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ABSTRACT: Lisinopril dihydrate (LP) is an FDA approved drug used in the treatment of hypertension. When
administered orally it is slowly and incompletely absorbed with a bioavailability of 25-30% only. The aim of the present
study is to increase the bioavailability of LP by formulating into nano-spanlastic bio-adhesive gel for intranasal delivery.
LP loaded nano-spanlastics (LPSp) were prepared by ethanol injection method according to 23 factorial designs using
Design Expert®software, to explore the impact of different independent variables on Particle Size (PS) and Entrapment
efficiency (EE%). The optimized LPSp was evaluated for PS, surface morphology, polydispersity index (PDI), zeta
potential, EE% and in-vitro drug release. Further, the optimized LPSp was loaded into Carbopol gel base (1%) and
evaluated for pH, percentage drug content, texture properties and rheology. The permeation and histopathological
studies were carried out using goat nasal mucosa. The optimized LPSp possessed spherical shape with PS and EE% of
320+4.5 nm and 72+2.5% respectively. Drug release studies revealed that the drug enclosed in spanlastic dispersion
showed higher drug release compared to niosome dispersion. The LPSp gels exhibited satisfactory results for pH, drug
content, texture properties and rheology. The ex-vivo results showed that the permeation rate of LP loaded nano-
spanlastic bio-adhesive gel (LPSpG) increased when compared to that of LP loaded niosome gel (LPNiG). The results
infer that encapsulating LP into vesicular carriers and formulating into a bio-adhesive gel augments its permeation and
increases the residence time in nasal mucosa and therefore enhances its bioavailability.
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1. INTRODUCTION

Innovative formulation designs that promote efficient drug delivery have resulted in successful
treatment effects. This has allowed researchers to overcome several significant obstacles posed by the nature
of the pathological condition, the body’s physiology, or the drug’s inherent qualities. Several methods are
being adopted to enhance the bioavailability by encapsulating the drug in an appropriate carrier system. Nano
vesicles are colloidal drug carriers which are known to possess certain advantages such as prolonged
subsistence of the therapeutic agent in the systemic circulation, minimized toxicity due to selective uptake,
improved bioavailability and encapsulation of both hydrophilic and lipophilic drug [1].

Vesicular carriers are novel drug delivery devices designed by formulation scientists to mimic nature's
cellular material transport and survival systems [2]. They are nano-particulate systems formed by both
lipophilic and hydrophilic polymers assembled in concentric lipid bilayers. It is built up with phospholipids
or surfactants arranged in a circular structure that resembles micelle formation. It is a highly ordered assembly
of one or more concentric lipid bilayers formed when amphiphilic building blocks are confronted with water
[3]. The lipid bilayer entraps the lipophilic drugs whereas the aqueous core entraps the hydrophilic drugs.
Vesicular carriers are associated to naturally prevailing vesicles in the human body and their innate
physicochemical properties facilitates in an energy-controlled process, to self-assemble thereby forming
vesicles. They are promising substitutes for the administration of drugs with challenging properties such as
decreased solubility, poor absorption and permeation and reduced stability. This drug delivery system holds
promise in view of its capacity to encapsulate both hydrophilic and lipophilic drug molecules and create stable
complexes with them. Among the existing vesicular carrier systems such as liposomes, niosomes,
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transferosomes, ethosomes, pharmacosomes, etc. spanlastic systems are being explored as potential carriers
for intranasal, topical and ocular delivery of certain drugs.

Spanlastic systems (span+elastic) are surface modified niosomes made up of non-ionic surfactants
along with a membrane modifier called as edge activator [4]. An edge activator is a bilayer softening
component which increases the elasticity of the vesicular membrane and therefore results in augmented
permeation of the drug into the deeper layers of the skin by aiding in squeezing of the vesicular carriers
containing the drug through the intracellular spaces of the skin [5].

Lisinopril dihydrate (LP) is an FDA approved drug used to treat hypertension. It competitively
inhibits Angiotensin Converting Enzyme (ACE) and prevents Angiotensin I to Angiotensin II (an effective
vasoconstrictor) conversion [6]. After oral intake the bioavailability of LP is only 25-30%. LP belongs to BCS
class III (high solubility and poor permeability) [7]. Since it has high solubility, the poor bioavailability of the
drug might be due to the following factors, (i) high hepatic first pass metabolism and (ii) decreased
permeability of the drug through the intestinal mucosa. To overcome the above limitations and ameliorate the
bioavailability of LP, an alternative route of delivery can be propounded.

