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Abstract
Purpose: Present study focused on formulation of mucoadhesi co ite films for treatment of
periodontitis and evaluation of its physicochemical pr
Methods: Solvent casting technique was used to prepal . ary layer (D) was prepared with flaxseed and
HPMC composite to sustain release of doxycycline hy (S) was comprised of sodium alginate and
bined to generate bilayer film (B). All

Results: ATR-FTIR results showed intactness o ve oil in presence of excipients. pH of films was
compatible with periodontal cavity and thiekme i
faster disintegration and swelling. Conte
and drug content complies with United

s above 80%. Rate of swelling of a primary layer was slow
acopoeia. SEM analysis revealed intact, non-porous and smooth

films. Films exhibited better mech ngth and bio-adhesiveness. Clove oil was released from immediate
release layer within 10 min an ate release was retarded minimum of up to 8 h in primary layer as
well as bilayer. Formulation d a significant effect on both E-coli and S. Aureus.

Conclusion: In current stu
effectively used for tr en
Keywords: Period

clove oil.

50% population around globe is suffering from periodontal diseases and tooth loss.! It is mainly
ialfattack on tissues that support and surrounds teeth. Space between tooth and gingiva is referred to

aused by periodontal microorganisms that induce destruction of periodontal tissue. Predominantly
egative, microaerophilic, anaerobic bacteria colonize as biofilm in sub-gingival area that alter connective
bone metabolism leading to periodontal damage. Severity of disease also depends on host's immune
r nse to bacterial challenges and environmental factors (Smoking, chewing tobacco).?

chanical methods are available to control periodontal infection but procedures to clean periodontal pockets are

dious due to limited accessibility in area. Investigations were carried out to slow progression or to improve

periodontal status by systemic administration of antibiotics. A class of tetracycline antibiotics has been studied for
treatment of periodontitis.’ Doxycycline hyclate from this class has been reported to exert an anti-inflammatory and
antibacterial effect. United States Food and Drug Administration (USFDA) authorized doxycycline hyclate 20-mg



capsule as an addition to root planning and scaling for periodontitis treatment. It presents an anti-inflammatory
effect as an anti-collagenase agent and supress activity of matrix metalloproteinases that is responsible for
destruction of periodontal tissues.* Besides, it stimulates formation of bone tissue by instigation of inhibition of
bone resorption and osteoblasts. Local administration of antibiotics leads to a reduction in pocket depth and a better
effect was achieved by use of doxycycline hyclate.> Owing to antimicrobial and non-antimicrobial properties
doxycycline hyclate was selected as first model drugs in bilayer film. Clove oil was permitted by USFDA in
dentistry by way of a natural analgesic and antiseptic.® Eugenol suppresses expression of cyclooxygenase Il enz
and cytokines, thus showing an anti-inflammatory effect.” It is also reported to exhibit antibacterial potential i
negative bacteria and gram-positive bacteria.® Antimicrobial activity of eugenol on some bacteria was due to
induction of cell lysis via leakage of lipids and protein in cell membrane.’
Flax seed was reported to contains protein and a mixture of various carbohydrates mainly rhamnose, g
glucose, and arabinose. Acidic polysaccharides galacturonic acid, pectin-like polymers, rhamnogalac

numerous apphcatlons in food and pharmaceuticals. It possesses excellent rheological
holding capacuy 10 Hence found application as a thickening agent, emu151fy1ng agen

forms transparent, flexible films in an aqueous solution. Low t0x1c1ty biode
properties of HPMC to explore its application in pharmaceutical and bions
combined HPMC with other polymers and lipids to form composites wi
release and mucoadhesive properties of HPMC were also reported by s
sodium alginate is a made up of a-l-guluronic (G) and -d-man;

saccharide of alginic acid;
its. It is integral element of cell

wall of brown algae and a few bacteria. It is widely available, ost and biodegradable in nature. It can form
transparent, water-insoluble, thermo irreversible gels ith'di and trivalent ions and hence finds wide
application in pharmaceuticals. Sodium alginate has be ored as a film former and drug carrier but
is always used in combination with another polymer to fo “#Polyvinyl alcohol is a synthetic polymer made

by complete or partial hydrolysis of polyvinyl acetdte-1ti able, biocompatible, tasteless, odorless, and
translucent granular powder soluble in water. It ied for several pharmaceutical applications.'* It can be
blended with natural materials for enhancing me gth. It undergoes fast swelling and dissolution in
water. It exhibits excellent film forming y researchers for a variety of targeted applications.'®
Taking note of above data, current rese s aimed to prepare composite films to treat periodontitis.
Composite was prepared in two laygss. yeriwas aimed at sustained release of doxycycline hyclate and

comprises flaxseed and HPMC. ond W, ade to release clove oil immediately and was made up of
sodium alginate and PVA co Films evaluated and explored as a carrier for doxycycline hyclate and
clove oil.

