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Abstract

Background and Objectives: Pulmonary arterial hypertension is a progressive
disease of the pulmonary vasculature that is defined by a high pulmonary vascular
resistance, which ultimately causes a failure of the right heart. Reserpine is a
biologically active compound that is derived from Rauwolfia serpentina. It is
known for its potent antihypertensive activity. Therefore, reserpine can be
considered a new way of treating pulmonary arterial hypertension. The objectives
of the study were to formulate and evaluate the Fast Dissolving Films (FDF) of
reserpine using the newly developed polymeric delivery system.

Methods: Reserpine FDFs were prepared using hydroxypropyl methyl cellulose K-
15 as the polymeric film former and propylene glycol as the plasticizer using the
solvent casting method. Various physicochemical parameters like pH, weight
variation, folding endurance, disintegration time, content uniformity, and in vitro
dissolution were carried out. Compatibility analysis was carried out using FT-IR.
Compatibility between the drug and the polymer was analyzed using Differential
Scanning Calorimetry.

Results: These films were transparent, flexible, strong, evenly 0.12-0.17mm thick,
with surface pH range compatible with that of the oral cavity (6.0-6.7). The values
of folding endurance were above 50 cycles, which shows very strong tensile
strength. The disintegration time ranges from 15-66 sec, with the optimized
formula (F6) having 97.5% release of the drug in 40 minutes. The DSC scans
showed molecular distribution of reserpine with slight reduction of the drug's peak
at 63.90°C, thus ensuring the drug is dissolved without degrading to ensure
increased bioavailability.

Conclusion: The FTIR spectrogram proves that reserpine is chemically stable in
the polymer matrix. Prepared films possess the optimal physico-chemical
properties, disintegration times, and dissolution profiles. Hence, the formulation
approach demonstrates immense promise for the systemic delivery of the herbal
antihypertensive in the treatment of PAH.
Keywords: Fast-dissolving films, herbal
hypertension, Rauwolfia serpentina, reserpine.

formulation, pulmonary arterial

INTRODUCTION

Pulmonary Arterial Hypertension

(PAH) is a
progressive, debilitating disease that can lead to fatal
outcome, characterized by increased pressure in the
pulmonary artery, which in the long run leads to right-
sided heart failure, causing premature death?. PAH is

classified as a rare disease, with an approximated
prevalence of 15-50 per million populations. The
hemodynamic definition of PAH can only be measured
using the right heart catheterization procedure, which is
characterized by increased Mean Pulmonary Artery
Pressure (mPAP >25 mmHg at rest), Pulmonary Artery
Wedge Pressure<15 mmHg, and increased Pulmonary

usually observed in women of childbearing age and is
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Vascular Resistance (PVR>3 Wood units®. PAH is a
disease of low prevalence but high burden®.

Prior to the availability of therapies targeted to PAH,
the disease's prognosis was dismal, with a survival rate
estimated at about 69% at one year and 38% survival at
five years®. Although the development of therapies
targeting the underlying pathophysiological processes
in PAH has greatly improved survival and symptoms, it
should be kept in mind that PAH is, nonetheless, a
progressive and fatal disease, in which disease
progression is all too common®. Perhaps the most
characteristic histopathological feature of PAH is the
severe remodeling of the distal pulmonary arterioles,
which includes either medial hypertrophy, intimal
fibrosis, smooth muscle cell proliferation, or
myofibroblast accumulation’. Moreover, a hallmark of
severe disease is the development of plexiform lesions,
which are ectatic vascular channels formed due to
disordered growth of the pulmonary vascular
endothelial cells, thereby causing obstruction in
pulmonary blood flow®. Other abnormalities, such as
excess collagen, fragmentation of the elastic lamina, or
disorganization of the extracellular matrix, also
contribute significantly to vascular narrowing®.
Endothelial dysfunction due to genetic predisposition
and exposure to environment factors has been thought
to be the first step towards pathogenesis in patients
with PAH. Injury of pulmonary microvessel endo-
thelium results in an imbalance between vaso-
constrictors and vasodilators, contributing towards an
inflammatory process, thrombosis, and vascular repair.
Contemporary treatments for PAH, which involve
vasodilators, are focused on an intact pulmonary
vascular bed to improve hemodynamic parameters'®*!,
Contemporary treatments for PAH have improved
survival indices for up to 85% at one year and 57% at
five years. However, there has not been an effective
reversal of vascular remodeling or restoration of
microvessels, which has led to progression towards
pulmonary failure in these patients and hence
pulmonary transplantation being the only alternative
for survival®. It becomes an utmost need for more
effective therapeutic modalities that can help in better
improvement of survival indices®.

