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Abstract

The aim of this research is to prepare and evaluate lignocaine HCl Proniosomal orabase for
enhanced permeation and prolonged dental anaesthesia effect. Objective: Various
lignocaine proniosomal gels were formulated employing various surfactants. Methods: The
formulations were scrutinized for entrapment efficiency, optical microscopy, in-vitro
diffusion and release studies, mucoadhesive strength, ex-vivo permeation studies and drug
- excipient interactions were determined by FTIR spectroscopy. Results: span 80 was
found to be superior and significant for loading in to orabase. Considering the best
entrapment efficiency with span 80 (91.60%) and optimum vesicle shape, along with
prolonged drug permeation (33.6% for 24 h) the formulation F4 was selected and
optimized for loading into orabase. The formulation F4 loaded orabase exhibited
significant prolonged release over 10 h, and permeation profiles exhibited nearly two -
fold increased flux in comparison with control. Good mucoadhesive strength was observed
for proniosomal orabase 6273dynes/cm? No evidence of incompatibility amongst
formulation components from FTIR studies. SEM images revealed the particle size range
from 50 umt to 100 umt for proniosomal orabase. Conclusion: Orabase can be an effective
carrier for proniosomes with enhanced retention time at the site of application and provide
prolonged release for oro-dental conditions.
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efficiency, prolonged release.

INTRODUCTION

Orabase is an effective mucoadhesive base -effectively
employed as a drug carrier, considered as a hydrophobic gel
or dental paste. The aim of the present investigation was to
achieve the prolonged release of Lignocaine HCl by loading in
proniosome!-3vesicles and improve its retention time at the
particular site of action by incorporating drug loaded
proniosomes into orabase this significantly reduces dosage
frequency hence increase patient compliance.

Orabase is one of the most effective bio adhesive bases that
have been used for pain relief incurred in the management of
oral aphthous stomatitis. Used as drug carrier. It is
considered as hydrophobic gel, dental paste or sometimes is
referred to as an ointment due to the presence of high
portion of liquid paraffin in its constituents2. The base
consists of gelatin, pectin, mineral oil and sodium
carboxymethyl cellulose in a hydrocarbon gel2. It is used for
temporary relief of symptoms associated with oral
inflammation and ulcerative lesions3. Based on prior
experience of their use in the food industry and medicine,
these ingredients are considered safe and have not been
associated with adverse events that can be attributed to their
use.

Lignocaine is 2-(diethyl amino)-N-(2, 6-dimethylphenyl)
acetamide hydrochloride. Lignocaine is an aminoethylamide
and a prototypical member of the amide class anaesthetics. It
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is a local anaesthetic and is effective in pain relief and
inflammation. Lignocaine hydrochloride is a local anaesthetic
and cardiac depressant used as an anti-arrhythmia agent. Its
actions are more intense and its effects more prolonged than
those of procaine but its duration of action is shorter than
that of bupivacaine or prilocaine.

Proniosomes are dehydrated preparations employing
suitable non-ionic surfactants and carrier, the preparation
further yields niosomes on hydration with water# 5.
Niosomes are proven to be best carriers for drug targeting,
relatively less toxic, stable, and economical and better
permeation than liposomes®.

MATERIALS AND METHODS:
Materials

Lignocaine Hcl was a gift sample from Techno drugs and
Intermediates, Panoli, Span 20, Span 40, were purchased
from Loba chemicals limited Mumbai Span 60, Span 80 and
poly ethylene glycol were purchased from Molechem,
Mumbai, Cholesterol was purchased from Finar chemicals,
Ahmadabad, soya lecithin was purchased from Sigma
chemicals, Ahmadabad , sodium carboxymethyl cellulose was
purchased from Reachem Lab Chem. Pvt Ltd, Chennai, gelatin
and pectin were purchased from Fisher scientific Ltd,
Mumbai, Liquid paraffin was purchased from Thermo Fisher
Scientific Ltd, Mumbai.
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Methods
Preparation of Lignocaine HCI proniosomal gel:

Lignocaine HCl proniosomal gel was prepared by a
coacervation phase separation method. Exactly weighed
amounts of surfactant, lecithin, and cholesterol were taken in
clean and dry wide mouthed glass beaker and drug was
dissolved in alcohol (2.5 ml) was added to it. All the
ingredients were mixed well with a glass rod the open end of
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the glass bottle was covered with a lid to prevent the loss of
solvent from it and warm over water bath shaker at 65°C for
about five minutes till the chemical agent mixture was
dissolved fully. Then the 1ml of phosphate buffer 6.8 was
added until a formulation was formed that was converted
into Proniosomal gel on cooling. The gel therefore obtained
was preserved within the same glass bottle in dark
conditions for characterization.

