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ABSTRACT
Background: The purpose of the recent research was to establish a simple, efficient, sensitive 
and accurate High-Performance Liquid Chromatography (HPLC) method for estimating 
Resveratrol (RVT) in bulk and pharmaceutical dosage form based on Quality by Design (QbD). 
As risk assessment and statistics are not used in a conventional approach, the Analytical Quality 
by Design (AQbD) was employed with scientific techniques including Analytical Target Profile 
(ATP), Critical Quality Attributes (CQA), Design of Experiment (DoE), method validation and 
continuous method monitoring for RVT quantification. Materials and Methods: To execute this 
work, a Central Composite Design (CCD) was employed to make the method robust and effective 
in developing a chromatographic database. Using a fractional factorial design, the factors were 
screened. Results: The optimized chromatographic conditions were achieved using a C18 (250x4.6 
mm, 2.5m) column at 25ºC with methanol and 0.05% Ortho-Phthalaldehyde (OPA) buffer pH 2.8 
in a 50:50, v/v ratio as the mobile phase and a flow rate of 0.7 mL/min, at 319 nm of detection 
wavelength. The RVT's retention time was observed to be 3.64 min. The precision and accuracy 
results were within the specified limits (<2% RSD). Conclusion: The proposed QbD-based 
method proved to be helpful for critical analysis is RVT in the bulk and pharmaceutical dosage 
forms. Hence, it can be employed for routine analysis in quality control laboratories.

Keywords: Resveratrol, High-Performance Liquid Chromatography, Central Composite Design, 
Quality by Design, Validation.

INTRODUCTION

Resveratrol (RVT) also known as 3,5,40-trihydroxy-trans
-stilbene, is a type of polyphenol stilbenoid characterized by the 
connection of two phenyl rings through an ethylene bridge. It 
is abundantly present in nature and has been identified in more 
than 70 plant species. Among its primary sources are grape seeds 
and skin, along with small quantities found in red wines and 
various food items.1 It is used to treat atherosclerosis, dermatitis, 
fever, gonorrhoea, hyperlipidaemia and inflammation.2 
Macrophages get triggered with Lipopolysaccharides (LPS), or 
Phorbol esters (PMA), forming superoxide radicals (O2•-) and 
Hydrogen Peroxide (H2O2), which RVT inhibits. It also reduces 
arachidonic acid [3H] release produced by LPS, PMA, or O2•- /
H2O2 exposure.3 RSV's antioxidant activity was determined by its 
ability to inhibit Fe2+-induced lipid peroxidation in microsomes 

and Cu2+-induced Low-Density Lipoprotein (LDL) oxidation 
in rat liver microsomes,4 as well as prevention of iron- or 
UV-irradiation-catalyzed lipid peroxidation (IC50=4.8 and 3.9 
M, respectively).5 The basic structure is shown in Figure 1. Both 
the cis and trans isoforms of RVT can be glucosylated, with the 
predominant trans-isomer being the physiologically active form.

It is also synthesized chemically6 and biotechnologically7 and 
following its derivation from the Itadori plant, it is now marketed 
as a nutritional supplement.8 The drug has high absorption 
and a strong affinity toward protein binding but has very low 
bioavailability. It works by inhibiting the activation of NF-kappaB 
(NF-kappaB) in HSV-infected cells. It has been observed 
that, during productive infection, HSV activates NF-kappaB, 
which could be a crucial aspect of the virus's replication.9 The 
literature reports methods for estimating RVT in various samples 
by the HPLC method.10-16 Apart from the HPLC method, 
Ultra-High-Performance Liquid Chromatography (UHPLC), UV 
spectroscopy, Gas Chromatography (GC), Mass Spectroscopy 
(MS) and Capillary Electrophoresis (CE) techniques are 
also developed for the estimation and quantification of RVT. 
Common limitations associated with analytical techniques for 
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the estimation of RVT include challenges in achieving sufficient 
sensitivity for trace amounts, matrix interference in complex 
samples, time-consuming sample preparation, derivatization 
requirements for some techniques, limited availability and 
high cost of specialized instrumentation, difficulties in method 
transferability and lack of standardization leading to inconsistent 
results. Careful consideration of these limitations is essential for 
selecting and optimizing the appropriate analytical method for 
accurate Resveratrol estimation. Despite the available literature 
on RVT  estimation using liquid chromatography methods, the 
efficiency and reliability of these approaches may give rise to 
obstacles due to significant variability and inconsistent method 
performance. Multiple factors contribute to the variability, 
including buffer solutions, expensive solvents, guard columns 
and chromatographic factors such as flow rate, mobile phase 
composition, injection volume, pH,  flow gradient and column 
temperature.17,18

