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Abstract - This investigation aims to develop floating in-situ gel formulation of Glipizide (GLP) by
employing natural mucilages such Fenugreek (FG) and Colocasia esculenta (CE) combination for
improving oral bioavailability and patient compliance. For development of optimized in-situ gel
formulation various trails were conducted by employing different concentrations of FG, CE and HPMC;
additionally, Calcium chloride is used as cross linking agent and source of Ca2+ ions. Followed by in situ
gels were subjected to evaluation of parameters like appearance, pH, floating lag time, floating duration,
drug content, in vitro gelling capacity, in vitro drug release. Moreover, the final in situ gel formulation was
evaluated to viscosity studies and in vivo pharmacokinetic study. The formulations resulted in optically
clear, prolonged floating duration with controlled drug release profile. Consequently; the optimized
formulation (F13) was exhibited optimal viscosity and in vivo pharmacokinetic studies exposed that higher
Tmax of in situ gel formulation compared to drug suspension which is allusive of slower absorption. However,
the AUC0-∞ ng/mL.h was found to be approximately 3.93 folds higher than drug suspension. So; it is indicated
that in combination of CE-FG (F13) could be excellent for development of in situ gel formulation. Finally,
it was suggested that F13 could eliminate the repeated dose administration and improve the oral
bioavailability of Glipizide.
Keywords: Colocasia esculenta; Fenugreek; Floating duration; In situ gel; Oral bioavailability.
1. Introduction
For a couple of decades numerous novel drug delivery systems have been developed to deliver the drugs for
the controlled manner with a precise time intervals. The oral controlled release formulation can sustained the drug
release and prolong the availability of the drug in gastrointestinal tract (GIT) for a period of required time [1,
2].Gastroretentive drug delivery (GRDDS) is an approach wherein, prolong the gastric residence time, therefore
attain drug release in the upper GIT [3-6]. Gastroretentiveionic cross-linking in situ gels are liquid preparations
for delivery of drugs into stomach [7-10]. Various scientists have been developed gastroretentive in situ gels for
drugs like metformin [10], acyclovir [11], amoxicillin [12], clarithromycin [13] and nateglinide[14] and evaluated
successfully. These formulations can be best suitable for paediatric and geriatric patients due to their ease of
administration. These in situ gels are prepared in solution or suspension form and they undergo sol-to-gel
transition after entering into the stomach; then they continuously float on the surface of the gastric fluid [15].
These systems are made up of ion-sensitive polysaccharide mucilages, such as gellan gum, carrageenan, and
pectin, which undergo gelation as of interaction with various ions that are released in acidic pH [16-17]. Also, a
combined use of a floating in situ gel system and mucoadhesive property will potentially improve contact time
with the gastric mucosa and provide better controlled drug release with an abridged burst release rates. This
investigation aims to develop Glipizide (GLP) (model drug) loaded in situ gel systems using in a combination of
Colocasia esculenta(CE) and Fenugreek(FG) for improved gelation and controlled release property. Till now,
there is no single literature reports have been available in the use of CE mucilage alone or combination of FGCE as a gelling agent in novel drug delivery or in situ gel formulation. CE is an herbaceous succulent plant
belonging to family Araceae; it is, widely cultivated in the humid areas of the globe. CE contain a high percentage
of mucilage and are already established as mucoadhesive polymer, emulsifying agent and binding agent for tablet
dosage forms[19,20]. Due to its swelling property, it is explored as excellent mucilage in development of
controlled release formulations. Fenugreek gum (FG), is a naturally obtain galactomannan and isolated from the
endosperm of methi seeds (Trigonella foenum-graecum). It is contain residues of α-(1-4)-β-D-mannan backbone
with (1-6)-linked α-D galactopyranosyl. It is applied as hypoglycaemic and lipid lowering agent [21]. Due to the
poor hydration rate of FG, it is difficult to achieve a homogeneous dispersion, hence negatively impact on its gel
strength. Thus, a combination of CE-FG might be a capable process to improve its water solubility, swelling and
drug release property [22].
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GLP is a practically insoluble in water as well as acidic media. It is highly permeable and belongs to Bio
pharmaceutical Classification System II [23]. The half-life of GLP is 2-5 hours; while administered as
conventional solid dosage form, it does not get sufficient gastric residence time. In such cases it is to be
administered in repeated doses 2.5 to 10 mg per day; and the site of absorption of GLP is stomach. Hence, the
GLP loaded in situ gel formulation prepared with combination of CE-FG would clearly be advantageous as it
improves drug efficacy and reduce dose necessities [24]. In the present study, a floating in situ gel system is
considered for retention and expected to control the drug release in stomach. Thus, it would be an advantageous
to develop Mucoadhesive in situ gel containing GLP using a combination of CE-FG, which may keep hold in the
GIT for prolonged duration of time to enable a close adhesion with the absorbing surfaces of mucous membranes
(i.e., mucoadhesion) for achieving maximum drug absorption and better oral bioavailability.
2. Material and Methods
2.1.Materials
GLP was obtained from Yarrow Chem Products Limited, Mumbai, India, Calcium carbonate, Sodium citrate,
Calcium chloride, HPMC K4, Propyl paraben and Methyl paraben were purchased from Qualikems Fine Chem
Pvt Ltd, Vadodara. Gujarat, India. FG and CE were procured from local market, Narsampet, Warangal, India and
mucilage was extracted by using solvent precipitation technique [25]. All other solvents and chemicals were of
analytical grade.
2.2. Preparation of in situ gel formulation
Required quantity of GLP, sodium citrate, calcium carbonate, calcium chloride, methyl paraben, FG, CE, and
HPMC were weighed accurately. Formulation trails have been reported in Table1. Therefore, required
concentration of CE, FG, CE-FG and HPMC was added in about 30 ml of deionized water. Followed by solutions
was heated to 60oC with continuous stirring. Subsequently cooling to below 40oC, calcium carbonate, calcium
chloride, sodium bicarbonate, GLP and sodium citrate were added and dispersed well by an incessant stirring,
followed by solution of methyl paraben and propyl paraben were added. Finally, the formulations have been an
adjusted to required volume, filled and stored in an amber colored bottles until further use [26].
Table1.Formulation trials for GLP loaded in situ gel formulation.