Table 1: Composition of the proniosomal formulation of lignocaine Hcl

S. Formulation Surfactant Surfactant Cholesterol Soya Drug
No Concentration lecithin

1. F1 Span 20 468 mg 54 mg 468 mg 20 mg
2 F2 Span 40 468 mg 54 mg 468 mg 20 mg
3. F3 Span 60 468 mg 54 mg 468 mg 20 mg
4 F4 Span 80 468 mg 54 mg 468 mg 20 mg

Entrapment efficiency

Proniosomal formulations (0.2g) after reconstitution with
sufficient aqueous buffer (pH 6.8) in suitable centrifuge tube
were executed for centrifugation using a cooling centrifuge
at 3500 rpm for about 1 h at 4°C7. The clear and distinct
supernatant was collected carefully to separate unentrapped
drug, and the sediment was then treated with ethanol (1 ml)
to lyse the vesicles and diluted with ethanol respectively, and
absorbances were determined spectrophotometrically at 264
nm. The entrapment efficiency was determined using the
following equation.

(Unentrapped Drug)

(Total Drug) x 100

%EE=1-—

Optical microscopy

The vesicle formation by the particular procedure was
confirmed by optical microscopy in 10X and 45 X resolutions.
Proniosomal gel before hydration clear liquid crystalline
state was observed then upon hydration niosomal
suspension made was placed over a glass slide and
determined for the formation of vesicles.

In vitro diffusion

In vitro release studies were performed for the preparations
using Franz diffusion cell. Dialysis membrane was positioned
between receptor and donor compartments, an equivalent
dose of lignocaine Hcl preparation was introduced on the
membrane, receptor compartment was charged with pH 6.8
buffer (15 ml). Cells were conditioned at 37+59C with
stirring at 500 rpm. At predetermined time periods aliquots
were withdrawn from the receptor compartment,
respectively and the same was replenished with fresh buffer.
The samples were analysed spectrophotometrically.

Preparation of lignocaine Hcl Proniosomal orabase

Orabase gel was prepared by mixing required ratios of
gelatin, pectin, Na CMC and PEG, liquid paraffin. These are
transferred into a clean glass motor and pestle and
triturated. Then the required amount of proniosomal gel was
added with continuous stirring until a homogenous mixture
is formed.

Preparation of lignocaine Hcl orabase

Orabase gel was prepared by mixing required ratios of
gelatin, pectin, Na CMC and PEG, liquid paraffin. These are
transferred into a clean glass motor and pestle and
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triturated. Then the required amount of lignocaine Hcl was
added with continuous stirring until a homogenous mixture
is formed.

pH determination:

A suitable quantity of orabase was accurately weighed and
dispersed in 10 ml of purified water. The pH of the
dispersion formed was measured using a digital pH meter.

In vitro release studies of Proniosomal orabase and drug
orabase:

In vitro release studies on proniosomal orabase and drug
orabase were performed by using dialysis membranes. The
capacity of the receptor compartment was 15 ml. The area of
the donor compartment exposed to receptor compartment
was 4.90 cm? Cellophane membrane was soaked in
phosphate buffer pH 6.8 for 1 hr before carrying the
experiment. The dialysis cellophane membrane was
mounted between the donor and receptor compartment. A
quantity drug equivalent of 3 mg proniosomal orabase was
placed on one side of the dialysis membrane. The receptor
medium was phosphate buffer pH 6.8. The receptor
compartment was enclosed by a vessel to take care of the
temperature at 37 9C. Heat was provided by using a hot plate
with a magnetic stirrer. The receptor fluid was stirred by a
magnetic bead fitted to a magnetic stirrer. At every sampling
interval of 1 hr, 5 ml sample were withdrawn and were
replaced by equal volumes of fresh receptor fluid on every
occasion®. Same procedure was repeated for drug orabase.

