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Repositioning of Eugenol in Treatment of Gastric
Ulcers Through Development of Floating /n situ Gel
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ABSTRACT

Theoral liquid dosage forms are more prone to low bioavailability because of their quick
transit from the stomach. Producing sustained release formulation of an oral liquid dosage
formcould be successfully augmented through a strategy of liquid /n-situ gelling system.
In-situ forming polymeric formulation is in sol form before administration in the body, but
once administered undergoes in-situ gelation. The objective of this study was to develop
a novel in-situ gel system of eugenol for treatment of peptic ulcer. Protective effect of
eugenol against ulcer is documented but less practiced. The delivery system consists
of varying concentrations of sodium alginate, gellan gum and calcium carbonate. The
system was subjected to various /n vitro and in vivo characterizations. /n vitro release
studies were conducted in 0.1 N HCI containing 5% of sodium lauryl sulphate. The
finalised formulation (F16) contained gellan gum (0.5% w/v), calcium carbonate (1%
w/v), sodium citrate (0.25% w/v) and mannitol (0.16% w/v). It showed drug release
of 97.26%. The floating lag time was found to be less than 1 minute and system was
found to be floating throughout the drug release time of 12 h. The gelation occurred
immediately after addition in acidic medium. The pharmacodynamics studies on F16
exhibited gastro protective activity. The standard drug omeprazole showed 62.23 +
0.63% inhibition of ulceration while formulation F16 showed 70.06 + 0.81% inhibition
of ulceration. The in vivo X-Ray studies revels that formulation shows formation of gel in
acidic environment of stomach along with floating of gel.
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INTRODUCTION

Peptic ulcers are the areas of degeneration
and necrosis of the mucosa of stomach or
duodenum. The ulcer which is located in
stomach is known as gastric ulcer. The gastric
ulcer is a common global problem today.
The normal stomach mucosa maintains
balance between the protective and aggressive
factor, when this balance is lost the gastric
lesion in the stomach is developed.' The pro-
tective factors are the bicarbonate, gastric
mucus, blood flow, mucin secretion, prosta-
glandins synthesis and aggressive factors are
like acid, pepsin secretion, Helicobacter pylori
(H. pylori), bile salts, ethanol, lipid peroxi-
dation, and nitric oxide.” The ideal therapy
to treat peptic ulcer disease is to relieve
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pain, heal the ulcer and delay ulcer recur-
rence.’ The current treatment of ulcer is
combination of antibiotics and proton
pump inhibitors i.e. triple therapy and
histamine H_ -receptor blocker. But
these drugs show many adverse effects
like antibiotic resistance, allergic reactions,
loss of taste, depression, patient non-
compliance. Thus there is need to
develop alternative treatment.

The use of herbals drugs for peptic
diseases is the good alternative. Eugenol
shows its gastro protective activity by a
various mechanism as it inhibits the platelet
activating factor (PAF), decreases nitric
oxide level and inhibit lipid peroxidation.*
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It also shows its antiulcer activity by opening potassium
channel (K, ) and by scavenging free radicals.’ Thus it
inhibits aggressive factors (acid -pepsin secretion, lipid
peroxidation, NO level) and increases defensive factors
(mucin secretion, blood flow, gastric mucosa, prosta-
glandin synthesis) level in gastric mucosa.*’ Thus the
retention of eugenol in the stomach will give better-
results against peptic ulcer by maintaining the effective
drug concentration. Eugenol was chosen for this work
due to its less use in ulcer healing. Commonly eugenol is
used as analgesic agent in dental treatment. The objective
of the present research work involves development and
evaluation of floating i situ gelling system of eugenol
for treating gastric ulcers.

MATERIALS AND METHODS

Materials

Eugenol was gifted by Altaroma chemicals Pvt, Ltd
(Mumbai) and gellan gum (Gelrite) was giftedfrom
CP Kelcocompany (Mumbai). All other materials and
chemicals used were of either pharmaceutical or analytical
grade.

Animals

Male wistar rats of 200-280 g were used for the study.
All the experimental procedures used in this study were
reviewed and followed by Institutional Animal Ethics
Committee of STES’s Sinhgad College of Pharmacy,
Pune, constituted under Committee for Purpose of
Control and Supervision of Experiments on Animals.
(Approval number is SCOP/IAEC/2014-15/197 dated
05/05/2015.).

