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Abstract: 

Metronidazole (MTZ) is an anti- microbial/ anti-protozoal drug poorly soluble in aqueous medium. The solubility was 

enhanced by dispersion in poly ethylene glycol at a controlled temperature and recrystallized with n-hexane then 

resultant powder washed severally with distilled water to obtained a clear slightly colloidal/ nano sized powder. The 

recrystallized powder was analyzed for purity using the thermo-gravimetric method and possible structural loss and 

interaction applying the FTIR, particle size analysis using scanning electron microscopy(SEM) then compared for 

powder flow and compressibility index with untreated metronidazole powder. The crystallized and non-crystallized 

mtz powders were formulated into granules and tagged batch A and B respectively with same concentrations of 

excipients then eventually compressed into tablets. Various physico-technical properties of the granules were analyzed 
for both batches and there after compressed to tablets.  The resulting tablets were determined for hardness, friability, 

dissolution and content of active ingredient while the flow rate of granules from the batches were 4.59±0.05959 and 

3.24±0.0082, angle of repose (θ) at 32.9±0.3399 and 35.1±0.2625, Hausner’s ratio 1.20±0.024 and 1.17±0.033, 

friability at 0.05 and 0.38, compressibility index 0.16±0.012 and 0.15±0.024, % drug release within 60 minutes at 

110.75±12.510 and 127.5±20.241 while percentage(%) drug content was 80.2 and 105 respectively for the batches A 

and B. 
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INTRODUCTION: 

Oral administration of drugs is the most desired route 

for many pharmaceutical products due to its 

significant advantages over other formulations. It is 

the most commonly used route due to its greater 
stability, ease of administration, high patient 

compliance, accuracy of doses, cost-effectiveness and 

flexibility of dosage form design [1].  

 

The bioavailability and therapeutic effectiveness of a 

drug administration of oral route depends on several 

factors which includes aqueous solubility, drug 

permeability, dissolution rate, systems metabolism 

and susceptibility to efflux mechanisms. When a drug 

is administered orally, the drug has to first dissolve in 

the gastrointestinal fluids before it can be absorbed 

into the blood stream and circulate to its site of 
therapeutic action [2].  

 

Solubility is one of the most important parameter to 

achieve the desired drug concentration in systemic 

circulation and to attain the required pharmacological 

response. 

 

The most causes of low oral bioavailability are poor 

solubility and low permeability. Dissolution is a 

function of the solution and surface area of a drug and 

may be the rate determining step for drug absorption, 
bioavailability and onset of therapeutic activity. 

Poorly water soluble drugs often require highest doses 

to reach therapeutic plasma concentrations after oral 

administration, also they have slow drug absorption 

that leads to inadequate and variable bioavailability. 

The improvement of drug solubility thereby its oral 

bioavailability remains one of the most challenging 

aspect of the drug development process especially for 

an oral-drug delivery system. Drug solubility and 

bioavailability enhancement are the important 

challenges in the field of formulation of 

pharmaceuticals [3]. 
 

Solubility study: The solubility of a substance 

fundamentally depends on the solvent used as well as 

temperature and pressure. The extent of solubility of a 

substance in a specific solvent is measured as the 

saturation concentration where adding more solute 

does not increase its concentration in the solution. 

Solubility is a major challenge for formulation 

scientist and for any drug to be absorbed, it must be 

present in the form of solution at the site of absorption. 

Various techniques are used for the enhancement of 
the solubility of poorly soluble drugs [4]. 

 

Solid Dispersion Technology: Solid dispersion refers 

to as a group of solid products consisting of at least 

two components e.g. hydrophilic matrix and a 

hydrophobic drug where the drugs had been dispersed 

molecularly or in the amorphous state. The matrix may 

either be a crystalline or amorphous form. If solid 

dispersion product is exposed to an aqueous media, the 
carrier will dissolve and the drug is being released as 

fine colloidal particles with an enhanced surface area 

that produces a higher dissolution rate and also 

improve bioavailability. The problem of solubility 

made pharmaceutical industry to search for 

approaches that will enhance drug solubility using 

both the chemical, physical and carrier-based 

techniques (Vasconcelos et al., 2007) [6]. The 

chemical methods involve, the molecular modification 

of drug structure which results in the formation of new 

chemical salts or additive conjugate with varied 

pharmacokinetic and pharmacodynamics profiles [7], 
the physical methods work by the principle of 

decreasing the particle size and increasing the contact 

surface area which will lead to enhancement of the 

drug solubility. Another formulation approach that has 

been used to enhance the solubility are the production 

of lipid vessicles and/or surfactants based liquid 

systems; or carrier based solid formulations [8]. 

