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Abstract— The gastro-retentive hydrodynamically balanced system (HBS) for stomach specific floating sustained drug 

release has its importance at present time for improving the absorption of drugs especially that are directly absorbed from 

stomach and small intestine. The hydrodynamically balanced system of Moxifloxacin Hydrochloride (MX) were prepared 

using various polymers and ingredients that may increase the retention time in gastro-intestinal tract. The results 

obtained stated that MX-Gelucire dispersion of the model drug have the properties to lower the release rate of drug.   

 

Index Terms—HBS, Moxifloxacin Hydrochloride, Gelucire, GRDDS, antibiotics 
________________________________________________________________________________________________________ 

I. INTRODUCTION  

  These days, conventional drug delivery systems are not overcoming the problems executed by gastrointestinal tract like less dose 

effectiveness, poor patient adherence and improper drug release. There are many challenges faced by oral drug delivery system 

such as low bioavailability, pH of commensal flora, surface area and enzymatic activity [1]. Such kind of challenges can be 

overcome by development of advance systems such as GRDDS i.e., gastro-retentive drug delivery system. The major advantages 

of GRDDS are better therapeutic efficacy of drugs, better drug absorption, extended gastric residence time in the stomach and 

appropriateness in targeted delivery [2]. Another major advantage of GRDDS is to increase the controlled delivery of drugs with 

the help of releasing the required drugs with chosen rate at extended time period till the time when drug completely releases at the 

absorption area [3]. From several gastro-retentive floating systems, hydrodynamically balanced system (HBS) is widely used due 

to its improved absorption of drugs from stomach and small intestine [4, 5, 6]. Usually, HBSs consists of drugs in the form of gel-

forming hydrocolloids that help to float in the stomach and are single unit forms with one or more than one gel-forming 

hydrophilic polymers and active drug ingredient [7].  The HBSs mainly help to remain drugs in the stomach for longer time 

period and reducing the resistance risk which is beneficial for antibiotics [8]. Moxifloxacin (1-Cyclopropyl-6-fluoro-1,4-dihydro-

8-methoxy-7-[(4aS,7aS)-octahydro-6H-pyrrolo[3,4-b]pyridin-6-yl]-4-oxo-3-quinolinecarboxylic acid hydrochloride) is the 

synthetic broad spectrum type of antibiotic from the class of floroquinolone. It is highly sensitive to gram positive and gram-

negative type of bacteria. Moxifloxacin also shows clinical efficacy against Staphylococcus aureus, Streptococcus pneumoniae, 

Str. pyogenes, Haemophilus influenzae, H. parainfluenzae and many more [9]. It is widely used for treatment of acute 

exacerbations of chronic bronchitis (AECB), community-acquired pneumonia (CAP), acute bacterial sinusitis and skin structure 

infections. Also, it has good efficacy for treating bacterial sinusitis and uncomplicated skin and skin structure infections. 

Moxifloxacin has narrow absorption window and is initially absorbed in proximal part of gut and is thus needed to prolong the 

gastric retention time for better bioavailability [10, 11]. 

   In the present study, HBS has been used to develop moxifloxacin using various polymers for better delivery of moxifloxacin. 

Such approach will prolong the gastric transit time and improve the penetrability of drugs leading to enhanced bioavailability of 

drug.  

II. MATERIALS AND METHODS 

Materials 

Gelucire 39/01 (waxy solid, melting point is 39°C, HLB = 01) received as a gift sample from Gattefosse (St Priest, Cedex, 

France).     Moxifloxacin Hydrochloride (MX) was a gift sample received from Akums Laboratories Ltd (Haridwar, India). The 

other chemicals used were of analytical grade. 

