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Abstract 

The purpose of the present study was to investigate the feasibility of Gelucire based floating emulsion gel beads as a 
sustained stomach specific drug delivery carrier. Emulsion gel beads were prepared by extruding Gelucire (39/01 + 50/13) - 
sodium alginate emulsions loaded with model drugs (metronidazole or norfloxacin) and buoyancy imparting agent (CaCO3) 
into warm acidic CaCl2 solution (3% w/v, 37ºC). The beads formed were separated, washed with distilled water and dried for 
12 h. The influences of Gelucire ratio (39/01:50/13) and total Gelucire concentration in the emulsion on bead buoyancy and 
drug release were investigated. All the drug loaded beads were found to float on 0.1 M HCl (pH 1.2). The drug release in 0.1 M 
HCl was found to be affected by total Gelucire content and its ratio (39/01:50/13). At Gelucire ratio 3:1 & 6:1 (total Gelucire 
content 66 mg and 35 mg), drug release was extended up to 18 hours, whereas, at 4:1 ratio (25 mg) significantly rapid drug 
release was observed. 
 
Rezumat 

Scopul prezentului studiu a fost de a testa fezabilitatea perlelor de gel - emulsie pe bază de Gelucire ca și transportori 
specifici pentru stomac. Acestea au fost preparate prin extruderea Gelucire (39/01 + 50/13) - emulsii de alginat de sodiu 
încărcate cu metronidazol sau norfloxacină și agent de flotabilitate (CaCO3) în soluție acidă de CaCl2 (3% g/v, 37°C ). 
Granulele formate au fost separate, spălate cu apă distilată și uscate timp de 12 ore. Au fost investigate influențele 
gliceridelor din compoziția Gelucire (39/01:50/13) și concentrația totală a acestuia, referitor la eliberarea substanței 
medicamentoase și flotabilitatea granulelor. Flotabilitatea granulelor a fost testată la pH = 1,2 folosind o soluție de HCI 0,1 
M, soluție care a influențat cedarea medicamentoasă corelată cu conținutul total de gliceride din Gelucire® și raportul 
acestora (39/01:50/13). Luând în calcul rapoartele Gelucire 3:1 și 6:1 (conținut total de Gelucire 66 mg și 35 mg), cedarea 
substanței active a fost prelungită până la 18 ore, în timp ce, pentru un raport 4:1 (25 mg), a fost observată o eliberare 
semnificativ mai rapidă. 
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Introduction 

Gelucires (glycerides and polyglycides of fatty 
acids of vegetable origin) are inert, semisolid, waxy 
excipients that are surface active in nature and form 
micelles, microscopic globules or vesicles when 
dispersed in aqueous media. Most Gelucire grades 
are saturated polyglycolised glycerides obtainable by 
polyglycolysis of natural hydrogenated vegetable 
oils with polyethylene glycols. They are composed 
of a mixture of mono-, di and tri-glycerides and 
mono- and di- fatty acid esters of polyethylene 
glycols [1, 2]. These lipidic materials, which are 
identified by their melting point and hydrophilic - 
lipophilic balance (HLB) values, possess a number 
of advantages to the design of controlled drug-
delivery systems. These include low melt viscosity; 
obviating the need for solvents; absence of toxic 
impurities; potential for bio-compatibility and 

biodegradability and prevention of gastric irritation 
by forming a coating around the drug [1-8]. In the 
present study, an attempt has been made to prepare 
Gelucire based emulsion gel beads and explore their 
potential as sustained stomach specific delivery carrier 
for model drugs metronidazole (MTZ) or norfloxacin 
(NFC). The reason for choosing the Gelucire (39/1 
& 50/13) as lipid phase was attributed to their 
excellent physicochemical properties as depicted in 
Table I. 
Apart from the above mentioned physicochemical 
properties, selected blend of Gelucires (39/1 & 50/13) 
has the ability to form instantaneous stable emulsions, 
when mixed in the molten form with sodium 
alginate (SA) solutions in deionized water. The 
prepared Gelucire based emulsion gel beads are 
expected to be superior to emulsion gel beads 
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reported by earlier workers [8, 11-14] with respect 
to freedom from leakage/rancidity of lipid phase, 

sustained drug release in acidic environment of the 
stomach and potential for easy scale up. 

Table I 
Properties of various solid lipids explored by various workers in the preparation of emulsion gel beads 

S. No. Type of lipid Melting point (ºC) Acid value Iodine value Remarks 
1. Carnauba wax 80 - 86 2 - 7 5 - 14 Very high melting point (M.P.), difficult to 

process. Used in drug: lipid ratio 1:1,1:3 & 
1:4 [9] 

2. Glyceryl mono stearate > 55 < 6 65 - 95 High susceptibility to oxidation. Used in 
drug: lipid ratio 1:1 & 1:3 [9] 

3. White wax 62 - 65 17 - 24 < 3 Susceptibility to oxidation. Used in drug: 
lipid ratio 1:1 & 1:4 [9] 

4. Stearyl alcohol 55 - 60 < 2.0 < 2.0 Should be used in combination with low 
melting lipids. Used in drug: lipid ratio 1:1 

[9]  
5. Spermaceti wax > 50 

 
< 0.5 3.0 - 4.4 Susceptibility to oxidation. Used in drug: 

lipid ratio 1:1 & 1:4 [9] 
6. Gelucire 39/01 38 - 40 < 2.0 < 0.2 Tailor made lipid, least susceptibility to 

oxidation. Used in drug: lipid ratio 1:10 [6] 
7. Gelucire 43/01 42 - 45 < 0.2 < 2 -do- 