In this study, to surmount the drawbacks of LP, an alternative route of delivery was chosen. Intranasal
route of delivery, a more effective route that delivers the drug through the nose which ensures a rapid
absorption of most drugs and can generate high systemic blood levels is preferred [8]. The barriers in this route
of delivery such as drug permeability and residence time are overcome by encapsulating the drug into
spanlastic vesicle and formulating it into a bio-adhesive gel. Encapsulating the drug into a vesicular carrier
augments the permeation of LP in nasal mucosa and therefore enhances its bioavailability.

2. RESULTS AND DISCUSSION
2.1 Fourier Transform-Infra Red Spectroscopy (FT-IR) studies

The FTIR spectra of LP, Span 60, Tween 80, Physical mixture and LPSp were recorded. LP exhibited a
set of bands between 3300 to 3200 cm™ and 3000 to 2700 cm. This might be due to N-H stretching of primary
amines and O-H stretching of carboxylic acid respectively. A peak at 1600 cm™ represents C-H bending of
aromatic compound [9]. Span 60 showed a characteristic peak at 3231 cm™ which is due to aliphatic O-H
stretching, set of bands from 3000 cm to 2840 cm™ due to C-H stretch (alkane group) and peak from 1750-
1735 cm™ represents C=0 stretch of ester [10]. Tween 80 exhibited peaks between 3000-2800 cm™ which might
be due to C-H stretching of alkane group. The peak at 1780 cm™ is due to C=0O of ester [11]. There was no
disappearance of typical peaks in the FTIR spectra of the physical mixture and LPSp. This suggests that there
were no intermolecular interactions between LP, Span 60, and Tween 80.

2.2 Formulation of LPSp dispersion

LPSp dispersions were successfully prepared with Span 60 and EA’s (Tween 60 and Tween 80). Their
physical appearance and stability were evaluated (Table 1). Milky white dispersions were formed.
Formulations F1, F2, F6 and F7 were highly viscous due to higher concentration of Span 60. As the
concentration of Span 60 is increased viscosity of formulation also increased. This is due to the high transition
temperature (T.=53°C) at which they act as gelators by themselves [12]. Span 60 was selected for the
formulation since it imparts more sustainability due to presence of saturated alkyl chains [13]. The lipophilic
nature of saturated alkyl chains permits formation of unilamellar/multilamellar matrix vesicles. Other forms
of Span (Span 80 and Span 40) were not selected since they showed high degree of disruption, aggregation
and instability [14]. Similarly, polysorbates (Tweens) were chosen for the formulation as they have been
mentioned to be popularly used in the formulation of flexible vesicular carriers due to higher HLB value which
increases the deformability of the vesicles by changing the packing characteristics [2,15].

From the Table 2, it is observed that LPSp dispersions containing Tween 80 as edge activator showed
minimum PS of 92.67 nm and maximum EE% of 87.80 %. Therefore, the selection of suitable level of different
variables was done with Tween 80 as EA, and by using different concentrations of Span 60 and EA, at two
different speeds of rotation (300 and 800 rpm). A total of eight LPSp formulations were prepared and evaluated
to obtain the optimized formulation.
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Table 1. Physical appearance of LPSp dispersions

Formulation code Physical Appearance

F1 Milky white viscous liquid

F2 Milky white viscous liquid

F3 Milky white semi viscous liquid
F4 Milky white liquid

F5 Milky white liquid

F6 Milky white viscous liquid

F7 Milky white viscous liquid

F8 Milky white semi viscous liquid
F9 Milky white liquid

F10 Milky white liquid

Table 2. Pre-screening study for the formulation of LPSp dispersions using tween 80 and tween 60 as EA

Formulation Ratio of Span 60 to Ratio of Span 60 to PS (nm) EE (%)

code Tween 80/Cholestrol Tween 60

F1 90:10 - 657.40£2.95 76.80+2.80

F2 80:20 - 351.10+7.19 87.80£3.70

F3 70:30 - 155.90+5.82 72.16+4.39

F4 60:40 - 244.50£5.60 85.52+3.05

F5 50:50 - 92.67+3.25 62.92+5.90

F6 - 90:10 514.10+6.14 77.3245.03

F7 - 80:20 372.60£6.90 55.7616.24

F8 - 70:30 337.85+8.45 74.1644.65

F9 - 60:40 203.21+7.32 60.00£3.97

F10 - 50:50 178.30+8.90 78.08+3.46

*n=3

2.3 Analysis of 23factorial design of LPSp dispersion

Table 3 depicts the actual design of 23 factorial designs which were typically used for understanding
whether the factors are important in processing the formulation. This can be considered as a screening process
to find out few important factors from many possibilities, or to indicate how known factors interact and
individually effect the process. It provides the optimized formula by analyzing the effect of factors such as
concentration of Span 60 (%), concentration of EA (%) and Speed of rotation (rpm) on the responses i.e., PS
(nm) and EE (%) of the formulation. The relationship between factors and responses were elucidated and
graphically illustrated by contour plot. The design was analyzed by identifying significant factor effects and
by separating it from insignificant effects and pure error.

