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Abstract
Background: To overcome the low oral bioavailability associated with conventional Ivabradine hydrochloride (IVA) therapies, nanotechnology based
carriers are investigating. In this study for the delivery of IVA through buccal route bile salt based vesicular system bilosomes and buccoadhesive sponge
was focused.
Materials and Methods: To estimate IVA in this buccal formulation, a simple, rapid, and cost-effective UV-Visible spectrophotometric method was
developed and validated in phosphate-buffered simulated salivary fluid (SSF, pH 6.8) to establish a biorelevant assay tool. Method validation was done
under International ICH Q2 (R2) guidelines confirmed an excellent linear relationship over a concentration range of 10–70 µg/mL at 286 nm (R2 = 0.998).
The protocol proved highly robust and reproducible, maintaining standard deviations well within the acceptable regulatory threshold (% RSD < 2).
Results: Practical deployment of this validated method for formulation characterization revealed a mean drug entrapment efficiency of 82 %, within the
nanovesicles and a uniform drug distribution of 96% throughout the porous sponge scaffold. In vitro drug release demonstrated a distinct biphasic kinetic
profile, characterized by a 50% initial release in the initial hours followed by a gradual, controlled release phase sustained over 24 hours.
Conclusion: Collectively, these results confirm that the established spectrophotometric technique provides an accurate, high-throughput alternative to
complex chromatographic assays for routine quality control, while the optimized bilosomal buccal nanosponge represents a promising therapeutic system
for prolonged anti-anginal management.
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1. Introduction
In recent years, Vesicular Drug Delivery Systems (VDDS)
— such as liposomes, niosomes, and transferosomes —
have gained significant attention due to their ability to
improve drug solubility, prolong circulation time, and target
specific tissues.1 However, the structural complexity of
these nano-carriers introduces unique analytical challenges.
Because the Active Pharmaceutical Ingredient (API) coexists
within a biphasic matrix—entrapped inside the aqueous
core, or within the lipid bilayer, or remaining free in the
external media — conventional bulk assay methods are
inadequate. Therefore, developing specialized analytical
methods is crucial.

The foundation of reliable pharmaceutical and chemical
analysis relies on robust analytical method development and
validation. Method development is the initial phase where
a laboratory procedure is carefully selected and optimized
to evaluate a substance's identity, purity, and potency.
Following this, method validation serves as the critical
verification step, confirming that the developed protocol is
scientifically sound, reproducible, and fully compliant with
stringent international regulatory frameworks, most notably
the ICH Q2(R2) guidelines.2

This study focuses on the development of UV
spectrophotometric method for the estimation of Ivabradine
hydrochloride (IVA) in simulated biological fluid. IVA
designated chemically as a benzazepinone derivative. By
suppressing If current, IVA reduces the frequency of action
potential initiation, thereby lowering the heart rate without
compromising myocardial contractility.3

Despite being widely utilized in the management of
coronary artery disease, IVA suffers from limited oral
bioavailability.4 To overcome this, an IVA-loaded bilosomal
buccal sponge was engineered and studied, utilizing a
bile salt-incorporated vesicular system incorporated in
polymer blend. Following development, comprehensive
characterization of the nanovesicular bilosomes and the
porous sponge matrix was required, necessitating the
validation of methods to determine drug content and in vitro
release profiles in simulated physiological pH.

Various analytical methods like UV5–7, HPLC8–14,UPLC15,16,
HPTLC17, LCMS18 have been reported for the estimation of
IVA in bulk and conventional tablet dosage forms. However,
techniques other than UV-Visible spectrophotometry are
often expensive, require sophisticated instrumentation,
involve complex sample processing, and are time-consuming
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when applied to drug release quantification from nano
formulations at physiological pH.