Used in drug: lipid ratio 1:10 [6] 
8. Gelucire 37/02 34.5 - 39.5 < 2 < 2 -do- 

Used in drug: lipid ratio 1:1, 1:3 & 1:5 [8] 
9. Gelucire 50/02 46.5 - 51.5 < 2 < 2 -do- 

Used in drug: lipid ratio 1:1, 1:3 & 1:5 [8] 
10. Gelucire 64/02 63.5 - 67.5 < 2 < 3 -do- 

Used in drug: lipid ratio 1:1, 1:3 & 1:5 [8] 
11. Gelucire 50/13 50 - 53 < 2.0 < 2.0 Tailor made lipid with high HLB 
12. Glyceryl behenate 65 - 77 ≤ 4 ≤ 3 Susceptibility to oxidation. Used in drug: 

lipid ratio 1:0.5, 1:1 & 1:3 [10] 
13. Glyceryl 

palmitostearate 
52 - 55 < 6 ≤ 3 Susceptibility to oxidation. Used in drug: 

lipid ratio 1:0.5, 1:1 & 1:3 [10] 
 
Materials and Methods 

Materials 
Model drugs, metronidazole (MTZ) and norfloxacin 
(NFC) were gifted by Simpex Laboratories Kotdwar, 
India. Sodium alginate (SA) (Brookfield viscosity: 
1% solution in water at 25ºC was 20 cps.) was 
purchased from Sigma-Aldrich (St. Louis, USA). 
Gelucire 39/01 (waxy solid, melting point (M.P.) 
39ºC, HLB = 0.1) and 50/13 (M.P. 50ºC, HLB = 
13,) was a gift from Gattefosse SAS (St Priest, 
Cedex, France). Water used in the formulations was of 
high-performance liquid chromatography (HPLC) 
grade (Merck), and all other chemicals used were of 
analytical grade. 
Methods 
Preparation of SA solutions. The solutions were 
prepared by dispersing SA (1.5% w/v) in sufficient 
deionized water (HPLC grade) followed by gentle 
heating until solution was effected. The volume was 
made up to the mark (10 mL) by HPLC grade water. 

Preparation of SA-Gelucire emulsions. The SA-
Gelucire emulsions (composition as per Table I) 
were prepared by mixing SA solutions (maintained 
at 60ºC) with a mixture of molten Gelucire (39/01 
and 50/13) at 60ºC, with the help of a mechanical 
stirrer at around 500 rpm for five minutes. 
Preparation of floating emulsion gel beads. Briefly, 
SA-Gelucire emulsions containing CaCO3 and drug 
were added drop wise with the help of a 25 mL 
hypodermic syringe, into warm CaCl2 solution (37ºC) 
prepared in 10% v/v acetic acid (Table II). The 
beads formed instantaneously, were cured for 10 
minutes in the gelation medium with mild agitation. 
Prepared beads were separated by filtration, washed 
thrice with distilled water and dried in an oven at 
35ºC for 12 hours and then kept in a desiccator for 
another 12 hours before furthermore experiments. 
In addition, Ca2+ crosslinked alginate beads without 
Gelucire were also prepared under identical conditions 
mentioned as above. Formulation codes M, stands 
for MTZ loaded formulations, whereas, N, stands 
for NFC loaded formulations. 
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Table II 
Formulation composition of various formulations 

Formulation 
code 

MTZ 
(mg) 

NFC 
(mg) 

SA 
(mg) 

Gelucire 39/01:50/13 ratio Total lipid phase 
(mg) 

Total aqueous 
polymeric phase 

(mL) 
M 100  150 0 0 10 

M1 100  150 3:1 66 10 
M2 100  150 3:1 40 10 
M3 100  150 6:1 35 10 
M4 100  150 5:1 30 10 
M5 100  150 4:1 25 10 
N  100 150 0 0 10 

N1  100 150 3:1 66 10 
N2  100 150 3:1 40 10 
N3  100 150 6:1 35 10 
N4  100 150 5:1 30 10 
N5  100 150 4:1 25 10 

*Each formulation contains CaCO3 100 mg as buoyancy imparting agent 
 
Drug excipients interactions. While designing any 
drug-delivery system, it is imperative to consider 
the compatibility of drug and polymers used within 
the system. Therefore, it is necessary to confirm 
that drug is not interacting with polymers under 
experimental conditions and shelf life. For the 
present study, the drug-polymer interaction studies 
were performed using differential scanning 
Calorimetry (DSC). 
Microscopic and Scanning Electron Microscopic 
(SEM) characterization of beads. The size of beads 
was determined with an optical microscope (Model 
BH-2, Olympus, Japan) fitted with a stage and an 
ocular micrometer. Twenty dried beads were measured 
to determine the mean diameter of the beads. All 
measurements were performed in triplicate. The 
shape, surface morphology and internal structure of 
the dried beads were assessed with a scanning 
electron microscope (Leo 435VP, variable pressure, 
Oxford, U.K.) at various magnifications. 
Assessment of in vitro buoyancy of various bead 
formulations. In-vitro study of bead buoyancy was 
performed using a USP 27 dissolution apparatus 
type II (paddle type, Electrolab, Mumbai, India). 
The beads were dispersed in 500ml of 0.1 M HCl 
(pH 1.2) at 37 ± 1ºC with continuous agitation at 50 rpm. 
The floating beads were separated from submerged 
beads, and their proportion (%) was determined [11]. 
Determination of drug entrapment efficiency. The 
drug entrapment efficiency of each formulation was 
determined by extracting the crushed beads with 
0.1 M HCl (pH 1.2) for 45 minutes at 45ºC and 
then centrifuged at 5000 rpm. The aqueous layer was 
taken and suitably diluted with 0.1M HCl, quantifying 
the amount of drug UV spectrophotometrically at 
277 nm and 278 nm respectively. The entrapment 
efficiency (EE) was calculated according to 
relationship: 