Methods 

MX-Gelucire 39/01 interaction studies  

Gelucire 39/01 is a type of semisolid waxy amphiphilic excipient which comprises of a mixture of short, medium, and long chain 

of fatty acids of C chain length C-12 to C-18 (myristic acid (C-14), palmitic acid (C-16), stearic acid (C-18), caproic acid(C-10), 

lauric acid (C-12), caprylic acid (C-8), linolie acid, and oleic acid). The MX- Gelucire 39/01 solid dispersions were prepared with 

the help of melt granulation techniques. It was melted at 10
0
C and MX was then added, mixed and kept in refrigerator at about 

4
0
C for solidification. The solidified mass was then conceded through a mesh sieve of No.20 in order to have uniform-sized 

granules. The prepared solid Dispersions were further examined thermally using Differential Scanning Calorimetry (DSC). DSC 

was achieved using universal V4.5A TA instrument prepared with refrigerating cooling system. A heating rate of 2°C/min was 

used with the purge gas of nitrogen at moderately low rate to maximize the peak resolution.  

  

                                                Table 1: Formulation composition of various solid dispersions 
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Gelucire 39/01-PHCL 

dispersion code 

Gelucire 39/01 

(%w/w) 

MX 

(%w/w) 

GM12 88 12 

GM16 84 16 

GM20 80 20 

 

 

Preparation of Gelucire 39/01-MX solid dispersions 

Various formulations were prepared by melt granulation technique as shown in table 1. MX and other formulation ingredients 

were assorted in molten Gelucire 39/01 and allowable to set by tapping the mixture into refrigerator at about 4
0
C. The solidified 

mass was then passed by the sieve No.20. The prepared granules were filled into hard gelatin capsule size 0. 

 

In Vitro Dissolution Studies 

In vitro dissolution studies were performed using USP Type I Electrolab TDT-08L dissolution rate test apparatus. Various solid 

dispersion formulations were filled in hard gelatin capsule and tested for in vitro drug release in 900 ml 0.1 M HCl (pH 1.2) at 37 

± 0.5°C. About 5 ml aliquots were withdrawn at numerous fixed periods and refilled by equal volume of fresh 0.1 M HCl (pH 

1.2). Withdrawn samples were diluted and analyzed with UV spectrophotometer (Shimadzu 1800, Japan) at 294 nm. Experiments 

were preformed in triplicate. 

 

Drug release kinetics  

Different kinetic models such as zero order, first order, square root (Higuchi) can be useful to comprehend drug release kinetics 

[12-14]. A zero-order release denotes a even or closely uniform rate of release of a drug from the solid dosage form after 

impending in interaction with an aqueous environment, independent of the drug concentration in the dosage form through a given 

time period. The dosage forms with zero order release frequently offers maximum therapeutic value with minimal side effects 

[12]. For many extended-release formulations, the rate of drug release firstly rises rapidly followed by decreased rate of drug 

release. Such type of drug release is categorized as the first-order release. Such dosage forms may not produce uniform 

concentration levels of the drug in the systemic circulation for a prolonged period of time. The Higuchi release equation (equation 

1) forecasts that the drug release is caused primarily by diffusion mechanism [15]. 

                                                                             
Where Q is the amount of the drug released in time t, K is the release constant from the equation. The data were also subjected to 

Korsmeyer-Peppas power law (19) as in Equation 2. The Korsmeyer-Peppas model provides an insight into the type of drug 

release mechanism taking place from swellable polymeric matrices. 

                                                                            
Where Mt/M∞ is the fraction of drug released in time t, K is the structural and geometric constant, and n, the release exponent, is 

estimated from linear regression fit of the logarithmic release data. In this context, n = 0.5 (polymeric slab), 0.45 (cylinder) and 

0.43 (sphere) Fickian release (diffusion controlled) and value of n = 1 (slab), 0.89 (cylinder) and 0.85 (sphere) suggests the case II 

transport (swelling controlled, purely relaxation controlled drug delivery). Occasionally the value of n = 1 (slab), n = 0.89 

(cylinder) and n = 0.85 (sphere) have been observed, which has been regarded as the super case II kinetics. Intermediate n values 

indicate an anomalous behaviour; that is, non Fickian kinetics corresponding to couple diffusion/polymer relaxation. In diffusion 

controlled systems, Fickian diffusion dominates the drug release process, whereas, in swelling controlled delivery systems; the 

rate of drug release depends on the swelling rate of polymer network [16]. 