Indeed, observational studies from major registries
provide more insight into the dynamically shifting
context of PAH management. Initial observations from
the National Institutes of Health (NIH) registry (1981-
1985) suggested a survival of only 2.8 years, with a
five-year survival of only 34%'. However, more
contemporary registries like the French PAH Registry,
REVEAL Study from the United States, document
improved survival rates, underscoring the advances
made in the diagnosis, treatment, and subsequent care
of patients with this disease. Indeed, the REVEAL
Study reported survival rates of about 91% after the
first year, 85% after the third, and 68% after five years
of survival®™®. Though this indicates better survival
rates, unfortunately, this remains less than optimal,
with disease progression remaining a daunting clinical
task™®.

PAH is, in a general way, a condition that causes
nonspecific symptoms, which in most cases delays
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diagnosis until late in the condition. These symptoms
include exertional dyspnea, Symptoms may also
include signs related to right heart failure in the
advanced stages, which may include abdominal
distention, jugular venous distention, peripheral edema,
chest pain, and syncope’’. The World Health
Organization functional classification is the general
classification used in the estimation of the degree of the
condition, which varies from one person to another
depending on the severity. Transthoracic echo-
cardiography is mainly useful as the testing agent in the
screening process'®.

In the therapeutic management of PAH, there are three
major signaling pathways that have been identified as
targets, and these include the NO pathway, the
endothelin pathway, and the prostacyclin pathway. For
therapeutic purposes, the pharmacological targets that
have been developed include phosphodiesterase-5
inhibitors, stimulators of soluble guanylate cyclase,
endothelin receptor antagonists, prostacyclins and their
analogues, and finally, prostacyclin receptor agonists®.
Despite the fact that the pharmacological agents have
been improved upon by the inclusion of combination
therapies in reducing the morbidity and mortality rates,
the fact still remains that the patients continue to
progress despite the available therapies™®%.

In such a realm, there is great interest in finding
complementary/alternative treatments like herbal
drugs, which have proven cardioactive properties. R.
serpentina is a known traditional medication used in
the treatment of hypertension and cardiovascular
disease’*?. Its most active alkaloid, reserpine, is used
in the management of hypertension because it
selectively inhibits the vesicular monoamine
transporter-2 (VMAT-2); this causes a depletion in the
central and peripheral sympathetic terminal catechol-
amines, resulting in a consequent decrease in
peripheral resistance, heart rate, and cardiac output.
However, this compound’s usefulness is hampered by
slow onset, high first-pass effect, and accompanying
toxic effects®.

Fast-dissolving films (FDFs) have been developed as
an innovative oral drug delivery technology that can
disintegrate easily in the oral cavity without the use of
water?®, There are many advantages to using these
films, including increased compliance, rapid onset of
action, higher bioavailability, and avoidance of the
first-pass effect through possible buccal absorption®.
The oral cavity has highly permeable and highly
vascular tissue, thereby offering great advantages in the
systemic administration of drugs®. Fast-dissolving
films were initially designed for patients having
difficulty in swallowing, particularly in pediatrics and
geriatrics®’.

Keeping the aforementioned aspects in mind, the
current research work will attempt to formulate and
characterize an innovative fast dissolving herbal film
containing reserpine as its active ingredient to treat
pulmonary arterial hypertension. This will be the first
attempt to utilize an established herb used in the
treatment of hypertension in conjunction with the most
advanced form of fast dissolving technology.
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MATERIALS AND METHODS

The film-forming polymer employed for this study was
hydroxypropyl methylcellulose (HPMC K15). It was
plasticized with propylene glycol. Other additives
employed for this study were citric acid, menthol, and
fructose. Analytical grades of these chemical
compounds were employed? %,

Pre-formulation studies were carried out to evaluate the
physicochemical characteristics of reserpine and to
obtain the necessary information for the formulation.
Reserpine was tested for color, odor, and appearance
under normal light. The identification of reserpine is
carried out to confirm whether the reserpine used
contains impurities and irregularities in the appearance
of the drug.