 Eq. 1 

In vitro drug release studies. The in-vitro release of 
MTZ or NFC from the floating emulsion gel beads 
was evaluated using a USP 27 dissolution apparatus 
type II (paddle type, Electrolab, Mumbai, India) at 
50 rpm in 500 mL 0.1 M HCl (pH 1.2) at 37 ± 0.5ºC. 
At predetermined intervals, a 1 mL aliquot was 
withdrawn and replenished with an equal volume of 
the fresh dissolution medium. The withdrawn samples 
were analysed UV spectrophotometrically at 277 nm 
and 278 nm respectively [17]. 
Drug release mechanism. Different kinetic models 
such as zero order, first order, square root (Higuchi) 
can be applied to the interpretation of drug release 
kinetics [18-20]. A zero-order  release refers to a 
uniform or nearly uniform rate of release of a drug 
from the solid dosage form after coming in contact 
with an aqueous environment, independent of the 
drug concentration in the dosage form during a 
given time period. Dosage forms with zero order 
release generally provide maximum therapeutic 
value with minimal side effects [18]. For many 
extended release formulations, the rate of drug 
release initially increases rapidly followed by 
decreased rate of drug release. This type of drug 
release is categorized as the first-order release. 
Such dosage form may not produce uniform 
concentration levels of the drug in the systemic 
circulation for a prolonged period of time. The 
Higuchi release equation (equation 2) predicts that 
the drug release is caused primarily by diffusion 
mechanism [19].  

Q = K√t  Eq. 2 

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 
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power law [20] as in Equation 3. The Korsmeyer-
Peppas model provides an insight into the type of 
drug release mechanism taking place from 
swellable polymeric matrices. 

Mt/M∞= Ktn Eq. 3 

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 [20]. 
Statistical analysis. The differences in average data 
were compared by simple analysis of variance (one-
way analysis of variance) or Student's t test 
(SigmaPlot® 11). 
 
Results and Discussion 

Selection of lipid phase and lipid concentration 
Table I compared the properties of solid lipids 
explored as lipid phase of emulsions by various 
workers with concentration in which these were 
used. Considering the melting point (MP), iodine 
and acid values of a number of lipids, the most 
acceptable properties required to be the lipid phase 
of a stable emulsion is seemed to be exhibited by 
Gelucire 39/01. Gelucire 39/01 (glycerol esters of 
fatty acids also known as hard fat) is a highly 
hydrophobic lipid with an HLB value of 1 and a 
melting point of 39°C. It possesses very low acid 
(< 0.20) and iodine values (< 2.0) and because of 
this it has the capacity to protect drug materials 
from light, moisture and oxidation as well as can be 
employed as sustained release carrier [9, 10]. It has 
been also observed that Gelucire 39/01, under 
suitable experimental conditions, can readily form 
emulsion with aqueous sodium alginate solutions 
without the need of any auxiliary emulsifier. 
However, emulsion gel beads composed of only 
Gelucire 39/01 [Gelucire 39/01 – 100 mg; SA - 1.5% 
W/V aqueous solution; MTZ or NFC - 100 mg] as 
lipid phase resulted emulsion gel bead formulations 
with erratic MTZ or NFC release in acidic medium 

(0.1 M HCl). Therefore, in order to facilitate the 
release of loaded drug(s) from the emulsion gel 
beads, in the present investigation, small amount of 
Gelucire 50/13 was incorporated as a release 
modifier [Gelucire 39/01:50/13 ratio: 3:1, 4:1, 5:1 
and 6:1]. Gelucire 50/13 (stearoyl polyoxyl-32 
glycerides) is a high melting lipid excipient with an 
HLB value of 13 and a melting point at 50°C. It also 
possesses low acid (< 2.0) and iodine values (< 2.0) 
together with high saponification values (67 - 81 mg 
KOH/gm). It is frequently employed as solubility and 
bioavailability enhancer, release modifier, lipid 
matrix and as surfactants in self-emulsifying 
formulations [8, 10, 21]. 
Both of these lipid materials are official in USP-
NF, EP, IIG (Inactive ingredients in FDA approved 
drugs), JPED (Gelucire 39/01 and 50/13) and 
USFA (Gelucire 50/13). Another observation which 
is evident from the literature review (Table II) is 
that, in all the reported studies [16-19] controlled/ 
sustained release of incorporated drugs was claimed 
at very high lipid concentration, especially drug: 
hydrophobic lipids ratios (1:1, 1:10, 1:5, 1:4 etc.). 
As this observation was not consistent with our 
experimental findings in the laboratory, in the 
present investigation, the lipid concentration was 
kept low (Table II). 
Drug-excipient interactions 
Thermal characterization. The DSC profile (Figure 1a) 
of NFC showed a sharp endothermic peak at 223.9ºC 
and an exothermic peak at 287ºC corresponding to 
the melting point and degradation of NFC. The 
DSC profile (Figure 1b) of MTZ base showed a 
sharp endothermic peak at 162.52ºC corresponding 
to the melting point of MTZ. 

 

 
Figure 1. 

