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To overcome low oral bioavailability and short biological half-life, improved and 
sustained buccal delivery of valsartan has been proposed. Valsartan film with colloidal 
silicon dioxide has been prepared using HPMC as mucoadhesive polymer matrix by 
casting and solvent evaporation method. Valsartan and Aerosil might have been interact-
ed by hydrogen bond formation between adsorbed water and silanol of SiO2. In vitro 
drug release and ex vivo buccal permeation increased with the increase of Aerosil in the 
film. The formulation of valsartan to Aerosil at 1:0.02 ratio exhibited a sustained type of 
release and permeation of 80 and 70 %, respectively, in 8 h of study in simulated physi-
ological fluid (pH 6.8). Molecular docking study revealed a stable configuration with 
favourable score of –2.15 kcal mol–1 of the Aerosil incorporated valsartan buccal film. In 
conclusion, Aerosil incorporated hydrogel forming buccal film could be used for im-
proved and sustained delivery of valsartan.
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Introduction

Valsartan (VAL), an angiotensin II receptor an-
tagonist relaxes blood vessels and improves blood 
flow for the control of hypertension.1 It is a non-pep-
tide tetrazole derivative with poor water solubility, 
inadequate gastrointestinal tract permeability, and 
high faecal elimination (86 %), resulting in low oral 
bioavailability of about 23 %.1 VAL has teratogenic 
potential owing to adverse reactions, and should be 
discontinued orally in pregnancy. There is also a 
possibility of developing acute renal failure in pa-
tients with renal artery stenosis upon prolonged oral 
use in conventional form.2

Solid dispersion, liquisolid compact, self-mi-
croemulsifying drug administration, and supercriti-
cal antisolvent techniques have been reported for 
improving drug solubility and oral bioavailability.3–7 
The researchers have shown burst release of VAL 
with the increase in peak plasma concentration 
(Cmax) 4- to 7-fold compared to pure drug, and de-
crease in Tmax to about 30 min. This may be suffi-
ciently dangerous for exhibiting adverse drug reac-

tions. The pH-dependent drug release has been 
reported in another study of the developed valsartan 
hydrogel system.8 The onset time in vivo may be 
delayed more than 3 h after oral administration (2 h 
residence in gastric region of pH 1.2 giving less 
than 10 % release, whereas, about 20 % release in 
3rd h in the intestinal region of pH 7.4).

Aerosil 200, the commercially available fumed 
silicon dioxide (SiO2) of specific surface area  
200 m2 g–1, could be the promising carrier for in-
creasing drug solubility because of the presence of 
siloxane and silanol groups on their large surface 
area.9

The buccal drug delivery system emphasizes 
drug administration through the mucosal membrane 
lining of the buccal cavity.10 Drugs are absorbed 
from the oral mucosa, and transported through the 
jugular vein into the systemic circulation bypassing 
first pass metabolism of drug. Mucoadhesive HPMC 
film-type delivery systems may be more prominent 
and convenient for sustained buccal drug delivery 
by providing rapid onset of action.11,12 Being a small 
molecule, valsartan will be the suitable drug candi-
date for buccal delivery for possible improvement 
of bioavailability compared to conventional oral de-
livery. The objective of the current research was to 
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formulate Aerosil-incorporated HPMC matrix film 
for achieving improved and sustained buccal per-
meation of valsartan. Hydrogel forming HPMC can 
play a role in mucoadhesion, resulting in prolonged 
residence of film on the buccal tissue for probable 
effective sustained release of drug.13

Material and methods

Valsartan was received as gift sample from No-
vartis (Mumbai, India). Hydroxypropyl methylcel-
lulose (HPMC K 100M), Triethanolamine and 
Aerosil 200 (Specific surface area: 200 m2 g–1) were 
purchased from HIMEDIA (Mumbai, India). All 
other reagents were of analytical grade.