MATERIAL AND MET

MATERIALS

estic market in Pune, Maharashtra, India. Doxycycline hyclate was purchased
Aurangabad, India. Clove oil was purchased from Aaria bio-lifesciences research,
India. Hydr: cllulose was purchased from Loba chemie, India. Sodium alginate was purchased
dustries, Pune, India. Polyvinyl alcohol was acquired from Research-lab fine chem
ther reagents used were of analytical grade.

mucilage

ased from a local store and cleaned. Flaxseeds (30gm) drenched in 900 mL of distilled water at
To obtain a mucilage solution, soaked flaxseed was stirred at 1000 rpm at 80 °C to 100 °C for at least 3

Flaxseeds were pun

ution from flaxseed. Flaxseed was subsequently filtered with cheesecloth to obtain reaming mucilage that is
a ed to flaxseed coat. Ethanol was added to filtered extract to precipitate the mucilage. Mucilage that had

cipitated was isolated and dehydrated for 5 h in a hot air oven at 50°C. Yield of dried mass was quantified,
phytochemical screening was performed and stored in a desiccator.'®




Preparation of double-layer film

Preparation of primary flaxseed mucilage drug-loaded film layer (D)
Primary layer was made by solubilizing 0.1 g flaxseed mucilage polymer and 0.1 g hydroxypropyl methylcellulose
(HPMC) in 15 mL distilled water for 1 h at 60—70 °C with continual stirring. Doxycycline hyclate was solubilized i
5 mL of purified water, further slowly mixed into polymeric composition while being constantly stirred. Glycerin
was added as a plasticizer and polymeric composition was casted in petri-plate. Petri plate was then placed in a hot
air oven (Biotechniques, India) for 24 h at 40 °C (Figure 1). Film was enveloped in an aluminum foil and kept in
desiccator. 7

Preparation of secondary clove oil -loaded film (S)

A second polymeric layer was formulated by solubilizing sodium alginate and polyvinyl alcohol (PVA) in

spread evenly in a petri plate and dehydrated in an oven for 24 h at 40 °C. Film was envelope
and kept in desiccator (Figure 2). '3

Preparation of Bilayer film (B)

Primary layer was dried thoroughly and 0.5% w/v of a freshly prepared calcium chlogi

was further dried in a hot air oven and peeled off (Figure 3). Film was engieloped in an alv
desiccator.! (Table I and II).
Evaluation of films

Surface pH Determination
Agar plates formulated in phosphate buffer pH 6.8, films were permitted
(Mettler Toledo, India) was positioned in contact with hydrated
three measurements was recorded.?
ATR-FTIR

By using an attenuated total reflectance (ATR) accesso
pure drug, physical mixture of drug and excipient, and
resolution of 4 cm’!, single spectra in wavelength
Thickness and weight
Three films selected with a surface area of 9x9 ized for measurement of thickness at 10 different
points. A thickness of films was estimated igi iér caliper (Mitutoyo, Japan). Average weight was
calculated by weighing 9x9 mm? films ¢ a i alance (Shimadzu, Japan). Both these readings were
recorded in triplicate and mean wa
Drug content

Primary film equivalent to a

or 2 h on agar plates. pH meter
face was checked. Average of

tion was recorded. By averaging 10 scans at
00 cm™! were obtained.?!

was miscibilized in 10 mL phosphate buffer pH 6.8 and
transferred to a 100 mL vo , final volume was made with pH 6.8 phosphate buffer. 1 mL of aliquot was
removed from solution an with phosphate buffer pH 6.8. Absorbance of resulting solution was
measured at 271.3 nmgbypa isible spectrophotometer (Shimadzu-1800). Similar method was followed for