In this regard, the method validation according to ICH standards 
does not provide much assurance in terms of minimizing 
method variability over traditional robust testing. As a result, 
the QbD technique has been widely adopted in developing 
analytical methods to produce high robustness and better 
method operation.19 AQbD allows for a scientific and risk-based 
comprehension of the significant deviance sources, followed by 
the identification of Critical Method Parameters (CMPs) utilizing 
risk evaluation and factor screening studies to recognize high-risk 
variables having a significantly affecting analytical performance 
and finally, their optimization using appropriate experimental 
designs to improve method performance.20 Literature research on 
various drugs has revealed the great help of the AQbD technique 
for building analytical procedures for drug substances during 
the previous few decades.21,22 Analytical method development of 
RVT using the QbD approach is necessary to ensure robustness, 
efficiency, method understanding, risk mitigation and regulatory 
compliance. It helps optimize the method's performance, leading 
to reliable and accurate results for Resveratrol analysis.

To address the limitations, a study was conducted to develop 
a simple and reliable method for estimating RVT in bulk and 
pharmaceutical dosage forms. The research aimed to establish a 
cost-effective, user-friendly and highly sensitive HPLC technique, 
utilizing Quality by Design (QbD) principles for optimization. 
The method was subsequently evaluated for accuracy, precision, 
linearity, specificity and robustness to ensure its reliability and 
performance.

MATERIALS AND METHODS

Materials

Sami Labs Limited, Karnataka, India, provided RVT as a gift sample 
and Casproh Restage 500 mg tablets were purchased from a local 

pharmacy. HPLC grade Methanol was purchased from Merck 
Specialties Pvt. Ltd., Mumbai, India and Ortho-Phthalaldehyde 
was purchased from Chemtex Speciality Limited., Mumbai, 
India. The ultra-pure water of HPLC grade was available through 
the in-house Mili-Q water system.

Instrumentation

The method development and validation were performed using 
HPLC (AGILENT 1100) with a G1310A ISOPUMP with degasser, 
G-13148 (DAD) detector in the wavelength range 200-400 nm. 
The C18 (250x4.6 mm, 2.5 µm) column was used for the analysis. 
For all samples, the mobile phase was methanol: 0.05% OPA 
buffer (51:49, v/v), with a flow rate of 0.8 mL/min in an isocratic 
mode and the 20 L of injection volume. Agilent ChemStation 
4.03 software was used to record  and process data, while QbD 
parameters were implemented using the design expert software 
version 13.

Methods

The selection and optimization of the HPLC conditions for RVT 
estimation are discussed below.

Preparation of standard stock solution

Accurately weighed RVT (5 mg) was dissolved in a 5 mL 
solution of methanol: 0.05% O-Phthalaldehyde (OPA) buffer pH 
2.8 (26:74, v/v)  in a 10 mL volumetric flask. The solution was 
sonicated for 10 min and the final volume was adjusted to 10 mL 
with a diluent mixture

Preparation of working solution

In a 10 mL volumetric flask, a 0.5 mL standard stock solution 
was pipette out and diluted with methanol:0.05% OPA buffer 
pH 2.8 (26:74, v/v) as diluent mixture up to 10 mL to give a 
concentration of 25 µg/mL.

Preparation of mobile phase

The mobile phase was prepared by using a mixture of methanol 
and 0.05% OPA buffer pH 2.8 at a ratio of 51:49 v/v. Both solutions 
were mixed properly and passed through a 0.45 µm nylon filter 
and degassed for 10 min. The mobile phase was sonicated before 
use.

