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Abstract

As the buccal route of administration has the ability to avoid the GI tract and first pass effect by 

directing the absorption towards the cheek area, the bioavailability of BCS class III drugs can be 

increased through this route. Only a handful of studies have been conducted using oleic acid as a 

permeation enhancer in any transbuccal drug delivery system. Therefore the objective of this novel 

study was to develop a buccal tablet using two concentrations of oleic acid for a model BCS class 

III drug via hot-melt extrusion technology and to investigate the effects of oleic acid on the 

physicochemical properties of the tablet. The model drug selected was ondansetron hydrochloride. 

Formulations consisting of the polymers (hydroxypropyl methylcellulose and polyethylene oxide) 

and two concentrations of oleic acid were prepared by hot-melt extrusion techniques. A melting 

point depression of the drug was obtained in the extruded granules as seen by the DSC 

thermograms. The ex-vivo permeation studies showed a greater permeation of the drug in the 

formulation containing 10% oleic acid (F2) as compared to the formulation containing 20% oleic 

acid (F1), although not statistically significant. The in-vitro bioadhesion studies, swelling studies 

and surface pH measurements of the tablets were also conducted. In conclusion, permeation 

studies exhibited the potential of oleic acid as a buccal permeation enhancer as a significant 

permeation of the drug was obtained in the formulations. Hot-melt extrusion technology was 

successfully employed to formulate buccal tablets of ondansetron hydrochloride.
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Introduction

Although the traditional oral route of drug administration is preferred due to its ease of 

administration and patient compliance, disadvantages such as the hepatic first pass 

metabolism and enzymatic degradation inside the GI tract could prevent the successful 

delivery of drugs through this route. Some of the major enzymes present in the liver such as 

CYP 3A4 and CYP 3A5 metabolize several drugs after absorption through the digestive 

system, thereby allowing only a small amount of drug to enter the systemic circulation. 

Drugs that are administered through the oral cavity enter the systemic circulation without 

any deviations through the internal jugular vein. By doing so, the bioavailability of the drugs 

can be improved as the drugs can bypass the first pass metabolism. Moreover, when drugs 

are delivered through the buccal route, they can also avoid degradation by digestive enzymes 

(1, 2).

Ondansetron hydrochloride (OND), a selective serotonin 5-HT3 receptor antagonist is 

prescribed to reduce nausea and vomiting that comes with cancer chemotherapy and 

radiotherapy (3). Its low permeability can be attributed to the extensive first pass hepatic 

metabolism by the cytochrome P450 enzyme system and therefore it has a poor 

bioavailability of 60% (4). The drug having a half-life of 3–5 hours and a small molecular 

weight of 365.86 Da makes it a perfect candidate for administration through the buccal route 

(5).

One of the drawbacks of transbuccal drug delivery systems is the membrane permeability 

barrier. Some of the solutions proposed include drug derivatives, drug saturated systems, 

physical approaches and chemical penetration enhancers. Of these options, the chemical 

penetration enhancers have been a popular choice for investigators (6). Some of the 

characteristics of a penetration enhancer include a fast absorbing enhancing effect, reversible 

action and the enhancer should be non-toxic and not irritating to the buccal tissues (7, 8). 

Examples of penetration enhancers that can be used include surfactants, bile salts, polyols 

and fatty acids.

Several studies have been conducted demonstrating the use of oleic acid as a permeation 

enhancer in transdermal drug delivery systems (9–13). A few studies have also been 

conducted using oleic acid as a buccal permeation enhancer. Morishita et al., studied the 

effect of the permeation enhancers (oleic acid and other unsaturated fatty acids) on the 

release of the drug as well as the hypoglycemic effect of the drug on rat buccal mucosa (14). 

Lee et al. and Birudaraj et al., studied the combined effect of oleic acid and propylene glycol 

on the permeation of a model peptide and drug respectively (15, 16). To date, there are no 

known studies conducted that combine oleic acid and a BCS class III drug (OND). 