DSC thermograms of MTZ and NFC 
 
The DSC thermogram of SA exhibited two 
endotherms at 146 and 210ºC, corresponding to the 
dehydration of water and very slow melting of SA 
(Figure 2a). The DSC thermogram of Gelucire® 
39/01 showed (Figure 2c) two endothermic peaks at 
35 and 43ºC, whereas, thermogram of Gelucire 
50/13 showed (Figure 2b) a broad endothermic 
peak at 46ºC. 
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Figure 2. 

DSC thermograms of SA, Gelucire 50/13 and 39/01 
 
The DSC thermogram of MTZ loaded emulsion gel 
beads (Figure 3a) exhibited three endothermic and 
one exothermic peak. The first endothermic peak 
(very weak) at around 50ºC could be attributed to 
the melting of Gelucires, whereas, the second 
endothermic peak (sharp) at 180ºC could be 
attributed to the slow melting of MTZ. The broad 
exothermic peak at 246ºC could be attributed to the 
slow degradation of MTZ in the beads. On the other 
hand, in the DSC thermogram of NFC emulsion gel 
bead formulations (Figure 3b), the melting 
endotherm of NFC is missing indicating intimate 
mixing of NFC in the Gelucire®-SA emulsion. The 
exothermic peak at 262.8ºC could be attributed to 
the slow degradation of NFC. 

 

 
Figure 3. 

DSC thermograms of MTZ and NFC loaded 
formulations 

 
Preparation of floating emulsion gel beads. 
Emulsion gel beads have been developed during 
recent years as a unique vehicle for sustained/ 
stomach specific drug delivery. These beads can be 
frequently produced by extruding an emulsion 
made up of a hydrocolloid with a vegetable or 
mineral oil into a divalent (Ca2+) crosslinking 

solution [11-14]. However, due to presence of low 
density edible/mineral oil as lipid phase of the 
emulsion, there is every possibility of rancidity or 
leakage of oily phase during the preparation or 
storage. These limitations make them very difficult 
to optimize and scale up. The use of lipid phase(s) 
which is solid at room temperature, possessing a 
low potential for rancidity and that does not affect 
the release of incorporated drug when administered 
orally, is expected to counter these limitations. 
Upon the literature survey, it was observed that 
there is paucity of literature regarding the use of 
solid lipids as the lipid phase of the emulsions [6, 8-10]. 
In the present study MTZ/NFC loaded emulsion gel 
beads were prepared using emulsion gelation technique. 
When the drug and CaCO3 mixed Gelucire-SA 
emulsions (maintained at 60ºC) dropped into warm 
(37ºC) acidic CaCl2 solution, the interaction of Ca2+ 

with COO– group on SA network occur which 
connects two adjacent COO– between the chains 
[22]. Simultaneously, due to temperature drop, the 
lipid phase of the emulsion congeals to give body to 
otherwise surface crosslinked spherical emulsion 
gel beads. The prepared beads were cured in the 
gelation medium for 10 min. to facilitate increased 
diffusion of the acidic gelation medium inside the 
bead structure which expedited the effervescent 
reaction between gas-generating agent (CaCO3) 
entrapped in emulsion gel beads and acetic acid 
present in the gelation medium leading to generation 
and subsequent entrapment of CO2 in the wet bead 
structure. Upon drying the entrapped CO2 escaped 
through the bead structure leaving behind porous 
beads capable of floating on dissolution medium 
due to low density (less than water). The emulsion 
gel beads cured at room temperature (26ºC) sank 
rapidly and there was no floating behaviour 
exhibited by dried beads. 
Characterization of beads 
Bead size. The mean diameters of dried beads are 
given in Table III. The mean diameter of dried 
emulsion beads ranged from 1.02 - 1.16 mm, 
whereas, the diameters of beads prepared without 
Gelucire® were 0.96 and 1.02 mm respectively (M 
and N). The increased size of dried emulsion beads 
could be attributed to increased droplet viscosity of 
emulsions compared to less viscous alginate solutions. 
It was also observed that as the Gelucire® 
concentration was reduced in the emulsions, bead 
size also reduced (M1 and N1 compared to M4 and 
N4, respectively). This could be explained as: 
droplets of lower viscosity can be stirred more 
efficiently leading to a reduction in emulsion 
droplet size and thus, smaller bead formation. 
Bead morphology. The scanning electron micrographs 
(SEM) of various MTZ and NFC loaded floating 
emulsion gel beads are shown in Figure 4. The 
SEM results revealed that NFC loaded floating 
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emulsion beads were spherical in shape (Figure 4a). 
Whereas, MTZ loaded floating emulsion gel beads 
were relatively irregular in shape (Figure 4d) with 
rough outer surfaces (Figure 4b and 4e). The 
transverse section of both MTZ and NFC loaded 
floating emulsion gel beads showed a large hollow 
cavity along with numerous smaller internal pores 
(Figure 4f and 4c). This could be explained as when 
the emulsion droplet came in contact with acidic 
gelation medium; CaCO3 contained in it effervesced, 
releasing CO2. The released CO2 slowly diffused 
through the rapidly solidifying cross-linked emulsion 
gel matrix, resulting in entrapment of most of the 
released CO2 inside the emulsion gel bead structure. 
Upon drying the entrapped CO2 escaped through 
the bead structure leaving behind a large hollow 
cavity along with numerous smaller internal pores. 

 

 
Figure 4. 

The SEM images of metronidazole and norfloxacin 
loaded formulations at various magnifications. 

