  Brand A      Brand B       Brand C    Brand D       Brand E     Brand F 
Initial weight (mg)      4.00 8.66             4.04          6.63 4.10 6.15 
Final weight (mg)        4.00          8.66             4.04          6.58          4.04            6.15 
 

4. Disintegration test raw data 

Brand A                Brand B          Brand C              Brand D            Brand E         Brand F 
7.49 7.18 2.43 2.01 4.10 2.30 
7.50 7.28 3.04 3.08 6.45 2.42 
7.54 7.30 3.05 3.50 6.50 2.59 
8.20 8.41 3.10 3.34 6.59 3.05 
8.30 8.42 3.19 8.37 7.28 3.15 
8.31 8.59 3.45 8.59 8.09 4.46 
 

5. Dissolution rate at t30 raw data 

Brand A                Brand B          Brand C              Brand D            Brand E         Brand F 
2.311                      2.292             2.311                   3.040 3.036 3.061 
 

 6. Preparation of 0.1N HCl 
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1.7ml of the conc. HCl solution was measured and made up to 200ml with distilled water to 

make 200ml of 0.1N HCl solution as follows: 

                                             C1 = 12N, V1 =? C2 = 0.1N and V2 = 200ml 

                                             C1 V1 = C2 V2, 12 × V1 = 0.1 × 200 

                                             V1 = 1.7ml 

7. Preparation of 0.1N NaOH 

16g of NaOH was weighed and then dissolved into 200ml of distilled water contained in 

500ml volumetric flask to make 200ml 2M NaOH solution as follows: 

                 V = 200ml (0.2ml), Conc. = 2M, Mol = 0.2 × 2, Mol = 0.4ml 

                   Mass = Mol × Mass 0.4 × 40,      Mass = 16g 

 

 

8. Preparation of pH solution 

pH solution of 4 and 8 were prepared by dissolving each of the pH 4 and pH 5 buffer tablets 

into 100ml distilled water. pH 5, 9 and 10 were made by adjusting the previous once with 

either 0.1N HCl or 0.1N NaOH as the case may be. 
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9. FTIR spectrum of ofloxacin standard powder 
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10. Reference IR spectrum of ofloxacin 
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11. Scanned UV Spectrum of 10µg/ml of ofloxacin standard powder at 200 – 400nm 
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12. Absorbance of 10µg/ml of ofloxacin standard powder at pH 4 
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13. Absorbance of 10µg/ml of ofloxacin standard powder at pH 7 
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14. Absorbance of 10µg/ml of ofloxacin standard powder at pH 9 
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15. Absorbance of 10µg/ml of ofloxacin standard powder at pH 10 
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16. Precision raw data 

Intra-day                                inter-day    
0.991                                         0.961 
0.991   0.982 
0.976   0.971 
0.976                                         0.971 
0.961   0.984 
0.982                                         0.984 

 
17. Calibration curve of ofloxacin 

 
 
 

18. Sample of conversion of obtained absorbances into concentrations  

Time(hr)           Absorbance                     Concentration 
0.3                          -0.301                              0.000 
1                              0.669  7.185 
2                              0.722     7.761 
3                              0.718  7.717 
4                              1.102 11.891 
5                               0.625                             6.707 
6                               1.292                            13.946 
7                               1.500 16.217 
8                            0.336   3.565 

 
 
 
 
 
 
 
 

y = 0.092x + 0.008
R = 0.999
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19. Mean salivary concentration-time graph of brand A 

 
 
 

20. Mean salivary concentration-time graph of brand B 
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21. Mean salivary concentration-time graph of brand C 

 

 

22. Mean salivary concentration-time graph of brand D 
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23. Mean salivary concentration-time graph of brand E 

 

 

24. Mean salivary concentration-time graph of brand F 
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