Ingredients

F1

F2

F3

F4

F5

F6

F7

GLP (mg)

100

100

100

100

100

100

100

FG(% w/v)

0.5

1

1.5

2

-

-

-

CE(% w/v)

-

-

-

-

0.5

1

1.5

HPMC K4M(% w/v)

-

-

-

-

-

-

-

CaCO3(%w/v)

2

2

2

2

2

2

2

CaCl2(%w/v)

0.2

0.2

0.2

0.2

0.2

0.2

0.2

NaHCO3 (%w/v)

2

2

2

2

2

2

2

Sodium citrate(%w/v)

0.5

0.5

0.5

0.5

0.5

0.5

0.5

Propyl paraben(%w/v)

0.02

0.02

0.02

0.02

0.02

0.02

0.02

Methyl paraben(% w/v)

0.1

0.1

0.1

0.1

0.1

0.1

0.1

Water Qs to

100

100

100

100

100

100

100

CaCO3: Calcium Carbonate; CaCl2: Calcium Chloride; CE: Colocasia esculenta; FG: Fenugreek; GLP: Glipizide;
HPMC: Hydroxyl Propyl Methyl Cellulose; NaHCO3: Sodium bicarbonate
2.2.1. Characterization of the developed in situ gel formulations
2.2.1.1. Appearance
All formulations were subjected to evaluation of clarity by visual observation against a black and white
background.
2.2.1.2.pH
The pH values of various formulations were measured using a digital pH meter at room temperature in triplicate
[27].
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2.2.1.3.In vitro gelation studies
Gelation study for in situ gel solution was performed by taking 15 ml Hydrochloric acid (HCl; pH 1.2) in 25
ml test tube. 10 ml solution was added to HCl with mild agitation to avoid the breaking of a formed gel. Gel was
perceived visually by qualitative measurement [28]. Gel residence time is the time for which gel system remains
stable in floating without getting dispersed. Then floating gel was disturbed using a glass rod to ensure the strength
of the gel system [28]. The gel is considered to have good strength if it remains integrated even after disturbance
[29].
2.2.1.4. Determination of drug content
Drug content in each in situ gel formulation was performed by UV spectroscopy. The UV absorbance of the
sample was determined at a wavelength of 277 nm. The drug content for all batches was measured in triplicate
and the average values were reported [29, 30].
2.2.1.5.In vitro floating studies
In vitro floating studies for in situ gel solutions were carried out in 500 ml of 0.1NHCl (pH 1.2) in a beaker.
10 ml of gel solution was transferred to HCl with mild agitation. Time required for floating on the surface after
adding solution (floating lag time) and total floating time were reported [29, 30].
2.2.1.6.In vitro drug release studies
In vitro release studies for in situ gel formulation was performed in USP apparatus II, fitted with paddle (50
rpm) at 37 ± 0.5oC.0.1N HCl (500 ml). The speed was kept slow adequate to avoid the breaking of gel formulation
under mild agitation conditions mimic to physiological salt conditions. A 5 ml sample was withdrawn and filtered
through a 0.45𝜇m membrane filter. At the various time intervals the samples were analysed at 277 nm using a
Shimadzu UV-double-beam spectrophotometer. Percentage cumulative drug release (%CDR) was determined
using an equation obtained from a calibration curve [29, 30].
2.2.1.6. Measurement of viscosity of in situ gel solution
The viscosity of an optimized gel formulation (F13) was performed by digital brook field viscometer. The
samples (100 ml) were sheared at a rate of 100 rpm using suitable spindle at room temperature. Viscosity
measurement for each sample was performed in triplicate; though every measurement was taken approximately
for 30 seconds [28, 29].
2.3. Pharmacokinetic studies
2.3.1. Animals
In vivo studies were performed in male Wister rats weighing between 250 and 300g. The rats were purchased
from National Institute of Nutrition, Hyderabad, India. The rats were kept in polypropylene cages and housed in
the animal house of Balaji institute of Pharmaceutical Sciences under standard environmental conditions