 

The solid dispersions “depict” one of the most 

interesting approaches as it has presented a reduction 

in the size of particles, improved wettability, 
solubility, high porosity and also has enhanced drug 

stability [9]. 

 

The improvement of drugs dissolution from solid 

dispersions is based mainly on three mechanisms as: 

particle size reduction, increased surface area and the 

wettability of the drugs which is improved upon by 

direct contact with the hydrophilic matrix and also by 

the conversion of the crystalline state or more soluble 

amorphous state. 

 

The selection of a carrier influences the dissolution 
characteristics of the dispersed drug because the 

dissolution rate is one of the component from which 

the surface is being affected by the other component in 

the multiple component mixtures hence various 

hydrophilic carriers such as polyethylene glycols 

(PEGs) polyvinyl pyrrollidone (PVP), hydroxypropyl 

methylcellusose (HPMC) gums, sugar, mannitol and 

urea have been used for the improvement of 

dissolution characteristic and bioavailability of poorly 

soluble drugs [10]. 

 

Methods of enhancing availability of poorly 

water-soluble drugs 

Several techniques have been successfully employed 

to enhance the solubility, dissolution and 
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bioavailability of poorly water-soluble drugs and they 

include: particle size reduction, micronization and 

nanosuspensions [11] 

 

Precipitation technique: In this technique, the drug is 
being dissolved in a solvent after which it is added to 

anti-solvent in order to precipitate the crystals. The 

precipitation techniques are not applicable to drugs 

which are simultaneously poorly soluble in aqueous 

and non-aqueous media.  

 

Spray Drying Method: This involves the dissolving 

of drug and polymer in an organic solvent and then 

spray drying the solution. The solubility of active 

pharmaceutical ingredient (API) in solvent, in the 

spray drying is crucial to ensure a readily scalable and 

viable process. The spray drying dispersion enhances 
oral absorption of poorly water soluble drugs by 

attaining and sustaining a supersaturated concentration 

of drug in the gastro intestinal fluid.                     

 

Hot Melt Extrusion/Fission Method: In this method, 

the physical mixture of a drug and water soluble 

carrier are heated directly until the two mixture melts. 

The melted mixture is cooled, solidified rapidly in an 

ice bath with rigorous stirring then final solid mass is 

crushed, pulverized and sieved then compressed into 

tablet aided by a tableting agents. 

 

Lipid Based Delivery Systems: This method involves 

the establishment of the solubility range of the drug in 

various lipid and once this is formed, the dry/lipid 

mixture can sustain drug concentration in targeted 

environment. The lipid formulation can be compressed 

because of the number of additive required to meet 

performance objective.   

 

Solvent Evaporation Method: In this method, both 

the drug and the carrier were dissolved in a common 

solvent and evaporated under vacuum to produce a 
solid substance [12]    

 

Nano Formulation: Nano formulations of medicinal 

drugs have attracted the interest of many researchers 

for drug delivery application. These nano formulations 

enhances the properties of conventional drugs and are 

specific to the targeted delivery site. Dendrimers, 

Polymeric nanoparticles, liposomes, nano-emulsion 

and micelles are some of the formations that are 

gaining prominence in pharmaceutical industry for 

enhanced drug formulation. Wide varieties of 
synthesis method are available for the preparation of 

Nano formulation to deliver drugs in biological 

system. The choice depends on the size, shape and 

precipitate formulation, biochemical properties of 

drug and the targeted site. (Jaison Jeevanandam et al) 

[13]. 

 

The development of nano formulation produces the 

ability to improve drug residence time, increase 
permeability and bioavailability of the drug, reduce 

degradation of unstable drug and well tolerated by the 

patient compared to the conventional drug. 

Nano formulation varies in size from 10-100mm and 

the drug is dissolved, entrapped, encapsulated or 

attached to the drug carrier. 