Preparation of valsartan buccal film

The casting and solvent evaporation method 
was used to formulate the film. Aerosil 200 was 
added in distilled water (300 μg mL–1) with over-
night continuous magnetic stirring to prepare homo-
geneous dispersion. HPMC was soaked in a small 
amount of ice cool water for a few hours. The 
swelled HPMC gel was stirred magnetically for 3 
hour, and stirring further continued after addition 
of an aliquot of Aerosil dispersion as per formula-
tion given in Table 1. To that, VAL and triethanol-
amine mixture was added and agitated for about 2 
h. The prepared hydrogel mixture was poured slow-
ly into a casting plate (Tarsons, diameter: 90 mm), 
and left in an incubator for controlled drying at  
40 °C for 24 h until a constant weight was obtained. 
A digital micrometre (Mitutoyo, Japan) was used to 
measure the thickness of film. Folding endurance 
(FE) was measured by folding a piece of film up to 
200 times in the same position or until it was bro-
ken. The pH of the film surface was determined by 
immersing the glass electrode of a pH metre into 
the hydrated area of the film formulation.

FTIR

The prepared films and the pure valsartan were 
scanned for IR transmission spectra to observe 
drug-excipient interactions, if any. The scans were 

done in the 4000–400 cm–1 range, with an average 
of 80 scans at a resolution of 4 cm–1. In the FTIR 
spectrophotometer (JASCO FT/IR 4600), the sam-
ples were put on a diamond ATR (JASCO ATR 
PRO ONE) crystal.

DSC

Differential scanning calorimeter (DSC-1, Met-
tler Toledo, Switzerland) was used to evaluate the 
thermal properties of the film. The study was per-
formed at 30–300 °C, varying at the rate of +10 °C, 
under 20.0 mL min–1 nitrogen flow.

XRD

X-ray powder crystallography (Rigaku Ultima 
IV) of the pure valsartan sample and the film for-
mulations was carried out at a voltage of 40 kV and 
current flow of 15 mA. A scan rate of 1° min–1 was 
maintained in the 2q range of 5–70°. The source an-
ode of the X-ray was Cu.

SEM

Surface morphology of valsartan pure crystal 
and the films was studied with the help of a scan-
ning electron microscope (ZEISS, EVO 18). A plat-
inum sputter coat was applied prior to scanning the 
samples in SEM, and the surface morphology was 
examined at 1000–25000 times magnification using 
a 20 kV accelerated voltage at room temperature.

In vitro drug release study

Using a USP type-II dissolution apparatus, the 
produced films were glued to a glass slide using cy-
anoacrylate adhesive, and completely immersed in 
200 mL phosphate buffer saline (pH 6.8) in the dis-
solution vessel (Dissolution Tester USP, Electrolab 
TDT06L, India). The bath temperature was set at 
34±0.2 °C, and the rotational speed was set to 50 
rpm. To mimic the physiological temperature at the 
buccal surface, in vitro release test and permeation 
test were carried out at 34.0 ± 2 °C 14 up to 8 h. 
Sample of 10 mL was withdrawn at predetermined 
time interval using syringe driven filter (0.45 mm) 

Ta b l e  1  – Formulation and physicochemical properties of valsartan film for buccal delivery

Film code HPMC K100M 
(mg)

VAL: Aerosil 
ratio (wt/wt)

Triethanolamine 
(%)

Thickness (µm) 
mean ± sd; n=3 Surface pH Folding  

endurance 

VA0 1000 Aerosil -nill 15 199 ± 11.2 7.4 >200

VA1 1000 1:2·10–2 15 224 ± 10.5 7.3 >200

VA2 1000 1:10–2 15 220 ± 14.1 7.5 >200

VA3 1000 1:10–3 15 189 ± 15.2 7.6 >200
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for determination of cumulative drug release spec-
trophotometrically (JASCO, V-630 Spectrophotom-
eter). Fresh dissolution medium was used to replen-
ish the receptor medium.

