
 
 

Rheological and release characteristics of drugs of 

different solubilities from semisolid matrix filled in hard 

gelatin capsule 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A thesis submitted to University of the Punjab in partial fulfillment of the 

requirement for the degree of Doctor of Philosophy in Pharmaceutics 

 

 

By 

 

 

Misbah Sultana 

 

 

 

(August- 2015) 

 

 

Punjab University College of Pharmacy,  

University of the Punjab, Lahore, Pakistan. 

 



i 
 

Rheological and release characteristics of drugs of different solubilities 

from semisolid matrix filled in hard gelatin capsule 

Abstract 

The re-introduced liquid/semisolid matrix technology, in recent past encompasses 

filling of hard gelatin capsules for thixotropic system at ambient and thermosoftened 

system at elevated temperature. Formulations in both of the above systems may contain 

dissolved or dispersed drugs. In the present work thixotropic gels were prepared using a 

series of hydrophilic poloxamers (Pluronic/Synperonic L31, L43, L62, L64, L92) of 

different viscosities and composition of polyoxyethhylene and polyoxypropylenein co-

polymers thickened with hydrophilic silicon dioxide (Aerosil®A200) to form gel structure. 

Model drugs of varying solubilities, isoniazid, metronidazole, paracetamol and mefenamic 

acid were dispersed in gels of above poloxamers. The gel formulations were filled into hard 

gelatin capsules via syringe. The rheological characteristics, dispersion stability, and FTIR 

of the gels with and without drugs were investigated. The gels with drugs were additionally 

characterized for their release pattern. In preliminary studies, twenty separate gels of 

poloxamers L31, L64 were thickened with concentrations 1 to 10% w/w of Aerosil® A200 

to incorporate isoniazid (unsifted, 10% w/w). Different concentration of Aerosil® A200 

affected dispersion stability as well as release of the drug incorporated into gels. All gels 

were thixotropic and shear thinning. A little change in apparent viscosity on storage upto 

30 days was noted. Disperse phase sedimentation was not observed with more viscous 

poloxamer and with higher concentration of silicon dioxide. Higher concentration of 

Aerosil® A200 resulted into stronger gel structure between silicon dioxide and poloxamers 

and thereby, hindered release of drug from a gel. Rheograms of poloxamers, L31 and L64 

confirmed their Newtonian behaviour, in contrast to the thixotropic behaviour of all gels 

made with Aerosil® A200 concentrations (1-10% w/w) and 10% w/w isoniazid. Therefore, 
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in-vitro release of highly water soluble drug, isoniazid could be controlled by 

poloxamer/A200 thixotropic gel system which depended upon concentration of Aerosil® 

A200, viscosity of poloxamer and the aqueous solubility of drug. In the further work, the 

effect of selected concentration of Aerosil® A200 (8% w/w) and five liquid poloxamers of 

different viscosities on release of drugs with characterized particle size (180-250 µm) and 

of different from semi solid matrix/ thixotropic gel filled into hard gelatin capsules was 

tested by in-vitro dissolution test. The drugs with different solublities used in this study 

were isoniazid, metronidazole, paracetamol and mefenamic acid. The interaction of drug 

in gel formulations was also determined by Fourier transform infrared (FTIR) 

spectroscopy. The release of drugs from different formulations was related to their aqueous 

solubility, viscosity of poloxamers, and poloxamer’s polyoxyethylene and 

polyoxypropylene proportions. In most of the formulations drug remains dispersed over a 

period of one month depending upon the viscosity of gels. Most of the gels showed little 

change in apparent viscosity on storage. The apparent viscosity for each gel was found to 

be dependent on the viscosity of poloxamers from which the gel was prepared. Like in 

preliminary work, rheograms of five pure poloxamers showed Newtonian behaviour 

whereas each gel exhibited thixotropic and shear thinning. In-vitro dissolution data of drugs 

from their respective stable gels followed first order kinetics. No chemical interaction or 

incompatibilities between drugs and polymers were noted by FTIR. Long term stability 

studies at International conference on harmonization (ICH) recommended conditions of 

temperature/relative humidity (30C/65% RH) over one year revealed that almost all the 

gels retained their rheological, dispersion stability, release profile and chemical integrity. 

Thus, the hydrophilic semisolid matrix (gels) made by mixing poloxamer and Aerosil® 

(A200) was suitable for filling into hard gelatin capsules because of their rheological 

characteristics. The release of drugs with different solubilities could be modified by using 
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poloxamers of different viscosity. Overall present research study demonstrates the effect of 

silicon dioxide on the microstructure of the gel prepared with various poloxamers which is 

evident from the rheological studies, FTIR and release pattern of the drugs. 
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CHAPTER 1 

INTRODUCTION 

1.1. Hard gelatin capsule 

The terminology of capsule has been derived from a Latin word ‘capsula’, which 

means a small box or container (Murdoch, 1848; Jone, 1974, 1985; Anon, 1983; Cole, 

1992; Ma, 2008). There are two forms of gelatin capsule, hard and soft gelatin capsules. 

The hard gelatin capsule consists of two cylindrical parts, each closed at one end with a 

hemispherical shape. The shorter part is the cap and the longer one is the body which is 

filled with the formulation prior to replacing the closely fitted cap. Two piece hard gelatin 

capsules have been in use for almost 150 years (Ridgway, 1987). The soft gelatin capsule 

is a one piece container which may have a variety of shapes. It is filled with the formulation 

and sealed during one specialized manufacturing process (Hom, 1975; Saano, 1991; 

Ferdinando, 2000; Bhawna, 2007). More detail of the soft gelatin capsules is given in 

Section 1.2. 

 

1.1.1. Materials for fabrication of capsules 

The raw materials used in the manufacture of both hard and soft gelatin capsules 

are similar. Both contain gelatin, water, colorants and optional materials such as process 

aids and preservatives. The major pharmacopoeias (European, Japanese and US) permit the 

use of gelatin or other suitable material, and in recent years, hard capsules have been 

manufactured from hydroxypropyl methylcellulose (HPMC) in order to produce a shell 

with low moisture content (Ogura and Matsuura, 1998) and for eventual use for 

pharmaceutical products (Bhawna, 2007). The non-gelatin capsule shells are made up of 

such as Starch, PVA, and Alginate (Srividya et al., 2014). However, gelatin is the major 

component of the capsules and has been the material from which they have traditionally 
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been made (Lehuby, 1846; Murdoch, 1848; Eli Lilly and Co, 1896; Parke Davis and Co, 

1902; Jones, 1992; Capsugel, 1999).  

 

Gelatin is a translucent brittle solid substance, colorless or slightly yellow, nearly 

tasteless and odorless, which is created by prolonged boiling of animal skin connective 

tissue or bones. The reasons for gelatin use for hard and soft gelatin manufacturing are the 

following basic properties processed by gelatin (Jone, 1987; Bhawna, 2007; Srividya, 

2014): 

I. It is non-toxic, widely used in foodstuffs and acceptable for use worldwide.  

II. It is readily soluble in biological fluids at body temperature.  

III. It is good film-forming material, producing a strong flexible film. 

IV. The gelatin films are homogeneous in structure, which gives them strength.  

Type A gelatin is derived from an acid-treated precursor and exhibits an isoelectric 

point around pH 9, whereas type B gelatin is from an alkali-treated precursor and has an 

isoelectric region of pH 4.7. Capsules may be made from either type of gelatin with very 

minor difference in the physical properties of finished capsules, but mostly a blend of both 

types A and B, is used (Digenis et al., 1994). 

 

1.1.2. Physical properties of gelatin 

Gelatin is a protein product produced by partial hydrolysis of collagen extracted 

from skin, bones, cartilage, ligaments etc. of animals. Gelatin melts when heated and 

solidifies when cooled again. Together with water it forms a semi-solid colloidal gel. After 

hydrolysis the gelatin is extracted from the treated material using hot water. The first 

extracts contain the gelatin with the highest physical properties, and as the temperature is 

raised the quality of gelatin falls. The resulting weak solution of gelatin is concentrated in 
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a series of evaporators and then chilled to form a gel. This gel is then extruded to form 

strands, which are then dried in a fluidized-bed system. The dried material is graded and 

then blended to meet the required specifications. Some of the major suppliers of empty 

gelatin capsules are: Eli Lilly and Company, Warner Lambert’s Capsugel (formerly, Park 

Davis) and R.P. Scherer Corporation (Bhawna, 2007; Srividya, 2014). 

 

The gelatin has all the properties required to meet the needs of pharmaceutical 

capsule industry. These include aqueous solubility, solution viscosity and thermally 

reversible gelation properties in aqueous solution (Lehuby, 1846; Jones, 1982; Rowley, 

1998; Saeed, 1999; Bhawna, 2007). The Bloom strength, measure of gel rigidity is the load 

in grams required to push a standard plunger 4 mm into a standard gel (6.66% w/v) at 10ºC. 

The gelatin used in hard capsule manufacture is of a higher bloom strength (200-250 g) 

than that used for soft capsules (150 g) because a more rigid film is required for the 

manufacturing process (Aulton, 2002). For temperature above 35ºC, gelatin gives a 

solution exhibiting a viscosity ranging from 1.5 and 5 mPa.s. This is measured by the time 

a 6.67% gelatin solution takes to flow through a standardized viscosimetric pipette at 60ºC. 

Viscosity is linked to the Bloom and is typically high for high Bloom gelatin. It also 

depends on the process as alkaline process induce higher viscosity than the acid process 

(www.rousselot.com). 

 

1.1.3. Properties of empty capsule 

Empty capsules contain a significant amount of water that acts as a plasticizer for 

the gelatin film and is essential for their function. The standard moisture content required 

for hard gelatin capsules is between 13% w/w and 16% w/w (Jones, 2000). At low humidity 

they lose moisture and become brittle, and at high humidity they gain moisture and soften. 

http://www.rousselot.com/en/rousselot-gelatine/gelatine-characteristics/definitions/gelatine-bloom/
http://www.rousselot.com/
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The moisture content can be maintained within the specifications by storing them in sealed 

containers at even temperature (Rowley, 1998). 

 

Capsules are readily soluble in water at 37C, below 37C, the solubility decreases 

and at temperature below 30C, they are insoluble and absorb water, swell and distort. 

Thus, being an important factor, during disintegration and dissolution testing 

Pharmacopoeial limit for media is set at 37C ± 1C (Chiwele, 2000).  

 

1.1.4. Capsule filling 

Capsules are primarily available for filling of dry solids such as powders, compacts, 

pellets, granules or tablets (Lachman, 1987; Aulton, 2002; Remingtons, 1995). Relatively 

in near past, liquids (mostly non-aqueous) and the semisolids (suspensions, pastes and gels) 

have been attempted for their filling in hard gelatin capsules (Walter, 1980; Bowley, 1996; 

Cole, 1999; Richardson, 2007). More detail of the above has been given in Section 1.3.2. 

The following materials are to be avoided for filling into gelatin capsules: those with known 

to react with gelatin, e.g., formaldehyde, which caus a crosslinking reaction making the 

capsule insoluble; those interfering with the integrity of the shell, e.g. substances containing 

free water, which can be absorbed by the gelatin causing it to soften and distort; those for 

which volume of the unit dose exceed the available sizes of capsule (Bhawna, 2007). Hard 

gelatin capsules are available as standard fixed sizes ranging from 000 to 5, the industrial 

sizes for human medicines are from 0 to 4 (Table1.1) while size 000 to 00 and 5 are used, 

respectively for veterinary and research purposes (Vijaykuma, 2013).  
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Table 1.1: Capsule sizes and the body filled volumes 

Capsule size Capsule volume (ml) 

000 1.37 

00 1.02 

00 0.91 

0 078 

0 0.68 

1 0.50 

2 0.37 

3 0.30 

4 0.21 

5 0.10 

 

The empty hard gelatin capsules are supplied as bulk thus, it is necessary for the 

filling machine to orientate them so that they are all pointing in the same direction, i.e., 

body pointing downward. To do this they are loaded into a hopper and from there they are 

passed down through tubes to a rectification station. Here the capsules are held in tight-

fitting slots. Metal fingers strike them in the middle, and because the bodies have the 

smaller diameter, they rotate away from the direction of impact. Next the capsules are 

sucked through bushings that trap the caps and because of their greater diameter, separating 

them from the bodies. The bodies are then passed under the dosing mechanism where a 

substance can be measured and dosed, filling into capsules. The caps are then repositioned 

over the bodies and metal fingers push the bodies up into them to rejoin the two parts 

(Bhawna, 2007; Lachman, 1987). 

 

1.2. Soft gelatin capsules 

A soft gel (a soft gelatin capsule), a nearest counterpart of the hard gelatin capsule 

is a solid capsule (outer shell) surrounding a liquid or semi-solid center (inner fill). An 
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active ingredient can be incorporated into the outer shell, the inner fill, or in both. Soft 

capsules are made from gelatin and water but with the addition of a polyhydric alcohol, 

such as glycerol or sorbitol, to make them flexible. Sorbitol is less hygroscopic than 

glycerol. They usually contain a preservative, such as beta-naphthol. The content of a 

softgel capsule is a liquid, or a combination of miscible liquids, a solution of a solid(s) in a 

liquid(s) or a suspension of a solid(s) in a liquid(s) (Kathpalia, 2014). 

 

Improved stability of drugs that are highly susceptible to oxidation can be achieved 

when formulated into a soft gelatin capsule. The bioavailability of hydrophobic drugs can 

be significantly increased when formulated into soft gelatin capsules (Srividya, 2014). 

 

There are certain limitations of soft-gelatin capsule. The soft gelatin capsule 

manufacturing requires special manufacturing equipment. Highly water soluble 

compounds, and those susceptible to hydrolysis demonstrate stability concerns cannot be 

filled into the capsules. There are limited choices of excipients/carriers compatible with the 

gelatin (Remington, 1995). 

 

1.3. Hard gelatin capsule technology – A new approach for extended applications 

The hard gelatin capsule technology, which earlier was available only for filling of 

solids (powders, granules, pellets etc.) has now extended to filling of liquids, oils, and semi-

solid matrices in the hard gelatin capsules. The liquid semisolid matrix (LSSM) technology 

is now emerging as a relatively new approach for filling of materials in hard gelatin 

capsules instead of in soft gelatin capsules. The materials which are liquids, semisolids or 

which can be made in the above forms by the application of some appropriate procedures, 

such as heating can effectively be filled into the hard gelatin capsules. Liquids may be the 
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pure mobile (Newtonian) liquids and the semi solids can be thermosoften or thixotropic 

mixtures, matrices gels or pastes. The thixotropic semisolids or low melting point materials 

are filled at ambient temperatures and made of low viscosity just by stirring (Walters, 1992; 

Walker, 1980; Cuine and Francois, 1978; Djimbo and Moes, 1984; Saeed, 1999). The 

thermosoftened systems, which are liquid at elevated filling temperature (i.e., at 70°C) but 

solid at ambient temperature can also be filled into the capsules (Hawley, 1992; Cade et 

al., 1986). 

 

1.4. Relevance of liquid/semisolid filling in hard gelatin capsules 

The filling of materials in hard gelatin capsule is expected to address several issues 

related to the nearest counterpart dosage forms and has potentials to translate, 

simultaneously, the benefits of the dry material filling in hard gelatin capsules, that of the 

soft gelatin capsules technology and that of the liquid dosage forms. The conventional hard-

gelatin technology has been associated with; dust generation during manufacture causing 

cross contamination; variations in fill weight and drug content due to varied flowability of 

powders because of their physical properties; lack of control on release of poorly water 

soluble drugs. This newer technology of filling soft materials in hard gelatin capsule is 

without dust generation or cross contamination and offers excellent homogeneity, content 

uniformity, and easy control over drug release rates (Smith et al., 1990).  

 

The hard gelatin capsule, as compared to the soft gelatin capsule technology is 

simpler in commercial manufacturing, does not require relatively sophisticated 

technologies and thus, their production does not reserve only to the specialized 

manufacturers (Djimbo, 1984). Hard gelatin capsule technology is capable of addressing 

the following issues related to the liquid dosage forms: inconvenient to handling, transport 
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and storage due to bulkiness, poor stability of hydrolysable ingredients in aqueous 

solutions, usual need of antimicrobial preservatives, dependency of accurate dosage on the 

ability of the patients to use spoon or a volumetric dropper and the unpleasant taste of a 

drug (Aulton, 2002). In hard gelatin technology, the formulation could be prepared without 

industrial liquid handling, difficulties in exact measurement of the doses and a clean 

administration. The problem to prevent leakage from the closed capsule after filling is 

possible either by using a formulation type which is retained in the capsule or by sealing 

the capsules in such a way that the enclosed material remains inside the filled capsules 

(Jones, 1985; Rowley, 2004). 

 

The advantages of liquid filled soft gelatin capsules which the hard gelatin capsule 

can share are: easy swallowing, no taste, unit dose delivery, temper proofing, versatility of 

presenting several physical types of formulations and control over drug delivery rates and 

the possibility of filling drug with absorption enhancers to improve their bioavailability 

(Bhawna, 2007). The advantages of the liquid dosage forms which the hard gelatin capsule 

can share include: easy handling, a uniform distribution of drug in formulation, and ready 

availability of drug for absorption (Aulton, 2002). Filling and sealing technologies for hard 

capsules further provides wider chances of improvements and applications of such dosage 

forms (Djimbo, 1984). 

 

1.5. Materials which can be filled in hard gelatin capsules 

The materials which can be more effectively be filled into the hard gelatin capsules 

include the liquids, dispersions, semi-solid matrix system and the thixotropic/thermosoften 

systems. 
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1.5.1.1. Liquids 

Pure mobile aqueous and non-aqueous liquid can be filled into the hard gelatin 

capsule, though require sealing of the two piece capsules (Walters, 1992; Barakat, 2006). 

Liquid filling requires the hard gelatin capsules to be sealed by appropriate method after 

their filling (Aulton, 2002).  

 

1.5.1.2. Semisolids 

The semisolid dispersion is system in which one substance (called as disperse 

phase) is dispersed as particles or droplets throughout another (called as dispersion medium 

or continuous phase). Pharmaceutical colloids such as emulsions and suspension are 

disperse systems. Emulsions are sometimes formulated from oily drugs or nutrient oils to 

serve mainly as vehicles for drug delivery, in which the drug is dissolved in the oil or water 

phase. Suspensions are usually prepared from water-insoluble drugs. An oily semi-solid 

matrix of captopril in hard gelatin capsule of captropril in soybean oil and glyceryl 

monostearate matrics has been reported (Seta et al., 1988). Liquid paste i.e. of ibuprofen, 

low melting thermostable drug filling in hard capsule has also been reported by Smith et 

al., (1990). The semisolid matrix formulations of solid active substances can be formulated 

as disperse particulate phase (Barakat, 2006), thixotropic system (Walters, 1992) and 

thermosoften systems (Kattige, 2006) for hard gelatin capsules.  

 

1.6. Thixotropic system 

Thixotropic gels are semi solids on resting, can be liquefied by stirring and even at 

the ambient temperatures (Walters, 1992). Thixotropic liquids may be filled into hard 

gelatin capsules shell after their thinning by stirring (Walker et al., 1980; Cuine and 

Francois, 1981; Djimbo and Moes, 1984). Once in the capsule, the thixotropic medium 
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assumes a relatively high viscosity, thereby reducing its tendency to leak from the capsules 

(Cade et al., 1986). After filling they gel-cool and solidify, or revert to their resting state in 

the capsule to form a solid plug. Such formulations, when are liquefied can be filled into 

capsules using the volumetric pumps. These formulations are similar to those that are filled 

in the soft gelatin capsules, but differ in that, they usually have melting points higher than 

35°C which is maximum for soft gelatin capsules required in the sealing rollers during their 

manufacture. The majority of thixotropic mixtures exhibits Newtonian flow or only slight 

shear thinning behaviour. The thixotropic property of materials is dependent on the pH, 

temperature, polymer type and concentration, addition of cations or excipients in the 

formulations (Lee et al., 2009). 

 

The problems associated with thermosoftened systems such as decomposition of 

thermolabile drugs, crystal structure changes with temperature, and ageing effects can be 

avoided by filling thixotropic gels at ambient temperature. Hence, it is justifying to study, 

the thixotropic gels systems to assess the effect of rheology and the different poloxamers 

on the release and stability of drugs having varying solubilities. In the thixotropic gels, the 

liquid vehicle and a thickening agent are mixed together to form a gel structure in which 

the drug is dispersed or dissolved. Filling is done at ambient temperature. The gel 

undergoes shear thinning during the pumping and filling stages into capsules with an 

increase in apparent viscosity after filling is complete due to gel restructuring (Saeed, 

1999). 

 

1.7. Thermosoftened systems 

Thermosoftened systems, Newtonian or non-Newtonian liquids at elevated 

temperature, usually 70°C are solid at ambient temperature (Hawley, 1992). In 
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thermosoftened system, the formulations are normally filled into capsules at above 

temperature, and on cooling, a solid dispersion plug is formed in the capsules. 

Thermosoften system may include the molten liquids, pastes or low melting materials 

(Walker et al., 1980; Cuine and Francois, 1981; Djimbo and Moes, 1984). For a dispersion 

of solid drug particles in the molten excipient, the rheology is affected by the properties of 

the disperse phase (particle size, concentration) and the continuous phase (molecular 

weight, viscosity), leading to filling limitations (Kattige, 2006). 

 

1.8. Filling process of liquids and semisolid formulations 

Liquids can be dosed into capsules using volumetric pumps (Jones, 2001). Non-

aqueous liquids, which are mobile at ambient temperatures, require the capsules to be 

sealed after filling. The problem after filling is to stop leakage from the closed capsule, a 

reason for lack of and a gap of research on the technology. Leakage can be prevented, either 

by formulation or by sealing of the capsule. For this sealing, the industrially accepted 

method is to seal the cap and body together by applying a gelatin solution around the centre 

of the filled capsule after it has been filled. On drying, it forms a hermetic seal that prevents 

liquid leakage, contains odors inside the shell and significantly reduces oxygen permeation 

and protecting capsule contents from oxidation. Semisolid mixtures are solid at ambient 

temperatures and can be liquefied for filling by either heating thermosoftening or by stirring 

thixotropic mixtures. After filling they cool and solidify, or revert to their resting state in 

the capsule to form a solid plug. Both types of formulations are filled as liquids using 

volumetric pumps without leakage, thus the research on liquid filling has re-introduced and 

regained attraction (Kattige, 2006). 
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Filling of these formulations are similar to those that are filled into soft gelatin 

capsules, but differ in a respect that they can have melting points higher than 35°C, which 

is the maximum for soft gelatin capsules because this is the temperature used by the sealing 

rollers during their manufacture (Aulton, 2002). Literature cites another method for sealing 

hard gelatin capsules which involves spraying the filled capsules with water ethanol 

mixture. This solution of low surface tension penetrates into the gap between capsule body 

and cap by capillary action. A seal is formed by warming to melt the gelatin overlapping 

the two ends of the capsules (Cade et al., 1986). The examples of liquid and semisolid 

formulations in hard gelatin capsules are given in Table 1.2 (Vijaykumar, 2013). 

 

Table 1.2: Examples of liquid and semisolid formulations in HGC 

Vancomycin Ethosuximid Extract 

Captopril Phospholipids Sabal extract 

Ibuprofen Curcuma Danthron 

Fenofibrate Piroxicam Isoniazid 

Peppermint oil Nifedipin Avocado/Soya 

` 

1.8.1. Applications of liquid filling in hard gelatin capsules 

The availability of new enhanced manufacturing approaches, techniques and 

equipments has brought new opportunities for the use of liquid/semisolid-filled hard 

capsules. Filling and sealing technologies for hard capsules further provide wider chances 

of improvements and applications of such dosage forms (Djimbo, 1984). Presenting the 

liquid and semisolid based formulations filled in capsule has the following application and 

benefits. 
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1.8.2. Addressing issues related to conventional dosage forms 

The liquid or semisolid materials filling into capsule address issues associated with 

the filling of powders into the hard gelatin capsules, of soft gelatin capsule technology and 

that of the liquid dosage forms stated above in Section 1.3.1. 

 

1.8.3. Flexibility of filling diversified materials in variety of doses 

Along with liquids and semisolids given above in Section 1.3.2, even the solid 

active substances can be formulated either in solution or as disperse particulate phase in 

semisolid matrix systems (Barakat, 2006). The availability of different sizes of the capsules 

offers an advantage of filling different size of the dose in capsules of different sizes. 

 

1.8.4. Simpler manufacturing approach 

There is a possibility of filling high fill weight using low levels of excipient (Smith 

et al., 1990). Furthermore, for API’s having low dose or highly potent, have low melting 

points or with the critical stability profiles can be presented in hard gelatin capsule. It is 

easier to formulate oily drugs and the oral sustained release formulations as liquids or 

semisolids and then filled into hard gelatin capsule. Filling and sealing technologies for 

hard capsules, provides the formulator with the flexibility of developing formulations in-

house at small scale, as required for Phase I studies, up to production (Bowtle et al., 1986; 

Naidoo, 1989; Smith et al., 1990). 

 

1.8.5. Simple approach for minimizing stability issues 

Hard gelatin capsule is simpler approach to minimize the sensitivity to moisture of 

highly hygroscopic drugs, i.e., as compared to the lyophilization (Bowtle et al., 1986). 
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1.8.6. Flexibility to rapidly develop and test in-house formulations 

Filling of material in hard gelatin capsule can make a significant contribution to the 

development of efficacious pharmaceutical products by providing the flexibility to rapidly 

develop in-house test formulations when only small quantities of drug substance is required 

or available. The process can be scaled-up and also kept in-house similar to the operations 

of tableting or powder/pellet filling of hard gelatin capsules (Srividya et al., 2014). 

 

1.8.7. Enhancement of solubility of drugs 

The approaches for the enhancement of solubility of poorly soluble drugs are 

usually complex and sometime not adequate to achieve satisfactory drug solubility and thus 

absorption from a solid oral dosage form. One of the most promising strategies to deliver 

these insoluble compounds is using dissolved systems like using lipids, liquids or semi-

solids to formulate new products. Two piece hard shell capsules are one of the most logical 

approaches when choosing the best dosage form to deliver these new liquid formulations. 

The new technology of packaging liquids in hard gelatin capsules is considered a major 

breakthrough (Cole, 2008; Vijaykumar, 2013).  

 

1.8.8. Offering control on drug release 

This technology offers a great potential for control over drug release (Seth, 1989; 

Smith et al., 1990) by altering the hydrophilic-lipophilic balance (HLB) of the matrix, 

controlling the viscosity/rheological properties and manipulating the excipients properties 

(Walters et al., 1995; Saeed et al., 1999; Wu et al., 2002). The matrices of high lipophilicity 

having a high melting point erode slowly, thereby delaying the release of drug. In contrast, 

the highly hydrophilic matrices and having melting point at or near above 37°C dissolve 

rapidly (Massik et al., 2003). Gelucire having different melting points and HLB values can 
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be mixed to obtain different drug release rates (Cole et al., 1989; Mathis and Heimendinger, 

1989; Vial-Bernasconi et al., 1995). Recently, Younes (2010) reported the sustained-

release of metformin hydrochloride from capsules formulated using semisolid matrices 

which had showed promising results in extending the release of metformin HCl compared 

to the marketed tablets. Furthermore, the technology provides an opportunity to deliver 

molecules for which prolonged release is required (Cole et al., 2008).  

 

1.8.9. Improving oral bioavailability of drugs 

The majority of the conventional formulation strategies are usually not adequate to 

achieve the acceptable oral absorption and bioavailability of the poorly soluble existing and 

new drugs. Although a number of alternative technologies are being developed, lipid-based 

formulations have shown promise in enhancing the oral bioavailability of lipophilic drugs. 

Such formulations make use of excipients which are either liquid or semi-solid in nature. 

For instance, an improved bioavailability of drug is achievable by use of oily preparation 

of semisolid soybean oil or glyceryl monostearate matrix of a drug in hard gelatin capsule 

(Seta et al., 1988). The oily preparations have unacceptable taste, thus presenting such 

formulation filled in capsule is the only option for the good patient acceptability in terms 

of taste (Cole, 2008). The lipid-based formulations filled in capsule have shown good 

patient acceptability in terms of taste and enhanced oral bioavailability of lipophilic drugs 

(Cole, 2008).  

 

1.9.Possible issues, limitations and specific requirements for hard gelatin capsule 

filling 

There are several advantages and applications of Liquid semisolid matrix (LSSM) 

technology (Section 1.4). Nevertheless, the hard gelatin capsule technology is not without 
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limitations though, some of which may be addressable. It may not be applicable for highly 

soluble compounds having the stability concerns, i.e., those susceptible to hydrolysis and 

with limited choices of excipients compatible with the gelatin (Bhawna, 2007; Cole, 2008). 

 

There are certain specific requirements for filling of liquid/semisolid materials in 

hard gelatin capsules. In general, the materials with thixotropic shear-thinning behaviour 

are desired for the satisfactory capsule filling at the ambient temperature such that the 

apparent viscosity of the formulation decreases during shear for filling process, but 

increases after the formulation is filled into capsules (Walters et al., 1992). There is a need 

to control the parameters which affect the thixotropic property which are pH, temperature, 

types and amounts of polymers and excipients in the formulations (Walters et al., 1995; 

Lee et al., 2009).  

 

The formulation rheology must be compatible with the liquid pumping capacity of 

the automatic filling machinery, the range of which has approximately been proposed to be 

0.1-25 Pa.s. For a dispersion of solid drug particles in the molten excipient, the rheology is 

affected by the properties of the disperse phase (particle size, concentration) and the 

continuous phase (molecular weight, viscosity), leading to filling limitations (Kattige, 

2006). Satisfactory capsule filling of molten dispersions could be achieved up to a limiting 

concentration of disperse phase, dependent on particle size distribution and continuous 

phase viscosity. The drug physicochemical properties have been shown to have different 

effects on apparent viscosity of gels (Ellison, 1996). Changing the chemical nature of the 

gel formulations by using hydrophilic or hydrophobic silicon dioxide in liquid poloxamers 

of different ratios of polyoxyethylene and polyoxypropylene groups, was shown to have a 
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considerable effect on gel apparent viscosity and hence capsule filling properties (Walters 

et al., 1995). 

 

1.10. Excipients used for thixotropic gels for filling in hard gelatin capsules 

The thixotropic gels require mixing of an appropriate liquid vehicle and a 

thickening agent together, to form gel structure in which drug is dispersed or dissolved. 

Filling of this gel into hard gelatin capsule is accomplished at ambient temperature after 

shear thinning during the pumping and filling stages into capsules. Several liquid vehicles 

and thickening agents are available for formulation of lipid-based systems and their 

compatibilities with hard gelatin capsules have been tested previously. Such liquid vehicles 

are not limited to those given in Table 1.3. 

 

The Gelucires® have been usually used as liquid vehicle. These are the semi-

synthetic mixed esters of fatty acids which have been investigated to produce rapid and 

sustained release. The effect of Gelucires® on the drug release has been investigated for 

several drugs, for example ketoprofen (Dennis and Kellaway, 1987), acetyl salicylic acid 

(Djimbo and Moes, 1984), tioconazole and salicylic acid (Howard and Gould, 1987). The 

following excipients are incompatible at concentration of 100%: MCMs (Akoline, Capmul, 

Imwitor 308), Poly ethylene glycols of molecular weight < 4000, Glycerin, Propylene 

glycol, Transcutol P, Span 80, Ethanol. 

 

The most common thickening agent is silicone dioxide. Since in this study, liquid 

poloxamers and silicon dioxide were used as liquid vehicle and thickening agent, 

respectively, thus both have been described in more details in the proceeding Sections. 
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1.11. Liquid poloxamers, as liquid vehicles under study 

Poloxamers (Synperonic, Pluronics) are non-ionic surfactants and block 

copolymers of polyoxyethylene and polyoxypropylene, represented by the general formula 

in Figure 1.1. 

 

 

Figure 1.1: Chemical structure of poloxamer (Santander-Ortega et al., 2006) 

 

The liquid poloxamers are available in a wide range of viscosities, molecular 

weights and ratios of the polyoxyethylene and polyoxypropylene (POE/POP) 

group/content (Table1.4). They may be used to control the release of API’s from liquid 

filled hard gelatin capsules. Poloxamers (Pluronic) are manufactured by condensing 

propylene oxide onto a propylene glycol nucleus followed by condensation of ethylene 

oxide onto both ends of a polyoxypropylene base. In this study, the poloxamers enlisted in 

Table 1.4 were used and they were selected because of their different viscosity due to their 

contents.  
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Table 1.3: Liquid excipients for hard gelatin capsules 

Excipients Subcategory of Vehicle Examples Authors 

Liquid 

Lipophilic 

vehicle 

Refined oils Arachis oil, Castor oil, 

Cotton seed oil, Olive 

oil, Soyabean oil, 

Sesame oil, Sunflower 

oil 

Cade, 1986; Cole, 2008; 

Ewart, 1999; Hauss, 2007; 

Methews, 2002; Jannin, 

2008; Kumbhar, 2013; 

Wadhwa, 2012. 

Medium chain triglycerides Akomed R 

(Caprylic/capric 

triglycerides), Miglyol 

810 (actoic acid/capric 

triglyceride), 

Haus, 2007; Gursoy, 2004 

Miglyol 810, 812, 829 

(succinic triglyceride), 

Ellison 1995, 1996; Bernick, 

2013; Cacace, 2015 

Labrafac CC, Labrafac 

PG Lauroglycol FCC, 

Kumar, 2010. Desai, 2012. 

Softisan 645, Miglyol 

840 (propanediol 

dioctanoate/dicaprate), 

Vijaykumar, 2013; Cole, 

2008 

Softisan645 (bis 

polyacyladipic 

diglyceride1), 

Colledge, 2011, 2013; 

Brown.2012; Ewart, 1999 

Lauroglycol FCC 

(Propylene Glycol 

Laurate ) 

Cade, 1996; Nekkanti, 2010; 

Desai, 2012.Kumar, 2010 

Semisolid 

lipophilic 

vehicles 

Hydrogenated oils Arachis oil (Groundnut 

36), Castor oil (Cutina 

HR), Cottonseed oil 

(Sterotex), 

Cade, 1986.Wadhwa, 2012; 

Friedman, 2012.Kalepu, 

2013; Methews, 

2002.Jannin, 2008. 

Palm oil (Softisan 154) Hauss, 2007; Cole, 2008; 

Story, 1996; 

Waxes Bees wax Walker1980; Methews, 

2002; Baykara, 

1991.Bodmeier, 1992. 

Alcohols Cetosteryl alcohol, Cetyl 

alcohol, Steryl alcohol 

Cole, 2008, Ewart, 1999; 

Bauer, 1984; Sheth, 1979; 

Cade, 1986; Lahr, 1991. 

Gelucires® Gelucires 33/01, 39/01, 

43/01 

Cole, 2002, 2008.Ewart, 

1999; Paresypkin, 

2005Murty, 2006; 

Vijaykumar, 2013 

Block 

Copolymer 

Ploxamers/Pluronics/Synpronic Pluronic PE type :L31, 

L43, L62, L64, L68, 

L74, L81, L92, L101, 

L121 

Saeed, 1999; Sultana, 2013. 

Thickening 

agents 

Silicates Silicon dioxide 

(Aerosil®) A200, 

AR974) 

Tang, 2008. Meinzer, 2004; 

Baykara and Yuksel, 1992 

Ellison, 1995, 1996, 1997, 

Benedict, 1997; Sherrif and 

Enever, 1997; Saeed, 1999; 

Sultana, 2013 
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Table 1.3: (Continue…) 

Excipients 
Subcategory 

of Vehicle 
Examples Authors 

Solubilizing 

agents, 

surfactants, 

emulsifying 

agents as 

vehicle 

Emulsifiers- Imwitor 780K( Isostearyl Diglyceryl 

Succinate) 

Cole, 2002, 2008.Marques, 

2009; Bowtle, 2007; Rowley, 

2004; Vijaykumar, 2013 

W/O 

emulsifier, 

Imwitor 380 (Glyceryl 

Cocoate/Citrate/Lactate) 

Brown, 2012; Cole, 2002, 2008; 

Meinzer, 2004 

O/W 

emulsifier 

Tween 80, Dordunoo, 1991; Bussemer, 

2003 

Surfactants Poloxamer 124 and poloxamer 188 Cole, 2008; Hausss, 2007; Date, 

2007; Chaudhri, 2006; Aungst, 

1997; Sinha, 2010 

Liquid 

solubilizer 

Plurol Oleique CC497 (Polyglyceryl 

Oleate) 

Date, 2007; Methews, 2002;  

Ewart, 1999; Kale, 2008 

Fatty acid 

esters 

Softigen 701(Glyceryl Ricinoleate) Ewart, 1999; Cole, 2002, 2008; 

Behl, 1985; Lacy, 1997. 

 Softigen 767(PEG-6 Caprylic/Capric 

Glycerides) 

Cole, 2008; Stegemann, 1999; 

Tanner, 2001; Marque2009 

Polyethylene 

Glycols 

PEG>4000 Serajuddin, 1999; Cade, 1996; 

Baykara, 1991; Barakat, 2006; 

Karanth, 2006; Chatham, 1985. 

Gelucires Gelucire 44/14, 50/13 Yuksel, 2003; Serajuddin, 1999; 

Karatas, 2005; Jnnin, 2008; 

Howard & Gould, 1987. 

 

Poloxamers generally occur as white, waxy, free flowing prilled granules or as cast 

solids, some occur as colourless liquids at room temperature. They are stable at room 

temperature and may be slightly hygroscopic, which should be quantified in order to ensure 

that capsule shell integrity is unaffected. The polyoxyethylene segment is hydrophilic and 

the polyoxypropylene segment is hydrophobic which give liquids with a range of HLB 

values, although, this scale is not normally applicable for liquid poloxamers. Based on 

molecular weight of hydrophobe and percent of hydrophile, Alexandridis and Hatton, 

(1995) constructed Pluronic Grid shown in Figure 1.2. 

 

Poloxamers have similar chemical composition and differ only in the relative 

amounts of propylene and ethylene oxides and hence their physical and surface active 

properties vary over a wide range. The physical properties of the poloxamers change with 
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altering the chain lengths or the relative proportion of the polypropylene oxide / 

polyethylene oxide groups. As the amount of ethylene oxide on the propylene oxide 

hydrophobe is increased, the physical state of the poloxamer changes from liquid to paste 

through flake (solid form), shown by the letters L, P or F in Figure 1.2. The water solubility 

of poloxamers increases from nearly insoluble to almost completely miscible, though the 

most of the poloxamers are water soluble and oil insoluble (Table 1.4).  

 

The number associated with each poloxamer is an indication of PPO and PEO 

groups in the molecule. The first one or two numbers indicate the molecular weight of the 

PPO group and the last number signifies the weight fraction of PEO group. For example, 

poloxamers L61 and L64 have the same molecular weight of PPO (approximately 1750, 

bearing code 6), but L61 has only 10 weight percent PEO, whereas L64 has 40 weight 

percent of PEO in the molecule (Table 1.4). 

 

 

Figure 1.2: Pluronic Grid (Alexandridis and Hatton, 1995) 
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Table 1.4: Physicochemical properties, viscosity, molecular weights and ratios of polyoxyethylene (POE) and polyoxypropylene 

(POP) and nomenclature of the Pluronic® PE type and poloxamers 
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PE 3100 L31 Clear, colorless liquid 1100 -30 Soluble 950 3 10 1 170 1.02 5.0-7.0 

PE 4300 L43 Clear, colorless liquid 1850 -1 Soluble 1100 4 30 3 360 1.03 5.0-7.0 

PE 6200 L62 Clear, colorless liquid 2500 -9 Soluble 1750 6 20 2 420 1.04 5.0-7.0 

PE 6400 L64 Colorless, slightly cloudy liquid 2900 16 Soluble 1750 6 40 4 720 1.05 5.0-7.0 

PE 9200 L92 Colorless, clear or slightly cloudy liquid 3450 7 Soluble 2750 9 20 2 740 1.03 5.0-7.0 
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1.11.1. Application of poloxamers 

1.11.1.1. Emulsifying agent/surfactant/foaming/cleansing agent  

Poloxamers are used as the emulsifying agents in intravenous fat emulsions and 

other formulations. Poloxamer 407 has been used as a surfactant in a sterile eye drops for 

the use as a tear substitute and found to reduce the symptoms of keratoconjunctivitis sicca 

(Waring and Harris, 1979). The poloxamer 188 at a 20-40% w/w concentration is a safe 

and effective skin wound cleanser (Federal register, 1978). The physical properties of 

poloxamers found most useful in preparing new or improved creams and lotions include 

their wetting, foaming, emulsifying and cleansing properties, and their lowering of 

interfacial tension, and their solubilizing properties (Schmolka, 1980). Calamine lotion has 

been improved using poloxamer 188 (Willits et al., 1956). The biggest advantage of block 

polymer surfactants in cosmetic products is their extremely low order of skin irritation and 

toxicity (BASF, 1976). Addition of 2% w/w poloxamer 188 to irritating skin product 

resulted in a zero irritation rating (Goldemberg, 1965). 

 

1.11.1.2. Solubilizing, wetting and stabilizing agents 

Ploxamers are used as solubilizing and stabilizing agents to maintain the clarity of 

elixirs and syrups. They are wetting agents at low concentrations in ointments, suppository 

bases, gels and as tablet binder and coating. Poloxamer (PluronicF/127) gel has been used 

as a novel drug delivery of indomethacin for rectal administration and F68 is used as an 

excipient in medicines for oral drug delivery (Miyazaki et al., 1986). 

 

1.11.1.3. Liquid vehicle/Base  

Poloxamer 407 had been used in vehicles for fluorinated dentifrices and 

contraceptive gels. A poloxamer based dental gel product has been in use for several years 
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for treating sensitive gums and teeth. As a base of novel poloxamer-based suppository, a 

mixture of poloxamer 124 (P 124) and poloxamer 188 (P 188) with the melting point of 

about 15 and 55°C, respectively, has been reported.  

 

1.11.1.4. Mucoadhesive polymers  

The poloxamers P124 and P188 are known to have suitable mucoadhesive force, 

low toxicity, less skin irritation, good drug release characteristics and compatibility with 

other chemicals 

 

1.11.1.5. Transdermal penetration enhancer  

The potential use of PF-127 as an artificial skin has also been reported (DiBiase et 

al., 1996) and in recent years attracted particular interest in the design of dermal and 

transdermal delivery systems, to promoting, improving or retarding drug permeation 

through the skin (Escobar-Chávez, 2006). 

 

1.11.1.6. Drug carrier 

Pluronic F-127 (Poloxamer 407, PF-127) is a thermoreversible gel (DiBiase, 1996; 

Gilbert, 1986; Miyazaki, 1984; Yeon, 2000). Which has allowed PF-127 to be used as a 

carrier for the most routes of administration: including oral, topical (Morikawa, 1987; 

Padilla, 2000), intranasal (Jain, 1991), vaginal, rectal (Miyazaki, 1986; Barichello1999; 

Ryu, 1999), ocular (Miller, 1982; Saettone, 1988; Desai, 1988; Lemp, 1973; Habib, 1984; 

Li, 2000; Edsman, 1998), and parenteral routes (Koller, 1987).  
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1.11.1.7. Special applications 

a) Artificial skin: Poloxamer 407 is used in artificial skin for the treatment of burns 

as an effective base for the bactericidal agent silver nitrate or silver lactate. This poloxamer 

gel for burn dressing is an effective biological artificial skin against electrolyte imbalance, 

heat loss and bacterial invasion (Miyazaki et al., 1986, Nalbondian et al., 1972). Besides 

the above, the pluronic gel may have a beneficial action, accelerating wound healing over 

controls. This makes P-407 a very suitable vehicle for gels intended to be applied for ulcers 

and traumatic lesions. 