(23.0±1°C, 55±5% humidity, and 12 h/12 h light/dark cycle). The animals had ad libitum access to standard animal
diet and water. The protocols of the animal studies were permitted by the Institutional Animal Ethical Committee
(IAEC 01/2017) and the experiments were performed according to CPCSEA guidelines. RP-HPLC (Shimadzu,
LC solution software) was used for pharmacokinetic study. The mobile phase consisted of 20 mM monobasic
potassium dihydrogen orthophosphate in water, which was adjusted to pH 3.5 with phosphoric acid, and
acetonitrile in the proportion of 65:35v/v. The mobile phase was filtered through 0.22 μm membrane filter. The
flow rate was 1 ml/min and the effluent was monitored at 275 nm. The total run time of the method was set at 25
min [31, 32].
Pharmacokinetic evaluation in wistar rats
The overnight fasted rats (n=5) were administered with a single oral dose of carrying 1.5 mg of GLP
suspension and GLP loaded in situ gel formulation. The blood samples were withdrawn at 0, 0.25, 0.5, 1, 2, 3, 4,
6, 9, 12, and 24hr) through the retroorbitral vein in heparinised tubes. The plasma was separated by centrifuging
at 5000 rpm and stored at -4°C until further analysis. A rat plasma sample of 0.2 ml and 0.2 ml of 0.1 N HCl were
vortexed for 3 min and then 6 ml of benzene was added for the precipitation of plasma proteins. The mixture was
efficiently shaken using a cyclomixer for 5 min followed by centrifugation for 10 min at 6000 rpm and the
precipitates were removed by syringe filter (0.22 µm). The organic phase was evaporated and the residue was
thawed with 0.2 ml of mobile phase by vortex mixing. A sample of 20 μl was injected into the HPLC column [31,
32].
Statistical analysis
The pharmacokinetic data were analysed by student’sun paired t-test using Graph Pad Prism 9 software. P values
<0.05 were considered significant.
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3. Results and Discussion
3.1. Formulation of in situ gelling system
In situ gel formulations are an uprising approach in oral drug delivery. These are liquids at room temperature
followed by undergo gelation, in presence of body fluids or change in pH. These encompass a distinguishing
character of temperature dependant and cation induced gelation. A gel formation includes progress of the double
helical junction zones followed by aggregation of the double helical segments to create a three-dimensional
network by complexation with cations as well as hydrogen bond [33].The present explorations, different
concentrations of FG, CE, HPMC K4M alone and in combination were employed for preparation of sustained
release in situ gel formulations. Formulation trails of in situ gel were illustrated inTable.1-2. In-situ gel
formulation should maintain proper viscosity for it to be administration into oral cavity. After swallowing; it is
undergoes sol–gel transition quickly due to their ionic interactions. The formed gel was floated promptly in the
GI pH conditions. Sol-to-gel renovation of in situ gel result in the occurrence of either monovalent or divalent
cations in reaction with gastric pH [33, 34].The calcium carbonate is existing as an insoluble dispersion in
preparation and dissolved and reacted with acid then released the CO2. The released CO2 was attentive in the gel
network of the formulation, and the gel encouraged ascending to the surface of the dissolution medium. The same
can occur in the GI tract also. It was expected that in situ gel formulation comprising calcium carbonate create a
significantly strong gel [35]. This may be due to the internal ionotropic gelation effect of calcium on FG-CE.
Table 2.Formulation trials for GLP loaded insitu gel formulation.