Preparation of emulsion

The accurate quantity of drug and Tween 80 were taken
in mortar and water was added slowly drop by drop with
continuous stirring until the homogenous emulsion was
formed.

Preparation of floating in situ gelling system

The solutions containing various concentrations of
sodium alginate (0.5-2% w/v) wete prepared in deionised
water containing 0.25% w/v of sodium citrate. This
solution was heated up to 70°C with stirring and allowed
to cool below 40°C. After cooling, various concentrations
of calcium carbonate, HPMC K 100 and drug emulsion
were added in respective batches with continuous stirring
to form homogeneous dispersion.® The above proce-
dure was repeated for various concentrations of gellan
gum (0.5% -2% w/v). Table 1 shows compositions of
floating i situ gel.
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Preliminary screening of calcium carbonate
concentration

The preliminary screening study was carried out for
the selection of calcium carbonate concentration in the
floating 7 situ gel formulation. For selection of working
concentration range of calcium carbonate the floating
in situ gelling systems were prepared using different
concentration of calcium carbonate (Table 2). Prepared
floating in situ gelling systems were evaluated for gelling
capacity, floating study, drug content and for 7 vitro
dissolution study.

Preliminary screening of mannitol concentration

The preliminary screening study was carried out for the
selection of mannitol concentration. The floating i situ
gelling systems were prepared using different concen-
tration of mannitol (Table 3). Prepared floating i situ
gelling systems were evaluated for gelling capacity, floating
study, drug content and for 7 vitro dissolution study.

EVALUATION PARAMETERS OF FLOATING /N SITU
GELLING SYSTEM

Gelling capacity

The gelling capacity for the batches was examined visu-
ally. The 5 ml of formulation was added in 500 ml of
0.1 N HCI containing 5% sodium lauryl sulphate. The
gelling capacity was graded in to three categories on the
basis of gelation time and time period for which gel
remains intact.

(+) Gels after few minutes, dispersed rapidly, (++)
immediate gelation and remains for less than 12 h,
(+++) immediate gelation and remains for more than
12 h>1°

In vitro floating study

The floating lag time was determined by measuring the
time required for 2z situ formulation to come atthe surface
and show floating behaviour. Total floating time is the
total time for which the gel floats in dissolution medium
including floating lag time. The floating study was carried
out in 0.1 N HCI containing 5% sodium lauryl sulphate
by placing 5 ml of formulation."

Drug content

5 ml of in sitn gel (equivalent to 810 mg of drug) was
added to 100 ml of 0.1N HCI containing 5% sodium
lauryl sulphate. The solution was stirred for lhour on
magnetic stirrer and then solution was filtered and
diluted with 0.1IN HCI containing 5% sodium lauryl
sulphate. The drug concentration was analysed at 280 nm
by using UV spectrophotometer.'
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Table 1: Formulation of floating in situ gelling system containing

sodium alginate and gellan gum

Ingredients F1 F2 F3 F4 F5 F6 F7 F8
Eugenol (810 mg/5ml) | 8100 | 8100 | 8100 | 8100 | 8100 | 8100 | 8100 | 8100
Tween (80) (ml) 4 4 4 4 4 4 4 4
Sodium alginate (gm) 0.5 1 1.5 2 - - - -
HPMC K 100 (gm) 0.5 0.5 0.5 0.5 - - - -
Gellan gum (gm) - - - - 0.5 1 1.5 2
Sodium citrate (gm) 025 | 025 | 0.25 | 0.25 | 0.25 | 0.25 | 0.25 | 0.25
Calcium carbonate (gm) | 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Water q.s up to 50 ml

Table 2: Formulation of floating in situ gelling system using different

concentration of calcium carbonate

Ingredients F9 F10 F11 F12
Eugenol (810 mg/5 ml) 8100 8100 8100 8100
Tween 80 (ml) 4 4 4 4
Sodium alginate (gm) 1 1 - -
HPMC K 100 (gm) 0.5 0.5 - -
Gellan gum (gm) - - 0.5 0.5
Sodium citrate (gm) 0.25 0.25 0.25 0.25
Calcium carbonate (gm) 1 15 1 1.5
Water q.s up to 50 ml