 

Metronidazole as a Drug 

Metronidazole is a nitro-imidazole derivatives, it is an 

antimicrobial and antiprotozoal drug that has been 

used as drug of choice in the treatment of extra luminal 

amoebiasis and also for infectious disease caused by 
an anaerobic bacteria. It effectively eradicates 

intestinal and extra intestinal tissue infections. It has 

both anaerobic, antibacterial and anti-helicobacter 

activity. Metronidazole is an enzyme inhibitor and it is 

a typical representative of the imidazole derivatives (1, 

3 diazole). 

 

Another area of application of metronidazole is the 

eradication of helicobacter pylori in the duodenal ulcer 

and/or stomach ulcer. Metronidazole is used in a triple 

therapy bismuth based drugs the drug that blocks H2 
receptors and inhibit the proton pump[14].  

 

Description of Metronidazole 

The substance of metronidazole is a crystalline powder 

of light yellow or white in colour, it is slightly soluble 

in water, acetone and ethanol (1:100) this can limit its 

use in some cases and cause difficulties 

technologically in the creation of new drugs and 

thereby reduction in their bioavailability. 

Metronidazole is sparingly soluble in water but it has 

an oral bioavailability of 93-95% and it is extensively 

metabolized by the liver. 

Chemistry 

 

 
2- Methyl =-5 metronidazole-1-ethanol  

Fig.1: Structure of metronidazole 
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Mechanism of Action of Metronidazole 

Metronidazole acts by disrupting the DNA’s helica 

structure thereby inhibiting the bacterial nucleic acid 

synthesis and eventually resulting in bacterial cell 

death [15]. 

 

Pharmacokinetics of Metronidazole: It is well 

absorbed from the intestinal tract, absorption is 

delayed but not reduced by food. It is well distributed 

in the body fluids and with a half-life of about 7 hours 

 

Drug Interaction: Metronidazole is a weak inhibitor 

of alcohol dehydrogenase thus alcohol ingestion 

should be avoided. Metronidazole interferes with the 

metabolism of warfarin and may potentiate it’s 

anticoagulant activity while Phenobarbital and 

corticosteroids lowers metronidazole metabolism. 
Metronidazole is recommended in pregnancy [16].  

 

Tablet: This also known as pill is defined as the solid 

unit dosage form or medicament with suitable 

excipients. It comprises of a mixture of active 

substances and excipients usually in powder form, 

pressed or compacted into a solid dose. Tablets are 

prepared either by molding or by compression of the 

excipient which may include diluents, binders or 

granulating agents, glidants (flow aids) and lubricants 

to ensure effective tableting [17].  

 

Aim of the study 

To formulate, study and evaluate the physico chemical 

properties of tablets resulting from solid dispersion 

and solvent evaporation of metronidazole powder. 

 

MATERIALS: 

Metronidazole powder, propylene glycol, n-hexane, 

distilled water, Poly vinyl pyrollidone (PVP), gelatin, 

starch, talc, 0.IM HCl, magnetic stirrer (hotplate), 

oven, tableting machine (erweka), disintegrating 

machine, dissolution apparatus, friabilator, weighing 

balance (electronic weighing balance), sieve of 

various mesh size. 

 

Methods 
A 30g of the pure mtz powder was weighed and 

transferred into a beaker using analytical weighing 

balance and dispersed in 100ml of propylene glycol 

for solubilization after being placed on hot plate and 

stirred at a temperature of 60OC for one hour. The 

solubilized mixture was removed and allowed to cool 

then about 50ml of n-hexane was added and reheated 

for recrystallization of the sample. The recrystallized 

powder was allowed to cool after being left for 12 

hours for proper recovery of the material. The mixture 

was filtered by passing through a muslin cloth and the 

recovered powder washed severally with distilled 
water to remove the debris, odor and presence of 

organic substance then filtered and dried in an oven at 

40oC. The dried colloidal metronidazole was 

formulated into tablets (Batch A) and alongside with 

another batch B of pure untreated powder adopting the 

wet granulation method. 

 

Formulation of Metronidazole  

Metronidazole granules were formed both for the 

hydrolyzed (batch A) and the non-hydrolyzed (batch 

B) powders according to the formulae in table 1. The 
amount of each of the ingredients that was required for 

formulation of the wet granules was calculated and 

weighed.  Thereafter, some amounts of the exo-

excipients including, magnesium stearate, talc, certain 

percentage content of starch was also calculated and 

weighed.  The granules were formed by a wet 

granulation technique and the damp mass of mtz and 

components were passed through a 2 mm sieve and 

dried for 20 minutes then subsequently passed through 

a 1mm sieve and after which the exo- excipients were 

added and mixed. 

