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Abstract: This study validated a UV spectrophotometric method for quantifying prednisolone in
pharmaceutical formulations. The method was selective, linear, accurate, precise, and compatible with filtration.
The determined linearity range 0.6-25 ug/mL was based on a correlation value of 0.9996. Accuracy was determined
through recovery trials, confirming recovery within 98.5%-101.5% of the initial value, with %RSD of less than 2.0
for all levels. Precision was meticulously evaluated through intra-day and inter-day trials, revealing a relative
standard deviation (RSD) of less than 2%, attesting to the method’s remarkable accuracy. In addition, the study also
evaluated the wavelength of maximum absorption for prednisolone (246 nm) and the method's selectivity against
commonly used excipients in pharmaceutical formulations. The method was also stable under different conditions,
including temperature, pH, and light. This study demonstrated that the UV spectrophotometric method is reliable
and robust for quantifying prednisolone in pharmaceutical formulations. It is simple, rapid, and cost-effective,
making it a valuable tool for quality control and research. This study successfully achieved its stated goal of
developing a simple, rapid, and cost-effective UV spectrophotometric method for quantifying prednisolone in
pharmaceutical formulations with good selectivity, linearity, accuracy, and precision. This offers advantages over
the standard pharmacopeial high-performance liquid chromatography (HPLC) method in being a simpler, faster, and
more cost-effective analytical method while retaining satisfactory accuracy and precision.

Keywords: ultraviolet spectrophotometry, prednisolone quantification, drug, method validation.
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1. Introduction

Synthetic methylprednisolone, or prednisolone, is a
corticosteroid with potential applications in the
treatment of inflammation, autoimmune disorders, and
cancer. This versatile compound is available in various
pharmaceutical formats such as pills, injections,
lotions, and ointments [1, 2]. Ensuring accurate dosing
for patients requires a dependable method to detect the
guantity of prednisolone in these formulations [3-5].

Among the range of analytical techniques available
for prednisolone determination, high-performance
liquid chromatography (HPLC), gas chromatography
(GC), and ultraviolet (UV) spectrophotometry (SPR)
are noteworthy [6-9]. Among these, UV
spectrophotometry is a rapid and cost-effective means
of quantifying prednisolone concentrations. This
approach leverages the compound’s capacity to absorb
ultraviolet light, enabling straightforward and swift
measurements. Because the absorbance of prednisolone
correlates with its concentration [10], it facilitates
accurate quantitative analysis.

HPLC and UV spectrophotometric methods have
been developed to estimate salbutamol and
prednisolone simultaneously, demonstrating linearity in
concentration ranges and validating results through
static recovery studies [3]. In another study, HPLC and
UV spectroscopic methods were developed and
validated for the determination of prednisolone sodium
phosphate. These methods were established using the
analytical quality by design (AQbD) approach in
accordance with the ICH Q8 guidelines. The validation
of these methods showcases their reliability and
accuracy in pharmaceutical analysis [11]. UV
spectroscopic routine analysis uses a solvent with a
246-nm detection wavelength for precise and sensitive
estimation of prednisolone in bulk and pharmaceutical
dosage forms [12]. Two updated chemometric models,
PCA and PLS, were developed for determining
prednisolone and esomeprazole levels in spiked human
plasma using UV spectrophotometric data [13].

This study employed a validated UV
spectrophotometric method to determine prednisolone

concentrations in pharmaceutical preparations, i.e.,
chitosan nanoparticles (data are under preparation for
publication). The investigation demonstrated the
method’s effectiveness in terms of linearity, accuracy,
precision, and selectivity. The method’s reliability,
reproducibility, and capability to discern prednisolone
in pharmaceutical formulations were established
through validation studies. The proposed novel UV
spectrophotometric approach further enhances the
ability to measure prednisolone concentrations in drug
formulations. This method offers greater precision,
accuracy, and selectivity than previous techniques [10,
12], making it a valuable tool for evaluating
prednisolone concentrations in diverse pharmaceutical
formulations. The method presented in this study is an
optimized UV spectrophotometric technique that
provides a simpler, quicker, and more cost-effective
alternative to the standard HPLC method. Using the
inherent UV absorbance properties of prednisolone, the
proposed method achieves high accuracy and precision,
as evidenced by the recovery rates and relative standard
deviations (RSDs) within acceptable ranges. This
advancement in the analytical approach not only
streamlines the process of prednisolone measurement
in pharmaceutical formulations but also ensures
reliable quality control, thereby supporting the efficacy
and safety of corticosteroid-based therapies. The
method’s robustness against various conditions,
including temperature, pH, and light, further
underscores its potential as a valuable tool for routine
pharmaceutical analysis.
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Fig. 1 Flowchart of the research methodology (The authors)
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2. Methods