271.3 and 283 nm ine hyclate and clove oil respectively. 2
Disintegrationgti

2 and placed in a petri plate containing 5 mL purified water and time needed to
dary film completely was recorded. Average of three determinations of results was noted.?*

of film was spotted by optical microscopy (Metzer, India) and scanning electron microscopy
JSM- 6360A scanning microscope, Tokyo, Japan). Optical microscopy was used to observe
iew of bilayer film with 100x power lenses. For SEM, specimen sample mounted on metal stubs with
-sided adhesive band, gold was sputtered on specimen to confirm sufficient electrical conductivity. Images
¢ taken using ET detector with 10 kV excitation energy.?’

ing endurance

ms was cut into 1.0x1.0 cm? and continually creased at same point until disruptions. Number of counts film could

e creased without breaking was noted.
Tensile strength and elongation at failure percentage (EF%)
Texture Analyzer (CT-3 Brookfield, USA) was used to investigate tensile strength of film.
Sample of 4 cm? was taken and secured between two clamps of probe TA-DGA. Bottom clamp was detained




immobile and film was stretched apart by top clamp at a speed of 2.0 mm/s to a distance of 6 mm with a trigger load
of 0.05 N. Force required to break film was recorded. Data assemblage and calculations were accomplished using
Texture Pro CT V1.3 Build 14 software. Tensile strength at break rate was calculated using formula:

Tensile strength (N/cm2) = Breaking force (N) / Cross — sectional area of sample (cm?2)
Elongation at break %, a measure of percentage of a film that has ruptured, it was determined using following

equation:
Increase film lengath at break (AL)
Inital film lengath (L)

Elongation at break % = x 100

In vitro bioadhesion force
Bioadhesion force was estimated using a Texture Analyzer (CT-3/100, Brookfield, USA) equipped with a 100 g
load cell. Bioadhesive force was recorded by porcine buccal mucosa. Mucosal membrane was cut and ufiderlyis
connective tissue was separated. It was thoroughly cleaned with pH 6.8 phosphate buffer and secured
circular discs positioned at bottom perspex support. Mucosal membrane was exposed to probe vi
with a void of 12.7 mm diameter. Discs were let down into jacketed glass container compose
buffer and sustained at 37 + 1 °C. Membrane was equilibrated at this temperature condition for
was firmly secured using thread on bottom side of probe. Circular cavity and probe werg 0

pH 6.8 phosphate buffer. Load of 90 gm was applied and a probe was lowered at a spe
tissue for 120 s. It was removed at speed of 2 mm/s. 2° Data assemblage and calculation
Texture Pro CT V1.3 Build 14 software. Ahesiveness and adhesive force wese

bioadhesion of film. Bioadhesion force (N) was calculated using formula;
Bioadhesion force (N) = Bioadhesive strength (g)x 9.8/1000

Swelling studies

Films were weighed individually and initial weight was noted (W, i ced separately in petri-dish
enclosing pH 6.8 phosphate buffer. Samples were isolated fro ; urly and extra amount of buffer was
wiped carefully by using filter paper. Hydrated films ‘ Swelling index was determined by

following formula
Swelling index (%) = (“222) x 100
In vitro drug release

Film was kept in a dialysis bag filled with 1 mL of pH 6.8 ghosphate buffer and hold in 50 mL phosphate buffer 6.8
maintained at 37°C with shaking in a thermostati izontal shaker at 75 rpm. Aliquots of 1 mL were removed at
time intervals of every 2 min interval fo clove oil and 0.5h, 1h, 2h, 3h, 4h, 5h, 6h,7h, 8h to
quantify doxycycline hyclate. Sink cong aintained by replacing an identical quantity of pre-warmed
buffer solution. Samples were inv spectrophotometer at 271.1 nm and 283 nm for doxycycline
hyclate and clove oil respective gkperimentation was completed in triplicate and mean was reported.
Release of doxycycline hycl tted in different kinetic models such as first order, zero order, Higuchi and
Korsmeyer—Peppas and R2

dried for 30 , 0 remove excess moisture from surface. Inoculum of S. aureus and E coil were
selected and'1 face MHA agar separately with a wire loop and spread with help of sterile spreader.

