
INTRODUCTION
Diosmin is a monomethoxy flavone, a monooxy 

flavone, a rutinoside, a disaccharide derivative, and a dihydroxy 
flavanone. It is a bioflavonoid that may be produced from 
hesperidin or extracted from different plants [1]. It is used to 
treat hemorrhoids and capillary fragility, particularly chronic 
venous insufficiency (CVI) [2]. Hesperidin is a disaccharide 
derivative, a member of 3′-hydroxy flavanones, a dihydroxy 
flavanone, a monomethoxy flavanone, a flavanone glycoside, 
a member of 4′-methoxy flavanones, and a rutinoside. It is 
functionally related to hesperidin. Hesperidin is a flavan-
on glycoside found in citrus fruits [3]. Hesperidin is most 
frequently used to treat blood vessel disorders including 

hemorrhoids, varicose veins, and impaired circulation (venous 
stasis), either by itself or in combination with other citrus 
bioflavonoids (such as diosmin) [4]. Structures of diosmin and 
hesperidin are shown in Figure 1 [5,6].

Method development can be an extended process that 
requires researchers’ valuable time. The processes tend to be 
created utilizing the one factor at a time (OFAT) method, which 
entails adjusting one variable at a time until the desired result is 
achieved. This process of method development is systematic, 
but it takes time [7]. A quality by design (QbD) technique uses 
statistical design of experiments (DOE) to create a “design 
space” for a robust procedure. The design space defines the 
experimental region in which changes to technique parameters 
have no significant effect on the results [8]. 

analytical quality by design (AQbD) begins with a 
systematic knowledge of the underlying interaction(s) among 
the many variables involved in the analysis, followed by 
early risk assessment studies to identify anticipated essential 
critical process parameters [9]. Following that, factor screening 
studies are conducted to determine the influential variables, 
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ABSTRACT
Quality by design (QbD) is a part of the design of experiments (DOE) that predict the responses using the software. 
Identification of critical quality attributes (CQAs) is the first step in QbD. The main concept of QbD is the study of 
dependent parameters as well as the examination of different factors and their interactions. Hence the present study 
is designed to develop the QbD-based high performance liquid chromatography (HPLC) method and validation 
of diosmin and hesperidin. The experimental design involves the central composite designs (CCDs) of the reverse 
phase-high performance liquid chromatography techniques with two factors (mobile phase and pH). The Design 
Expert software 12.0 version was used to produce optimal chromatographic parameters. Agilent Zorbax SB C18 
column (250 × 4.6 mm, 5.0 μm), the mobile phase used acetonitrile to mono potassium phosphate (formic acid with 
pH 2.0) (40:60) with a flow rate of 1 ml/minute and retention times 3.434 minutes of diosmin and 5.321 minutes of 
hesperidin. According to International Conference on Harmonisation criteria, the parameters were validated within 
the specified limits. The QbD-based HPLC method was developed and validated. The utilization of QbD in the 
present study leads to more precise and reliable data.
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Pipetted 1 ml of the above solutions into a volumetric flask with 
a 10 ml capacity, then added diluent to the mark (50 ppm of 
hesperidin, 450 ppm of diosmin).

Sample solution preparation
As per the label claim, the composition of diosmin and 

hesperidin is, respectively, 450 and 50 mg. 52 mg of hesperidin 
and diosmin sample was precisely weighed and placed into a 10 
ml sterilized volumetric flask. The solvent was added, sonicated 
for up to 30 minutes, centrifuged for 30 minutes to complete 
dissolution, and then added diluent to the desired volume. After 
that, the solution was filtered using a 0.45-µ injection filter. 1 ml 
of the above solution was pipetted into a 10 ml volumetric flask 
and added diluents to make it the final concentration of 50 ppm 
of hesperidin and 450 ppm a of diosmin.

Method optimization by applying DOE
The DOE was made using Design-Expert version 12.0 

software. (Stat-Ease Inc., Minneapolis, MN, USA). Central 
composite design (CCD) was used to optimize the method 
with two variables, and three responses were identified as ideal 
conditions for the method. 13 experimental runs were obtained.