The statistics of the present model was depicted in table 4, the adequate precision values for PS and
EE% was found to be more than 4 ie., 12.277 and 13.697 respectively, indicating adequate model
discrimination. The proposed model was able to meet the requirements for optimal precision values and
optimal response values for operating the design space. The predicted R? value was computed to estimate
response value’s predictability. The adjusted R?is a reformed category of R? that accounts for independent
variables that are not significant in a regression model. The predicted R? was in reasonable agreement with
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the Adjusted R? i.e., the difference is less than 0.2. These results showed that the acquired data are more
statistically valid and form an excellent fit to the obtained data [16].

Table 3. The 23 factorial design and the composition of LPSp containing tween 80 as EA

Variables
Run Factors Responses
X1 X2 X3 YI Y2
1 50 50 800 93 90
2 90 10 800 458 86
3 90 50 800 658 95
4 50 10 800 312 84
5 50 10 300 279 75
6 90 50 300 402 87
7 50 50 300 187 84
8 90 10 300 377 90
Factors Levels
Low High

(X1): Concentration of Span 60 (%) 50 90

(X2): Concentration of EA (%) 10 50

(X3): Speed of rotation (rpm) 300 800

Table 4. Model statistics data of 23 factorial design of LPSp dispersion.

Responses R2 Adjusted R2 Predicted R2 Adequate precision
PS (Y1) 0.8708 0.8385 0.7703 12.277
EE%(Y2) 0.8774 0.8328 0.7406 13.697

The reliability and goodness of fit of the present model were also investigated from the diagnostic
plots of PS and EE% of the LPSp dispersions represented in Figure 1. Figures 1a and 1c investigated the normal
probability plots of residuals as a linear pattern with a normal distribution of the residuals. Therefore, the data
required no alteration. Figures 1b and 1d analyzed a good resemblance between the predicted and the
observed values of Yland Y2 of LPSp dispersions in the present model.

ANOVA analysis (Table 5) was performed to comprehend the significance of various independent
variables. The p-value that is lower than the threshold level (0.05), demonstrates the model terms significance.
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Table 5. ANOVA results for the 23 factorial designs of LPSp dispersions.

Factors Source Sum of Degrees of Mean F-value p-Value
Squares freedom Square
Model 4.424+05 3 1.475+05 26.96 < 0.0001
PS X1 3.318+05 1 3.318+05 60.66 < 0.0001 Significant
(Y1) X2 441.00 1 441.00 0.0806 0.7813
X3 4.424+05 3 1.475+05 26.96 <0.0001
Model 635.00 4 158.75 19.68 < 0.0001
EE% X1 210.25 1 210.25 26.06 0.0003 Significant
(Y2) X2 2.25 1 2.25 0.2789 0.6079
X3 182.25 1 182.25 22.59 0.0006
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Figure 1.The diagnostic plots for PS and EE% of LPSp (a) plot of normal % probability versus the externally studentized
residuals for PS, (b) plot of the predicted versus the actual values of PS and (c) plot of normal % probability versus
the externally studentized residuals for EE%, and (b) plot of the predicted versus the actual values of EE%
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2.4 Effect of factors on PS of LPSp dispersions

Table 3 shows that PS of LPSp dispersions ranged between 93 nm to 658 nm. The influence of the three
different factors (X1, X2 and X3) on the PS of LPSp dispersions was studied (Figure 2). The results of ANOVA
(Table 5) exhibited that the concentration of span 60 (X1), significantly affected the PS of LPSp dispersions.
The PS of the formulated LPSp dispersion increased significantly (p < 0.01) upon increasing the concentration
of span 60 (Figure 2a). This may be attributed to the inclusion of more alkyl chains of Span 60 into hydrophobic
sphere of the vesicles following reduction in the interaction between polar heads of EA [14]. It was seen that
the concentration of EA had no effect on the PS of the LPSp dispersion (Figure 2b). The PS of the LPSp
dispersion was significantly (p<0.01) affected by the speed of rotation. On increasing the speed of rotation, the
PS of the formulated nano spanlastics also increased (Figure 2c). This was due to the formation of highly
viscous dispersion that forms aggregates of vesicles [17].