 

 

Table 1: Formulation of Tablet 

MATERIALS  BATCH A  

(% content) 

BATCH B 

(% content) 

Metronidazole powder 86.27 86.27 

PVP 0.48 0.48 

Starch 1.69 1.69 

Gelatin  0.24 0.24 

Magnesium stearate 0.24 0.24 

Starch  0.118 0.118 

Talc  0.96 0.96 
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Flow Properties of Metronidazole Powders  

Angle of repose (𝜃) 

The angle of repose was determined using fixed funnel 

method. Funnel is fitted vertically with height of 2mm 
above the surface. The opening end of funnel was 

closed with the thumb while the granule (2.0g) was 

introduced. The granule was released from the funnel 

orifice and the height of the powder was noted. The 

radius of the heap was measured and the angle of 

repose (𝜃), calculated using the formula. 

 

Angle of repose, (𝜃) = h/r ----------------- (1) 

 

Carr’s Index 
This is a test to evaluate the bulk density and tapped 

density of powder and the rate at which it can flow, 

pack and have good compression. It is calculated using 

the formula. 

 

Compressibility index =  Tapped density - bulk 

density---  (2) 

                        Tapped density   

Hausner ratio 
Hausner’s ratio is an index of ease of powder flow. It 

is the ratio of true density to bulk density. The lower 

the value of Hausner’s ratio, the better is the flow 
property.   

It is calculated by the following formula  

Hausner ratio =  Tapped density   X 100 ………(3) 

  Bulk density  

Bulk density 

A 15g of granules was weighed and transferred into a 

dry graduated measuring cylinder without the 

application of stress. The volume occupied was noted 

for both granules in triplicate and determined as: 

 Bulk density = mass X 

100…………………………………….(4) 
    bulk volume  

Taped density  

Same measure as in the bulk density determination 

was weighed and transferred into a dry graduated 

measuring cylinder. The measuring cylinder was 

tapped on a padded table surface for up to a certain 

number of times. The tapping was done until a steady 

volume was obtained and the number of taps was 

noted. This was done for both granules in triplicates 

and tapped density was calculated as: 

Tapped density  = mass        X 100..…(5) 

      Tapped volume 

The flow rate  

The flow rate was determined using a modification of 

the Jones and Pilpel method. Here, 15g of the granules 

was weighed and poured into a funnel that was 

clamped at a height of 2cm above a flat surface 

platform while the orifice of the efflux tube was closed 

with a metric rule to prevent premature discharge of 

the granules. On removal of the metric rule, the time it 

took the granules to completely discharge from the 

funnel was determined and this was done in triplicate 

for each of the granules. 
 

Flow rate =        mass of granules ………. (6) 

                 time to completely discharge 

            

FTIR Study 

The IR analysis of the sample was carried out for 

qualitative compound identification and possible 

compound interaction. Transmittance was measured 

from wave number 4000 cm-1 to 400cm-1 using 

Happ-Gensel anodization. 

 

Particle size analysis 
Particle size of the crystalized powder was analyzed 

using the scanning electron microscopy (SEM) and by 

X-ray diffraction method.  

 

Characterization of Metronidazole Tablets  

The metronidazole tablets were characterized 24hrs 

after being tableted for their physical properties 

(friability, weight uniformity, hardness and thickness), 

disintegration, content of active ingredient and 

percentage drug release. 

 

Physical appearance 

The tablets were visually examined to determine their 

color, shape and possible defects such as chipping or 

capping. 

 

Uniformity of weight  

The metronidazole tablets were checked for variation 

in tablet weight by randomly selecting and 

individually weighing 20 tablets from each batch of 

the formulation and comparing to the mean.  

 

Hardness/crushing test 
Through a process of random selection, 10 tablets 

from each batch of the formulations was collected and 

a model TBH hardness tester (Erweka, Germany) was 

used to determine pressure at which each tablet 

diametrically caps. 