Method operable design region (MODR) establishment
After completing the intended experimental runs 

in accordance with the CCD, the data were analyzed using 
regression models and factor-response relationships to produce 
the MODR. Depending on the provided aim or objective 
of each critical quality attribute (CQA) on the basis of 
desirability, the created MODR was used to forecast the optimal 
chromatographic conditions.

Validation of the optimized method
According to International Conference on 

Harmonisation (ICH) Q2 (R1) requirements, the RP-HPLC 
method was validated with different parameters such as system 
compatibility, linearity, LOD, limit of quantitation (LOQ), intra-
day precision, inter-day precision, accuracy, and robustness of 
the presented approach was all thoroughly validated [13,14].

Forced degradation (FD) studies
As per limit of detection (LOD) (Q1A and Q1B) 

guidelines, FD studies were carried out by exposing the sample 
to relevant stress conditions like hydrolysis, acid degradation, 
alkali degradation, oxidation, reduction, thermal, and photolytic 
degradation were analyzed by HPLC [15].

RESULTS AND DISCUSSION

Preliminary trails
Better separation was observed by using acetonitrile: 

KH2PO4 in the ratio of 55:45 at 222 nm trails were mentioned 
in Table 1.

Method optimization by QbD 

Factors
Based on these preliminary trials, independent and 

dependent variables were selected. Independent variables are 

which are then used to optimize the procedure to yield the 
desired chromatographic solution [10]. There are very few 
analytical techniques are reported for estimating diosmin and 
hesperidin [11,12]. However, no QbD-based reverse phase-high 
performance liquid chromatography (RP-HPLC)  technique for 
diosmin and hesperidin has been disclosed to date. As a result, 
the present study was designed for simultaneous QbD-based 
RP-HPLC estimation of diosmin and hesperidin. The main 
focus of the goal of the study was to use QbD concepts to create 
a more scientific and risk-based strategy. for identifying the 
critical variables for optimizing a stability-indicating HPLC 
method for diosmin and hesperidin.

MATERIALS AND METHODS 

Instrumentation and software
HPLC (WATERS—2695) with photodiode array 

detector detector.
Software: Design Expert software 12.0 version.

Materials
Diosmin and hesperidin were provided by Biocon. All 

other reagents and chemicals were used HPLC grade procured 
from Rankem.

Preparation of solutions 

Preparation of standard solution
5 mg of hesperidin and 45 mg of diosmin working 

standards were carefully weighed and placed in a 10 ml sterilized 
volumetric flask. The solvent has been added and sonicated 
until completely dissolved. The volume was then brought up 
to the required level using the same diluent (stock resolution). 

Figure 1. Structures of diosmin and hesperidin.
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mobile phase composition and pH, dependent variables are 
plate count of peak 1, resolution, and tailing factor of peak 1 
shown in Table 2.

Experimental runs obtained from CCD
13 experimental runs were obtained from CCD using a 

23 factorial design. Out of 13 runs, the sixth run was chosen for 
optimization. Results are shown in Table 3.

Analysis of variance (ANOVA) for quadratic model 
The responses were optimized by ANOVA (Table 4).
Based on this statistical expression p-value is less 

than the F-value, which shows an insignificant effect for lack 

of fit. The p-value should be less than 0.2 it shows a significant 
effect on the model. Fit statistics represent the adjusted and 
predicted R2 values the difference between these two values 
is less than 0.2.

The residual plots represent the relationship between 
factors and responses. In R1 (Fig. 2A) the plate count was 
increased by reducing the mobile phase and increasing the 
pH. Figure 2B indicated that resolution was increased when 
decreasing the mobile phase and pH. In R3 (Fig. 2C) the tailing 
factor was decreased when decreasing the mobile phase and pH. 

Based on the Desirability, the optimized 
chromatographic conditions were selected. The highest 
desirability showed as 0.869.

Table 1.