2.5 Effect of factors on percentage EE% of LPSp dispersions.

Table 3 displays that the percentage EE% of LPSp dispersions ranged from 84 % to 95%. The influence
of the three different factors (X1, X2 and X3) on the EE% of LPSp dispersions was investigated (Figure 2). The
ANOVA results (Table 5) indicates that the concentration of span (X1), significantly affected the EE% of LPSp
dispersions. The EE% of the formulated LPSp dispersions increased significantly (p< 0.01) on simultaneous
increase in the concentration of span 60 (Figure 2d). This may be due to the higher phase transition
temperature (T. = 53 °C) and presence of saturated alkyl chain of Span 60, that results in reducing the leakage
of drug from Span 60-based vesicles [18]. It was seen that the concentration of EA showed no effect on the EE%
of the LPSp vesicles (Figure 2e). The EE% of the LPSp vesicle was significantly (p<0.01) affected by the speed
of rotation. The EE % of the formulated nano-spanlastics increased, by increasing the speed of rotation (Figure
2f). This might be due to increased size of the vesicle due to formation of highly viscous dispersion.

a b - c

d . e f

1
]

Figure 2. The effect of different factors (a) concentration of span 60, (b) concentration of EA and (c) speed of rotation on PS
and the effect of factors (d) concentration of span 60, (e) concentration of EA and (f) speed of rotation on EE% of LPSp
dispersion
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2.6 Optimization of LPSp dispersions

Table 6 depicts the optimized formulation. The predicted value for PS and EE% were 372.463 nm and
75.949%, respectively. The desirable value of each factor and the contour plot for desirability is represented in
Figure 3a and 3b respectively. The results that were observed through experiments were in accordance with
the model prediction, thus establishing the credibility of the model. Further studies were done with the
optimized LPSp formulation.

Table 6. Desireability of LPSp dispersion

No. Concentration of  Concentration of Speec.:l of PS (nm) EE (%) Desirability
span EA rotation
1 75.234 10.000 800.000 372.463 75.949 0.690 Selected
A conc of spa.. (%) B concof E., (%) (: speedofrot..
d
$ 0 Mo % WD N NN WM N MW K sl
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Figure 3. Graph (a) and Contour plot (b) for desirability of LPSp dispersions

2.7 Characterization of the optimized of LPSp dispersions
2.7.1 Measurement of PS, PDI, zeta potential and EE %

The PS of the optimized LPSp formula was found to be 320 nm (Figure 4a) with PDI value of 0.416.
PDI values nearer to 0 indicate homogeneity and values approaching 1 indicates the presence of heterogeneous
particles [19]. The optimized formula has a high negative zeta potential value of -44.8 mV (Figure 4b)
specifying that the formula is stable and free from agglomeration. This may be due to the presence of ethanol
that modifies the net charge of the system towards negative zeta potential and increases the steric stabilization
[14]. The entrapment efficiency of the optimized formula was 72% which was in accordance with the value
predicted by the software. This is due to the presence of saturated alkyl chain of Span 60 and its higher phase
transition temperature (Tc = 53 °C) that resulted in decreased leakage of drug from the vesicle [18].
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Figure 4. PS (a) and Zeta potential (b) of LPSp dispersions

2.7.2 Morphologic examination via Scanning Electron Microscopy (SEM)

The SEM image of LP spanlastic is depicted in Figure 5. The image shows almost spherical shaped
particle with smooth surface.

2pm EHT=10.00 kV Signal A = SE1
i WD = 11.0 mm Mag= 10.00 KX

Figure 5. SEM micrograph of LPSp

2.8 Comparative evaluation of the optimized LPSp dispersion and conventional niosomes

The particle size, PDI and Zeta potential of LP loaded niosomes (LPNi) were 640 nm, 0.415 and -35.2

mV respectively. The particle size of LPNi was greater than the optimized LPSp formula. The EE% of LPNi
were 46% lesser than that of optimized LPSp dispersion [18].