Furthermore, no studies have utilized these formulations to produce a buccal tablet via hot-

melt extrusion. Hot-melt extrusion (HME) technology is defined as the process of pumping 
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in raw materials that comprise of the drug, the polymer and the excipients to obtain a 

product of uniform shape when subjected to a rotating screw at high temperatures (17). Over 

the conventional methods of pharmaceutical manufacturing, HME provides better efficiency 

and short times in obtaining the final product, effective in delivering drugs to the patient as 

well as eliminates the use of solvents. Hence, HME has been recognized as a suitable 

alternative over the conventional methods of manufacturing tablets, films, implants, etc. 

which can be delivered through the oral, transdermal and the transmucosal routes (18, 19). 

The novel aim of this study was to formulate a BCS class III drug (OND) into a buccal tablet 

comprising of two concentrations of oleic acid via the hot-melt extrusion technology and to 

investigate the effect of the concentration of the fatty acid on the physicochemical 

characteristics of the tablet.

Materials and Methods

Materials

Ondansetron hydrochloride (OND) was purchased from A Chemtek Inc. (Worcester, MA). 

Hydroxypropyl methylcellulose (HPMC E5LV) was purchased from Dow Chemical 

Company (Midland, MI). Polyethylene oxide (PEO, Sentry Polyox WSR N10 LEO NF) was 

a kind gift from Colorcon (North Wales, PA). Microcrystalline cellulose (MCC, Avicel NF) 

was a gift from FMC Biopolymer (Brussels). Guar gum was purchased from Hercules Inc. 

(Wilmington, DE). Magnesium stearate was a gift from Alfa Aesar (Lancashire). Oleic acid 

was purchased from Fisher Scientific (Fair Lawn, NJ). The other reagents used in this study 

were of analytical grade.

Hot-Melt Extrusion (HME)

OND, HPMC and PEO and oleic acid were sieved through US #35 mesh screen and blended 

using a V-shell blender (Maxiblend, Globe Pharma, New Brunswick, NJ). The blends were 

processed in a co-rotating twin screw extruder with a modified screw design without an 

extrusion die (Process 11, Thermo Fisher Scientific, Karlsruhe). The first mixing zone 

located at the third zone consisted of 60° elements that would ensure a uniformly powdered 

mixture. The second mixing zone situated at the sixth zone consisted of 90° elements that 

would provide a homogenous mixing to the blend. The physical blend was manually fed into 

the extruder and the screw speed was set at 50 rpm. The temperature of all the zones were 

heated to 60°C. Milling of the extrudates was performed on a comminuting mill (Fitzpatrick, 

Model “L1A”; Elmhurst, IL) and further sieved using the US #35 and US #40 sieves. The 

extrudates retained had particle sizes ranging between 300 to 425 μm. The retained 

extrudates were stored in foil-lined polyethylene bags until further analysis.

Characterization of HME Granules

Differential Scanning Calorimetry (DSC)—DSC studies were conducted on a 

PerkinElmer Diamond differential scanning calorimeter (DSC) with a Pyris Software. 

Samples of the pure drug and extrudates were prepared by securely fastening 2~4 mg of the 

material into aluminum pans. The samples were heated from 30~240°C at a heating rate of 

5°C/min. The DSC studies were conducted under an inert nitrogen atmosphere with a flow 

rate of 20 ml/min.
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X-ray Diffraction (XRD)—XRD diffraction studies were performed for the pure drug, 

polymers and extrudates on a Bruker D8 Advance (Bruker, Billerica, MA) that has a Cu-

source and theta-2-theta diffractometer furnished with a Lynx-eye position sensitive detector. 

A voltage of 40 kV and a current of 30 mA was selected for the generator. The samples were 

spread over a Si sample holder. The scan was conducted over a range of 2θangles from 2° to 

35° with a 0.05° step size at 3s per step.

Tablet Compression

The extrudates were mixed with guar gum, MCC and magnesium stearate prior to 

compression. Tablets were punched by a ten-station Piccola classic tablet press (SMI, 

Lebanon, NJ) using an 8.0 mm flat round punch and a compression force of 200 kg/cm2. A 

rotational speed of 10 rpm (production speed of 6000 tablets/hr) was used.