 

Disintegration time 

The disintegration time of the metronidazole tablets 

were determined by randomly selecting six tablets 

from each batch of the formulation and putting each 

tablet from a given batch into each of the six 
cylindrical holes of a model ZT-122 disintegration 

machine (Erweka, Germany). The disintegration 

medium was 700 ml of 0.1N HCl held in a 1 L beaker 

that was immersed in a water bath. The temperature of 
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both the medium and bath were maintained at 

37±0.5oC. The machine was switched on and 

disintegration was said to have taken place when the 

entire tablet has been broken down into small 

fragments which are not retained on the mesh. If any 
mass is retained, it must not be a firm or core of the 

tablet used for the test.  

 

Friability Test  

Ten tablets were randomly selected from each batch of 

the tablet formulations and freed of dust, collectively 

weighed (W1) and placed into the drum of the 

friability tester, model TAR 200 (Erweka, German). 

The machine was operated and the drum caused to 

rotate at 25 rpm for 4 min. the tablets were collected, 

de-dusted, reweighed (Wf) and the percentage 

friability (F) calculated. 
 

Friability test = initial weight –final weight(Wf) X 100 

       Initial weight(W1) 

Thickness Test  

Ten tablets were picked at random from each batch of 

the metronidazole tablets. The thickness and diameter 

of the tablets were individually determined using a 

micrometer screw gauge. The mean and standard 

deviation for each determination was recorded. 

 

Determination of maximum absorption of 

metronidazole 
A 100 mg/ml stock solution of metronidazole was 

prepared by dissolving 100 mg of the reference mtz 

powder in sufficient quantity of phosphate buffer (pH 

7.2) in a 100 ml volumetric flask, and made up to the 

100 ml volume using same solvent. A portion of the 

prepared solution was scanned in a UV 

spectrophotometer model 6405 (Jenway, UK) to 

obtain the maximum wavelength (ƛmax) of the 

powder. 

 

Standard calibration (Beer’s plot) 

Serial dilutions of the stock solution were made to 

obtain concentrations of 0.02, 0.04, 0.06, 0.08. The 

absorbance reading of the diluted metronidazole 

solutions were obtained using the spectrophotometer 

at ƛmax of 241nm. A plot of the absorbance readings 
against the different concentrations was made from 

which standard calibration curve was determined. 

 

Dissolution of metronidazole  
The dissolution of metronidazole and its release 

profile from the tablets were carried out using a six 

station dissolution apparatus DT 600 (Erweka, 

German). A tablet from each batch was individually 

placed in 900 ml of phosphate buffer (pH 7.2) solution 

contained in a 1 L flask placed in a water bath at 

temperature maintained at 37±0.5oC with a paddle 

speed set at 10.0 rpm. Five ml samples were 
withdrawn from the test media at every 10 min and 

filtered through a filter paper. Five ml of fresh 0.1N of 

the buffer maintained at the same temperature was 

used to replace the withdrawn sample after each 

sampling time. The filtrates were scanned at 

wavelength of 241nm and the absorbance readings 

obtained were converted to concentrations using the 

standard established calibration curve equation. 

 

Assay/content of active ingredient determination  

Assay of the metronidazole tablets was done using the 
British Pharmacopoeia method. Ten tablets each of the 

metronidazole tablets formulated were randomly 

selected and weighed collectively to determined their 

total weight. They were pulverized to very fine powder 

and the quantity equivalent to the mean weight of one 

tablet was taken and dispersed in a 0.1N media 

solution in a 100 ml volumetric flask. The contents 

were properly shaken; after which they were filtered 

through a filter paper. A hundred-fold dilution of the 

filtrate was made and its absorbance determined at a 

wavelength of 241nm. The absorbance result was then 

imputed into the established calibration curve equation 
and the concentration determined. 
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RESULTS: 

Table 2: Results of Physicochemical/Physic technical Properties of Granules and Tablets 

 Sample A   Sample B   

 Mean Std. 

deviation 

CV Mean Std. 

deviation 

CV 

Flow rate (g/s) 4.59 0.0579 0.0126 3.24 0.0082 0.0025 

Angle of repose 

(θ) 

32.9 0.3399 0.0457 35.1 0.2625 0.0348 

Bulk density 0.42 0.0052 0.0120 0.52 0.0066 0.0127 

Tapped density 0.52 0.0132 0.0256 0.62 0.0090 0.0145 

Hausner’s Ratio 1.20 0.024 0.020 1.17 0.033 0.028 

Compressibilty 

Index 

0.16 0.012 0.075 0.15 0.024 0.161 

Disintegration 

Time (sec.) 