Ingredients

F8

F9

F10

F11

F12

F13

GLP (mg)

100

100

100

100

100

100

FG(% w/v)

-

-

-

-

-

0.5

CE(% w/v)

2

-

-

-

-

0.5

HPMC K4M(% w/v)

-

0.5

1

1.5

2

-

CaCO3(%w/v)

2

2

2

2

2

2

CaCl2(%w/v)

0.2

0.2

0.2

0.2

0.2

0.2

2

2

2

2

2

2

Sodium citrate(%w/v)

0.5

0.5

0.5

0.5

0.5

0.5

Propyl paraben(%w/v)

0.02

0.02

0.02

0.02

0.02

0.02

Methyl paraben(%w/v)

0.1

0.1

0.1

0.1

0.1

0.1

Water Qs to

100

100

100

100

100

100

NaHCO3 (%w/v)

CaCO3: Calcium Carbonate; CaCl2: Calcium Chloride; CE: Colocasia esculenta;FG: Fenugreek; GLP: Glipizide;
HPMC: Hydroxyl Propyl Methyl Cellulose; NaHCO3: Sodium bicarbonate
3.2. Evaluation of in situ gel formulation
Developed in situ gels were resulted optically clear and pH was in alkaline nature (Table 3). The formulation
F1 showed slow gelation after contact by SGF. Whereas, formulations F2-F8 and F11-F12 exhibited instant
gelation when contact with SGF (Table 3). The formulation comprising a combination of FG-CE exhibited more
promptly than that of the formulation not comprising combination (Fig.1). The formulation comprising low
concentration of FG (F1) has slow gelation and formed weaker gelation, although formulation containing HPMC
concentration of 0.5 % (F9) and 1 %( F10) has medium gelation as shown in Fig.1 and Table 3. This might be
expounded by the statement that low concentration of FG and HPMC thus formed weaker gels. Furthermore, weak
gel formulations can be removed quickly from the stomach by the peristaltic movements. Thus, the weak gel
formulations cannot suitable for oral administration. Therefore, formulations with high concentration of FG, CE
and HPMC and combination of CE-FG developed a strong gel in diminutive gelation time in stomach.
Furthermore, a combination of CE-FG revealed excellent gel strength when constrained with a pair of fine forceps,
viewing that they can endure the shear forces possible to be encounter in the GI tract. Consequently, these vehicles
might have extended residence time than solutions [36]. The drug content of selected formulation was found to
be 99-100%. The results are revealed in Table 3.CO2 was released after dissolving calcium carbonate in GI fluid.
Followed by calcium ion are interacted with mucilage to form a strong stable gel layer while the CO2was trapped
within the gel network. Then, liquid gel formulations were added to 0.1NHCl (pH 1.2); they dropped to the bottom
of medium. Subsequently, gel moved up and retained on the surface of the medium once the CO2 was released.
The floated gel was also useful as it acted as a barrier to prevent reflux of the gastric fluid into the oesophagus
[37]. The floating lag time and duration of floating was revealed in Table 3. The floating time of F1, F5, F6, F9
was exhibited around 10s, whereas F2, F7, F8, F10, F11 resulted less than 60s and F3, F4, F12 and F13 revealed
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70.00±14.23s, 50.0±11.23s, 120.0±9.8s, 80.0±26.3s respectively. The floating duration for F1, F5 and F9 was up
to 12h and rest of formulation was more than 12h. The floating lag time is the time taken for the release of CO2
from the gel system which helps in the floating of the gel system. Floating lag time was decreased with increasing
the concentration of mucilage. Whereas as, formulation F13 (combination of CE-FG) floated on the surface in
less than 100s and floating duration was more than 24h. The gel bundle of F1, F5, and F9 formulation was
disappeared within 12h and for F2-F4; F6-F12 was remain stable for 12h. The combination of CE-FG at
concentration of 0.5% each affected the floating lag time and floating duration.
Table 3.Characterization of the preparedinsitugel formulations.