Compatibility studies

Compatibility studies were carried out to evaluate the
chemical stability of the reserpine drug in the presence
of the formulation excipients®.

Fourier Transform Infrared (FTIR)

The FTIR test was carried out to evaluate the
functional groups present in the drug using the FTIR
instrument. The excipients used in the formulation
were also analyzed using the FTIR instrument to
evaluate the functional groups present in the excipients.
The FTIR instrument was used to evaluate the functi-
onal groups present in the drug. The excipients used in
the formulation were also analyzed spectro-scopy was
used to identify the characteristic groups of the drug, as
well as the potential interaction that might exist
between the drug and the excipients. FTIR spectra of
the drug, the mixture of the drug with excipients, and
the ideal mixture were obtained™".

Differential Scanning Calorimetry

The differential scanning calorimetry technique was
used to study the thermal properties of the drug,
especially the miscibility of the drug with HPMC K15.
Weighed amounts of the powdered drug and physical
mixtures of the drug with HPMC K15 were placed in
aluminum pans, with another pan used as the reference.
The pans were scanned from 30°C to 265°C using a
5°C/min heat rate with nitrogen current. The
thermograms were used to observe the peak shift,
which is indicative of drug-polymer interaction or the
development of the melting points of the drug®.
Preparation of fast-dissolving herbal films
Fast-dissolving films containing the drug reserpine
were prepared using the solvent casting method (Table
1). A precise amount of HPMC K15 was mixed with
double-distilled water using magnetic stirring to form a
viscous solution of the polymer. Plasticizer propylene
glycol was added to the mixture, followed by menthol,
citric acid, fructose, and reserpine, which were added
to the mixture with constant stirring®.

The prepared solution was then allowed to stand for
removing entrapped air bubbles and then poured onto a
clean glass plate to prepare a cast. The cast was then
dried at ambient conditions for a period of 24 hours.
The resulting films were then carefully removed, cut
into equal squares of size 2x2 cm2, and then stored in
desiccators for further testing®.
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Experimental design

The experimental design used to carry out the
optimization of the fast-dissolving films was the 32 full
factorial designs. In the experimental design, the
independent variables that were examined using three
different levels (low, medium, and high) included the
amount of HPMC KI15 (X:) and the amount of
propylene glycol (X2). The dependent variable chosen
for the experiment was the release of the drug. There
were nine experimental formulations (F1 to F9)*.
Evaluation of fast dissolving films

The analysis of the color, transparency, flexibility, and
surface smoothness of the films was carried out®’.

Film thickness

The thickness of the film was determined by measuring
the thickness of the film at three distinct points using a
Vernier caliper. The average thickness of the film was
calculated®’.

Weight

Each film was individually analyzed by determining
the mean weight of the three film samples using an
analytical balance®’.

Surface

The pH value of the surface of the film was determined
by placing the film on a wet glass slide. The pH value
was assessed using a digital pH meter for the
compatibility of the mucosa®’.

Folding endurance

A 2 x 2 cm? film was folded at the same spot until the
film tore. The number of folds until the film tore is
known as the folding endurance of the film*’.

In-vitro disintegration

The film was kept in a Petri dish containing a
phosphate buffer solution of pH 6.8. The petri dish was
kept in a water bath at a temperature of 37°C+0.5°C.
The time taken for the film to disintegrate completely
was noted™,

In vitro dissolution

The film was kept in a basket containing a phosphate
buffer solution of 300 mL capacity with a pH of 6.8
and a temperature of 37+0.5°C. The basket was kept in
a USP basket apparatus rotating at a speed of 50rpm.
The samples of 5 mL were withdrawn at intervals of 5,
10, 20, 30, and 40 minutes and examined using a UV-
Vis spectrophotometer at a wavelength of 216 nm®,
Drug content uniform

The film was dissolved in a phosphate buffer solution
of pH 6.8. The concentration of the drug was
determined using a UV-Vis spectrophotometer at a
wavelength of 216 nm with a calibration curve of 2 to
10 pg/mL*".