Initial chromatographic condition

Various trials were performed with Columns (C8 and C18) and 
mobile phases (methanol, acetone and phosphate buffer) to 
estimate and quantify the RVT. The successful chromatographic 
separation was done by injecting 20 µL sample solution in the 
HPLC system at a flow rate of 0.8 mL/min and column temperature 
of 25ºC. The analyte detection was performed using G-13148 
(DAD) detector at a wavelength of 319 nm. Methanol:0.05% OPA 
buffer pH 2.8 (51:49, v/v) was used as the mobile phase.
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Design of Experiments (DOE)

Quality by Design refers to systematic product development and 
process design techniques. To better comprehend the process of 
product development, it is vital to establish a systematic objective 
in product development.23,24 Here, it was planned to develop an 
HPLC method for RVT that is robust, accurate, with short analysis 
time  (i.e., <10 min) and has a sufficient number of theoretical 
plates as per QbD requirements. The crucial variables that affect 
retention time were identified using the software-generated 
results. The effect of methanol concentration, flow rate and the 
detection wavelength on RT was found to be crucial. Apart from 
this, an important parameter was the selection of the stationary 
phase. On the C-18 column, the drug's nature was more retentive 
than on the C-8 column.

Central Composite Design (CCD) was used to develop and 
optimize the analytical method of RVT. Flow rate (A, mL/min), 
Methanol concentration (B, %) and detection wavelength (C, 
nm) were considered as independent variables and RT of RVT 
was considered as the dependent variable. The independent 
variables were varied at 5 levels and their effect on the dependent 
variable was determined. The flow rate was varied from 0.6 to 1 
mL/min, methanol concentration was varied from 49 to 53% and 
wavelength was varied from 317 to 321 nm (Table 1). The effect of 
buffer pH 2.8 and column temperature 25ºC was less significant 
on retention time, hence were kept constant. The Optimisation 
trials considering CCD are presented in Table 1.

Analysis of RVT tablets

RVT tablets (n=10) were weighed and triturated to a fine 
powder using a pestle and mortar. Powder equivalent to 0.1 mg 
was weighed accurately and transferred to a 10 mL volumetric 
flask. The volume was adjusted to 10 mL by adding methanol: 
0.05% OPA buffer pH 2.8 (26:74, v/v) as diluent. The solution 
was sonicated for 5 min to dissolve the content uniformly. 1 mL 
solution was pipette out and transferred to a 10 mL volumetric 
flask and volume was adjusted with diluent to get the final 
solution of 1000 µg/mL concentration. The resulting solution was 
filtered through a 0.45-micron nylon syringe filter and injected 
into an HPLC column for analysis.

System suitability

The system performance study was verified by examining 
the system appropriateness parameters. When evaluating the 
applicability of the system, a number of factors were taken into 
account, including the theoretical plate count, tailing factor and 
retention/capacity factor.

Validation of analytical method

The developed analytical method was validated as per the 
International Conference on Harmonization (ICH) Q2 (R1) 

guideline s. Accuracy, precision and linearity parameters were 
validated.25-28

Accuracy

The proposed method's accuracy was determined using the 
spiking method. In this study, RVT was spiked at 3 different levels 
of 80%, 100% and 120% and recovery was calculated using the 
linearity equation. To establish the mean and % RSD, duplicate 
determinations of these 3 levels were recorded.

Precision

To assess the precision of the method, variation studies were 
conducted both intra-day and inter-day.

Inter-day precision

For the inter-day variation studies, 3 replicates of the 3 different 
concentrations (10, 15 and 20 μg/mL) were analyzed over two 
consecutive days and % RSD was determined.

Intra-day precision

In the intra-day study, 3 replicates of the 3 different concentrations 
(10, 15 and 20 μg/mL) were analysed within a single day (morning 
and evening) and % RSD was calculated.