 

b) Blood volume modifiers: Poloxamer 188 has been the emulsifying agent of choice 

in the artificial blood programme for preparing stable emulsion of fluorocarbons in 

physiological saline (Geyer, 1975). Pluronic F-68 has been used as artificial blood 

substitutes (Hymes et al., 1968). A 0.4% w/w poloxamer in normal saline resulted in a high 

rate of flow, no impairment of oxygen consumption, a very rapid postperfusion adjustment 

of blood volume. 

 

c) Other applications: Clinically, the poloxamer are being used in biotechnological 

activity, brain injury treatment, DNA delivery, microbiological activity, cardiovascular 

treatment, temporary vascular occlusion (poloxamer-407) and in a new therapeutic 

approach for duchenne muscular dystrophy. Moreover, poloxamer are also used as: a 

postsurgical material, for improvement in capillary blood flow in the zone of stasis after 

burn injury, interaction with lipid monolayers and lens refilling with poloxamer hydrogel 

(Patel et al., 2009). 
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1.11.2. Safety of poloxamers 

The safety of the poloxamers used in this study has already been reported. These 

are being used as the food contact product such as paper and paperboard which are intended 

for use in producing, manufacturing, packing, processing, preparing, treating, transporting 

or holding the dry food. Food and drug authority (FDA) has cleared their usage as contact 

products as well as a component of sanitizing solutions. Poloxamers are relatively non-

toxic to animal, with LD50 values reported from 5 to 34.6 g/kg (ijt.sagepub.com, 2008). The 

poloxamers are used for the administration into the human body as suspending or wetting 

agent. For instance, the poloxamer F68 is used as an excipient in medicines for oral drug 

delivery and poloxamer 407 is used as vehicle for fluorinated dentifrices, eye applications 

and contraceptive gels. 

 

1.12. Thickening agent 

1.12.1. Colloidal silicon dioxide 

Colloidal silicon dioxide is effective in influencing the viscosity of a liquid (Cabot, 

1990; Degussa No.6, 1987) and is frequently used as a thickening and suspending agent for 

gels which are often thixotropic (Sherriff and Enever, 1979). Colloidal silicon dioxide is 

widely used in pharmaceuticals, cosmetics and food products. Its small particle size gives 

it characteristics which are exploited to improve the flow properties of dry powders in a 

number of processes, for example, in tableting (Lerk et al., 1977; Gore et al., 1979). It is 

also used as the tablet disintegrant (Handbook of Excipients, 1994). Silicon dioxide 

(Aerosil®) is manufactured by the process of high-temperature flame hydrolysis of a 

volatile silane compound in an oxygen-hydrogen gas flame according to following reaction: 

 

SiCI4 + 2H2 + O2             SiO2 + 4 HCI 
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The surface of the Aerosil® particles contain siloxane and silanol groups, the latter 

imparts hydrophilic properties to the Aerosil®, The surface of the Aerosil® particles can be 

chemically modified by treatment with organosilanes to change the hydrophilic nature to 

one which is predominantly hydrophobic (Figure 1.3A to 1.3D). Thus, there are two types 

of silicon dioxide; hydrophilic silicon dioxide (Aerosil® A200) and hydrophobic silicon 

dioxide (Aerosil® AR 974). 

 

Due to the presence of hydroxyl groups on the surface of hydrophilic silicon dioxide 

(Aerosil® A200), it forms hydrogen bonds which increases the viscosity. During the gel 

formation, hydrogen bonding increases and a three dimensional structure is formed (Figure 

1.4). Hydrophobic silicon dioxide (Aerosil® R974) does not make a strong gel structure as 

does hydrophilic silicon dioxide because of the presence of methyl groups on its surface 

(Saeed, 1999). 

 

1.13. Factors affecting capsule filling 

The satisfactory capsule filling of semisolid material depends primarily on the 

amount and the viscosity of the materials to be filled into capsule. There exists a good 

correlation between satisfactory filling of molten dispersions into capsules and apparent 

viscosity of the formulation. A pronounced increase in apparent viscosity results in 

unsatisfactory filling above a critical concentration of disperse phase (Saeed, 1999; Kattige, 

2006). Since the viscosity is primary factor affecting capsule filling, thus, details of 

rheology has been given in Section 1.11. 
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Figure 1.3: Surface characteristics of Silicon dioxide (from Google) 

 

Figure 1.4: Hydrogen bonding between two primary particles of Aerosil® A200 

(Degussa No. 23, 2987) 
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There are several factors in a material which affect its rheology thus, indirectly 

affect the filling properties of the material in capsule. The rheology is affected by particle 

size, concentration and the properties of the disperse phase. Rheology, due to molecular 

weights of continuous phase also contributes to the viscosity of the final formulation and 

to filling limitations (Kattige, 2006). Since the rheological characteristics of gel depends 

on the liquid vehicle, thus the fill ability of liquid poloxamer / silicon dioxide gel system 

in capsule depends on the properties of the liquid vehicle (Saeed et al., 1999). An increase 

in apparent viscosity and thixotropy has been reported with the addition of water soluble 

particulate drug (Walters, 1994; Ellison, 1997).  

 

There are certain properties of excipients which also contribute to the thixotropic 

properties of the formulation, and thus have impact on the filling of materials in the 

capsules. The pH, temperature, types and amount of polymers, polymer blends and the 

presence of cations and viscosity modifiers are factors affecting rheology of the 

formulation. For instance, types of silicon dioxide affect the rheology of gel and thus the 

filling properties for hard gelatin capsules (Saeed et al., 1999; Hunter el al., 1982). The 

factors of particle along with polymer factors can act synergistically to drastically change 

the behaviour of a Newtonian solution or suspension to an extremely non-Newtonian 

suspension with unpredictable flow properly and stability (Mastropietro, 2013).  

 

1.14. Characterization of semisolid matrix systems 

Literature cites several characterization tests for the semisolid matrix systems. The 

most common tests have been given below. 
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1.14.1. Drug content 

The content of drug present in the formulation is determined to characterize the 

dose of drug and the quality control of the formulation. Herein the drug content is usually 

determined using the spectrophotometric method, high performance liquid 

chromatographic technique or other appropriate analytical procedures (Ellison, 1996). 

 

1.14.2. Rheology studies 

Rheological investigations are carried out to determine the flow behaviour of the 

semisolid materials (gel) containing drug to find the suitability of material for filling into 

hard gelatin capsule and also its effect on the release of drugs from the formulations (Elison, 

1995, 1996; Benedict, 1997; Saeed, 1999; Kttige, 2006). The viscosity of the materials 

which do not follow Newtonian relationship is described using multiple point instruments 

such as a rotational viscometer which yield various consistency curves or rheograms 

representing three types of flow, plastic, pseudoplastic and dilatant (Agarwal and Khanna, 

2004). Detail of the flow types has been given in Section 1.11.1. 

 

1.14.3. Drug release/dissolution studies 

Release or dissolution studies are performed to evaluate the release behaviour of 

gels prepared with different poloxamers having variable viscosities, molecular weights and 

ratios of the polyoxyethylene and polyoxypropylene (POE/POP) group/content (Hawley, 

1993; Utting, 1996; Saeed, 1999). The release profile is constructed and analyzed by 

determination of the percent drug released at predefined time intervals. The release study 

was performed after 24 h of gel preparation containing drugs. These studies are carried out 

in USP dissolution test apparatus –I (Erweka Dissolution Tester FRL 700). 
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1.14.4. Stability studies 

The stability of a product is its degree of resistance to chemical and physical 

changes. A product is required to be of consistent in efficacy and claimed potency or may 

change only within limits specified by legal provisions until the date of expiry (Racz, 1989). 

Stability studies provide evidences on how the quality of a drug varies with the passage of 

time under the influence of environmental factors (WHO, 1996). Such studies are essential 

for patient safety by assuring that the product retains a uniform dose of a drug throughout 

its shelf life, for fulfilling legal requirements concerning identity, strength, purity and 

quality, and for preventing economic repercussions in developing and marketing an 

unstable product.  

 

In short term stability, the phase separation is tested, while in long term stability, 

the other features such as change in release of drug from the formulation could be tested 

additionally after storage for some time, i.e., for one year at specified conditions and 

compared to the profiles obtained at zero time (at the time of preparation). According to 

ICH data, Pakistan belong the Zone IV, which is hot and humid tropical zone. In this zone, 

the long term testing requires following conditions; temperature 30C  2C, relative 

humidity 65% RH  5% and the minimum duration of 12 months (ICH, 2006). 

 

1.14.5. Component interaction studies 

Physicochemical interaction or incompatibilities of components of the solid matrix 

system is determined using the Fourier transform infrared spectroscopy (FTIR) technique. 

FTIR is a powerful tool for identifying types of chemical bonds in a molecule by producing 

an Infrared absorption spectrum that is like molecular “Fingerprint” actually wavelength of 

the light absorbed is characteristic of the chemical bond seen in spectrum. 
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1.15. Rheology 

The rheology has impact on the filling of SSM in the hard gelatin capsule and 

thereafter, release of drug from the matrix (Saeed, 1999; Kattige, 2006; Bodek, 2000). 

Hence an appreciation of rheology and its theories is required. The term rheology, derived 

from the Greek words rheo (to flow) and logos (science) was suggested by Binghom and 

Crawfordm to describe the flow of liquids and deformation of solids. Viscosity is resistance 

of a fluid to flow; the higher the viscosity, the greater is the resistance (Remingtons, 1995). 

Rheology is concerned with the deformation of matter under the influence of stress which 

may be applied perpendicularly to the surface of the body (tensile strength), tangentially to 

the surface of the body (shearing stress) or at any other angle to the surface of the body 

(Agarwal and Khanna, 2004). 

 

The materials are customarily classified according to types of flow and deformation 

as Newtonian or non-Newtonian depending on whether or not the flow properties are in 

accord with Newton’s law of flow. According to this law the rate of shear is directly 

proportional to shearing stress (Martin, 2006). 

 

1.15.1. Theories of rheology 

Deformation of a body when is applied depends on the magnitude of force per unit 

area, this is called shear stress (σ) and usually has units of Pascals (Pa) (S.I Units Nm-2) as 

per equation 1.1. 

Shear stress (σ) =
 F 

A 
       Equation 1.1 

 

Where, F= force applied and A=Area on which force is applied.  

 

The resultant deformation is strain, which is a fractional increase or decrease in 

length or volume and has no units. Strain may be affected by time therefore rheological 
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characterization is concerned with the relationship between stress, strain and time. Newton 

proposed that for a pure liquid, the rate of flow is directly proportional to the applied stress. 

This can be explained by using the diagram of a flowing liquid (Figure 1.5) held between 

two parallel planes a distance x apart. If the fluid at rest is considered to consist of a series 

of layers, then subsequently, successive layers (dx) move with a velocity dv, relative to the 

top layer. 

 

Figure 1.5: Flow behaviour of a Newtonian fluid 

 

The resulting velocity gradient perpendicular to the direction of flow in the liquid 

is related to the applied stress and described by Newton’s law, which states that the shear 

stress (σ), is proportional to the velocity gradient or rate of shear, dv/dx, also known as the 

shear rate (ϒ), i.e, Equation 1.2. 

 σ 

 dv/dx
= Constant    Equation 1.2 

The constant of proportionality is given the symbol ƞ. 

Hence the viscosity can be given in Equation 1.3. 

 

Viscosity ( ƞ) =
Shear stress

Shear Rate
  Equation 1.3 

The Equation 1.3 is most commonly be written as Equation 1.4. 

 

ƞ =
 𝜎 

ϒ
     Equation 1.4 

Where, ƞ is viscosity, σ is shear stress and ϒ is the shear rate. 
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Newton has described a relationship where the extent to which one fluid layer resists 

the movement of the next and it is a measure of the viscosity (ƞ) of the liquid. Fluids which 

obey the relationship are referred to as Newtonian fluids. The viscosity of such ideal 

materials, usually pure liquids, is relatively simply determined using classical single point 

viscometric methods, e.g., U-tube viscometer. This is possible because the viscosity of such 

materials is independent of the shear rate at which the measurement is carried out.  

 

The plot (rheogram) between shear and shear rate of the Newtonian liquid such as 

water, simple organic liquids, true solutions and dilute suspensions and emulsions is a 

straight line (Figure 1.6), the slope of which passing through origin is equal to the reciprocal 

of viscosity, a value referred to as the fluidity (Martin, 2006).  

 

In contrast, the flow behaviour of materials which deviate from the Newtonian 

relationship cannot be described using a single point technique, instead multiple point 

instruments such as Haake and Carrimed rheometers must be used. Haake is a controlled 

strain rheometer and covers approximately 103 fold range of shear rate and Carrimed is a 

controlled stress rheometer which covers approximately 106 fold range of shear rate. The 

majority of pharmaceutical products such as colloidal dispersions, emulsions, suspensions, 

ointments and gels are non-Newtonian. The rheology data of such materials are analyzed 

in a rotational viscometer which yields various consistency curves or rheograms 

representing three types of flow, plastic, pseudoplastic and dilatant (Remingtons, 1995; 

Agarwal, Khanna, 2004; Martin, 2006).  
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Figure 1.6: Rheogram showing typical Newtonian, plastic, pseudoplastic (shear-

thinning) and dilatants (shear-thickening) flow behaviour 

 

In non-Newtonian materials the viscosity is not constant since the slope is not linear, 

thus the term apparent viscosity (ƞa) at a given shear rate is quoted to facilitate a comparison 

of fluid behaviour. The rheogram of a plastic material is linear, but does not pass through 

the origin and intersects the shear stress axis (Figure 1.6). This means that a plastic material 

does not flow until a certain value of shear stress, or yield value (σ), is been exceeded. At 

low shear stress, the fluid behaves as an elastic solid and such behaviour can be seen with 

concentrated suspensions.  

 

As shown in Figure 1.6, in the pseudoplastic flow the apparent viscosity of the fluid 

decreases with an increase in shear rate. This may occur, for example, as a result of the 

entanglement of long, high molecular weight molecules with the association of 

immobilized solvent. The structure is broken down under the influence of shear rate such 

that the molecules align themselves in the direction of flow, thus offering less resistance, 

and accounting for the reduced viscosity. For dilatants flow, in contrast to pseudoplastic 

flow, apparent viscosity increases with an increase in shear rate, Figure 1.6 shows. 

Dispersions comprising a high concentration of deflocculated particles may exhibit this 
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rheological behaviour. At zero shear, the particles are closely packed with minimum 

interparticulate voids. As the shear rate is increased, the particles are moved and thus create 

larger voids into which the vehicles drain. The resistance to flow is increased and apparent 

viscosity rises. 

 

1.15.2. Thixotropy 

The non-Newtonian systems such as plastic, pseudoplastic, and dilatant system at a 

given temperature show time dependent changes in the viscosity at varying shearing 

stresses. Such systems are called as the shear thinning or thixotropic systems. The 

thixotropic systems are found to be suitable for filling into hard gelatin capsules since their 

apparent viscosity is reduced during the high shear process of mixing and filling, followed 

by increased apparent viscosity after filling which, overcomes the leakage problem. The 

thixotropic material exhibits a reversible time-dependent decrease in apparent viscosity 

(Coulson and Richardson, 1971), e.g., bentonite in calamine lotion. When employing a 

multiple point instrument to investigate rheological behaviour, it is usual to apply a 

progressively increasing shear rate (or strain) response. A rheogram of this response is 

therefore known as the ‘up-curve’. A common feature of thixotropic materials is that, on 

the rheogram the two curves are displaced from each other, i.e., they appear as a hysteresis 

loop (Figure 1.7). For certain materials, there is an increase in viscosity under stress 

followed by recovery, and this is termed anti-thixotropy, for example alkaline perbunan 

latex (Walters, 1980). The term viscoelasticity applies to systems which exhibit both 

viscous and elastic properties. 
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Figure 1.7: Rheogram showing typical thixotropic flow behaviour 

 

1.15.3. Empirical mathematical models 

In addition to the simple graphical description of non-Newtonian behaviour, a 

number of empirical mathematical models have been developed to facilitate comparison of 

differing fluid behaviour, and to numerically describe the rheograms obtained. These 

empirical models cover a wide range of rheological behaviour of materials and also aid 

interpretation of rheological data. The derived equations apply over limited parts of the 

flow curve. 

 

The rheogram for a plastic material (Figure 1.6) demonstrates that at low shear rates 

a plastic material behaves as an elastic solid, until the critical value of shear stress has been 

exceeded when the material starts to flow. This behaviour was modeled by Bingham 

(Harris, 1977) as Equation 1.5, hence such materials are often classified as Bingham plastic. 

 

σ= σy + ƞp1ϒ  Equation 1.5 

Where, σy is the critical stress or yield stress and ƞp1 is the plastic viscosity 
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The Bingham equation is usually only adequate to describe behaviour of shear rate 

and the model assumes that after the reaching the critical stress, the rheogram becomes 

linear, however this is not always the case. The Herschel-Bulkley model can be applied to 

this deviation (Carrimed, 1995) as shown in Equation 1.6, where N is an exponent which 

introduces curvature into the rheogram above σy. 

 

σ = σy + ƞaγN  Equation 1.6 

 

Another model, the Casson model (Harris, 1977), was proposed to provide a better 

fit for plastic behaviour while retaining the yield stress component as given in Equation 

1.7. 

 

√σ  = √ σy + μ∞√γ   Equation 1.7 

Where 𝜇∞ is high shear rate viscosity. 

 

For shear-thinning materials, the most commonly used is the power law model 

derived by Ostwalde and independently by de-Waele (Harris, 1977) and has been given in 

Equation 1.8. This model is useful as it fits well over the central region of the flow curve. 

 

σ = γNƞa    Equation 1.8 

If N=1, the equation corresponds to Newtonian behaviour (Equation 1.2), if N>1, 

the material exhibits pseudoplastic behaviour and if N<1, the power law material exhibits 

delatant (shear-thickening) behaviour. The power law model can also be expressed as: 

 

ƞ = K2γn−1    Equation 1.9 

Where k2 is called ‘consistency’. Derived from this, for application at high shear rates the 

Sisko model (1958) provided a better relationship as Equation 1.10. 
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ƞ = ƞ∞ + K2γn−1    Equation 1.10 

Where, ƞ∞ is the asymptotic value at a very high shear rates. 

 

1.16. Candidate drugs 

Isoniazid, metronidazole, paracetamol and mefenamic acid were the candidate 

drugs. The drugs have different characteristics and aqueous solubilities. Some of the 

features of the candidate drugs have been shown in Table1.5. The detail of the isoniazid, 

paracetamol (9%w/w Aerosil® A200) and metronidazole has been given in Chapters 3, 4 

and 5 respectively. Paracetamol (8% w/w Aerosil® A200) and mefenamic acid have been 

discussed in Chapters 6 and 7, respectively. 

 

1.17. Research gap and motivation for study 

Sultana et el., (2013) investigated the rheological properties and the effect of 

hydrophilic silicon dioxide (A200) concentrations ranging from 1-10% (w/w), on the 

release of isoniazid, a water soluble drug from thixotropic gel of poloxamer/Aerosil® 

A200). A thixotropic gel system containing poloxamer/Aerosil® A200 (8% w/w) showed 

relatively a slow release and was found to be stable with poloxamers having high and low 

viscosity over a period of one month. The thermosoftened systems using poloxamers have 

already been studied for potential of their filling to capsules and factors affecting the release 

of the drugs from the systems (Utting et el., 1996; Saeed et el., 1999). However, the 

thixotropic formulation systems prepared with different poloxamers combined with 

silicone dioxide separately for drugs of varying solubilities such as isoniazid, 

metronidazole, paracetamol, and mefenamic acid filled in the hard gelatin capsules have 

not been explored, the literature revealed. Henceforth, different poloxamers-silicon dioxide 

systems were selected for this study due to their hydrophilic nature. 
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Table 1.5: Features of candidate drugs in this study 

Drug Form Type 

Melting 

point 

(°C) 

Solubility 

Water Other solvents 

Isoniazid Powder Crystalline 170-174 Freely soluble Sparingly soluble in alcohol, very slightly soluble in ether 

Metronidazole Powder Crystalline 159-163 Slightly soluble 
Slightly soluble in acetone, alcohol and methyl chloride 

and very slightly soluble in ether 

Paracetamol Powder Crystalline 168-172 Sparingly soluble 
Freely soluble in alcohol, very slightly soluble in 

methylene chloride 

Mefenamic acid Powder Crystalline 230-231 Practically insoluble in water 
Slightly soluble in alcohol and in methylene chloride, 

soluble in dilute solution of alkali hydroxide 
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1.18. AIM AND OBJECTIVES OF STUDY 

The aim of this research was to select concentration of hydrophilic silicon dioxide 

concentration to explore the effect of different poloxamers of various viscosities and 

molecular weights on the rheological and drug release behaviour of highly water soluble 

drug isoniazid, and slightly soluble drug, metronidazole, a sparingly soluble drug, 

paracetamol and practically insoluble drug, mefenamic acid from the poloxamers/A200 gel 

formulations filled into hard gelatin capsules. The objectives of the study are: 

1. To screen the concentration of thickening agent, hydrophilic silicon dioxide 

(Aerosil® A200) by formulations of isoniazid and paracetamol gels. 

2. Formulation of thixotropic gel systems for isoniazid, metronidazole, 

paracetamol and mefenamic acid. 

3. To determine the rheological characteristics of gels using low and high shear 

techniques with and without the disperse phase 

4. To investigate the dispersion stability of the gels containing drugs for hard 

gelatin capsule. 

5. To investigate the release of drugs of different aqueous solubilities from gels. 

6. To investigate the effect of silicon dioxide concentration on the release of drugs 

of different aqueous solubility from semisolid matrix filled into hard gelatin 

capsules. 

7. To determine the IR spectra of the pure drug, each poloxamer, simple gel 

(control) and the gels containing isoniazid, metronidazole, mefenamic acid and 

paracetamol were obtained to observe any incompatibilities between 

components and the chemical integrity of the drug in the gel formulations after 

preparation and over the time.  

8. To determine the stability profile of the simple gels, gels containing drugs and 

filled in hard gelatin capsules. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1. Gelatin capsules in advance technology 

Capsule is considered to be an old unit dosage form and was used by the ancient 

Egyptians (Sven, 2002). To cover the unpleasant taste of pure turpentine, in the year 1730 

a pharmacist named de Pauli belonging to Vienna produced oval-shaped capsules. The first 

person to describe the two piece gelatin capsule in Britain was Murdoch who was granted 

a British patent in 1848 and several authors have credited him as the original inventor of 

capsules. However, Lehuby (1846) was the undoubted inventor of the two piece hard 

gelatin capsules. This dosage form is frequently in use and in popularity, it is second to 

tablets (Sven, 2002). Traditionally the two piece hard capsule has been widely used for 

filling of lose and compacted powders or pellet formulation. However, with the 

encapsulation of suspension incorporated in polyols with non-ionic surfactants in two piece 

hard gelatin capsules by Hom et al., (1970) and advancement of capsule filling technologies 

attracted several formulators for filling of liquids, semisolid matrices, thermosoftened and 

thixotropic materials, gels, pastes etc. in hard gelatin capsules. 

 

Recently, with the advancement of technology many formulations of hard gelatin 

capsule containing a wide range of liquid and semisolid materials have been investigated 

extensively with significant commercial success (Ma, 2008; Srividya, 2014; Vijaykuma, 

2013; Kathpalia, 2014). Filling of semisolid materials has been cited in literature as the 

emergence of semisolid matrix (SSM) technology. However, since liquids have also been 

reported to be filled in hard gelatin capsules. The technology has been stated herein as 

Liquid and Semisolid Matrix (LSSM) System in this study. 
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2.2. Liquid/Semisolid matrix (LSSM) technology for filling of hard gelatin capsules 

Semisolid matrix (SSM) technology is used for filling of hard gelatin capsules with 

liquid active materials and may now be readily achieved on a commercial scale with the 

minimum of formulation (Cole et al., 2008). The LSSM formulations may include the solid 

active substances formulated either in solution or as disperse particulate phase. The melt 

dispersion which is an effective method of controlling the dissolution rate of poorly soluble 

drugs, and hence, of improving the bioavailability can be presented in hard gelatin capsules 

(Barakat, 2006; Ma, 2008; Srividya, 2014: Vijaykumar, 2013; Kathpalia, 2014). According 

to Cole et al., (2008) the encapsulation of liquids and semi-solids provides convenient 

delivery along with improved oral absorption of poorly water-soluble drugs. Several other 

applications and advantages have been given in Section 1.4.1. In addition, low dose 

(content uniformity), highly potent (containment), low melting point drugs, those with a 

critical stability profile and those for which a delayed release is required are candidates for 

liquid or semi-solid formulations (Cole, et al., 2008).  

 

2.3. Advancement of technology – A reason for boosting up of LSSM technology 

Over the last 25 years, new equipment has become available for filling and sealing 

liquids and semi-solids into hard shell capsules thereby providing a viable option for filling 

such materials into hard capsules, as opposed to that of the soft capsules (Cole et al., 2008). 

The availability of new enhanced manufacturing equipment has brought new opportunities 

for liquid-filled hard capsules. Filling and sealing technologies for hard capsules, provides 

the formulator with the ease and flexibility of developing formulations for filling into hard 

gelatin capsules from small scale, up to production. It is expected that in near future, LSSM 

technology would be having wider applications. A capsule filling medium which is semi-

solid, liquid or paste like in nature can be readily introduced into hard gelatin capsules 
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without the expected problems of leakage. The industrially acceptable method of sealing 

capsules has comprehensively defined in Section 1.4. The rectification of the sealing 

problem boosted up the commercial use of LSSM technology. 

 

2.4. Critical aspects of liquid/Semisolid filling into hard gelatin capsule 

2.4.1. Features of liquid vehicle suitable for use in LSSM technology: 

There are certain characteristics which are required to be possessed by liquid 

vehicle which make it suitable for filling into the hard gelatin capsule and also for holding 

the drug in it. These features are given below:  

a. The liquid vehicle must be “functional excipients”, i.e., it should be able essential 

components to play an important role in the formulation. Such as it must be 

surfactant, viscosity enhancer, etc. 

b. It should be having surfactant, emulsifying, solubilizing, dispersing and in-vivo 

absorption enhancing properties. 

c. Usually a liquid vehicle should be polymeric in nature which are available in 

different grades based on their physical parameter like molecular weight, weight % 

of different block co-polymer contents, etc. The common example is of poloxamers 

which have several viscosities. 

d. The vehicle should be having gelling behaviour such as poloxamer 188 and 

poloxamer 407, show inverse thermosensitivity; therefore, they are soluble in 

aqueous solutions at low temperature, but will gel at higher temperature. 

The above properties have been shown in the liquid vehicle listed in Section 1.6 and 

of Chapter 1.  
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2.4.2. Material flowability 

An appropriate flowability of materials from hopper to pump (12 s-1) and from 

nozzle to capsuleis required for satisfactory filling of materials in capsules (Kattige, 2006). 

The material after filling to capsule must have acquired certain features (i.e., solidification, 

become viscous etc.), which prevent it from leakage. Walker et al., (1977) and Cuine et al., 

(1979) satisfactorily filled liquids such as vitamin A, clofibrate and eucalyptus oil into hard 

gelatin capsules. However, shell integrity and leakage were found to be the problems of the 

technique. At present, former problem has been overcome by avoiding the use of certain 

excipients and later by availability of advanced capsule sealing machines. In general, 

liquid-filling in hard gelatin capsule is satisfactory for the liquid/semisolid of appropriate 

viscosity, since such liquids can be pumped accurately to give excellent fill weight control. 

 

2.4.3. Thixotropic or thermosoften behaviour 

The materials to be filled in the hard gelatin capsule, ideally should have either 

thixotropic or thermosoften behaviour. The thixotropic shear thinning behaviour is 

desirable for satisfactory capsule filling at ambient temperature (Walter et al.,1992). Detail 

of the thixotropic materials has been given in Section 1.3.2.3. In cases, where shear thinning 

does not reduce the apparent viscosity of the formulation, to meet the requirement of the 

liquid dosing pump of the capsule filler, it would be necessary to reduce the concentration 

of solid disperse phase.  

 

Satisfactory capsule filling of molten dispersions was achieved up to a limiting 

concentration of disperse phase, dependent on particle size distribution and continuous 

phase viscosity. A good correlation between satisfactory filling of molten dispersions into 

capsules and apparent viscosity of the formulation has been reported. A pronounced 
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increase in apparent viscosity resulted in unsatisfactory filling above a critical 

concentration of disperse phase (Kattige, 2006). A detail of thermosoftened materials has 

been presented in Section 1.3.2.4. 

 

2.4.4. Solubility of the drug in the molten polymer 

The solubility of the drug in the molten polymer is among the main considerations 

in the development of thermosoftened formulations. The active substance may be 

dissolved, miscible or melted in the excipient with little change in viscosity for a wide range 

of compositions of drug and excipients (Hawley et al., 1992). However, for a dispersion of 

solid drug particles in the molten excipient, the rheology is affected by the properties of the 

disperse phase (particle size, concentration) and the continuous phase (molecular weight, 

viscosity), leading to filling limitations (Kattige, 2006).  

 

2.4.5. Dispersion stability 

The factors for dispersion stability have been given in Stocke’s Law (Equation 2.1) 

and include, density, particle size, and the viscosity. In dispersions of fine particles in a 

liquid, the particles are subjected to random collision with the molecules of the dispersion 

medium, as a result each particle follows irregular and complicated zigzag path. This erratic 

motion of particles is referred to as Brownian motion. Due to the Brownian movement, 

frequent interactions occur between particles in the dispersion. The collisions may result in 

either (a) permanent contact of the particle (coagulation), when eventually the colloidal 

system will be unstable as the large aggregates undergo sedimentation, (b) temporary 

contact (flocculation), or (c) the particles may rebound and remain freely dispersed. The 

dispersion stability depends on which of the events a, b or c will occur. According to 

Stokes’ law the rate of sedimentation (v) of a spherical particle, in a fluid medium depends 



47 
 

on the difference in density between the dispersed particles and the dispersion medium (ρ1- 

ρ2), the particle size, and the viscosity of the dispersion medium (ƞ) as given by equation 

2.1. 

 

𝜈 =
2𝑔𝑎2(𝜌1−𝜌2)

9ƞ
  Equation 2.1 

 

2.4.6. Gelling property - as formation of the dispersion medium 

The majority of gels are formed by the aggregation of colloidal sol particles. The 

particles are linked together to form an interlaced network, called as structure formation 

(Escobar-Chavez, 2006). This structure could be made stronger by adding thickening 

agents. For this type of structure, only a small percentage of disperse phase is required to 

impart rigidity, for example 1% of agar in water produces a firm gel. Gels may be 

flocculated lyophobic sols where the gels can be looked upon as continuous floccules, 

examples are, aluminum hydroxide and magnesium hydroxide gels. Clays such as bentonite 

and aluminum magnesium silicate (Veegum) form gels by flocculation in a special manner. 

Their hydrated crystals exist as flat plates with the flat face carrying a negative charge and 

the edge of the plate carrying a positive charge. With the electrostatic attraction between 

the face and the edge, of different particles, a gel structure is built up which is often called 

a card house floc. 

 

2.5. Rheology of disperse systems 

With respect to the rheology of disperse systems, Einstein considered particles 

which were far enough apart to be treated independently, i.e., the phase volume (ɸ, 

Equation 2.2 and 2.3) should be less than 0.05. 
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ɸ =
Volume occupied by the particles

Total volume of suspension
  Equation 2.2 

 

ƞ = ƞ˳(1 + 2.5ɸ)  Equation 2.3 

 

The equation is applicable only to dilute suspensions of rigid non-interacting 

spheres which has been to extend to the non-spherical particles, more concentrated 

dispersions and to allow for the effect of additives such as surfactant stabilizers as equation 

2.4. 

 

ƞ = ƞ˳(1 + 𝐾ɸ + 𝐾ɸ2 +  𝐾ɸ3)  Equation 2.4 

Equation 2.4 has been developed with various numerical values assigned to the 

constants (k) to allow for particle size, shape and various interaction factors. These 

dispersions generally do not show Newtonian behaviour. Even a low concentrated 

dispersion will show a shear thinning behaviour with an increase in shear rate, due to the 

lining up of the particle in the direction of the flow and hence a lower resistance is offered. 

If there is a time difference for the fluid to come its original state, then this is thixotropy 

(Eccelstone, 1996). 

 

2.5.1. Disperse phase properties – A factor for rheological behaviour of formulation 

There are several reports on the effect of disperse phase properties on the 

rheological behaviour of materials. The particle size effect the viscosity of the suspension, 

i.e., the smaller the particle size, the higher is the viscosity. The viscosity has also be 

dependent on the physicochemical properties of the dispersed phase. More detail has been 

given in Section 4.1.1. 
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2.6. Processing variables for rheology 

Pena et al., (1995) studied the rheology of suspensions made with different bulk 

drug processes, such as lyophilization and spray drying, and reported particle size, shape 

and packing as factors. The larger particles of lyophilized drug were readily sedimented, 

resulting in minimal viscosity and Newtonian flow of the formulation. In contrast, the close 

packing of the smaller spherical particles in the spray-dried material produced thixotropic 

flow and subsequently greater viscosities and yield values. 

 

2.6.1. Behaviour of a suspension system 

Mastropietro, (2013) found that flow behaviour of a suspension system is not only 

dependent on the dispersed phase (particle size, shape, morphology, concentration), but 

also crucially dependent on the rheology modifiers which are currently used in 

pharmaceutical suspensions to enhance their stability. This requires great care in selecting 

excipients and great knowledge and use of analytical equipment to evaluate the flow and 

stability of suspension systems. 

 

2.6.2. Type of the gels – Thermosoftened or Thixotropic gels 

Liquid filling of hard gelatin capsules using thermosoftened system is a relatively 

simple process, which involves initially heating the solid polymer with the particular drug 

at a temperature above the melting point of the polymer. The formulation is normally filled 

into capsules at temperature up to 70C, and on cooling; a solid dispersion plug is formed 

in the capsules. However, the formulation should crystallize rapidly after filling into 

capsules in order to avoid problems of leakage and non-uniform distribution of drug in the 

capsule due to sedimentation. 

 



50 
 

The patent of Cuine and Francois (1981) described the filling of hard gelatin capsule 

with thixotropic systems which have low apparent viscosity during filling and attain higher 

apparent viscosity after filling. The ideal viscosity range reported for the formulations of 

1000 to 3000 centipoises (1000-3000 mPa.s) at 20C, and shear rate of 450 rpm when using 

a Haake rotoviscometer. In addition, the surface tension should be greater than 30 dynes/cm 

in order to minimize capsule leakage after filling. 

 

There is little evidence in the literature concerning the factors effecting filling and 

dispersion stability of thixotropic systems. Chi, H. Lee et al., (2009) reported pH, 

temperature, polymer concentrations, polymer modification, polymer combinations, and 

addition of cations or excipients as the factors affecting the thixotropic property and its 

pharmaceutical applications. The relationships between the rheological properties of 

thixotropic formulations, and their effects on the controlled drug delivery through various 

routes including oral, topical, ophthalmic, dental and mucosal administration and 

pharmacological efficacies was also discussed. The comprehensive analysis of rheological 

and mechanical properties has provided an insight into the potential usage of thixotropic 

formulations as drug delivery systems. 

 

2.6.3. Fill weight of formulation 

In general, it was observed that as the concentration of disperse phase increased, 

the mean fill weight was decreased due to the increase in apparent viscosity and the 

bridging nature of the formulation. Above the critical concentration, there was a 

pronounced increase in apparent viscosity and unsatisfactory capsule filling occurred 

(Kattige, 2006). 

 



51 
 

2.7. Advantages of LSSM technology on its nearest counter parts 

LSSM, though offers filling of liquid or semisolid materials, yet as dosage form it 

is solid unit dosage form. Thus the nearest counter parts of this drugs are the liquids, 

conventional dry material filled. Hard gelatin capsules, soft gelatin capsules and tablet. 

Hence the review of the advantage over the above dosage form is presented here. 

 

2.7.1. Advantages of LSSM over powder filling of hard gelatin capsules 

Powder filling of hard gelatin capsules is dependent upon bulk powder properties 

which may vary from batch to batch due to the difference in physical properties of the 

powders resulting in poor powder flow and inadequate particle packing and hence 

unsatisfactory fill weight uniformity. This may also lead to unsatisfactory drug content 

uniformity and product cross contamination due to airborne particles in manufacturing. 

Liquid-semisolid matrix technology offers reduced cross contamination (Jordan et al., 

1989, Rowley, 1998), low variations in fill weight with coefficient of variation values 

<0.5% (Duerr et al., 1983, Mctaggart et al., 1984, Cade et al., 1987) and content uniformity 

even for liquid formulation containing as low as 20 µg of active substance (Walker et al., 

1977). Liquid or semi-solid filled capsules offer a great potential for drug release control, 

with the possibility of both rapid and sustained release formulations (Seth, 1989b), just by 

altering excipients and hydrophilic-lipophilic balance of the matrix (Massik et al., 2003; 

Galal, 2003).  

 

2.7.2. Advantages of LSSM over soft gelatin capsules 

The hard gelatin capsule for liquid filling is identical in composition to the capsule 

used for filling powders and comprises gelatin, water, colouring and opacifying agents. 

However, in the hard gelatin capsule process, the capsule is pre-fabricated and supplied 
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empty, whereas in the soft gelatin capsule process the encapsulation and filling of materials 

take place simultaneously. There are several characteristics of hard gelatin capsule which 

offer edge of using hard gelatin capsules over the soft gelatin capsules. In contrast to the 

hard gelatin capsule, the soft gelatin capsule contains a plasticizer, usually about 30% 

glycerol in addition to gelatin and water. Bauer et al., (1983) reported considerably higher 

moisture uptake of soft gelatin capsules plasticized with glycerol and due to the plasticizer, 

Armstrong et al., (1984) demonstrated the migration of a drug into the shell of a soft gelatin 

capsule which may result drug degradation and difficulties in assay. The comparative 

aspects of both, the hard and the soft gelatin capsule have been given in Table 2.1 (Aulton, 

2002). 

 

2.7.3. Advantages of LSSM over liquid dosage forms 

Hard gelatin capsule technology offers convenient to handling, improved stability 

of hydrolysable ingredients in aqueous solutions, no requirement of antimicrobial 

preservatives, no patient dependent accurate dosing and the pleasant taste of a drug (Aulton, 

2002). In hard gelatin technology, the formulation could be prepared without industrial 

liquid handling, difficulties in exact measurement of the doses and a clean administration 

(Jones, 1985; Rowley, 2004). The LSSM technology offers easy swallowing, no taste, unit 

dose delivery, temper proofing, versatility of presenting several physical types of 

formulations and control over drug delivery rates and the possibility of filling drug with 

absorption enhancers to improve their bioavailability (Bhawna, 2007). In the formulations, 

the hard gelatin capsule can facilitates a uniform distribution of drug in formulation, and 

ready availability of drug for absorption (Aulton, 2002). Filling and sealing technologies 

for hard capsules further provides wider chances of improvements and applications of such 

dosage forms (Djimbo, 1984).  
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Table 2.1: Comparative aspects of hard and soft gelatin capsules 

Aspect Hard gelatin capsule Soft gelatin capsule 

Bioavailability High Highest 

Ability to manufacture small 

batches 
Yes No 

Scale-up Simple and in-house Requires large quantities 

Unit operations Less More 

Temperature of fill Max. ~ 70°C Max. ~ 35°C 

Plasticizer in shell No Yes 

Risk of drug migration Low 
High for drugs soluble in 

plasticizer 

Permeability of shell to oxygen Low High due to plasticizer 

Sensitivity to heat and 

humidity 
High Highest 

Cost Low High 

Patient Compliance Higher Low 

Odour/taste masking capacity 
High 

High 

Tamper proof Low High 

Limitation on hygroscopic 

excipients 

High concentration 

avoided 
High concentration avoided 

Dosing flexibility 

More dosing flexibility 

due to availability of 

number of sizes 

Lesser dosing flexibility 

 

2.7.4. Advantage of LSSM over tablet dosage forms 

Liquid fill formulations utilize less excipients than tablets or powder/pellet 

formulations filled hard gelatin capsules and from this viewpoint justify further detailed 

investigation. Thus LSSM technology provides a relatively simpler manufacturing process 

when compared to solid filling or tableting. 
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2.8. Systems investigated for LSSM technology 

The main interest in the area of liquid filled hard gelatin capsule has been focused 

on thermosoftened systems which required heat to produce a mobile liquid and solidify 

quickly on cooling to room temperature after filling. The excipient and drug are mixed 

together and heated to form a molten mixture which can then be filled into a hard gelatin 

capsule, usually at a maximum temperature of 70C. Although the thixotropic systems do 

not require the heating, but they have not been researched widely even after the re-

introduction of LSSM to the same extent as that of the thermosoftened system. In the 

proceeding text, the previous work on liquid, gels (thermosoftened and thixotropic), 

semisolid matrix, solid dispersion, pastes etc. prepared using several liquid vehicles, 

thickening agents and excipients has been given. Some studies were undertaken to exhibit 

the factors affecting the satisfactory filling of the capsules, and the characteristics of the 

dosage from such as dissolution or release of the drugs. 

 

Hom et al., (1970) encapsulated poorly soluble drug, phenylbutazoneas suspension 

incorporated in various polyols with 1-3% w/w of non-ionic surfactant. Ganley et al., 

(1984) improved the dissolution rate of glibenclamide by dissolving the drug in a molten 

polyoxyethylene base before filling into hard gelatin capsules.  

 

Cuine and Francois (1978) described the filling of hard gelatin capsules with 

thixotropic systems using different excipients such as arachis, cottonseed, maize and 

triglyceride oils. Whereas beeswax, carnauba wax, carbowaxes and silicon dioxide were 

used as thickening agents. 
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Cuine and Francois (1978) investigated clofibrate, cod-liver oil and vitamin A in 

filling medium prepared by heating arachis oil (as carrier) at 70°C adding beeswax (as 

thickener) by mixing thoroughly and stirring drugs into the above mixture followed by 

filling into hard gelatin capsules. There was no evidence of leakage after storage for six 

months at 36°C. Clofibrate / silicon dioxide (Aerosil® A200), cod liver oil / beeswax and 

vitamin A/ arachis oil / beeswax formulations were also prepared and filled into hard gelatin 

capsules. 

 

Hunter el al., (1982) investigated hard gelatin capsules filled with a thixotropic 

formulation prepared using PEG 1000 (hydrophilic base) thickened by Aerosil® A200 at 

1%, 5% and 10% w/w concentration. A dramatic increase in viscosity of the formulation 

was observed with the increase of silicon dioxide concentration. However, Aerosil® A200 

concentration has little effect on the dispersion in the mucus lining and gastric emptying of 

the capsule contents. 

 

Francois et al., (1982) reported the 100% release of phenylpropanolamine from 

oil/lactose paste formulations in hard gelatin capsules within half hour. Arachis 

oil/beeswax/Aerosil® A200 formulation of phenylpropanolamine showed the slowest 

release, i.e., about 50% release in 5 h. Labrafil® M2130 BS / Aerosil® A200 formulation 

had an intermediate drug release of up to approximately 80% in 3 h. 

 

Jones et al., (1986) designed a chewable two-piece gelatin capsule by using a semi-

solid matrix with a range of drugs including, propranolol, nifedipine, pentazocine, 

thyroxine, acetylsalicylic acid, norethisterone, hyoscine hydrobromide and evening 

primrose oil. The drugs were added to a molten base composed of polyethylence glycol 
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1540, xanthan gum and a flavouring agent. This formulation was considered to have several 

advantages for drugs having local action in the buccal cavity for example, for dental 

problems, throat infections, or buccal absorption for the rapid drug release in the case of 

any heart disease. 