RESULTS

The FTIR spectrum of pure reserpine showed distinct
peaks at 3268 cm™ (N-H), 2924 cm™* (C-H), and 1668
cm*(C=N), confirming its chemical structure (Figure
1). These peaks matched the standard reference value,
verifying the purity and integrity of reserpine; no
unexpected bands were detected, indicating the
compound was chemically stable. When reserpine was
combined with HPMC K15, all characteristic peaks
remained with only minor shifts. This suggested
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secondary interaction, like hydrogen bonding, no
chemical reaction occurred. So the formulations thus
exhibited excellent drug-polymer compatibility. The
FTIR spectrum of the optimized FDF retained all
prominent reserpine peaks. No disappearance or
formation of new peaks was observed, confirming
stability during formulation. This proved that the
reserpine chemical structure was preserved in the final
film.

In the DSC result, there was a strong endothermic point
at a temperature of 63.90°C (Figure 2). This was close
to the melting point of reserpine of 65°C. The presence
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Figure 1: Infrared spectrum of
Reserpine, and HPMC K15.

All film samples were homogeneous and flexible, with
no breaks or voids in their formulations. These features
revealed a homogenous distribution of reserpine in
polymeric matrices. The film thickness ranged from
0.122 mm to 0.17 mm, while the average weighted
amount ranged from 26 mg to 132 mg (Table 2). The
slight variation in measurements demonstrated that the
solvent casting process produced consistent results.
The pH of these surfaces (6.0-6.7) was close to neutral,
reducing the risk of irritation during administration. All
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of a strong endothermic transition point at a
temperature of 231.93°C in the DSC result of the
HPMC K15 indicated a strong melting point of the
polymer. The result indicated a high degree of thermal
stability of the polymer. There were no additional
points in both of the thermograms. The optimized FDF
showed some variations and reduction in the intensity
of the melting point peak of reserpine. This confirmed
the partial amorphization of the drug reserpine, which
is soluble by dissolution. There were no additional
peaks detected. This confirms the absence of
incompatibility or decomposition.

Figure 2: Differential Scanning Calorimetry (DSC)
of reserpine and HPMC K15.

the films showed folding endurance above 50
indicating adequate flexibility and mechanical stability
for packaging/handling.

The in-vitro disintegration times ranged from 154 to 66
seconds, which met the requirement for a fast-release
form an optimized batch (F6) that exhibited a
disintegration time of about 40 sec. Dissolution studies
showed faster dissolution from all formulations, with
more than 80% of COM released within 40 minutes
(Table 3).

Table 1: Formulation of herbal fast formulation films containing reserpine.

Ingredients F1 F2 F3 F4 F5 F6 F7 F8 F9
Reserpine (mg) 7 7 7 7 7 7 7 7 7
HPMC K15 (mg) 400 400 400 500 500 500 600 600 600
Propylene glycol (ml) 15 1 2 15 1 2 15 1 2
Citric Acid (mg) 6 6 6 6 6 6 6 6 6
Menthol (mg) 10 10 10 10 10 10 10 10 10
Fructose (mg) 6 6 6 6 6 6 6 6 6
Distilled water Qs Qs Qs Qs Qs Qs Qs Qs Qs

Table 2: Evaluation parameters of reserpine containing FDFs.

Formulation pH  Thickness Average weight Folding  Disintegration
(mm) variation (mg) Endurance  Time (sec)
F1 6.65 0.15 26.333 35 15
F2 6.66 0.12 47.667 42 32
F3 6.61 0.14 32.667 50 25
F4 6.6 0.13 67.667 56 35
F5 6.65 0.15 67.233 63 54
F6 6.63 0.17 88.00 55 40
F7 6.7 0.15 55.333 64 66
F8 6.3 0.17 62.333 45 40
F9 6 0.16 131.667 66 44
ISSN: 2456-8058 10 CODEN (USA): UJPRA3
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Table 3: Cumulative % drug release of FDFs.