Linearity

A standard stock solution of RVT with a concentration of 1000 
μg/mL was prepared. From this stock solution, a solution of 
100 μg/mL was prepared with proper dilution using a diluent. 
The serial dilutions were made to prepare the solutions ranging 
from concentrations of 5-25 μg/mL. The samples were analyzed 
and a calibration curve was plotted between peak area and 
concentration. The regression equation with slope and the 
correlation coefficient was determined from the calibration curve.

RESULTS

Optimisation of initial chromatographic conditions

A Symmetry C18 column (250 mm×4.6 mm, 2.5 µm) and a 
mobile phase composed of methanol and 0.05% OPA buffer 
at pH 2.8 (51:49, v/v) were employed, resulting in an excellent 
chromatogram (Figure 2). The flow rate was set at 0.8 mL/min, 
with an injection volume of 20 μL and the column temperature 
was maintained at 25ºC. The detailed optimised chromatographic 
conditions are presented in Table 2.

Optimization trials using CCD

The results of all optimization trials are presented in Table 3.

Effect of independent variables on dependent 
variables and statistical analysis

Based on the p-value (0.0047), the entire model was found to 
be statistically significant (Table 4). As a result, the model's 
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significance for response prediction was determined. For 
optimization, the complete model was well-fitted. All 3 
independent variables showed a significant effect on the RT of 
the RVT based on the p-value observed (Table 4). Figure 3 shows 
the Pareto chart of the independent variable having a significant 
impact on the method.

Figure 4 demonstrates the influence of methanol concentration 
and flow rate on the retention time, with a constant detection 
wavelength of 319 nm. The graph reveals that the retention time 
was optimized when the methanol concentration ranged from 50 
to 51.5% and the flow rate was set between 0.7 and 0.75 mL/min. 
Additionally, the retention time decreases when the flow rate 
exceeds 0.75 mL/min, within the range of 0.75 to 0.9 mL/min.

Composite desirability parameters were employed to determine 
the optimal conditions for achieving the desired result. Based on 
the obtained experimental runs, conditions with high desirability 
were selected, including a flow rate of 0.7 mL/min, a mobile phase 
composition of methanol: 0.05% OPA buffer at pH 2.8 (50:50, 
v/v), a detection wavelength of 319 nm, an injection volume of 
20 µL, a column temperature of 25ºC and a recorded peak at 
a retention time of 3.64 min. The predicted response was then 
compared to the actual response under a set of conditions for 
further evaluation.

Method validation
System suitability

The developed HPLC method for RVT has produced theoretical 
plate above 2000 for resveratrol with tailing factor less than 2. 
The retention time of resveratrol was less than 2, which ensure 

the suitability of the developed method. The results of system 
suitability study were summarised in Table 5.

Accuracy

The accuracy of the proposed method was evaluated at 3 different 
concentration levels (80%, 100% and 120%). The obtained 
data reveal % RSD values of 0.09%, 0.15% and 0.21% for RVT, 
demonstrating that the method exhibits acceptable accuracy 
within a 2% range.

Precision
Inter-day precision

Inter-day precision is also known as intermediate precision 
used to assess the variation in results obtained on different 
days, with different analysts and using different equipment. It 
accounts for the day-to-day variability and other factors that may 
affect the method's performance. Intermediate precision is also 
expressed as % RSD. The method precision, evaluated across 3 
sample preparations, yielded a 2% variation, indicating excellent 
precision of the developed method.

Intra-day precision

Intra-day precision, also known as repeatability measures the 
variation in results obtained when multiple measurements of the 
same sample are performed within a short timeframe. It provides 
information about the method's precision under controlled and 
consistent conditions. Repeatability is typically expressed as the 
percent Relative Standard Deviation (% RSD). Intra-day precision 
for 3 sample preparation was found to be <2%.

Run Independent variables

A (Flow rate) B (Methanol Conc.) C (Wavelength)

mL/min % nm
1 1 51 319
2 0.6 51 319
3 0.9 52 318
4 0.9 52 320
5 0.9 50 320
6 0.7 52 318
7 0.8 51 317
8 0.7 50 320
9 0.8 51 321
10 0.7 50 318
11 0.7 52 320
12 0.8 49 319
13 0.9 50 318
14 0.8 53 319

Table 1:  CCD-based independent variables and their effect on the dependent variable.
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Sl. 
No.