 

Doelker et al., (1986) formulated oily liquid benzonatate, a drug sensitive to air, 

light and moisture as a semi-solid in hard gelatin capsule which resulted in improved drug 

stability. Bowtle (1986) and Bowtle et al., (1986, 1988) employed the approach 

commercially in developing stable oral formulation of very hygroscopic antitibiotic, 

vancomycin hydrochloride (Vancocin Matrigel®, Lilly), which was difficult to formulate 

by other methods using polyethylene glycol 4000, 6000 and 8000 as thermosoftened bases. 

The moisture uptake for polyethylene 4000 and 8000 were found to be 5% w/w and 3% 

w/w respectively, after 5 week storage at 75% RH. At this much moisture uptake retains 

the integrity of the hard gelatin capsule. 

 

Howard and Gould (1987) reported salicylic acid-Gelucire and tioconazole-

Gelucire thermosoftened formulations and showed drug dependent release rate. A linear 

relationship between the salicylic acid release rate and Gelucire HLB has been reported 

which was not found for tioconazole, a drug having greater hydrophobicity than salicylic 

acid. 

 

Seta et al., (1988) prepared sustained release liquid formulations of captopril 

suspension contained in a carrier base mixture of soyabean oil and glycerin monostearate 

and reported an improved bioavailability of captopril from this oil preparation filled in 

capsules. 
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Schneider (1988) masked the powerful pungent taste and odour of cysteamine, 

causing poor compliance by the oral route as liquid filled hard gelatin formulations and 

thermosoftened systems using polyethylene glycol (PEG 6000) which was resulted in a 

palatable formulation which improved paediatric compliance (Dixon et al., 1990, 1993). 

 

Smith et al., (1990) prepared liquid-paste of ibuprofen filled into hard gelatin 

capsules. Walters et al., (1991a, 1991b, 1992a, 1992b) designed thixotropic gels for 

propantheline bromide, a high water soluble drug for filling hard gelatin capsules 

exclusively at room temperature. The gels comprised of a triglyccridc oil, Miglyol® 829 

(liquid vehicle), thickened with Aerosil® A200 (hydrophilic silicon dioxide) or Aerosil® 

AR974 (hydrophobic silicon dioxide). A decreased in drug release was noted when 

hydrophilic silicon dioxide concentration was increase up to 4% w/w, due to increased 

apparent viscosity of the gel. An increase in drug release was reported with increase in 

silicon dioxide concentration from 5 to 12% w/w predominantly due to the hydrophilicity 

of the gel. In the same study, an increase in hydrophobic silicon dioxide from 0.8% w/w to 

4.5% w/w dramatically decreased the drug release from 25% to 7%, respectively. A further 

increase in the concentration of hydrophobic silicon dioxide had minor effect on the drug 

release. 

 

Baykara and Yuksel (1992) prepared a prolonged release thixotropic formulation of 

oxprenolol by using a combination of different oils, e.g., arachis oil, liquid paraffin, 

isopropyl myristate, isopropyl palmitate and thickeners, e.g., beeswax, Aerosil® A200, 

Aerosil® hydrophob, Cutina® HR and polyethylene glycol. Only the system made with 

Aerosil® A200 (having numerous hydroxyl groups), showed satisfactory release profile of 

the studied drug. 
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Hawley (1993) employed thermosoftened systems containing polyethylene glycols 

and Gelucires®, a less commonly used excipient to form solid dispersions filled in hard 

gelatin capsule at 90C without affecting the integrity of the shell. 

 

Ellison et al., (1995, 1996) prepared gels containing triglyceride oils of varying 

viscosities (Miglyol 810, 812, 818, 829, or 840) and silicon dioxide (A200 or AR974) 

separately for isoniazid, sulphaguanidine or tolbutamide. These drugs were selected 

because of their differing aqueous solubilities. Ellison et al., (1996, 1997) used oils of 

different viscosities and fixed amount (4%) of silicon dioxide to demonstrate the effect of 

oil viscosity, drug solubility and silicon dioxide on the drug release mechanisms. 

 

Benedict et al., (1997) further elucidated the effect of the thickener, Aerosil® 200, 

on the release of drugs of different solubility, such as propantheline bromide, isoniazid, 

theophylline and tolbutamide from Miglyol® 829 / Aerosil® A200 thixotropic gels 

containing 1-8% w/w A200. Decreased drug release was noted with increase of A200 from 

1-4% w/w and then an increase to 8% w/w, with a lesser pronounced effect in case of 

theophylline and tolbutamide. The findings support the importance of hydrophilic silicon 

dioxide concentration with respect to drug release mechanism. 

 

Sherriff and Enever (1997) prepared methyl salicylate gels by dispersing silicon 

dioxide in hydrogen bonding 1-dodecanol, and non-hydrogen bonding, n-dodecane as 

continuous phase. They reported that n-dodecane exhibited a linear viscoelastic response, 

on the other hand the 1-dodecanol gel did not show a linear viscoelastic response. 
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Saeed et al., (1996, 1997, 1999) used liquid poloxamer-silicon dioxide gel system 

to investigate the effect of disperse phase properties, liquid vehicle and silicon dioxide type 

on gel rheology and filling properties for hard gelatin capsules. The work without disperse 

phase was carried out using a selected range of liquid poloxamers, L31, L42, L61, L62, 

L81, L101 and L121, with two types of as thickening agent, hydrophilic silicon Aerosil® 

A200 and hydrophobic silicon dioxide Aerosil® AR 974. All the poloxamers uptook less 

than 2% w/w moisture even at the highest (83%) relative humidity exposure, and 

poloxamers are therefore suitable candidates for filling into hard gelatin capsule (Saeed et 

al., 1999). 

 

Erlich et al., (1999) filled non aqueous mixtures containing either polyethylene 

glycol 400 or polysorbate 80 for danazol into hard gelatin capsules at 50mg concentration. 

An enhanced bioavailability of danazole from the formulation was reported. Ratsimbazafy 

et al., (1999) investigated the mixtures of Gelucires® 50/02 and 50/13 of different HLB 

values and of proxyphylline used to prepare suspensions at a concentration of 25%. The 

drug release was shown to increase with the HLB of Gelucire® mixture due to higher 

erosion. A viscosity-release relationship was found by using two Gelucires® of extreme 

HLB and viscosities. 

 

Efentakis et al., (2000) used high molecular weight poly (oxyethylene) (polyox) 

polymer for the preparation of controlled-release furosemide and captopril hard gelatin 

capsules. An inverse relationship between content of polymer and the release rate of the 

drug was reported. The solubility of the drugs, molecular weight of the polymer, and the 

ratio of drug to polymer in the capsule also affected the drug release. Efentakis et al., (2001) 

prepared furosemide using different viscosity grades of sodium alginate. Low viscosity 

http://informahealthcare.com/action/doSearch?Contrib=+M.+Efentakis+++and++
http://informahealthcare.com/action/doSearch?Contrib=+Manuel+Efentakis+++and++
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formulations exhibited a greater erosion, and drug release was completed in 4 h. Medium 

viscosity formulations showed intermediate erosion, while high viscosity formulations 

exhibited less erosion, and drug release was completed in 8 h. 

 

Galal et al., (2003) formulated glibenclamide liquid and semi-solid matrix filled 

capsules to investigate the ability of liquid and semi-solid matrix (SSM) filled capsule 

technology to improve the dissolution rate of glibenclamide. Yüksel et al., (2003) designed 

piroxicam as semisolid dispersion using Gelucire 44/14 and Labrasol and filled into hard 

gelatin capsules. They reported enhanced dissolution rate and a rapid onset of action, 

showing improved absorption of drug from the dosage form.  

 

Jannin et al., (2006), using mixture of glyceryl palmitostearate and 

poloxamersprepared formulated controlled-release theophylline formulations containing 

Precirol® ATO 5. The addition of Lutrol® enhanced the stability of the system during 

storage. Sriamornsak et al., (2007) prepared theophylline in alginate gel formed in hard 

gelatin capsule. The alignate is a hydrophilic polymer which modified the release of 

theophylline. Cole (2008) suggested that lipid-based formulations were promising in 

enhancing the oral bioavailability of lipophilic drugs by use of liquid or semi-solid 

excipients. The only solid oral dosage form that has good patient acceptability was reported 

to be the capsule.  

 

Lee et al., (2009) discussed the factors effecting filling and dispersion stability and 

the pharmaceutical applications of thixotropic systems. These factors reported were 

including pH, temperature, polymer concentrations, polymer modification, polymer blends, 

and addition of cations or excipients. The relationships between the rheological properties 
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of thixotropic formulations, and their effects on the controlled drug delivery through 

various routes (oral, topical, ophthalmic, dental and mucosal) and pharmacological 

efficacies were also discussed.  

 

Younes (2010) successfully developed semisolid metformin by its dispersion of 

drug in molten polymeric matrices containing high molecular weight polymers and 

semisolid hydrophobic oily excipients. The semisolid system was filled into hard gelatin 

capsules which showed superior drug release profile to currently marketed metformin 

tablets. Kuentz (2012) formulated thixotropic oil based vehicle for pharmaceutical 

compositions to study the novel thixotropic oily vehicle comprising 0.2% to 5% w/w of 

colloidal silicon dioxide. It was found that reduced amount of colloidal silica significantly 

reduced the bulk volume of capsule filing mixture. 

 

Sultana et al., (2013) prepared thixotropic gel for isoniazid by using different 

concentrations (1-10% w/w) of hydrophilic silicon dioxide (A200) with selected liquid 

poloxamers (L31, L64) (10% w/w). The gels made with selected liquid poloxamers have 

shear thinning behaviour along with thixotropy. Dispersion stability was found to be related 

to the poloxamer viscosity as well as the concentration of hydrophilic silicon dioxide. 

Increased concentration of silicon dioxide (A200), resulted in stronger gel structure 

between silicon dioxide and poloxamers and reduced drug release. 

 

The above comprehensive literature review has provided an insight into the 

potential usage of liquid, semisolid, particularly thixotropic formulations as materials to be 

filled into hard gelatin capsules. This literature review also indicated that the LSSM 

technology is re-gaining attraction of the pharmaceutical researchers.  
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CHAPTER 3 

PART 1 

PRELIMINARY STUDY FOR ESTABLISHING THE 

CONCENTRATION OF SILICON DIOXIDE IN THIXOTROPIC 

POLOXAMER-SILICON DIOXIDE GELS FOR FREELY SOLUBLE 

DRUG, ISONIAZID 

3.1 INTRODUCTION 

Literature cites the thermosoften and thixotropic semisolid matrix systems 

containing drug to be filled into hard gelatin capsules (Walters 1992; Cade et al., 1986; 

Walker et al., 1980; Cuine and Francois, 1981; Djimbo and Moes, 1984; Kattige., 2006). 

The thixotropic gel system is filled into capsule at room temperature. Owing to the fact that 

the thermosoften systems require elevated temperature of materials up to 70C before 

filling (Kattige, 2006, Hawley, 1992. Pao-Chu Wu et al., 2002; Utting et al., 1996), the 

thermosoften systems may, relatively have lesser preference. Thus, in this study, 

thixotropic gel system was developed. Previous reports revealed the use of different liquid 

vehicles and thickening agents for developing thixotropic gel systems (Walters et al., 

1992b; Ellison et al., 1996; Saeed et al., 1999).  

 

Walters et al., (1991a, 1991b, 1992a, 1992b) developed thixotropic gel systems 

prepared with triglyceride oil (Miglyol® 829) as liquid vehicle, thickened by either 

hydrophilic silicon dioxide (Aerosil® A200) or hydrophobic silicon dioxide (Aerosil® 

R974). An increase in Aerosil® A200 up to 4% w/w caused a decrease in propantheline 

bromide, a highly hydrophilic drug, propantheline bromide release ratedue to an increase 

in apparent viscosity of the gel. With further increase in Aerosil® A200 to 12% w/w the 

drug release was increased due to the increase in hydrophilic nature of the gel and not to 

the apparent viscosity. 
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Thixotropic gel containing 4% w/w silicon dioxide (A200 or AR974) and 

triglyceride oils of different aqueous solubilities (Miglyol 810, 812, 818, 829 or 840), were 

developed for drugs with different solubilities, such as isoniazid, sulphaguanidine or 

tolbutamidc (Ellison et al., 1995, 1996). Ellison et al., (1995) used 4% w/w silicon dioxide 

in gels because Walters, (1994) reported this concentration controlled the release of the 

water soluble drug, propantheline bromide Since all the selected drugs were insoluble in 

the gel, mixing and drug content uniformity were investigated (Ellison et al., 1996). The 

results showed that drug release was related to the aqueous solubility of drug, viscosity of 

the oil and the silicon dioxide type. In line with Ellison et al., (1995), Benedict et al., (1997) 

reported a decreased release of drugs of varying solubilities, (propantheline bromide, 

isoniazid, theophylline and tolbutamide) from Miglyol® 829/Aerosil® A200 thixotropic 

gels with increased concentration of A200 from 1 to 8% w/w. The effect was a lesser 

notable on release of theophylline and tolbutamide. Benedict et al., (1997) ascribed this 

decrease in drug release to the increase in apparent viscosity and due to the elevated 

hydrophilicity of the gel as a direct result of increased A200 concentration. The findings of 

Benedict et al., (1997) supported the importance of hydrophilic silicon dioxide 

concentration with respect to the rheological characteristics of the thixotropic gel and drug 

release mechanism. 

 

Another vehicle, the liquid poloxamers was also used with thickening agent, silicon 

dioxide to develop thixotropic gel systems for lactose, the disperse phase (Saeed et al., 

1996, 1997, 1999). Saeed et al., (1996, 1997) used a selected liquid poloxamer L31, L42, 

L61, L62, L81, L101, L121, separately with 6% w/w Aerosil® A200 or 10% w/w Aerosil® 

AR 974, to prepare thixotropic gel with and without disperse phase (lactose), at the 

concentration of 10% w/w. In these studies, three different particle size fraction of the 
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lactose (75-90 µm, 45-63 µm and 32-45 µm) were used to prepare the gel with selected 

poloxamers (L61, L64 and L92) thickened with 6% w/w Aerosil® A200.  

 

The effect of the gels containing different particle size fraction of disperse phase 

(lactose, 10% w/w) on the gel rheology, dispersion stability and filling properties for the 

hard gelatin capsules was investigated (Saeed et al., 1996, 1997, 1999). At 10% w/w 

AR974 gels prepared with each poloxamer could be filled satisfactorily into capsules. 

Aerosil® A200 showed more pronounced effect than AR974 on apparent viscosity of the 

gels, thus only poloxamers with lower viscosity, i.e., L31 and L42 could be filled as gels 

with 10% w/w A200. The remaining poloxamers L61, L62, L81, L101, L121 made into 

gels with 6% w/w A200, could be filled satisfactorily into hard gelatin capsules. The 

dispersion stability of the gels containing disperse phase (lactose) showed that there is little 

change in apparent viscosity over the 30 days storage period for those gels which did not 

undergo rapid disperse phase separation within 2 days.  

 

3.2 Research gap 

From the previous studies, it was noted that the critical factors for the soft matrix 

systems are the types of liquid vehicles, types and amount of thickening agents for the 

suitability of their prepared gels to be filled into the hard gelatin capsule as well as on the 

release of drugs form the gels (Walters et al., 1991a, 1991b, 1992a, 1992b; Ellison et al., 

1995, 1996; Benedict et al., 1997). Liquid poloxamers were selected as the continuous 

phase for this research, as they can be obtained with a wide range of viscosities, molecular 

weights and ratio of POP /POE groups. Poloxamers have already been used in 

thermosoftened formulations for potential of their filling to capsules and factors affecting 

the release of the drugs from the systems by previous workers (Hawley et al., 1993; Utting 
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et al., 1996). However, the thixotropic formulation systems prepared with different 

poloxamers combined with hydrophilic silicone dioxide separately for the drugs having 

different water solubility and filled in the hard gelatin capsules have not been explored, the 

literature revealed. The effect of hydrophilic silicon dioxide (Aerosil® A200) and its 

concentrations was reported to be more pronounced on the release profile of the drugs as 

compared to hydrophobic silicon dioxide (Aerosil® AR974) (Walters et al., 1992; Benedict 

et al., 1997).Increasing concentration of Aerosil® A200 up to 4% increased the viscosity of 

the thixotropic gels prepared with triglyceride-A200 system whereas increase above 5% 

(up to 12% of the A200, increased hydrophilicity rather than viscosity (Walters et al., 

1991a, 1991b, 1992a, 1992b). For poloxamers, studies on the concentration of silicon 

dioxide are scarce, making of worth a study to screen the appropriate concentration of 

Aerosil® A200 for the drugs of varying solubilities. Henceforth, in this preliminary study 

different poloxamers-silicon dioxide systems with varied concentrations of Aerosil® A200 

were selected to find the possibility of developing thixotropic gels suitable for 

incorporation of model drug, isoniazid and subsequent filling into hard gelatin capsule. 

Since Saeed et al., (1996, 1997) has shown that dispersion (Lactose) stability of the gels 

undergo little change (assessed by apparent viscosity) over the 30 days storage for gels 

retaining disperse stability for 2 days, in the current study, the stability was assessed for 30 

day in short term stability.  

 

3.3 Isoniazid, the candidate drug 

Isoniazid, the hydrazide of isonicotinic acid, is a synthetic analogue of pyridoxine 

(Figure 3.1). It is the most potent of anti-tuberculosis drug in the treatment of active 

tuberculosis. It is a white crystalline powder or colorless crystals, freely soluble in water, 
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sparingly soluble in alcohol, very slightly soluble in ether and has the melting point, 170-

174°C (BP, 2009). 

 

 

Figure 3.1: Structure of isoniazid (Sweetman, 2009) 

 

Isoniazid is bactericidal to rapidly dividing mycobacteria, but is bacteriostatic for 

static bacilli or slow-growing mycobacteria. It is a prodrug and must be activated by a 

bacterial catalase-peroxidase enzyme in M. tuberculosis which is called as KatG. The KatG 

couples the isonicotinic acyl with NADH to form isonicotinic acyl-NADH complex. This 

complex binds tightly to the enoyl-acyl carrier protein reductase known as InhA, thereby 

blocks the natural enoyl-AcpM substrate and the action of fatty acid synthase. This process 

inhibits the synthesis of mycolic acid, required for the mycobacterial cell wall. A range of 

radicals are produced by KatG activation of isoniazid, including nitric oxide. Isoniazid is 

effective against the intracellular bacteria and is specific for treatment of tuberculosis may 

be susceptible at higher drug levels. When it is used alone, resistant organisms are rapidly 

emerged (Mycek, 1997; Katzung, 2004). 

 

Orally administered isoniazid is readily absorbed, which is impaired if taken with 

food, particularly carbohydrates, or with aluminum-containing antacids. The drug diffuses 

into all body fluids, cells, and caseous material (necrotic tissue resembling cheese that is 

produced in tubercles). Isoniazid reaches therapeutic concentrations in serum, 

cerebrospinal fluid (about the same levels as those in the serum), and within caseous 

http://en.wikipedia.org/wiki/Bactericidal
http://en.wikipedia.org/wiki/Mycobacterium
http://en.wikipedia.org/wiki/Bacteriostatic
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http://en.wikipedia.org/wiki/Enoyl-acyl_carrier_protein_reductase
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granulomas. It is metabolized in the liver via acetylation and hydrolysis, resulting in 

inactive metabolites. Two forms of the enzyme are responsible for acetylation; hence some 

patients metabolize the drug more quickly than others. Hence, the half-life is bimodal, with 

peaks at one and three hours in the US population. The metabolites are excreted in the urine. 

Doses do not usually have to be adjusted in case of renal failure.  

 

The drug readily penetrates the host cells and is effective against bacilli growing 

intracellularly. Infected tissue tends to retain the drug longer. The chronic liver disease 

decreases metabolism, and in such cases, the dose of the drug must be reduced. Excretion 

of the drug is through glomerular filtration, predominantly as metabolites. Slow acetylators 

excrete more of the parent compound. Severely depressed renal function results in 

accumulation of the drug, primarily in slow acetylators. Except for hypersensitivity, the 

incidence of adverse effects is fairly low and usually related to dose and duration of 

administration. The standard dose of isoniazid in adults is 5 mg/kg/day (max 300 mg daily) 

for 6 months (Mycek, 1997; Katzung, 2004). 

 

3.4. AIM AND OBJECTIVES OF THE STUDY 

The purpose of this study was a preliminary screening of the effect of different 

concentrations of hydrophilic silicon dioxide (A200) on the release of a model water 

soluble drug, isoniazid. The objectives of the study included: 

I. To prepare different formulations of gels with selected liquid poloxamers with 

varying concentrations of silicon dioxide ranging from 1-10% w/w. 

II. To assess the rheological characteristics of the prepared gels (thixotropic 

behaviour). 

III. To study the dissolution profile in terms of drug release, order of kinetics, and 

http://en.wikipedia.org/wiki/Caseous_necrosis
http://en.wikipedia.org/wiki/Acetylation
http://en.wikipedia.org/wiki/Half-life
http://en.wikipedia.org/wiki/Bimodal_distribution
http://en.wikipedia.org/wiki/Renal_failure
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release mechanism. 

IV. To examine the effect of the viscosity of poloxamer and the concentration of silicon 

dioxide while preparing simple gel and gel containing drug. 

V. To find the stability of dispersion by observing any change in apparent viscosity on 

storage. 

 

3.5. MATERIALS AND METHODS 

3.5.1. Drug and Chemicals 

Isoniazid was gifted by Schazoo Zaka Pharmaceuticals (Pvt.) Ltd. and was used as 

received. Liquid poloxamers PE/L31, PE/L64 (BASF, Germany) were purchased from 

local market Silicon dioxide (A200) (hydrophillic) Degussa (U.K) was gifted by Schazoo 

Zaka Pharmaceuticals (Pvt) Ltd, Lahore. Isoniazid was provided by Pacific 

Pharmaceuticals (Pvt) Ltd, Lahore. 

 

3.5.2. Preparation of gels 

Two common semisolid matrix (SSM) systems employed in the liquid filling of 

hard gelatin capsules are drug/polymer thermosoftened and drug/ thixotropic gel 

formulations and the latter is considered in this research. Gel (100 g) was prepared by 

incorporating hydrophilic silicon dioxide Aerosil® A200 at concentration of 1-10% w/w 

into poloxamer (PE/L31) to form a simple gel (of total weight 100g) at room temperature 

using a paddle mixer (Heidolph, RZR 2051 controlled, Germany) at 100 rpm for 90 min. 

The prepared gel was then kept in vacuum chamber for 30 min to remove air. The selected 

model drug un-sieved isoniazid was then incorporated at concentration of 10% w/w as 

reported by Benedicts (1997) into each of the gel using the same mixing conditions for 

further 45 min. The gel formulation was again kept in vacuum chamber for another 30 min 

to remove air. Similar process was carried out with poloxamer PE/L64 to form gel with and 
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without drug (isoniazid) using varying silicon dioxide Aerosil® A200 concentrations (1-

10% w/w). Composition of different gels and gel formulations is shown in Table 3.1. 

 

Table 3.1: Composition of simple and isoniazid gels 

Formulation 
Poloxamer

L31 (g) 

Silicon 

dioxide (g) 

Drug 

used (g) 
Formulation 

Poloxamer 

L64 (g) 

Silicon 

dioxide 

(g) 

Drug 

used (g) 

A 01 99 1 10 E 01 99 1 10 

A 02 98 2 10 E 02 98 2 10 

A 03 97 3 10 E 03 97 3 10 

A 04 96 4 10 E 04 96 4 10 

A 05 95 5 10 E 05 95 5 10 

A 06 94 6 10 E 06 94 6 10 

A 07 93 7 10 E 07 93 7 10 

A 08 92 8 10 E 08 92 8 10 

A 09 91 9 10 E 09 91 9 10 

A 10 90 10 10 E 10 90 10 10 

 

3.5.3. Determination of sedimentation and microscopic examination 

Gel formulations were made and stored in glass container with plastic closure at 

ambient temperature in order to investigate dispersion stability of the drug. The system was 

allowed to settle and direct observations were made after 2 h, 24 h and then after 7, 14, and 

30 days for sedimentation and the time for phase separation was recorded. Microscopic 

examination was carried out using microscope (Olympus B071, Japan) to determine 

dispersion of active constituents in gels containg drug. 
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3.5.4. Determination of drug contents 

To determine the contents of isoniazid in gel, 10 capsules filled with gels (of 

respective poloxamer/silicon dioxide/drug) were taken in 500 ml of volumetric flask 

containing water. Flask was shaken occusionly untill capsules become completely 

dissolved. Required dilutions were made, if required and absorbance was noted 

spectrophotometrically at λmax of 263 nm. The noted absorbace was converted to 

concentration of the drug using the previously constructed calibration curve. 

 

3.5.5. Determination of rheology 

Rheogram of each poloxamer, gel and isoniazid gels were taken at room 

temperature (25°C) using rheometer (TA Instrument Ltd AR. 1500) with cone and plate 

geometry by uniformly increasing shear rate from 0 to 1000 s-1 over 1 min and then 

decreasing to zero over 1 min at room temperature. Triplicate rheograms of each gel and 

gel formulation were also taken after a particular time period 2 h, 24 h and then after 7, 14 

and 30 days to study the relation between sedimentation and rheological characterization. 

The selected and representative rheograms from all gels prepared from respective polymers 

with Aerosil® A200 concentration from 1 to 10% w/w have seen presented due to space 

constants. The other rheological parameters such as apparent viscosity was also noted. 

 

The yield values for each poloxamer and for the simple gels and the gels with 

isoniazid were also noted once at 2 h. The viscosity of each poloxamer was noted once at 

the time of preparation of simple gel and gel containing drugs and for the simple gels and 

the gels with isoniazid were recorded at 2 h and 24 h and then at 7, 14 and 30 day 

considering the highest shear rate of 990 s-1 (Pa.s). All the experimentation was performed 

in triplicates. 
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3.5.6. In-vitro release/dissolution studies 

The release of drugs from the thixotropic gels was carried out for only the gels 

which did not show any sedimentation over the period of 30 days. The gels were hand filled 

via syringes into size 1 transparent hard gelatin capsules at room temperature having weight 

of about 450 mg. Capsules were stored at room temperature in sealed containers for 24 h 

so that a strong gel structure should be formed prior to dissolution testing (Ellison 1995). 

The in-vitro release study for isoniazid was performed in the dissolution apparatus I 

(Erweka Dissolution Tester, FRL 700) using 900 mL of distilled water at 37°C ± 0.5°C as 

dissolution medium. Basket was rotated at 100 rpm. Six capsules from each batch were 

tested individually. A 10 mL of sample was withdrawn at regular intervals of 30 min up to 

180 min and the volume in the vessels was maintained with the same dissolution medium. 

The absorbance of the filtered sample was measured spectrophotometerically (T 70, PG 

Instrument Ltd) in triplicates, at 263 nm. Drug dissolved at specific time periods were 

calculated using standard calibration curve.  

 

3.5.6.1. Release kinetic study 

Different kinetic equations (Zero-order, First order, Higuchi’s equation and Peppas 

equation) were applied to interpret the release rate and mechanism from matrix system. The 

zero order rate Equation 3.1 described the systems where the drug release rate is 

independent of its concentration: 

 

C = k0t Equation 3.1 

Where k0 is zero-order rate constant expressed in units of concentration/time and t 

is the time. The first order Equation 3.2 described the release from system where release 

rate is concentration dependent. 
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LogC =LogC0- kt / 2.303 Equation 3.2 

Where C0 is the initial concentration of drug and k is first order constant. Higuchi 

described the release of drugs from insoluble matrix as a square root of time dependent 

process based on Fickian diffusion (Equation 3.3): 

 

Q = kt ½ Equation 3.3 

Where k is the constant reflecting the design variables of the system. Korsmeyer derived a 

simple relationship which described drug release mechanism from a polymeric system 

(Equation 3.4): 

 

Mt / M∞= ktn Equation 3.4 

Where Mt / M∞ is the fraction of drug released at time t, k is the rate constant and n 

is the release exponent. In Korsmeyer equation, the value of “n” describes the drug release 

behaviour frompolymeric systems. In case of tablets, the value of n = 0.45 for Fickian (Case 

I) release, > 0.45 but < 0.89 for non-Fickian (anomalous) release and 0.89 for Case II (zero 

order) release and >0.89 for super case II type of release. Case II transport generally refers 

to the erosion of the polymeric matrix due to the relaxation of the polymer chain and 

anomalous transport (non Fickian) refers to the summation of both diffusion and erosion 

mechanism. The release data was entered into DD Solver®, a free software for fitting the 

release data to appropriate model based on the coefficient of relationship (R2). 

 

3.6. RESULTS AND DISCUSSION 

In the present study two hydrophilic liquid poloxamers with low and high viscosity 

(L31, L64) were used respectively. Due to the presence of hydroxyl groups on the surface 

of hydrophilic silicon dioxide (Aerosil® A200), it forms hydrogen bonds between the 

silicon dioxide particles, which increase the viscosity. During the gel formation hydrogen 

bonding increases and a 3-dimensional structure is formed (Saeed, 1999). All the gels 
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prepared using both of the poloxamers were smooth and stable as shown in Plate 3.1 

immediately on preparation. 

 

  
A B 

Plate 3.1: Pictures of (A) pure isoniazid (4X) (B) isoniazid incorporated into simple 

gel prepared with L31/A200, 8% w/w (4X) 

 

3.6.1. Disperse phase sedimentation 

Gels, L31/A200 (1-10% w/w) and L64/A200 (1-10% w/w) each containing 10% 

w/w isoniazid were made and stored in glass bottle with plastic closure at ambient 

temperature and allowed to settle down. Direct observations were made after 2 h, 24 h, 7, 

14 and 30 days to assess the sedimentation times for the disperse phase in gels. The 

prepared gels from L31/A200 (1-7% w/w) and L64/A200 (1-3% w/w) showed phase 

separation between 2 and 24 h, however L31/A200 (8-10% w/w) and L64/A200 (4-10% 

w/w) gels showed any disperse phase stability over a period of 30 days (Table 3.2). The 

gels made with L31/A200 (1-7% w/w) showed phase separation because of low viscosity 

of poloxamer (170 mPa.s) and low concentration of silicon dioxide did not make a strong 

structure and thus broken down between 2 and 24 h. As the concentration of silicon dioxide 

was increased and gel structure become stronger and more stable. L31/A200 (8-10% w/w) 

gel formulations were stable over a period of 30 days (Figure 3.3B). 
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Table 3.2: Effect of poloxamer, hydrophilic silicon dioxide (A200) concentration on 

disperse phase sedimentation. 

Formulations L31 (%) Stability Formulations L64 (%) Stability 

A 01 1 < 2 h E 01 1 < 2 h 

A 02 2 < 2 h E 02 2 24 h 

A 03 3 2 h E 03 3 24 h 

A 04 4 2 h E 04 4 Stable 

A 05 5 24 h E 05 5 Stable 

A 06 6 24 h E 06 6 Stable 

A 07 7 24 h E 07 7 Stable 

A 08 8 Stable E 08 8 Stable 

A 09 9 Stable E 09 9 Stable 

A 10 10 Stable E 10 10 Stable 

 

High viscosity poloxamer L64 (720 mPa.s) showed stronger structure and stability 

as compared to L31. In this case, L64/A200 (1-3% w/w) gels formulation showed phase 

separation between 2 and 24 h (Figure 3.3C), as the concentration of silicon dioxide was 

increased from 4-10% w/w (Figure 3.3D), stability also increased up to 30 days. There was 

generally a decreased tendency for disperse phase sedimentation was noted with increasing 

poloxamer viscosity and high concentration of silicon dioxide used (Saeed, 1999). 

 

3.6.2. Contents of drug in isoniazid gels  

The Table 3.3 shows the content of isoniazid in the stable gels prepared using 

poloxamers L31 and L64 with different concentration of Aerosil® A200 (1-10% w/w). 
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Table 3.3: Percent isoniazid content in the stable gels 

Formulation Drug Content (%) 

L31 + 8% SIO2 + 10% INH 101.51 

L31 + 9% SIO2 + 10% INH 100.2 

L31 + 10% SIO2 + 10% INH 96.22 

L64 + 4% SIO2 + 10% INH 102.22 

L64 + 5% SIO2 + 10% INH 101.46 

L64 + 6% SIO2 + 10% INH 103.51 

L64 + 7% SIO2 + 10% INH 100.33 

L64 + 8% SIO2 + 10% INH 102.45 

L64 + 9% SIO2 + 10% INH 99.70 

L64 + 10% SIO2 + 10% INH 98.90 

 

3.6.3. Rheology 

The resulting rheograms, taken in triplicates of pure ploxomers, simple gels and 

gels containing drugs were with minor variation (SD > ± 0.009) and thus were considered 

as reproducible. This agrees with the work reported by Saeed, (1999). 

3.6.3.1. Rheology of poloxamers 

The rheograms of two poloxamers (L31, L64) used in present study showed 

Newtonian behaviour (Figure 3.2). The poloxamer/ silicon dioxide gels exhibit time 

dependent rheology (Saeed 1999), therefore rheograms of each of the simple gel (Figure 

3.3A-3.3D) and gel formulations (Figure 3.4A-3.4D) were taken initially and after a 

particular time period of 2 h, 24 h, 7, 14 and 30 days (in triplicates) by uniformly increasing 
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shear rate from 0 to 1000 s-1 over 1 min and then decreasing to zero over 1 min at room 

temperature. Saeed et al., (1996, 1997) reported that the dispersion stability of the gels 

remained unchanged over the 30 day if they did not undergo separation of disperse phase 

within 2 days, a reason for assessing the dispersion stability for 30 day in this study.  

 

 

Figure 3.2: Rheogram of pure poloxamers L31 and L64 

 

3.6.3.2. Rheology of the simple gels 

Only the selected and representative rheograms in rheological class have been 

shown. The rheograms of the simple gels (Figure 3.3A to 3.3D) having combination of 

poloxamer and silicone dioxide, L31/A200 (2-10% w/w) and L64/A200 (1-10% w/w) 

exhibited a hysteresis loop which is the characteristic of the materials exhibiting thixotropic 

behaviour, except L31/A200 (1% w/w), which exhibited Newtonian flow behaviour 

(Figure 3.3 A). As the concentration of silicon dioxide was increased, from 2-10% w/w, 

L31 gels showed non Newtonian behaviour (plastic or pseudo plastic), Figure 3.3B with 

gradually increased apparent viscosity (Table 3.2). In the case of L64, all the simple gels 

with the concentration of silicon dioxide (1-10% w/w) exhibited non Newtonian behaviour 
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(plastic or pseudoplastic) Figure 3.3C and 3.3D, with hysteresis loop, the area of which was 

increased as the concentration of silicon dioxide was increased from (1%-10%w/w) (Figure 

3.3C and 3.3D). There was also seen a gradual increased behaviour in the apparent viscosity 

in these gels as well. Table 3.4 shows this increase in apparent viscosity and the yield value 

of the gels. 

 

  
A B 

  
C D 

Figure 3.3: Rheograms of simple gels, after 24 h prepared with; (A) L31/A200, 1% 

w/w and L31/A200, 2% w/w, (B) L31/A200, 2% w/w and L31/A200, 8% w/w, (C) 

L64/A200, 1% w/w, L64/A200, 3% w/w, and (D) L64/A200, 4% w/w, and L64/A200, 

8% w/w 

 

3.6.3.3. Rheology of the isoniazid gels 

The rheograms of isoniazid gels (by addition of 10% isoniazid into each of the gel) 

were also observed and given in Figure 3.4A to 3.4D. The formulations containing 

L31/A200 (1-7% w/w) L 64/A200 (1-3% w/w) showed phase separation between 2 to 24 
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h, (Table 3.2) therefore their rheology with drug after 24 h decreased, and they showed 

small degree of thixotropy represented by a small hysteresis loop.  

 

The rheograms of the stable gel formulations L31/A200 (8-10% w/w), L64/A200 

(4-10% w/w) exhibited a hysteresis loop with increased apparent viscosity. This finding 

was in line with the report of Walters, (1994) and Ellison, (1997) where an increase in 

apparent viscosity of gel on the addition of water soluble particulate drug was noted. 

Isoniazid is is a freely water soluble drug. It was found that the apparent viscosity of the 

simple gels and gels prepared with A/200 was dependent upon the viscosity of poloxamers 

and concentration of silicon dioxide (A200) used Table 3.4, however there is little change 

in gel structure and apparent viscosity for all gels when stored up to 30 days (Saeed, 1999).  

 

The thixotropic property of materials is dependent on the pH, temperature, polymer 

type and concentration, addition of cations or excipients in the formulations (Lee et al., 

2009). For a dispersion of solid drug particles in the molten excipient, the rheology was 

affected by the properties of the disperse phase (particle size, concentration) and the 

continuous phase (molecular weight, viscosity), leading to filling limitations (Kattige, 

2006).  

 

The formulations of L31/A200 (8-10% w/w), L64/A200 (4-10% w/w) exhibited 

good thixotropic behaviour. The poloxamer/A200 gels formed with different concentration 

of silicon dioxide from 1% w/w to 10% w/w, showed an increase in apparent viscosity (ηa) 

with the increase in A200 concentration, furthermore the degree of thixotropy was also 

increased with the increase in A200 concentration. 
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3.6.4. In-vitro dissolution studies 

3.6.4.1. Calibration curve of isoniazid 

The absorbance data of the known isoniazid concentration was plotted as the 

concentration verses absorbance to construct a calibration curve of isoniazid and has been 

shown in Figure 3.5 This calibration curve indicated the linearity for concentration taken 

in this study yielding a value of correlation co-efficient of 0.999, slope as 0.0261 and 

intercept as 0.0006. This linear calibration curve demonstrated that unknown isoniazid 

concentrations were reliably determined in samples at wavelength (263nm) within the 

linear range, therefore the samples were diluted appropriately, if required. 

 

Table 3.4: Apparent viscosity (ƞa) at the shear rate 990 s-1 and yield values (Pa) of 

the simple gels L31/A200 (1-10% w/w) and L64/A200 (1-10% w/w) after 24 h of 

preparation 

A200 

Concentration 

(%) 

L31 L64 

Apparent 

Viscosity (ƞa) 
Yield value 

Apparent 

Viscosity (ƞa) 
Yield value 

1 0.16 1.31 0.85 9.35 

2 0.35 96.08 0.93 87.17 

3 0.45 65.26 1.16 25.68 

4 0.64 39.11 1.22 35.03 

5 0.82 26.77 1.54 35.99 

6 0.92 40.49 1.94 34.63 

7 1.36 139.60 2.35 78.10 

8 1.72 706 2.86 186.60 

9 2.29 1362 2.342 613.60 

10 2.07 1596 2.72 1675 
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A B 

  
C D 

Figure 3.4: Rheograms of isoniazid gels at 2 and 24 h, prepared using; (A) 

L31/A200, 7% w/w, (B) L31/A200, 8% w/w, (C) L64/A200, 3% w/w, and (D) 

L64/A200, 8% w/w 

 

 

Figure 3.5: Calibration curve of isoniazid at 263 nm 
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3.6.4.2. Release data of isoniazid from gels filled in hard gelatin capsules 

The 6 capsules filled with isoniazid prepared from L31 and L64 gels were stored at 

room temperature in sealed containers for 24 h so that a strong gel structure should be 

formed prior to dissolution testing (Ellison, 1995). The capsules were tested for dissolution 

after 24 h in distilled water as dissolution medium using dissolution basket apparatus for 3 

h. The percentage of drug release from isoniazid gels of L31 and L64 after given time is 

illustrated in Tables 3.5 and presented in Figures 3.6 and 3.7. In the above Figures (3.6 and 

3.7), to avoid complexity the error bars have not be given. All the stable isoniazid gels i.e., 

A08-A10 and E04-E10 showed about 100% release in 3h. 

 

3.6.4.3. Release kinetic data analysis 

The release mechanism from different isoniazid gels was determined by regression 

coefficient (R2) for each formulation (Table 3.6). The isoniazid gels containing L31 (A08-

A10) and L64 (E04-E10) exhibited first order kinetics, whereas the isoniazid gels A01-A07 

and E01-E03 did not showed valid values of coefficient of correlation might be due to phase 

separation. The slope values (Figure 3.6 and 3.7) also revealed that different formulations 

show different release rate. Almost all gel formulations showed 100% release in 

approximately 3h. The isoniazid gel, A10 showed slightly slow release rate as compared to 

A08 and A09 which may be attributed to high viscosty of isoniazid gels. The gels E09 and 

E10 exhibited relatively slow release rates as compared to E07and E08 due to high viscosity 

of poloxamer L64 (720 Pa.s) and high concentration of silicon dioxide made a strong 

structure. This was contrary to the findings of Walters et al., (1991a, 1991b 1992a, 1992b) 

who reported increased release of water soluble drug, propantheline bromide at higher 

concentration of Aerosil® A200 due to increased hydrophilicity of formulation. However, 

this study was carried using thixotropic gel prepared by triglyceride Aerosil® A200. 
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Table 3.5: Percent of isoniazid released from isoniazid gels containing L31/A200 and L64/A200 

Gel 
Time 

(min) 

Drug released from different gel formulations (%) 

A01 A02 A03 A04 A05 A06 A07 A08 A09 A10 

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

L31 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

30 44.94 14.9 54.44 15.44 89.67 10.32 81.34 14.6 66.75 6.79 58.84 4.42 50.13 5.65 50.08 14.52 58.69 7.42 54.64 6.37 

60 53.89 15.3 55.05 15.41 93.04 9.02 91.84 5.3 85.27 11.29 64.92 3.18 81.71 6.16 73.2 13.13 77.45 9.21 66.98 10.41 

90 54.05 15.2 55.16 15.78 96.21 8.25 94.97 6.12 89.53 12.03 65.08 3.15 92.69 4.42 85.78 8.88 87.77 7.50 78.8 13.70 

120 54.21 15.1 55.36 15.85 98.14 8.29 96 6.31 92.27 12.83 65.23 3.08 96.95 2.50 90.54 6.79 95.3 3.85 84.74 12.69 

150 54.21 15.5 55.36 15.85 99.39 8.84 97.66 6.79 94.39 13.31 65.28 3.26 98.85 2.02 95.83 4.73 99.13 1.96 90.14 11.19 

180 54.21 15.6 55.36 15.85 99.89 8.93 99.71 7.14 95.24 13.45 65.64 3.27 99.56 1.78 99.94 3.22 99.95 1.91 93.91 9.75 

L64 

Time E01 E02 E03 E04 E05 E06 E07 E08 E09 E10 

 Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

30 91.91 8.75 90.25 8.75 60.61 9.25 60.86 11.45 84.27 6.01 49.08 7.39 48.64 9.13 49.65 4.60 83.93 8.70 82.9 9.29 

60 97.91 7.21 98.99 7.21 85.78 4.60 89.08 3.28 95.12 3.91 72.82 8.32 85.35 2.05 87.2 2.65 94.53 6.12 93.88 3.75 

90 97.93 7.62 99.96 7.62 89.67 5.05 92.87 3.93 97.14 4.21 80.63 11.79 94.79 3.49 91.32 2.98 97.71 6.55 95.27 4.27 

120 98.98 7.03 99.86 7.03 90.93 5.03 96.29 4.51 98.36 4.23 91.8 18.33 95.56 3.39 95.13 3.23 98.36 6.61 95.75 4.04 

150 98.98 6.90 99.86 6.90 93.54 5.90 96.48 3.03 99.07 4.57 91.8 16.21 96.62 13.92 97.7 3.99 99.49 7.09 97.39 4.56 

180 98.98 5.85 99.86 5.85 99.43 7.21 100 5.68 100 5.30 91.8 15.78 99.02 4.85 99.09 2.75 99.49 6.83 98.56 5.47 
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Figure 3.6: Release profile of isoniazid from gels prepared using L31/A200, 1-10% 

w/w 

 

 

 

Figure 3.7: Release profile of isoniazid from gels prepared using L64/A200, 1-10% 

w/w 
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Table 3.6: The kinetic parameters of isoniazid release from isoniazid gels prepared 

using L31/A200, 1-10% w/w, and L64/A200, 1-10% w/w 

F. Code 

Zero Order First Order Higuchi Release 
Korsmeyer Peppas 

Release 

R2 k R2 K R2 K R2 K n 

A01 0.413 -37.147 -20.901 0.007 -10.349 5.018 0.6667 35.349 0.088 

A02 0.425 -5349.8 -3237.9 0.008 -1877.5 5.199 0.9106 52.846 0.009 

A03 0.752 -112.85 0.3745 0.071 -34.378 9.138 0.9912 72.172 0.063 

A04 0.74 -35.789 0.7383 0.052 -9.3068 8.958 0.9402 58.496 0.104 

A05 0.703 -9.1789 0.7852 0.032 -1.3023 8.445 0.8958 38.911 0.178 

A06 0.5 -123.13 -55.909 0.011 -38.767 6.091 0.7238 50.63 0.053 

A07 0.722 -1.2971 0.8825 0.026 0.6370 8.564 0.8566 20.554 0.316 

A08* 0.694 -0.8534 0.9927 0.022 0.8186 8.193 0.9589 16.959 0.347 

A09* 0.716 -2.2257 0.9761 0.027 0.5600 8.497 0.9646 23.476 0.287 

A10* 0.651 -1.7503 0.8331 0.019 0.6875 7.711 0.9941 19.522 0.305 

E01 0.757 -0.2351 0.8989 0.083 0.5921 9.231 0.999 82.052 0.038 

E02 0.764 -0.2047 0.7898 0.078 0.6120 9.311 0.9974 78.25 0.05 

E03 0.707 0.3094 0.8897 0.03 0.8634 8.449 0.9837 31.09 0.226 

E04* 0.727 0.2961 0.9966 0.032 0.8559 8.702 0.9772 32.052 0.226 

E05* 0.753 -0.0833 0.9982 0.06 0.6816 9.131 0.9974 64.58 0.087 

E06* 0.664 0.512 0.9895 0.02 0.9338 7.872 0.9812 18.794 0.317 

E07* 0.719 0.4499 0.9892 0.027 0.8948 8.548 0.9519 21.964 0.302 

E08* 0.719 0.4451 0.9897 0.027 0.8964 8.543 0.957 22.521 0.296 

E09* 0.752 -0.0784 0.9983 0.059 0.6849 9.126 0.9972 63.864 0.089 

E10* 0.739 -0.0855 0.9933 0.056 0.6796 8.967 0.9973 63.804 0.086 

*The stable gels containing respective poloxamers.  