Determination of mucoadhesive strength of the
proniosomal orabase formulation

It was measured by the force required to detach the
formulation from oral mucosa using an adopted balance.
Freshly excised oral mucosa membrane was used as a model
tissue. Equal pieces (2.5x2.5 cm) cut from oral mucosa
membranes!0, were horizontally fixed to the upper stage of
the modified balance keeping the mucosal side out. Gel
samples (0.5 g) were placed on the lower steel stage so that
the surface of the sample contacted to the mucosal
membrane adhered to the upper stagell. 12, The sample was
left in contact with the mucosal membrane for 5 min to
ensure intimate contact. Water was added drop wise to the
pan on the other side of the device, until the mucosal
detached from the gel sample. The mucoadhesive force,
detachment stress in dyne/cm?, was determined from the
minimum amount of water required to detach the
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formulation from the oral mucosa surface using following
equation!3:

Detachment stress = m X %
Where m is the weight of water added to the balance in gram,
g is acceleration due to gravity (980 cm/s?), and A is an area
of tissue exposed in cm2.

Ex vivo permeation studies of proniosomal orabase and
drug orabase

Permeation of selected proniosomal orabase formulation
through excised buccal mucosa was carried out in a modified
Franz diffusion cell with diffusion area of 4.90 cm2. The
buccal mucosa membrane was placed between donor &
receptor compartment with the mucosal side facing the gel
sample in the donor cell. Before the experiment, the buccal
mucosa was equilibrated in simulated saliva fluid (pH 6.8)
for 1 hr. sample of proniosomal orabase was placed in the
donor compartment. The receiving compartment contained
100 ml of phosphate buffer 6.8 maintained at temperature
37+0.5 0C stirring was achieved with a magnetic stirrer at 50
rpm. Samples are withdrawn at various time intervals up to
24 h and replaced by simulated saliva fluid to maintain
constant volume & sink conditions. The samples were
assayed spectrophotometrically at 264 nm. The amount of
drug permeated into the receptor compartment was plotted
against time. According to Fick’s first law, the drug steady-
state flux Jss(ug/cm2/h-1) was obtained from the resultant
slop of straight portion of the amount of drug permeated per
unit area against time plot!4. The permeability coefficient
(kp) was calculated by dividing Jss with initial concentration
of lignocaine in donor compartment. Same procedure was
carried out for drug orabase.

Kp = ]ss/Cdonor

The flux of drug was calculated using Jss formula i.e,.

amount of drug permeated
ss = — fdrug p X area of the membrane
timexarea of membrane

The permeation coefficient of the drug was calculated using
formula

flux
" initial concentration of drug in donar chamber

Kp
The D, value was calculated using slope equation i.e,
Slope y=mx +c
Determination of drug deposited into oral mucosa

The amount of the drug deposited in the oral mucosa was
determined. The oral mucosal membrane was removed from
the diffusion cell after 24 h of permeation study, and washed
carefully with distilled water for 10 sec to remove the
adhering gel formulation. The skin was sonicated in 10 ml
ethanol for 30 mins to leach out the drug. Then ethanol was
assayed spectrophotometrically for Lignocaine HCI content.

Optical microscopy of proniosomal orabase and drug
orabase

The vesicle formation by the particular procedure was
confirmed by optical microscopy in 10X and 45X resolutions.
Proniosomal orabase before hydration clear liquid
crystalline state was observed then upon hydration niosomal
orabase made was placed over a glass slide and glued over
by drying at space temperature, the dry skinny film of
niosomal orabase determined for the formation of vesicles.
The photomicrograph of the preparation additionally
obtained from the magnifier by employing a camera.

FTIR studies
ISSN: 2250-1177 [29]
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Fourier transform infrared spectroscopy (FT-IR) is a simple
technique for the detection of changes within excipient -
drug mixture. Disappearance of an absorption peak or
reduction of the peak intensity combined with the
appearance of new peaks give a clear evidence for
interactions between drug and excipient. FTIR spectra of
drug and excipients were mixed in combinations and were
obtained by the conventional KBr disc/pellet method. The
sample was grounded gently with anhydrous KBr and
compressed to form pellet. The scanning range was 400 and
4000 cm1.