Ex vivo permeation study

Fresh chicken buccal mucosa was collected 
from the local butcher within 1 hour of its sacrifice 
for ex vivo permeation experiment. Another layer of 
dialysis membrane (Himedia Dialysis Mem-
brane-150, LA401, molecular weight cut off 12000–
14000) was attached to the buccal membrane for 
retaining colloidal SiO2 particles of Aerosil. Proper 
size cut and accurately weighed film was placed on 
the buccal membrane over the dialysis membrane, 
and modified Franz diffusion cell was used for buc-
cal mucosal permeation study. Phosphate buffer 
solution (PBS) of pH 6.8 (200 mL) was filled in the 
chamber for the study at 34±0.2 °C. Sample solu-
tions of 10 mL volume were withdrawn at predeter-
mined time intervals and analysed spectrophotomet-
rically to obtain drug concentration. The steady-state 
flux (Js) was calculated from the slope obtained 
from the linear region using the amount permeation 
per cm2 versus time plot. The permeability coeffi-
cient (Pfilm) in cm min–1 was determined by dividing 
steady-state flux with the concentration (C) of val-
sartan in the film.15,16

 Pfilm = Js/C (1)

Kinetics

Both the in vitro drug release and ex vivo per-
meation data were applied with the Korsmeyer-Pep-
pas model and Peppas-Sahlin model for determin-
ing drug release and permeation mechanism.16,17–19 
Based on Ficks’s law of diffusion, Higuchi devel-
oped drug release kinetics as the linear relationship 
of cumulative percent drug release vs. square root 
of time plot.20 Korsmeyer-Peppas law describes a 
simple and empirical equation using time-depen-
dent power law in distinguishing the Fickian (diffu-
sion controlled) and non-Fickian (anomalous trans-
port) from the same equation.14,21

Korsmeyer-Peppas model:
 Ct/C∞ = Ktn (2)
Ct/C∞ – fraction of drug release/permeation of drug 
at time t; K – Peppas release/permeation rate con-
stant; n – release/permeation exponent

Peppas Sahlin model:22

 Mt/M∞ = K1t
m + K2t

2m (3)
where Mt/M∞ – fraction dissolved, %; K1 – constant 
related to the Fickian kinetics; K2 – constant related 
to Case II relaxation kinetics; m – diffusional expo-
nent.

Molecular docking study

The computational research was carried out on 
a Linux-Ubuntu 16.04 LTS system. The three-di-
mensional chemical structure of HPMC, silicon di-
oxide, and VAL were saved in .pdb file format after 
structural optimisation with Avogadro software. For 
the molecular docking investigation, AutoDock 4.2 
software was utilised, followed by defaulter settings 
with a user-defined grid box.16 The molecular inter-
actions of single and double docking complexes 
were then studied using BIOVIA DSV.23

Results and discussion

Physical properties

All of the film formulations were found to have 
uniform thickness ranging from 189 – 224 µm. 
Films showed a high folding endurance (>200), as 
well as sufficient strength and flexibility without 
becoming fragile. The pH of the film surface was 
found in the range of 7.3 and 7.6, which is thought 
to be safe for mucosal application. Film formulation 
with physical characteristics is presented in Table 1.

FTIR

Samples of VAL, Aerosil, and film formulation 
were subjected to spectroscopic analysis and their 
spectra are shown in Fig. 1a. The IR spectrum of 
valsartan showed characteristic peaks at 2963, 1733, 
1603, 1465 cm–1 indicating the presence of C–H 
stretching, carboxyl carbonyl, amide carbonyl, C=C 
aromatic group, respectively.3 The spectrum of pure 
Aerosil exhibited an absorption band at about  
1100 cm–1 attributed to Si–O–Si asymmetric stretch-
ing vibration, and 810 cm–1 peak appeared due to 
the symmetric deformation of the Si-O-Si bond.24 
The –CH stretching was clearly noticed at 2922 cm–1 
for all VAL-containing formulations. The –CH and 
–NH2 bendings were ascribed to the comparatively 
weak absorption around 1465 and 1603 cm–1, re-
spectively. The spectra also showed absorption 
bands at 1639 and 1115 cm–1, which were caused by 
the OH deformational mode of water and the longi-
tudinal Si–O stretching vibration of Aerosil. This 
indicated that valsartan and Aerosil were present in 
the film matrix. In the spectra of all formulations, 
the peaks at 1650 and 1031 cm–1 were broadened. 
The high intensity of carboxyl carbonyl peak at 
1733 cm–1 of valsartan became very weak, whereas 
the amide carbonyl stretching band was recorded at 
1650 cm–1, a higher wave number than the drug 
alone in film formulation. The broad band between 
3200 to 3500 cm–1 was attributed to the presence of 
the O–H stretching frequency of silanol group 
bonded to the inorganic structure of containing 
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SiO2, and hydrogen bonds between adsorbed water 
and silanol. Aerosil is a proton donor and acceptor 
due to presence of silanol group on its surface. As a 
result, drug and Aerosol possibly interact by hydro-
gen bond formation.16,25,26