(a) shape of NFC loaded emulsion beads (b) surface 
morphology of NFC loaded floating emulsion gel 

beads (c) transverse section of NFC loaded emulsion 
gel beads (d) shape of MTZ loaded floating emulsion 
gel beads (e) surface morphology of MTZ loaded 

floating emulsion gel beads (f) transverse section of 
MTZ loaded floating emulsion gel beads. 

 
Assessment of in vitro buoyancy of the floating 
beads. The basic principle of low density floating 
drug delivery systems based on gas-generating 
agent is to trap CO2 within sealed encapsulated 
cores. Upon drying, this entrapped CO2 is escaped, 
leaving behind a porous low density system (less 

than 1 g/mL) that can float over the gastric content 
and so can be retained in the stomach for a longer 
time. Due to the buoyancy effect, this system can be 
used for controlled release drug delivery devices [23]. 
The emulsion gel beads prepared without the use of 
gas generating agent sank rapidly due to the 
formation of dense internal structure formed due to 
congealing of lipid phase, whereas, emulsion beads 
prepared with gas-generating agent (CaCO3) remained 
buoyant on 0.1 M HCl for sufficiently long duration 
of time because of the formation of internal cavities 
due to escape of entrapped CO2 upon drying. These 
beads remained buoyant for up to 18 hours on 0.1 
M HCl with no floating lag time. On the other hand 
Ca2+ crosslinked floating alginate beads (M and N) 
prepared without Gelucire remained buoyant up to 
14 hrs. 
It was observed that in case of MTZ (aqueous 
solubility 10.1 mg/mL) loaded emulsion gel beads, 
with the exception of formulation M1 and M2, % 
buoyancy was 100% (Table III). In case of M1 
(92%), decrease in % buoyancy could be attributed 
to the formation of a dense interior formed due to 
congealing of high melting lipid phase of emulsion 
present in high concentration (total lipid concentration 
66 mg), which has restricted the complete reaction 
between gas-generating and acetic acid present in 
the gelation medium, thus, less porous internal 
structure. In formulation M3 the % buoyancy was 
94%. The possible reason for decrease in buoyancy 
could be attributed to decreased concentration of 
Gelucire 50/13 (5 mg). Being soluble in dissolution 
medium, Gelucire 50/13 can create a porous matrix, 
thus, acting synergistically with gas generating 
agent to impart improved buoyancy as in the case 
of formulation M2. But in case of formulation M3, 
because of its low concentration, it couldn’t create 
sufficient porous structure to impart 100% buoyancy 
in combination with CaCO3. In case of formulations 
M4 and M5, improved buoyancy could be attributed 
to generation of emulsion gel beads from fluid 
emulsions formed from low lipid concentration, 
through which evolved CO2 escaped easily during 
the bead formation, leaving behind a highly porous 
internal structure. In case of NFC loaded emulsion 
gel beads, the % buoyancy was found to be 100%. 
The possible explanation for this observed difference 
could be the increased bead porosity due to the 
uniform distribution of insoluble NFC (aqueous 
solubility 0.38 mg/mL) in the emulsion. Even 
though there was a rapid congealing of the lipid 
phase during the bead formation, increased  bead 
porosity might have resulted in the comparatively 
easy ingress of acidic gelation medium into the 
bead structure during curing, leading to complete 
reaction with gas-generating agent and thus 
improved buoyancy (N1 compared to M1) of the 
resultant emulsion gel beads. 
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Drug entrapment efficiency of floating beads. Table 
III represents the physicochemical characteristics of 
various gel bead formulations. MTZ is sparingly 
soluble in water but soluble in dilute acids. 
Therefore, we presumed poor MTZ entrapment in 
case of Ca2+ crosslinked alginate beads and 
expected high MTZ entrapment in emulsion gel 
beads. As expected, MTZ entrapment was poor in 
the Ca2+ crosslinked alginate beads (41.32%, M) 
due to leaching of MTZ from the beads during 
processing in acidic gelation medium. On the other 
hand, the MTZ entrapment efficiency from floating 
emulsion beads varied from 63% to 82%. The 

entrapment efficiency of emulsion beads was found 
to be dependent upon the concentration of Gelucire 
50/13, as the concentration of Gelucire 50/13 was 
decreased; the MTZ entrapment in the emulsion gel 
beads was increased (p < 0.05, M1 compared to 
M2, M3 and M4). This could be related to the 
solubilizing property of Gelucire 50/13; at higher 
concentration (16 mg in formulation M1) it is 
plausible that during drug loading (vigorous mixing) 
more amount of MTZ got migrated into the 
continuous phase (water) of emulsion which upon 
curing in acidic gelation medium leached out of the 
system. 

Table III 
Physiochemical characteristics of various floating emulsion gel bead formulations 

Formulation code % Entrapment efficiency Bead size (mm) % Buoyancy Swelling index 
M1 63.27 ± 2.29 1.16±0.02 92 1.45 ± 0.05 
M2 80.45 ± 4.23 1.16±0.02 100 1.59 ± 0.07 
M3 82.22 ± 3.17 1.10±0.01 94 1.36 ± 0.05 
M4 82.58 ± 3.54 1.08±0.01 100 2.25 ± 0.11 
M5 75.80 ± 3.22 1.12±0.02 100 2.45 ± 0.14 
N1 84.84 ± 3.69 1.14±0.02 100 1.25 ± 0.04 
N2 81.16 ± 3.24 1.10±0.01 100 1.44 ± 0.06 
N3 79.33 ± 3.59 1.08±0.01 100 1.58 ± 0.06 
N4 79.33 ± 3.48 1.02±0.02 100 1.63 ± 0.07 
N5 76.51 ± 3.14 1.12±0.02 100 1.71 ± 0.08 