2.1. Optimization and Validation of the UV Method
for Prednisolone

The UV analytical method was validated to
establish  its  appropriateness  for  quantifying
prednisolone within the specified formulation. The
validation encompassed selectivity, linearity, accuracy,
precision, range, and compatibility with filtration,
adhering to the criteria set forth by the International
Conference on Harmonization (ICH) guidelines
Q2(R1) 2005 [14].

2.2. Wavelength Scanning of Prednisolone

Approximately 10.0 mg of prednisolone was
transferred into a 10.0 mL volumetric flask. From this,
an appropriate  0.5-mL portion was taken and
transferred to another 10.0-mL volumetric flask, then
further diluted to the mark using a mixture of ethanol
and distilled water. Subsequently, 0.5 mL of this
solution was transferred to a 5.0-mL volumetric flask
and diluted to the mark with ethanol-distilled water.
This process yielded prednisolone concentration of 5
ug/mL. The resulting solution was then placed into a 1-
cm quartz cell and scanned across the UV-Vis range
(200-700 nm) to determine the wavelength of
maximum absorption for the UV detectors.

2.3. Stock and Standard Solution Preparation

Stock solutions were created by dissolving 50.0-mg
prednisolone in a 25.0-mL volumetric flask. A standard
solution was then prepared by diluting this solution
with 100.0 mL of a mixture of ethanol and distilled
water in a 1:1 ratio, resulting in a concentration of 0.06
mg/mL. Subsequently, various dilutions were derived
from the standard solution to achieve the desired
concentration range from 0.6 to 25 pg/mL.

2.4. UV Method Validation

2.4.1. Selectivity

Selectivity assesses the analyte in the presence of
anticipated accurate components, which is a key focus
[15, 16]. Three distinct samples were analyzed to
establish selectivity: a prednisolone standard, a 1:1
mixture of ethanol and distilled water, and an excipient
“chitosan” without the active ingredient. Each sample
underwent UV scanning, and the resulting spectra were
compared to identify and evaluate potential
interferences.

2.4.2. Linearity in the Ethanol-Distilled Water Mixture

Linearity signifies the analytical method’s capability
to generate outcomes directly proportional to the
concentration (amount) of the analyte in the sample,
falling within a specific range [17]. A series of nine
prednisolone solutions with varying concentrations was

prepared to examine the linearity of the reactions. Each
solution, containing an accurately measured 30.0 mg of
prednisolone within a 25.0-mL volumetric flask, was
subsequently dissolved and diluted using a 1:1 water-
ethanol mixture. Furthermore, 5.0 mL of this solution
was diluted with a 100.0-mL mixture to achieve a 0.06-
mg/mL concentration. The next step involved preparing
a sequence of dilutions ranging from 0.1 to 4.16 mL,
each of which was mixed to 10 mL. The concentrations
were 0.6, 3, 6, 6.6, 7, 7.2, 7.8, 10, and 25 pg/mL. They
were subjected to triplicate analyses. Calibration curves
were generated by plotting the absorbance (Abs)
against the prednisolone concentration, and linear
regression equations were derived using the least
squares method.

A = ¢bC Q)
where A is the absorbance, ¢ is the absorptivity, b is the
length of the light path, and C is the concentration.

2.4.3. Linearity in Diluted Acetic Acid

To assess the linearity of prednisolone in diluted
acetic acid (AA), we followed the identical procedure
outlined in Section 2.4.2 to create the standard
solutions. However, we dissolved prednisolone in the
ethanol-distilled water mixture instead of dissolving it
in the diluted AA solution.