Time(min) Cumulative % drug release
F1 F2 F3 F5 F6 F7 F8 F9
5 3 19.16 44.72 472 1449 9.72 194 361
10 5.3 42.77 64.16 16.94 45 72.22 325 1194 38.61
20 37.2 65.27 725 36.38 36.66 74.73 38.61 15.83 61.38
30 62.5 65.88 925 46.94 65.83 8027 6194 575 6444
40 7833  66.38 933 66.94 9194 975 7444  60.83 77.77

The optimized formulation F6 showed 97.5% drug
release after 40 minutes, due to good solubilization and
dispersion of reserpine. Drug content uniformity was
determined by dissolving precisely weighed film in
phosphate buffer (pH 6.8), followed by absorbance
measurement at 216nm relative to a standard
calibration curve of reserpine (2-10 pg/ml; R?=0.9).

DISCUSSION

In this respect, the reserpine- loaded fast-dissolving
herbal films prepared in this study possessed improved
physicochemical, mechanical, and biopharmaceutical
properties, thereby proving the formulation efficacy of
the solvent casting technique for preparing the oral
fast-dissolving films containing R. serpentina active
constituent®”*%, Scanning electron microscopic analysis
indicated that the films had a smooth, homogeneous
surface with a uniform distribution of reserpine, the
lack of cracks, empty spaces, and minimal differences
in weight between the batches, thereby indicating the
precise control over the viscosity of the polymer
solution in this study®’.

In-vitro disintegration test analyses revealed rapid
hydration and polymer relaxation; the disintegration
times varied between 66 and 154 seconds;
interestingly, the optimized formulation (F6)
disintegrated in around 40 seconds®. Such rapid
disintegration is due to the hydrophilic character of
HPMC K15 and the optimized ratio between the
polymer and plasticizer. This enables rapid aqueous
entry and subsequently rapid drug release.
Additionally, the dissolution studies supported the
efficacy and effectiveness of the matrix. Interestingly,
the optimized film Pros-F40 released 97.5%
cumulative reserpine in 40 minutes®. These properties
and phenomena find significant application in the
treatment of PAH, where rapid pharmacological
response is quite essential®.

The physicochemical stability and compatibility of the
films were confirmed by FTIR and thermal analysis.
The result of FTIR revealed that there was a minor
shift in the characteristic peaks of the respective
groups, which expressed hydrogen bonding or non-
covalent bonding between the two materials, thereby
facilitating dispersion at the molecular level of the
herbal drug reserpine into polymeric films without
affecting the stability of the drugs®. The result of the
DSC analysis confirmed that there was no change in
the physicochemical stability of HPMC K15 polymer,
with a minor decrease in the intensity with a peak at
63.90°C of the endothermal peak of the drug, thereby
expressions of enhancement in solubility and
bioavailability of drugs*’.

ISSN: 2456-8058

11

Molecular level dispersion of drugs is a new approach,
where a traditional herbal component has been
integrated with a cutting-edge delivery system to
enhance therapeutic properties™. The above evidences
thereby confirmed that there was a potential of
chemically stabilized, mechanically strong, and
biopharmaceutically optimal prepared fast dispersible
herbal films, which could play a significant role as a
patient-friendly, non-invasive drug delivery system to
enhance the existing condition of pulmonary arterial
hypertension with proper utilization of a traditional
important herbal component.

CONCLUSIONS

The current study was successful in formulating and

characterizing the fast-dissolving herbal films
containing the active compound reserpine (R.
serpentina), signifying the strong B-plasticizing

property of propylene glycol to the HPMC K15
polymer chains. Fast disintegration and high in vitro
dissolution efficiency were obtained through the
molecular level dispersion of reserpine. This study
formulates something new — a mechanically optimized
approach towards a non-invasive and clinically
significant therapeutic approach. These findings
emphasize its ability to improve patient compliance,
speed of therapeutic intervention, and cardiovascular
efficacy, making it an essential tool in the present state
of medicinal research and developments.
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