S. no.
Parameters

Result Conclusion
 Column Mobile phase 

ratio
Detection 

wavelength Flow rate Injection 
volume Run time

1
Luna Phenyl 
Hexyl 250 × 4.6 
mm, 5 µ

Acetonitrile 
and 0.1% 
Orthophosphoric 
acid (OPA) 
(80:20)

200–400 nm 1 ml/minute 10 µl 10 minutes
System suitability 
conditions are not 
within the limit

Method rejected

2
Agilent Zorbax-SB 
C18 (250 × 4.6 mm, 
5 µ)

Acetonitrile 
and 0.1% OPA 
(70:30)

222 nm 1 ml/minute 10 µl 10 minutes Resolution was 
not good Method rejected

3
Agilent Zorbax-SB 
C18 (250 × 4.6 mm, 
5 µ)

Acetonitrile: 
KH2PO4 pH-3.0/
formic acid 
(55:45)

222 nm 1 ml/minute 10 µl 10 minutes
Response of the 
second peak was 
not good

Method rejected

T able 2

Factor Name Type Minimum Maximum Coded low Coded high Mean SD

A Mobile phase composition Numeric 35.86 64.14 −1 ↔ 40.00 +1 ↔ 60.00 50.00 8.16

B pH Numeric 1.59 4.41 −1 ↔ 2.00 +1 ↔ 4.00 3.00 0.8165

T able 3

Std. Run Factor 1 mobile 
phase Factor 2 pH

R1

Plate count of peak 1

R2

Resolution

R3

Trailing factor of peak 1

2 1 60 2 2,845 6.41 1.18

4 2 60 4 2,865 6.59 1.16

12 3 50 3 2,827 6.61 1.12

7 4 50 1.58579 2,964 6.82 1.12

6 5 64.1421 3 2,834 6.3 1.2

1 6 40 2 2,954 6.84 1.12

10 7 50 3 2,839 6.67 1.14

8 8 50 4.41421 2,964 6.57 1.14

11 9 50 3 2,896 6.74 1.16

9 10 50 3 2,887 6.86 1.12

5 11 35.8579 3 2,984 6.62 1.16

13 12 50 3 2,896 6.79 1.14

3 13 40 4 3,014 6.58 1.14

Preliminary Trails.

 Analytical Target Profile

 QbD runs given by CCD.
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Table 4.

Source Sum of squares Df Mean square F-value p-value

Plate count of peak 1

 Model 42,563.79 5 8,512.76 9.79 0.0046 Significant

 A-mobile phase composition 27,628.02 1 27,628.02 31.77 0.0008

 B-pH 800.00 1 800.00 0.9200 0.3694

 Lack of fit 1,640.98 3 546.99 0.4921 0.7067 Not significant

Resolution

 Model 0.2850 5 0.0570 8.06 0.0081 Significant

 A-mobile phase composition 0.0952 1 0.0952 13.45 0.0080

 B-pH 0.0235 1 0.0235 3.32 0.1112

 Lack of fit 0.0110 3 0.0037 0.3807 0.7732 Not significant

Tailing factor of peak 1

 Model 0.0062 5 0.0012 6.45 0.0149 Significant

 A-mobile phase composition 0.0023 1 0.0023 12.19 0.0101

 B-pH 0.0001 1 0.0001 0.5229 0.4930

 Lack of fit 0.0002 3 0.0001 0.2603 0.8512 Not significant

Figure 2. (A) Perturbation, counter plot, 3D response surfaces effect on R1. (B) Perturbation, counter plot, 3D response surfaces effect on R2. (C) Perturbation, 
counter plot, 3D response surfaces effect on R3.

(a) (b) (c)

Statistical parameters of ANOVA.
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accuracy, precision, and specificity [16]. Summary of validation 
parameters results is shown in Table 6.

System suitability
According to ICH criteria, all system-relevant 

parameters have been satisfied and were under the limitations.

Specificity
Any interfering peaks are not observed in blank and 

placebo chromatograms. Hence, this method was said to be specific.

Precision

System precision
Six replicates of standard solutions were injected into 

the HPLC.
The % relative standard deviation (RSD) of diosmin 

and hesperidin was found to be 0.18% and 0.33% respectively 
which indicates the method was precise.

Method precision
The percentage RSD over the areas of six standard 

injections was within the limits.

Linearity
Linearity was taken in six concentrations starting from 

25% to 150% which covers the wide concentration range. The 
area under the curve for diosmin and hesperidin was determined 
in the range of 112.5–675 and 12.5–75 µg/ml respectively. The 
correlation coefficient of diosmin and hesperidin was found 
to be 0.99975 and 0.99968 respectively. Calibration curves of 
diosmin and hesperidin are shown in Figure 4.