Kinetic analysis of the in-vitro release data

To ascertain the kinetic modelling of drug release, the
release data of Lignocaine HCI from the proniosomal gels
was fitted to zero-order, first-order, and Higuchi equations.

Zero order:
Mt = Mo + kot

Where Mt is the amount of drug released at time t; Mo the
amount of drug in the solution at t= 0 ;( usually, Mo = 0) and
ko the zero-order release constant

First order:
Mt = Mo (1 + eKqt)

M is the total amount of drug in the matrix and ki the first-
order kinetic constant.

Scanning electron microscopy (SEM)

Particle size of Lignocaine HCl proniosomal orabase is a
factor of prime importance. The surface morphology and size
distribution of proniosomal orabase was studied by SEM. A
double-sided tape that was affixed on aluminium stubs and
the proniosomal powder was spread on it. The aluminium
stub was placed in a vacuum chamber of scanning electron
microscope (Carl Zeiss Micro Imaging, acceleration voltage-
3.00KV, Mumbai). The morphological characterization of the
samples was observed using a gaseous secondary electron
detector?s.

In vivo studies:

The Lignocaine proniosomal gel (test) and 2% Lignocaine
HCI marketed gel (control) was applied to the shaved ventral
side of male Wister rats with the dose of 1mg/ kg, 30 min
before the beginning of the test. The pricking method was
used to assess the anaesthetic activity of prepared
proniosomal gel. The time taken to start the abdomen lift or
sudden run of rat was observed (measured at various time
intervals) and it was called the reaction time. The maximum
response (MR) to the lignocaine HCl proniosomal gel in
terms of reaction time in hours which reflects the intensity of
drug action.

RESULTS AND DISCUSSION

To obtain appropriate vesicular formulation for delivery of
lignocaine Hcl in oral cavity for dental anesthesia, various
proniosomal systems were formulated employing
cholesterol and lecithin as membrane stabilizers along with a
range of non - ionic surfactants, span (20, 40, 60 and 80)
proniosomal gel systems were formulated for effective
incorporation broad range of actives. Non - ionic surfactants
employed non - toxic and compatible with the biological
system. The systems were formulated by blending vesicular
components with alcohol and aqueous phase yielding
concentrated a liquid crystalline system that produces
niosomal dispersion instantaneously on exposure to saliva in
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the oral cavity. Formulations pertaining to span 80 and 60
evinced semisolid consistency, whereas span 40 and 20
exhibited liquid consistency.

Entrapment efficiency

For a better pharmaceutical perspective, entrapment
efficiency is a consequential parameter for collating various
proniosomal formulations. Lignocaine Hcl is incorporated
into vesicles. The formulation comprising span 80 exhibited
highest entrapment efficiency over other spans, span 20
showed minimal entrapment efficiency; observed variation
with entrapment efficiencies of different surfactants is the
consequence of diverse structure and length of alkyl chain
used as surfactants. The entrapment efficiencies of the
respective formulation are presented in (fig. 1).

100.00 -~

90.00 -~
75.96
80.00 -+

70.00 -+
60.00 -
50.00 -~
40.00
30.00 -+
20.00 -
10.00 A
F1 F2

Formulations

894y 2160

F3 F4

Figure 1: Entrapment efficiency of formulated proniosomes

83.60

% Drug Entrapment

Optical Microscopy

The size of the formed vesicles has a major contribution
towards in vivo fate. From (fig. 2 and fig. 3) it is observed that
the shape of proniosomal (F1- F4) formulations exhibited,
following yields niosomes with spherical morphology on 10X
and 45X magnifications.

Span 80

Span 60

Figure 2: Optical microscopic images of proniosomal
formulations (10X magnification)
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Span 60 Span 80

Figure 3: Optical microscopic images of proniosomal
formulations (45X magnification)

In vitro diffusion

Amongst the different formulations, F4 showed 33.6% drug
release for 24hour diffusion as shown in (fig 4).
Consequently, formulation F4 exhibited higher diffusion as
compared to F1 - F3. Commonly the release profiles of the
proniosomal systems predominantly depended on
hydrophobic lipophilic balance (HLB) value besides the alkyl
chain length.