 

The release of the drug from a thixotropic gel was not only affected by the viscosity 

of poloxamer, but it was also affected by the concentration of hydrophilic silicon dioxide 

(A200) used and solubility of disperse phase (isoniazid). Three components of gel 

formulations poloxamers Aerosil® A200 and isoniazid were hydrophilic in nature, release 

rate exhibited by stable gel formulations were considered in this research. It was observed 

that with both poloxamers an increase in hydrophilic silicon dioxide concentration from 8-
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10% w/w caused a decrease in isoniazid release whereas gel formulation with the 

poloxamer L64 (4-7% w/w) demonstrated an increase in release rate of isoniazid. The 

former effect may be attributed to a strong gel structure and increase in apparent viscosity 

with high concentration of hydrophilic silicon dioxide (A200) and latter effect might be 

related to the hydrophilic nature of the gel, also gel is less viscous due to low concentration 

of silicon dioxide.  

 

The dissolution data was also fitted with Korsmeyer’s model. In Korsmeyer 

equation, value of “n” describes the drug release behaviour from polymeric systems. 

Release exponent (n) values ranges from 0.008-0.317 of all formulations confirmed the 

tendency to follow the Fickian release. Ellison et al., 1995 used 4% w/w silicon dioxide 

concentration with different types and viscosities of triglyceride oils and studied their effect 

on release of drugs with different aqueous solubility. 

 

For further work, poloxamer/A200 (8% w/w) was selected to observe the influence 

of this concentration on the release of drugs with different solubilities, since use of this 

concentration resulted in stable gels with both poloxamers L31 and L64 over a period of 

one month. The semisolid material could be filled into hard gelatin capsule. At 

concentration of silicon dioxide above (8% w/w), apparent viscosity of the gels was also 

increased so that it became difficult to fill gel formulations into capsules via syringes. 

Furthermore, this concentration also showed relatively a slow release of isoniazid.  

 

Saeed et al., (1997) reported 6% w/w A/200 concentration as satisfactory to form 

gel system using different poloxamers for satisfactory filling of capsules. For further study, 

it was decided to use other poloxamers with a wide range of viscosities, molecular weights 
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and ratio of POP /POE groups. Previously it had been observed that the particle size of the 

disperse phase played an important role when rheology and dispersion stability of different 

gel system were studied (Saeed 1999; Kattege, 2006), therefore it was decided to select a 

particular particle size of the disperse phase (isoniazid) along with other drugs of varying 

aqueous solubilities in the further study to observe its influence on rheology, dispersion 

stability in the gel formulations. 

 

3.7. CONCLUSION – PART 1 

By using different concentrations from 1-10% w/w of hydrophilic silicon dioxide 

(A200) with liquid poloxamers affected dispersion stability. Isoniazid gels prepared using 

L31 concentration of A200 ≥ 8% w/w found appropriate for phase stability. While for L64, 

the ≥ 4% w/w of A200 was found to be required for stable isoniazid gel. The stable isoniazid 

gels made with selected liquid poloxamers have a little change in apparent viscosity on 

storage. There was decreased tendency for disperse phase sedimentation with increasing 

poloxamer viscosity as well as the concentration of hydrophilic silicon dioxide. As the 

concentration of hydrophilic silicon dioxide (A200) was increased, more strong gel 

structure was formed between silicon dioxide and poloxamers and thereby slow release of 

drug from a gel was observed. Rheograms of both poloxamers (L31 and L64) confirmed 

their Newtonian behaviour, however a thixotropic behaviour was exhibited by the gels and 

gel formulations which were made with different concentration (1-10% w/w) of hydrophilic 

silicon dioxide (A200) and model drug isoniazid (10% w/w) respectively. Therefore, in 

vitro release of highly water soluble drug (isoniazid) can be controlled by poloxamer/A200 

thixotropic gel system which depended upon the concentration of hydrophilic silicon 

dioxide (A200) and the viscosity of poloxamer and aqueous solubility of drug. 
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PART II 

PRELIMINARY STUDY FOR ESTABLISHING CONCENTRATION OF SILICON 

DIOXIDE TO FORMULATE THIXOTROPIC POLOXAMER AEROSIL® A200 

GEL FOR SPARINGLY INSOLUBLE DRUG, PARACETAMOL 

3.8. INTRODUCTION 

In the study carried out in Part-I, among the three hydrophilic components, in each 

gel such as the poloxamers and isoniazid were used each at fixed concentration of 10% 

while that of the Aerosil® A200, 1-10% w/w concentration was used. In line with the 

previous studies, Walters (1991), Saeed (1992), Ellison (1995) and Benedict et al., (1997) 

the concentration of hydrophilic silicon dioxide, in this study higher concentration of 

Aerosil® A200 produced stable gels. In case of poloxamers of lower viscosity (L31), 

Aerosil® A200 concentration ≥8% and that of higher viscosity (L64) concentration ≥ 4% 

yielded stable isoniazid gels. All the stable isoniazid gels released about 100% drugs within 

3h. This indicated about 4 to 8%, and more preferably, around 8% Aerosil® A200 could 

effectively be used for the variety of poloxamers. L64 gel formulation showed fast release 

of the drugs as compared to L43 gel formulations.  

 

3.9. Research gap 

Since higher contents of Aerosil® results in phase stability of their respective gels 

and expected to increase hydrophilicity, it may promote release of drug particular with 

lesser hydrophilicity from gels. The study was extended to include a drug which is sparingly 

soluble in water using more of the poloxamers such as L31, L43, L62 and L64. It was 

further decided to use 9% silicon dioxide to make the formulation bit more hydrophilic. 

Hence in this study, paracetamol was used as 10% w/w of the respective poloxamer. The 

drug was incorporated in the gels after sifting to particle size 180-250 µm sieved by Retsch 

sieve shaker. 
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3.10. Paracetamol, the candidate drug 

Paracetamol is a white crystalline powder, sparingly soluble in water, freely soluble 

in alcohol, very slightly soluble in methylene chloride. Its melting point is 168°C-

172°C.Paracetamol, also known as acetaminophen. Chemically it is N-acetyl-p-

aminophenol (Figure 3.8) is a widely used over-the-counter analgesic and antipyretic (BP, 

2009). 

 

Figure 3.8: Structure of paracetamol (British Pharmacopeia 2009) 

 

Paracetamol is a mild analgesic and is commonly used for the relief of headache 

and other minor aches. It is a major ingredient in numerous cold and flu remedies. In 

combination with opioid analgesics, paracetamol can also be used in the management of 

severe pain such as post-surgical pain and providing palliative care in advanced cancer 

patients. Though paracetamol is used to treat inflammatory pain, it is not generally 

classified as an NSAID because it exhibits only weak anti-inflammatory activity. 

 

Paracetamol is the active metabolite of phenacetin and acetanilide, both once 

popular as analgesics and antipyretics in their own right. However, unlike phenacetin, 

acetanilide and their combinations, paracetamol is not considered carcinogenic at 

therapeutic doses. The mechanism of action of paracetamol is proposed to be the inhibition 

selectively of cyclooxygenase-2 (COX2). Because of its selectivity for COX-2 it does not 

significantly inhibit the production of the pro-clotting thromboxanes (Mycek, 1997; 

Katzung, 2004). 

http://en.wikipedia.org/wiki/Over-the-counter_drug
http://en.wikipedia.org/wiki/Analgesic
http://en.wikipedia.org/wiki/Antipyretic
http://en.wikipedia.org/wiki/Headache
http://en.wikipedia.org/wiki/Common_cold
http://en.wikipedia.org/wiki/Influenza
http://en.wikipedia.org/wiki/Opioid_analgesic
http://en.wikipedia.org/wiki/Palliative_care
http://en.wikipedia.org/wiki/NSAID
http://en.wikipedia.org/wiki/Phenacetin
http://en.wikipedia.org/wiki/Acetanilide
http://en.wikipedia.org/wiki/Carcinogen
http://en.wikipedia.org/wiki/Cyclooxygenase
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After oral administration paracetamol is rapidly absorbed from GI tract. Its volume 

of distribution is approximately 50 L. Paracetamol is metabolized primarily in the liver, 

into toxic and non-toxic products, notably by three metabolic pathways, glucuronidation 

(45-55%), sulfation (sulfate conjugation, 20–30%) and N-hydroxylation and dehydration, 

then GSH conjugation, accounts for less than 15%. In the third pathway, the hepatic 

cytochrome P450 enzyme system metabolizes paracetamol, forming a minor yet significant 

alkylating intermediate metabolite, N-acetyl-p-benzoquinone imine, that is then 

irreversibly conjugated with the sulfhydryl groups of glutathione. 

 

All three pathways yield finally inactive and non-toxic products that are excreted 

by the kidneys. The intermediate product, N-acetyl-p-benzoquinone imine is toxic and is 

primarily responsible for the toxic effects of paracetamol, which at usual doses, is quickly 

detoxified via conjugation with glutathione (Mycek, 1997; Katzung, 2004). Paracetamol 

has analgesic and antipyretic properties comparable to those of aspirin or other NSAIDs, 

its peripheral anti-inflammatory activity is usually limited by several factors, one of which 

is the high level of peroxides present in inflammatory lesions.  

 

Usual adult paracetamol oral dose for fever is 500 – 1000 mg after every 4 to 6 h. 

For pain, according to the general dosing guidelines, usal oral dose is 325 – 650 mg every 

4 to 6 h or 1000 mg every 6 to 8 h orally or rectally. 

 

3.11. AIM AND OBJECTIVES OF STUDY 

The main objective of this study was to investigate the effect of high concentration 

(9% w/w) of silicon dioxide on the phase separation and release of drug from paracetamol 

gels. Keeping in view that increased concentration of silicon dioxide will also increase the 
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thickness and the hydrophilicity of the gels and gel formulations. The objectives of the 

study were: 

1. To compare simple gels 8% w/w vs 9% w/w 

2. To compare simple gels 9% w/w and gels 9% w/w with paracetamol. 

 

3.12. MATERIALS AND METHODS 

Paracetamol was gifted by Zafa Pharmaceutical (Pvt) Ltd, Lahore. Sodium 

hydroxide (NaOH) was purchased from local market. Liquid poloxamers L31, L43, L62 

and L64 (BASF Germany) were purchased from the local supplier. 

 

3.12.1. Preparation of simple and paracetamol gels 

Simple and paracetamol gels of poloxamers of L31, L43, L62 and L64 were 

prepared using the method given in Section 3.5.2 with some changes. Aerosil® A200 

concentration was used as 9% and the paracetamol was sifted to 180-250 µm particle size. 

The paracetamol gels prepared in this study have been shown in Table 3.7. 

 

Table 3.7: Paracetamol gel prepared using different poloxamers  

Formulation Poloxamer type 

Q01 L31 

Q02 L43 

Q03 L62 

Q04 L64 

 

 

 



91 
 

3.12.2. Characterization of gels 

3.12.2.1. Evaluation of phase separation and microscopic examination 

The prepared thixotropic gel system with and without paracetamol were tested for 

phase separation according to the procedure given in the Section 3.5.3. 

3.12.2.2. Determination of drug content 

The content of paracetamol was determined in each gel prepared with respective 

poloxamers using the procedure given in Section 3.5.4 in 0.1N NaOH. Absrobance was 

taken at the λmax of 257 nm. 

 

3.12.2.3. Rheological characterization 

The gels were characterized in terms of rheology using steps given in the Section 

3.5.5. 

 

3.12.3. Assessment of the physical characteristics of the gels 

All the gels were visually inspected for consistency, mobility and turbidity. The 

constancy was noted as hard, thick or very thick, mobility and turbidity were assessed as 

no (absent) or yes (present). 

 

3.12.4. In-vitro drug release study 

Using the method given in the Section 3.5.6, in-vitro paracetamol release was 

studied for its gels with minor modifications. The absorbance of unknown samples was 

noted at λmax of 257 nm and 0.1N NaOH was used as the dissolution media. The 

concentration of paracetamol in unknown samples were determine by using calibration 

curve given in Figure 3.9. The absorbance data of the known paracetamol concentration 
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was plotted as the concentration verses absorbance to construct a calibration curve of 

paracetamol and has been shown in Figure 3.9. This calibration curve indicated the linearity 

for concentration taken in this study yielding a value of correlation co-efficient of 0.9973, 

slope as 0.0629 and intercept as 0.0193. This linear calibration curve demonstrated that 

unknown paracetamol concentrations were reliably determined in samples at wavelength 

(257 nm) within the linear range, therefore the samples were diluted appropriately, if 

required. 

 

 

Figure 3.9: Calibration curve of paracetamol at 257 nm 

 

3.12.4.1. Release kinetic study 

The release kinetic analysis was performed using the procedure given in Section 

3.5.6.1. 

 

3.12.5. Fourier transform infrared spectroscopy 

The IR spectra of the pure drug, each poloxamer, simple gel (control) and the gels 

containing paracetamol were obtained to observe any incompatibilities between 
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components and the chemical integrity of the drug in the paracetamol gels after preparation 

The gel formulations were taken in a diffuse reflectance sampler and IR spectra recorded 

by scanning in the wavelength region of 400 to 4000 cm-1 in a FTIR Spectrophotometer 

(FTIR Nicolet 6700 ZnSe optics, Thermoelectronics, USA).  

 

3.13. RESULTS AND DISCUSSION 

The simple gels of each of the poloxamer L31, L43, L62, L64 with 9% w/w 

Aerosil® (A200) were prepared to incorporate the model drugs paracetamol. The drug with 

particle size (180-250 µm) was added at the concentration of 10% w/w (Benedict, 1997) 

into the simple gel of each of the respective poloxamer (Table 3.7). The stable gels 

containing paracetamol were clear (transparent), smooth and stable immediately on 

preparation as shown in Plate 3.2.  

 

A      B 

Plate 3.2: Pictures of (A) pure paracetamol (10X), (B) paracetamol incorporated into 

simple gel prepared with L43/A200, 8% w/w (10X) 

 

3.13.1. Phase stability 

The paracetamol gel prepared using poloxamers L31 and L62 exhibited 

sedimentation in gels at 24 h (Figures 3.12A and 3.12C). In the rest of gels containing 
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poloxamers, L43, L64, drug was remained dispersed over a period of one month (Table 

3.8; Figure 3.12B and 3.12D) and thus, were carried on for the further preliminary studies 

in this chapter. 

 

Table 3.8: The sedimentation or stability data of paracetamol gels 

Formulation 

9% SIO2 

Phase separation if any, 

with time 
Remarks 

Q01 After 24 h Unstable 

Q02 No Stable 

Q03 After 24 h Unstable 

Q04 No Stable 

 

3.13.2. Drug contents in paracetamol gels 

Table 3.9 shows the content of paracetamol in the stable gels prepared using 

different poloxamers. The drug contents of all the gels were within the reported standard 

concentrations. 

 

Table 3.9: Drug contents of stable paracetamol gel 

Formulations Gels % Contents 

Q02 L43 + 9% SIO2 + 10% PCM 101.69 

Q04 L64 + 9% SIO2 + 10% PCM 96.03 

 

3.13.3. Rheological evaluation 

The three replicate rheograms of pure poloxamers and respective simple gels were 

found to be reproduceable with minor variations (SD < ± 0.006 for poloxamer and SD < ± 
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0.01 for simple gels). The observed rheological characteristics of simple gels and 

paracetamol gel prepared with respective poloxamers at 2 h and 24 h and the 1, 7 and 30 

days have been given in Figure 3.9B-3.9E. 

 

  
A B 

  
C D 

 
E 

Figure 3.10: Rheograms of (A) pure poloxamers, (B) simple gels at 2 h and 24 h 

prepared with poloxamer/A200, 9% w/w using; (B) L31, (C) L43, (D) L62, and (E) 

L64 
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3.13.3.1. Rheology of simple gels (Poloxamer/A200 9% w/w) 

The purpose of rheograms at 2 h was to standardize, further the experimental 

conditions and procedures and to compare the rheogram of 24 h to assess the formation gel 

structure which was indicated by an increase in viscosity at 24 h rheograms (Figure 3.10B 

to 3.10E). Rheograms at 7 to 30 days were obtained to observe the time dependent rheology 

in the simple gels of respective poloxamers (Figure 3.11A to 3.9D). Such study helps to 

investigate the effect of storage time and the presence of drugs on gel rheology to quantify 

the storage-dependent rheological behaviour changes which may be relevant for suitability 

of gels effecting the filling in to capsule.  

 

All the rheograms of the simple gels prepared with 9% w/w Aerosil® A200 taken at 

2 h, 24 h and then at 7, 14 and 30 days exhibited a high degree of thixotropy which was 

indicated by large area of hysteresis loop, along with plastic flow behaviour (Figures 3.11A 

to 3.11D).  

 

When the rheograms of simple gels at 2 h and 24 h were compared for each simple 

gel, an increase in apparent viscosity of the simple gels was observed as shown in Figures 

3.10B to 3.10E, which seems to indicate development of a strong gel structure between 

poloxamer and silicon dioxide. The formation of simple gels with poloxamers/A200 (9% 

w/w) caused an increase in the yield value (Table 3.12) and apparent viscosity (Table 3.10) 

as compared to respective poloxamer alone. The high values of the parameters (yield value, 

apparent viscosity) reveal a high stability of the internal structure of the gel formulation 

(Bodek, 2000). 
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A B 

  
C D 

Figure 3.11: Rheograms of simple gels at 1, 7 and 30 days containing Aerosil® A200, 

9% w/w using; (A) L31, (B) L43, (C) L62, and (D) L64 

 

The rheograms of simple gels at 7 to 30 days (Figure 3.11 to 3.11D) showed the 

time dependent rheology. The rheological profile of each gel after 24 h (i.e., 1 day) is also 

shown in (Figure 3.11A-3.11D) for comparison to that of the 7 and 30 days to observe the 

change after strong gel structure formation which was expected at 24 h. During storage for 

30 days, the simple gels made by poloxamers L31, L43, L62, L64 and 9% w/w silicon 

dioxide exhibited plastic flow along with thixotropic behaviour shown after the 

development of strong gel structure. Thus the gels were suitable for the addition of drugs 

and to be filled into capsules. It was further expected that there were no storage-dependent 

rheological behavioral changes, which may have negative impact that limits the material 

filling into capsules. 
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3.13.3.2. Rheology of paracetamol gels 

All the rheograms of the paracetamol gels containing Paracetamol taken at 2 h, 24 

h and then at 7, 14 and 30 days also exhibited a thixotropic behaviour with small area of 

hysteresis loop along with pseudoplasticity. The presence of the hysteresis loop indicates 

that a breakdown in structure has occurred and the area within the loop may be used as an 

index of the degree of breakdown or thixotropy (Figures 3.12A to 3.12D).  

 

Like the simple gels prepared with poloxamer/A200 (9% w/w,) the rheograms of 

paracetamol gels at 2 h and 24 h as compared to each simple gel of the respective 

poloxamer, revealed a slight increase in the viscosity (Figures3.12B and 3.12D) in L43 and 

L64 gels while comparing after 24 hours, except that gels containing paracetamol L31 and 

L62 in which disperse phase sedimentation was occurred within 24 h (Figure 3.12A and 

3.12C). Therefore, the thixotropic behaviour of all the gels demonstrated development of a 

gel structure between components of the gels.  

 

The most of the rheograms with paracetamol exhibited pseudoplastic behaviour (no 

yield value) (Figures 3.12A to 3.12D), furthermore these rheograms show little difference 

in apparent viscosity (ƞa) value between 2 h and 30 days storage period (Table 3.10). The 

rheograms for each poloxamer/A200 9% w/w +10% paracetamol gel formulation showed 

almost identical rheological profiles characterized by a small degree of thixotropy 

represented by a small hysteresis loop.  
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Figure 3.12: Rheogram of paracetamol gels prepared with Aerosil® A200, 9% w/w at 

2 and 24 h using; (A) L31, (B) L43, (C) L62, and (D) L64 

 

  

A B 

Figure 3.13: Rheogram of paracetamol gels prepared with Aerosil® A200, 9% w/w at 

1, 7 and 30 days using; (A) L43, and (B) L64 
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Table 3.10: Apparent viscosity, at 990 (s-1) Pa.s of the simple and paracetamol gels 

Paracetamol gels 

ƞa at shear rate at 

2 h 24 h 7 days 
14 

days 

30 

days 

L31 + 9% SIO2 1.78 1.87 1.60 1.65 1.75 

L43 + 9% SIO2 1.81 1.95 1.99 2.01 2.03 

L62 + 9% SIO2 1.98 2.30 2.05 2.12 2.20 

L64 + 9% SIO2 2.55 2.26 2.41 2.47 2.60 

L31 + 9% SIO2 + 10% PCM 3.42 3.14 2.27 2.23 2.18 

L43 + 9% SIO2 + 10% PCM 3.31 4.22 4.24 4.42 4.46 

L62 + 9% SIO2 + 10% PCM 3.27 3.16 3.14 3.13 3.01 

L64 + 9% SIO2 + 10% PCM 4.26 5.70 5.81 5.92 6.48 

 

The rheograms of paracetamol gels at 7 to 30 days (Figures 3.13A and 3.13B) 

showed the time dependent rheology. Since the gel containing paracetamol with L31 and 

L62, where shown to unstable at 24 h, the rheological behaviour of the above gels were not 

noted further. The rheological profile of each selected gel after 24 h is also shown in Figure 

3.13A and 3.13B for comparison to that of the 7 and 30 days to observe the change after 

strong gel structure formation which is reported to be at 24 h. During storage for 30 days, 

the stable gels retained their pseudoplastic flow along with the thixotropic behaviour. Based 

on the above findings, the gels with this drug (paracetamol) were considered suitable for 

their filling into the hard gelatin capsules. 
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3.13.3.2.A.  Apparent viscosity and yield values of simple and paracetamol gels 

prepared using poloxamers and A200 (9% w/w) 

Table 3.10 show the data of apparent viscosity ƞavalues at each storage time and 

suggest that the increase in apparent viscosity (ƞa) of the gels is related to viscosity of the 

original poloxamer. The (ƞa) of the gels were maintained reasonably well over the storage 

period of 30 days and although there were some variations, these were relatively small.  

The (ƞa) values were compared at the shear rate of 990 s-1 taken as highest shear rate by 

uniformly increasing shear rate from 0 to 1000 s-1over 1 min and then decreasing to zero 

over 1 min at room temperature. The viscosity of a shear thinning system (plastic and 

pseudoplastic material) can not be expressed by any single value. The viscosity of these 

system decreases with increasing rate of shear Table 3.11. 

 

In the present study, the yield value of the simple gel prepared with 9% w/w 

Aerosil® A200 were noted at 2 h (Table 3.12). The high yield value of the simple gel 

indicated that the strong structure was developed between the SiO2 and poloxamers. 

 

3.13.3.3. Rheology of simple and paracetamol gels prepared using L43/A200 

(9% w/w) and L64/A200 (9% w/w) 

The comparison of the simple gels poloxamers/A200 9% w/w of the respective 

poloxamer L43 and L64, with stable paracetamol gels at 24 h revealed increase in the 

apparent viscosities of the simple gels (Table 3.13, Figure 3.14) after the addition of the 

disperse phase (paracetamol). 
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Table 3.11: Apparent viscosities of simple gels (A200, 9% w/w) and paracetamol gels with different shear rates at 24 h 

Gels 

ƞa (Pa.s) at different shear rates 

100 200 300 400 500 600 700 800 900 990 

L31 + 9% SIO2 16.61 8.50 5.55 3.74 3.30 2.97 2.65 2.39 2.06 1.87 

L43 + 9% SIO2 16.07 8.49 5.85 4.08 3.60 2.90 2.53 2.23 2.06 1.95 

L62 + 9% SIO2 19.53 10.12 6.91 5.16 4.09 3.64 3.12 2.69 2.45 2.30 

L64 + 9% SIO2 10.97 6.91 4.97 4.12 3.74 3.24 2.92 2.61 2.41 2.26 

L31 + 9% SIO2 + 10% PCM 7.12 5.50 4.72 4.24 3.91 3.68 3.49 3.34 3.24 3.14 

L43 + 9% SIO2 + 10% PCM 10.59 8.04 6.87 6.11 5.66 5.25 4.91 4.62 4.40 4.22 

L62 + 9% SIO2 + 10% PCM 6.75 5.46 4.81 4.32 3.98 3.74 3.54 3.38 3.26 3.16 

L64 + 9% SIO2 + 10% PCM 10.41 9.07 8.20 7.502 7.06 6.73 6.39 6.10 5.82 5.70 
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Table 3.12: The yield values (Pa.s) of poloxamers, simple and paracetamol gels 

Poloxamers 

Yield values 

Poloxamers 
Simple gel 

Poloxamers/A200 9% w/w 

L31 3.59 1200 

L43 4.60 1242 

L62 4.85 395.8 

L64 7.48 613.6 

 

 
 

A B 

Figure 3.14: Comparison of simple and paracetamol gels with Aerosil® A200, 9% 

w/w, after 24 h of preparation using; (A) L43, and (B) L64 

 

3.13.3.4. Apparent viscosity of simple and paracetamol gels prepared using 

L43/A200 9% w/w and L64/A200 9% w/w 

The L43-A200 9% w/w simple gel (without disperse phase) had ƞa values of 2.89, 

2.23 and 1.95 Pa.s at shear rates 600 s-1, 800 s-1 and 990 s-1, respectively, whereas for the 

L43-A200 9% w/w gel containing paracetamol had ƞa of 5.24, 4.61 and 4.22 Pa.s were 

obtained. A percentage increase of 91.69, 106.72 and 116.41 ƞa in the presence of disperse 

phase, at shear rates 600 s-1, 800 s-1 and 990 s-1 respectively was noted and shown in Figure 

3.13 and Table 3.14. 
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Table 3.13: Increase (%) in apparent viscosity of paracetamol (180-250 µm) gels at 

600 s-1, 800 s-1 and 990 s-1 

Formulation 

% increase (ƞa) at 

600 s-1 800 s-1 990 s-1 

L43, PCM 91.69 106.72 116.41 

L64, PCM 107.71 133.33 153.55 

 

The L64-A200 9% w/w gels without disperse phase had ƞa values of 3.24, 2.61 and 

2.25 Pa.s at shear rates 600 s-1, 800 s-1 and 990 s-1, respectively, whereas for the paracetamol 

gel of L64-A200 9% w/w had ƞa 6.73, 6.09 and 5.70 Pa.s. The percentage increase of 

107.71, 133.33 and 153.55 in ƞawas observed L64 paracetamol gel in the presence of 

disperse phase, at shear rates 600 s-1, 800 s-1 and 990 s-1 respectively shown in Figure 3.14 

and Table 3.15. 

 

The rheological data of the simple gels prepared from L43 and L64 poloxamers and 

9% silicon dioxide indicated that these gels have gel network strong enough to give the gels 

thixotropic properties. The apparent viscosity of L64 gel is more than the L43 gel implying 

that the gel network is stronger in L64 gel as apparent from the wider hysteresis loop of 

L64 simple gel. 

 

On the addition of paracetamol as disperse phase in these gels, microstructural 

changes are apparent as evident from the rheological curves Figure 3.14A and 3.14B. This 

indicated that drug had some interaction with the gel network making it somewhat weaker 

and the hysteresis loop changes to standard pseudoplastic behaviour. However apparent 

viscosity of the gels increased with the addition of drug as compared to simple gel with 

both poloxamers that also demonstrates a change in the behaviour of the gels. The gels 



105 
 

remain stable with the addition of drug as apparent from the rheological curves obtained at 

various time point. This gives an evidence of stable gel networks. 

 

3.13.4. In-vitro release of drug from gels 

The drug release was assessed only on the gels which showed phase stability, i.e., 

no sedimentation until 30 days. Thus, due to the observation of sedimentation, the 

paracetamol gels prepared using the poloxamer L31 (Q01) and L62 (Q03) in 24 h were not 

carried forward for the release study. The Paracetamol release from paracetamol gels 

prepared from poloxamers, L43 and L64, is given in Table 3.14 and Figure 3.15. The 

paracetamol gels, Q02 and Q04 exhibited the first order kinetics and Fickian release (Table 

3.15). The slope values obtained from graph also revealed that the all the formulations 

showed different release rates. The paracetamol gels Q02 and Q04 showed 98.26% and 

96.48% drug release in approximately 3 h, respectively. It has previously been shown that 

the release rate of the drug from the gels is related to polyoxyethylene contents, the 

viscosity of the poloxamers (Sultana, 2013) and, from poloxamer-silicon dioxide gels 

depends on the hydophilicity of silicon dioxide and the physicochemical properties of the 

drug (Walter, 1991, 1992). Paracetamol is a drug that is sparingly soluble in water. The 

paracetamol gels were prepared using the poloxamers having different POP and POE 

components (Table1.4). The paracetamol gels, Q02 containing L43/A200 (9% w/w) 

showed the slightly higher release rate as it contains 30% POE contents and its molecular 

weight is approximately 1100 for the POP portion. Paracetamol gels, Q04 composed of 

L64/A200 (9% w/w) has 40% of POE contents and its molecular weight is approximately 

1750 for the POP portion, showed little bit slower drug release as compared to gel Q02. 

The minor difference in release rate might be due to formation of more thick and viscous 
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gel resulting from L64+Aerosil® A200 (9% w/w) which made the release of drug slower 

from the gel.  

 

Table 3.14: Percent of paracetamol released from gels prepared from different 

poloxamers containing 9% w/w Aerosil®A200 

Time 

(min) 

Percent release of paracetamol 

L43 L64 

Time Mean SD Mean SD 

0 0 0 0 0 

30 94.71 1.41 45.83 10.95 

60 95.69 1.45 84.69 7.18 

90 97.02 1.2 94.79 1.02 

120 97.48 0.92 95.44 0.74 

150 97.68 1.16 96.13 0.91 

180 98.26 1.44 96.48 0.96 

 

 

Figure 3.15: Paracetamol release from gels prepared from L43 and L64 with A200, 

9% w/w 
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Table 3.15: Kinetic parameters for paracetamol release from gel formulations 

containing poloxamers and Aerosil®A200 (9% w/w) 

Gels 
Zero order First order Higuchi Korsemeyer 

R2 K0 R2 K1 R2 KH R2 KPP n 

L31 0.9398 0.623 0.9520 0.013 0.9479 7.111 0.9822 2.511 0.717 

L43 -0.2784 0.749 0.9951 0.095 0.5619 9.147 1 88.15 0.021 

L62 0.5313 0.513 0.8845 0.01 0.9471 6.067 0.9943 14.509 0.317 

L64 0.4532 0.711 0.9841 0.026 0.8873 8.45 0.9396 20.965 0.309 

 

3.13.5. FTIR spectra 

The IR spectra of paracetamol (Figure 3.16A and 3.16B) shows all the principal 

peaks, characteristics of the pure paracetamol (Clarke, 2004). In the stable paracetamol 

gells, among the functional groups of paracetamol, i.e., benzyl and carbonyl groups (1550 

cm-1) and hydroxyl and amino groups (3450 cm-1 – 3400 cm-1), only the CH-CH (3100 cm-

1) was masked due to the higher quantity of poloxomer and silicon dioxide. 

 

  

A B 

Figure 3.16: FTIR spectra of poloxamers, SiO2, simple and paracetamol gels 

prepared using; (A) L43, and (B) L64 
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The comparative characteristic of the paracetamol gel prepared using Aerosil® 

A200 9% w/w to that of the gel formulated with 8% w/w Aerosil® A200 have been given 

in Chapter 6 Section 6.6.8. 

 

3.14. CONCLUSION – PART-II 

The rheograms of all simple gels poloxamers A200 (9% w/w) exhibited plastic flow 

alongwith thixotropy behaviour at 2 and 24 h and also at 1, 7 and 30 days. The rheograms 

of all gels containing paracetamol exhibited pseudoplastic flow along with thixotropy 

behaviour at the above period. The paracetamol gel prepared with poloxamer L31 and L62 

thickened with 9% w/w A200 showed phase separation after 24 h while those prepared 

with L43 and L64, were found to be stable over that period with minor variations in 

apparent viscosities. In vitro dissolution studies showed that all the stable formulations 

followed first order kinetics. The FTIR suggested that there were no chemical interactions 

between drug and polymers. This work suggested that the desired release of the sparingly 

soluble model drug (paracetamol) could be achieved by using hydrophilic thixotropic gel 

system prepared with liquid poloxamers and hydrophilic silicon dioxide 9% w/w. 

Rheological characteristics of these gel formulations are such that can be easily filled in 

hard gelatin capsules with no leakage. Though release of paracetamol from L43/A200 9% 

w/w and L64/A200 9% w/w at 3 h was about 100%. With the use of high concentration of 

Aerosil® A200, i.e., 9% w/w the gels were found to be more viscous. Thus, based on the 

finding of this chapter and previous studies, the concentration of Aerosil® A200 was fixed 

to 8% w/w in the further studies on metronidazole, paracetamol and the mefenamic acid. 
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CHAPTER 4 

CHARACTERIZATION AND EFFECT OF RHEOLOGY OF GEL 

AND PARTICLE SIZE OF ISONIAZID ON IN-VITRO RELEASE OF 

THE DRUG FROM CAPSULE–FILLED POLOXAMER/SILICON 

DIOXIDE GEL 

4.1. INTRODUCTION 

Satisfactory capsule filling of semisolid matrix (SSM) materials, which include 

both, the thermosoften as well as thixotropic systems have been widely researched and 

reported in literature (Walters, 1991, 1992; Ellison, Benedicts, 1997, Saeed, 1999, Kettige, 

2006). In majority of the previous studies, the factors affecting the rheology and drug 

release from the capsule filled SSM materials have, simultaneously been given. The above 

factors are grouped as the physicochemical properties of drug in the system, which is also 

called as the disperse phase, the excipients related factors, the factors related to the liquid 

vehicle which is also the continuous phase, entire formulation related and miscellaneous 

other factors. The detail of the above factors has been given in the following text. 

 

4.1.1. Physicochemical properties of drug (disperse phase) in the system 

Saeed et al., (1999) reported that along with other factors, the properties of disperse 

phase impacted the filling properties for hard gelatin capsules. The physicochemical 

properties of the disperse phase, majorly affect drug release from the hard capsules. Walters 

et al., (1995) after studying thixotropic systems filled into hard gelatin capsules showed 

that the drug release can either be immediate or controlled depending on drug 

physicochemical properties such as solubilities and the particle size. One of the main 

considerations in the development of thermosoftened formulation is the solubility of the 

drug in the molten polymer. For a dispersion of solid drug particles in the molten excipient, 
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rheology is affected by the particle size and the concentration of the disperse phase and the 

continuous phase (molecular weight, viscosity) (Kattige, 2006). 

 

Walters (1994) showed an increase in apparent viscosity and thixotropy with the 

addition of water soluble particulate drug, propantheline bromide (particle size < 50 µm) 

in gels of Miglyol 829 and silicon dioxide A200 (1-12.5% w/w) when compared with the 

gel without the drug. 

 

Ellison (1997) elaborated the above work of Walters (1994) by in Miglyol 

oils/A200 4% w/w systems containing different particulate drugs (isoniazid, propantheline 

bromide, tolbutamide and sulphaguanidine), an increase in apparent viscosity and 

thixotropy of gels in the presence of particulate disperse phase was reported. In the above 

studies, the effect of disperse phase on the capsule filling and dispersion stability was not 

investigated in detail by Walters (1994) or Ellison (1996). 

 

4.1.2. Excipients related factors 

The characterization and the factors affecting the thixotropic property were 

discussed by Lee et al., (2009). The factors affecting thixotropic properties include pH, 

temperature, polymer concentrations, types of polymer, polymer blends and addition of 

cations or excipients. The effect of the type of silicon dioxide in liquid poloxamer silicon 

dioxide gel system contributes in the rheology of gel and thus, the filling properties for hard 

gelatine capsules (Saeed et al., 1999). Hunter el al., (1982) also reported that with 

hydrophilic base, PEG 1000 thickened by Aerosil® A200 at 1%, 5% and 10% w/w 

concentration, the formulation viscosity was increased with increased of silicon dioxide 

concentration. 
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The drug release from the thixotropic systems filled into hard gelatin capsules have 

shown to be immediate or controlled release depending, along with other factors on the 

type of silicon dioxide (thickening agent) (Walters et al., 1995). Baykara and Yuksel (1992) 

reported alteration in release of oxprenolol from thixotropic formulation under the 

combined effect of the types of continuous phase (i.e., arachis oil, liquid paraffin, isopropyl 

myristate, isopropyl palmitate) and thickeners (beeswax, Aerosil® A200, Aerosil® 

hydrophob, Cutina® HR and polyethylene glycol). In the above study, the drug release from 

the formulations was shown to be adjusted by controlling hydrophobicity by using 

hydrophilic excipients which ensured the porosity and channel formation in the mass 

without damaging the thixotropic structure  

 

4.1.3. Continuous phase- (liquid vehicle) -related factors 

The use of semisolid matrix formulation permits the control of the rate of release of 

the active agent in the formulation by altering the hydrophilic-lipophilic balance of the 

matrix. Matrices of high lipophilicity having a high melting point erode slowly, thereby 

delaying the release of the active agent from the matrix. In contrast, matrices that is highly 

hydrophilic and have melting point at or near above 37C dissolve rapidly. It has been 

shown that dissolution rate for the formulations containing hydrophilic-lipophilic bases 

have the best release profile (Massik et al., 2003). Since the rheological characteristics of 

gel depends on the liquid vehicle, thus the fill ability of liquid poloxamer / silicon dioxide 

gel system in capsule depends on the properties of the liquid vehicle (Saeed et al., 1999). 

Walters et al., (1995) showed that viscosity of the liquid vehicle such as triglycerides oil 

had impact on the rate of drug release from thixotropic systems filled into hard gelatine 

capsules. For a dispersion of solid drug particles in the molten excipient, the rheology is 

affected by the properties of the continuous phase (molecular weight, viscosity) (Kattige, 
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2006). Baykara and Yuksel (1992) studied the impact of the combination of different oils, 

e.g., arachis oil, liquid paraffin, isopropyl myristate, isopropyl palmitate and thickeners, 

e.g., beeswax, Aerosil® A200, Aerosil® hydrophob, Cutina® HR and polyethylene glycols 

on the release thixotropic formulations for oxprenolol. 

 

4.1.4. Entire formulation-related factors 

There was a good correlation between satisfactory filling of molten dispersions into 

capsules and apparent viscosity of the formulation, whereas, the pronounced increase in 

apparent viscosity resulted in unsatisfactory filling (Saeed, 1999; Kattige, 2006). All the 

above factors contribute to the final properties of a gel, such as the viscosity of the gels, 

thus the filling of gels in capsule depends on drug physicochemical properties, (particle 

size) the type of excipients e.g. silicon dioxide (hydrophilic or hydrophobic) viscosity of 

the triglycerides oil or poloxamers (Walters et al., 1995; Saeed et al., 1999).  

 

Walters et al., 1992 investigated the rheological properties and drug mechanisms 

for silicon dioxide-glyceride gel systems using propantheline bromide as a model water 

soluble drug. The effects of two silicon dioxide, Aerosil® A200 (hydrophilic) and Aerosil® 

(AR 974) (hydrophobic) were used. This work demonstrated a considerable range of drug 

release which dependent on type and concentration of silicon dioxide. The drug release rate 

from a gel prepared with Aerosil® A200 decreases with an increase in Aerocil concentration 

upto 4% w/w, whereas further increase in Aerosil® concentration caused an increase in 

release rate upto a maximum at 12% w/w. In comparison Aerosil® AR 974 dramatically 

reduced drug release with an increase in concentration to a maximum rate at 4.5% w/w 

Aerosil® A200. Further increase in Aerosil AR 974 concentration did not further affect drug 

release rate. Thus relatively low percentages of hydrophobic silicon dioxide can inhibit the 



113 
 

release of a very water soluble drug propantheline bromide, whereas hydrophilic silicon 

dioxide can produce both immediate and controlled release formulations. 

 

4.1.5. Miscellaneous factors 

The miscellaneous factors affecting capsule filling and release of drug include the 

added substances in the gel system. The flow behaviour of a suspension system is not only 

dependent on the dispersed phase (particle size, shape, morphology, concentration), but 

also crucially dependent on the rheology modifiers which are currently used in 

pharmaceutical suspensions to enhance their stability. Particle factors along with polymer 

factors can act synergistically to drastically change the behaviour of a Newtonian solution 

or suspension to an extremely non-Newtonian suspension with unpredictable flow and 

stability property. This requires great care in selecting excipients and great knowledge and 

use of analytical equipment to evaluate the flow and stability of suspension systems 

(Mastropietro, 2013). 