2.9 In- vitro drug release studies
The in-vitro drug release studies were carried for three formulations namely optimized LPSp, N1 and

aqueous LP solution. The percentage drug release was calculated and graphically depicted in Figure 6. The
aqueous LP drug solution released nearly 98.6% of the drug within 2h indicating rapid drug diffusion through
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the dialysis membrane. Furthermore, both the formulations LPSp and N1 showed sustained drug release over
a period of 8h. The percentage of drug released initially over the first hour was 23.64% and 14.52% for N1 and
LPSp respectively. Eventually, the percentage of drug release at the end of 8h was 85.08% and 96.39% for N1
and LPSp respectively. The increase in drug diffusion of LPSp when compared to LP loaded niosomes was
due to the enhanced flexibility of the LPSp vesicles. This might be due to the increase in elasticity of the vesicles
which is attributed to the presence of edge activator [5].
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Figure 6. In- vitro drug release study of optimized LPSp, N1 and aqueous LP drug solution; (*n=3)

2.10 Formulation and evaluation of LPSp loaded bio-adhesive gel

Nano-Spanlastic Bio-adhesive gel (LPSpG) was formulated with the optimized formulation using
Carbopol 940 (1%w/w).

2.10.1 Visual Inspection & pH measurement

The resulted gel was opaque, white in color with desired consistency, homogeneity, free from
grittiness and pH value of 6.0. This value is in accordance with the pH of nasal mucosa (5.5-6.5). Therefore,
the gel is suitable and non-irritant for nasal delivery.

2.10.2 Determination of drug content

The percentage drug content in LPSpG was 52.12% indicating that the formulation was not uniformly
distributed in the gel structure.

2.10.3 Spreadability and extrudability

The spreadability of the gel is the property that indicates the ease with which the product can spread
on the specified surface. The spreadability graph shows certain typical properties such as work of shear,
firmness and stickiness. In the Figure 7a, the force appears to build until the cone probe reaches its maximum
penetration depth. The firmness at the specified depth can be calculated using this peak force value. A harder
sample has a greater area, which signifies the overall amount of force, also known as work of shear required
to complete the shearing process. The work of shear and the firmness of the LPSp bio-adhesive gel are 333.485
g sec! and 414.892 g respectively. The probe then withdraws from the sample, with any sticky properties
indicated by a negative force reversal. Higher values of work of shear obtained for the optimum formulation
was due to the use of mucoadhesive polymer (Carbopol 1%) which ensures prolonged adhesion to the mucosal
surface [20].

The force required to push the gel out of the container is called Extrudability. It is vital for determining
how easy it is to remove the gel out of the container. A compression-extrusion test involves applying force to
the gel until it flows through an outlet. The product is squeezed until its structure is ruptured and at which
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point it extrudes from the container. The extrudability of LPSpG is 1494.448 g which is graphically depicted in
Figure 7b.
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Figure 7. Spreadability (a), Bloom Strength (b), Extrudability (c) and Rheology (*n=3) (d) of LPSp bio-adhesive gel

2.10.4 Bloom strength

Bloom strength of a gel is the strength and stiffness of the gel also known as Bloom value. This value
often reflects the average molecular weight of its constituents. The Bloom value of LPSp bio-adhesive gel is
10.286 g. It is graphically depicted in Figure 7c.

2.10.5 Rheology study of LPSp bio-adhesive gel

The viscosity of LPSpG decreased with increasing shear rate (Figure 7d). This indicates that the gel

possessed a non-Newtonian (pseudo plastic) which explains that on increasing the shear rate there might be
a rupture of internal structure of the gel [21].

2.10.6 Ex-vivo permeation studies

From the results, it was seen that the permeation rate LPSpG increased when compared to the
permeation rate of LPNiG (Figure 8). Nearly 98% of LP permeated via the nasal mucosa by the end of 24 hrs.
Although the percentage of LP permeated from the LPNiG by the end of 24 h was about 88%. The steady state
flux of the LPSpG was 80.2ug/cm?/hr higher than that of LPNiG 75.4 ug/cm?/hr. This increased permeation
may be by virtue of improved elasticity of the spanlastic vesicles formulated with edge activator, which aids
in enhancing the elasticity of the vesicular membrane and therefore helps in augmented permeation.

The release kinetics of the LPSpG showed that Korsmeyer Peppas model with an r? value of 0.9943
was the best fitting model and the release exponent (n=0.492) revealed that transport mechanism of the drug

through the gel followed non-fickian diffusion i.e., it follows both diffusion and erosion-controlled release
[22].
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Figure 8. Ex-vivo permeation studies of LPSp and LPNi gels across goat nasal mucosa (*n=3)

2.10.7 Histopathological evaluation

The histopathological evaluation was done to comprehend the effects of formulation on the cell
structure integrity. The study was carried out on both untreated and LPSp gel treated nasal mucosa (Figure
9). The epithelial cells were unscathed and well-conserved, with no evidence of necrosis or degeneration. The
stroma portion of LPSpG treated nasal mucosa is seen with thick-walled dilated vessels. This dilation may be
due to the pharmacological action of the anti-hypertensive drug Lisinopril dihydrate.