Formulation
Code

Appearance

pH±SD

F1

Optically clear

10.0±0.02

+

F2

Optically clear

10.0±0.013

+++

F3

Optically clear

10.0±0.010

+++

F4

Optically clear

10.0±0.012

F5

Optically clear

F6

Drug
content± SD

Floating log
time(S)±SD

Duration of
floating (h)

9.36±0.18

10.0±1.2

<12

99.68±0.56

60.0±5.2

>12

96.87±0.45

70.0±14.23

>12

+++

100.33±0.45

50.0±11.23

>12

10.50±0.025

+++

100.00±0.41

10.0±1.0

<12

Optically clear

10.50±0.014

+++

100.00±0.78

15.0±1.5

>12

F7

Optically clear

10.50±0.045

+++

100.00±0.47

30.0±2.3

>12

F8

Optically clear

10.50±0.010

+++

99.78±0.28

40.0±2.1

>12

F9

Optically clear

10.50±0.015

++

99.15±0.99

5.0±0.58

<12

F10

Optically clear

10.50±0.030

++

99.25±0.57

20.0±1.5

>12

F11

Optically clear

10.50±0.062

+++

100.02±0.15

60.0±2.5

>12

F12

Optically clear

10.50±0.080

+++

99.87±0.28

120.0±9.8

>12

F13

Optically clear

10.50±0.018

++++

99.98±0.47

80.0±26.3

>24

In vitro
gelation
study± SD

+: Very poor gelation; ++: Poor gelation; +++: Gelation for 12 hr; ++++: gelation for 24 hr

Fig1. In vitro gelation study of in situ gel formulation in simulated gastric fluid.
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3.3.In vitro drug release study
In vitro drug release study profile of the developed in situ gel formulations i.e. F1, F2, F5, F6, F9, and F10
exhibited 100% drug release in the period of less than 12h. Therefore, formulations F3, F4, F7 and F8 showed 90100% drug release in the period of 12h (Fig.2A-C). The combination of CE- FG (F13) mucilage revealed to
sufficient controlled release, whereas; in situ gel developed by using HPMC with various concentrations like 1%
and 2% also exhibited controlled release profile. It may be accredited to the encapsulation of GLP into the CEFG gel layer with reducing the amount of drug close to the surface and available for the dissolution medium with
an ensuing decrease in the percentage of drug release [12]. Normally, it was reported that, increasing the
concentrations of the polymers in formulations decreases the burst effect and sustains the release of the drugs [13],
by snowballing the diffusion path length that should be navigated by drug molecules [40].Furthermore, it was
advised that higher % of GLP release was observed in HPMC based formulation (Low concentration) alone. This
might be due to the amount of HPMC was inadequate to control the release of GLP, thus a combination of FGCE was the major effect for controlled release effect of GLP through the formed in situ gel. The mechanism of
drug release from formulation F3 and F4was exhibited higuchi model with non fickian super case (besides
swelling-based drug release); this might be associated to the higher viscosity and gel strength of the formed gel
of F3 and F4. Whereas, F7, F8, F11 and F12 exhibited was zero order with quasi fickian. It may be caused by
partially diffusion through a swelling of in situ gel. However the release from F13 was zero order with non fickian
(diffusion besides swelling-based drug release); this can be related to the higher viscosity and high gel strength
CE-FG combination. The controlled release manner of in situ gel formulation could be ascribed to the
encapsulation of the drug inside the mucilage matrix and its release is a controlled pattern with time as a result of
its diffusion through the mucilage matrix of the formed in situ gel [38].Therefore, based on all physicochemical
evaluation data and in vitro drug release study, F13 was selected as an optimized formulation and subjected to
viscosity study and pharmacokinetic study.