selected as model drug. Combination of eugenol with antibiotics was reported to derive synergistic effect.?8

nol is reported to be present in clove oil, hence in current study clove oil was used in combination with
xycycline hyclate. Mucilage from flax seed was isolated by a simple process and characterized. Yield and ash

value of mucilage were found to be 6.3% and 4.2% respectively. Isolated sample showed presence of carbohydrates

and protein. These results were found in agreement with evaluation of flaxseed mucilage carried out by Kaewmanee

et al. (2014).%° First layer of bilayer film was tried to formulate by flaxseed mucilage alone but due to high viscosity

of mucilage, obtained film was sticky and difficult to peel off from petri dish. Hence first layer of film was prepared



by combining flax seed mucilage and HPMC. A film composed of a higher concentration of HPMC was stiffer, less
flexible, non-uniform and might require a longer time to prepare, hence low concentration of HPMC was selected.
Earlier studies also suggest that films prepared with a lower concentration of polymer were visually more
homogeneous and thinner and drug distribution in film was uniform. Sodium alginate forms a clear transparent,
flexible film but brittleness of sodium alginate restricts its use as an excellent film former; hence it was combined
with polyvinyl alcohol (PVA) which is highly elastic and biocompatible. Some researchers reported that blends of
this polymer were found to enhance mechanical strength of film as well as resulting product is highly hydrophili
Formulation of mucoadhesive bilayer films containing doxycycline hyclate and clove oil was carried out (Figuye 4
and further films were evaluated. All films were transparent, free from creases, flexible and had a characteristi
odor of clove oil. In film casting technique, drying was carried out at a gentle rate hence aggregation and

white color, hence final films also exhibited same color (Figure 4b). Incorporation of glycerin a
films resulted in flexible films while films produced without glycerin were brittle. Morpholog
affected by addition of glycerin.

Surface pH

Extreme pH can cause local irritation and discomfort in periodontal cavity. Films p
suited with oral cavity. Indicating films were inert and compatible with oral cavity.
ATR-FTIR
This test was performed to find out compatibility amongst excipient and
showed characteristic peaks at 1665.65, 1328.27 cm ! conforming to C=Q
cm ! represented C-H, N-H and O-H stretching, peak at 1456.39 cm™! s
bend vibrations. 1217.98 cm™! peak was indicative of C-N stretching.

ence of C—H and N-H in-plane
vere found in agreement with

research carried out by other researchers 30 In addition to this USP ) h gested bands for doxycycline
hyclate tablet at, 935, and 659 cm ™!, drug sample showed ban and 659.62 cm™!. Physical mixture of
flaxseed, HPMC and doxycycline hyclate shows char: ycycline hyclate indicating intactness of
drug in presence of excipients. Primary layer (D) also r doxycycline hyclate with slight shifting of

clove oil showed a peak at 3000.25 cm ™! and 363
C-H stretching vibration of benzene, eugenol me
cm ! peak resembled C=0 carboxyhc acid stretc

tion vibration denoted at 1365.87 cm™!, 1758.24

, phenolic hydroxyl C-O stretching vibration appeared
1033. 21em L. Spectra were indicative of presence of

ic hydroxyl peaks confirmed presence of eugenol. Spectra were
search work. 3! Second layer S3 film also showed presence of
cm ! was observed. S3 film spectra closely resemble spectra of
. Various spectra were revealed in Figure 5.

eugenol and ether group, benzene ring,
found in agreement with spectra re

clove oil indicating intactnes
Thickness and weight

Thickness and weight of fi
polymerlc solutlon throug idish. Film thickness is an important physical parameter that potentially

ight of primary layer (D) were 0.21 + 0.06 mm and 0.143 + 0.07 g respectively. For
eight was found in between 0.21 to 0.28 mm and 0.123- 0.189 g respectively (Table
red crystalline structure and was responsible to produce soft, thin films with high

nd weight of bilayer film (B) were 0.34 +0.062 mm and 0.143 + 0.07 g respectively.

Im was suitable to insert into a periodontal cavity having a width smaller than 0.5- 3 mm.