Figure 9. Histopathological evaluation of goat nasal mucosa (a) Normal tissue epithelium and sub-epithelium, (b) LPSp
gel treated epithelium and sub-epithelium, (c) stroma portion of normal nasal mucosa and (d) stroma portion of LPSp

gel treated nasal mucosa
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3. CONCLUSION

In the present study, LP loaded nanospanlastic dispersions were prepared by ethanol injection method
using span 60 and edge activator (tween 60 and tween 80). These nanospanlastics can improve the poor
permeability of LP by squeezing through the narrow pores of biological membrane. The preliminary studies
were carried out using span 60 as non-ionic surfactant and tween 60 and tween 80 as edge activators. From
the pre-screening analysis, it was found that nanospanlastic formulation containing tween 80 as edge activator
possessed the smaller size (92.67 nm) and higher entrapment efficiency (87.80 %); therefore, it was chosen for
further optimization by 23 factorial design using Design Expert® software. A total of 8 runs were obtained to
study the effect of concentration of Span 60, edge activator and speed of rotation on PS and EE% of LP
nanospanlastics. The coefficient of determination (R2) and predicted/adjusted R2 of the chosen model were
calculated for exploring its goodness of fit to the experimental results. Additionally, the significance level of
the studied terms was investigated by the analysis of variance (ANOVA). This showed that the concentration
of span 60 and speed of rotation had significant effect (p<0.001) on the PS and EE%. The formulation that has
the highest desirability value was selected as the optimized formula. In the present study, the optimized
formula was selected on the basis of minimum PS and maximum EE%. The optimized batch was subjected to
surface morphological study which shows almost spherical shaped particles with smooth surface. The
comparative in vitro release study was performed which indicates the drug enclosed in nanospanlastic
dispersion shows higher diffusion compared to conventional niosome and aqueous LP solution. To overcome
the drawbacks such as high first pass metabolism and decreased permeability, nasal route was preferred to
deliver LP nanospanlastic. The optimized formula of LPSp was additionally formulated into a bio-adhesive
gel using Carbopol (1%). The LPSp gels exhibited satisfactory results for pH, drug content, texture properties
and rheology. The ex-vivo permeation study of LPSpG showed sustained and augmented permeation when
compared to LPNiG.

This enhanced permeation of gel containing LP encapsulated into spanlastic vesicle can be considered
to increase its bioavailability. The overall study concludes that, elastic vesicles made up of non- ionic
surfactants can be propitious for increasing the permeation of drugs.

4. MATERIALS AND METHODS

Lisinopril dihydrate (LP) was obtained as a gift sample from Micro Labs Private Limited, Hosur, India.
Sorbitan mono stearate (Span 60), Polyoxyethylene sorbitan monostearate (Tween 60), Polyoxyethylene
sorbitan mono oleate (Tween 80) and Carbopol 940 were obtained from Loba Chemie Pvt. Ltd, Mumbai.
Cellulose dialysis membranes (Dialysis membrane-70/pore size 2.4 nm, 12,000-14,000 Molecular weight cut-
off) were obtained from HiMedia Laboratories Pvt. Ltd, Mumbai) and all other chemicals and solvents used
were of analytical grade.

4.1 Fourier Transform-Infra Red Spectroscopy (FT-IR) studies

FT-IR studies were conducted to determine the chemical intermolecular interactions of the drug with
the excipients. The spectral data were recorded by KBr pellet method using Fourier Transform Infrared
Spectrophotometer (FT-IR 8400 Shimadzu 240V, Shimadzu Corporation). The samples were prepared as KBr
pellets by compressing at 6 ton/nm?. The wavelength ranges were selected between 400 and 4000cm-.