 

4.2. Research gap 

From the above studies on the factors affecting capsule filling and on the release of 

drugs, it was observed that this studies on thixotropic gels using poloxamers of different 

solubilities were lacking. Furthermore, in this work, the previous preliminary study was 

done with limited poloxamers and the storage based stability was also not tested. In the 

previous study (Chapter 3, Part I), it was concluded that 8% concentration of Aerosil® A200 

along with 10% w/w each of poloxamer and drug was appropriate. For further work, more 

poloxamers A200 (with concentration 8% w/w) was selected to observe the influence of 

this concentration on the release of drugs with different solubilities, since use of this 

concentration resulted in stable gels with both poloxamers L31 and L64 for isoniazid over 
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a period of one month (Chapter 3, Part I). The semisolid material prepared at 8% w/w 

Aerosil® A200 concentration could be filled into hard gelatin capsule. In previous study the 

concentration of Aerosil® A200 was used as 9% w/w for preparing gel with 10% w/w 

poloxamers and for incorporation of 10% paracetamol, a sparingly water soluble drug 

(Chapter 3, Part-II). The study was carried out to access the effect of higher Aerosil® A200 

concentration (9% w/w) on the characteristics of paracetamol gel. The stable paracetamol 

gels of L43 and L64 both with 9% w/w A200 released about 10% w/w drug in 3 h. At 

concentration of silicon dioxide above 8 w/w), apparent viscosity of the gels was also 

increased so that it became difficult to fill paracetamol gels into capsules via syringes 

(Chapter 3, Part-I). Furthermore, this concentration also showed relatively a slow release 

of isoniazid. Saeed et al., (1997) reported 6% w/w A/200 concentration as appropriate to 

form gel system using different poloxamers for satisfactory filling of capsules. For further 

study, it was decided to use other poloxamers with a wide range of viscosities, molecular 

weights and ratio of POP /POE groups, solubilities, densities and pH (Saeed 1999; Kattege, 

2006). 

 

The liquid poloxamers, non-ionic surfactants of different molecular weights and 

ratios of the polyoxyethylene and polyoxypropylene (POE/POP) content and hence varied 

viscosities can be used to control the release of API’s from liquid filled hard gelatin 

capsules. Thus, the poloxamer used in this study were L31, L43, L62, L64 and L92. 

Isoniazid, the hydrazide of isonicotinic acid, is a synthetic analogue of pyridoxine. It is the 

most potent of anti-tuberculosis drug in the treatment of active tuberculosis. The detail of 

the candidate drug has already been given in Chapter 3. In the preliminary study (Chapter 

3), isoniazid was used as received. Since the particle size of the disperse phase has 

previously been reported to affect rheology the filling of the capsule, dispersion stability as 
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well as the release of the drug from the thixotropic gel system. Therefore, it was decided to 

select a particular particle size of the disperse phase (isoniazid) along with other drugs of 

varying aqueous solubilities in the further study (proceeding chapters) to observe its 

influence on rheology and dispersion stability in the gel formulations. Hence the particle 

size of isoniazid used in this part of the study was 180-250 µm which was obtained after 

sifting the commercial isoniazid.  

 

It had been observed in the previous research that particle properties (particle size) 

and polymer viscosities had great influence on the rheology and dispersion stability of the 

gels containing disperse phase of different particle sizes (Saeed et al., 1999, Kattige, 2006). 

Furthermore, the thermosoftened systems using poloxamers have already been studied for 

factors affecting the release of the drugs from the systems (Utting et el., 1996; Saeed et el., 

1999). However, the thixotropic formulation systems prepared with different poloxamers 

combined with silicone dioxide separately for isoniazid or other drugs and filled in the hard 

gelatin capsules have not been explored, the literature revealed. The above studies revealed 

that the viscosity, solubility of drugs and the poloxamers of different types were the critical 

factors and should be further studied. However, in these systems, the effect of silicon 

dioxide concentration on drug release, their rheology and dispersion stability of drugs was 

not investigated (Saeed, 1997). Henceforth, different poloxamers-silicon dioxide systems 

were developed for the isoniazid, a water soluble drug for this study. Beside 

characterization of gels, the long term stability was also carried out. 

 

4.3. AIM AND OBJECTIVES OF STUDY 

The principal aim of the present study was to investigate the effect of disperse phase 

(drugs) particle properties (selected particle size) on the rheology, dispersion stability and 



116 
 

release characteristics of the drugs from the gel formulations prepared with selected 

poloxamers with silicon dioxide (8% w/w).  

 

4.4. MATERIALS AND METHODS 

4.4.1. Drugs and Materials 

Isoniazid was gifted by Schazoo Zaka Pharmaceutical (Pvt) Ltd., Lahore, Pakistan. 

The isoniazid was separated by Retsch Sieve Shaker AS-200, (Patricle size, 180-250 µm) 

prior to its use. The liquid poloxamers (Pluronics PE/ L31, PE/ L43, PE/L62, PE/64, 

PE/L92 (BASF, Germany) were purchased from local market.  

 

4.4.2. Preparation of simple and isoniazid gels 

Thixotropic gels without drugs, labelled as control gel was prepared in total amount 

of 100 g using method reported (Sultana et al., 2013; Saeed, et al., 1999) and has been 

given in Section 3.5.2 (Chapter 3) with slight modifications. Briefly, hydrophilic silicon 

dioxide (Aerosil® A200) at the concentration of 8% w/w was incorporated separately into 

respective poloxamers including L31, L43, L62, L64 and L92 (Table 4.1) at room 

temperature using a paddle mixer (Heidolph, RZR 2051 Controlled, Germany).In the 

prepared simple gels, 10% (w/w) of isoniazid with particle size, 180-250 m was 

incorporated to the simple gel by using same procedure given in Section 3.5.2. 
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Table 4.1: Isoniazid (particle size 180-250 µm) gels corresponding to poloxamers 

types and their viscosities 

Formulation Poloxamer type 

F01 L31 

F02 L43 

F03 L62 

F04 L64 

F05 L92 

 

4.4.3. Characterization of prepared Gels 

4.4.3.1. Evaluation of phase separation and microscopic examination 

The prepared thixotropic gel systems with and without isoniazid was subjected to 

phase separation test, which was evaluated using the same method given in Section 3.5.3. 

The next study was performed only on the stable gels in terms of phase separation. 

 

4.4.3.2. Determination of drug contents in gels 

The content of isoniazid was determined in each gel prepared with respective 

poloxamer using the same procedure as given in Section 3.5.4. in water. Absorbance was 

taken at λmax of 263 nm. 

 

4.4.3.3. Rheological characterization 

Rheological characterization was performed using procedure given in Section 3.5.5 

whereby the rheograms, yield value and the apparent viscosity were noted. 
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4.4.4. In-vitro drug release studies 

Using method stated in Section 3.5.6, in-vitro isoniazid was studied for isoniazid 

gels. 

4.4.4.1. Release kinetic study 

Different kinetic equations such as zero-order, first order, Higuchi’s equation and 

Peppas equations as given in Section 3.5.6.1 were applied to interpret the release rate and 

the release mechanisms for isoniazid from the gel systems. 

 

4.4.5. Fourier transform infrared spectroscopy 

The steps given in Section 3.12.5 were used to examine the incompatibility of gel 

components. 

 

4.4.6. Long term stability studies 

Long term stability was performed only on the stable gels. For this study, the simple 

and isoniazid gels were placed in transparent glass bottles with plastic closure and capsule 

filled with drug containing gels were also kept tin glass bottles separately. and were placed 

in stability chamber (SANYO Ultra low MDF-U32V, Curio Modle: SC- 0709) at 

temperature and humidity conditions of 30°C/65% RH for 12 months. One of the box from 

the stability chamber was taken after 3, 6 and 12 months.  

 

The parameters such as phase separation, rheology and FTIR, were performed for 

simple gels. Dispersion stability, rheology, dissolution studies and FTIR were performed 

on the isoniazid gels at the interval of 3, 6 and 12 months to find any storage related change 

showing instability. 
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4.5. RESULTS AND DISCUSSION 

This work was performed to explore the rheological characteristics, dispersion 

stability and the release kinetics of isoniazid (particle size 180-250 µm) in gel formulations 

(Table 4.2). In the present study three more poloxamers such as L43, L62, L92, with 

different viscosities and molecular weight were selected in addition to L31 and L64 which 

were used in preliminary studies. Simple gels were prepared with 8% w/w concentration of 

silicon dioxide selected from the work described in Chapter 3. The gel formulations were 

prepared by incorporating 10% w/w isoniazid into each of the simple gel. Physicochemical 

properties of drugs e.g. particle size was also considered at this study. Isoniazid with 

particle size of (180-250 µm) sieved by Retsch sieve shaker was used. Simple gels and 

isoniazid gel were evaluated by different parameters like dispersion stability, rheological 

and release characteristics. The IR spectra of the pure drug, each poloxamer, simple gel 

(control) and the gels containing isoniazid were obtained to observe any incompatibilities 

between components and the chemical integrity of the drug in the gel formulations. Long 

term stability studies were also performed on gels and gel containing isoniazid prepared 

with selected poloxamers (L31, L64) at 30°C/65% RH over the period of one year. The 

percentage of Aerosil® A200 and that of the drugs were taken, respectively form Sultana, 

et al., (2013) and Ellison (1995). All the simple gels and the sifted isoniazid gels were 

smooth and stable immediately on preparation. All the simple and isoniazid gel, were 

characterized in terms of rheology, FTIR, phase separation etc. 

 

Use of thixotropic gels, with poloxamers and silicon dioxide incorporating several 

drugs of different water solubilities was supported by several researches. Walters et al., 

(1991a, 1991b, 1992a, 1992b); Saeed et al., (1996, 1997, 1999) supported the use of 

thixotropic gel systems containing a highly water soluble drug, propantheline bromide, for 
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filling hard gelatin capsules at room temperature. Howerver, instead of triglyceride oil, 

Miglyol® 829, ploxamers, such as L31, L43, L62, L64, L92 were used in this study. Use of 

silicon dioxide as thickening agent was supported by above studies by Walter as well as 

Ellison et al., (1995, 1996). Aerosil® A200 was selected as 8% w/w. Ellison's work, which 

demonstrated drug release related to the aqueous solubility of drug was the trigger for use 

of drugs of different solubilities in this study. The motivation behind the use of specified 

particle size of isoniazid 180-250 µm in the studies was obtained from the works of Saeed 

et al., (1996, 1997, 1999); Sultana et al., (2013); and Kattige et al., (2006). 

 

4.5.1. Drug contents in gels  

Table 4.2 shows the content of isoniazid (180-250 µm) in gels prepared using the 

poloxamers L31 and L64. The drug contents of all the gels were within the reported 

standard concentrationsin long term stability studies. 

 

Table 4.2: The drug content, sedimentation and stability data of isoniazid (180-250 

µm) gels 

Formulation Drug contents Phase separation with time Remarks 

F01 101.30 No Stable 

F02 99.80 No Stable 

F03 - Yes at 24 h Unstable 

F04 105.01 No Stable 

F05 92.70 No Stable 

 

4.5.2. Observation of the sedimentation 

The gels were stored at ambient temperature, in glass container with plastic closure 

and direct observations were made after 2 h and 24 h and then after 7, 14 and 30 days to 
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observe any phase separation in the gels. Phase separation or sedimentation was visually 

observed which was then confirmed by rheological assessment. All the isoniazid gels, 

except that prepared using L62, remained dispersed over a period of one month (Figure 

4.1A, 4.1B, 4.1D and 4.1E) (Figure 4.2A, 4.2B, 4.2C and 4.2D). As shown in Table 4.2, 

the isoniazid gel containing poloxamer L62 showed sedimentation at 24 h after its 

preparation (Figure 4.3C). The observation of the sedimentation in the isoniazid was 

supported by the rheograms of isoniazid gels prepared with poloxamer L62. Since the 

further studies were planned to be performed using stable formulations only, therefore the 

isoniazid (sieved) gels formulated using L31, L43, L64 and L92 were studied. 

 

4.5.3. Rheological evaluation 

Rheograms of the three replicates for each of simple gel and gels containing 

isoniazid with different poloxamers were taken after a time period of 2 h, 24 h and then at 

7, 14 and 30 days by uniformly increasing shear rate from 0 to 1000 s-1 over 1 min and then 

decreasing to zero over 1 min at room temperature. The resulting rheograms were found to 

be reproduceable with minor variations (SD < ± 0.01 for simple gel and SD < ± 0.007 for 

isoniazid gels). The observed rheological characteristics of poloxamer and each gels have 

been given below. 

 

4.5.3.1. Rheological parameters of the poloxamers under study 

The rheograms of poloxamers L31, L43, L64 and L92 were produced at 25ºC. 

Figure 4.1A show that all the above poloxamers exhibited Newtonian behaviour. 

Poloxamer viscosity values increase with the increase in molecular weight of the 

poloxamers across the poloxamer series (Table 1.4) when varies within the range of 0.1-

270 Pa.s (100 to 270000 mPa.s). This range of viscosity is suitable for filling to hard gelatin 
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capsule (McTaggart et al., 1984). Smith et al., (1990) also found that viscosity of 0.027 

Pa.s (27 mPa.s) was too low for optimum pumping and to avoid the formulation losses by 

splashing during the filling process. Hawley (1993) found that 24 Pa.s (24000 mPa.s) was 

sufficiently high to cause problems with filling. Recently Walters, (1994) filled Miglyol 

828 and Imwitor 780K, with viscosities 0.21 Pa.s (210 mPa.s) and 1.67 Pa.s (1670 mPa.s) 

at 20ºC respectively, into hard gelatin capsules, whereas Ellison (1997) also satisfactorily 

filled Miglyol oils with different viscosity in the range of 8-230 mPa.s at 25ºC. The 

viscosity of poloxamer under study was within 170 to 740 mPa.s as shown in Table 1.4. 

The reason for use of the listed poloxamers is their viscosity making them suitable for 

filling into capsules. 

 

4.5.3.2. Rheological characteristics of simple gels 

The overall aim of the rheological study of simple gels was to characterize them in 

terms of viscosity. The purpose of rheograms at 2 h was to standardize further the 

experimental conditions and procedures and to compare to the rheogram of 24 h to assess 

whether the gel structure was formed, which was indicated by an increase in viscosity at 24 

h rheograms (Figure 4.1B-4.1F). Rheograms at 7 to 30 days were obtained to observe the 

time dependent rheology in the simple gels of respective poloxamers (Figure 4.2A-4.2E). 

Such study helps to investigate the effect of storage time and the presence of drugs (disperse 

phase) on gel rheology to quantify the storage-dependent rheological behaviour changes 

which may be relevant for suitability of the addition of drugs in capsule filling. Each gel of 

100 g gel prepared separately with poloxamers L31, L43, L62, L64 and L92 with silicon 

dioxide A200 (8% w/w) were stored in glass containers with plastic closures at ambient 

temperature. The rheograms of each of the simple gel containing both, the respective 
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poloxamer and 8 % w/w silicone dioxide at 2 h, 24 h and then at 7, 14 and 30 days (Figures 

4.2A-4.2E). 

All the rheograms of the simple gels taken at 2 h, 24 h and then at 7, 14 and 30 days 

exhibited a hysteresis loop, a characteristic of the materials with plastic or pseudoplastic 

flow along with thixotropic behaviour (Figures 4.2A-4.2E). 

  
A B 

  
C D 

  
E F 

Figure 4.1: Rheograms, at 2 and 24 h of; (A) poloxamers, L31, L43, L62, L64 and 

L92, (B) simple gel prepared with L31, (C) simple gel prepared with L43, (D) simple 

gel prepared with L62, (E) simple gel prepared with L64, and (F) simple gel 

prepared with L92 
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When the rheograms of simple gels at 2 h and 24 h were compared for each simple 

gel, a slight increase in viscosity in the simple gels was observed as shown in Figures 4.1B 

to 4.1F, which seems to indicate development of a gel structure between poloxamer and 

silicon dioxide after 24 h. This phenomenon is induced by the specific arrangement of 

asymmetric molecules along the line of flow. After the formation of gel by the interaction 

of poloxamer and silicon dioxide the asymmetric arrangement in molecules would have 

been occurred. During the gel formation, hydrogen bonding between hydrophic silicon 

dioxide (Aerosil® A200) and respective ploxamers increases the viscosity and a three 

dimensional structure is formed. 

 

The rheograms of simple gels at 7 to 30 days (Figure 4.2A to 4.2E) show the time 

dependent rheology. The rheological profile of each gel after 24 h (i.e., 1 day) is also shown 

in (Figure 4.2A to 4.2E) for comparison to that of the 7 and 30 days to observe the change 

after strong gel structure formation which was expected at 24 h. During storage for 30 days, 

the simple gels made by poloxamers L31, L43, L62 and L92 with 8% w/w silicon dioxide 

exhibited plastic flow while poloxamer L64 with 8% w/w silicon dioxide exhibited 

pseudoplastic flow along with thixotropic behaviour shown after the development of strong 

gel structure. Thus the gels were suitable for the addition of drugs and to be filled into 

capsules. It was further expected that there were no storage-dependent rheological 

behaviour changes, which may have negative impact that limits the material filling into 

capsules. 
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Figure 4.2: Rheograms of simple gels at 1, 7 and 30 days prepared with; (A) L31, (B) 

L43, (C) L62, (D) L64, and (E) L92 

 

4.5.3.3. Rheological characteristics of isoniazid gels (180- 250 µm) 

All the rheograms of the gels containing isoniazid taken at 2 h, 24 h and then 7, 14 

and 30 days also exhibited a hysteresis loop demonstrating them as the materials with 

plastic or pseudoplastic flow along with thixotropic behaviour (Figures 4.3A to 4.3E and 

Figures 4.4A to 4.4D). The presence of the hysteresis loop indicates that a breakdown in 
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gel structure has occurred and the area within the loop may be used as an index of the 

degree of breakdown or thixotropy. Like the simple gels, a slight increase in the viscosity 

was observed in the rheograms of gels containing isoniazid at 2 h and 24 h (Figures 4.3A 

to 4.3E). Therefore, except in isoniazid gel prepared using poloxamer, L62, the thixotropic 

behaviour of all the gels demonstrated development of a gel structure between components 

of the gels after 24 h. A comparable rheology (plastic behaviour) with each of the gels 

containing poloxamers and 8% w/w silicon dioxide (A200) had also been observed in 

preliminary work, with the un-sieved isoniazid, where L31 and L64 were investigated by 

using silicon dioxide (1-10% w/w) (Sultana, 2013). 

 

The rheograms of isoniazid gels at 7 to 30 days (Figures 4.4A to 4.4D) showed the 

time dependent rheology. Since the isoniazid gel prepared with L62, could not retain its 

phase stability until 24 h (Figure 4.3C) the rheological behaviour of the above gel was not 

noted further. The rheological profiles of each selected gel after 24 h is also shown in 

Figures 4.4A to 4.4D for comparison to that of at 7 and 30 days to observe the change after 

formation of gel structure at 24 h. During storage for 30 days, all the selected stable gels 

retained their plastic or pseudoplastic flow along with the thixotropic behaviour. Based on 

the above findings, the gels with drugs were considered suitable for their filling into the 

hard gelatin capsules. 
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Figure 4.3: Rheograms of isoniazid (180-250 µm) gels at 2 and 24 h prepared using; 

(A) L31, (B) L43, (C) L62, (D) L64, and (E) L92 

 

Thixotropic behaviour is induced by the specific arrangement of asymmetric 

molecules along the line of flow. Thixotropic systems have the advantages of reduced 

apparent viscosity (shear thinning system) during the high shear process of mixing and 

filling followed by increased apparent viscosity after filling which will improve or 

overcome leakage problems. Thixotropic systems are usually composed of asymmetric 

particles or macromolecules which are capable of interacting by numerous secondary bonds 
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to produce a loose three- dimensional structure, so that the material is gel- like when 

unsheared. The energy imparted during shearing disrupts these bonds, so that the flowing 

elements become aligned and the viscosity falls, as a gel-sol transformation has occurred. 

When the shear stress is eventually removed the structure will tend to reform, although the 

process is not immediate and will increase with time as the molecules return to the original 

state under the influence of Brownian motion (Martin, 2006). 
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Figure 4.4: Rheograms of isoniazid (180-250 µm) gels, at 1, 7 and 30 days prepared 

using; (A) L31, (B) L43, (C) L64, and (D) L92 

 

4.5.3.4. Other rheological parameters 

Other rheological parameters tested for the poloxamers and gels included the 

viscosity, apparent viscosity (ƞa) and the yield value. In Figures 4.1B, 4.1C, 4.1D, 4.1F, 

4.2A, 4.2B, 4.2C and 4.2F, the curve represents a body that exhibits plastic flow, such 

materials are known as Bingham bodies. The curve on the plot of stress vs shear for a 
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material with plastic flow does not pass through the origin, but rather intersects the shearing 

stress axis at a particular point which is referred to as the yield value. Materials with such 

Bingham body materials which not begin to flow until a shearing stress corresponding to 

the yield value is exceeded. At stresses below the yield, the substance acts as an elastic 

material. Bingham bodies are classified as those substances that exhibit a yield value, as 

solid whereas substances that begin to flow at the smallest shearing stress and show no 

yield value are defined as liquids. Yield value is an important property of certain 

dispersions. 

 

Plastic flow is associated with the presence of flocculated particles in concentrated 

suspensions. As a result, a continuous structure is set up throughout the system. A yield 

value exists because of the contacts between adjacent particles (brought about by Van der 

Waals force), which must be broken down before flow can occur. Consequently, the yield 

value is an indication of forces of flocculation, the more flocculated the suspension, the 

higher is the yield value. Frictional forces between moving particles can also contribute to 

yield value. In effect, a plastic system resembles a Newtonian system at shear stresses 

above the yield value (Martin, 2006). 

 

In contrast to the plastic systems, the consistency curve of a pseudoplastic material 

(Figure 4.2E and Figure 4.2D) begins at the origin, indicating therefore, no yield value as 

shown in a plastic system. Furthermore, because no part of the curve is linear, the viscosity 

of a pseudoplastic material cannotbe expressed by any single value. The viscosity of a 

pseudoplastic substance decreases with increasing rate of shear and have been shown in 

Table 4.6. Pseudoplastic flow is typically exhibited by polymers in solution. The curved 

rheogram for pseudoplastic materials results from a shearing action on long-chain 
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molecules of materials such as linear polymers. As shearing stress is increased, normally 

disarranged molecules begins to align their long axes in the direction of flow. This 

orientation reduces internal resistance of the material and allows a greater rate of shear at 

each successive shearing stress, thereby decreasing apparent viscosity. 

 

4.5.3.4(a) Viscosity of poloxamers 

As indicated in Section 4.5.3.1 and Figure 4.1A to 4.1F, all the five poloxamers 

under study exhibited Newtonian behaviour and possessed a single values of viscosity at 

room temperature. The viscosity of poloxamers is shown in Table 4.3. 

 

4.5.3.4.(b)  Apparent viscosity 

The apparent viscosity (ƞa) values of simple and isoniazid gels were compared at 

the shear rate of 990 s-1, which was taken as the highest shear rate. Tables 4.4 show the 

values of apparent viscosity ƞa at each storage time and confirmed that the increase in ƞa of 

the gels was related to viscosity of the original poloxamer at shear rate 990 s-1. The ƞa of 

the gels were maintained reasonably well over the whole storage period of 30 days although 

there were some minor variations.  

 

4.5.3.4.(c)  Yield value 

In the present study, the yield values of all five poloxamers and for each gel were 

recorded once at 2 h and has been shown in Table 4.5. The apparent viscosity of the simple 

gels and the gels with isoniazid were recorded at 2 h and 24 h and then at 7, 14 and 30 day 

considering the highest shear rate of 990 s-1 (Pa.s) and is given in Table 4.4.  
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The addition of isoniazid in the simple gels caused an increase in the apparent 

viscosity (Table 4.4) and the yield value (Table 4.5). The high values of the above 

parameters revealed a high stability of the internal structure of the gel formulation (Bodek, 

2000). 

 

Table 4.3: Viscosity of poloxamers at shear rate 990 s-1 (Pa.s) at 2 h 

Poloxamer Viscosity (Pa.s) 

L31 0.26 

L43 0.31 

L62 0.33 

L64 0.50 

L92 0.62 

 

4.5.4. Comparative rheology of simple and isoniazid gels after 24 h 

The comparison of the simple gel of the respective poloxamers to gels containing 

isoniazid at 24 h revealed an increase in the apparent viscosities in gels (Figures 4.6A to 

4.6D) after the addition of the disperse phase (isoniazid). 

 

4.5.5. In-vitro release of drug from gels 

The drug release study was performed only on the gels which showed phase 

stability, i.e., no phase sedimentation until 30 days. Thus, due to the observation of 

sedimentation in isoniazid gel prepared using the poloxamer L62 (F03), in 24 h, the gel 

was not carried forward for the release study. The isoniazid release from the selected gels 

with respective poloxamers is given in Table 4.7 and Figures 4.5. The isoniazid gels 

labelled as F01, F02, F04 and F05 exhibited the first order kinetics, (Table 4.8). The slope 
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values obtained from graph also revealed that all the formulations showed different release 

rate. The isoniazid (180-250 µm) gels F01 and F04 showed 100% drug release in 

approximately 3h. The results of drug release are comparable to the preliminary 

investigations, where the gel containing 8% w/w silicon dioxide with the poloxamers L31 

and L64, released the un-sifted model drug (isoniazid) released 100% drug in 

approximately 3 h (Sultana, 2013) whereas gels labelled as F02 and F05 show 97% and 

67% released the drug in 3h, respectively.  

 

Table 4.4: Apparent viscosity of the simple and isoniazid (180-250 µm) gels at 990 s-1 

(Pa.s) 

Gels 

Viscosity at shear rate 990 s-1 (Pa.s) 

2 h 24 h 7 day 14 day 30 day 

Simple gels 

1.68 1.64 1.71 1.73 1.44 

2.14 2.19 2.24 2.24 2.16 

2.08 2.09 1.99 2.08 1.93 

2.44 2.92 3.20 3.26 3.01 

2.70 2.72 3.01 3.047 2.61 

Isoniazid gels 

2.12 19.14 1.95 1.92 2.39 

2.58 2.80 2.60 2.64 2.65 

2.62 2.52 2.50 2.45 2.25 

3.13 3.17 3.34 3.67 3.39 

4.39 4.47 4.48 4.43 4.36 
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Table 4.5: The yield values (Pa) of poloxamers under study, simple and isoniazid 

gels 

Types Ploxamers Simple gel Isoniazid gel 

L31 3.59 249.90 1019 

L43 4.60 346.50 1308 

L62 4.85 819.80 1544 

L64 7.47 186.60 1512 

L92 8.73 693.10 1367 

 

It has previously been shown that the release of the drug from the gels was related 

to the polyoxyethylene contents, the viscosity of the poloxamers (Sultana et al., 2013) and, 

from poloxamer-silicon dioxide gels depends on the hydophilicity of silicon dioxide and 

the physicochemical properties of the drug (Walter, 1991, 1992). The isoniazid gels were 

prepared using the poloxamers having different POP and POE components (Table1.2). The 

isoniazid gel, F04 containing L64-A200 8% w/w showed the highest release (100%) as it 

contains 40% POE contents and its molecular weight was approximately 1750 for the POP 

portion. Isoniazid gels, F01 composed of L31/A200 and F02, L43/A200 have 10% and 30% 

of POE contents, respectively therefore showed a slow drug release as compared to gel, 

F04. It was expected that the isoniazid gel, F05 with 20% Polyoxyethylene by virtue of 

containing L92/A200 should had exhibited the drug release in between that shown by F01 

(with POE 10%) and F04 (with POE 30%). But, the drug exhibited the slowest release from 

isoniazid gel, F05. It was expected that the contribution of the effect of POE content on the 

isoniazid from F05 gel might had surrendered against the effect of viscosity the L92. The 

poloxamer L92 has the highest viscosity of 740 Pa.s (Table 1.2) as compared to all of its 

counterparts under study. 
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Table 4.6: Apparent viscosities of simple and isoniazid (180-250 µm) gels at different shear rates at 24 h 

Gels 
Viscosity at different shear rates 

100 200 300 400 500 600 700 800 900 990 

Simple gel with Poloxamer L31 7.41 4.15 3.20 2.67 2.35 2.14 1.98 1.82 1.72 1.63 

Simple gel with poloxamer L43 9.97 5.78 4.39 3.50 2.97 2.63 2.37 2.17 2.17 1.91 

Simple gel with poloxamer L62 9.24 5.39 4.25 3.55 3.10 2.79 2.53 2.32 2.19 2.09 

Simple gel with poloxamer L64 7.21 5.85 4.9 4.19 3.86 3.59 3.41 3.22 3.06 2.92 

Simple gel with poloxamer L92 11.64 7.97 6.1 4.801 4.18 3.68 3.28 3.06 2.85 2.69 

Isoniazid gel with L31 19.14 9.49 6.27 4.78 3.82 3.40 2.93 2.68 2.46 2.35 

Isoniazid gel with L43 25.34 9.29 5.98 4.55 4.04 3.59 3.31 3.11 2.93 2.80 

Isoniazid gel with L62 20.19 8.56 5.49 4.26 3.60 3.22 2.97 2.78 2.60 2.52 

Isoniazid gel with L64 13.39 7.08 5.72 4.96 4.46 4.07 3.74 3.49 3.31 3.17 

Isoniazid gel with L92 18.94 10.29 7.82 6.77 6.15 5.62 5.22 4.85 4.70 4.47 
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Table 4.7: Percent isoniazid (180-250 µm) released from gels prepared with different 

poloxamers and 8% w/w Aerosil®A200 

Time 

(min) 

Percent isoniazid release from gels containing 

L31 L43 L62 L64 L92 

Mean SD Mean SD Mean SD Mean SD Mean SD 

0 0 0 0 0 0 0 0 0 0 0 

30 33.38 12.61 81.84 5.44 19.48 5.44 14.49 10.12 19.9 4.80 

60 59.39 14.29 94.96 9.14 32.68 9.14 68.27 34.53 34.10 5.43 

90 75.57 11.49 95.72 9.39 43.14 9.39 101.20 16.69 45.83 5.22 

120 86.13 8.51 95.77 15.53 59.87 9.38 103.89 15.53 52.31 5.11 

150 96.48 4.64 95.94 15.38 58.94 9.44 104.32 15.38 60.13 4.59 

180 100.11 2.94 97.32 15.64 66.62 10.60 104.25 15.64 67.84 2.61 

 

 

Figure 4.5: Release of isoniazid (180-250 µm) from gels prepared with different 

poloxamers and A200, 8% w/w 
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Table 4.8: Kinetic parameters for isoniazid release from different gels prepared 

from respective poloxamer and Aerosil®A200, 8% w/w 

Isoniazid Gels 

Zero order First order Higuchi 

R2 K0 R2 K1 R2 KH 

L31 0.8456 0.662 0.9885 0.016 0.9874 7.664 

L43 -0.1101 0.735 0.9927 0.055 0.6664 8.923 

L64 0.7641 0.739 0.8749 0.020 0.8661 8.544 

L92 0.9211 0.419 0.9944 0.006 0.9812 4.806 

Where R2 is the coefficient of relationship, K0 is zero order rate constant, K1 is the first 

order rate constant and KH is the Higuchi rate constant. 

 

  
A B 

  
C D 

Figure 4.6: Comparative rheograms of simple and isoniazid gels prepared with 

Aerosil® A200, 8% w/w at 24 h using; (A) L 31, (B) L43, (C) L64, and (D) L92 



137 
 

Table 4.9: Apparent viscosity of isoniazid (180-250 µm) gels at 600 s-1, 800 s-1 and 

990 s-1 

Formulation 

Increase in apparent viscosity at shear rates 

600 s-1 800 s-1 990 s-1 

L31, INH 58.41 29.8 29.44 

L43, INH 48.66 63.13 74.73 

L64, INH 13.53 8.41 8.56 

L92, INH 52.71 58.49 65.79 

L62, INH was not considered here since it was not stable over a period of one month. 

 

Figures 4.6A showed the rheograms for L31-A200 8% w/w gels and the gel 

containing disperse phase isoniazid (10% w/w) (180-250 µm) at 2 h and 24 h. For 

comparison, the results for L31-A200 8% w/w gel without disperse phase are added to the 

rheograms of gels containing disperse phase (isoniazid) at 24 hours. The comparison is 

emphasized by the percentage increase in ƞa values for gels with disperse phase noted from 

ƞa values for gels without disperse phase, shown in Table 4.9 and Figure 4.6A to 4.6D. The 

L31-A200 8% w/w gels without disperse phase had ƞa values of 2.14, 1.81 and 1.63 Pa.s at 

shear rates 600 s-1, 800 s-1 and 990 s-1 respectively, whereas for the gel containing isoniazid 

(180-250 µm) had ƞa of 3.39, 2.67 and 2.35 Pa.s were obtained. This made a percentage 

increase of 58.41, 29.8 and 29.44% in ƞa in the presence of disperse phase, at shear rates 

600 s-1, 800 s-1 and 990 s-1 respectively. 

 

The L43-A200 8% w/w gels without disperse phase had ƞa values of 2.63, 2.17 and 

1.90 Pa.s at shear rates 600 s-1, 800 s-1 and 990 s-1 respectively, whereas for the L43-A200 

8% w/w gels containing isoniazid had ƞa of 3.59, 3.11 and 2.79 Pa.s. Thus the percentage 
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increase of 36.50, 43.31 and 46.84% in ƞawas noted in the presence of disperse phase, at 

shear rates 600 s-1, 800 s-1 and 990 s-1 respectively (Figure 4.6B and Table 4.9). The gel 

made with L62-A200 8% w/w containing disperse phase isoniazid showed phase separation 

within 24 h, so percent increase was not considered in these gels. 

 

The L64-A200, 8% w/w gels without disperse phase had ƞa values 3.59, 3.22 and 

2.92 Pa.s at shear rates 600 s-1, 800 s-1 and 990 s-1 respectively, whereas for the L64-A200 

8% w/w gel containing isoniazid had ƞa of 4.07, 3.49 and 3.17 Pa.s were obtained. This 

made increase of 13.53, 8.41 and 8.56% in ƞa in the presence of disperse phase, at shear 

rates 600 s-1, 800 s-1 and 990 s-1 respectively (Figure 4.6C and Table 4.9). 

 

As shown in Figure 4.6D and Table 4.9, the L92-A200 8% w/w sample gels showed 

ƞa values of 3.68, 3.06 and 2.69 Pa.s at shear rates 600 s-1, 800 s-1 and 990 s-1 respectively, 

whereas for the L92-A200 8% w/w gel containing isoniazid had ƞa of 5.62, 4.85 and 4.46 

Pa.s. This gave an increase of 52.71, 58.49 and 65.79 ƞa in the presence of disperse phase, 

at shear rates 600 s-1, 800 s-1 and 990 s-1 respectively. 

 

4.5.6. FTIR spectra 

FTIR spectra of the pure isoniazid (Figure 4.7A to 4.7D) showed the characteristics 

peaks of the pure drug (Clarke, 2004) which were masked in the phase-stable isoniazid 

gels. The bands corresponding to N-H and C-H stretching (in region 3100 cm-1, 3000 cm-1 

to 2800 cm-1) and bands of C-O, C-N and C-C were masked by a broad peak appearing in 

a region of 1150 to 1000 cm-1. This masking of the functional groups might be due to the 

excess of poloxomer and silicon dioxide in isoniazid gels, rather than due to a chemical 

change. 
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Figure 4.7: FTIR spectra of poloxamers, SiO2, simple and isoniazid gels prepared 

using; (A) L31, (B) L43, (C) L64, and (D) L92 

 

4.5.7. Long term stability Studies 

Since long term stability was carried out only in the stable formulation thus the 

following parameters were studied for isoniazid gels prepared with L31 and L64. 

 

4.5.7.1. Phase separation  

Direct observations of sample and isoniazid gels after 24 h and 3, 6 and 12 months 

revealed no separation of the disperse phase in the gels in stability chamber (SANYO Ultra 

low MDF-U32V, Curio Modle: SC- 0709) at 30°C/65% RH. Phase separationwas then 

confirmed by using the rheograms of the gels. The drug was observed to be remained 

dispersed in all the gels, as indicated by the no phase separation over a period of twelve 

months, also shown by rheograms (Figure, 4.8A to 4.8D). 



140 
 

 

Plate 4.1: Dispersion stability of the isoniazid gel in poloxamer L31 at 3, 6 and 12 

months 

 

4.5.7.2. Drug contents 

Table 4.12 shows the content of isoniazid in gels prepared using different 

poloxamers. The drug contents of all the gels were within the reported standard 

concentrations 

 

4.5.7.3. Rheology of the gels  

Rheograms of the simple gels with poloxamer L31, L43, L64 and L92 were made 

with 8% w/w silicon dioxide showed plastic behaviour at 24 h and the same behaviour was 

retained after 3, 6 and 12 months during the long term stabilities studies (Figure4.8A to 

4.8D). The apparent viscosity ƞa of the gels were maintained reasonably well over the whole 

storage period of 12 months although there were some minor variations (Table 4.10). 

  

Rheograms of the isoniazid (sieved, particle size 180-250 µm) gel prepared with 

L31, L43, L64 and L92 (A200 8% w/w) showed plastic behaviour at 24 h and after 3, 6 and 

12 months during the long term stability studies (Figure 4.8A to 4.8D). The apparent 

viscosity ƞa of the gel formulations were maintained over the whole storage period of 12 

months although minor variations in the viscosity has been observed (Table 4.10). The 
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yield value of the simple gel and gel formulation were also noted at 24 h and after 3, 6 and 

12 months (Table 4.11). The high values of the parameters (yield value, apparent viscosity) 

reveal a high stability of the internal structure of the gel formulation (Bodek, 2000). 

  
A B 

  
C D 

Figure 4.8: Rheograms of simple gels at 2 h and 3, 6 and 12 months with poloxamers 

(A) L31 and (B) L64 and isoniazid gels prepared with (C) L31, and (D) L64 

 

Table 4.10: Apparent viscosity (ƞa) of simple and isoniazid gels at 990 shear rate 

Gels 

ƞa at 990 shear rate 

2 h 3 Months 6 Months 12 Months 

L31 + 8% SIO2 1.67 2.21 2.27 2.25 

L64 + 8% SIO2 2.44 2.92 3.12 3.01 

L31, INH 2.12 2.21 2.28 2.25 

L64, INH 3.13 3.08 3.27 3.70 
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Table 4.11: The yield values (Pa) of simple and isoniazid gels after 2 h, and 3, 6,and 

12 months of stability studies 

Gels 
Yield value 

2 h 3 Months 6 Months 12 Months 

L31+8%SIO2 249.9 1119 969 1099 

L64+8%SIO2 186.6 61.94 95.39 70.08 

L31+8% SIO2+10% INH 1019 2143 3416 1728 

L64+8%SIO2+10% INH 1512 1690 2215 1330 

 

4.5.7.4. In-vitro release of isoniazid from gels 

The drug release was performed on the isoniazid gels filled in hard gelatin capsules, 

stored in the stability chamber after 3, 6 and 12 months. The isoniazid release from the 

selected gels of isoniazid with respective poloxamers is given in Table (4.13, 4.15) and 

Figures 4.9 and 4.10) respectively. The isoniazid gels (L31 + 8% SiO2 + 10% INH) 

exhibited the first order kinetics (Table 4.14). The slope values obtained from graph also 

revealed that all the formulations at different timings showed different release rate. L31 

and isoniazid gel showed 100.11%, 88.74%,93.05% and 98.89% drug release in 

approximately 3h after 24 h and 3, 6 and 12 months respectively. The tendency of Fickian 

release have been shown by the formulations after 3, 6 and 12 months and Non Fickian 

release has been shown by the formulations after 24 h. 

 

The isoniazid gel (L64 + 8% SiO2 + 10% INH) exhibited the first order kinetics 

(Table4.16). The slope values obtained from graph also revealed that all the formulations 

at different timings showed different release rate. L64 isoniazid gel showed 104.25%, 

97.04%, 92.66% and 99.7% drug release in approximately 3 h after 24 h and 3, 6 and 12 

months respectively. L64+A200+isoniazid showed the more rapid release rate as compared 
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to L31+A200+isoniazid, which may be attributed to its high POE contents (40%) and its 

molecular weight is approximately 1750 for the POP portion. L31 has 10% of POE 

contents, which may cause a less release of the drug from L31+isoniazid formulation as 

compared to gel L64+isoniazid. 

 

It has previously been shown that the release rate of the drug from the gels is related 

to polyoxyethylene contents, the viscosity of the poloxamers (Sultana 2013) and release 

from poloxamer-silicon dioxide gels depends on the hydophilicity of silicon dioxide and 

the physicochemical properties of the drug (Walter, 1991, 1992). The isoniazid gels were 

prepared using the poloxamers having different POP and POE components. The isoniazid 

gel, containing  

 

Table 4.12: Drug contents of isoniazid gels in long term stability study 

Gels 

Drug Contents (%) 

0 Months 3 Months 6 Months 12 Months 

L31 + 8% SIO2 + 10% INH 101.30 86.10 96.20 99.82 

L64 + 8% SIO2 + 10% INH 104.01 102.2 102.2 98.87 
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Figure 4.9: Release of isoniazid from gels prepared with L31/A200, 8% w/w at 24 h 

and 3, 6 and 12 months 

 

Table 4.13: The percent isoniazid released from gels prepared from L31/A200, 8% 

w/w at 24 h and 3, 6 and 12 months 

Time 

(min) 

Percent release of isoniazid 

0 Month 3 Month 6 Month 12 Month 

Mean SD Mean SD Mean SD Mean SD 

0 0 0 0 0 0 0 0 0 

30 33.38 12.61 57.62 4.96 51.4 3.64 65.48 6.55 

60 59.39 14.29 71.17 4.59 69.96 3.23 76.89 6.66 

90 75.57 11.49 79.74 5.95 81.08 3.19 88.98 6.46 

120 86.13 8.51 81.82 7.27 89.5 3.88 93.96 6.55 

150 96.48 4.64 86.34 8.57 89.38 3.56 96.59 6.62 

180 100.11 2.94 88.74 9.63 93.05 3.96 98.89 6.58 
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Table 4.14: The kinetic parameters for isoniazid release from L31 gels at 24 h and 3, 

6 and 12 months 

Time 

(Months) 

Zero order First order Higuchi Korsemeyer 

R2 K0 R2 K1 R2 KH R2 KPP n 

0 0.8456 0.662 0.9885 0.016 0.9874 7.664 0.9896 6.107 0.547 

3 0.3376 0.634 0.931 0.02 0.882 7.568 0.9973 27.302 0.23 

6 0.5089 0.659 0.9854 0.02 0.9388 7.803 0.9906 19.313 0.31 

12 0.3477 0.71 0.9846 0.029 0.8856 8.472 0.9972 30.074 0.234 

 

 

Figure 4.10: Release of isoniazid from gels prepared with L64/A200, 8% w/w at 24 h 

and 3, 6 and 12 months 
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Table 4.15: The percent isoniazid released from gels prepared from poloxamer L64 

and 8% w/w silicon dioxide at 24 h and 3, 6 and 12 months 

Time 

(min) 

Percent release of isoniazid 

0 Month 3 Month 6 Month 12 Month 

Mean SD Mean SD Mean SD Mean SD 

0 0 0 0 0 0 0 0 0 

30 14.49 10.12 33.14 7.36 70.37 7.24 88.96 8.79 

60 68.27 34.53 75.82 22.18 83.31 4.13 97.98 3.84 

90 101.20 16.69 91.28 16.10 84.87 3.89 99.7 1.98 

120 103.89 15.53 97.80 13.01 85.60 4.42 99.7 1.98 

150 104.32 15.38 95.59 15.37 89.60 5.46 99.7 1.98 

180 104.25 15.64 97.04 15.74 92.66 7.64 99.7 1.98 

 

Table 4.16: The kinetic parameters for isoniazid release from L64 gels at 24 h and 3, 

6 and 12 months 

Time 

(Months) 

Zero order First order Higuci 

R2 K0 R2 K1 R2 KH 

0 0.7641 0.739 0.8749 0.020 0.8661 8.544 

3 0.6397 0.700 0.9688 0.021 0.9184 8.220 

6 0.0759 0.673 0.9282 0.031 0.7622 8.118 

12 -0.1806 0.762 0.9999 0.073 0.6266 9.274 

 

4.5.7.5. FTIR spectra 

FTIR spectra of the simple gels and isoniazid gels with selected poloxamers at 

different timings, i.e., 24 h, 3, 6 and 12 months was taken to observe any incompatibility 

in formulations during long terms storage times (Figure 4.11A and 4.11B and Figure 4.12A 

and 4.12B). The results showed identical IR spectra of the simple gels over the period of 

12 months. The IR spectra also showed characteristic functional groups present in isoniazid 
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and other components in the gel formulations during this period of stability studies as stated 

in Section 4.5.6 (Clarke, 2004). The N-H and C-H stretching (3100 cm-1, 3000 cm-1 to 2800 

cm-1) and bands of C-O, C-N and C-C (1150 to 1000 cm-1) were masked by a broad peak, 

might be due to the excess of poloxomer and silicon dioxide in isoniazid gels. No 

incompatibility or a strong chemical interaction between the drug and the gel component 

was found.  