Method of Analysis

Drug content was determined using a HPLC system (Waters, Milford, MA) having a dual λ 
absorbance detector and a Waters C18 (4.6 × 150 mm; 5 μm particles) column. The mobile 

phase consisted of methanol and 10 mM PBS at pH 7.4 in the ratio of 65:35 (%v/v). A 

steady flow rate of 1ml/min was set with the injection volume at 10 μL. The drug was 

detected at a wavelength of 306 nm (20).

Ex-vivo Permeation

Freshly slaughtered porcine mucosa was obtained from domestic pigs (Smokehouse meats, 

Pontotoc, MS) and the excess tissue was cut. Franz diffusion cells (Logan Instruments, 

Somerset, NJ) were used to conduct the ex-vivo permeation studies. The mucosa was placed 

between the receptor and the donor compartment and clamped with membrane holders. The 

receptor compartment consisted of 5 ml of PBS at pH 7.4 that simulated systemic conditions 

and the donor compartment comprised of the buccal tablet with PBS at pH 6.6 that imitated 

the salivary conditions. The cells were maintained at 37°C with constant stirring. At 

predetermined time intervals over a span of 6 hours, 0.5 ml of the sample was taken from the 

receptor compartment and replaced with PBS 7.4 of the same volume. The samples 

withdrawn were then subjected to analysis using the HPLC system (21).

In-vitro Drug Release

The in-vitro dissolution studies were conducted as per the United States Pharmacopoeia XIII 

rotating paddle method. The dissolution media consisted of 150 ml of PBS at pH 6.6. The 

study was conducted at a temperature of 37°C with a paddle speed of 50 rpm (5). At regular 

time intervals for 6 hours, 1 ml of the sample was withdrawn (and filtered using a 10μm 

filter) and replaced with PBS of the same volume. The samples withdrawn were then 

analyzed through the HPLC system.

Statistical Data Analysis

Levels of statistical significance were assessed using an unpaired t-test between the 

formulations. If the difference (p-value) obtained was less than 0.05, the formulations were 

considered to be significantly different. The values obtained were a mean of three readings.
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In-vitro Bioadhesion

Mucoadhesion experiments were performed on a texture analyzer (Model TA.XT2i, Texture 

Technologies Corp./Stable Micro Systems) with a 5 kg load cell. The mucosa was placed on 

the base of the analyzer with the membrane facing upwards. The tablet to be tested was 

attached using a double sided tape to the base of a flat end cylindrical probe fixed to the arm 

of the texture analyzer. A speed of 0.1 mm/sec was used to lower the tablet until it touched 

the mucosa. For a time of 120 seconds, a contact force of 0.5 N was applied. After which the 

tablet was removed from the mucosa at a speed of 5 mm/sec. The tack and work of adhesion 

for each of the formulation was measured (22).

Tablet Swelling Index

Tablets were weighed and placed in 5ml of PBS 6.6. At regular time intervals, the tablets 

were removed and excess liquid was blotted and reweighed again (23). The percentage 

swelling index was calculated using the following equation:

where W1 and W2 are the weights of the tablet before placing it in phosphate buffer and at 

regular time intervals respectively.

Surface pH

Tablets were placed in 5 ml of PBS 6.6 for a time period of 2 hours after which the pH of the 

tablets was measured by the pH meter (Mettler Toledo, Columbus, OH) (24).

Content Assay of Drug in Extrudates

Twenty tablets were crushed using a mortar and pestle. An equivalent weight of 200 mg was 

dissolved in methanol. The sample was suitably diluted and then subjected to HPLC 

analysis.

Evaluation of Buccal Tablets

Weight—Ten tablets from each formulation were weighed using an electronic balance and 

the average weight was calculated.

Thickness—The thickness of 10 tablets selected from each formulation were measured 

using a Vernier caliper and the average values were calculated.

Hardness—Three tablets from each formulation were subjected to the hardness tester 

(Hardness tester, Schleuniger) and the mean values were calculated.