Parameter Condition

1 HPLC 
Instrument

AGILENT 1100

2 Detector G-13148 (DAD) detector
3 Column C18 RP (250 mm x 4.6 mm, 2.5 µm).
4 Wavelength 319 nm
5 Mobile Phase Methanol: 0.05% OPA buffer at pH 

2.8 (51:49, v/v).
6 Diluent Methanol: 0.05% OPA buffer at pH 

2.8 (51:49, v/v).
7 RT 3.64 min
8 Run time 10 min
9 Injection Volume 20 µL
10 Column Oven 

temperature
25ºC

11 Flow Rate 0.8 mL/min

Table 2:  Optimised Chromatographic Conditions.

Figure 1:  Basic structure of RVT.

Linearity
A linear relationship was observed and calculated using linear 
regression analysis for concentration v/s peak area within 5-25 
µg/mL. The calibration curve's correlation coefficient and 
slope were 0.9995 and 108.35, respectively as shown in Figure 5.

Analysis of dosage form
The developed and validated analytical method of RVT was 
applied in the determination of the assay of marketed tablet 
formulations to check their workability. The % assay of RVT was 
determined to be 98.7%, with the amount of drug obtained being 
19.74 µg and the peak area of 2225.51 which is the standard and 
acceptance level in any pharmaceutical quality control laboratory

DISCUSSION

During the development of an HPLC method for the analysis of 
RVT, several parameter changes were made. The most significant 
alteration involved the mobile phase ratio, which had a notable 
impact on the peak purity of RVT. The optimal wavelength for 
RVT detection was determined to be 319 nm. The C8 columns 
are valuable tools in HPLC analysis, offering advantages in terms 
of speed, selectivity and versatility, hence, C8 and C18, were 
evaluated during the development phase, with the C18 column 
exhibiting greater retention for the drug compared to the C8 
column. CCD was used to optimize the analytical method for 
RVT. Flow rate (A, mL/min), Methanol concentration (B, %) and 
detection wavelength (C, nm) were considered as independent 
variables and RT of RVT was considered as the dependent variable. 
The effects of the independent variables and interaction terms 
on the dependent variable, i.e., retention time, were determined 
using Analysis of Variance (ANOVA). The p-value <0.05 is 
the cut-off point beyond which we assert that the results are 
statistically significant, according to the convention.29,30 Methanol 
concentration (p=0.0001), flow rate (p=0.0001) and detection 
wavelength (0.0047)  were seen  to be significant. To establish a 
robust design space for the technique, response surfaces and 
contour plots were utilized to illustrate the effects and interactions 
of variables. The accompanying 3D graph provides valuable 

insights into the variables' impacts and interactions on the 
response. To ascertain the suitability of the developed method for 
its intended purpose, a validation was undertaken in accordance 
with the validation guidelines outlined by the International 
Council for Harmonisation (ICH). The method underwent 
validation across multiple parameters, encompassing, accuracy, 
precision and linearity. These comprehensive validations were 
conducted to ensure the method's reliability and effectiveness in 
consistently generating accurate and precise results. The accuracy 
of the method is typically expressed as percent recovery or percent 
relative error. Percent recovery indicates how close the measured 
values are to the expected values, while percent relative error 
quantifies the deviation of the measured values from the expected 
values. The accuracy study provides important information 
about the ability of the analytical method to provide reliable 
and accurate results for RVT. It helps ensure that the method is 
capable of correctly quantifying RVT in samples and provides 
confidence in the accuracy of the reported results. The precision 
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Run Independent variables Dependent variable

A (Flow rate) B (Methanol Conc) C (Wavelength) Retention Time

mL/min % nm min
1 1 51 319 3.267
2 0.6 51 319 5.518
3 0.9 52 318 3.18
4 0.9 52 320 3.134
5 0.9 50 320 3.511
6 0.7 52 318 3.94
7 0.8 51 317 3.657
8 0.7 50 320 4.397
9 0.8 51 321 4.349
10 0.7 50 318 3.642
11 0.7 52 320 3.991
12 0.8 49 319 3.927
13 0.9 50 318 3.304
14 0.8 53 319 3.239

Table 3:  Optimisation trial results of CCD statistical design.