4.2 Pre-screening studies and Preparation of LPSp dispersions

Pre-screening studies were conducted to evaluate and choose different levels of formulation and
operational variables that ameliorate the properties of LPSp formed from Span 60 with the addition of edge
activator [23]. Ten different formulations (Table 2) were formulated using two different edge activators (Tween
80 and Tween 60) by ethanol injection technique. Briefly, the organic phase containing Span 60 dissolved in
ethanol was sonicated for one minute. The preheated aqueous solution (at 60 °C) containing drug and the edge
activator (Tween 60 or Tween 80) was injected into the organic phase at a rate of 1 ml/min, stirred at 500 rpm.
The solution was continuously stirred for 30 minutes at 60°C and 30 minutes on cold for complete evaporation
of ethanol, ensuing formation of LPSp dispersions [24]. Ultrasonication was performed using ultrasonic bath
sonicator (LUMC-3, LABMAN Scientific Instruments Pvt. Ltd, Chennai) with 40kHz frequency for 5 minutes,
to obtain fine spanlastic dispersions and it was evaluated for PS and EE%. The edge activator that attained the
best result was used for further studies.

http://dx.doi.org/10.29228/jrp.187
J Res Pharm 2022; 26(4): 884-899

895


http://dx.doi.org/10.29228/jrp.187

Priyanka et al. Journal of Research in Pharmacy

Mucosal delivery of lisinopril dihydrate Research Article

4.3 Analysis of the 23factorial design of LPSp dispersion

The selected Edge activator Tween 80, that had the smallest PS and highest EE% used in formulation
of spanlastics was comprehended in the experimental design for further optimization. A 23 factorial design
was used to develop and evaluate the correlation between independent variables and their responses using
Design-Expert® (Version 7) software [25]. Concentrations of Span 60 (Factor 1), Concentration of EA (Factor
2) and Speed of rotation (Factor 3) were regarded as the independent variables. On the other hand, dependent
variables (responses) were PS (Response 1), and EE% (Response 2). A total of eight runs were attained (Table
3). Desirability values were obtained to determine the optimum formula by analyzing the response surface of
the acquired data (Table 6).

4.4 Characterization of LPSp dispersion
4.4.1 Measurement of PS, PDI, zeta potential

The average vesicle size and polydispersity index of prepared vesicles were evaluated using Malvern
Zetasizer (Nano Z590, Malvern instruments). The samples were placed in polystyrene cuvette at 25°C after
dilution (1:100) with deionized water and the readings were measured at fixed angle. The PS and size
distribution can be obtained [26, 27]. The zeta potential of the optimized vesicles was measured using Doppler
electrophoresis integrated with the same equipment. The sample is placed in a cuvette and a dip cell containing
the electrode was positioned into it. The measurement was carried out at 25 + 0.5°C temperature after suitable
dilution with deionized water [27, 28]. All the measurements were done in triplicate.

4.4.2 Determination of drug EE %

The unentrapped drug was segregated from drug-loaded vesicles by ultracentrifugation of the
dispersions at a speed of 13,000 rpm for 1hr at 4°C [29]. The supernatant solution was collected and the amount
of free drug released from the vesicles was determined by UV-visible spectrophotometer (UV 1650 PC,
Shimadzu Corporation), after appropriate dilution at a wavelength of 207 nm. The percentage EE was
measured in triplicate and calculated using the below equation

Initial amount of drug loaded (mg)- Unentrapped drug (mg)

EE (%)= X 100

Amount of drug loaded (mg)
4.4.3 Morphologic examination via Scanning Electron Microscopy (SEM):

The morphologic examination of the optimized vesicles was done using Scanning Electron Microscope
(Zeiss EVO® 18, Germany). The powder was coated with gold palladium before analysis and placed on
aluminum stubs [30].

4.5 Comparative study of the optimized LPSp dispersion and conventional niosomes

A comparative study of LPSp dispersions were done with the corresponding LP loaded niosomes
(LPNi). The conventional (LPNi) were formulated by the same technique used in the preparation of LPSp
dispersions but replacing cholesterol in the place of EA in 50:50 ratio of surfactant and cholesterol respectively.
The prepared LPNi was characterized for PS, PDI, zeta potential and EE% as previously described in section
441and 44.2.

4.6 In-Vitro drug release studies:

The in-vitro release study of LPSp dispersion was carried out using open end cylinder. The dialysis
membrane was first hydrated in the buffer solution at 25°C for 24 hours. The LPSp dispersions were placed
over the dialysis membrane tied to the cylinder. The cylinder was immersed in 300 ml of phosphate buffer
solution of pH 7.4. The receptor solution was stirred at 100 rpm maintained at 37 £ 0.5°C during the
experiment. Samples (5 ml) were withdrawn and replaced with equal volume of fresh buffer at intervals of 1,
2,3 4,5 6,7 and 8 and then after 24 h. Samples were analyzed in triplicate using UV- visible
spectrophotometer at 207nm [25].