Friability—A dual scooping projection Vander Kamp friabilator (Vankel Industries Inc., 

Chatham, NJ) was used to conduct the friability test. Twenty tablets each were chosen from 

the two batches and were weighed before placing them in the apparatus. A rotating speed of 
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25 rpm and a time period of 4 minutes was set. The tablets were weighed again and the % 

friability loss was calculated using the following equation:

Results and Discussion

Hot-Melt Extrusion (HME)

The composition of the buccal tablets and the control tablet is shown in Table 1. HPMC and 

PEO provided the mucoadhesion and swelling to the tablet. Oleic acid was selected as a 

penetration enhancer for the drug. Guar gum was incorporated into the formulation to aid in 

the mucoadhesion as well as in the swelling of the polymers. MCC was selected as a diluent 

and magnesium stearate was used as a lubricant. Process parameters such as the temperature, 

screw speed and screw configuration were optimized based on preliminary studies 

conducted. The modified screw design consisting of two mixing zones (Figure 1) that 

ensured the breakdown of agglomerates if any and to provide a homogenous mixing inside 

the extruder. The temperature set for all the zones was below the degradation temperature of 

oleic acid (>80°C). The process parameters produced a minimum torque (2~3%).

Physicochemical Properties of HME Granules

DSC Thermogram—DSC studies were carried out to determine the compatibility of the 

drug with the polymers and other excipients used (Figure 2). The pure drug gave a melting 

peak of 186.94°C. Both of the formulations presented a crystalline form of the drug. The 

extruded formulations reduced the melting point of the drug with EX1 exhibiting a larger 

reduction (165.74°C) than EX2 (175.49°C), due to the presence of a higher concentration of 

oleic acid that acted as a plasticizer. DSC studies of the pure polymers were also conducted 

(data not shown). PEO gave a peak of 68.73°C whereas an amorphous form of HPMC was 

obtained. A second peak (at 44°C for EX1 and 55°C for EX2) was also present in the 

formulations. Additional DSC studies on the formulations without PEO were conducted. For 

these formulations, no peak in the range of 40–70°C were obtained (data not shown). 

Therefore, it could be concluded that the second peak obtained for the formulations could be 

attributed to the presence of PEO.

X-Ray Diffraction—Figure 3 represents the X-Ray diffraction patterns of the pure drug, 

pure polymers, EX1 and EX2. OND is a crystalline drug and exhibited a strong peak at 6°. 

Both the formulations exhibited an identical diffractogram to the drug peak thereby 

supporting the results obtained from the DSC experiments stating that the drug present in the 

formulations after extrusion were crystalline in nature. Strong peaks were present at 19° and 

24° for the polymer PEO whereas the diffractogram for pure HPMC showed no peaks.

Ex-vivo Permeation Studies

Model animals used for permeation studies include dogs, rabbits and monkeys, however pigs 

are more frequently used as their nonkeratinized oral mucosa closely resembles that to the 

Mendonsa et al. Page 6

AAPS PharmSciTech. Author manuscript; available in PMC 2018 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



human buccal epithelium. The control which did not have any permeation enhancer 

permeated only 0.0095 ± 0.0013 mg/cm2. As extremely small amounts of drug were 

permeated from the control, the data is not shown. From Figure 6, F1 having a 20 % oleic 

acid content permeated 1.42 ± 0.11 mg/cm2 of drug whereas F2 having a 10 % oleic acid 

content permeated 1.83 ± 0.16 mg/cm2 of drug. The potential of oleic acid to act as a 

permeation enhancer lies in its cis double bond that hinders the formation of well-ordered 

compact structures and as a result enhances the lipid fluidity. In addition, oleic acid also 

disrupts the polar head group as well as the hydrophobic region of the membrane lipids that 

are present in the human buccal epithelial cells (25, 26). In transdermal drug delivery 

systems, the mechanism of penetration by oleic acid is still being studied, but it has been 

proposed that when oleic acid permeates the membrane, it perturbs the multi-lamellar 

structure and therefore gives rise to pathways that are open to permeation in these domains. 