 

  
A B 

Figure 4.11: FTIR spectra of simple gel prepared with Aerosil® A200 at 24 h and 3, 

6 and 12 months using; (A) L31, and (B) L64 

 

  
A B 

Figure 4.12: FTIR spectra of isoniazid gels prepared with Aerosil® A200 at 24 h and 

3, 6 and 12 months using; (A) L31, and (B) L64 
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4.6. CONCLUSION 

All the simple gels and isoniazid gels exhibited plastic or pseudoplastic flow 

alongwith thixotropy behaviour at 2 h and 24 h. Almost similar rheological behaviour was 

also shown by the stable gel formulations at 1, 7 and 30 days. The results of rheology of 

the isoniazid (180-250 µm) gel prepared by poloxamers L31 and L64 are also found 

comparable with preliminary studies. The isoniazid gels prepared with poloxamer L62 

showed phase separation after 24 h, while those prepared with L31, L43, L64 and L92 were 

found to be stable over the period of one month with minor variations in apparent 

viscosities. The gel formulations with poloxamers L92 and L64 showed the least and the 

highest release respectively. In-vitro dissolution showed that all the stable isoniazid gels 

followed first order kinetics. The FTIR suggested no chemical interaction between drug 

and polymers.  

 

In the long term stability studies on the simple isoniazid gels filled in capsules 

showed almost identical rheological behaviour over the period of 12 months. Gel 

formulation were stable in terms of dispersion stability during this period. No chemical 

interaction between drug and polymers was found. In-vitro dissolution studies showed the 

isoniazid gels followed first order kinetics. Long term stability studies suggest that at these 

temperature and humidity conditions (30°C/65% RH) the simple gel and gel formulations 

almost retained their rheological, dispersion and release characteristics over the period of 

one year. 

 

The gels prepared with liquid poloxamers and 8% w/w silicon dioxide exhibited 

shear thinning system along with thixotropy is suitable for filling into hard gelatin capsules. 

The release of drug from different formulations was function of viscosity of poloxamers, 
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polyoxyethylene and polyoxypropylene proportions of the block copolymer (poloxamers) 

and hydropillicity of silicon dioxide. It was further concluded that the release of the water 

soluble drug (e.g. isoniazid) can be modified by preparing the gels with the different 

poloxamers and silicon dioxide (Aerosil® A200).  
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CHAPTER 5 

CHARACTERIZATION AND EFFECT OF RHEOLOGY ON THE IN-

VITRO RELEASE OF SLIGHTLY SOLUBLE METRONIDAZOLE 

FROM CAPSULE-FILLED POLOXAMER/ SILICON DIOXIDE GEL 

5.1. INTRODUCTION 

From the previous study on isoniazid, a freely water soluble drug it was concluded 

that the gels prepared with liquid poloxamers L31, L43, L62, L64 and L92 and 8% w/w 

silicon dioxide exhibited shear thinning system alongwith thixotropy which was suitable 

for filling into hard gelatin capsules. The release of drug from different poloxamers gels 

was function of viscosity of poloxamers, polyoxyethylene and polyoxypropylene 

proportions of the block copolymer (poloxamers) and seems to be related to 

physicochemical properties such as the solubility of the drug. The isoniazid (180-250µm) 

gels with poloxamers L92 and L64 showed the least and highest release, of isoniazid 

respectively. Thus the study could be extended to slightly soluble drug. 

 

5.2. Research gap 

In contrast to the thermosoftened systems prepared with poloxamers studies on the 

potential of thixotropic gels to capsules (Utting et al., 1996; Saeed et al., 1999; Sultana et 

al., 2013). The thixotropic formulation systems prepared with different poloxamers 

combined with silicone dioxide for metronidazole and filled in the hard gelatin capsules 

have not been explored. Thus, if the release of the water soluble drug (e.g. isoniazid) could 

be modified by preparing the gels with the different poloxamers and silicon dioxide 

(Aerosil® A200), it was of worth to study the effect of above five poloxamers on the release 

of a slightly water soluble model drug, metronidazole. 
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5.3. Metronidazole 

Metronidazole is a white or yellowish crystalline powder and is sparingly soluble 

in water, acetone, alcohol and methyl chloride and very slightly soluble in ether. Its melting 

point is 159-163°C. Chemically metronidazole is a nitroimidazole antibiotic drug. The 

nitroimidazoles are imidazole heterocycles that have a nitro group (Figure 5.1) that is used 

to combat anaerobic bacterial and parasitic infections (BP, 2006). 

 

Figure 5.1: Structure of metronidazole (Sweetman, 2009) 

 

Metronidazole distributes well throughout body tissues and fluids. Therapeutic 

levels can be found in vaginal and seminal fluids, saliva, breast milk and cerebrospinal 

fluid. The drug is metabolized in liver by oxidation of the metronidazole side chain by 

mixed-function oxidase, followed by glucuronylation. The parent drug and its metabolites 

are excreted in the urine. The drug accumulates in severe hepatic disease.  

 

Metronidazole is the mixed amebicide of choice for treating amebic infentions; it 

kills the E. histolytica trophozoites. It is extensively used in the treatment of infections 

caused by Giardia lamblia, Trichomonas Vaginalis, anaerobic cocci and anaerobic gram-

negative bacilli for example, bacteroides species. The metronidazole is the drug of choice 

for the treatment of pseudomembranous colitis caused by the anaerobic, gram-positive 

bacillus Clostridium difficile and is also effective in the treatment of brain abscesses caused 

by these organisms. It is also used to treat giardia infections of the small intestines, amebic 
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liver abscess and dysentery, trichomonas vaginal infections and carriers of trichomonas 

(both sexual partners) who do not have symptoms of infection. The metronidazole is used 

alone or in combination with other antibiotics in treating abscesses in the liver, pelvis, 

abdomen and brain caused by susceptible anaerobic bacteria. The most common adverse 

effects are associated with the gastrointestinal tract, including nausea, vomiting, epigastric 

distress and abdominal cramps. An unpleasant, metallic taste is often experienced after the 

administration of metronidazole (Mycek, 1997; Katzung, 2004). 

 

5.4. Aim and objectives of study 

The aim of this research was to further investigate the effect of hydrophilic silicon 

dioxide concentration (8% w/w) and poloxamers of various viscosities and molecular 

weights on the rheological and release behaviour on slightly soluble model drug 

metronidazole from the poloxamers/A200 gel formulations filled into hard gelatin capsules. 

The objectives of the study are: 

 

1. To formulate thixotropic gel systems for metronidazole using Poloxamers and 

Silicon dioxide. 

2. To determine the rheological characteristics of gels using low and high shear 

techniques with and without the disperse phase. 

3. To investigate the dispersion stability of the gels containing metronidazole filled into 

hard gelatin capsule. 

4. To investigate the release of slightly soluble drug metronidazole from gels. 

5. To determine the IR spectra of the pure drug each poloxamer simple gel (control) 

and the gels containing metronidazole to observe any incompatibilities between 
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components and the chemical integrity of the drug in the gel formulation after 

preparation and over the time. 

6. To carry out the long term stability of the gels of metronidazole. 

 

5.5. MATERIALS AND METHODS 

5.5.1. Drugs and Materials 

Metronidazole was received as gift from Mediceena Pharma (Pvt) Ltd., Lahore, 

Pakistan). Hydrochloric acidof the analytical grade was purchased from local market. The 

other materials were the same and obtained from the same sources given in Section 4.4.1. 

 

5.5.2. Preparation of simple and metronidaloze gels 

Gels without metronidazole (simple gel) and metronidazole gel were prepared in 

total amount of 100 g using method reported (Sultana et al., 2013; Saeed et al., 1999) as 

given in Section 3.5.2 except few changes. Using poloxamers given in Section 4.4.1 and 

Table 5.1, the simple and metronidazole gel were prepared. Metronidazole was separated 

by Retsch Sieve Shaker AS-200, (Particle size 180-250 µm) prior to its use. 

 

Table 5.1: Metronidazole gels prepared using different poloxamers 

Formulation Poloxamer type 

M01 L31 

M02 L43 

M03 L62 

M04 L64 

M05 L92 
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5.5.3. Characterization of gels 

5.5.3.1. Evaluation of phase separation and microscopic evaluation 

The prepared thixotropic gel systems without drug (Control) and that containing 

metronidazole was investigated for dispersion stability by using the same procedure given 

in Section 3.5.3. 

 

5.5.3.2. Determination of drug contents in gels 

The content of metronidazole was determined in each gel prepared with respective 

poloxamer using spectrophotometer employing the same method given in Section 3.5.4. in 

0.1N HCl. Absorbance of metronidazole was measured at 278 nm.  

 

5.5.3.3. Rheological characterization 

Using the same instrument, experimental conditions and instrumental settings given 

in Section 3.5.5, rheogram of each poloxamer, simple gel and metronidazole gels were 

taken. The yield values and apparent viscosity for each poloxamer, of the simple gels and 

the gels containing metronidazole were noted at the predefined time intervals at set 

conditions using the same procedure given in Section 3.5.5. 

 

5.5.4. In-vitro drug release studies 

The release of metronidazole from the thixotropic gels was carried out for selected 

stable gels using the same method, instrument and conditions as given in Section 3.5.6 with 

minor alterations. The in-vitro release study for metronidazole was performed in 0.1N HCl 

solution as the dissolution media. The absorbance of the filtered sample was measured 

spectrophotometerically (T 70 UV/VIS Spectrophotometer, PG Instrument Ltd), at 278nm. 
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5.5.4.1. Calibration curve of metronidazole 

The absorbance data of the known metronidazole concentration was plotted as the 

concentration verses absorbance to construct a calibration curve of metronidazole and has 

been shown in Figure 5.2 This calibration curve indicated the linearity for concentration 

taken in this study yielding a value of correlation co-efficient of 0.9989, slope as 0.0283 

and intercept as 0.0264. This linear calibration curve demonstrated that unknown isoniazid 

concentrations were reliably determined in samples at wavelength of 278 nm within the 

linear range, therefore the samples were diluted appropriately, if required. 

 

 

Figure 5. 2: Calibration curve of metronidazole at 278 nm 

 

5.5.4.2. Release kinetic study 

Different kinetic equations such as zero-order, first order, Higuchi’s equation and 

Peppas equation were applied to interpret the release rate and the release mechanisms for 

metronidazole from the gel system as given in Section 3.5.6.1. 
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5.5.5. Fourier transform infrared spectroscopy 

The IR spectra of the pure drug, each poloxamer, simple gel (control) and the gels 

containing metronidazole were obtained using the same procedure given in Section 3.12.5 

to observe any incompatibilities between components and the chemical integrity of the drug 

in the gel formulations after preparation and over the time. 

 

5.5.6. Long term stability study 

Using the procedure given in Section 4.4.6, the parameters of the long term 

stability were assessed. 

 

5.6. RESULTS AND DISCUSSION 

This work was performed to explore the rheological characteristics, dispersion 

stability and the release kinetics of metronidazole (sieved, particle size 180-250 µm) in gel 

formulations. The gels of each of the poloxamers L31, L43, L62, L64 and L92, with 8% 

w/w Aerosil® A200 were prepared to incorporate the 10% model drug metronidazole 

(Benedict, 1997). The percentage of Aerosil® A200 and that of the drug were taken, 

respectively form Sultana et al., (2013) and Ellison (1995). All the simple gels and the gels 

containing metronidazole were smooth and stable immediately on preparation (Plate 5.1). 

All the simple gels (control) and gel containing drugs were characterized in terms of 

rheology, FTIR, phase separation etc. 

 

5.6.1. Drug contents in gels 

Table 5.2 shows the content of metronidazole (180-250 µm) in gels prepared using 

different poloxamers. The drug contents of all the gels were within the reported standard 

concentrations. 
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Plate 5.1: Metronidazole incorporated into simple gel prepared with L31/A200, 8% 

w/w (4X) 

 

Table 5.2: Drug contents of metronidazole gels 

Gels Contents of metronidazole 

L31 + 8% SIO2 + 10% MNZ 98.73 

L43 + 8% SIO2 + 10% MNZ - 

L62 + 8% SIO2 + 10% MNZ 100.23 

L64 + 8% SIO2 + 10% MNZ 98.02 

L92 + 8% SIO2 + 10% MNZ - 

 

5.6.2. Observation of the sedimentation 

Direct usual observations were made to observe any phase separation in the stored 

gels after 2 and 24 h and then after 7, 14 and 30 days. Phase separation or sedimentation 

which was then confirmed by rheological assessment of gels as shown in Table 5.3, Figures 

5.3 and 5.4. The metronidazole gel containing poloxamers L43 and L92 exhibited 

sedimentation in gels at 24 h (Figure 5.4B and 5.4E). In the rest of gels containing 
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poloxamers L31, L62, L64, drug remained dispersed over a period of one month (Figure 

5.4A, 5.4C and 5.4D) (Figure 5.3A to 5.3C) and thus, were carried on for the further studies. 

 

Table 5.3: The sedimentation data of metronidazole gels 

Formulation Sedimentation Remarks 

M01 No Stable 

M02 No Stable 

M03 Yes at 24 h Unstable 

M04 No Stable 

M05 Yes at 24 h Unstable 

 

5.6.3. Rheological evaluation 

Rheograms of simple gel and gels containing metronidazole with all poloxamers 

were taken after a time period of 2 h, 24 h, 7, 14 and 30 days by uniformly increasing shear 

rate from 0 to 1000 s-1 over 1 min and then decreasing to zero over 1 min at room 

temperature. These rheograms were reproduceable with minor variations (SD < ± 0.01 for 

simple gel and SD < ± 0.006 for simple gels). All the rheograms of the poloxamers L31, 

L43, L62, L64 and L92 are shown in Figure 5.3A to 5.3F. All the five pure poloxamers 

showed Newtonian behaviour. 

 

The viscosities of the poloxamer under study were found to be suitable for the 

present research as they are within the range of 0.1 to 270 Pa.s required for the materials to 

be filled in the hard gelatin capsules (McTaggart et al.,1984). Smith et al., (1990) reported 

viscosity of 0.027 Pa.s cause problem in optimally pumping and splashing of materials and 

thus, material/formulation losses during the filling process. On the other end, Hawley 
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(1993) found that 24 Pa.s was sufficiently high to cause problems with filling. However, in 

the present study the viscosity and consistency of the poloxamer were found suitable for 

filling into capsules. 
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E F 

Figure 5.3: Rheograms of (A) poloxamers and simple gels, at 2 and 24 h, prepared 

using; (B) L31, (C) L43, (D) L62, (E) L64, and (F) L92 
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5.6.3.1. Rheology of gels 

Each gel of 100g gel prepared separately with poloxamers L31, L43, L62, L64, L92 

with silicon dioxide A200 (8% w/w) were stored in glass containers with plastic closures 

at ambient temperature. The rheograms of each of the simple gel containing both, the 

respective poloxamer and 8 % w/w silicone dioxide at 2 h, 24 h and then 7, 14 and 30 days 

were taken. The overall aim of the rheological study was to characterize the simple gel in 

terms of viscosity. The purpose of rheograms at 2 h was to compare to the rheogram of 24 

h to assess the formation of gel structure, which was indicated by an increase in viscosity 

at 24 h rheograms. 

 

Rheograms at 7 to 30 days were obtained to observe the time dependent change in 

rheology in the simple gels of respective poloxamers. Such study helps to investigate the 

effect of storage time and the presence of drugs on gel rheology to quantify the storage-

dependent rheological behaviour changes which may be relevant for suitability of the of 

drugs filling in capsule and possibility of having over drug release. The Figures 5.4B to 

5.2E shows all the rheograms of the simple gels taken at 2 h, 24 h and then 7, 14 and 30 

days exhibited a hysteresis loop, a characteristic of the materials with plastic or 

pseudoplastic flow along with thixotropic behaviour. 

 

When the rheograms of simple gels at 2 h and 24 h were compared with each other 

for each simple gel of poloxamer thickened with silicon dioxide, a slight increase in 

viscosity was observed in all the samples as has been shown in Figures 5.4B to 5.4E. The 

thixotropic behaviour of all the simple gels demonstrated development of a strong gel 

structure between poloxamer and silicon dioxide induced by the specific arrangement of 
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asymmetric molecules along the line of flow. Furthermore, hydrogen bonding increases the 

viscosity and a three dimensional structure is formed during the gel formation. 
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Figure 5.4: Rheograms of simple gel, at 1, 7 and 30 days prepared using; (A) L31, 

(B) L43, (C) L62 (D) L64, and (E) L92 

 

The rheograms of simple gels at 7 to 30 days (Figures 5.4A to 5.4E) show the time 

dependent rheology. The rheological profile of each gel after 24 h is also shown in Figure 

5.2 for comparison to that of the 7 and 30 days to observe the change after strong gel 
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structure formation which was expected at 24 h. During storage for 30 days, the simple gels 

made by poloxamers L31, L43, L62, L92 and 8% w/w silicon dioxide exhibited plastic 

flow while poloxamer L64 and 8% w/w silicon dioxide demonstrate pseudoplastic flow 

along with thixotropic behaviour shown after the development of strong gel structure. Thus 

the gels were found suitable for the incorporation of drugs. Furthermore, no storage-

dependent rheological behaviour changes were expected, which may limit the material 

filling into capsules. 

 

5.6.3.2. Rheology of metronidazole (particle size 180- 250 µm) gels 

All the rheograms of the metronidazole gels taken at 2 h, 24 h and then 7, 14 and 

30 days also exhibited a hysteresis loop demonstrating them as the materials with plastic 

flow along with thixotropic behaviour. The presence of the hysteresis loop indicates that a 

breakdown in structure and the area within the loop may be used as an index of the degree 

of breakdown or thixotropy (Figures 5.3). Like the simple gels, the rheograms of gels 

containing metronidazole at 2 h and 24 h compared to each simple gel of the respective 

poloxamer, revealed a slight increase in the viscosity (Figures 5.5A, 5.5B, 5.5D) in all the 

gels, except that containing metronidazole, prepared with L43 and L92 (Figure,5.5B, 5.5E). 

Therefore, except in metronidazole gel prepared in L43 and in L92, the thixotropic 

behaviour of all the gels demonstrated development of a strong gel structure between the 

components of the gels. 

 

The rheograms of gels containing metronidazole at 7 to 30 days (Figures 5.6) show 

the time dependent rheology. Since the gel containing metronidazole with L43 and L92, 

where shown to unstable at 24 h, the rheological behaviour of the above gels were not note 

further. The rheological profile of each selected gel after 24 h (1 day) is also shown in 
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Figures 5.6 for comparison to that of the 7 and 30 days to observe the change after strong 

gel structure formation at 24 h. During storage for 30 days, all the selected gels retained 

their plastic flow along with the thixotropic behaviour. 
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Figure 5.5: Rheograms of metronidazole gels at 2 and 24 h prepared using;(A) L31, 

(B) L43, (C) L62, (D) L64, and (E) L92 

 

Based on the above findings, the gels with drug were considered suitable for their 

filling into the hard gelatin capsules. This is because the thixotropic system has the 



164 
 

advantages of reduced apparent viscosity (shear thinning system) during the high shear 

process of mixing and filling followed by increased apparent viscosity after filling which 

will improve or overcome leakage problems.  

 

Thixotropic systems are usually composed of asymmetric particles or 

macromolecules which are capable of interacting by numerous secondary bonds to produce 

a loose three- dimensional structure, so that the material is gel- like when unsheared. The 

energy imparted during shearing disrupts these bonds, so that the flowing elements become 

aligned and the viscosity falls, as a gel-sol transformation has occurred. When the shear 

stress is eventually removed the structure tend to reform, although the process is not 

immediate and will increase with time as the molecules return to the original state under 

the influence of Brownian motion (Martin, 2006).  

 

  
A B 

 
C 

Figure 5.6: Rheograms of metronidazole gels at 1, 7 and 30 days prepared using; (A) 

L31 (B) L62, and (C) L64 
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5.6.3.3. Other rheological parameters 

a) Apparent viscosity: The apparent viscosity (ƞa) was compared at the shear rate of 990 

s-1 taken as highest shear rate by uniformly increasing shear rate from 0 to 1000 s-1 over 

1 min and then decreased to zero over 1 min at room temperature. Tables 5.5 shows the 

values of apparent viscosity (ƞa) at each storage time and confirm that the increase in 

ƞa of the gels is related to viscosity of the original poloxamer. The apparent viscosity 

(ƞa) of the gels were maintained reasonably well over the whole storage period of 30 

days and although there were some variations, these were small. The addition of 

metronidazole in the simple gels caused an increase in the yield value (Table 5.5) and 

apparent viscosity (Table 5.4) respectively. The high values of the parameters reveal a 

high stability of the internal structure of the gel formulation. 

 

Table 5.4: Apparent viscosity of the simple and metronidazole gels  

Gels 
Viscosity at shear rate 990 s-1 (Pa.s) 

2 h 24 h 7 day 14 day 30 day 

Simple gels 

1.67 1.64 1.70 1.73 1.44 

2.13 2.19 2.24 2.24 2.16 

2.08 2.09 1.99 2.08 1.93 

2.44 2.92 3.20 3.26 3.01 

2.70 2.72 3.01 3.03 2.61 

Metronidazole gel 

1.967 2.12 1.97 1.96 1.99 

2.28 2.08 2.00 2.24 2.11 

2.154 2.28 2.22 2.26 2.28 

3.117 3.13 3.18 3.25 3.22 

4.128 3.95 3.08 3.71 3.58 
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b) Yield value: In Figures 5.3B, 5.3C and 5.3D the curve represents plastic flow plastic 

flow curves do not pass through the origin, but rather intersect the shearing stress axis 

at a particular point called to as the yield value. The plastic materials (Bingham body) 

not begin to flow until a shearing stress corresponding to the yield value is exceeded. 

At stresses below the yield, the substance acts as an elastic material.  

 

Plastic flow is associated with the yield value exists because of the contacts 

between adjacent particles (brought about by Van der Waals force) making a 

continuous structure throughout the system in the presence of flocculated particles in 

concentrated suspensions. This structure must be broken down before flow can occur. 

Consequently, the yield value is an indication of forces of flocculation, the more 

flocculated the suspension, the higher will be the yield value. Frictional forces between 

moving particles can also contribute to yield value. In effect, a plastic system resembles 

a Newtonian system at shear stresses above the yield value (Martin). 

 

c) Pseudoplastic flow and yield value: Pseudoplastic flow is typically exhibited by 

polymers in solution andin contrast to plastic systems, the consistency curve for a 

pseudoplastic material begins at the origin. Therefore, there is no yield value as there 

is in a plastic system. Furthermore, because no part of the curve is linear, the viscosity 

of a pseudoplastic material cannotbe expressed by any single value. The viscosity of a 

pseudoplastic substance decreases with increasing rate of shear. 

 

The curved rheogram for pseudoplastic materials results from a shearing action 

on long-chain molecules of materials such as linear polymers. As shearing stress is 

increased, normally disarranged molecules begins to align their long axes in the 
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direction of flow. This orientation reduces internal resistance of the material and allows 

a greater rate of shear at each successive shearing stress, thereby decreasing apparent 

viscosity. 

 

In the present study, the yield values of all five poloxamers and for each gel 

were recorded once at 2 h and has been shown in Table 5.5. 

The viscosity of the simple gels and the gels with or metronidazole were recorded at 2 

h and 24 h and then at 7, 14 and 30 day considering the highest shear rate of 990 s-1 

(Pa.s) and is given in Table 5.4. 

 

Table 5.5: Yield values of poloxamers under study, simple and metronidazole gels 

Ploxamers Simple gel 
Metronidazole 

gel 

L31 3.59 249.9 1600.0 

L43 4.60 346.5 636.8 

L62 4.85 819.8 1051.0 

L64 7.47 186.6 1215.0 

L92 8.73 693.1 609.1 
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Table 5.6: Apparent viscosities of simple gels (A200, 8% w/w) and metronidazole gels at different shear rates. 

Gel 

Apparent viscosities at different shear rates 

100 200 300 400 500 600 700 800 900 990 

Simple gel with Poloxamer L31 7.41 4.15 3.20 2.67 2.35 2.14 1.98 1.81 1.72 1.63 

Simple gel with poloxamer L43 9.97 5.78 4.39 3.50 2.97 2.63 2.37 2.17 2.17 1.90 

Simple gel with poloxamer L62 9.24 5.39 4.25 3.55 3.10 2.79 2.53 2.32 2.19 2.08 

Simple gel with poloxamer L64 7.21 5.85 4.90 4.19 3.85 3.59 3.41 3.22 3.06 2.92 

Simple gel with poloxamer L92 11.64 7.97 6.10 4.81 4.17 3.68 3.28 3.06 2.85 2.69 

Metronidazole gel withL31 13.44 6.92 5.03 3.90 3.30 2.89 2.56 2.34 2.22 2.12 

Metronidazole gel withL43 5.87 4.09 3.35 2.94 2.66 2.47 2.33 2.23 2.15 2.08 

Metronidazole gel withL62 11.41 6.18 4.64 3.78 3.27 2.95 2.71 2.52 2.39 2.28 

Metronidazole gel withL64 11.74 6.82 5.57 4.82 4.27 3.94 3.63 3.40 3.25 3.13 

Metronidazole gel withL92 11.28 7.79 6.35 5.67 5.24 4.84 4.54 4.29 4.10 3.95 

 



169 
 

5.7. In-vitro release of drug from gels 

The metronidazole, release study, like that of isoniazid was assessed only in the gels 

which showed gel stability, i.e., no phase sedimentation until 30 days. Therefore, the release 

of gel formulation M02 (containing poloxamers L43) and M05 (formulated with 

poloxamers L92) was not studied because the occurrence of sedimentation (Figure 5.5) in 

24 h. The metronidazole release data profiles are given in Table 5.7 and Figures 5.5, 

respectively. Based on the percent metronidazole, the release kinetics for the selected 

metronidazole gels, determined by regression coefficient, R2 is shown in Table 5.8. The 

gels, M01, M03 and M04 exhibited first order kinetics. The slope values obtained from 

graph revealed that all the above gels showed different release rates of metronidazole. The 

metronidazole gels M01 and M04 showed 100%, while M03 exhibited 50% release in 3h. 

Similar to that of isoniazid release from poloxamer-silicon dioxide gel, the release rate of 

the metronidazole from the gels was also affected by POE contents and the viscosity of the 

poloxamers. The release of drugs from poloxamer-silicon dioxide gels has also been related 

to the hydophilicity of silicon dioxide and the physicochemical properties of the drug 

(Walter, 1991, 1992).  

 

The metronidazole gel M04 (which was prepared using the L64/A200 (8% w/w) 

showed the highest release of the drug since it contains 40% POE contents and its molecular 

weight is approximately 1750 for the POP portion. On the other hand, metronidazole gel, 

M03 (prepared using L62/A200 (8% w/w), showed slowest release (50%) as compared to 

M01 (L31/A200 (8% w/w) + 10% w/w + metronidazole) which showed 100% release in 3 

hours containing 20% and 10% POE contents, respectively. 
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Table 5.7: Percent of metronidazole released from gels prepared from different 

poloxamers containing 8% w/w silicon dioxide 

Time 

(min) 

Percent metronidazole release from gels containing 

L31 L62 L64 

Mean SD Mean SD Mean SD 

0 0 0 0 0 0 0 

30 40.98 2.57 21.41 6.11 75.54 13.77 

60 65.27 3.61 32.56 8.08 101.02 5.55 

90 81.72 7.45 40.88 9.46 102.97 3.65 

120 91.76 6.37 43.82 10.42 101.96 3.54 

150 98.98 2.68 50.58 9.96 105.88 3.7 

180 100.64 2.08 50.21 11.72 106.39 3.67 

 

 

Figure 5.7: Metronidazole release from gels prepared with L31, L62 and L64 
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Table 5.8: Release kinetic parameters of metronidazole gels 

Metronidazole 

Gels 

Zero order First order Higuchi 

R2 K0 R2 K1 R2 KH 

L31 0.7516 0.690 0.9932 0.019 0.9860 8.052 

L43 -0.1912 0.369 0.2137 0.006 0.6153 4.489 

L62 0.7457 0.344 0.8947 0.005 0.9872 4.017 

L64 0.1107 0.792 0.9849 0.051 0.7767 9.546 

L 92 0.8447 0.469 0.9839 0.008 0.9860 5.428 

Where R2 is coefficient of relationship, K0 is zero order rate constant, K1 is the first order 

rate constant and KH is Higuchi rate constant 

 

5.7.1.1. Comparative rheology of simple and metronidazole gels 

There is an increase in the apparent viscosities of the simple gels (Figures 5.8A to 

5.8C) was noted after 2 h and on the addition of the disperse phase (metronidazole). 

  
A B 

 
C 

Figure 5.8: Rheograms of simple and metronidazole gel at 24 h prepared using; (A) 

L31, (B) L62, and (C) L64 
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Table 5.9: Apparent viscosity of metronidazole (180-250 µm) gels at 600 s-1, 800 s-1 

and 990 s-1 

Formulation 

Increase in apparent viscosity at shear rate 

600 s-1 800 s-1 990 s-1 

L31, MNZ 35.04 30.94 29.44 

L62, MNZ 15.41 19.39 21.15 

L64, MNZ 9.74 5.59 6.84 

L43, MNZ and L92, MNZwere not considered here since these were not stable over a 

period of one month. 

 

Figures 5.5A showed the rheograms for L31-A200 8% w/w gels containing 

metronidazole (180-250 µm) at 2 h and 24 h. For comparison, the rheogram of simple gel 

L31-A200 8% w/w are added to the rheograms of metronidazole gels at 24 h. The L31-

A200 8% w/w simple gels had ƞa values of 2.14, 1.81 and 1.63 Pa.s at shear rates 600 s-1, 

800 s-1 and 990 s-1 respectively, whereas for the gel containing metronidazole had ƞa of 

2.89, 2.34 and 2.11 Pa.s were obtained. This gave a percentage increase of 35.04, 30.94 

and 29.44% in ƞa in the presence of disperse phase, at the above respectively. 

 

The L62-A200 8% w/w gels without disperse phase had ƞa values 2.79, 2.32 and 

2.08 Pa.s at shear rates 600 s-1, 800 s-1 and 990 s-1 respectively, whereas for the L62-A200 

8% w/w gel containing metronidazole had ƞa of 3.22, 2.77 and 2.52 Pa.s. This showed 

percentage increase of 15.41, 19.39 and 21.15% in ƞa in the presence of disperse phase, at 

shear rates 600 s-1, 800 s-1 and 990 s-1 respectively (Table 5.9, Figure 5.6). 

 

The L64-A200 8% w/w gels without disperse phase had ƞa values 3.59, 3.22 and 

2.92 Pa.s. Gelthat contain metronidazole yielded ƞa of 3.94, 3.40 and 3.12 Pa.s. This 
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indicated percentage increase of 9.74, 5.59 and 6.84% in ƞa in the presence of disperse 

phase, at shear rates 600 s-1, 800 s-1 and 990 s-1 respectively (Table 5.9, Figure 5.7). 

 

5.7.1.2. FTIR spectra 

The IR spectra of metronidazole (Figure 5.9A to 5.8C) have shown all the principle 

peaks, characteristics of the pure (undecomposed/interacted) metronidazole (Clarke, 2004). 

However, in all the phase-stable metronidazole gels prepared employing respective 

poloxamer masked the bands in 3000 to 2850 cm-1 corresponding to the OH, CH-CH 

stretching and bands in 1100 to 1000 cm-1 corresponding to CN, C-C, NO. The masking 

was due to the combined effect of the bands of ploxomers and silicon dioxide in the above 

regions, which was not due to any chemical interaction between metronidazole and the 

components of gels/ploxomers rather due to a higher concentration of the ploxomer and 

silicon dioxide. 
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C 

Figure 5.9: FTIR spectra of poloxamers, SiO2, simple and metronidazole gels 

prepared using; (A) L31, (B) L62, and (C) L64 

 

5.7.2. Long term stability study 

5.7.2.1. Phase separation  

The long term phase separation study was carried out in gels prepared using L31 

and L64 which produced stable gels and for slightly soluble drug showed increase release 

which is usually required for such drugs. The simple gels and gel containing drugs were 

placed in boxes labeled as 3, 6 and 12 months for keeping them in stored in stability 

chamber (SANYO Ultra low MDF-U32V, Curio Model: SC- 0709) at of 30°C/65%RH and 

observed after 24 h and 3, 6 and 12 months for any phase separation in the gels. Phase 

separationwas then confirmed by using the rheograms of the gels containing, 

metronidazole. The drug was observed to be remained dispersed in all the gels, as indicated 
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by the no phase separation over a period of twelve months, also shown by rheograms 

(Figure 5.10A and 5.10B). 

 

 

Plate 5.2: Dispersion stability of metronidazole gels in poloxamers L64 at 3, 6 and 12 

months 

 

5.7.2.2. Rheology of metronidazole gel 

Rheograms of the gel containing metronidazole (10% w/w) prepared with L31, L64 

(A200 8% w/w) showed plastic behaviour at 24 h and after 3, 6 and 12 months during the 

long term stability studies (Figure 5.10A and 5.10B) The apparent viscosity ƞa of the gel 

formulations were maintained over the whole storage period of 12 months although minor 

variations in the viscosity has been observed (Table 5.10). The high values of apparent 

viscosity and yield value revealed a high stability of the internal structure of the gel 

formulation (Bodek, 2000). 

 



176 
 

  
A B 

Figure 5.10: Rheograms of metronidazole (180-250 µm) gels at 2 h and 3, 6 and 12 

month prepared using; (A) L31, and (B) L64 

 

Table 5.10: Apparent viscosity (ƞa) of metronidazole gels at 990 shear rate 

Gels 
ƞa at 990 shear rate 

24 h 3 Months 6 Months 12 Months 

L31, MNZ 1.97 2.21 2.19 2.21 

L64, MNZ 3.12 3.23 3.18 3.21 

 

Table 5.11: The yield values ofmetronidazole gels at 24 h and 3, 6 and 12 months of 

stability studies 

Gels 24 h 3 Months 6 Months 12 Months 

L31+ 8% SIO2+10% MNZ 1600 1680 1541 1660 

L64+ 8% SIO2+10% MNZ 1215 2448 1587 1527 

 

5.7.2.3. Drug contents 

Table 5.12 shows the content of isoniazid in gels prepared usingthe poloxamers 

L31and L64. The drug contents in long term stability studies of all the gels were found to 

be within the reported standard concentrations. 
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Table 5.12: Drug contents in metronidazole gels in long term stability study 

Gels 

Drug Contents (%) 

0 month 3 Months 6 Months 12 Months 

L31 + 8% SIO2 + 10% MNZ 98.73 74.20 95.66 97.96 

L64 + 8% SIO2 + 10% MNZ 98.02 104.90 101.40 99.44 

 

5.7.3. In-vitro release of drug from gels 

The metronidazole release from the selected gels of metronidazole with respective 

poloxamers is given in Table 5.14 and 5.15; Figures 5.11, 5.12. The metronidazole gels 

prepared with (L31 + 8% SiO2) exhibited the first order kinetics (Table 5.13, Figure 5.11). 

L31+ metronidazole gel showed 100.64%, 82.02%, 63.39% and 74.36% drug release in 

approximately 3 h after 24 h and 3, 6 and 12 months respectively (Table 5.13). The 

tendency of non Fickian release have been shown by the formulations after 3, 6 and 12 

months andFickian release by the formulations after 24 h (Table 5.14). 

 

The metronidazole gel (L64 + 8% SiO2+10% MNZ) exhibited the first order 

kinetics (Table 5.15, Figure 5.12). L64+ metronidazole gel showed 106.39%, 98.98%, 

91.56% and 87.83 % drug release in approximately 3 h after 24 h and 3, 6 and 12 months 

respectively (Table 5.16). 

 

Similar to that of isoniazid release from poloxamer-silicon dioxide gel, the release 

rate of the metronidazole from the gels was affected by POE contents and the viscosity of 

the poloxamers. Hydrophilicity of silicon dioxide and the physicochemical properties of 

the drug (Walter, 1991, 1992). The metronidazole gel (which was prepared using the 

L64/A200 (8% w/w) showed a rapid release of the drug which may be due to its POE 
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contents (40%) and its molecular weight is approximately 1750 for the POP portion. On 

the other hand, metronidazole gel, (L31+A200+ metronidazole) which showed less rapid 

release may be due to its less POP contents (10%). 

 

Table 5.13: Percent metronidazole release from gels prepared using L31 at 24 h, 3, 6 

and 12 months 

Time 

(min) 

Percent release of isoniazid 

0 month 3 month 6 month 12 month 

Mean SD Mean SD Mean SD Mean SD 

0 0 0 0 0 0 0 0 0 

30 40.98 2.57 32.31 2.57 23.63 1.84 33.61 3.65 

60 65.27 3.61 52.51 5.21 39.74 4.41 50.04 5.15 

90 81.72 7.45 65.68 6.29 49.63 4.82 57.62 2.69 

120 91.76 6.37 73.52 5.15 55.27 4.72 66.00 3.62 

150 98.98 2.68 78.95 2.69 58.91 5.21 71.12 2.46 

180 100.64 2.08 82.02 2.46 63.39 6.29 74.36 3.29 

 

Table 5.14: The kinetic parameters for metronidazole release from L31 gels at 24 h 

and 3, 6 and 12 months 

Time 

(Months) 

Zero order First ordre Higuchi Korsemeyer 

R2 K0 R2 K1 R2 KH R2 KPP n 

0 0.7516 0.690 0.9932 0.019 0.9860 8.052 0.9878 9.759 0.460 

3 0.7649 0.555 0.9890 0.011 0.9879 6.475 0.9890 7.488 0.470 

6 0.7851 0.421 0.9491 0.007 0.9894 4.898 0.9896 5.239 0.486 

12 0.7083 0.503 0.9503 0.009 0.988 5.889 0.9961 8.705 0.418 
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Figure 5.11: Release of metronidazole from gels prepared using L31/A200, 8% w/w 

at 24 h and 3, 6 and 12 months 

 

 

Figure 5.12: Release of metronidazole from gels prepared with L64/A200, 8% w/w at 

24 h and 3, 6 and 12 months 
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Table 5.15: The percent metronidazole released from gels prepared from L64/A200, 

8% w/w at 24 h and 3, 6 and 12 months 

Time 

(min) 

Percent release of isoniazid 

0 month 3 month 6 month 12 month 

Mean SD Mean SD Mean SD Mean SD 

0 0 0 0 0 0 0 0 0 

30 75.54 13.77 59.84 4.49 44.13 12.48 54.29 10.41 

60 101.02 5.55 86.24 5.47 71.46 16.79 72.36 5.90 

90 102.97 3.65 93.44 5.31 83.91 8.79 79.73 5.88 

120 101.96 3.54 95.45 5.88 88.94 6.40 83.08 4.49 

150 105.88 3.70 98.21 10.41 90.54 6.59 85.64 5.47 

180 106.39 3.67 98.98 5.90 91.56 6.77 87.83 5.31 

 

Table 5.16: The kinetic parameters for metronidazole release from L64 gels at 24 h 

and 3, 6 and 12 months 

Time 

Zero ordre First order Higuchi 

R2 K0 R2 K1 R2 KH 

24 h 0.1107 0.792 0.9849 0.051 0.7767 9.546 

3 MON 0.3311 0.725 0.9988 0.031 0.8717 8.664 

6 MON 0.5521 0.658 0.9920 0.019 0.9381 7.782 

12 MON 0.3592 0.632 0.9425 0.019 0.8888 7.542 

 

5.7.3.1. FTIR spectra 

FTIR spectra of the gel containing metronidazole with selected poloxamers have 

been observed at different timings i.e. 24 h, 3, 6 and 12 months. These observations were 

compared to observe any incompatibility in formulations during long terms storage times 

given in (Figure 5.13A and 5.13B). The IR spectra showed characteristic functional groups 
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of metronidazole and other components in the gel formulations during this period of 

stability studies. The principal peaks of metronidazole remained intact in the phase 

metronidazole gels (Clarke, 2004). As stated in Section 5.7.1.2, the bands at3000 to 2850 

cm-1 corresponding to the OH, CH-CH stretching, and bands in 1100 to 1000 cm-1 

corresponding to CN, C-C, NO. were shown to be masked. This masking of the functional 

group was due to the combined effect of the bands of ploxomers and silicon dioxide in the 

above regions, but not due to any interaction between metronidazole and the components 

of gels/ploxomers but rather due to a higher concentration of the ploxomer and silicon 

dioxide.  

 

  
A B 

Figure 5.13: FTIR spectra of metronidazole gels at 24 h and 3, 6 and 12 months 

with; (A) L31, and (B) L64 

 

5.8. CONCLUSION 

The rheograms of gels containing slightly soluble metronidazole with particle size 

of 180-250 µm exhibited plastic or pseudoplastic flow along with thixotropy behaviour at 

2 h and 24 h. Only the metronidazole gels prepared with poloxamer, L31, L62 and L64 

were found to be stable over the period of one month with minor variations in apparent 

viscosities. The stable gels with poloxamers L31 and L64 showed the fast release of the 

drug (100%,106%) respectively, as compared to L62 (50%) in 3 hours. In vitro dissolution 
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studies showed that the selected stable formulations followed first order kinetics. The FTIR 

suggested that there was no chemical interaction between drug and polymers. 

 

Over the period of 12 months of the stability, the rheological behaviour of the 

metronidazole gels was identical to that of noted at 2 h after the preparation. They were 

stable in terms of dispersion stability during this period and no interaction between drug 

and polymers was found. In vitro dissolution studies showed that all the stable 

metronidazole gels followed first order kinetics. Long term stability studies suggest that at 

30°C/65% RH the metronidazole gels almost retained their rheological, dispersion and 

release characteristics over the period of one year. This work suggested that release of the 

slightly soluble model drug, metronidazole could be enhanced by using hydrophilic 

thixotropic gel system prepared with liquid poloxamers (i.e. L31 and L64) and silicon 

dioxide 8% w/w, rheological characteristics of theses gels are such that can be easily filled 

in hard gelatin capsules with no leakage. 
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CHAPTER 6 

RHEOLOGICAL CHARACTERIZATION AND ITS EFFECT ON THE 

IN-VITRO RELEASE OF PARACETAMOL FROM 

POLOXAMER/SILICON DIOXIDE GEL FILLED CAPSULE 

6.1. INTRODUCTION 

In the previous part of the study, gels containing highly water soluble drug, 

isoniazid (Chapter 3 and 4) and slightly soluble drug metronidazole (Chapter 5), both with 

particle size of 180-250 µm exhibited plastic or pseudoplastic flow along with thixotropy 

behaviour. This behaviour was retained in most of the stable gels, up to one year of 

accelerated study. The poloxamers were able to control release of the drug. Furthermore, 

the gels were found to be appropriate in terms of dispersion stability, rheology, release and 

compatibility of gel components over the period of 12 months under accelerated conditions 

of temperature and humidity (30°C/65% RH). The gels were also found appropriate for 

filling into hard gelatin capsules which did not show any leakage thereafter it’s filling. This 

work also suggested that the release of the slightly soluble model drug, metronidazole could 

be enhanced by using hydrophilic thixotropic gel system prepared with liquid poloxamers 

and hydrophilic silicon dioxide 8% w/w.  