2.4.4. Accuracy

The accuracy of the analytical technique was
evaluated on the basis of the extent of agreement
between the measured value and a recognized
conventional or reference value [18]. A recovery
experiment was conducted to determine the method's
accuracy. This involved investigating recovery at three
levels: 10%, 100%, and 120% of the standard
solutions. Three replicates were prepared for each level
using the excipient chitosan, resulting in nine
determination solutions. These solutions were then
subjected to measurement, and the percentage recovery

was calculated using Equation (2).

Abs(R) _ C(S)

Abs (5) X ) X 100% 2
where Abs(R) is the absorbance of the recovery sample
solution, Abs (S) is the absorbance of a standard
solution, C(R) is the concentration of the recovery
sample, and C(S) is the concentration of the standard

solution.

%Recovery =

2.4.5. Precision

Repeatability exemplifies accuracy within a short
timeframe while maintaining uniform operational
circumstances. This concept, known as intra-assay
precision, conveys the same notion [19]. Six samples
with identical composition (6 g/mL) were subjected to
absorbance measurements to establish procedure
reproducibility. Subsequently, the mean, standard
deviation, and RSD were calculated. An acceptable
level of precision is indicated by a RSD not exceeding
2%.
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2.4.6. Intermediate Precision

Intermediate precision expresses within-laboratory
variations: different days, different analysts, and
different equipment [19]. The intermediate precision
was obtained by measuring the absorbance of six
samples used in the reparability test, containing 6
ug/mL, and then, the average, standard deviation, and
RSD were calculated. This procedure was repeated on
different days (inter-day) and by different persons,
including the partner (inter-person). Finally, we
compared these data with the data obtained from the
repeatability test.

2.4.7. Range

The range of an analytical technique is the period
between the higher and lower concentrations (amounts)
of analyte in the sample (including these
concentrations) for which the analytical procedure has
been proven to have a satisfactory degree of precision,
accuracy, and linearity [12].

2.4.8. Filter Compatibility

Filtration compatibility was examined using a 6-
ug/mL standard prednisolone solution. This solution
was analyzed using UV spectroscopy without filtration;
then, the same solution was filtered using a 0.45-um
PTFE syringe filter and analyzed using UV
spectroscopy. The Abs of the filtered solution was
compared to that of the non-filtered solution according
to Equation (3):

3)
3. Results and Discussion

3.1. Wavelength Scanning of Prednisolone

The wavelength of the prednisolone solution was
determined to be 246 nm, as shown in Fig. 2. This
value matches the results found in the literature [12].
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Fig. 2 UV-Vis scan of prednisolone in ethanol and water (1:1) at the
sample concentration of 5 pg/mL (The authors)

3.2. Validation of the UV Method

The spectrophotometric method was validated using
a UV instrument (Shimadzu®). The UV method was
validated according to the ICH guidelines Q2(R1) [20]
regarding selectivity, linearity, precision, intermediate
precision, recovery, and range.

3.2.1. Selectivity

The selectivity results were determined by scanning
the prednisolone solution, ethanol and water (1:1),
polymer chitosan, and the spectra shown in Fig. 3.

0478
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Fig. 3 Selectivity spectra of samples: prednisolone, chitosan, diluted
AA, and ethanol-distilled water (The authors)

The selectivity results demonstrate the ability to
assess the analyte in the presence of excipients.
According to ICH guidelines Q2(R1) [20], Fig. 3
shows no interfering peaks between prednisolone,
chitosan, and ethanol-distilled water, indicating that the
method is selective and, as a result, the analytical
method can be selective toward the analyte.

3.2.2. Linearity in the Ethanol-Distilled Water Mixture
Linearity is the ability of the system to obtain test
results that are directly proportional to the
concentration of analytes in the sample within a given
range [20]. At nine different concentrations, validated
parameters were assessed for PRED, as shown in Table
1 and Fig. 4, showing the calibration curve obtained by
plotting the absorbance against the concentration.