9.49 0.538 0.057 9.85 0.297 0.030 

% drug released 

in 60 minutes 

110.75 12.510 0.113 127.5 20.241 0.159 

Uniformity of 

weight (g) 

206.3 4.7668 0.231 206.3 7.369 0.0357 

Tablet thickness 

(cm) 

0.034 0.0049 0.1441 0.031 0.0020 0.0645 

Tablet diameter 

(cm) 

0.0082 0.0023 0.0281 0.0081 0.0020 0.0247 

Tablet Hardness 5.15 0.3905 0.0758 5.17 0.4082 0.0790 

Friability  0.05   0.38   

% Active 

ingredient 

80.2   105   

 

 
Fig. 2: Percentage drug released gainst Time (minutes) 
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Fig. 3: X-ray analysis of re-crystallized metronidazole 

                    
Fig. 4: Particle size analysis of re-crystallized metronidazole powder 

 

 
Fig 5: FTIR of re-crystallized Metronidazole powder 

DISCUSSION: 

The flow properties of any given powders and 

granules can be evaluated directly through flow rate 

and the indirectly by method involving angle of 
repose, Hausner’s ratio, compressibility index and 

porosity. From the results of the study, it could be 

observed that increase in size of particles relative to 

the funnel orifice may or may not increase the flow 

rate. Also the sieve size of 1.0mm aperture showed 

increase in the flow rate while the powders with larger 

particles size have greater bulk density as in Batch B 

and with increased flow rate than that with smaller 

particle size powder as in batch A.  

 

The greater the crystalline nature of the powder the 

greater gravitational force required to make it flow and 

the lesser the force of cohesion which resist the flow 

of powder particle. The particle size analysis as 

observed from the result of the scanning electron 

microscopy (SEM) (fig. 4), showed that the solid 
dispersion and solvent extraction method adopted for 

the metronidazole powder, assisted in the particle size 

reduction though still within the micro meter size 

range but the particle size of the recrystallized mtz 

powder was smaller than the untreated powder (batch 

B). 

 

X-ray diffraction is a powerful nondestructive 

technique for characterizing crystalline materials. It 

provides information on structures, phases, preferred 

crystal orientations (texture), and other structural 

parameters, as average particle size, crystallinity, 
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strain, and crystal defects. Analysis of powder by 

XRD provides important information that is 

complementary to various microscopic and 

spectroscopic methods, such as phase identification, 

sample purity, crystallite size, and, in some cases, 
morphology. The peak broadening of XRD relates to 

the widths of the peaks, whereas the relative intensities 

relate to the height, although XRD patterns for 

spherical particles of nanoscale dimensions will have 

the same relative intensities as the bulk material, but 

the peaks will be broadened [18] but in this study, 

based on the result as in fig 3., the peaks were not 

broadened signifying that the particles were not on the 

nano meter size range. This also buttressed the fact that 

the broadening in the peaks of the XRD patterns arises 

due to finite size of the crystals hence if there is 

presence of infinite size crystals, the peaks in the XRD 
pattern appears as very sharp but as size get reduces 

peak broadening increases. 

 

FTIR spectra reveal the composition of solids, liquids, 

and gases. The most common use is in the 

identification of unknown materials and confirmation 

of production materials [19]. The FT-IR spectrum of 

the treated metronidazole showed the vibrational 

peaks at 2981, 1558, and 1529 cm-1 that were 

attributed to C-H stretching, C=C (carbonyl ring) 

stretching and C=N (imidazole ring) stretching, 
respectively, comparable to the un-treated powder and 

signifying absence of extraneous materials with no 

interaction amongst the formulation materials. 

 

From the physico-chemical characterization results as 

shown in Table 2, powders from batch A has a lower 

tapped density (0.516±0.00262g/ml) compared to 

those in batch B with a tapped density of 

(0.612±0.0g/ml).  The high bulk density as observed 

in powders of batch B is due to the crystalline nature 

and presence of void spaces and pores within the 

particle bed compared to the lower size, less porous 
and tightly packed powders of batch A [20]. The angle 

of repose of both batch A and B are 33.97O and 35.1o 

respectively, hence the powders had good flow 

properties according to the reference standard.  