 

III.RESULT AND DISCUSSION 

 

Thermal characterization of Gelucire 39/01-MX solid dispersions 

The thermal properties found from DSC thermograms of various Gelucire 39/01-MX solid dispersions are given in table 2. The 

differences in peak shape, area under the curve, enthalpy of fusion and melting temperature (Tm) were observed.  The area under 

the curve of any even t in the thermogram is proportional to the enthalpy of that event. The greater the area under the curve the 

greater will be the enthalpy of that thermal event. The shape of the endothermic peak also has significance. Partially crystalline 

polymers give rise to very broad melting peaks because of the size distribution of the crystallites. The enthalpy of fusion of a 

substance is the change in its enthalpy resulting from providing heat to a specific quantity of the substance to change its state from 

a solid to a liquid at constant pressure [17-21]. 

 

 

 

Table 2  Thermal properties of Gelucire 39/01 and its solid dispersions with MX 

Gelucire 39/01-MX 

Solid dispersion 

code 

MX 

(% W/W) 

Melting 

temperature 

(Tm in 
0
C) 

Area  under 

the curve  

(mJ) 

Δ H Values 

(J/g) 
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Gelucire 39/01 --- 44.36 719.30 143.86 

GM12 12 38.42 369.91 73.98 

GM16 16 40.80 181.57 36.31 

GM20 20 39.86 300.84 60.17 

 

The DSC thermogram of pure Gelucire 39/01 showed two broad endothermic peaks as shown in Figure 1. The first broad 

endothermic peak could be attributed to the glass transition temperature of Gelucire 39/01 due to melting of amorphous lipid 

fraction (low melting fraction) at lower temperatures. The second broad endotherm was attributed to the melting transition, with 

melting temperature (Tm) 44.36
0
C. The thermogram clearly indicated that Gelucire 39/01 exist in two crystalline forms with low 

melting fraction (LMF) gave first endothermic peak  and high melting fraction, the second endothermic peak.  

 

 

 
 Figure 1 DSC thermogram of pure Gelucire 39/01 

 

It may be seen from Fig. 2 that the mixes with MX produced very similar thermal profiles. The melting peak of the drug 

themselves was not measured to be consistent indicators of miscibility due to the possibility of sublimation, degradation of the 

Gelucire at the elevated temperatures involved and drug dissolution into the molten lipid, hence, focus of the study was on the 

melting behaviour of the lipid itself. At 12 and 16% MX level, there was decrease in total heat of fusion and area under the curve 

compared to the Gelucire 39/01. This suggested that at these concentration levels, MX might have caused increase in lower 

melting lipid fraction (crystalline) of Gelucire 39/01. This behaviour, where there is decrease in total heat of fusion and area under 

the curve, is expected for non-interacting systems. At 20% MX concentration (GM 20), there was increase in area under the curve 

and ΔH value of the solid dispersion compared to pure Gelucire 39/01 and corresponding GM 16. This suggests that some of the 

MX might have dissolved in Gelucire 39/01 during the process of mixing. This molten MX fraction might have act as a 

nucleating agent for high melting lipid fraction which resulted in consequent increase in area under the curve and ΔH values.  

 

 
Figure 2 DSC thermograms of MX-Gelucire dispersions 
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Such changes in melting temperature, area under the curve and ΔH values due to incorporation of MX into the Gelucire 39/01 

matrix indicated that the presence of incorporated MX may have a profound influence on the structure and behaviour of Gelucire 

39/01 matrices. This could be ascribed to polymorphic changes in the Gelucire 39/01.  

 

MX dissolution from MX-Gelucire 39/01 solid dispersions 

In order to authorize the results found from DSC analysis, we have also carried out MX dissolution from GM 12, 16 and 20% 

solid dispersions in 0.1 M HCl (pH 1.2; 900 ml). MX dissolution from both fresh and aged (1 month kept in refrigerator at 4 
0
C) 

samples was carried out. USP type II dissolution rate test apparatus was used. Figure 3 and table 4 represent the results of 

dissolution studies [22-24]. 