 
As the concentration of Gelucire 50/13 was lowered 
(5 mg in formulation M3, M4 and M5 and 10 mg in 
M2), most of the MTZ might have remained in 
insoluble form in the crosslinked emulsion gel 
matrix and thus improved entrapment efficiency. 
On the other hand, norfloxacin is a relatively 
hydrophobic drug (log P = 1.5, aqueous solubility = 
0.38 mg/mL at 25ºC). So we presumed high NFC 
entrapment in both Ca2+ crosslinked alginate beads 
prepared and emulsion beads. However, NFC 
entrapment in Ca2+ crosslinked alginate beads was 
found to be below to our expectations (51.64%, p < 
0.05, N compared to M). This could be explained 
as, norfloxacin exhibit two pKa values (typically ~ 
6 - 7 and ~ 8 - 9) and can be positively charged, 
negatively charged, zwitterionic, or uncharged. It is 
most hydrophobic at pH values between its two 
pKa values. At low pH values its solubility 
increases. As the bead formation was carried out in 
the acidic gelation medium, some of the NFC might 
have leached out of the beads leading to poor 
entrapment efficiency. As expected, the NFC 
entrapment in emulsion beads was significantly 
high (p < 0.05, N1 compared to M1). It was 
observed that, as the concentration of Gelucire 
50/13 was reduced, entrapment efficiency was also 
reduced (p < 0.0015, N1 & N5; p < 0.0001, N1 
compared with N3 & N4). This could be attributed 
to the formation of less viscous emulsions, which 
upon emulsion gelation produced beads with more 
porous structure due to comparatively faster ingress 

of gelation medium into the already porous 
emulsion interior due to presence of insoluble NFC. 
In vitro drug release studies. Drug release rates for 
drug dosage forms are typically measured as an in 
vitro rate of dissolution, i.e., a quantity of drug 
released from the dosage form per unit time 
measured under appropriate conditions and in a 
suitable dissolution medium. In the present study 
dissolution tests were performed on various 
MTZ/NFC loaded emulsion bead formulations 
placed in suitable dissolution tester (USP Type II) 
and floated in 0.1 M HCl  (pH = 1.2), equilibrated 
in a constant temperature water bath at 37 ± 0.5°C. 
Aliquots of the dissolution medium were tested UV 
spectrophotometrically to determine the amount of 
drug (MTZ/NFC) released from the emulsion gel 
beads. 
MTZ loaded floating emulsion gel beads. 
Metronidazole has been used for the treatment of 
infections for more than 50 years and is still 
successfully used for the treatment of 
gastrointestinal infections caused by protozoa, 
anaerobic bacteria etc.  It is extensively absorbed 
from upper GIT. Anaerobic bacterial infections 
caused by Helicobacter pylori, Bacteroides species, 
Fusobacteria, and Clostridia respond favourably to 
metronidazole therapy. In the usual treatment, the 
doses are 250 - 400 mg three times a day. In the 
case of a higher local concentration of the active 
ingredient the dose can be reduced. The possibility 
to reduce the dose and the number of 
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administrations is advantageous considering the 
side effects and patient compliance [24]. From Ca2+ 
crosslinked alginate (M) beads, the MTZ release 
was very fast (burst release) with about 60% of 
drug was released within first hour and entire MTZ 
was emptied at the end of second hour. This could 
be attributed to the high solubility of MTZ in 0.1 M 
HCl (65 mg/mL, at pH 1.2, as determined in our 
laboratory). 

 

 
Figure 5. 

Drug release profile of MTZ loaded floating 
emulsion gel beads 

 
Embedding the drug into emulsion, gel matrix 
resulted in decrease in the degree of burst release 
and as a result the MTZ release from all emulsion 
gel beads (Figure 5) was significantly prolonged, 
(up to 12 hrs., p < 0.05, M compared to M1, M2, 
M3, M4 and M5).  From formulation M1 [total 
lipid concentration 66 mg (Gelucire 39/01:50/13 
ratio 3: 1)], approximately 13, 25, 51 and 76% 
MTZ was released at the end of 1st, 4th, 8th and 12th 
hour. In formulation M2, the Gelucire 39/01:50/13 
ratio was kept constant at 3:1 but total lipid 
contents were reduced to 40 mg. This has resulted 
in significantly rapid MTZ release (p < 0.0001, M1 
compared to M2) with approximately 18, 26, 53 
and 75% MTZ was released at the end of 1st, 3th, 7th 
and 11th hour. This suggests that MTZ release from 
emulsion gel beads is dependent upon the total lipid 
contents. As the lipid contents were reduced, MTZ 
release from emulsion gel bead became 
significantly rapid. Formulations M3, M4 and M5 
were prepared to study the effect of reduction in 
total lipid contents and impact of Gelucire 39/01 
concentration in the emulsion gel beads on MTZ 
release. In these formulations Gelucire 50/13 
contents were kept constant whereas Gelucire 39/01 
contents varied in the ratio of 6:1, 5:1 and 4:1 
(Gelucire 39/01: 50/13). From formulation M3 
(Gelucire 39/01: 50/13 ratio 6:1, lipid contents 35 
mg), MTZ release was significantly delayed (p < 
0.0001) compared to M4 (Gelucire 39/01: 50/13 
ratio 5:1, lipid contents 30 mg) and M5 (Gelucire 
39/01: 50/13 ratio 4:1, lipid contents 25 mg) with 
approximately 6, 28, 50 and 79% MTZ was 