 

Relative to the reference standard, compressibility 

index (CI) of < 10% and Hausner’s ratio of 1.00-1.11 

is said to have an excellent flow. From the study, the 

CI obtained was 0.1657±0.012, Hausner’s ratio 

1.20±0.024 for batch A and that of batch B are CI, 0.15 

±0.024 and Hausner’s ratio, 1.17±0.033 respectively, 
and from this, it means that the powders have good 

flow properties but fair compressibility characteristic.  

 

The weight uniformity test as performed showed that 

the samples of the batches obtained complied with the 

reference standard, as weight uniformity is a function 

of granules quality, flow and machine performance. 

 
A relationship exists between the tablet compression 

and tablet thickness. Tablet thickness is determined by 

the diameter of the die, the amount of the fill permitted 

to enter the die leading to the compaction 

characteristics of the fill material and the pressure 

applied during compression to manufacture tablets of 

uniform thickness during the drug formulation [21]. 

Tablet thickness is important for tablet packaging as 

very thick tablets could result after packaging either in 

blisters or plastic containers more so as tablet 

thickness is determined by the diameter. From the 

study, the thickness of the tablet range between 
0.30mm and 0.40mm for batch A and 0.30 and 

0.35mm for batch B which shows that there was no 

much variation in the thickness of the tablets resulting 

from both batches. 

 

Generally, tablets should be sufficiently hard to resist 

breaking during normal handling, packaging and 

shipping and yet soft enough to disintegrate properly 

after swallowing. Hardness of the tablet is controlled 

by the degree of the pressure applied during the 

compression stage. 
 

Tablet hardness was measured using Mosanto 

hardness tester and the tablets were generally placed 

between two planes, one of which moves to apply 

sufficient force to cause fracture especially on 

conventional round tablet. Tablet hardness ranges 

between 5 to 10kg/cm2, limit ± 5% and from the results 

obtained, the tablets hardness met the optimum 

specification suitable for official use. 

 

Friability test mimics the force of cohesion or sliding 

effect of tablet against each other during the 
packaging, shipping and handling process, and 

according to the official book (USP) the percentage 

permissive loss is ≤1%. From the study, the tablets 

upon subjection to friability test had a loss of 0.05 and 

0.33% for batch A and B respectively and this 

indicates that the tablet passed the test and hence 

assumed to be capable of withstanding possible stress 

and could remain stable over a long period of time 

upon storage under recommended condition. Also the 

different values of the friability of the two batches 

clarifies the packing nature of the powders in each 
batch where it was assumed that powders in batch A, 

are more tightly packed than that for batch B. 

The official book (USP) specified that the 

disintegration time for coated tablet should not be 
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greater than 30 minutes for six tablets while the 

(British Pharmacopoia) specified that the 

disintegration time for uncoated tablet should not 

exceed 15 minutes for six tablets. From result 

obtained, the mean disintegration time for six tablets 
for batch A was 9.85±0.538 while that of batch B was 

9.65±0.297 minutes and this shows that the formed 

tablet disintegrated within acceptable range and 

therefore good for ingestion since disintegration is the 

first physical change observed for a drug when it 

enters into the body. 

 

The drug release curve as in fig. 2 shows that sample 

A had faster drug release rate than sample B. This 

could be attributed to the decrease particle size of the 

API as a result of the solvent dispersion and 

evaporation technique adopted. Considering the 
percentage of active content, batch A, had lower value 

than that obtained in batch B. This could be as a result 

of the effect and impact of the formulation process 

where powders in batch A was subjected to solid 

dispersion and solvent evaporation while that of batch 

B did not pass through any process rather only the pure 

drug sample was used for the formulation. 

 

CONCLUSION: 
Poor solubility and low permeability of drugs results 

in their low bioavailability in the systemic circulation 
thereby reducing their pharmacological response or 

action. It is therefore imperative for the use of carriers 

or adoption of recrystallization and solid dispersion 

technique as applied with the n-hexane recovery of 

poly ethylene glycol dispersed metronidazole powder 

to enhance particle size reduction, permeability and 

drug bioavailability. This technique has helped to 

improve or enhance the dissolution characteristic of 

poorly aqueous dispersible drugs like metronidazole 

and hence improve the bioavailability and therapeutic 

efficacy of such class of molecular entities. 
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