 

6.2. Research gap 

Keeping the above, it was decided to find the effect of the factors studied in previous 

Section on the release of another drug with sparingly soluble drug. In this regards, 

paracetamol was selected in this part of study to find the effect of the viscosity of 

poloxamers and the solubility of drug on the characteristics of the gel formulation studied 

before, such as, dispersion stability, rheology, drug release and long term stability studies. 

In the previous part of the study (Chapter 3), the characteristics of paracetamol gels were 

studied when the gels were prepared using poloxamers, L31, L43, L62 and L64, 9% (w/w) 
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Aerosil® A200 and 10% (w/w) paracetamol. The purpose of the use of 9% (w/w) A200 

instead of 8% (w/w) was the expectation of increased hydrophilicity of the gel due to the 

presence of more hydrophilic contents. This increase hydrophilicity was expected to favor 

drug release from sparingly soluble drug, the paracetamol. To capture the effect of 9% 

(w/w) A200, it was of worth to compare the release of paracetamol from gels prepared 

using A200 9% (w/w) and that with A200 8% (w/w). In previous study, 4 poloxamers L31, 

L43, L62 and L64 were used. While this study was extended to use of 5 poloxamers. The 

highest paracetamol release was achievable from the gel prepared using blend of L64-A200 

8% (w/w). The physical characteristics of paracetamol have been given in Table 1.5 

(Chapter 1). 

 

6.3. Paracetamol 

The detail on the candidate drug, paracetamol has been given in Section 1.13 and 

3.8.  

 

6.4. AIM AND OBJECTIVES OF STUDY 

The aim of this research was to further investigate the effect of hydrophilic silicon 

dioxide concentration (8% w/w) and poloxamers of various viscosities and molecular 

weights on the rheological and drug release behaviour on sparingly soluble drug, 

paracetamol from the poloxamers/A200 gel formulations filled into hard gelatin capsules. 

The objectives of the study were: 

 

1. To formulate thixotropic gel systems for paracetamol using Poloxamers and Silicon 

Dioxide. 
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2. To determine the rheological characteristics of gels using low and high shear 

techniques with and without the disperse phase. 

3. To investigate the dispersion stability of the gels containing paracetamol filled into 

hard gelatin capsule. 

4. To investigate the release of slightly soluble drug paracetamol from gels. 

5. To determine the IR spectra of the pure drug, each poloxamer, simple gel (control) 

and the gels containing paracetamol to observe any incompatibilities between 

components and the chemical integrity of the drug in the gel formulations after 

preparation and over the time.  

6. To access the parameters of the long term stability study which included the phase 

separation, drug content, rheological assessment, in-vitro release, kinetics of release 

and FTIR. 

7. To compare the release characteristics rheology and physical characteristics of the 

gels prepared using Aerosil® A200 9% w/w (data from Chapter 3 Part II) and that of 

the gels prepared using Aerosil® A200 8% (w/w). 

 

6.5. MATERIALS AND METHODS 

6.5.1. Drug and Chemicals 

The materials given under Section 3.5.1 and 3.12  

 

6.5.2. Preparation of gels 

Thixotropic simple and paracetamol gels were prepared using method given in 

Section 3.5.2 (Chapter 3) with slight modifications. Briefly, 8% w/w of silicon dioxide 

(Aerosil®, A200) was incorporated separately into respective poloxamers including L31, 
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L43, L62, L64 and L92 (Table 6.1). In the prepared simple gels, 10% (w/w) of previously 

sifted paracetamol (particle size, 180-250 m) was incorporated to the simple gels.  

 

Table 6.1: Paracetamol gels prepaed using different poloxamers 

Formulation Poloxamer type 

P01 L31 

P02 L43 

P03 L62 

P04 L64 

P05 L92 

 

6.5.3. Characterization of gels 

6.5.3.1. Determination of sedimentation and microscopic examination 

Using the procedure given in Section 3.5.3 (Chapter 3) the sedimentation or phase 

separation was noted for thixotropic paracetamol gels. 

 

6.5.3.2. Determination of drug contents in gels 

The content of paracetamol was determined in each gel prepared with respective 

poloxamer using the same procedure given in Section 3.5.4 in 0.1N NaOH. Absorbance 

was taken at λmax of 257 nm. 

 

6.5.4. Determination of Rheology 

Method and conditions given in Section 3.5.5 was employed for the determination 

of rheology and to obtained rheogram of all gels. 
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6.5.5. In-vitro release studies 

The release of paracetamol from drug gels filled into hard gelatin capsules was 

studied according to the method given in Section 3.5.6 (Chapter 3) but using different 

dissolution media, 0.1N NaOH and absorbance max of 257 nm.  

 

6.5.5.1. Release kinetic study 

Different kinetic equations given in Section 3.5.6.1 (Chapter 3) was used for kinetic 

analysis of release data.  

 

6.5.6. Fourier transform infrared spectroscopy 

The IR spectra of the pure paracetamol, simple gel (control) and the gels containing 

paracetamol were obtained using the procedure given in Section 3.12.5 (Chapter 3). 

 

6.5.7. Long term stability studies 

For the stability studies the procedure given in Section 4.4.6 (Chapter 4) was used 

for stability analysis of the paracetamol gels. 

 

6.5.8. Comparative characterization of paracetamol gels prepared using 9% (w/w) 

A200 and 8% (w/w) A200 

The data on the characteristics of gels prepared using 9% (w/w) A200 given in Chapter 3 (Part-II) 

was employed to compare to the characteristics of gels prepared with 8% (w/w) A200. Following 

characteristics were compared. 

1. Phase separation of paracetamol gels prepared using 8% (w/w) and 9% (w/w) Aerosil® A200 

2. Rheology of paracetamol gels prepared using 8% (w/w) and 9% (w/w) Aerosil® A200. 

3. In-vitro release of paracetamol gels prepared using 8% (w/w) and 9% (w/w) Aerosil® A200. 
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6.6. RESULTS AND DISCUSSION 

The aim of this part of work was to study the effect of viscosities of liquid 

poloxamers and the drug solubility on the rheological characteristics, dispersion stability 

(short term as well as long term) and the release kinetics of paracetamol thixotropic gels. 

The simple gels (without paracetamol) were prepared from each of the poloxamer L31, 

L43, L62, L64, L92 with 8% w/w Aerosil® A200 to incorporate of the 10% w/w sparingly 

soluble model drug, paracetamol (particle size 180-250 µm. The stable gels containing 

paracetamol were clear (transparent), smooth and stable (Plate 6.1) immediately after 

preparation. 

 

All the simple gels (control) and gel containing paracetamol were characterized in 

terms of drug contents, rheology, FTIR, phase separation etc. The findings for each of the 

parameters have been given below: 

 

 

Plate 6.1: Paracetamol incorporated into simple gel prepared with L64/A200, 8% 

w/w (20X) 

 

 



189 
 

6.6.1. Observation of the sedimentation 

The gels stored at ambient temperature were directly observed after 2 and 24 h and 

then after 7, 14 and 30 days to observe any phase separation in the gels under short term 

stability. Phase separation or sedimentation was visually observed which was then 

confirmed by the rheological assessment as shown in Table 6.2. The paracetamol gels 

containing poloxamers L31 (P01) and L62 (P03) exhibited sedimentation in gels at 24 h as 

shown in Figures 6.1A and 6.1C) and Table 6.2. In the rest of paracetamol gels containing 

poloxamers, L43, (P02) L64, (P04) and L92 (P05) as given in Table 6.2, the paracetamol 

remained dispersed over a period of one month. The rheograms of the above stable 

paracetamol gels, shown in Figures 6.1B, 6.1D and 6.1E) and the Figures, 6.2A to 6.2C 

supported that the paracetamol remained dispersed in the formulation from the time of 

preparation up to one month. The further studies, such as drug contents, dissolution and 

release and long term stability were carried on only for the stable paracetamol gels. 

 

Table 6.2: Sedimentation data of paracetamol gels prepared using different 

poloxamers 

Paracetamol 

Gels 

Phase separation if any, with 

time 
Conclusion 

P01 After 24 h Unstable 

P02 No Stable 

P03 After 24 h Unstable 

P04 No Stable 

P05 No Stable 

 

6.6.2. Content of paracetamol in stable gels 

Table 6.3 shows the content of paracetamol in the stable gels such as P02, P04, P05 
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prepared using different poloxamers (L43, L64 and L92, respectively). The drug contents 

of all the gels were within the reported standard concentration 95 to 105% (B.P, 2009). 

 

Table 6.3: Drug contents in each gel 

Formulation Gels containing drugs % Contents 

P02 L43+8% SIO2+10% PCM 100.45 

P04 L64+8% SIO2+10% PCM 96.69 

P05 L92+8% SIO2+10% PCM 104.55 

 

6.6.3. Rheological characteristics of paracetamol gels 

Rheograms of the three replicates for each of gels containing paracetamol with 

different poloxamers were taken after a time period of 2 h, 24 h, 7, 14 and 30 days by 

uniformly increasing shear rate from 0 to 1000 s-1 over 1 min and then decreasing to zero 

over 1 min at room temperature. These rheograms were found to be reproduceable with 

minor variations (SD < ± 0.004). The rheograms of paracetamol gels with respective 

poloxamers at 2 and 24 h have been given in Figure 6.1A to 6.1E and those at 7, 14 and 30 

days have been presented in Figure 6.2A to 6.2C. 

 

All the rheograms of the paracetamol gels at 2 h, 24 h and then 7, 14 and 30 days 

exhibited a hysteresis loop with small area demonstrating pseudoplastic flow along with 

thixotropic behaviour. The presence of the hysteresis loop indicates that a breakdown in 

structure was occurred and the area within the loop may be used as an index of the degree 

of breakdown or thixotropy (Figures 6.1A to 6.1E).  
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Like the simple gels, which have already been shown and discussed in Chapter 4 

(Figure 4.1B to 4.1F), the rheograms of paracetamol gels at 2 h and 24 h, reflected a slight 

increase in the viscosity (Figures6.1A to 6.1E) except the rheograms of paracetamol gels 

prepared with L31 and L62 after 24 h in which paracetamol (disperse phase) sedimented 

within 24 h. Thixotropic behaviour of all the gels except P01 and P03 demonstrated the 

development of a gel structure between components of the gels. 

 

The most of the rheograms with paracetamol exhibited pseudoplastic behaviour 

(without yield value) as shown in Figure (6.1A to 6.1E), furthermore these rheograms 

showed little difference in apparent viscosity (ƞa) value between 2 h and 30 days storage 

period. The rheograms for each poloxamer/A200 8% w/w +10% (w/w) paracetamol gel 

formulation show almost identical rheological profiles characterized by a small degree of 

thixotropy represented by a small hysteresis loop.  

 

The rheograms of stable paracetamol gels at 7 to 30 days (Figures 6.2B, 6.2D and 

6.2E) showed the time dependent rheology. The rheological profile of each stable gel after 

24 h is also shown in Figure 6.2B, 6.2D and 6.2E for comparison to that of the 7 and 30 

days to observe the change after formation of strong gel indicated on rheogram taken at 24 

h. During storage for 30 days, all the selected gels (P02, P04 and P05 prepared using 

poloxamers L43, L64 and L92, respectively) retained their pseudoplastic flow along with 

the thixotropic behaviour. Based on the above findings, the stable paracetamol gels were 

considered appropriate for their filling into the hard gelatin capsules. 
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C D 
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Figure 6.1: Rheograms of paracetamol gels at 2 and 24 h prepared using; (A) L31, 

(B) L43, (C) L62, (D) L64, and (E) L92 

 

Tables 6.4 shows the apparent viscosity (ƞa) at each storage time interval suggested 

that increase in ƞa of the gels was related to the viscosity of the original poloxamer. The ƞa 

of the gels were maintained reasonably well over the storage period of 30 days with minor 

variations, if any. The ƞa values were compared at the shear rate of 990 s-1 taken as the 

highest shear rate by uniformly increasing shear rate from 0 to 1000 s-1 over 1 min and then 

decreasing to zero over 1 min at room temperature. The viscosity of a shear thinning system 
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(plastic and pseudoplastic material), thus, decreases with increasing rate of shear as shown 

in Table 6.5 cannot be expressed by any single value. 

 

  

A B 

 

C 

Figure 6.2: Rheograms of paracetamol gels at 1, 7 and 30 days prepared using; (A) 

L43, (B) L64, and (C) L92 

 

The induction of thixotropic behavior has been discussed previously, where a loose 

three-dimensional structure is generated, so that the material is gel-like when unsheared. 

The energy imparted during shear causing the flowing elements aligned and the viscosity 

falls, as a gel-sol transformation has occurred. When the shear stress is eventually removed 

the structure will tend to reform with time as the molecules return to the original state under 

the influence of Brownian motion (Martin, 2006). 
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Table 6.4: Apparent viscosity of paracetamol gels  

Paracetamol gels 

ƞa at shear rate 990 s-1 (Pa.s) 

2 h 24 h 7 days 
14 

days 

30 

days 

L31+8% SIO2+10% PCM 2.28 2.27 2.35 2.37 2.24 

L43+8% SIO2+10% PCM 3.07 3.33 3.53 3.52 3.43 

L62+8% SIO2+10% PCM 2.55 2.41 2.41 2.46 2.42 

L64+8% SIO2+10% PCM 2.79 2.86 5.43 5.55 5.21 

L92+8% SIO2+10% PCM 4.68 4.86 5.16 5.39 4.97 

 

The pseudoplastic flow is typically exhibited by polymers in solution and their 

consistency curve begins at the origin leaving no yield value in contrast to a plastic system. 

Because of the nonlinearity of the above curve, the viscosity of a pseudoplastic material 

cannot be expressed by any single value. The viscosity of a pseudoplastic substance 

decreases with increasing rate of shear. A curved rheogram for pseudoplastic materials is 

resulted from a shearing action on the long-chain molecules materials such as linear 

polymers. An increased shearing stress, normally causes the aligning the disarranged 

molecules to their long axis in the direction of flow leading to reduced internal resistance, 

thereby decreasing apparent viscosity (Martin, 2006). 
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Table 6.5: Apparent viscosities of simple and paracetamol gels at different shear rates 

Paracetamol gels 

ƞa at different shear rates (Pa.s) at 24 h 

100 200 300 400 500 600 700 800 900 990 

L31+8% SIO2+10% PCM 2.95 2.89 2.79 2.69 2.59 2.52 2.44 2.38 2.32 2.27 

L43+8% SIO2+10% PCM 6.69 5.52 4.90 4.46 4.14 3.91 3.71 3.54 3.44 3.33 

L62+8% SIO2+10% PCM 3.18 3.17 3.06 2.94 2.82 2.73 2.64 2.55 2.48 2.40 

L64+8% SIO2+10% PCM 9.09 7.72 6.91 6.23 6.09 5.77 5.64 5.46 5.30 5.26 

L92+8% SIO2+10% PCM 8.44 7.43 6.82 6.39 5.98 5.58 5.30 5.13 4.94 4.86 
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6.6.4. In-vitro release of paracetamol from gels 

The concentration of paracetamol in unknown samples were determine by using 

calibration curve given in Section 3.12.4. The data of paracetamol release from the stable 

paracetamol gels, such as those of P02, P04 and P05 are given in Table 6.6 and Figures 6.4. 

Different release was observed for all the formulations, as indicated by different slopes on 

the graph. The paracetamol gels, P02 and P04 showed greater than 98% release as 

compared to the about 34% by P05 in 3h. It has previously been shown that the release rate 

of the drug from the gels is related to the polyoxyethylene contents and the viscosity of the 

poloxamers (Sultana 2013) and, from poloxamer-silicon dioxide gels, it depends on the 

hydrophilicity of silicon dioxide and the physicochemical properties of the drug (Walter, 

1991, 1992). Paracetamol is a drug that is sparingly soluble in water. The L64-A200 (8% 

w/w) having 40% POE contents and molecular weight approximately of 1750 for the POP 

portion while L4300/A200 has 30% of POE contents, but the gels from both of the 

poloxamers showed comparable release which might be due to the hydrophilic content 

present in the poloxamers. It was expected that the paracetamol gel, P05 with 20% 

Polyoxyethylene by virtue of containing L92/A200 should had exhibited drug release in 

between those shown by A02 (with POE 30%) and F04 (with POE 40%). But, the drug 

exhibited the slowest release from this paracetamol gel (P05). It was expected that the 

contribution of the effect of POE content on the paracetamol from P05 gel might had 

surrendered against the effect of viscosity of the L92. Since it has the highest viscosity 

(740Pa.s) as compared to all of its counterparts under study (Table1.4). In-vitro dissolution 

studies showed that all the stable formulations followed first order kinetics and showed the 

tendency of Fickian release except stable formulation prepared with poloxamer L92 (Table 

6.7). It could be implied from the findings of release data, that the gel prepared by 

poloxamer L64 and silicon diodie, A200 could be used for rapid release of sparingly soluble 
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drugs having the features resembling to paracetamol since for sparingly soluble drugs, the 

release is desired to be high. 

 

Table 6.6: Paracetamol released from gels prepared from different poloxamers 

Time 

(min) 

Paracetamol release (%) from 

L43 L64 L92 

Mean SD Mean SD Mean SD 

0 0 0 0 0 0 0 

30 95.10 9.52 75.71 13.42 7.25 1.97 

60 97.81 3.55 93.20 3.96 20.58 1.91 

90 95.72 2.01 96.46 2.67 20.58 1.91 

120 101.95 2.61 97.10 1.76 26.00 3.29 

150 97.65 2.77 97.12 1.76 30.23 1.92 

180 98.13 5.18 99.75 2.36 34.10 2.28 

 

 

Figure 6.3: Paracetamol release from stable paracetamol gels prepared using L43, 

L64 and L92 
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Table 6.7: Kinetic parameters for paracetamol release from gels 

Paracetamol 

gels 

Zero order First order Higuchi Korsemeyer 

R2 K0 R2 K1 R2 KH R2 KPP n 

L43 -0.2874 0.756 0.9958 0.099 0.5567 9.232 0.9975 89.289 0.020 

L64 0.0411 0.741 0.9976 0.046 0.7467 8.957 0.9910 51.589 0.131 

L92 0.9079 0.209 0.9446 0.003 0.9469 2.392 0.9693 1.063 0.669 

 

6.6.5. Comparative rheology of simple gels and stable paracetamol gels 

The rheograms paracetamol gels at 24 h revealed increased apparent viscosities 

when they were compared to the simple gels prepared with the respective poloxamers as 

shown in Table 6.8 and Figures 6.4A to 6.4C. 

 

The L43-A200 8% w/w gels without disperse phase had ƞa values of 2.63, 2.17 and 

1.90 Pa.s at shear rates 600 s-1, 800 s-1 and 990 s-1, respectively, which after addition of 

paracetamol increased to 3.91, 3.54 and 3.32 Pa.s. In terms of percentage, an increase of 

48.66, 63.13 and 74.73% in ƞa in the presence of disperse phase, respectively at shear rates 

600 s-1, 800 s-1 and 990 s-1 was noted and is given in Table 6.8 and Figure 6.5. 

 

The values of ƞa of 3.59, 3.22 and 2.92 Pa.s at shear rates 600 s-1, 800 s-1 and 990 s-

1, respectively of the simple gel of L64-A200 8% w/w without disperse phase were 

increased to 5.77, 5.45 and 5.26 Pa.s. The corresponding increase in percentage was 61.23, 

69.25 and 80.13 in the presence of disperse phase, at the three respective shear rates (Table 

6.8 and Figure 6.6). 
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Figure 6.4: Rheograms of simple and paracetamol gels at 24 h, prepared using; (A) 

L43, (B) L64, and (C) L92 

 

Table 6.8: Percent increase in apparent viscosity of gels after addition of 

paracetamol measured at 600 s-1, 800 s-1 and 990 s-1 

Gels 

% increase in ƞa shear rate 

600 s-1 800 s-1 990 s-1 

L43, PCM 48.66 63.13 74.73 

L64, PCM 61.23 69.25 80.13 

L92, PCM 51.63 68.62 67.57 

 

The L92-A200 8% w/w gels without disperse phase had ƞa values of 3.68, 3.06 and 

2.69 Pa.s at shear rates 600 s-1, 800 s-1 and 990 s-1, respectively, whereas for the respective 

gel after addition of paracetamol showed values of ƞa of 5.58, 5.13 and 4.86 Pa.s. This gave 
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a percentage increase of 51. 63, 68.62 and 67.57% in the presence of disperse phase at shear 

rates of 600 s-1, 800 s-1 and 990 s-1, respectively (Table 6.8 and Figure 6.7). 

 

6.6.6. FTIR spectra 

As given in Section 3.13.5, the IR spectra of paracetamol (Figure 6.5A to 6.5C) 

have also shown all the principal peaks, characteristics of the pure 

(undecomposed/interacted) paracetamol (Clarke, 2004) in all stable paracetamol gels 

prepared employing respective poloxamer. Thus, there was no chemical interaction 

between paracetamol and the components of gels.  

 

6.6.7. Long term stability of the selected paracetamol gel 

The long term stability was performed only on the paracetamol gel prepared by L64 

since it showed the maximum release of paracetamol, a usual desirability for the release of 

the sparingly soluble drugs.  

 

6.6.7.1. Phase separation  

The gels stored in stability chamber (SANYO Ultra low MDF-U32V, Curio Modle: SC- 

0709) at 30°C/65% RH were observed after 24 h and 3, 6 and 12 months for any phase 

separation of the disperse phase. The drug was observed to be remained dispersed in all the 

gels shown to be stable over a period of twelve months, as exhibited by rheogram in Figure 

6.10. 
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Figure 6.5: FTIR spectra of poloxamers, SiO2, simple and paracetamol gels using; 

(A) L43, (B) L64, and (C) L92 

 

 

Plate 6.1: Dispersion stability of paracetamol gel in poloxamer L64 at 3, 6 and 12 

months 

 

6.6.7.2. The content of paracetamol in gel prepared with poloxamers L64 

The percent of paracetamol at the time of preparation was 96.69 %, 99.11% at 3 
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months, 99.36% at 6 months and 97.18% at 12 months, showing the stability of the 

paracetamol gel prepared using L64. 

 

6.6.7.3. Rheology of paracetamol gel 

Rheograms of the paracetamol (10% w/w) gel prepared with L64 (A200 /8% w/w) 

showed pseudoplastic behaviour at 24 h and after 3, 6 and 12 months during the long term 

stability studies (Figure 6.8). The apparent viscosity ƞa of the paracetamol gel were 

maintained over the whole storage period of 3-12 months although minor variations in the 

viscosity has been observed (Table 6.9). The no yield value of the gel formulation 

containing paracetamol was observed at 24 h and after 3, 6 and 12 months (Figure 6.6). The 

rheograms for poloxamer/A200 8% w/w +10% paracetamol gel formulation showed almost 

identical rheological profiles characterized by a small degree of thixotropy represented by 

a small hysteresis loop. 

 

 

Figure 6.6: Rheograms of paracetamol gel prepared using poloxamer L64 after 24 h 

and 3, 6 and 12 months 
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Table 6.9: Apparent viscosity (ƞa) of paracetamol gel at 990 shear rate 

Gels 

ƞa at 990 shear rate 

0 month 3 month 6 month 12 month 

L64, PCM 2.793 5.177 5.121 4.666 

 

6.6.7.4. In-vitro release of drug from paracetamol gels 

The drug release study was performed on the paracetamol gel filled in hard gelatin 

capsules which were taken from the stability chamber after 3, 6 and 12 months. The 

paracetamol release from the gel is given in Table 6.10 and Figures 6.7. The paracetamol 

gel (L64+8% SiO2+10% PCM) exhibited the first order kinetics (Table 6.11) at 24 h and 

then at 6 and 12 months. Paracetamol gels showed 99.75%, 100.39%, 98.68% and 96.98% 

drug release in approximately 3 h release profile, after 24 h and 3, 6 and 12 months, 

respectively as shown in Table 6.11. Fickian release was shown by the formulations after 

24 h, 6 and 12 months while surprisingly non Fickian release of paracetamol gel after 3 

months was observed. It has been revealed from the results that drug was uniformly 

distributed in gels during the 12 months when the samples were kept in stability chamber 

at the storage conditions of 30C/64% RH. 
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Figure 6.7: Release of paracetamol from gel prepared using L64 at 24 h and 3, 6 and 

12 months 

 

Table 6.10: Percent paracetamol released from gels, at 24 h and 3, 6 and 12 months 

prepared using L64  

Time 

(min) 

Release of paracetamol (%) 

0 month 3 month 6 month 12 month 

Mean SD Mean SD Mean SD Mean SD 

0 0 0 0 0 0 0 0 0 

30 75.71 13.42 27.24 19.53 45.15 54.08 63.06 9.64 

60 93.20 3.96 55.81 26.01 69.18 3.44 82.55 7.99 

90 96.46 2.67 77.53 21.17 82.78 1.45 88.03 5.35 

120 97.10 1.76 94.60 11.02 94.16 1.67 93.71 4.17 

150 97.12 1.76 97.75 2.30 96.64 2.29 95.52 3.08 

180 99.75 2.36 100.39 1.09 98.69 2.31 96.98 2.11 
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Table 6.11: Kinetic of paracetamol release at 24 h and 3, 6 and 12 months from L64 

Time 

Zero order First order Higuchi Korsemeyer 

R2 K0 R2 K1 R2 KH R2 KPP N 

0 Time 0.0411 0.741 0.9976 0.046 0.7467 8.957 0.9910 51.589 0.131 

3 Month 0.8672 0.674 0.9645 0.016 0.9582 7.774 0.9683 4.678 0.606 

6 Month 0.6634 0.690 0.9981 0.020 0.9727 8.107 0.9855 13.145 0.399 

12 Month 0.3011 0.706 0.9901 0.029 0.8662 8.440 0.9925 31.845 0.221 

 

6.6.7.5. FTIR spectra 

FTIR spectra of the paracetamol gel prepared with poloxamer L64 obtained at 

different timings, i.e., 24 h, 3, 6 and 12 months as shown in Figure 6.8 to observe any 

incompatibility in formulation during long terms storage times. The IR spectra showed 

characteristic bonds of paracetamol and other components in the gel during this period of 

stability study. The principal peaks which have been observed in pure paracetamol, have 

also been observed in sample (Clarke, 2004) but with little masking of bands in the region 

3000 to 2850 cm-1 corresponding to the OH, CH-CH stretching and bands in 1100 to 1000 

cm-1 corresponding to CN, C-C, NO, the bands of ploxomers and silicon dioxide in the 

above regions, which was due to a higher concentration of the ploxomer and silicon 

dioxide.  
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Figure 6.8: FTIR spectra of paracetamol with L64/A200, after24 h and 3, 6 and 12 

months 

 

6.6.8. Comparative features of paracetamol gels prepared using 8% Aerosil® A200 

and 9 % Aerosil® A200 

6.6.8.1. Comparative study of rheology 

There was an increase in the apparent viscosities at 600 s-1, 800 s-1 and 990 s-1 of 

the simple gels prepared with poloxamer/A200 (9% w/w) (Table 3.12 and Figures 3.9, 3.17, 

3.18, 3.19) as compared to simple gels prepared by poloxamer/A200 8% w/w with each of 

the poloxamer. The degree of thixotropy indicated by hystresis loop area, appears greater 

for simple gels prepared with A200 (9% w/w) than those with A200 (8% w/w). 

 

At shear rate 600 s-1, 800 s-1 and 990 s-1, with the L31/A200 (9% w/w) the percent 

increase of 38.78, 32.04 and 14.72% as compared to L31/A200 (8% w/w) in ƞa was noted 

and is shown in Table 6.12 and Figure 6.9. In case of L43-A200 9% w/w, this increase was 

9.88, 2.76 and 2.63, Table 6.12 and Figure 6.9 shows. 
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Figure 6.9: Rheograms of simple gels, at 24 h of preparation using (A) L31/A200, 

8% w/w and L31/A200, 9% w/w, (B) L43/A200, 8% w/w and L43/A200, 9% w/w, (C) 

L62/A200, 8% w/w and L62/A200, 9% w/w, and (D) L64/A200, 8% w/w and 

L64/A200, 9% w/w 

 

Table 6.12: Comparative increase in apparent viscosity of simple gels containing 8% 

w/w and 9% w/w Aerosil®A200, at 600 s-1, 800 s-1 and 990 s-1 

Gels (% w/w) 

% increase in apparent (ƞa) at 

600 s-1 800 s-1 990 s-1 

L31, S.Gel, 9% 38.78 32.04 14.72 

L43, S.Gel, 9% 9.88 2.76 2.63 

L62, S.Gel, 9% 30.10 15.94 10.09 

L64, S.Gel, 9 % 13.37 14.9 16.43 
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For simple gel L62-A200 9% w/w the ƞa values were increased to 30.10, 15.94 and 

10.09% at shear rate of 600 s-1, 800 s-1 and 990 s-1, respectively when compared to simple 

gel L62-A200 8% w/w as shown in Table 6.12 and Figure 6.9. The L64-A200 9% w/w 

simple gels showed 13.37, 14.90 and 16.43% increase when compared to the simple gel 

prepared with 8% of silicon dioxide at shear rates 600 s-1, 800 s-1 and 990 s-1 respectively 

shown in Table 6.12 and Figure 6.9. 

 

6.6.8.2. Comparison of the physical characteristics of simple gels containing 

Aerosil® A200 8% w/w and Aerosil® A200 9% w/w 

Comparison of the characteristics of simple gels prepared using 8% (w/w) and 9% 

(w/w) SiO2 is given in Table 6.13. 

 

Table 6.13: Characteristics of simple gels with 8% w/w and 9% w/w Aerosil® A200  

Poloxamer 
Simple gel 8% Aerosil® A200 Simple gel 9% Aerosil® A200 

Consistency Mobility Turbidity Consistency Mobility Turbidity 

L31 Very thick No Yes Hard No No 

L43 Very thick No Yes Hard No No 

L62 Very thick No Yes Hard No No 

L64 Thick Yes Yes Thick Yes No 

L92 Very very thick No No - - - 

 

6.6.8.3. Comparative rheology of stable paracetamol gels prepared using 8% (w/w) 

Aerosil® A200 and 9 % (w/w) Aerosil® A200 

The comparison of the stable gel formulations containing paracetamol prepared 

using poloxamer L43/A200 (8% w/w) and L64/A200 (8% w/w) to that of Poloxamer 

L43/A200 (9% w/w) and L64/A200 (9% w/w) at 24 h revealed an increase in the apparent 
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viscosities at shear rate 600 s-1, 800 s-1 and 990 s-1as shown in Table 6.14 and Figures 6.10. 

However, all the paracetamol gels, where prepared using 8 or 9% A200 exhibited 

pseudoplasticity along with thixotropic behaviour. 

 

  

A B 

Figure 6.10: Rheograms of paracetamol gels, at 24 h, prepared using; (A) L43/A200, 

8% w/w and L43/A200, 9% w/w, and (B) L64/A200, 8% w/w and L64/A200, 9% w/w 

 

6.6.8.4. Comparative change in apparent viscosity of paracetamol gels prepared 

using L43/A200 8% w/w and L64/A200 9% w/w 

The comparative change in apparent viscosity of paracetamol gels prepared using 

L43/A200 8% (w/w) and L64/A200 9% (w/w) is given in Table 6.14. 

 

Table 6.14: Apparent viscosity of paracetamol (180-250 µm) gels at 600 s-1, 800 s-1 

and 990 s-1 

Formulations 
% increase in ƞa at 

600 s-1 800 s-1 990 s-1 

L43, PCM, 8%, 9% 34.01 30.22 27.1 

L64, PCM, 8%, 9% 17.67 11.74 8.36 
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6.6.8.5. Paracetamol gels prepared with L43/A200 (8% w/w) and L43/A200 (9% 

w/w) 

In case of L43-A200 9% w/w gel the percentage increase of 34.01, 30.22 and 

27.10% in the apparent viscosity was noted in the presence of disperse phase in L43-A200 

9% w/w gel at shear rates 600 s-1, 800 s-1 and 990 s-1, respectively as compared to the 

corresponding simple gel containing 9% (w/w) A200 (Table 6.14 and Figure 6.10).  

 

The presence of paracetamol in L64-A200 9% w/w gels caused an increase of 17.67, 

11.74 and 8.36% in ƞa when was compared to the paracetamol L64-A200 8% w/w gel at 

the above shear rates as shown in Table 6.14 and Figure 6.10. 

 

6.6.8.6. Comparative physical characteristics of paracetamol gels prepared with 

poloxamers/silicon dioxide (8% w/w) and (9% w/w) 

The comparative physicochemical characteristics of paacetamol gels prepared using 

poloxamers/silicon dioxide, 8 % w/w (prepared in Chapter 3 Part II) and Aerosil® A200 

prepared in this current chapter 9% w/w using all five poloxamers Table 6.15. 
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Table 6.15: Characteristics of gels containing paracetamol with 8% w/w 

Aerosil®A200 and 9% w/w Aerosil®A200  

P
o
lo

x
a
m

er
 

Simple gel 8% SiO2 + 10% 

Paracetamol 

Simple gel 9% SiO2 + 10% 

Paracetamol 
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L31 Very thick No Yes Yes Hard No No yes 

L43 Very thick No Yes No Hard No No No 

L62 Very thick No Yes Yes Hard No No Yes 

L64 Thick Yes Yes No Thick Yes No No 

L92 
Very very 

thick 
No No No - - - - 

 

6.7. CONCLUSION 

The rheograms of all gels containing paracetamol exhibited pseudoplastic flow 

along with thixotropic behaviour at 2 h and 24 h. Almost identical behaviour was also 

shown with the stable gel formulation at 1, 7 and 30 days. The gel formulation prepared 

with L43, L64 and L92 were found to be stable over the period of one month with minor 

variations in apparent viscosities, if any. Paracetamol gel prepared with L92 gel released 

the drugs slowly as compared to those prepared with L43 and L64. In-vitro dissolution 

studies showed that the stable formulations followed first order kinetics. The FTIR 

suggested that there was no chemical interaction between drug and polymers. 

 

In long term stability on the paracetamol gel prepared with poloxamers L64 and 

filled in to capsules in terms of dispersion stability, rheology, release rate and FTIR over 
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the period of 12 months was identical to that noted at 2 h after the preparation. No chemical 

interaction between drug and polymers was found. In-vitro dissolution studies showed that 

all the gel formulations followed first order kinetics. Long term stability studies suggest 

that at 30°C/65% RH the gels retained their rheological, dispersion and release 

characteristics over the period of one year. This work suggests that release of the sparingly 

soluble model drug (paracetamol) can be enhanced by using hydrophilic thixotropic gel 

system prepared with liquid poloxamers and hydrophilic silicon dioxide 8% w/w. The 

rheological characteristics of the paracetamol gel were appropriate for easily filling in to 

hard gelatin capsules with no leakage. 

 

When the paracetamol gels prepared using 9% (w/w) Aerosil® A200 (Chapter 3 

Part II) were compared to that prepared using 8% (w/w) Aerosil® A200 in this current 

chapter, the increase in the apparent viscosities was noted in gels prepared with 9% (w/w) 

silicon dioxide gel. The release of drug from L43/A200 (9% w/w) or L64/A200 (9% w/w) 

was comparable to that from L43/A200 (8% w/w) orL64/A200 (8% w/w) in 3h. Though 

the yield value and the apparent viscosities were higher when the concentration of silicon 

dioxide 9% w/w was used yet the release and dispersion stability were not much effected 

that is why in the next studies, 8% (w/w) hydrophilic silicon dioxide was decided to use.  
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CHAPTER 7 

RHEOLOGICAL CHARACTERIZATION AND ITS EFFECT ON THE 

IN-VITRO RELEASE OF MEFENAMIC ACID FROM CAPSULE-

FILLED POLOXAMER/SILICON DIOXIDE GEL 

7.1. INTRODUCTION 

In this study, drugs with different water solubilities, such as isoniazid and 

paracetamol with 9% w/w A200 (Chapter 3 and 4), a freely water soluble, metronidazole 

(Chapter 5), a slightly soluble, paracetamol with 8% w/w A200 (Chapter 6), a sparingly 

soluble drug were explored for their characteristics under influence of types of poloxamers 

and the concentration of thickening agent. It was found that the gels prepared with liquid 

poloxamers of varying viscosities, i.e., L31, L43, L62, L64 and L92 and 8% w/w 

hydrophilic silicon dioxide Aerosil® A200 demonstrated shear thinning system as well as 

thixotropic behaviour. From the above studies, it was also found that the drugs of different 

solubilities could satisfactorily be incorporated in to the poloxamer-silicon dioxide gel. 

Since the shear thinning and thixotropic materials like the gels prepared in this study have 

been appropriate for filling into hard gelatin capsules without leakage. The release of drugs 

from different formulations was also found to be the function of viscosity of poloxamers, 

polyoxyethylene and polyoxypropylene proportions of the block copolymer (poloxamers), 

as well as it also seemd to be related to physicochemical properties such as the solubility 

of the drugs. The isoniazid gels with poloxamers L92 and L64 showed the least and highest 

release, of isoniazid, respectively. Similarly, the drugs metronidazole, paracetamol and 

mefenamic acid showed the highest release profile with the gel prepared with poloxamers 

L64 as compared to the gels prepared with other poloxamers (Chapter 5, 6 and 8) 

respectively. 
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7.2. Research gap 

While literature lacks the studies on the effect of different poloxamers, in 

thixotropic gels thickened with hydrophilic silicon dioxide (Aerosil® A200) on the 

characteristics of any practically insoluble drugs. It was considered of worth to study 

mefenamic acid, a model practically insoluble drug incorporated in the thixotropic 

formulation systems prepared with different poloxamers combined with silicone dioxide 

for its appropriateness of filling in the hard gelatin capsules, rheological, stability as well 

as release characteristics of mefenamic acid from gels formulation. 

 

7.2.1. Mefenamic acid 

Mefenamic acid (Figure 7.1) is a white or almost white, microcrystalline powder, 

practically insoluble in water, slightly soluble in alcohol and in methylene chloride. It 

dissolves in dilute solutions of alkali hydroxides. Its melting point is 230-231°C. 

 

Figure 7.1: Structure of mefenamic acid (British Pharmacopeia, 2009) 

 

Mefenamic acid is a non-steroidal anti-inflammatory drug used to treat pain, 

including menstrual pain. It decreases the inflammation (swelling) and uterine contractions 

may be due to the inhibition of prostaglandin synthesis. Evidence supports the use of 

mefenamic acid for prophylaxis of perimenstrual migraine headache with treatment starting 

2 days prior to the onset of flow or 1 day prior to the expected onset of the headache and 

continuing for the duration of menstruation. Mefenamic acid is a competitive inhibitor of 

http://en.wikipedia.org/wiki/NSAID
http://en.wikipedia.org/wiki/Menstruation
http://en.wikipedia.org/wiki/Inflammation
http://en.wikipedia.org/wiki/Uterus
http://en.wikipedia.org/wiki/Prostaglandin
http://en.wikipedia.org/wiki/Migraine_headache
http://en.wikipedia.org/wiki/Menstruation
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COX-1 and COX-2, which are responsible for reduction of the production of 

prostaglandins, which are implicated in inflammation and pain processes.Mefenamic acid 

is rapidly absorbed producing Cmax is 20 µg/mL and tmax of 2 to 4 h.The steady state is 

reached in 2 days. Apparent volume of distribution of mefenamic acid is 1.06 L/kg. The 

protein binding is more than 90%. The drug is metabolized by CYP-450 enzyme CYP2C9 

to 3-hydroxymethyl mefenamic acid (metabolite I). Further oxidation to a 3-

carboxymefenamic acid (metabolite II) may occur. Mefenamic acid or its both above 

metabolites may undergo glucuronidation. 

 

Approximately 52% of a dose is excreted into the urine primarily as glucuronides 

of mefenamic acid (6%), 3-hydroxymefenamic acid (25%) and 3-carboxymefenamic acid 

(21%). The fecal route of elimination accounts for up to 20% of the dose, mainly in the 

form of unconjugated 3-carboxymefenamic acid. The drug is also excreted in breast milk. 

The half-life of mefenamic acid is approximately 2 h. 

 

Mefenamic acid is used to treat painful conditions such as arthritis, pain associated 

with heavy menstrual bleeding and pain after surgical operations. It is also considered as 

Anti-inflammatory drugs (NSAIDs). 

 

Serious side effects of mefenamic acid are diarrhea, hematemesis, haematuria, 

blurred vision, skin rash, itching and swelling, sore throat and fever. When taken with food, 

the side effects of the mefenamic acid can be subsidized. The mild side effects of 

mefenamic acid are the headache, nervousness and vomiting. 

 

http://en.wikipedia.org/wiki/Cyclooxygenase
http://www.patient.co.uk/search.asp?searchterm=ARTHRITIS
http://www.patient.co.uk/health/heavy-periods-menorrhagia
http://www.patient.co.uk/health/anti-inflammatory-painkillers
http://en.wikipedia.org/wiki/Diarrhea
http://en.wikipedia.org/wiki/Hematemesis
http://en.wikipedia.org/wiki/Haematuria
http://en.wikipedia.org/wiki/Fever
http://en.wikipedia.org/wiki/Adverse_drug_reaction
http://en.wikipedia.org/wiki/Headache
http://en.wikipedia.org/wiki/Vomiting
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The cardiovascular side effects are the congestive heart failure, hypertension, 

syncope and tachycardia. The side effect of the drug on the central nervous system include 

dizziness and headache. Pruritus and rashes are the dermatological side effects. The GI side 

effects are the abdominal pain, constipation, diarrhea, dyspepsia, flatulence, ulcers 

(gastric/duodenal), gross bleeding/perforation, heartburn, nausea, vomiting. The 

hematologic side effects include the anemia and increased bleeding time. The other side 

effects are the elevated liver enzymes, abnormal renal function, edema and tinnitus. For the 

relief of acute pain in adults and adolescents i.e. ≥ 14 years of age, the recommended dose 

is 500 mg as an initial dose followed by 250 mg every 6 h as needed, usually not to exceed 

one week.  

 

Since hepatic metabolism plays a significant role in mefenamic acid elimination, 

patients with known liver deficiency may be prescribed lower doses. Kidney deficiency 

may also cause accumulation of the drug and its metabolites in the excretory system. 

Therefore, patients suffering from renal conditions should not be prescribed mefenamic 

acid. 

 

7.3. AIM AND OBJECTIVES OF STUDY 

The aim of this research was to further investigate the effect of hydrophilic silicon dioxide 

concentration (8% w/w) and poloxamers of various viscosities and molecular weights on 

the rheological and drug release behaviour on practically insoluble model drug, mefenamic 

acid from the poloxamers/A200 gels filled into hard gelatin capsules. The objectives of the 

study were: 

1. To formulate thixotropic gel systems for mefenamic acid using Poloxamers and 

hydrophilic silicon dioxide. 

http://en.wikipedia.org/wiki/Liver
http://en.wikipedia.org/wiki/Kidney
http://en.wikipedia.org/wiki/Excretory_system
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2. To determine the rheological characteristics of mefenamic acid gels using low and high 

shear techniques with and without the disperse phase. 

3. To investigate the dispersion stability of the mefenamic acid gels filled into hard gelatin 

capsule. 

4. To investigate the release of practically insoluble drug, mefenamic acid from its gels. 

5. To determine the IR spectra of the pure drug, each poloxamer, simple gel (control) and 

the mefenamic acid gels to observe any incompatibilities between components and the 

chemical integrity of the drug in the gel formulations after preparation and over the 

time.  

6. To carry out the long term stability of the gels of mefenamic acid. 

 

7.4. MATERIALS AND METHODS 

Mefenamic acid was kindly gifted by Irza Pharma (Pvt) Ltd., Lahore, Pakistan). 

Disodium hydrogen phosphate and sodium hydroxide of analytical grades were purchased 

from local market. Before usage, the mefenamic acid was sifted using Retsch Sieve Shaker 

AS-200 to obtain particle size, 180-250 µm. The rest of the materials were the same and 

obtained from the same sources as given in Chapter 3 and 4. 