40 +
35
30
25
20
15
10

5

% Drug Diffusion

0 5 10 15 20 25 30
Time Intervals (hr)

Figure 4: In vitro diffusion profile of proniosomal
formulations data

Lignocaine proniosomal orabase

From the in vitro diffusion profile, with F4 showing
prominent profile compared to F1 - F3 respectively,
consequently F4 was incorporated into orabase, enabling
increased retention time within oral mucosa.

Lignocaine orabase

Lignocaine was directly incorporated into orabase as a
control for comparison with the proniosomal orabase.

pH determination:

The pH of the orabase was found as 6.8. Therefore it is
having neutral pH. And can be administered for orodental
anaesthesia.

In vitro release studies of Proniosomal orabase and drug
orabase:

Release profiles comprehend the efficiency in the delivery of
the drug by the proposed system. Complete release from
Lignocaine Hcl loaded orabase was achieved within 5 h
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which verify the aptitude of the drug to permeate through
the membrane. It was learned the release of lignocaine Hcl
proniosome system exhibited significantly lower release
rates compared to control. This specifies that the lipid
bilayer of niosomes limits drug release. An interrelation
between the entrapment efficiency and the drug release was
scrutinized. The higher proportion of drug entrapped within
vesicles, the slower the release profile. The release from
proniosomal orabase was slow and spread over 12 h,
compared to lignocaine Hcl orabase with a complete release
within a few hours. Significantly the release of the
proniosomal orabase formulation was protracted than that
of lignocaine Hcl loaded orabase. The release profiles of
proniosomal orabase and lignocaine Hcl loaded orabase are
shown in (fig. 5).

120 +
100 -~
80 -

60 -

40 e==g=== Proniosomal orabase

=== Drug orabase

% Drug Release

20

0 T T ]

0 5 10 15
Time Interval (hr)

Figure 5: In vitro release profiles of proniosomal and drug
orabase data

Determination of mucoadhesive strength of the
proniosomal orabase formulation

Mucoadhesive strength can be related to fracture theory. The
adhesive bond between systems is linked to the force needed
to detach surfaces from each other. This theory is associated
with the force required for polymer separation from the
mucus to their adhesive bond strength. The weight applied to
detach the mucous from the proniosomal gel was found to be
6273dynes/cm?2.

Ex vivo permeation studies of proniosomal orabase and
drug orabase

After local administration in the oral cavity and hydration by
saliva, Lignocaine Hcl proniosomal gels are converted into
niosomal vesicles. The formed niosomal vesicles enhance the
penetration of the trapped drug across the mucosal
membrane into the circulation according to the following
mechanisms:

1. Increasing the driving force of lipophilic drug permeation
through the adsorption and fusion of intact niosomes to
the mucosal membrane surface that simultaneously
increases the thermodynamic activity gradient of drug at
the interface.

2. Reduction of the barrier properties of mucosal
epithelium and increase its fluidity due to their
penetration enhancer property.

3. Ethanol present in the proniosomal gel formulation acts
as a penetration enhancer as well as provides soft flexible
characteristics to the vesicles that allow them to easily
penetrate the mucosa and enter the systemic circulation.

The percent of drug permeated result was shown in (Fig. 6).
The flux of drug was calculated using Jss formula i.e,

And the flux for 24t hour was found to be 74pg/cm?/hr.

The permeation coefficient of the drug was found to be 2.46
cm?/hr.
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Figure 6: Ex vivo permeation studies
Estimation of drug deposited in the oral mucosa

The drug was deposited in the oral mucosa with the selected
Lignocaine HCl proniosomal gel formulation. The % of drug
retained in oral mucosa was found to be 87.25%. Lignocaine
HCl proniosomal orabase formulation showed significant
deposition within the oral mucosal layer. This reveals that
potential of these intact nano-sized niosomes to overcome
the epithelium barrier of the oral mucosa & concentrate the
drug within the mucosal layers.

Optical microscopy Lignocaine HCl Proniosomal orabase

The proniosomal orabase before and after hydration was
observed as shown in the fig. 7 under 10 X and 45 X

magnifications.

.is. 3 4"' ...n (f;i‘l
Figure 7: proniosomal orabase under a. 10X and b. 45X
magnification

Lignocaine HCl orabase

The drug orabase before and after hydration was observed
as shown in the figure 8 under 10 X and 45 X magnifications.