As the concentration of oleic acid increases, a distinct phase is created within the stratum 

corneum lipids and hence can no longer disrupt the endogenous lipid domains. Therefore, 

the amount of drug permeating through the membrane decreases with increase in oleic acid 

concentration (27–31). This phenomenon of change in functional behavior of oleic acid 

which is dependent on the concentration could be extended to transbuccal drug delivery 

system as can be seen in Figure 4 (The unpaired t-test revealed a p-value of 0.054 indicating 

“approached” acceptable levels of statistical significance for the formulations).

In-vitro Drug Release Studies

The in-vitro dissolution profiles for the formulations are shown in Figure 5. The release 

profile was enhanced with an increase in oleic acid content. Similar results were observed by 

Hu et al. who attributed their results to oleic acid outer layers that favored lipophilic drugs 

and the release mechanism was explained by matrix erosion or diffusion mechanisms (32). 

A higher concentration of oleic acid in F1 exhibited a drug release of 85% as compared to 

the 57% drug release shown in F2. This was due to the crystalline nature of the drug 

obtained in the formulations that hindered the release of the drug. The incomplete release of 

the drug could be explained by the concentrations of HPMC and PEO used. By increasing 

the molecular weight of the polymer, the viscosity of the gel formed on the tablets increases 

and therefore slows down the release of the drug. Even though the molecular weights of the 

polymers used were low, by increasing the concentration of the polymers in the 

formulations, the results of the drug release obtained would be similar to that obtained by 

using high molecular weight polymers at lower concentrations (33, 34). KinetDS software 

was employed to determine the mechanism of drug release. The drug data was analyzed 

using the zero order, first order, Korsmeyer-Peppas and Higuchi kinetic equations and the 

regression coefficient (R2) values were obtained. The formulations fit best into the 

Korsmeyer-Peppas equation (R2 = 0.9970 and n = 0.53 for F1 and 0.9945 and n = 0.35 for 

F2). The Korsmeyer-Peppas equation is given by:

Where, Qt is the drug released in time t, Q∞is the drug release after an infinite time, Kkp is 

the release constant that consists of the structural and geometrical characteristics of the 

Mendonsa et al. Page 7

AAPS PharmSciTech. Author manuscript; available in PMC 2018 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



tablets and n is the release exponent that specifies the mechanism of the drug release (35). 

As the release constant obtained for F1 was > 0.5, F1 followed the non-Fickian release 

mechanism (drug release followed a diffusion and a matrix erosion mechanism) and as F2 

had a release constant < 0.5, F2 followed a Fickian release mechanism (drug release was 

controlled by a diffusion controlled mechanism) (36). The results from the t-test revealed a 

p-value of 0.0088 for the formulations. As the p-value was less than 0.05, the two 

formulations differences were statistically significant for the in-vitro drug release studies.

In-vitro Bioadhesion Studies

Duchene et al., described the general mechanism behind mucoadhesive polymers in three 

stages. A close contact between the mucoadhesive incorporated into the formulation and the 

mucus comprised of the first stage. In the second stage, the mucoadhesive macromolecules 

swell and penetrate inside the mucus leading to a physical entanglement. These 

macromolecules then interact with each other through secondary non-covalent bonds making 

up the third stage (37). With increase in hydration over time, HPMC forms a gel that is 

strong enough to adhere to the surface prolonging the contact time. But its high glass 

transition temperature (> 200°C) decreases its flexibility and therefore the polymer provides 

moderate mucoadhesivity (38). PEO is known to have an extensive and rapid penetration 

into the substrate due to its linear flexible chains that have a high segmental mobility. This 

penetration gives rise to a close contact between the polymer and the substrate and therefore 

increases the bio adhesion (39). Figure 6 shows a force vs. time plot for both the 

formulations where area under the curve stands for work of adhesion. The peak of 

detachment obtained for F1 was 27.71 ± 1.23 g and for F2 was 58.08 ± 1.29 g. The work of 

adhesion obtained for F1 and F2 were 8.26 ± 2.14 g.sec and 15.83 ± 1.55 g.sec respectively. 

The peak detachment force relies on the hydrogen bonds that are developed between the 

mucoadhesive polymer and the mucosa. Physical entanglement can also be associated with 

detachment forces as it promotes interlocking of chains which are a result of the diffusion 

between the polymer chains and mucus glycoproteins. Increase in swelling of the polymer 

can lead to an intense physical entanglement thereby resulting in a wider force-time curve 

and therefore enhancing the work of adhesion (23).