released at the end of 1st, 5th, 8th and 12th hr. Fastest 
MTZ release data were obtained from formulation 
M5, where approximately 22, 55, 76 and 99% MTZ 
was released at the end of 1st, 5th, 8th and 12th hr. 
The above data suggests that, to modulate the MTZ 
release from emulsion gel beads, Gelucire 39/01 
contents, and ratio Gelucire 39/01:50/13 and total 
lipid contents play a very important role. 
NFC loaded floating emulsion beads. Norfloxacin 
is least absorbed from the lower part of the 
gastrointestinal tract and is better absorbed from the 
stomach. This drug has short biological half-life: 
the absorption half-life is 0.41 hours, the 
distribution phase half-life (t1/2α) is 0.41 hours and 
the elimination phase half-life (t1/2β) is 2.54 hours. 
This drug has a repetitive dose schedule and low 
bioavailability (30 - 40%) [9, 25]. Thus, norfloxacin 
is a candidate for the development of a gastro-
retentive drug delivery system. The NFC release 
from highly porous floating Ca2+ cross linked 
alginate beads was very fast with almost all the 
drug was released at the end of third hour. The 
release pattern was found to be biphasic with the 
initial burst release (55% at the end of 1st hr) 
followed by gradual NFC release. The burst release 
of drugs from the sustained-release dosage forms is 
a frequent problem associated with water soluble 
drugs, although NFC is highly water insoluble (0.38 
mg/mL) but being amphoteric in nature, it exhibits 
higher solubility at pH values below 4. Since drug 
release studies were carried out at pH 1.2, it is 
expected that the NFC exhibit increased solubility 
(28.19 mg/mL in 0.1 M HCl). Another reason for 
fast NFC release from the Ca2+ cross linked alginate 
beads could be attributed to its presence at the 
surface of the beads.  The reason for the presence of 
NFC being at the bead surface could be attributed 
to the diffusion and migration of NFC during the 
drying process as water moves to the gel surface 
and evaporates. 

 

 
Figure 6. 

The drug release profile of NFC loaded floating 
emulsion gel beads 

 
NFC might be diffused by convection with the 
water, leaving an uneven drug distribution across 
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the gel, with higher concentrations at the surface. 
As the beads came in contact with dissolution 
medium, rapid ingress of the acidic dissolution 
medium into the porous bead structure resulted in 
rapid dissolution of NFC present at the surface and 
in the porous core of the bead followed by its 
diffusion through the swelling porous bead 
structure. 
The NFC release from emulsion gel beads was 
significantly extended (Figure 6). Although, the 
phenomenon of burst release was also not observed, 
but the drug release was significantly rapid 
compared to MTZ loaded formulation M1, as 
approximately 25, 50 and 75% NFC was released at 
the end of 1st, 6th and 10th hr (N1, p < 0.0001, N1 
compared to M1 and N). In this case it is highly 
unlikely that NFC is present at the surface of bead 
as diffusion through the emulsion gel matrix is 
expected to be very slow. So the possible reason for 
fast NFC release from emulsion gel beads could be 
attributed to the high bead porosity as discussed in 
% buoyancy of NFC loaded emulsion gel beads. 
Reducing the total lipid contents to 40 mg (N2) has 
resulted in release profile, which was significantly 
faster than N1 (p < 0.0003, N1 compared to N2) 
with approximately 25, 49 and 78% NFC was 
released at the end of 1st, 4th and 8th hr. Similar to 
MTZ loaded emulsion beads, Formulations N3, N4 
and N5 were prepared to study the effect of 
reduction in total lipid contents and impact of 
Gelucire 39/01 concentration in the emulsion gel 
beads on NFC release. In case of formulation N3, 
the NFC release profile was significantly extended 
with only 19, 24, 51 and 79% NFC was released at 
the end of 1st, 2nd, 7th and 12th hr (p < 0.0001, N3 
compared to N1 and N2). From formulation N4, 
approximately 20, 26, 49 and 79% NFC was 
released at the end of 1st, 2nd, 6th and 11th hr. 
whereas, at 4:1 Gelucire 39/01:50/13 ratio (N5), the 
NFC release profile became even quicker, with 29, 
48, 99% NFC released at the end of 1st, 3rd, and 10th 
hr.  From the above observations, like MTZ release 
from emulsion gel beads in 0.1 M HCl, the NFC 
release was also found to be dependent upon the 
total lipid contents, Gelucire 39/01:50/13 ratio and 
lipophilic Gelucire 39/01 contents in the emulsion 
gel bead. Compared to MTZ loaded beads, the NFC 
release from the emulsion gel beads was 
comparatively faster attributed to increased bead 
porosity due to dispersion of insoluble NFC 
throughout the emulsion gel bead matrix. 
Drug release kinetics. The ability to swell when 
placed in dissolution medium (here it is 0.1 M HCl) 
is one of the most striking characteristics of a gel. 
Gels do not only swell but also there is an exchange 
of dissolved substances to and from the gel together 
with the dissolution medium. This property is at the 
origin of the potential use of gels as a drug carrier. 