Table 3: Formulation of floating in situ gelling system using different

concentration of mannitol

Ingredients F13 F14 F15 F16 F17 F18
Eugenol 810 (mg/5 ml) 8100 8100 8100 8100 8100 8100
Tween 80 (ml) 4 4 4 4 4 4
Sodium alginate (gm) 1 1 1 - - -
HPMC K 100 (gm) 0.5 0.5 0.5 - - -
Gellan gum (gm) - - - 0.5 0.5 0.5
Sodium citrate (gm) 0.25 0.25 0.25 0.25 0.25 0.25
Calcium carbonate (gm) 1 1 1 1 1 1
Mannitol (gm) 0.16 0.18 0.2 0.16 0.18 0.2
Water g.s. up to 50 ml

In vitro drug release study

The in vitro drug release studies of the formulations
were performed using USP Type 11 dissolution apparatus
containing 500 ml of 0.1 N HCI with 5% of sodium
lauryl sulphate as dissolution media at 50 rpm. The
temperature was maintained at 37°C. The 5 ml of for-
mulation containing 810 mg of eugenol was placed in
the dissolution media, aliquots of 10 ml were withdrawn
at regular interval on houtly basis up to 12 h. The samples
were replaced with the fresh medium to maintain sink
condition. The aliquots were analysed by using UV
spectrophotometer at 280 nm.*"
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Rheological study

The rheological study of finalised batch was carried out
by using Anton Paarrheometer MCR 102.'%"

IN VIVO STUDY

Pylorus ligation method

The in vivo study was carried out for finalised formulation
by pylorus ligation method. Four groups of wistar rats
were used. Animals were fasted for 24 h before pylorus
ligation but allowed free access to water. The rats were
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divided into four groups of six animals. The following
groups of animals were used for study.

Group I: Normal control

Group II: Gastric ulcer control

Group III: Standard omeprazole (20 mg/kg)

Group IV: Eugenol floating 7 sitn formulation (100 mg/kg)

Thirty minutes after oral dosing the Wistar rats were
anaesthetized with anaesthetic ether and a portion of
the abdomen was opened by a small midline incision
below the xiphoid process. The pylorus portion of the
stomach was lifted and ligated. During this process, care
was taken to avoid the traction to the pylorus or damage
to its blood supply .The stomach was closed by inter-
rupted sutures. Animals in all the 4 groups after 5 h of
ligation were sacrificed and the stomachs were removed,
cut along the greater curvature and observed for ulcer.
The numbers of ulcers were counted using a magnifying
glass. The following arbitrary scoring system was used
to grade the incidence and severity of lesions. The follo-
wing scoring system was used to grade the incidence

and sevetity of lesions.'®!’

0 = No ulcer

1 = Superficial ulcer
2= Deep ulcer

3= Perforation

The ulcer index and percent inhibition of ulceration
were determined using following formulae. Ulcer index
(UI) was then calculated from the above scorings as
follows:

Ul=U_+ U, + U, x10"
where,
U, is the average of number of ulcers per animal,
Us is the mean severity of ulcer score
Up is the percentage of animals with ulcer incidence
Percentage inhibition of ulceration was calculated as
follows:

- - (Ulkerindex control- Ulcer index tes)
Yelnhibition of ulceration =

Ulcer index control

Statistical Analysis

In vivo experimental results were expressed as mean +
S.E.M. Data were analysed by analysis of variance
(ANOVA) followed by Tukey’s multiple comparison
test, with the level of significance set at P<0.05. All
the 77 vivo experimental results are expressed as mean +
S.E.M. of three parallel measurements.
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In vivo X- Ray imaging Study

For ascertaining the floating behaviour; X-Ray is the
main evaluation parameter for floating dosage form.
The animals were fasted overnight with free access to
water, and radiography was made after the oral adminis-
tration of formulation. The radio-opaque material barium
sulphate was used for visualization of dosage form by
X—Ray. The gastric radiography was done after the 1h
and 12 h of oral administration of formulation."® The
study was approved by the institutional Animal Ethical
committee.

RESULTS

Gelling capacity and floating study

The gelling capacity and floating study were carried out
in 500 ml of 0.1 N HCI containing 5% sodium lauryl
sulphate.