Source Sum of Squares Df Mean Square F-value p-value
Model 0.0018 1 0.0018 11.30 0.0047 Significant
A (Flow rate) 1.09 1 1.09 167.02 < 0.0001
B (Methanol conc 1.87 1 1.87 286.60 < 0.0001
C (Wavelength) 0.0018 1 0.0018 11.30 0.0047
Residual 0.0022 14 0.0002
Cor Total 0.0040 15

Table 4:  Regression coefficients and corresponding p-values and showing the model used for RVT was significant.

Figure 2:  Chromatogram of the initial method developed for estimation of RVT in bulk drug.
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study provided valuable information about the method's ability 
to produce consistent and reliable results over time and across 
different operational conditions. It demonstrated the robustness 
and reproducibility of the method, enhancing confidence in the 
precision of the reported analytical data.

This study introduced a straightforward and cost-effective HPLC 
method that excels in sensitivity, precision, accuracy, speed and 
robustness for quantifying Resveratrol in both bulk materials 
and pharmaceutical dosage forms. Developed through a Quality 
by Design (QbD) framework, this method offers significant 
potential for enhancing routine quantitative analysis within 
the pharmaceutical sector. Its streamlined approach promises 
improved efficiency and cost-effectiveness, marking a noteworthy 
advancement in Resveratrol analysis.

CONCLUSION

The method emphasized in this research work determines RVT 
in bulk and pharmaceutical dosage form was simple, sensitive, 
accurate, precise, rapid, robust and economical, as the initial 
investment in time and resources required in this method are less, 
the long-term benefits outweigh the costs. The HPLC method 
employed methanol: 0.05% OPA buffer pH 2.8 in a 50:50 (v/v) 
ratio as the mobile phase, enabling efficient estimation of RVT. The 
developed method exhibited excellent linearity with a correlation 
coefficient of 0.9995. The accuracy study conducted at 80%, 100% 
and 120% concentrations yielded % RSD values of 0.09, 0.15 and 
0.21%, respectively, demonstrating high accuracy. Additionally, 
the precision studies demonstrated the method's precision. This 
Quality by Design (QbD) based HPLC method overcomes the 
limitations of previously reported methods by eliminating the 

Figure 4:  Response surface (3D) and a contour plot representing the effects 
of methanol concentration and flow rate on RVT's retention time.

Figure 5:  Calibration curve of RVT for linearity.

Parameters Resveratrol Acceptance criteria
Retention time, 
min

3.64 min -

Theoretical plates 
[N]

6772 >2000

Asymmetry factor 0.81 <2

Table 5:  System suitability study.

Figure 3:  Pareto chart of the independent variable having a significant impact on the method.
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need for complex estimation, achieving shorter retention times 
and utilizing a cost-effective isocratic method. The proposed 
method can be readily applied for routine quantitative analysis of 
RVT in bulk and formulation samples using HPLC.
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RVT: Resveratrol; HPLC: High-performance liquid 
chromatography; QbD: Quality by Design; AQbD: Analytical 
Quality by Design; ATP: Analytical Target Profile; CQA: Critical 
Quality Attributes; DoE: Design of Experiment; CCD: Central 
composite design; LPS: Lipopolysaccharides; LDL: Low-density 
lipoprotein; OPA: O-phthalaldehyde; RT: Retention time; ICH: 
International Conference on Harmonization; RSD: Relative 
standard deviation.

SUMMARY

The research presents a simple, sensitive, accurate, precise, rapid, 
robust and economical HPLC method for the quantification 
of Resveratrol in bulk and pharmaceutical dosage forms. This 
method, developed with a Quality by Design (QbD) approach, 
holds great promise for routine quantitative analysis in the 
pharmaceutical industry, offering improved efficiency and 
cost-effectiveness.
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