Table 1 Absorbance of different concentrations of prednisolone in
ethanol-distilled water (The authors)

Concentration  Absorbance at
of prednisolone 246 nm

Sr.  Volume of
No. working

standard taken  in pg/mL ( standard
(ml) deviation)
1 0.1 0.6 0.036 £ 0.0006
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Continuation of Table 1

2 0.5 3 0.15+0.0025
1 6 0.274 £ 0.0025
4 1.1 6.6 0.314 +0.0035
5 1.16 7 0.339 +0.0021
6 1.2 7.2 0.35+0.004
7 1.3 7.8 0.375+0.0031
8 1.66 10 0.481 +0.004
9 4.16 25 1.195 £ 0.006
Calibration curve v=0.0476x
R?=0.9996
14
12 >
[ 1] 1
g
e 0.8
8 0.6
4 »
0.4 -7
0.2 -
o o
1] 5 10 15 20 25 30

Concentration (pg / mL)

Fig. 4 Calibration curve for prednisolone in ethanol-distilled water:
concentration against Abs (The authors)

The concentration of PRED dissolved in ethanol-
distilled water ranged from 0.0006 to 0.025 mg/mL. A
calibration curve was then generated, as depicted in
Fig. 4. Based on the evidence presented, it can be
confidently stated that the calibration curve exhibits
linearity and a proportional relationship between the
analyte concentration and Abs values. This conclusion
is supported by the linear calibration curve of PRED
within the specified range, which demonstrated a
strong correlation coefficient R? = 0.9996, approaching
unity (R>=1).

3.2.3. Linearity in Diluted Acetic Acid

At different concentrations, validated parameters
were assessed for prednisolone, as shown in Table 2
and Fig. 5 showing the calibration curve obtained by
plotting the Abs against the concentration.

Table 2 Absorbance of different concentrations of prednisolone in
diluted AA (The authors)

Absorbance at 246
nm (+ standard

Concentration
of prednisolone

Sr.  Volume of
No working

standard taken in pg/mL deviation)
(ml)
1 0.5 3.0 0.135+0.0021
2 066 4.0 0.182 +£0.0025
3 0.75 4.5 0.2 £0.0025
4 0.83 5.0 0.235 +£0.0025

5 0.91 55 0.251 +£0.0025
6 1.0 6.0 0.273 +£0.0032
7 1.1 6.6 0.302 + 0.0046
8 1.3 7.8 0.364 +0.0031
9 1.41 8.5 0.394 + 0.0025
10 1.66 10.0 0.458 £ 0.0025
11 4.16 25.0 1.161 £ 0.0085
Calibration curve y = 0.0461x
R?=0.9997
14
12
g 1
c
3 08
2
2 06
04
02

o 5 10 15 20 25 30

Concentration (pg / mL)

Fig. 5 Calibration curve for prednisolone in diluted AA:
concentration against Abs (The authors)

The concentration of prednisolone dissolved in
diluted AA ranged from 3 to 25 pg/ml; the calibration
curve obtained is shown in Fig. 5. There is sufficient
evidence to conclude that the calibration curve is linear
and that there is a proportional relationship between
analyte concentration and Abs values because the
calibration curve of prednisolone was linear in the
specified range and had a good correlation coefficient
R?=0.9997, which was close to unity (R>=1).

3.2.4. Linearity in pH 1.2 Buffer Solutions

At six different concentrations, validated parameters
were assessed for PRED, as shown in Table 3 and Fig.
6 showing the calibration curve obtained by plotting
the Abs against the concentration.

Table 3 Absorbance of different concentrations of PRED at pH 1.2
(The authors)

Sr.  Volume of Concentration  Absorbance at 246
No working of prednisolone  nm (+ standard
standard taken in pg/mL deviation)
(mi)
1 0.24 0.003 0.13 +0.0025
0.4 0.005 0.217 £0.004
3 0.44 0.0055 0.237 £ 0.0025
4 0.48 0.006 0.255 +£0.0026
5 0.56 0.007 0.304 £ 0.004
6 0.624 0.0078 0.335+0.0051
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Calibration curve y=42.771x

R*=0.9996

Absorbance

o 0.002 0.004 0.006 0.008 0.01 0.012
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Fig. 6 Calibration curve for PRED at pH 1.2: concentration against
Abs (The authors)

3.2.5. Accuracy

Three concentration levels (10%, 100%, and 120%)
were analyzed in accordance with the ICH guidelines
Q2(R1) 2005. Each concentration level was measured
in triplicate, and the average, SD, and RSD were
calculated for each level. The results are shown in
Table 4.