 

7.4.1. Preparation of simple and mefenamic acid gels 

Gels with and without mefenamic acid were prepared using method given in Section 

3.5.2 (Chapter 3) except minor changes. Before incorporation of mefenamic acid into the 

simple gels, the drug was sifted to obtain the particle size of 180-250 m. The poloxamers 

used for mefenamic acid were same as used in previous chapters and has been given in 

Table 7.1. 
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Table 7.1: Gels for mefenamic acid corresponding to poloxamers types and their 

viscosities 

Mefenamic acid gel Poloxamer 

MA01 L31 

MA02 L43 

MA03 L62 

MA04 L64 

MA05 L92 

 

7.4.2. Characterization of gels 

7.4.2.1. Evaluation of phase separation and microcscopic examination 

The prepared thixotropic gel systems without drug (Control) and that containing 

mefenamic acid were investigated for dispersion stability by using the same procedure as 

given in Section 3.5.3. 

 

7.4.2.2. Determination of drug contents in gels 

The content of mefenamic acid was determined in each stable gel prepared with 

respective poloxamer using spectrophotometer employing the same method given in 

Section 3.5.4. in phosphate buffer of pH 9. Absorbance of mefenamic acid was measured 

at λmax of 285nm. 

  

7.4.2.3. Rheological characterization 

Using the same instrument, experimental conditions and instrumental settings given 

in Section 3.5.5, rheogram of each poloxamer, control gel and gels containing mefenamic 

acid were taken. The yield values and viscosity for each poloxamer, of simple gels and gels 

containing mefenamic acid were noted at the predefined time intervals at set conditions 

using the same procedure given in Section 3.5.5. 
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7.4.3. In-vitro drug release studies 

7.4.3.1. Calibration curve of mefenamic acid 

The absorbance data of the known mefenamic acid concentration was plotted as the 

concentration verses absorbance to construct a calibration curve of mefenamic acid and has 

been shown in Figure 7.2. This calibration curve indicated the linearity for concentration 

taken in this study yielding a value of correlation co-efficient of 0.9973, slope as 0.0629 

and intercept as 0.0193. This linear calibration curve demonstrated that unknown 

paracetamol concentrations were reliably determined in samples at wavelength (285nm) 

within the linear range, therefore the samples were diluted appropriately, if required. 

 

 

Figure 7.2: Calibration curve of mefenamic acid at 285 nm 

 

7.4.3.2. Drug release 

The release of drugs from the thixotropic gels was carried out for selected stable 

gels of mefenamic acid using the same method, instrument and conditions as given in 

Section 3.5.6 with minor alterations. The in-vitro release study for mefenamic acid was 

performed in phosphate buffer, pH 9. The phosphate buffer of pH 9 was prepared by 
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dissolving 6.8g of disodium hydrogen phosphate in 1000 ml of distilled water. The pH of 

this solution was observe to be and 5.6 was adjusted to pH 9 by the addition of 1N NaOH 

solution. The absorbance of the filtered sample was measured spectrophotometerically (T 

70, PG Instrument Ltd), at 285 nm.  

 

7.4.3.3. Release kinetic study 

Different kinetic equations such as zero-order, first order, Higuchi’s equation and 

Peppas equation were applied to interpret the release rate and the release mechanisms for 

metronidazole from the gel system as given in Section 3.5.6.1.  

 

7.4.3.4. Fourier transform infrared spectroscopy 

The IR spectra of the pure drug, each poloxamer, simple gel (control) and the gels 

containing metronidazole were obtained using the same procedure given in Section 3.12.5 

to observe any incompatibilities between components and the chemical integrity of the drug 

in the gel formulations after preparation and over the time. 

 

7.4.4. Assessment of long term stability 

Long term stability was performed only for the stable mefenamic acid gels at ICH-

specified conditions of temperature and relative humidity, i.e., 30°C/65% RH over the 

period of one year according to method given in Section 4.4.6. The parameters like drug 

contents, dispersion stability, rheology, release rate and FTIR were performed. Drug 

contents were noted on 0, 3, 6 and 12 months, rest of the parameters were also noted on 0, 

3, 6 and 12 months. 
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7.5. RESULTS AND DISCUSSION 

In this work, the dispersion stability, drug contents, rheological characteristics, 

release kinetics of mefenamic acid for gels and their long term stability was assessed. The 

gels of each of the poloxamer with 8% w/w Aerosil® A200 were prepared to incorporate 

the model practically insoluble drug, mefenamic acid having particle size (180-250 µm) at 

concentration of 10% w/w. All mefenamic acid gels except that prepared with L92 were 

smooth and of soft consistency (Plate 7.1). 

 

 

Plate 7.1: Dispersion of mefenamic acid in poloxamer L92 (4X) 

 

The L92 gel containing mefenamic acid showed more thick consistency (paste like) 

as compared to L64 gel containing mefenamic acidwas observed to be well mixed and the 

drug was well dispersed. 

 

7.5.1. Phase separation/sedimentation 

The short term stability of mefenamic acid gels was assessed under which the gels 

stored at ambient temperature were directly observed after 2 and 24 h and then after 7, 14 

and 30 days to observe any phase separation (Table 7.2). The occurrence of phase 
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separation or sedimentation, if any was then confirmed by rheological assessment. The 

mefenamic acid gels containing poloxamers L31 (MA01), L43 (MA02) and L62 (MA03) 

exhibited sedimentation on visual inspection at 24 h. The same was confirmed by the 

rheological assessment shown in the rheograms given in Figure 7.3A to 7.3C. In the rest of 

mefenamic acid gels prepared using poloxamers L64 and L92 the drug remained dispersed 

over a period of one month (Figure 7.3D and 7.3E) and Figure (7.4A and 7.4B) and thus, 

were the candidate for further studies, such as drug contents, release, FTIR and the long 

term stability. 

 

Table 7.2: Sedimentation data of different mefenamic acid gels 

Gels 

8% SIO2 

Phase separation if any, 

with time 
Remarks 

MA01 After 24 h Unstable 

MA02 After 24 h Unstable 

MA03 After 24 h Unstable 

MA04 No Stable 

MA05 No Stable 

 

7.5.2. Drug contents in gels 

Table 7.3 shows the content of mefenamic acid in the stable gels prepared using 

L64 and L92 poloxamers. The drug contents of all the gels were within the reported 

standard concentrations (BP, 2009). 
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Table 7.3: Drug contents of stable mefenamic acid gels 

Formulations Drug content (%) 

Mefenamic .acid gel with L64 

(MA04) 
99.14 

Mefenamic .acid gel with L92 

(MA05) 
100.01 

 

7.5.3. Rheological evaluation 

Triplicate rheograms of the gels containing mefenamic acid with different 

poloxamers were taken after a time period of 2 h, 24 h, 7, 14 and 30 days by uniformly 

increasing shear rate from 0 to 1000 s-1 over 1 min and then decreasing to zero over 1 min 

at room temperature. The three replicate rheograms were found to be reproduceable with 

minor variations (SD < ± 0.004). The rheograms of the mefenamic acid gels taken at 2 h 

and 24 h as shown in Figures 7.3A to 7.3E. The mefenamic acid gels, exhibited hysteresis 

loops with small area, demonstrating them as the materials with pseudoplastic flow along 

with the thixotropic behaviour. The presence of the hysteresis loop indicates that a 

breakdown in structure has occurred and the area within the loop may be used as an index 

of the degree of breakdown or thixotropy.  

 

The rheograms of stable mefenamic acid gels at 2 h and 24 h compared to each 

simple gel of the respective poloxamer, revealed a slight increase in the viscosity (Figures 

7.4A and 7.4B), However, in the unstable mefenamic acid gels, i.e., those containing the 

poloxamers L31, L43 and L62 where disperse phase sedimented within 24 h, no increase 

in the viscosity was evident. The thixotropic behaviour of the mefenamic acid gels 

demonstrated development of a gel structure between components of the stable gels. 

Rheogram of stable mefenamic acid gels with poloxamers L64 and L92 shown to retain 

their pseudoplastic behaviour after 1, 7 and 30 days of storage (Figure 7.4A and 7.4B). 
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Furthermore, the rheograms of stable mefenamic acid gels show little difference in apparent 

viscosity (ƞa) values between 2 h and 30 day storage period (Table 7.4). 

 

The rheological profiles of each stable gel after 24 h is also shown in Figure 7.4A 

and 7.4B for comparison to that of the 7 and 30 days to observe any change after the 

formation of gel structure at 24 h. During storage for 30 days, the mefenamic acid gels with 

poloxamer L64 and L92 retained their pseudoplastic flow, along with the thixotropic 

behaviour for this study period of short term stability.  
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Figure 7.3: Rheograms of mefenamic acid gels at 2 and 24 h, prepared using; (A) 

L31, (B) L43, (C) L62, (D) L64, and (E) L92 
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A B 

Figure 7.4: Rheograms of mefanamic acid gels at 1, 7 and 30 days prepared using; 

(A) L64, and (B) L92  

 

7.5.3.1. Apparent viscosity 

Tables 7.4 show the results of apparent viscosity ƞa values at each storage time and 

confirm increase in apparent viscosity (ƞa) of the mefenamic acid gels which was related to 

viscosity of the original poloxamer. The (ƞa) of the gels were maintained reasonably well 

over the storage period of 30 days and although there were some variations in viscosity, yet 

these were minor. The (ƞa) values were compared at the shear rate of 990 s-1 taken at highest 

shear rate. The viscosity of these system decreases with increasing rate of shear (Table 7.5). 

Thus the viscosity of a shear thinning system (plastic and pseudoplastic material) cannotbe 

expressed by a single value. 

 

This indicated that the shear thinning and thixotropic behaviour of mefenamic acid 

gels also showed appropriateness of their filling due to reduction in apparent viscosity 

during high shear mixing and capsule filling processing and thereafter an increased 

apparent viscosity without leakage problems (Martin, 2006). 
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Table 7.4: Apparent viscosity of the mefanemic acid gels 

Mefenamic acid gel 

ƞa at shear rate 990 s-1 (Pa.s) at time 

2 h 24 h 7 days 14 days 30 days 

L31+8% SIO2+10% Mef. Acid 1.764 1.617 1.605 1.611 1.609 

L43+8% SIO2+10% Mef. Acid 2.158 2.067 2.06 2.065 2.061 

L62+8% SIO2+10% Mef. Acid 2.066 1.671 1.669 1.677 1.676 

L64+8% SIO2+10% Mef. Acid 3.012 3.207 3.183 3.15 3.053 

L92+8% SIO2+10% Mef. Acid 3.633 4.208 4.029 4.032 3.986 

 

7.5.3.2. Pseudoplastic flow and yield value 

Like other pseudoplastic materials, mefenamic acid gels showed a yield value and 

no fixed apparent viscosity (viscosity decreased with increasing rate of shear) (Table 7.5). 

The curved rheogram for mefenamic acid gels was resulted from a shearing action on long-

chain molecules of drug or the polymer (Figure 7.3A to 7.3E; 7.4A and 7.4B). As shearing 

stress was increased, the disarranged molecules begin to aligning along their long axis in 

the direction of flow. This orientation reduced the internal resistance of the gels and at a 

greater rate of shear at each successive shearing stress, thereby decreasing apparent 

viscosity. 

 

7.5.4. In-vitro release study 

The drug release was assessed only of the mefenamic acid gels, which demonstrated 

the dispersion phase stability, i.e., no phase sedimentation until 30 days. Thus, mefenamic 

acid gel prepared using L64 and L92 (M04 and M05) were carried forward for the release 

study. The mefenamic acid release from the selected gels of mefenamic acid is given in 

Table 7.6 and Figures 7.5.  
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Table 7.5: Apparent viscosities of the mefenamic acid gels at 24 h at different shear rate 

Mefenamic acid Gel 

ƞa (Pas) at different shear rates 

100 200 300 400 500 600 700 800 900 990 

L31+8% SIO2+10% Mef. Acid 1.92 1.98 1.95 1.90 1.84 1.79 1.74 1.70 1.65 1.62 

L43+8% SIO2+10% Mef. Acid 3.26 2.99 2.79 2.63 2.48 2.39 2.29 2.21 2.13 2.08 

L62+8% SIO2+10% Mef. Acid 1.89 1.95 1.94 1.91 1.87 1.82 1.78 1.74 1.70 1.67 

L64+8% SIO2+10% Mef. Acid 4.80 4.45 4.24 4.02 3.85 3.69 3.54 3.41 3.30 3.21 

L92+8% SIO2+10% Mef. Acid 16.55 10.89 8.66 6.98 6.05 5.36 4.91 4.45 4.36 4.21 
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The stable mefenamic acid gels, MA04 and MA05 exhibited the first order kinetics 

as shown in Table 7.7. The values of the slope of the graph of percent release versus time 

revealed that the drug release form MA04 and MA05 gels prepared using, respectively, 

L64 and L92 showed different release rates. 

 

The mefenamic acid gels MA04 (L64-A200 8% w/w) demonstrated and MA05 

(L92-A2008% w/w) approximately 100% release in 3h. It has previously been shown that 

the release of the drug from the gels is related to polyoxyethylene contents, the viscosity of 

the poloxamers (Sultana et al., 2013) and, from poloxamer-silicon dioxide gels depends on 

the hydophilicity of silicon dioxide and the physicochemical properties of the drug (Walter, 

1991, 1992). With reference to L64, the finding for release of mefenamic acid was in line 

with the previous observations where the same poloxamer yielded the same release for 

paracetamol, a sprainingly soluble drug. Mefenamic acid is a drug that is practically 

insoluble in water. This also implies that the L64 could be used for accomplishing the 

desired release of drugs having lesser water solubilities. The mefenamic acid gels were 

prepared using the poloxamers having different POP and POE components (Table 1.4).  

 

It had been observed that the mefenamic acid release was faster from L64/A200 gel 

as compared to the gel containing the poloxamer L92. The viscosity of L92 poloxamers is 

higher and it produced a thicker gel of mefenamic acid. This may be the reason of lesser 

drug release from its gel. In-vitro dissolution studies showed that the above two stable 

formulations followed first order kinetics and showed the tendency of Fickian release 

(Table 7.7). 
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Table 7.6: Percent mefenamic acid released from mefenamic acid gels 

Time 

(min) 

Percent mefenamic acid release from 

gels 

L64 L92 

Mean SD Mean SD 

0 0 0 0 0 

30 74.39 8.56 61.29 3.77 

60 91.93 5.08 78.32 6.37 

90 102.81 4.62 88.75 3.93 

120 101.48 6.70 95.03 0.82 

150 102.37 5.04 100.16 0.23 

180 102.84 5.02 100.90 0.23 

 

 

Figure 7.5: Mefenamic acid release profiles from stable mefenamic acid gels 
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Table 7.7: Kinetic parameters of mefenamic acid release from its gels 

Gels 

Zero order First order Higuchi Korsemeyer 

R2 K0 R2 K1 R2 KH R2 KPP n 

L31 0.1782 0.732 0.9892 0.039 0.8141 8.798 0.9988 42.096 0.170 

L43 -0.0169 0.754 0.9949 0.056 0.7170 9.124 0.9988 59.103 0.106 

L62 0.6961 0.506 0.9458 0.010 0.9858 5.934 0.9957 9.144 0.409 

L64 0.1362 0.770 0.9953 0.046 0.7926 9.270 0.9871 45.444 0.165 

L92 0.4375 0.722 0.9939 0.028 0.9188 8.581 0.9962 25.302 0.273 

 

7.5.5. Comparative rheology of simple and mefenamic acid gels after 24 h 

The viscosity of the simple gels of the respective poloxamer as compared to the 

stable mefenamic acid gels at 24 h revealed an increase in the apparent viscosities (Figures 

7.6) after the addition of the disperse phase mefenamic acid (Table 7.8). 

 

  
A B 

Figure 7.6: Rheograms of simple and mefenamic acid gels prepared with Aerosil® 

A200, 8% w/w at 24 h using; (A) L64, and (B) L92 
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Table 7.8: Apparent viscosity of mefenemic acid gels at 600 s-1, 800 s-1 and 990 s-1 

Formulation 

% increase in apparent viscosity (ƞa) at 

600s-1 800s-1 990s-1 

L64, M.Acid 2.78 5.59 9.58 

L92, M.Acid 45.65 45.42 56.13 

 

On addition of disperse phase in simple gel of L64-A200 8% w/w the percent 

increase in ƞa at shear rates of 600s-1, 800s-1 and 990s-1 respectively was found to be 2.78, 

5.59 and 9.58%. This has been shown in Table 7.8 and Figure 7.6. The addition of 

mefenamic acid in the simple gels prepared using L92 the apparaent viscosity (ƞa) showed 

increase of 45.65, 45.42 and 56.13%, at shear rates 600s-1, 800s-1 and 990s-1, respectively. 

Table 7.8 and Figure 7.6 showed the above data. Increase in apparent viscosity indidated 

that the disperse phase was entangled in between the network of the gel.  

 

7.5.6. FTIR spectra 

The IR spectra of mefenamic acid have been shown in Figure 7.7. The spectra 

showed all the principal peaks, characteristics of the pure (undecomposed/interacted) 

mefenamic acid (Clarke, 2004) in all the stable mefenamci acid gels as the phenyl, carbonyl 

amino and hydroxyl groups at 3400 – 3450 cm-1 remained intact. However, CH-CH 

aromatic stretch was masked by CH-CH aliphatic strech of poloxomer due to its higher 

concentration. Thus, there was no chemical interaction between the drug, mefenamic acid 

and the other components of gels. A minor change in the spectra of mefenamic acid in gel 

was due to the masking of the CH-CH stretching. 



233 
 

  

A B 

Figure 7.7: FTIR spectra of poloxamers, SiO2, simple and mefenamic acid gels with; 

(A) L64/A200, and (B) L92/A200 

 

7.5.7. Long term stability of the stable mefenamic acid gel 

The long term stability was performed on the stable mefenamic acid gel prepared 

by L64 since it showed maximum release of mefenamic acid, a usual requirement for the 

drugs which are practically insoluble.  

 

7.5.7.1. Drug contents 

The percentage content of mefenamic acid in gels prepared with poloxamers L 64 

found at the time of preparation was 99.14 %, 98.90% at 3 months, 100.21% at 6 months 

and 99.62% at 12 months. The drug contents of the gel formulations were within the 

reported standard concentrations in long term stability studies.  

 

7.5.7.2. Phase separation  

The mefenamic acid gels stored in stability chamber (SANYO Ultra low MDF-

U32V, Curio Modle: SC- 0709) at 30°C/65%RH were directly observed at 24 h and then 

at 3, 6 and 12 months to observe any phase separation. Mefenamic acid was observed to be 
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remained dispersed in all the mefenamic acid gel prepared with L64 over a period of twelve 

months as shown by rheogram (Figure 7.8). 

 

 

Plate 7.2: Dispersion stability of the mefenamic acid gel in poloxamer L64 at 3, 6 and 

12 months 

 

7.5.7.3. Rheology of the mefenamic acid gels 

Rheograms of the 10% w/w mefenamic acid gel prepared with L64 (A200 /8% w/w) 

showed pseudoplastic behaviour at 24 h and after 3, 6 and 12 months during the long term 

stability studies (Plate 7.2). The apparent viscosity ƞa of the mefenamic acid gel was 

maintained over the entire storage period of 12 months (Table 7.9). The no yield value of 

the gel formulation containing mefenamic acid was observed at 24 h and after 3, 6 and 12 

months (Figure 7.8). The rheograms 10% mefenamic acid gels prepared using 10% 

poloxamer and 8% A200 w/w formulation at 2, 3 and 6 months showed almost identical 

rheological profiles characterized by a small degree of thixotrpy represented by a small 

hysteresis loop except the rheogram taken at 12 months showing hysteresis loop with large 

area. This indicates that a strong structure had been established between drug and gel 

(Figure 7.8). 
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Figure 7.8: Rheograms of mefenamic acid gel prepared using L64 at 24 h and 3, 6 

and 12 months 

 

Table 7.9: Apparent viscosity (ƞa) of mefenamic acid gel at 990 shear rate 

Gel 

ƞa at 990 shear rate 

0 month 3 month 6 month 12 month 

L64, Mefenamic acid 3.21 3.20 3.17 3.67 

 

7.5.7.4. In-vitro release of drug from gels 

Release of mefenamic acid gel, filled in hard gelatin capsules after 3, 6 and 12 

months is given in Table 7.10 and Figures 7.9. The errors bars have not be given in Figure 

7.9 to avoid complexcity. The stable mefenamic acid gel prepared using L64+8% SiO2 

exhibited the first order kinetics (Table 7.11) at 24 h and the same was demonstrated at 6 

and 12 months. About 100 % mefenamic acid release of Fickian’s pattern was noted from 

the above gel within 3 h at 24 h and then 3, 6 and 12 months, respectively as shown in 

Table 7.11. The drug found uniformly distributed in gels during the 12 months stored at 

conditions of 30C/64%RH. 
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Figure 7.9: Release of mefenamic acid from gel prepared using L64 at 24 h and 3, 6 

and 12 months 

 

Table 7.10: Percent mefenamic acid released at 24 h and 3, 6 and 12 months from gel 

prepared using L64 

Time 

Release 

0 month 3 Month 6 Month 12 Month 

Mean SD Mean SD Mean SD Mean SD 

0 0 0 0 0 0 0 0 0 

30 74.39 5.30 78.62 8.56 75.02 3.37 72.21 3.77 

60 91.93 5.41 90.36 5.08 93.06 5.27 89.72 6.37 

90 102.81 1.64 98.1 4.62 99.26 6.38 100.6 3.93 

120 101.48 1.01 100.6 6.70 99.7 7.24 98.21 0.82 

150 102.37 1.10 99.32 5.04 98.74 8.14 99.98 0.23 

180 100.51 0.36 99.8 5.02 100.21 7.37 101.12 0.23 
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Table 7.11: Kinetic parameters for mefenamic acid release from gel, at 24 h and 3, 6 

and 12 months prepared using L64 

Time 

Zero order First order Higuchi Korsemyer 

R2 K0 R2 K1 R2 KH R2 Kpp n 

0 Time 0.1068 0.765 0.9962 0.046 0.7780 9.220 0.9842 46.892 0.157 

3 Month 0.0438 0.751 0.9971 0.048 0.7499 9.077 0.9943 52.338 0.131 

6 Month 0.0664 0.752 0.9997 0.046 0.7595 9.078 0.9881 49.670 0.142 

12Month 0.1493 0.752 0.9980 0.042 0.7982 9.051 0.9871 43.494 0.169 

 

7.5.7.5. FTIR spectra 

FTIR spectra of the mefenamic acid gel prepared with poloxamer L64 obtained at 

different timings, i.e., 24 h and 3, 6 and 12 months as shown in Figure 7.10 to observe any 

instability in formulation during long terms storage times. The IR spectra showed 

characteristic bonds of mefenamic acid and other components in the gel during this period 

of stability study. The principal peaks which have been observed in pure mefenamic acid, 

have also been observed in sample (Clarke, 2004), showing no instability in the mefenamic 

acid gels. 
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Figure 7.10: FTIR spectra of mefenamic acid gel at 24 h and 3, 6 and 12 months, 

prepared using L64/A200 

 

7.6. CONCLUSION 

The rheograms of all gels containing mefenamic acid exhibited plastic or 

pseudoplastic flow along with thixotropy behaviour at 2 and 24 h. The same behaviour was 

also shown by the stable gel formulations at 1, 7 and 30 days. Mefenamic acid gels prepared 

with L64, L92 were found stable over the period of one month with minor variations in 

apparent viscosities. Mefenamic acid gel prepared using the L64 poloxamers showed a little 

bit fast release as compared to mefenamic acid gel prepared using L92 formulation. In-vitro 

dissolution studies showed that both of the mefenamic acid gels followed first order 

kinetics. The FTIR suggested that there were no chemical interactions between drug and 

polymers. This work suggests that release of the model drug mefenamic acid which is 

practically in soluble in water can be enhanced by using hydrophilic thixotropic gel system 

prepared with liquid poloxamers and hydrophilic silicon dioxide 8% w/w. 

 

The long term stability study of the mefenamic acid gel prepared with poloxamer 

L64, filled in hard gelatin capsules was investigated in terms of dispersion stability, 

rheology, release rate and FTIR over the period of 12 months. The dispersion stability, 
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rheology and release over the period of 12 months were found to be comparable to that 

noted at 24 h after the preparation. No chemical interaction between drug and polymers 

was found. In-vitro dissolution studies showed that all the gel formulations followed first 

order kinetics. Long term stability studies suggest that at 30°C/65% RH, gel formulation 

almost retain their rheological, dispersion and release characteristics over the period of one 

year. This work suggests that release of the practically in soluble model drug (mefenamic 

acid) can be enhanced by using hydrophilic thixotropic gel system prepared with liquid 

poloxamers and hydrophilic silicon dioxide 8% w/w. The rheological characteristics of the 

mefenamic acid gel were appropriate for easy filling in to hard gelatin capsules with no 

leakage. 
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CHAPTER 8 

GENERAL SUMMARY AND SUGGESTIONS FOR FUTURE WORK 

8.1. GENERAL SUMMARY 

The aim of this research was to investigate the effects of the physicochemical 

properties of the dispersed phase (drugs) and liquid continuous phase (poloxamer/silicon 

dioxide) on the rheology, dispersion stability, release rate of drugs filled, under ambient 

conditions into hard gelatin capsules. The long term stability studies were also performed 

on the selected gels to evaluate their physical and chemical integrity. In most of the cases, 

the active substances (isoniazid, metronidazole, mefenamic acid) were appeared to be 

dispersed in stable formulations. However, in the case of paracetamol, drug was appeared 

to be dissolved in the liquid phase, as a transparent gel formulation was obtained on the 

addition of paracetamol in the simple gels of the respective poloxamers This above factor 

may have effect on the rheological properties, capsule filling and dispersion stability of  

and drug release form the gel formulations. In the present work, the aims and objectives 

were met. 

 

In Chapter 1, the selected and the relevant information related to the hard gelatin 

capsules, liquid and semisolid matrix systems, including thermosoftened and thixotropic 

system which can be filled into hard gelatin capsule have been given. The extended 

applications of the hard gelatin capsules, excipients in used for semisolid matrix system, 

theories of rheology, stability and the characterization of the semisolid matrix systems have 

also been included. 

 

The Chapter 2 shows the necessary literature on the current status of the liquid and 

semisolid matrix (LSSM) technology, procedural aspects and the text on the 
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characterization of the SSM. The literature review revealed the novelty of the research 

work, i.e., the use of liquid poloxamers in thixotropic gel systems for preparation of gels. 

The use of drugs of varying solubilities, such as isoniazid, metronidazole, paracetamol and 

mefenamic acid has also not studied with this reference. These drugs have not been used 

previously for thixotropic system to evaluate their rheological and release characteristics. 

Liquid poloxamers were selected as the continuous phase for this research, as they can be 

obtained with a wide range of viscosities, densities, molecular weights and ratio of 

POP/FOE groups. Poloxamers have not been used in thixotropic formulations for hard 

gelatin capsules. The poloxamers were selected for this research because they are 

hydrophilic and therefore it was expected that their use would contribute to work on liquid-

fill formulations. Use of different poloxamers may provide a comparison in rheological 

behaviour and release characteristics of the drugs of different solubilities with the 

hydrophobic systems previously investigated by Walters et al., (1991), Ellison et al., (1995) 

and Benedict et al., (1997). 

 

The findings on the preliminary study have been presented in Chapter 3. The aim 

of this part of work was to find the concentration of thickening agent, hydrophilic silicon 

dioxide (A200) and the viscosity of liquid poloxamer for stable isoniazid gel. The silicon 

dioxide was used in concentration range of 1-10% w/w for the simple gel. Drug was added 

at the concentration of 10% w/w in each of the simple gels prepared with the selected 

poloxamers L31 and L64. Twenty isoniazid gel formulations with each of the poloxamers 

were prepared and their rheological characteristics, dissolution profile and dispersion 

stability were studied using poloxamers of low and high viscosity values, the L3100 and 

L6400, respectively. Isoniazid in this part of study was used as such as received, i.e., un-

sieved. Thus, the particle size of the drug was not characterized. The results of this 
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preliminary work showed that the gels made with selected liquid poloxamers showed a 

little change in apparent viscosity on storage. The apparent viscosity for each gel was found 

to be dependent on the viscosity of poloxamer from which the gel was prepared. The release 

rate of the model drug isoniazid which is freely soluble in water was found to be related to 

its aqueous solubility, viscosity of poloxamer and the silicon dioxide concentration. With 

the poloxamer of higher viscosity and higher concentration of silicon dioxide, the tendency 

for disperse phase sedimentation was lesser. The Newtonian behaviour of two pure 

poloxamers was indicated (Figure 4.1A) while in the case of poloxamer L31, silicon 

dioxide (A200) with 1% w/w concentration exhibited Newtonian flow behaviour, as the 

concentration of silicon dioxide was increased, from 2-10% w/w, gels showed non 

Newtonian behaviour (plastic or pseudoplastic) alongwith thixotropy. In the case of L64, 

all the simple gels with the concentration of silicon dioxide (1-10% w/w) exhibited non 

Newtonian behaviour (plastic or pseudoplastic) alongwith thixotropy. The isoniazid 

formulations containing L31/A200 (1-7% w/w) L 64/A200 (1-3% w/w) showed phase 

separation between 2 to 24 h. 

 

Each stable isoniazid gel formulations (L31/A200 7-10% w/w) (L64/A200) (4-10% 

w/w) prepared with respective poloxamers exhibited plastic or pseudoplastic flow along 

with thixotropic behaviour. In-vitro dissolution studies showed that all the stable 

formulations i.e., L31/A200 (7-10% w/w) and L64/A200 (4-10% w/w) followed first order 

kinetics and showed the tendency of Fickian release. In Chapter 3 (Part II), gels were 

prepared by using 9% w/w concentration of silicon dioxide, with four poloxamers L31, 

L43, L62 and L64. Paracetamol 10% w/w as model drug was incorporated in the gel of 

each of the respective poloxamer. The main objective of this study was to investigate the 

effect of high concentration (9% w/w) of silicon dioxide on the phase separation in the gel 
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formulations. Keeping in view that increased concentration of silicon dioxide was expected 

also to increase the hydrophilicity and thickness of the gels. The other parameters like 

release rate, rheology, FTIR in addition to phase separation were also investigated. It had 

been made a useful comparative study with the simple gels and gel formulations containing 

paracetamol with 8% w/w silicon dioxide in this chapter. 

 

The findings of work in Chapter 3 was the basis for the use of five poloxamers of 

varying viscosities, fixing the concentration of silicon dioxide as 8% w/w with isoniazid 

with known particle size of 180-250 µm in Chapter 4. The finding also triggered the use of 

drugs of varying solubilities, such as metronidazole (Chapter 5), paracetamol (Chapter 6) 

mefenamic acid (Chapter 7) and keeping the same percentage of silicon dioxide.  

 

The aim of work in Chapter 4 was to examine the effect of selected concentration 

of hydrophilic silicon dioxide (Aerosil® A200) on the dispersion stability, rheological 

characteristics and release profile of isoniazid from its semisolid matrix based formulations 

filled into hard gelatin capsules. The isoniazid gel were prepared using liquid poloxamers 

of different viscosities (L31, 43, L62, L64 and L92, 8% w/w silicon dioxide (A200) and 

10% w/w drug. The drug was sieved to obtain the particle size of 180-250 µm. The 

interaction and incompatibility of isoniazid in the other ingredients of the gel formulations 

was also determined by Fourier transform infrared spectroscopy (FTIR). 

 

As indicated by the rheograms (Figure 4.1A-4.1F), the Newtonian behaviour of 

pure poloxamers were transformed to thixotropic behaviour in each simple gel and its 

formulations. The apparent viscosity for each gel was found to be dependent on the 

viscosity of poloxamers from which the gel was prepared. The results indicated that all the 
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semisolid matrices of drug, expect that prepared using L62 remained dispersed over a 

period of one month. The release of drug from different formulations was function of 

viscosity of poloxamers, polyoxyethylene and polyoxypropylene proportions of the block 

copolymer (poloxamers) and hydropillicity of silicon dioxide.  

 

Most of the gels made with selected liquid poloxamers have a little change in 

apparentviscosity on storage. In-vitro dissolution studies showed that all the stable 

formulations followed first order kinetics. The FTIR data suggested that there were no 

chemical interaction between drugs and polymers.  

 

Long term stability studies which was performed on the simple and isoniazid gels 

prepared with poloxamers, L31 and L64 and filled into capsules. The simple and isoniazid 

gels showed almost identical rheological behaviour over the period of 12 months. Gels were 

stable in terms of dispersion stability during this period. No chemical interaction between 

drug and polymers was found. In-vitro dissolution studies showed that all the gel 

formulations followed first order kinetics. Long term stability studies suggest that at 

30°C/65% RH the simple and isoniazid gels retained their rheological, dispersion and 

release characteristics over the period of one year. 

 

The drug, metronidazole was selected for being the reason that it is slightly soluble 

in water in Chapter 5. The rheograms of all gels containing metronidazole exhibited plastic 

or pseudoplastic flow alongwith thixotropy behaviour at 2 and 24 hours. Almost similar 

behaviour was also shown with the stable gel formulations at 1, 7 and 30 days 

investigations. The gel formulation prepared with poloxamer L43 and L92 showed phase 

separation after 24 hr. While those prepared with L31, L62 and L64 were found to be stable 
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over the period of one month with minor variations in apparent viscosities. L62 and L64 

containing gels showed the fast release of the drug (100% and 106%) respectively, as 

compared to L6200 (50%) in 3 h. In-vitro dissolution studies showed that all the stable 

formulations followed first order kinetics. The FTIR suggested that there were no chemical 

interactions between drug and polymers. 

 

Long term stability studies were performed on the simple and metronidazole gels 

prepared with poloxamers L31 and L64) and filled into capsules indicated that over the 

period of 12 months, the rheological behaviour of the gels were comparable to that of noted 

at 2 h after the preparation. Gel formulation was stable in terms of dispersion stability 

during this period. No chemical interaction between drug and polymers was found. In-vitro 

dissolution studies showed that all the gel formulations followed first order kinetics. Long 

term stability studies suggested that at 30°C/65% RH the simple and metronidazole retained 

their rheological, dispersion and release characteristics over the period of one year. 

 

In Chapter 6, the model drug, paracetamol was selected since it was sparingly 

soluble drug. In this part of study, paracetamol gels were prepared with 8% (w/w) Aerosil® 

A200. The rheograms of all gels containing paracetamol exhibited pseudoplastic flow 

alongwith thixotropy behaviour at 2 and 24 h. Same behaviour was also shown with the 

stable gel formulations at 1, 7 and 30 days. The paracetamol gels prepared with L43, L64 

and L92 were found to be stable over the period of one month with minor variations in 

apparent viscosities. The L92 containing gel formulation released the drugs slowly as 

compared to gel formulated using L43 and L64. In-vitro dissolution studies showed that all 

the stable formulations followed first order kinetics. The FTIR suggested that there were 

no chemical interactions between drug and polymers. 
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Long term stability studies performed on the paracetamol gel filled into capsules 

prepared with poloxamers L64 indicated that over the period of 12 months. Gels were stable 

in terms of dispersion stability. No chemical interaction between drug and polymers was 

found. In-vitro dissolution studies showed that all the gel formulations followed first order 

kinetics. Long term stability studies suggest that at30°C/65% RH gels retained their 

rheological, dispersion and release characteristics over the period of one year. 

 

Paracetamol (sparingly soluble drug) was also used with 9% w/w concentration of 

silicon dioxide as to investigate the different parameters of gel and gel containing 

paracetamol in Chapter 3 (Part II). Four poloxamers, L31, L43, L62 and L64, with different 

viscosities & molecular weight were used. Paracetamol with particle size of (180-250 um) 

separated by Retsch sieve shaker was used. The gel was prepared by the same procedure as 

mentioned earlier with each poloxamer, using 9% w/w concentration of silicon dioxide, 

10% w/w drug was incorporated into simple gel to make gel formulation. Gels prepared 

using L31 and L62 showed phase separation after 24 hr. Simple gel and gel formulations 

exhibit plastic and pseudoplastic behaviour alongwith thixotropy respectively. Paracetamol 

gels prepared using L64 and L43 with A200 concentration of 9% showed comparable 

release in 3h. In-vitro dissolution studies showed that all the stable formulations followed 

first order kinetics. The FTIR suggested that there were no chemical interaction between 

drug and polymers. 

 

Mefenamic acid was selected as a drug which is practically insoluble in water, to 

investigate the different parameters of gel and gel containing Mefenamic acid in Chapter 

7. Five poloxamers were selected which included; L31, L43, L62, L64 and L92, with 

different viscosities and molecular weight and POP/POE contents. The rheograms of all 
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gels containing mefenamic acid exhibited plastic or pseudoplastic flow alongwith 

thixotropy behaviour at 2 and 24 h. Same behaviour was also shown by the stable gel 

formulations at 1, 7 and 30 days. The mefenamic acid gels prepared with L64 and L92 were 

found to be stable over the period of one month with minor variations in apparent 

viscosities. L64 containing gels showed a little bit fast release as compared to that of L92 

formulation. In-vitro dissolution studies showed that all the stable formulations followed 

first order kinetics. The FTIR suggested that there were no chemical interactions between 

drug and polymer. The indicators for the long term stability of mefenamic acid gel prepared 

with poloxamer L64 and filled in capsules such as dispersion stability, rheology, release 

and FTIR over the period of 12 months were comparable to those noted at 24 h after 

preparation. FTIR indicated no interaction or chemical incompatibilities among the gel 

components. In-vitro released data were best fitted to the first order kinetics. The gels also 

retained its rheological characteristics, dispersion stability and the release profile over the 

period of one year at 30ºC/65% RH. This work suggested that the release of the practically 

insoluble model drug, mefenamic acid could be enhanced by using hydrophilic thixotropic 

gel system prepared with 10% liquid poloxamer L64 and 8% Aerosil® A200 w/w. The 

rheological characteristics of the mefenamic acid gel were appropriate for easy and 

satisfactory filling without leakage. 

 

For the freely soluble drug isoniazid, the gel prepared with poloxamer L92 and 8% 

w/w silicon dioxide showed least release in 3h. Whereas the gel prepared with poloxamer 

L64 and 8% w/w silicon dioxide showed the fast release in 3h with the sparingly soluble 

drug such as paracetamol, slightly soluble such as metronidazole and the drug which is 

practically insoluble in watersuchas mefenamic acid. In the case of paracetamol gel 

prepared with 9% w/w silicon dioxide with different poloxamers, here again fast release 
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was shown by poloxamer L64 in approximately 3h. The gels containing the drugs and the 

poloxamers showing the desired release of the isoniazid, metronidazole, paracetamol and 

mefenamic acid have been shown in Figure 9.1. 

 

 

Figure 8.1: Gels and the poloxamers showing the desired release of the drugs under 

study 

 

Based on the findings of Chapter 3 to 7, Chapter 8 narrates the general summary of 

the entire summary of work. The suggestions for the future research based on the findings 

of this work have also be the part of this Chapter. 
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8.2. FUTURE DIRECTIONS OF THE RESEARCH 

Meeting of the aim and objectives of the entire study has triggered other research questions 

and future direction which has been evolved in the future suggestions as given below. 

 

8.2.1. Comparison of different liquid vehicles 

In this study, five poloxamers were employed as liquid vehicle. There are several 

liquid vehicles available and has been employed for the thermosoftened gels (Table1.3). 

Such liquid vehicles could be used to prepare the thixotropic gels for evaluation of 

suitability for filling into hard gelatin capsules and their effect on the release of drugs from 

the systems prepared from such excipients. 

 

8.2.2. Evaluation of the effect of particles size of disperse phase 

The particle size of the dispersed phase (drug) has not been accessed previously. In 

this study, also only one particle size range of drug, i.e., 180 µm to 250 µm was studied. 

Some categories of particle sizes of the disperse phase could be obtained and their effect 

on the release profile as well as fill ability in hard gelatin capsules could be undertaken. 

 

8.2.3. Study of the effect of added substances 

The data on the effect of added substances, such as surfactants, stabilizers and solubliziers, 

absorption enhancers etc. on the stability of gels and release profiles of drugs is scarce. 

Thus, such studies should be carried out for further improvements in phase stability and the 

release and stability of the drugs. 
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8.2.4. Study for the possible use of the capsules prepared with alternative materials 

Non-gelatin hard capsules manufactured from hydroxypropyl methylcellulose 

which has low moisture content (Ogura and Matsuura 1998; Bhawna 2007) and Starch, 

PVA, and Alginate (Srividya et al., 2014) could be evaluated with the drugs used in this 

study for the effect of their use on the stability and drug release. 

 

8.2.5. Investigation of the potential problem of dispersion stability 

The problem of the dispersion stability in case of gels of drugs prepared using 

certain poloxamers demonstrated phase separation. For instance, isoniazid prepared with 

poloxamer L62, metronidazole, formulated with L43 and L92, paracetamol formulated 

with L31 and L62, and mefenamic acid prepared with L31, L43 and L62 exhibited phase 

separation. This instability due to phase separation of the formulation needs to be 

investigated further to find the approaches for making such preparations more stable. The 

possible approaches may be of worth could be use of solubilizers or stabilizers or 

substances added in the gel system. 

 

8.2.6. Investigation of effect of concentration of disperse phase 

In this study, the concentration of particulate disperse phase was kept fixed, i.e., 

10% w/w. It would be interesting to look at the effect of concentration, if any of the disperse 

phase may be as the real doses on the filling into capsule the rheological characteristics, 

disperse phase stability and release rate could be further investigated. 

 

8.2.7. In-vivo studies of the thixotropic gels 

The thixotropic gels of isoniazid, metronidazole, mefenamic acid and paracetamol 

prepared in this study should be characterized in terms of their pharmacokinetics, such as 
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absorption, distribution, and elimination in appropriate models.  

 

8.2.8. Study of the effect of hydrophobic silicon dioxide (AR974) for the same drugs 

Hydrophobic silicon dioxide was not used in this study, since it did not make 

stronger gel structure. But in future studies, the hydrophobic silicon dioxide should be 

attempted for the same drugs used in this study by using different added substances, or 

liquid vehicles to obtained appropriate drug release profiles for the drugs with varying 

solubilities or physicochemical characteristics. 

 

8.2.9. Study of other potent drugs with different solubilities 

Different other drugs with varying solubilities prepared as thixotropic gels could 

also be attempted for future studies. 

 

8.2.10. Use of LSSM technology for improving the aqueous solubility of existing and 

newly discovered chemical entities 

As compared to the other approaches used for solubility enhancement solid 

dispersion have attracted tremendous interest as an efficient means for the above purpose 

(Jatwani et al., 2012). LSSM is the simper technology even than the solid dispersion 

technique. Thus, drugs with poor solubilities should be prepared using thixotropic or 

thermosoftened systems for improving solubilities by using vehicle, excipients or 

absorption enhancers. This approach, if successful, would be effective for BCS class II 

drugs which have high permeability and lower solubilities. 

 

8.2.11. Investigation of factors which can influence capsule filling 

The rheological characteristics of the SSM may be limitations to the filling of such 

formulations into capsules. It is important to investigate the versatility and limitations of 
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liquid filling considering aging restructuring effects of the gels on storage. 

 

8.2.12. Study of the effect of hydrophilic silicon dioxide (A200) with different 

concentrations 

In this study 8% w/w concentration was investigated with drug having different 

solubilities. Higher concentration of silicon dioxide can be used with other variety of 

poloxamers, particularly for those which showed lesser short term stability (i.e., which 

exhibited phase separation) to observe their effect, beside dispersion stability also on the 

release, dispersion stability and rheological behaviour.The drug release of hydrophobic 

material could be controlled by using hydrophilic excipients to ensure porosity and channel 

formation in the mass without damaging the thixotropic structure.  

  