, USP had a specified limit of 90 to 120%. Clove oil content in film was found in range of 80- 92%
1), film containing lowest amount of polymer showed maximum amount of clove oil entrapment as
c solution was less viscous. Oil has been miscibilized easily in polymer and homogeneously mixed
thremghout blend. Surprisingly higher concentration of polymeric solution showed less amount of clove oil, these
ults might be attributed to uneven distribution of drug in viscous polymeric solution. Nevertheless, all films
showed more than 80% of clove oil entrapment.
Disintegration time
Official guidelines are deficient of determination of disintegration time of films. Pharmacopoeia describes standard
disintegration tests for conventional dosage forms, but for films when this method was tried, film was adhered to




wall of tube, also small pieces float inside tube which made visual detection difficult. Due to these practical
difficulties erroneous results might be obtained. Generally, for films disintegration test is done by two methods;
slide frame method and petri dish method; out of which petridish method was adopted for current study.
Disintegration time for primary layer was fund 8 h indicating slower penetration of solvent due to high viscosity of
polymers. This was promising property to maintain film at site of administration for prolonged drug release. It was
proposed that secondary films should disintegrate faster as compared to primary layer and release clove oil to
counteract inflammation and pain. Disintegration time for secondary layer (S) was recorded and it was found in
range of 8.46 £ 0.74-11.86 + 0.08 minutes. Water molecules were rapidly penetrated in films causing dispersio
film into small pieces that ultimately released clove oil at a faster rate as compared to doxycycline hyclate. Ra;
penetration of water in secondary film might be result of lyophobic nature of sodium alginate and PVA. t
results, optimized ratio of sodium alginate and PVA was selected as 200:200 and further tests were ¢

optimized bilayer film.

Surface methodology studies

Since this property could not be identified directly, optical microscopy was used to confirm cr n of ct
layers in bilayer films. Bilayer films had two different layers, as illustrated in Figure 6. SEM analysis (Figure 7)
revealed a distinct structure of film with a smooth matrix and good integrity without anyfp 0 in film.
Folding endurance
It is an index to investigate mechanical property and flexibility of film. Optimum value
manufacturing and administration of films. A direct relation exists betweén folding endu
property of film. Folding endurance of primary layer (D) and bilayer was (B))218 +£16 and
respectively. Bilayer film exhibit more value of folding endurance indicati

endurance eases
afid mechanical

18 times
mechanical

Carbopol-934.32 Secondary layer (S) showed folding endurance in range
was found higher than 145 and 152 reported in earlier research.? ad aggood value of folding endurance,
showing films are flexible with good mechanical strength.

and it is an index to confirm mechanical
as 4.1140.04 and 4.16+0.02 N/cm?
respectively. Largest shift in film's length before elongation at break. Maximum deformation a
film can experience before breaking, it symboliz ility and resistance to distortion. It is defined as
maximum distortion a film could undergo before aks. EF for primary layer (D) and bilayer (B) was
5.14+1.6 and 6.12+1.5% respectively. Am i also affects mechanical properties of film, in current
study dose of drug is less, hence mecha; propetties of optimized film were found good. Bilayer film has
excellent mechanical properties thaj igure 8, shows that time required for bilayer film for tensile
film. These results were found in agreement with research

In our earlier studies, we re
mucilage is having mug otential. HPMC had been widely explored as mucoadhesive agent.
Mucoadhesive drugidelive s for periodontal disease would have significant advantages such as simplicity

was found t
carried ou
Swelling index

For mers exhibiting swelling-controlled release, swelling is a crucial component of drug release.

a substantial role in bioadhesive properties as swelling of polymer contributes to polymer
nglement and relaxation that initiates diffusion of polymeric chains into mucus membrane for process
. A swelling study for primary layer and bilayer film was carried out and varied from 6.65 to 13.9 and
% respectively. When flaxseed polymer, comes in contact with aqueous media, polymer chains undergo
xation and interpenetration that causing swelling. Further expansion of polymeric matrix may inintialte

ation of slippery mucilage, consequents’ early release of drug that has been trapped therein. Figure 9

strates swelling index of films. Swelling index of bilayer film increased steadily till 25 min and reached
equilibrium. At the end of 30 min, swelling index started declining at a very slow rate, these results might be
attributed to slow erosion of polymers. Swelling index of a primary layer ranged between 6.5-13.9%, it increased till
30 min and retained equilibrium till 35 min after that it started eroding at a very slow rate. Rate of hydration of
bilayer film was found higher than primary layer as in addition to flaxseed and HPMC it was also composed of