Table 4 Recovery results of three levels of prednisolone, n = 3 (The

authors)
Level of Preparation % Average %RSD
recovery No. Recovered percentage
recovered
10% 1 99.98 99.15 1.46
2 97.48

3 99.98
100% 1 100.04
100.76 0.76
2 101.57
3 100.67
120% 1 98.96 98.46 0.51
2 98.46
3 97.96

The average recovery should be in the range of
97%-103% to indicate a good recovery. The drug
concentrations in the sample and standard were
calculated, and the percentage recovery was calculated
using Equation 2. The percentage recovery was found
to be between 98.46% and 100.76%, and the %RSD for
each level was NMT 2, which is in the acceptable
range.

3.2.6. Precision

Precision was determined as repeatability and
intermediate precision (the inter-day and inter-person
precision).

3.2.7. Repeatability

The repeatability of a standard sample with a
concentration of 6 pg/mL was tested using six
replicates; the results are shown in Table 5.

Table 5 Intra-day repeatability results for six samples of prednisolone in the same formula (The authors)

Concentration (ng/ml) Absorbance Mean SD %RSD
6.0 0.271 0.266833 0.003656 0.266833
0.265
0.269
0.262
0.264
0.27
Repeatability results showed that the %RSD for the Absorbance 0.263 0.265
six samples was 1.37%. The %RSD value obtained was
NMT 2, indicating that the method was precise because 0.269  0.269
the results were within the acceptance criteria. 0.262 0.266
3.2.8. Intermediate Precision 0.267 0.271
The standard sample was analyzed in six replicates 0.259 0.267
over the course of two days to assess analyst-to-analyst
- . 0.267 0.272
variation; the results are shown in Table 6.
Mean 0.2645  0.268333
Table 6 Results of intermediate precision for six samples of
prednisolone in the same formula (The authors) SD 0.003782  0.002805
Inter-day Inter-day Inter-person %RSD 1.429692 1.045251
Concentration (ug/ml) 6.0 6.0

Intermediate precision (inter-day and inter-person)
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results are shown in Table 6, where the %RSD was
1.43% and 1.05%, respectively. The %RSD values
obtained were NMT 2, indicating that the method was
precise because the results were within the acceptance
criteria.

3.2.9. Range

Different plots were prepared in triplicate using
concentrations ranging from 0.6 to 25 pg/mL. The
procedure adheres to the Beer-Lambert law within a
concentration range of 0.6-25 pg/mL.

3.2.10. Filter Compatibility

The compatibility of filtration with the standard
prednisolone solution was assessed, yielding results of
102.7% + 1.9 (mean + SD, n = 3). After the analysis, it
was found that PTFE filters were suitable for filtration

(Fig. 7).
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Fig. 7 Filter compatibilify (The authors)

4. Conclusion

This study successfully developed and validated a
UV spectrophotometric method for the quantification
of prednisolone in chitosan nanoparticles. The method
demonstrated high selectivity, linearity, accuracy, and
precision, with a linearity range from 0.6 to 25 ug/mL
and a correlation value of 0.99962. Recovery trials
confirmed accuracy within 98.5%-101.5% of the initial
value, and precision was evidenced by a %RSD of less
than 2.0 for all levels.

Compared with other analytical technigques such as
HPLC and GC, the UV spectrophotometric method
offers a simpler, faster, and more cost-effective
alternative  for  prednisolone quantification in
pharmaceutical formulations. The method’s robustness
and reliability are comparable to the standard
pharmacopeial HPLC method, yet it requires less

operational complexity and resources.

The validated UV spectrophotometric method
provides a practical and efficient tool for routine
quality control of prednisolone in  various
pharmaceutical forms. Its simplicity and cost-
effectiveness make it accessible to laboratories with
limited resources, potentially improving quality
assurance processes in the pharmaceutical industry.

It is recommended that the newly developed UV
spectrophotometric method be considered as an
alternative to more complex and resource-intensive
methods for prednisolone analysis. Future research
should focus on applying this method to a broader
range of pharmaceutical compounds and exploring its
potential for in-line quality control during the
manufacturing process. In addition, further studies
could investigate the method’s applicability in different
environmental conditions and its integration into
automated systems for pharmaceutical analysis.
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