Fig2. Comparative in vitro release profile of GLP Insitu gel formulation.

3.4. Measurement of viscosity
An effective in situ gel formulation have to accomplish optimal viscosity of the prepared liquid solutions that
resolve let easy to swallow, followed by undergoes a rapid sol-gel change and floating after ionic interaction.
Also, a prepared in situ gel can preserve its integrity without dissolving or eroding throughout buoyancy for a
longer period of time to endorse sustained-drug release. A combination of CE-FG could transform from sol to gel
in the incidence of either divalent or monovalent metal ions [39]. The divalent as cationic calcium ions can greater
to monovalent cations in endorsing the gelation of the polysaccharide, as of the internal ionotropic gelation power
of divalent cations on the gel-forming polymers [40]. The formulation of CE-FG combination exhibited an
enhanced in viscosity. This result can be inferred in terms of the structural features of the CE-FG combination
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upon interface with calcium ions [41].The rheological properties of formulation F13 exhibited pseudoplastic flow
or a shear thinning behaviour (Fig.3) and suitable for oral administration [12].

Fig3. Rheology study of formulation F13.

3.5.In vivo pharmacokinetic study
In vivo pharmacokinetics were studies to estimate plasma concentration of GLP following administration of
in situ gel formulation and GLP suspension orally. All pharmacokinetic parameters were shown in Table 4. The
plasma concentration verses time profile for pure drug in suspension and in situ gel formulation was represented
in Fig.4. The increase of Tmax for in situ gel formulation is indication for delayed absorption and slow release of
drug from formulations. The enhanced in AUC0-24ng/ml is indication of superior oral bioavailability. For GLP
suspension, peak plasma concentration (Cmax) was found to be 450±23 ng/ml at 4h (Tmax) and AUC0-∞ng/ml.h was
calculated as 03447.91± 102.80 ng/ml.h. For controlled release floating oral in situ gel, the (Cmax) was found to
be 1540±39 ng.mL-1 at 8 hr (Tmax). The AUC0 -∞was found to be 13566.70±523 ng/ml.h, which were significantly
3.93 folds higher than that for GLP suspension. However GLP was an existing in plasma within 4 h subsequent
to its oral administration for GLP suspension. The plasma profile indicated an unremitting decrease in 2-12h,
while for the in situ gel a stable increase was an obvious reaching a peak at 8h followed by an additional steady
reduces in plasma concentration. Thus, we assume that in situ gel of GLP, since a sustained release system by
using a combination of CE-FG in situ gel system efficiently.
Table 4. Mean pharmacokinetic parameters of GLPin-situ gel systems and GLP suspension after single dose administration (1.5 mg/kg; n =
5).

Pharmacokinetic
parameters

GLP suspension

GLP
In-situ gel

Ratio (In-situ gel / GLP
suspension)

AUC0- t (ng/ml.h)

3168± 63

12452.87±318

3.3.93

AUC0 -∞ (ng/ml.h)

3447.91± 102

13566.70±523**

3.93

Cmax (ng/ml)

450±23

1540±39

3.40

Tmax (h)

4±0.058

8±0.98

2.00

T1/2(h)

2.42±0.67

4.12±0.057

1.70

**Statistically Significant (P < 0.05)
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Fig.4. Mean plasma concentration–time curves of GLP Insitu gel and GLP suspension after single dose administration (1.5 mg/kg; n = 5).

4. Conclusions
The sustained release floating in situ gel of GLP was effectively formulated using natural mucilage of CEFG combination, which on transfer into SGF formed viscous gel that floated on surface of SGF for the period of
24 h and exhibited sustained release for the period of 12 h. Furthermore, it has shown psuedoplastic behaviour
and improved oral bioavailability with half-life of 1.72 folds higher than GLP suspension. According to the
pharmacokinetic data it could be administered once a day instead of 2-3 times a day with improved patient
compliance. Therefore, an anticipated formulation is a promising approach in the treatment of non-insulin
dependent diabetes.
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