400/CP.*



highly swellable sodium alginate. Both B and D films had a good swelling index up to 3 h, after which swelling
index declined slightly, possibly due to polymeric erosion of both layers. Surface area and rate of solvent diffusion
in films might be major contributing factors to initiate swelling of films . These results can be correlated with
mucoadhesion study where bilayer film showed slightly higher mucoadhesion as compared to primary layer. More
swelling resulted in relaxation of polymeric chain and exposure of polymer at bioadhesive site. A faster swelling
bilayer initiated quick formation of adhesive bonds.
In- vitro drug release

Release of clove oil from immediate release layer was evaluated for 10 min. Release of clove oil was found in ¢
of 38.45 to 60% and found to be dependent on concentration of polymers. Highest concentration of sodium a
and PVA (400:400) released only 44% of clove oil. Formulation containing an equal amount of sodium alginate

a rapid rate in contact with phosphate buffer 6.8 and released clove oil. The current study also
release of clove oil to counteract pain and inflammation.
Near about 33.82% drug was escaped from film primary layer D at inintial 3 h followed

diffussion of media in B film and additionally contribute to sustained relea
results were in consensus with earlier studies about bilayer films, wherein
had impact on release of actives from primary layer *°. Flaxseed mucila,
release polymer. Both forms very viscous gel upon contact with dissolut
molecules dissolve in media and then gradually diffuse out. Thi

d doxycycline hyclate

ion and diffusion was time-
cline hyclate at a slower rate was desired
rent kinetic models such as First order,
odel was 0.9821, 0.9924, 0.872 and

to provide a continuous antibacterial shield. Drug rele
Zero order, Korsmeyer-Peppas and Higuchi. R? value

periodontal treatment.’’

In vitro antimicrobial activity of periodontal fi lm

In vitro antimicrobial activity of periodo y Kirby-Bauer disk diffusion method. This procedure
is routinely adopted for susceptlblhty t icrobial isolates as it gives reliable results comparable to standard
Epsilometer test and useful to test ¢ f antibiotics. This test was based on fact that for a given
antibiotic, zone of inhibition is r. arry out test Mueller Hinton Media (MHA) was used. MHA is a
non-differential and non-selectiv ium. omposed of acid hydrolysate and beef extract which acts as a

o trap any of toxic metabolites produced by microbes. Starch hydrolysis
urce. Rate of diffusion of antibiotics is enhanced in presence of starch.
coli (ATCC25922) and S. aureus (ATCC25323) bacteria were used to measure
termine their antibacterial activity (ATCC25323) (Figure 12).
ed from four samples, it was found that primary layer (D) exhibited a zone of
inhibition of. E-coil and 11.5+ 2.21 mm for S-aureus. Whereas clove oil loaded films (S) showed
i .84 mm and 12.1 +2.16 mm on E-coil and S-aureus species. Zone of inhibition for
und to be 22.5 + 1.28 and 20.8+ 2.47 mm for E-coil and S-aureus respectively. Effect of
egative bacteria was more as compared to positive bacteria. Bilayer film indicated a slightly
tion as compared to primary layer film of doxycycline hyclate. Antimicrobial effect was
combined activity of clove oil and doxycycline hyclate. Periodontitis is mainly caused by
er actinomycetemcomitans and Porphyromonas gingivalis infection and it belongs to gram-negative
. Antibacterial studies revealed that bilayer film had a more profound effect on gram-negative bacteria,
ere indicative of effectiveness of bilayer film in controlling periodontal infection.

CLUSION
coadhesive bilayer films were formulated for twin delivery of clove oil and doxycycline hyclate as immediate
and sustained release layers respectively, for treatment of periodontitis. Clove oil layer was formulated to control
pain and inflammation and sustained antimicrobial effect was contributed by doxycycline hyclate layer. Primary
layer was composed of flaxseed and HPMC and found effective to retard doxycycline hyclate release. Formulation
containing an equal amount of sodium alginate and PVA showed better disintegration, hence selected as an

generates dextrose, which a
Agar acts as a solidifyingya




optimized batch for immediate release of clove oil. Bilayer film prepared by casting primary and secondary layer
showed promising effects as an antibacterial agent. Hence it can be concluded that bilayer formulation was effective
to treat periodontal conditions.
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Sodium alginate  Polyvinyl Glycerin Clove oil Distilled water