Preliminary screening of calcium carbonate concentration

In vitro drug release study

Preliminary screening of mannitol concentration.

IN VIVO STUDY

Pylorus ligation method

In vivo study was performed for checking the effect of
eugenol for ulcer treatment by pylorus ligation method.
Parameters estimated were ulcer index and % inhibition
of ulceration. Results of group II showed ulcer while
results of group III and IV showed reduction in ulcer-
ation after 5 h of the treatment, the values of ulcer
index and % inhibition are given in Table 7.

In vivo X-ray imaging study

The 7n vivo floating behaviour of formulation with barium
sulphate was carried out in rats by X-Ray imaging. X-ray
was taken after oral administration of gelling formula-
tion at the end of 1 h and at 12 h.

DISCUSSION

The two main pre-requisites of the floating i sitn gelling
systems include free flowing liquid easy for swallowing
and instant gelation in acidic environment. The mechanism
of gelation involves the formation of double helical
junction zones followed by aggregation of double helical
segments to form a three-dimensional network by com-
plexing with cations and hydrogen bonding with water.®
The sol to gel transformation of gellan and sodium
alginate occurs in the presence of either monovalent
or divalent cations in contacts with the gastricfluids.
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Table 4: Evaluation of floating in situ gelling system containing sodium alginate and gellan

gum
Batches Sodilz‘;'r)l v:/l‘?)inate Ge(l(:;l?l;lm Pourability c(::gi;gf Floa:::imnge] lag Totz:::;zt)ing

F1 0.5 - Easy to Poured +

F2 1 - Easy to poured ++ <5 <12
F3 1.5 - Pourable +++ <5 >12
F4 2 - Difficult to poured +++ <5 >12
F5 - 0.5 Easy to poured ++ <5 <12
F6 - 1 Pourable ++ <5 <12
F7 - 1.5 Difficult to poured +++ <5 >12
F8 - 2 Difficult to poured +++ <5 >12

Table 5: Evaluation of floating in situ gelling system containing different

concentrations of calcium carbonate

Batches Pourability cGa;Ia“c:‘itgy Floating lag time | Total floating time | Drug content
F9 Easy to Poured ++ <1 min <12h 93.74 %
F10 Pourable +++ <1 min >12h 94.42 %
F11 Easy to Poured ++ <1 min <12h 97.34 %
F12 Difficult to poured +++ <1 min >12h 98.17 %

Table 6: Evaluation of floating in situ gelling system using different concentration of mannitol

Batches Sodium Gellan gum | Mannitol | Gel capacity Floating Total Floating | Drug content
alginate %w/v Y%owlv % wiv lag time time
F13 1 - 0.16 ++ <1 min >12 h 94.56%
F14 1 - 0.2 + <1 min <3h 95.67%
F15 1 - 0.24 + <1 min <1h 95.98%
F16 - 0.5 0.16 ++ <1 min >12 h 97.26%
F17 - 0.5 0.2 + <1 min <3h 96.48%
F18 - 0.5 0.24 + <1 min <1h 96.78%

Table 7: Effect of treatment on pylorus ligation induced gastric ulcer in rats

Treatment Dose (mg/kg) Ulcer index % inhibition of ulceration
Ulcer control - 10.5+0.2™
Standard omeprazole 20 (p.o) 44127 62.23+0.63%
Formulation (Eugenol) 28 ( p.o) 3.6+0.16™ 70.06+0.81%

Values are represented as mean + S.E.M.; n= 6 in each group. ("*P < 0.001) for ulcer control) (One-way ANOVA

followed by Tukey’s Multiple Comparison test).