 

 
Figure 3 MX dissolution from solid dispersions in 0.1 M HCl (pH 1.2) 

 

In the present work drug dissolution from both fresh and aged formulations was performed. The reason for carrying out drug 

release study on aged formulations (kept in refrigerator at 4
0
C for three months) is that Gelucires have been reported to exhibit 

aging effects for example drug release pattern may change upon storage [25, 26]. During the dissolution studies, it was observed 

that as soon as the capsule shell was dissolved, the encapsulated contents acquired the shape of the capsule shell, that is, the shape 

of a single unit cylinder. The drug release from fresh formulations was very slow with about 11 (GM 12), 16 (GM 16) and 26% 

(GM 20) MX was released at the end of 8
th

 h. it was also observed that as the concentration of MX in the Gelucire 39/01 matrices 

increases, MX release decreases. Drug release from aged formulations was even more retarded with 9 (GMA 12), 13.5 (GMA 16) 

& 14% (GMA 20) was released at the end of 8
th

 hr. This finding is opposite to the observation made by some researchers and 

reported reduction in release retarding properties of Gelucire matrices upon aging [27]. Here it seems that upon aging flexibility 

of drug-Gelucire 39/01 surface was increased leading to greater resistance to surface disintegration during dissolution studies. 

This suggests that incorporated drugs and their concentration in Gelucire matrices may have a profound effect on structure of 

Gelucires during storage and consequent change in drug release behavior. 

 

Table 3 Percentage Cumulative drug release from various solid dispersions 

TIME 

(Hours) 

Cumulative % Drug release 

GM 12 GM 16 GM 20  GMA 12 GMA 16 GMA 20  

0 0 0 0  0 0 0  

1 9.56 5.8 3.48  6.56 5.48 3.48  

2 13.32 7.21 4.61  8.06 7.17 4.61  

3 21.22 11.46 5.96  9.81 8.86 5.96  

4 22.93 12.31 6.41  11.06 10.27 6.41  

5 23.57 13.52 7.64  11.81 10.83 6.86  

6 24.69 14.36 8.86  12.94 11.39 7.86  

7 24.95 15.9 9.31  13.69 12.67 8.31  

8 25.7 16.21 10.81  14.07 13.66 9.32  

 

Drug release kinetics  

In vitro release patterns of various formulations were analyzed by fitting the dissolution data into various kinetic models such as 

Zero order, First order, Higuchi and Korsmeyer-Peppas. The r
2
 values obtained from various formulations are depicted in table 4. 

Besides the r
2
 values, the Akaike Information Criterion (AIC) was also used to test the applicability of the release models. The 
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Akaike Information Criterion is a measure of goodness of fit based on maximum likelihood [28]. When comparing several models 

for a given set of data, the model associated with the smallest value of AIC is regarded as giving the best fit out of that set of 

models. The criteria is only appropriate when comparing models using the same weighting scheme. AIC values for various 

models were calculated using Kinet DS software and are depicted in table 4. From the release kinetic data, it becomes clear that 

from formulations GM 12 & GM 16 drug release occurred predominantly by diffusion as evidenced by high r2 value and low AIC 

value for Higuchi release kinetics. Higuchi kinetics describes drug release as a diffusion process based in the Fick’s law, square 

root time dependent. This relation can be used to determine drug dissolution from matrix type dosage forms with water soluble 

drugs. From formulation GM 20, MX release followed zero order release mechanism [29-31]. 

Table 4 Drug release kinetics from various Gelucire 39/01-MX solid dispersions 

 

 

On the other hand drug release from aged formulations retarded to a greater extent compared to fresh formulations. The kinetic 

release patter was also changed to Korsmeyer-Peppas from Higuchi. 

IV.CONCLUSION 

The study has designated that the choice of drug has a deep effect on the structure and behaviour of Gelucire 39/01 matrices. 

Drug-Gelucire dispersions of the model drug, MX showed markedly different solid-state profiles that may be credited to 

polymorphic transformation. MX-Gelucire dispersions presented a lower release rate. It is recommended that this is associated 

with the molten material increasing the cohesiveness of the Gelucire based matrices on immersion in dissolution medium. Aging 

caused changes in structure of Gelucire matrices that leads to increase in release retardation. From the data generated from this 

study, it may be decided that the effect of drug incorporation and concentration of drug in the Gelucire matrices should be 

considered when formulating drug dispersions in lipid matrices. 
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