(mg) Alcohol (mg) (mL) (mg) (mL)
400 300 0.1 10 10
200 400 0.1 10 10
200 200 0.1 10 10
200 300 0.1 10 10
S5 400 400 0.1 10 10
S6 400 200 0.1 10 10
S7 300 400 0.1 10 10

S8 300 200 0.1 10 10
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Table 2. Formulation of bilayer film (B)

Formulation Flaxseed @ HPMC Sodium PVA Doxycycline Clove Glycerin Distilled
mucilage  (mg) Alginate (mg) hyclate (mg) oil (mL) water
(mg) (mg) (mg) (mL)

Primary Layer 100 100 - - 40 - 0.1 20

(D)

Secondary - - 200 200 - 50 0.1 10

layer (S)

Table 3. Properties of single layer oil loaded films: Clove Oil content (%), Folding endurance, Film thickness (mm), % Clove
Oil release after 10 min., Weight uniformity (g), Disintegration time (Min.)

Formulation Clove Oil Folding Film % Clove Oil Weight Disintegration
code Content (%) Endurance thickness releasefafter 10  uniformity (g) time (Min.)
(mm) min.

S1 80+ 1.25 196 £ 0.18 0.22 +£0.06 60 +1.29 0.123 £ 0.03 10.13 +£0.98
S2 85+ 1.36 201 +£0.12 0.25+0.06 39.43 +£1.36 0.145+0.01 8.46 +0.74
S3 92 +1.54 213+0.15 0.28%:,0:06 68.028 + 1.02 0.167 £ 0.06 7.89 £0.45
S4 81+2.61 210+ 0011 021 £0.06 4732+2.24 0.189 +0.04 11.84 £1.26
S5 83+ 1.52 2055 0'13 0.24 £ 0.06 4492 +1.21 0.132+£0.09 8.95+0.39
S6 80+2.21 209.+ 0.10 0.27 £0.07 53.8+1.29 0.165 +0.07 9.36 £0.06
S7 82+ 1.24 2000.14 0.23 £0.04 42.39+1.27 0.149 +£0.02 11.86 +0.08
S8 87+ 1.87 204 £ 0,06 0.26 £0.08 38.45+1.32 0.187 £ 0.05 10.12+0.47

*(n =3, mean + SD) All the readings wefe, takeniniriplicate
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0.1gm of flaxssed

mucilage + HPMC Glycerine
dissolved 1n 15 mL ’ (0.1 mL)
distilled water at 60- :

70°C
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water

Slowly ade-4 '

Final solution o

were cast in a n W

glass petr1 plate & svol:n?tdnl
after 1 h

: Store 1
Primary film was . descicatoc ti'l
Peel out further,use

Figure 1 -Schematic representation of t eparation of the primary layer

&
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kept for 24 h at
40°C




12

Sodium alginate + PVA

dissolved in 10 mL . Glycerine
distilled water at 40 °C (0.1 mL)

(Solution A)

Solution A and Clove oil + 3 mL of
ethanol+ 0.2 percent w/v
Solution B tween 80 (Solution B)

MSlxtq.re “:ias Final solution Stored in.
onicate casted on petri wescicator till

for 5 min. plate , further use

Figure 2 -Schematic representation of t ep ion of the secondary layer
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Preparation of flaxseed mucilage based primary layer
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Polymes Solution
Preparation of Secondary oil loaded film
' = tween 80
“_‘ -
1 é& y £
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Bilayer film
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Figure 3. Schematic representation of the ratioh,of bilayer film
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Figure 4 - a) plain flaxseed mucilage-ba
of doxycycline hyclate in primary lay

clate loaded film (D), b) bilayer film (B) composed
secondary layer
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Figure 6. Optical microscopy of bilayer fil b) c) showing a transverse sectional view of bilayer film under
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Figure g electron microscopic images showing the surface morphology of bilayer Film a) Primary
er containing doxycycline hyclate b) Secondary layer containing eugenol c) Bilayer film B
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Figure 8. Graph of CT3 texture analyzer o ilestie ere a) Bilayer periodontal film formulation b) Single

primary layer film
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Figure 10. Cumulative _ drug release profile of Immediate release film
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