DSC

Thermal analysis of pure valsartan and film 
formulations is presented in Fig. 1b. Valsartan 
showed two endothermic peaks at 72.12 °C 
(DH=10.84 J g–1) and 98.29 °C (DH=3.15 J g–1), in-
dicating loss of absorbed water and melting of crys-
talline drug, respectively.27,28 An exothermic peak 
with Tonset at about 168 °C is associated with the ten-
dency of decomposition.29 Crystalline nature of pure 
valsartan has also been supported by the literature 
reports.28,30 Disappearance of two endothermic 
peaks of valsartan indicated the dispersion of val-
sartan in HPMC-Aerosil matrix, resulting in al-
most complete amorphisation.31 Absence of exo-
thermic propensity also indicated the stabilisation 
of drug in the prepared film formulation. A wide 
endothermic shouldering in the range of 60–100 °C 
specified water evaporation of the polymeric matrix 
film.32

XRD

Characteristic XRD peaks at 13.82° and 22° 
signified the crystalline nature of pure valsartan.31 
The diffraction pattern of the film formulation re-
vealed no sharp peak, suggesting overall amorphi-
sation of drug in the film (Fig. 1c). This result indi-
cated the presence of drug in dispersed state in the 
polymer-Aerosil matrix. The diffuse peak observed 
in the spectra may be due to the porous carrier.33

SEM

Fig. 2 presents the SEM image of pure valsar-
tan, Aerosil, and films with and without Aerosil. 
The morphology of the pure valsartan showed geo-
metrical slab-like crystal. Aerosil appeared with a 
rough and porous particle. In the SEM of the film 
formulations, the drug crystal geometry had almost 
disappeared, in the presence and absence of the 
Aerosil particle. Some Aerosil particles are clearly 
visible in the Aerosil-containing film formulation 
even under high shear force mixing conditions be-
fore casting.16

In vitro drug release study

Fig. 3a shows valsartan dissolution in simulat-
ed tear fluid of Aerosil-incorporated HPMC films. 
We observed about 12 % drug release in the first 
hour, with 45 % after 8 h only from the film without 
Aerosil. The studies revealed a noticeable improve-
ment in the release rate from all films containing 
Aerosil compared to absence of Aerosil in the film. 
Deposited drug molecules on the surface of the col-
loidal Aerosil particle probably enhanced the drug 
release.34,35 The increased dissolution of cilostazol 
has been reported in the presence of Aerosil due to 

F i g .  1  – FTIR-ATR spectroscopy, DSC curve interpretation, 
X-ray diffraction of pure valsartan and film formula-
tions
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increased surface area, dispersibility, and wettabili-
ty of the drug. Drug recrystallisation was prevented 
due to wide surface area of Aerosil and ensured in-
creased drug release. Aerosil was previously uti-
lised as a carrier to boost the solubility and stability 
of tadalafil, dutasteride, naftopidil, celecoxib, coen-
zyme Q10, paclitaxel, due to its wide surface area.36 

Film (VA1) containing highest content of Aerosil 
showed higher release of about 80 % compared to 

other formulations. The following sequence was ob-
served for valsartan release from the HPMC matrix: 
VA1 > VA2 > VA3 > VA0.