Swelling Studies

Generally when a buccal tablet comes into contact with the medium (e.g. water or PBS), the 

medium penetrates into the polymer matrix and the swollen gel like polymer allows the drug 

to diffuse out. The mechanism in which the drug diffuses out is based on the swelling 

behavior of the polymers involved in the formulation (40). Upon contact with any bodily 

fluids, the hydrophilic HPMC matrix hydrates starting from its outer boundary and works its 

way towards the center creating a gel like layer that surrounds the drug. The diffusion of the 

drug through the matrix to the media is based on the thickness of this newly formed layer 

(41). A similar swelling mechanism is also observed in PEO (42). Khullar et al. 
demonstrated that with the addition of guar gum, the rate of water uptake into the matrix 

increases and the gum swells when it absorbs water (43). From Figure 7, the formulations 

showed an increase in the % swelling index for up to 2 hours. Beyond 2 hours, a decrease in 

the % swelling index was observed. On prolonged exposure to the media, the polymer keeps 

hydrating until a “disentanglement concentration” is reached. At this point, the polymer 
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chains would disentangle and separate themselves from the gel matrix. As a result, the 

polymer then undergoes swelling, dissolution and diffusion from the matrix at the same time 

resulting in the erosion of the polymer (44).

Surface pH

Surface pH of the buccal dosage forms is measured as an acidic or an alkaline pH would 

cause irritation to the mucosa. The pH obtained for F1 was 6.01 ± 0.14 and that of F2 was 

5.64 ± 0.12. The pH obtained for the formulations were considered safe as they were in an 

acceptable salivary pH range of 5.5 to 7.0.

Evaluation of Buccal Tablet

The punched tablets were evaluated for weight, thickness, friability, hardness and uniformity 

of drug content. The results are presented in Table 2. The weight and thickness variation 

were found to be small in the range of 190.96 to 193.44 mg (F1), 200.08 to 201.08 mg (F2) 

and 0.138 to 0.142 mm (F1), 0.128 to 0.132 mm (F2), respectively. The obtained friability 

loss (0.14% and 0.19% for F1 and F2 respectively was less than 1%) which indicated that 

the tablets possessed an excellent mechanical strength that could endure external impacts. 

The drug content of both the tablets were uniform as seen in Table 2 and within the 

acceptable limits.

Conclusions

Mucoadhesive buccal HME tablets were successfully developed and evaluated. From the ex-
vivo permeation studies, both of the formulations showed a significant permeation of the 

drug over the control indicating the ability of oleic acid to work as a permeation enhancer in 

transbuccal drug delivery systems. The in-vitro drug release studies in which F1 released 

85% of the drug was explained by the presence of the crystalline form of the drug present 

after extrusion as well as the concentration of the polymers used. Also no significant 

increase in the drug release was obtained after six hours. The combination of the polymers 

PEO and HPMC along with the addition of guar gum provided substantial adhesion to the 

buccal tablets. In conclusion, HME technology could be employed to prepare mucoadhesive 

buccal tablets. Moreover, the incorporation of oleic acid as a permeation enhancer also 

significantly enhanced the buccal permeation of ondansetron hydrochloride.
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Figure 1. 
Modified Screw Configuration of the twin-screw extruder used in this study.
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Figure 2. 
DSC results of pure drug and formulations.
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Figure 3. 
XRD diffractograms for pure drug, polymers and formulations.
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Figure 4. 
Cumulative amount of OND permeated vs. time from buccal tablets. Each value represents 

the mean ± S.D. (n=3).
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Figure 5. 
In vitro drug release profiles of the formulations. Each value represents the mean ± S.D. 

(n=3).
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Figure 6. 
Force vs. Distance profile for (A) F1 and (B) F2 (The figures have been enlarged to depict 

the area under the curve which represents the work of adhesion). Each value represents the 

mean ± S.D. (n=3).
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Figure 7. 
Swelling study profiles for the formulations. Each value represents the mean ± S.D. (n=3).
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