For routine preformulation studies, formulation analysis,
and academic or industrial quality control, UV-Visible
spectroscopy remains the most preferred approach due to its
cost-effectiveness, rapidity, and operational simplicity.19

While previously reported UV spectroscopic methods for
IVA were predominantly developed in a methanol solvent
system for bulk drug and tablet assay, to the best of
our knowledge, no UV method has been documented for
estimating the in vitro and ex vivo release of IVA from
nanocarrier-based delivery systems in a simulated biological
pH medium.

Therefore, developing a method capable of accurately
and precisely estimating drug release under conditions
that closely mimic the human physiological environment,
specially buccal region is highly necessary. To achieve
this, simulated salivary fluid (SSF, pH 6.8) was selected
as the dissolution medium, as it effectively simulates the
microenvironment of the oral cavity while maintaining
sink conditions. Because no spectrophotometric methods
are currently available for quantifying release samples in
this specific medium, this study aimed to develop and
validate a simple, rapid, accurate, and reliable UV-Visible
spectroscopic method for Ivabradine hydrochloride (IVA)
in phosphate-based SSF (pH 6.8). Method validation was
rigorously conducted in compliance with the International
Conference on Harmonisation (ICH) Q2(R2) guidelines.20

Furthermore, the newly developed method was successfully
applied to characterize the engineered bilosomal buccal
sponge, specifically for evaluating entrapment efficiency,
drug content uniformity, and in vitro drug release profiles.

2. Materials and Methods
2.1. Materials
A Double beam UV-Visible Spectrophotometer (Shimadzu,
model 1800) having two matched quartz cells with 1 cm
path length and UV-Probe 2.35 software was used for all
absorbance measurements. IVA was received as gift sample
from the Zydus life sciences, Vadodara, Gujarat, India.
Potassium Dihydrogen Phosphate and Sodium chloride
(HPLC grade) were purchased from the Central Drug House
(P) Ltd., New Delhi, India. Calcium chloride (Extrapure)
was purchased from the Sisco research laboratories Pvt. Ltd.,
Mumbai, India. Distilled water from the Alga purifier system
was used for entire study.

2.2. Methods
2.2.1. Preparation of simulated Salivary Fluid (pH-6.8)
(SSF-pH-6.8)
Simulated salivary fluid (pH 6.8) was prepared by dissolving
12 mM potassium dihydrogen phosphate, 40 mM sodium
chloride, and 1.5 mM calcium chloride in distilled water. The
solution's pH was subsequently adjusted to 6.8 using sodium
hydroxide.21

2.2.2. Selection of wavelength
A standard stock solution of IVA 1000 µg/mL solution was
prepared in SSF (pH 6.8). From standard stock solution,
working standard solution of the 20µg/mL was prepared. The

wavelength was selected using this working standard solution.
A full scan in the range of 200–400 nm was performed
against a solvent blank. The wavelength of maximum
absorbance (λmax) was identified as the highest peak in the
absorbance spectrum, and this wavelength was chosen to
ensure maximum sensitivity and minimal measurement error.

2.2.3. Analytical method validation
The analytical method was validated according to ICH
protocols for specificity, linearity, accuracy, precision,
robustness, LOD, and LOQ. A Shimadzu UV-1800
UV-Visible spectrophotometer with a 1 nm spectral
bandwidth was employed for all operational and validation
measurements.

2.2.4. Linearity and range
From the standard stock solution of IVA (1000 µg/ml), 10
ml was transferred into a 100 ml volumetric flask and the
volume was adjusted to the mark to obtain a 100 µg/ml
solution. From this solution, aliquots of 1, 2, 3, 4, 5, 6 and
7 ml were each transferred into separate 10 ml volumetric
flasks, and the volumes were made up to the mark to prepare
solutions of 10, 20, 30, 40, 50, 60 and 70 µg/ml, respectively,
and each concentration (n = 5) was scanned at 286 nm
against a SSF (pH – 6.8) blank to record the absorbance.
A calibration plot of absorbance versus concentration was
constructed, and linear regression analysis was performed to
determine the slope, intercept, and correlation coefficient (r2).
Linearity across the 10–70 µg/ml range was evaluated based
on the regression parameters, and the results were considered
acceptable when a linear relationship was observed.