Buccal permeation study

Presence of Aerosil significantly improved the 
mucosal permeation compared to its absence in the 
film (Fig. 3b). The film VA1 exhibited improved 
permeation of 10 % in the first hour compared to 

F i g .  2  – SEM image of pure valsartan (a, b), pure Aerosil 200 (c, d), film with Aerosil 200 (VA1) (e), and without Aerosil 200 (VA0) (f)
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F i g .  3  – In vitro dissolution (a), Ex vivo buccal permeation (b), Js (flux) as a function of Aerosil 200 content (c), mean chart of 
observation vs. predicted permeation coefficient (d), correlation study between in vitro release and ex vivo buccal perme-
ation of VAL and film formulations
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only 1 % from VA0 (without Aerosil). Study showed 
33 and 67 % permeation after 8 h, respectively. VA1 
significantly enhances buccal permeation allowing 
for the immediate onset of drug action and mainte-
nance of therapeutic level in a controlled manner 
for the entire duration without reaching toxic drug 
levels. Permeation of valsartan from the formula-
tion occurred in the following order: VA1 > VA2 > 
VA3 > VA0.

The in vitro and ex vivo kinetic parameters of 
valsartan delivery using Korsmeyer-Peppas and 
Peppas Sahlin model are given in Table 2. Exponent 
(n) value of Korsmeyer-Peppas model determines 
the release and permeation mechanism; n value 
closer to 0.5 indicates Fickian diffusion, and when 
0.5 < n < 1.0, non-Fickian type release is speci-
fied.37 Both the in vitro drug release and permeation 
data fit well with the Korsmeyer-Peppas model  
(r2 = 0.902–0.989), and the exponent (n) value was 
found in the range of 0.41–0.75 (> 0.5), indicating 
that the release and permeation mechanism were 
mostly diffusion-controlled and partially ero-
sion-controlled.14,32

Peppas-Sahlin model was used to estimate the 
diffusion constant (K1) and chain relaxation con-
stant (K2) in the process of drug release and perme-
ation. The process follows Fickian diffusion if K1 > 
K2. The process is erosion-based when K2 is greater 
than k1. If K1 = K2, the process is dependent on both 
diffusion and erosion.22 All the drug releases and 
permeations of the film formulations followed Fick-
ian diffusion (K1 > K2).

22 Permeation flux (Js) and 
permeability coefficient (Pfilm) increased with 
 increasing Aerosil concentration in the film for-
mulation from 25.3 to 57.5 mg min–1, and 13.9 to 

46.5 cm min–1, respectively, compared to the ab-
sence of Aerosil (17.2 mg min–1, and 4.8 cm min–1 
respectively) (Fig. 3c). Fig. 3d shows a mean chart 
of observed vs. predicted permeation coefficients of 
films, exhibiting the limits of prediction. In vitro-ex 
vivo correlation establishes relationship between 
drug release and permeation through biological tis-
sue.38 Drug release is associated with the formula-
tion factors that may affect permeation. An in vi-
tro-ex vivo correlation validates the predictability of 
tissue permeation over the range of in vitro release 
data. A good Level A correlation (1:1 relationship) 
between in vitro release and ex vivo permeation at 
the same time point was established (correlation co-
efficient 0.900 – 0.974) to ensure batch-to-batch 
consistency (Fig. 3e). The permeation coefficient of 
all the formulation differs significantly from the 
control formulation (VA0) according to Dunnett’s 
test (Table 3). The results revealed that the presence 
of Aerosil in the buccal film improved the delivery 
of valsartan and sustained for a period of more than 
8 h.

Molecular docking study

The individual docking score of HPMC-SiO2, 
HPMC-VAL, VAL-SiO2, and HPMC-SiO2-VAL is 
presented in Table 4. Binding affinity of HP-
MC-VAL and VAL-SiO2 showed docking score of 
–1.65 and –1.45 kcal mol–1, respectively. Further, 
the docking score of ternary binding of HPMC-
SiO2-VAL showed –2.15 kcal mol–1 through more 
molecular interactions with different bond lengths 
(Fig. 4). Overall, the docking analysis validates the 
possibility of drug delivery, and the fitting of a drug 
with a stable configuration and favourable binding 