Gel swelling is often expressed as swelling index 
(Table III), which is defined as the quotient of the 
final (swollen) volume and the initial (dry) volume 
and may equally be given as the quotient of the 
volume fractions of the network in the initial and 
final gel respectively. When the emulsion bead 
formulations come in contact with acidic 
dissolution medium, there occurs absorption of 
dissolution medium and subsequent swelling or 
hydration. This is expected to create different 
regions inside the emulsion gel matrix that may 
generate three moving fronts: a swelling front, an 
erosion front and a diffusion front. Therefore, a 
combination of swelling, erosion and diffusion may 
form the basis through which emulsion gel beads 
controls the drug release. To test the validity of 
above statement, the in vitro release patterns of 
various formulations were analysed by fitting the 
dissolution data into various kinetic models. The r2 
value for MTZ loaded emulsion gel beads 
formulations M1 (0.9921), M2 (0.9858) and M3 
(0.9936) were higher when fitted to zero order 
kinetics, which describes that the drug release rate 
from the formulations is independent of the 
concentration of the drug. The r2 value for 
formulations M4 (degree of swelling 2.25) and M5 
(degree of swelling 2.45) favours Korsmeyer-
Peppas kinetics, which provides an insight into the 
type of drug release mechanism taking place from 
swellable polymeric devices as evidenced from the 
high swelling index values in Table III.  The n 
values ranged from 0.62 - 1.12 (M1 - 0.78; M2 - 
0.6; M3 - 1.12; M4 - 0.61 and M5 - 0.62). With the 
exception of the formulation M3, all other emulsion 
gel bead formulations (M1, M2, M4, and M5) 
exhibited anomalous non-Fickian transport, which 
suggests that mechanism and kinetics of drug 
release were dependent on the solubility of MTZ in 
dissolution medium, with MTZ being 
predominantly released by diffusion and anomalous 
behaviour resulting from the relaxation of 
macromolecular polymeric chains and erosion in 
emulsion gel matrix. On the other hand the n value 
for formulation M3 was 1.12, which indicates super 
case II transport. This kind of release would 
describe a transport in which the drug release is due 
to the MTZ diffusion and polymer chain relaxation 
in the hydrated emulsion gel matrix as opposed to 
Fickian diffusion. This mechanism also explains the 
initial slow release phase (6% MTZ release in first 
hour) where the Gelucire-SA emulsion matrix was 
not completely hydrated, resulting in incomplete 
relaxation of the side chains. 
In case of NFC loaded emulsion beads, formulation 
N3 followed zero order kinetics as evidenced by r2 
values (0.9809) when fitted to zero order kinetics, 
whereas, formulations N1 (0.9778) , N2 (0.9909), 
N4 (0.9877) and N5 (0.9986)  followed Korsmeyer-



FARMACIA, 2017, Vol. 65, 1 

 151 

Peppas kinetics. The n values from drug release 
experiment ranged from N1 (0.44), N2 (0.52), N3 
(0.55), N4 (0.48) and N5 (0.55). In case of 
formulation N1, where the degree of swelling is 
comparatively low (1.25), Fickian diffusion is 
observed. This behaviour is observed when the 
relative relaxation time of polymer is much shorter 
than the characteristic diffusion time for water 
(dissolution medium) transport, with dissolution 
medium transport controlled by a concentration 
gradient. Once hydrated, the polymer assumes an 
equilibrium state very rapidly. In case of 
formulations N2-N5, anomalous non Fickian 
release pattern was observed. This could be 
attributed to relative increase in the degree of 
swelling of emulsion gel beads due to reduction in 
lipid contents of the emulsion. 
Besides the r2 values, the Akaike Information 
Criterion (AIC) was also used to test the 
applicability of the release models. The Akaike 
Information Criterion is a measure of goodness of 
fit based on maximum likelihood [26]. 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 Akaike Criteria is only appropriate 
when comparing models using the same weighting 
scheme. 

Eq. 4 

where n is the number of dissolution data points 
(M/t), p is the number of the parameters of the 
model, WSSR is the weighed sum of square of 
residues, calculated by this process: 

Eq. 5 

where w is an optional weighing factor and y 
denotes the predicted value of yi. Table IV depicts 
AIC values for various models calculated using 
KinetDS software [27]. 

Table IV 
Comparison of AIC values for various dissolution kinetics models 

Formulation code AIC (Zero Order) AIC (Higuchi) AIC (Korsmeyer-
Peppas) 

M1 70.51 96.23 72.04 
M2 90.09 107.46 90.81 
M3 48.88 104 57.54 
M4 94.29 87.46 67.53 
M5 77.15 67.98 52.90 
N1 65.66 86.88 93.47 
N2 80.99 68.61 54.76 
N3 70.39 59.21 47.80 
N4 88.42 86.67 69.72 
N5 88.09 95.90 77.14 

 
From the results it was evident that, for zero order 
drug release, the least AIC value was obtained for 
formulation M1, M2, M3 & N1, whereas, for other 
formulations (M4, M5, N1, N2, N4 & N5), the 
most appropriate model was found to be 
Korsmeyer-Peppas. 
 
Conclusions 

In this study, Gelucire based floating emulsion gel 
beads formulations have been prepared and 
characterized using water soluble (MTZ) and water 
insoluble model drugs (NFC). Prepared beads 
showed high drug encapsulation efficiency; 
excellent buoyancy and released the model drugs 
MTZ and NFC in a sustained manner in 0.1 M HCl 
over extended period of time. These beads appears 
to be superior to previously reported emulsion gel 
bead systems as the lipid phase (Gelucire 39/01 and 
50/13) used is least susceptible to rancidity and also 
there was no leaking of lipid phase as it is solid 
even at temperature up to 30ºC. We propose that 

the prepared Gelucire based emulsion gel beads 
may constitute a potential carrier for sustained 
stomach specific release of both hydrophilic and 
hydrophobic drugs. 
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