4.7 Formulation and evaluation of LPSp bio-adhesive gel

The optimized LPSp was formulated into a gel using Carbopol 940. The gel was prepared by slowly
adding the calculated amount of Carbopol 940(1% w/v) while stirring to one third of the required amount
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with distilled water. To this Glycerin (1% w/v) was added as a humectant. The final volume was then made
up to 100 ml with distilled water containing the optimized LPSp dispersions equivalent to 2.5 mg of LP/gm
of gel in 250 ml beaker and stirred at a high speed with mechanical stirrer, until a thin dispersion without
lumps was obtained. Few drops of triethanolamine were added to form the gel. The prepared gels were stored
overnight in the refrigerator [21].

4.7.1 Visual Inspection & pH measurement

The appearance of the gel and its physical properties including color, presence of lumps and
homogeneity were inspected by visual inspection under black and white background. The pH of the gel was
determined using digital pH meter (LI-120, ELICO). 1 gram of the formulated gel was taken in 10 ml
volumetric flask and diluted to 10 ml with distilled water and its pH was measured [31].

4.7.2 Determination of drug content

1 gram of the formulated gel was dissolved in 100 ml of phosphate buffer pH 7.4 using mechanical
shaker (KEMI orbital shaker) agitated at 50rpm for 2 hrs. Aliquots were withdrawn, filtered, diluted and its
absorbance was measured at 207nm [32].

4.7.3 Spreadability and extrudability

Spreadability and extrudability of the formulated gel was determined using Texture Analyzer (TA.XT
plus, Stable Microsystems). Spreadability was determined using spreadability rigs (perspex cones). The peak
force and work of shear were measured. The extrudability of the formulated gel was measured using
forward extrusion rig which measures the compression force required for a piston disc to extrude a product
through a standard size outlet of 3mm diameter in the base of the sample container. The force required to
extrude the gel was recorded.

4.7.4 Bloom strength

The bloom strength of the formulated gel was assessed using Texture Analyzer (TA.XT plus, Stable
Microsystems) by measuring the mechanical resistance to stress. A cylindrical probe typically of 0.5-inch
diameter is lowered into the gel system at a fixed speed. The gel strength is reported as the peak force reaching
a chosen distance usually before permanent deformation [33].

4.7.5 Rheology study of LPSp gels

The viscosity of the formulated gel was determined using Brookfield’s Viscometer. The freshly
prepared gel was placed in the cup of the viscometer. The viscosity was determined using spindle size 64 at
varying rpm, and the measurements were done in triplicate [32].

4.7.6 Ex-vivo permeation studies

The fresh goat nasal mucosa obtained from local slaughter house was used for permeation studies. A
measured piece of the nasal mucosa was tied to one end of the open cylinder with the mucosal side facing the
donor compartment. A calculated amount of LPSp bio-adhesive gel (1.9 g containing 2.5 mg of LP) was
uniformly spread on the membrane and phosphate buffer of pH 7.4, was placed in the receptor compartment.
The setup was maintained at 37+0.5°C. 5ml of samples were withdrawn at 30 min, 1, 2, 3, 4, 5, 6, 7, 8 and then
24 hrs and replaced with fresh medium in order to maintain sink condition. The samples were analyzed in
triplicate by UV-visible spectrophotometer at 207 nm. The amount of drug permeated was calculated [34, 35].
The steady state flux Jss, was calculated from the amount of LP permeated across 2.5 cm? of the nasal membrane
over time using the following equation,

Jss = AQt/ (At x S)

Where, Qt is the cumulative amount of Lisinopril permeated and S is the surface area of the membrane [35].

The permeation kinetics of LPSpG was analyzed by fitting the permeation data to different
mathematical models like zero order, first order, Higuchi, Hixson-Crowell, Korsemeyer-Peppas diffusion
models [36].

4.7.7 Histopathological evaluation

Histopathological studies were carried out to assess the viability of cells in the goat nasal mucosa after
24 h of permeation studies and compared with untreated mucosa. Initially, the membrane was refined and
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embedded with paraffin after fixing in 10% buffered formalin. Further paraffin sections (7pm) were taken,
stained with haematoxylin and eosin and subjected for detailed microscopic examination [37].

4.8 Statistical Analysis

Design Expert® Software (Version 7.0) was used to analyze the data obtained by 23 factorial designs
by conducting ANOVA to evaluate the influence of the selected factors on the PS, EE%.
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