Ta b l e  2  – In vitro and ex vivo kinetics parameters of valsartan delivery

Film 
code

In vitro release Ex vivo permeation

Peppas Peppas Sahlin Peppas Peppas Sahlin Js  
(µg min–1)

Pfilm·10–5  
(cm min–1)n r2 K1/min–m K2/min–2m m n r2 K1/min–m K2/min–2m m

VA0 0.74 0.983 0.366 0.131 0.578 0.44 0.967 0.357 0.055 0.729 17.2 4.8

VA1 0.57 0.953 0.800 0.404 0.589 0.41 0.961 0.139 0.067 0.756 57.5 46.5

VA2 0.75 0.988 19.2 13.6 0.230 0.41 0.910 0.071 0.015 0.686 35.0 23.5

VA3 0.57 0.989 0.581 0.525 0.526 0.49 0.902 0.104 0.002 0.762 25.3 13.9

Ta b l e  3  – Dunnett Test (two-sided)/Analysis of the differences of permeation coefficient between the control group and the other 
categories with a confidence interval of 95 % 

Contrast Difference Standardised 
difference Critical value Critical 

difference Pr > Diff Significant

VA0 vs VA1 –36.200 –11.139 2.880 9.359 <0.0001 Yes

VA0 vs VA2 –14.867 –4.574 2.880 9.359 0.005 Yes

VA0 vs VA3 –10.200 –3.139 2.880 9.359 0.034 Yes
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F i g .  4  – Computational study of VAL-Aerosil 200 (a), HPMC-VAL (b), HPMC-VAL-Aerosil 
200 (c); where HPMC (dark peach) – VAL (dark blue) – Aerosil 200 (dark yellow)

Ta b l e  4  – Molecular docking study and interaction analysis of HPMC, Aerosil, and valsartan in computational drug analysis pro-
spective

Sl. No. Interacted molecule Docking score  
(kcal mol–1) Interacted atoms Bond length (Å)

1 HPMC-SiO2 –1.41 OH–O (H-bond) 2.96

2 HPMC-VAL –1.65
C–O, C–N (C-bonds)

OH–O (H-bond)
2.38, 2.87,

2.57

3 VAL-SiO2 –1.45 OH–O (H-bond) 2.66

4 HPMC-SiO2-VAL –2.15
C–O, C–N (C-bonds)

OH–O (H-bond)
OH-π-orbital (C-bond)

2.38, 2.87,
2.57
3.12
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energy (dipole-dipole interaction, H-bonding, 
ion-dipole, van der Waals, etc.) in a theoretical drug 
perspective. There was an ideal interaction between 
polar organic molecules and the HPMC’s hydroxyl 
groups. According to the experimental section, the 
adsorption of VAL with HPMC-SiO2 matrix formu-
lation might have influenced the improved drug re-
lease and tissue permeation. Molecular modelling 
study supports that SiO2 interactions played a vital 
role in enhancing the stability and solubility of the 
complex compared to the absence of SiO2.

39 As a 
result, as predicted by our hypothesis, the computa-
tional technique realistically represented the build-
ing blocks, binding energy, and molecular interac-
tion as part of early drug development, drug 
chemistry, and drug delivery analysis.23,26

Conclusion

Colloidal silicon dioxide incorporated valsartan 
buccal film was prepared successfully for improved 
and sustained drug delivery. FTIR spectroscopy and 
DSC thermogram revealed no major drug-carrier 
interaction. The film showed no intense X-ray dif-
fraction pattern indicating dispersed state of drug in 
the polymer-Aerosil matrix. The in vitro and ex vivo 
permeation data exhibited that the formulation con-
taining the highest amount of Aerosil (VA1) improved 
release and buccal permeation mostly in a sustained 
manner compared to the AV0 free of Aerosil to the 
least. Computational modelling showed a stable con-
figuration with favourable docking score of –2.15 
kcal mol–1 of the Aerosil-incorporated valsartan 
buccal film in HPMC matrix (HPMC-SiO2-VAL). 
Aerosil-incorporated valsartan film could be used 
for possible improved and sustained buccal delivery.
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