2.2.5. Limit of Detection (LOD) and Limit of Quantitation (LOQ)
The LOD and LOQ of the drug were derived by calculating
signal-to-noise ratio i.e. 3.3 (LOD) and 10 (LOQ) using the
following equations as per ICH guidelines:

LOD = 3.3 × (σ/S)
LOQ = 10 × (σ/S)
Where,
σ= Standard deviation of the response (Y- intercepts of

the 5 calibration curves).
S = Mean slope of the 5 calibration curves

2.2.6. Precision
The method's precision was assessed through studies of
repeatability and intermediate precision.

2.2.7. Repeatability
The repeatability of the method was determined by
performing six replicate measurements of a 30 µg/mL
Ivabradine solution (IVA) under identical method conditions.
The percent relative standard deviation (%RSD) was
subsequently calculated from the collected responses.

2.2.8. Intermediate precision
Intraday and interday precision for the UV-Spectrophotometric
method were determined by analyzing three different
concentrations of the standard IVA solution (20, 30, and 40
µg/mL). The measurements were taken in triplicate on the
same day (intraday) and repeated over three separate days
within one week (Interday).
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2.2.9. Accuracy
The accuracy was assessed by standard addition technique.
Where, a known amount of standard stock solution was added
to the 80%, 100%, and 120% of the pre-analyzed solution (20
mg/mL) of IVA. The samples were prepared in triplicate and
the recovery percentage was determined as the percentage
of the drug recovered from the sample and expressed as a
relative percentage (%).

2.2.10. Robustness
The robustness of the developed UV-Visible spectrophotometric
method was evaluated by introducing small, deliberate
variations in the operational parameters. To assess robustness
against wavelength shifts, sample absorbance were measured
at two wavelengths flanking the established analytical
maximum (± 1 nm from λmax) from specifically at 285
nm and 287 nm, instead of the 286 nm. Furthermore,
intermediate precision (ruggedness) was verified by having
the analysis performed independently by two different
analysts under identical environmental conditions.

2.2.11. Specificity
To ensure accurate drug quantification without interference
from excipients, the specificity of the developed UV
spectroscopic method was rigorously evaluated. This
was achieved by comparing the UV profiles of placebo
formulations — consisting of drug-free bilosomes and
drug-free buccal sponges — against a standard drug solution.
The placebo matrices were subjected to the identical
extraction protocol using simulated salivary fluid (SSF, pH
6.8). All three preparations were scanned across the UV
range of 200 nm to 400 nm, and their absorbance values
were recorded at the maximum wavelength (λmax) of 286
nm. Method specificity was confirmed as the placebo matrix
components exhibited negligible UV absorbance at this
selected analytical wavelength, demonstrating no spectral
overlap with the active drug.

2.3. Application of the UV method for the characterization of
bilosomes loaded buccal sponge
2.3.1. Entrapment efficiency
The prepared IVA loaded bilosomes was analyzed for
entrapment efficiency. To determine the entrapped and
unentrapped drug the prepared formulation was subjected to
centrifugation.22 The IVA content entrapped in bilosomes was
extracted using methanol and the IVA content was estimated
using the developed analytical method after filtering the
sample through 0.22 mm filter. The trials were performed
in triplicate. Drug concentration was calculated from the
linearity curve further, entrapment efficiency was calculated
using the following equation.

Where, Di – initial drug amount, Dn – un-entrapped drug

2.3.2. In-vitro drug release estimation from the prepared bilosomes
The method developed was evaluated to check its
applicability for in-vitro drug release from IVA loaded
bilosomes. The in vitro drug release study was conducted
using the dialysis bag method.23 To determine the release
profile, samples were withdrawn at predetermined time
points, followed by an immediate replacement of an

equal volume of fresh SSF to preserve sink conditions.
Concentration of the IVA in the samples was quantified
spectrophotometrically at 286 nm, after extraction and
filtration and the results were reported as the cumulative
percentage of drug released.