The calcium carbonate present in the formulation as
insoluble dispersion dissolves on reaction with acid and
releases carbon dioxide. The 7 situ released calcium ions
results in formation of gel. The released carbon dioxide
is entrapped in the gel network of the formulation and
the gel rises to the surface of the dissolution medium
(¢n-vitro) or the stomach (in-vivo)."*
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Gelling capacity and floating study

The gelling capacity and floating study were carried out
in 500 ml of 0.1 N HCI containing 5% sodium lauryl
sulphate. Results of gelling capacity and floating param-
eters are shown in Table 4. The batches F1-F'8 prepared
for the selection of polymer concentration. Batches
F1-F4 contains various concentrations of sodium alginate
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and batches F4-I'8 contained gellan gum in various
concentrations. It was observed that as the concentra-
tions of polymer increases the viscous nature of the
formulation increases and they become more difficult
to pout. The batch F1 did not show formation of gel;
it may be due to low concentrations of polymer. The
F2, F3, F5 and F6 batches showed gelation immediately
that remained for less than 12 h. F4, F7 and F8 batches
showed immediate gelation which remained undisturbed
for more than 12 h (Table 4). F2-F8 batches shows
floating lag time 5 min and total floating time up to 12 h.
The F1, F3, F4, F6, F7 and F8 batches were rejected
because they were more viscous in nature as compared
to batches F2 and 5. Thus F2 and F5 containing 1% w/v
and 0.5% w/v of their respective polymers concentra-
tions were used further for the selection of calcium
carbonate concentration.

Preliminary screening of calcium carbonate
concentration

The calcium carbonate plays important role in the
formation of gel as well as it helps gel to float. The for-
mulation with low amount of calcium carbonate forms
weak gels and shows more time to float. Such vehicles
are not suitable for oral liquid formulations because
they will be removed earlier from the stomach by the
peristaltic movements."’

The batches F9-F12 were prepared for the screening of
working concentrations of calcium carbonate (Table 2),
the results of these batches are shown in Table 6. As
concentration of calcium carbonate increases, floating
lag time decreases and total floating time increases. The
floating of gel depends mainly on the calcium carbonate
and polymer concentration. It was also observed that
with increase in amount of calcium carbonate the viscous
nature of all the formulation increases. It occurred
because the calcium carbonate is present in insoluble
dispersion, as concentrations of calcium carbonate
increases the number of dispersed patticles in the formu-
lation increases and formulations become viscous and are
difficult to pour.*'*" The batches F10 and F12 were found
to be more viscous than batch F9 and F11. The 1%
concentration of calcium carbonate was selected, as it
shows good gelling as well as floating properties (Table 5).

Drug content

All batches showed drug content in the range of 93.74-
98.17 %. Batch F10 and F12 shows high drug content
but unacceptable pourability, Hence batches F10 and
F12 were rejected. F9 and F11 batches were selected
tor in vitro dissolution study because of their high drug
content and good pourability (Table 5).
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In vitro drug release study

The formulations F9 and F11 were subjected to iz vitro
drug dissolution studies. Dissolution was performed in
0.1 N HCI containing 5% sodium lauryl sulphate. F9
batch showed 51.32% of drug release after 12 h while
F11 batch showed 57.2% of drug release as shown in
Figure 1. Thus, there was need to add channel opening
agent in the formulation. The batches F13-F18 were
prepared for selection of concentration of channel
opening agent as shown in Table 3.

Preliminary screening of mannitol concentration

Mannitol is used in the formulation as channel forming
agent.” Batches F13-F16 were prepared for selection of
working concentration range of mannitol (Table 3). The
working concentration range of mannitol was determined
on the basis of gelling capacity, floating properties, drug
content and mainly on 7z vitro drug released study. The
mannitol in low concentrations is more effective than
the high concentration. As concentration of mannitol
increases the gelling capacity of the formulations decreases
and gel disappears within 1-3 h. In the minimum concen-
tration it forms channels in to the polymer matrix and
maintains gelling capacity as well as floating properties
of the formulation. Thus mannitol in 0.16% w/v was
found to be effective for floating in situ gelling system
(Table 6). The batch F13 and F16 shows good gelling
capacity (++), total floating time up to 12 h and floating
lag time was less than 1 min. All batches of mannitol
showed drug content in the range of 94.56%-97.27%.
The batches F14, F15, F17 and F18 were rejected
because they showed poor gelling capacity and disperse
within 1-3 h. Rapid dispersion of gel could be because
of high percentage of mannitol which creates pore in
the matrix.