]

o S
Figure 8: drug orabase under a. 10X and b. 45X
maghnification

FTIR Results:

FTIR studies were done for Lignocaine HCl pure drug,
proniosomal orabase and drug orabase and are in shown in
table (2). From these studies concluded that there is slight
change in the peak of the spectrums of drug and excipients
mixture. In recent observation there was no considerable
variation in dosage stability and used excipients was found.
Individuality peaks of lignocaine HCl were clearly
established without any interaction of excipients used in
proniosomal orabase formulation (as shown in figure 9, 10).
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Figure 9: FTIR lignocaine Hcl pure drug:
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Figure 10: FTIR lignocaine Hcl Proniosomal orabase

Table 2: FTIR bands of lignocaine Hcl proniosomal orabase and lignocaine Hcl orabase

Functional group

IR band of lignocaine Hcl pure drug

IR band of lignocaine Hcl

(cm1) proniosomal orabase (cm-1)
N-H bending 3458.37 3500
Alkane bending 2922.16 2924
Amide 1654.92 1650.65
N-H stretching 1543.05 1550
C-N 1375.25 1377.17

SEM results

The observed SEM images revealed the well identified
spherical morphology of Lignocaine HCl proniosomal
orabase, post hydration prepared employing span 80,
increased vesicles size greatly lowers mucosal penetration
considering the above mentioned size distribution was
examined, and the formulation exhibited particle size ranges
from 50pumt to 100pmt as shown in the figure(11) under
100X magnification  conferring enhanced mucosal
penetration.

YOO - EMT = 300 W
WO . . —

Figure 11: SEM studies of Lignocaine HCI proniosomal
orabase under 100 X magnification.

Kinetic analysis of the in vitro release data

Mathematical models are commonly used to predict the
release mechanism and to compare release profile. For all
the formulations, the release kinetics was tested for zero
order (direct relation between cumulative percent drug
released and time), first order (direct relation between log
cumulative percent drug remaining and time) and diffusion
(direct relations between cumulative percent of drug release
and square root of time) kinetic models. The regression
coefficient (r2) was used as an indicator of the best fit for
each of the considered models.

ISSN: 2250-1177 [32]

Based on the kinetics of release studies the drug release
follows Higuchi diffusion and based on the n value from
Peppas equation it’s clearly indicated that it follows non
fickian diffusion.

120

100 -+

y = 8.6697x
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% Drug Release
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Figure 12: zero order release kinetics of the formulation
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Figure 13: First order kinetics of the formulation
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Figure 14: Peppas order kinetics of the formulation

Table 3: Release kinetics of Lignocaine HCl proniosomal orabase
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Figure 15: Higuchi order kinetics of the formulation

Order of kinetics Rate constant (k) r2 value
Zero order 8.6697 0.7993
First order 0.1042 0.6982
Peppas 0.5393 0.9375
Higuchi 25419 0.9575

In vivo studies

The Lignocaine HCI proniosomal gel (test) and marketed 2%
Lignocaine HCl gel (control) was applied to the shaved

ventral side of male Wister rats, and it was observed that the
lignocaine HCl proniosomal gel (test) showed more than 10
hours while the marketed gel (control) showed only 5 hours
of duration of anaesthetic action.

Table 4: In vivo analgesic activity of lignocaine HCI proniosomal gel and marketed formulation.

Formulation Reaction time (hr) Duration of drug action (hr)
Lignocaine Hcl Proniosomal gel 10 minutes * 1 minute 8
Marketed Lignocaine gel 5 minutes * 1 minute 5

CONCLUSION REFERENCES

Endeavouring effort was made in preparing much safer and
an alternative for oral route. Considering proniosomal gels in
which lignocaine HCl was successfully entrapped with high
efficiency into vesicles. Proniosomal gel formulation F4,
considered optimal formulation with EE% (91.6%) post
reconstitution. As a result, the optimal formula was further
incorporated into orabase for good mucoadhesive behaviour
essential to achieve increased retention for prolonged
anaesthetic effect. The formula exhibited significant
permeation with increased flux and sustained for longer
periods compared to the lignocaine HCI gel control at the
same dose level. Hence, orabase loaded with proniosomal
gels may be a promising carrier for anesthetics in dental
treatments with their intact vesicles and safety aspects for
local action for longer periods with simple preparation
technique.
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