2.3.3. Drug content determination in the prepared bilosomes loaded
buccal sponge
The amount of IVA in the sponge was extracted with
10 ml of simulated saliva fluid (SSF; pH 6.8) at room
temperature. After 5 h time the concentration of IVA was
determined spectrophotometrically at 286 nm and compared
to a preconstructed calibration curve. The % drug content
was determined using the below formula.

3. Result and Discussion
3.1. Selection of wavelength
To determine the wavelength of maximum absorbance
(λmax), a standard solution of IVA (20 µg/mL) prepared
in simulated salivary fluid (SSF) was scanned across the
ultraviolet spectrum ranging from 200 nm to 400 nm.
The resulting absorption spectrum, illustrated in Figure 1,
displayed a distinct, characteristic absorption peak at 286
nm. Consequently, 286 nm was established as the λmax and
selected for all subsequent quantitative spectrophotometric
evaluations.

Figure 1: UV Spectrum of ivabradine HCl in SSF (20µg/ml).

3.2. Analytical method validation
3.2.1. Linearity and range
The linearity of the UV-spectrophotometric assay for IVA was
evaluated across a concentration range of 10 µg/mL to 70
µg/mL. As shown in Figure 2 and 3, the drug demonstrated
an excellent correlation coefficient (R2= 0.998) within this
concentration range, confirming a highly reliable linear
relationship.

3.2.2. Limit of Detection (LOD) and Limit of Quantitation (LOQ)
The Limit of Detection (LOD) and Limit of Quantitation
(LOQ) were derived from the linearity data; the resulting
values are detailed in Table 1.

σ= Standard deviation of the response (Y- intercepts of
the 5 calibration curves).

S = Mean slope of the 5 calibration curves
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Figure 2: Linearity UV - spectra of ivabradine HCl in SSF (10
µg/ml – 70 µg/ml).

Figure 3: Standard calibration curve of ivabradine HCl in SSF at
286.

3.2.3. Precision
System precision was assessed through repeatability studies,
while method precision was evaluated via intra-day and
inter-day analyses. The resulting data are summarized in
Table 2.

3.2.4. Accuracy
The percentage of recovery of known amounts of added
IVA from standard solutions is shown in Table 3. The IVA

recoveries were found to range from 98.240 % to 100.9833%.
The % RSD of less than 1.5% was obtained in all the cases
indicating the accuracy of the developed methods.

3.2.5. Robustness
The analytical performance of the UV method was found
to be insensitive to small, deliberate environmental and
operational modifications. As summarized in Table 4,
changing the detection wavelength to 285 and 287 resulted
in reproducible absorbance profiles with an overall % RSD
of 0.584. Furthermore, changing the analyst yielded no
statistically significant variations in the assay parameters %
RSD = 0.821. These low statistical variances demonstrate the
excellent ruggedness of the method, indicating that it can be
safely transferred between different analysts and instruments
without sacrificing accuracy.

3.2.6. Specificity
The UV spectroscopic method demonstrated excellent
specificity for the determination of the drug in the vesicular
buccal formulations. When scanned between 200 nm and 400
nm in simulated salivary fluid (SSF, pH 6.8), the standard
drug solution displayed a characteristic absorption peak at
286 nm. Under identical extraction conditions, the placebo
formulations (blank bilosomes and drug-free buccal sponges)
showed no observable peaks and exhibited baseline-level
absorbance at 286 nm. This lack of spectral interference from
the structural lipids, surfactants, and sponge matrix confirms
that the developed method is highly selective for the active
pharmaceutical ingredient.

Table 1. LOD and LOQ data of the IVA for the estimation in SSF
(pH - 6.8).