The batches F13 and F16 were selected for the further 7z
vitro dissolution studies. The increase in the drug release
observed may be due to presence of mannitol, as this
agent forms pores in the gel matrix and helps drug to
come out from the polymer matrix and shows increased
in drug release. The sodium alginate batch F13 was
found to sustain drug release for more time than the
gellan gum batch F16. However, F16 batch showed high
drug content than the F13 batch (Table 6). Thus F16
was finalized for further studies depending upon gelling
capacity, floating properties, drug content (97%) and ir
vitro drug release (94.78%) (Figure 2).

Rheological study

The graph of storage modulus versus time and loss
modulus versus time were plotted using Anton Paar-
theometer (Figure 3). The graph indicates that there
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Figure 1: Dissolution profile of batches in 0.1 N HCI with 5% Figure 2: Dissolution profile of batches in 0.1 N HCI with 5%
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E3 Gastric control B3 Omeprazole

4-
E3 Omeprazole treated E=3 Eugenol Insitu formulation
. 3 l | . 80
S B3 Eugenol Insitu formulation S ]
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Figure 6: Graph of % inhibition of ulceration in different treat-

Figure 5: Graph of ulcer index in different groups. ment groups.

Figure 7: Photographs of rat stomach showing ulcerated area A. Normal control, B. Ulcer control, C. Treated with
standard omeprazole, D. Treated with optimized formulation.

Indian Journal of Pharmaceutical Education and Research | Vol 50 | Issue 3 | Jul-Sep (Suppl.), 2016 $251



Ranade et al.: In situ gel of Eugenol

Figure 8: X- Ray photographs showing floating ability of gel (A) at 1h (B) at 12 h.

is no change in storage modulus and loss modulus of
formulation. This justifies stability of formulation with
respect to rheological changes with time; the studies
were carried out for 300 sec. at temperature 25°C.

The graph was also plotted to understand the rheo-
logical characteristic of formulation. The decrease in
storage modulus was observed with increase in strain
(Figure 4). The formulation was stable as strain increases
from 0-10%. Further increase in strain decreases storage
modulus of the formulation it becomes 0 at 100%
strain. This indicates that the formulation in solution
state is shear thinning system. Thus it can be concluded
that formulation is stable at 10% strain.

IN VIVO STUDY

Pylorus ligation method

sofok

The ulcer index of group II was found to be 10.5 £ 0.2
(Figure 7B). In case of group III ulcer index was 4.4 *
1.2 (Figure 7C), while in group IV the ulcer index was
found to be 3.6 £ 0.16™" (Figure 7D). The % inhibitions
of ulcer in group III and IV were found to be 62.23 +
0.63% and 70.06 *+ 0.81% respectively (Figure 5, 6). The
in situ formulation of eugenol shows 70% of ulcer inhi-
bition. Eugenol increases the mucus secretion in gastric
region, it acts as antioxidant, prevent the synthesis of
lipid peroxidation and decreases nitric oxide level in the
GI region. Eugenol exhibits its activity due to presence
of phenolic group. Thus, it was concluded that eugenol
floating 7n situ gel formulation has the gastro protective
activity and can be used in treatment of gastric ulcer.

$252

In vivo X-ray imaging study

From the Figure 8, image-A was taken at the end of 1 hour
after the administration of gelling solution the gel forma-
tion was seen. Image B was taken at the end 12 hr. The
photographs revealed that there was formation of gel
and floating of gel observed (Figure 8). The opacity was
seen due to release of barium sulphate.

CONCLUSION

The prepared floating 7 sitn gelling system has feasibility
of forming gel in stomach and sustaining the drug
release from the over the period of 12 h. Its ease of
administration with reduced frequency of administra-
tion results in better patient acceptance. I vivo studies
confirmed antiulcer effect of formulation and suggests
its usage in treatment of gastric ulcer.
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ABBREVIATION USED

HCI: Hydrochloric acid
HPMC: Hydroxy propyl methyl cellulose.
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® The objective of this study was to develop a novel in-situ gel system of eugenol for treatment of peptic ulcer.
® Protective effect of eugenol against ulcer is documented but less practiced.

e The delivery system consists of varying concentrations of sodium alginate, gellan gum and calcium carbonate.
® The prepared floating in situ gelling system has feasibility of forming gel in stomach and sustaining the drug

release from the over the period of 12 h.

® |ts ease of administration with reduced frequency of administration results in better patient acceptance.
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