Parameter Formula Result
Limit of detection LOD = 3.3 × (σ/S) 0.09 µg /mL

Limit of quantification LOQ = 10 × (σ/S) 0.28 µg /mL

Table 2. Precision data for the estimation of IVA in SSF (pH-6.8).
Concentration
( µg /mL) Intraday precision Interday precision Repeatability

Absorbance
measured
(mean)

SD RSD
(%)

Absorbance
measured (mean) SD RSD (%) Absorbance

measured (mean) SD RSD (%)

30 0.332 0.006 1.89 0.330 0.0041 1.2 0.326 0.0033 1.01
40 0.419 0.007 1.78 0.436 0.0052 1.19
50 0.542 0.007 1.29 0.542 0.0060 1.11

Table 3. Accuracy of IVA in SSF (pH-6.8).
Conc. of sample taken Amount added (%) Recovery (%) SD RSD (%)

20 µg /mL 80 98.240 0.2047 0.208
100 100.833 0.9638 0.955
120 100.045 1.0357 1.035

Table 4. Robustness data.
Robustness by different analyst

Concentration of sample Absorbance by Analyst 1 Absobance by Analyst 2 - mean SD RSD (%)
40 0.433 0.428 - 0.430 0.0035 0.8212

Robustness by change in wavelength

Conc. of sample Absorbance at 285 nm Absorbance at 286 nm Absorbance at 287
nm mean SD RSD (%)

40 0.428 0.433 0.431 0.430 0.0025 0.584
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3.3. Application of the UV method for the characterization of
bilosomes loaded buccal sponge
3.3.1. Entrapment efficiency and drug loading
The validated UV-Visible spectrophotometric method was
successfully applied to determine the entrapment efficiency
(% EE) of IVA within the engineered nanovesicular
bilosomes prior to their incorporation into the sponge
matrix. The concentration of the unentrapped drug was
derived directly from the established regression equation.
The entrapment efficiency of the optimized formulation
was found to be 82.71%. The low percentage relative
standard deviation (% RSD of 1.36%) demonstrated high
reproducibility, confirming that the developed method
is highly efficient and reliable for quantifying drug
encapsulation in IVA-based nanocarriers.

3.3.2. In vitro drug release
To evaluate the dissolution profile, aliquots were withdrawn
at predetermined intervals and immediately replaced with an
equal volume of fresh, pre-warmed SSF to maintain sink
conditions. The collected samples were filtered and analyzed
directly using the established calibration curve equation.
The formulation exhibited a classic biphasic release pattern,
characterized by an initial burst release of approximately 50%
of the cumulative drug amount within the first hour, followed
by a sustained and controlled release phase extending up to
24 hours (Figure 4).

Figure 4: In vitro drug release study.

3.3.3. Drug content determination in the prepared bilosomes loaded
buccal sponge
The practical performance of the developed UV method
was evaluated by quantifying the total drug content within
the fabricated bilosomal buccal sponges following a 5-hour
extraction period in simulated salivary fluid (SSF, pH
6.8). The filtered samples were analyzed at 286 nm and
concentrations were calculated using the standard regression
equation. The optimized buccal sponge formulation
exhibited an exceptional mean drug content of 96 %.
These findings verify that the developed spectrophotometric
technique is highly dependable method for routine content
uniformity assays.

4. Conclusion
The analytical method developed on UV spectrophotometer
to determine the concentration of IVA in SSF (pH-6.8)

was validated in terms of the linearity of the linear
regression equation, accuracy, interday precision and
intraday precision, repeatability of method, specificity and
robustness. This method was reliable having RSDs <2%.
Further the developed method will be useful in estimating
the encapsulation efficiency of the IVA in the lipid- based
formulations and to determine the percent drug release from
the lipid-based formulations. For these applications, the
developed methods were found to be accurate, simple and
reliable.
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