LOD and LOQ (µg/ml)
LOD for diosmin and hesperidin was found to be 

0.405 and 0.045 µg/ml respectively.

Optimized chromatographic conditions 
Optimized chromatographic conditions and 

chromatogram are shown in Table 5 and Figure 3.

Analytical method validation
The optimized method was validated by different 

parameters like system suitability, linearity, range, LOD, LOQ, 

Table 5. Optimized chromatographic conditions.

Parameters Conditions

Instrumentation Waters HPLC with autosampler and 
PDA detector

Injection volume 10 µl

Mobile phase Acetonitrile: KH2PO4 pH-2.0/formic 
acid (40:60)

Column
Agilent ZORBAX-SB C18 

(250 × 4.6 mm, 5 µm)

Detection wavelength 222 nm

Flow rate 1 ml/minute

Runtime 8 minutes

Mode of separation Isocratic mode

Figure 3. Optimized chromatogram.

Table 6. Summary of validation parameters.

Parameters Diosmin Hesperidin Limits

Linearity range (µg) 112.5-–675 µg/ml 12.5–75 µg/ml
R2 = 0.999

Regression coefficient 0.99975 0.99968

Assay (%mean assay) 100% 99.8%

System suitability (%RSD) 0.18 0.33 RSD < 2

System precision (%RSD) 0.18 0.33 RSD < 2

Method precision (%RSD) 0.44 0.81 RSD < 2

Intermediate precision (%RSD) 0.55 0.92 RSD < 2

Accuracy 100.43% 100.03% 98%–102%

LOD 0.405 µg/ml 0.045 µg/ml -

LOQ 1.35 µg/ml 0.15 µg/ml -

Flow minus (0.9 ml/minute) 0.28 0.23

RSD < 2

Flow plus (1.1 ml/minute) 0.12 0.29

  Low pH  0.14 0.47

High pH 0.16 0.11

Organic phase plus (44:56) 0.15 0.61

Organic minus (36:64) 0.29 0.63
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LOQ for diosmin and hesperidin was found to be 1.35 
and 0.15 µg/ml respectively.

Accuracy
The conventional addition procedure was used to create 

three levels of accuracy samples. Triplicate injections were 
administered for accuracy, and the mean %recovery for diosmin 
and hesperidin appeared 100.43% and 100.03%, subsequently.

Robustness
In all conditions, the %RSD was less than 0.2. Hence, 

this method was robust. 

Assay
10 ml of the sample was injected into the 

chromatographic system, measuring the areas for hesperidin 

and diosmin peaks. Sample chromatograms are shown in 
Figure 5.

Degradation studies
Insignificant degradation was not found throughout 

the study under stress conditions. The highest degradation was 
observed in peroxide conditions. The purity angle was found to 
be less than the threshold angle in all degradation conditions. 
FD results are shown in Table 7.

CONCLUSION
The current work presents the development and 

validation of an AQbD-assisted RP-HPLC technique. 
Preliminary trials were performed using HPLC, optimized 
chromatographic conditions were obtained by using response 
surface methodology with CCD 23 factorial design. Two factors 
were selected as mobile phase composition and pH and three 
responses i.e. plate count, resolution, and tailing factor were 
optimized using statistical ANOVA. Out of 13 experimental 
runs, the sixth run was chosen for optimization. Residual plots 
reveal the interrelationship effects of factors and responses. All 
the validated parameters were found within acceptable limits. 
The present developed and validated approach was linear, 
precise, reliable, accurate, robust, and rugged. Hence, this 
method was used for routine analysis.
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Figure 4. Calibration curves for diosmin and hesperidin.

Figure 5. Chromatogram of sample.

Table 7. FD results for diosmin and hesperidin.

Conditions
Diosmin Hesperidin

% Deg Purity 
angle

Purity 
threshold

% 
Deg

Purity 
angle

Purity 
threshold

Control 0 1.427 2.132 0 2.869 8.044

Acid 12.1 1.444 2.124 11.2 2.855 8.025

Alkali 12.9 1.416 2.165 11.8 2.817 8.054

Peroxide 14.7 1.482 2.154 13.6 2.828 8.073

Reduction 10.6 1.469 2.163 10.5 2.854 8.054

Thermal 11.7 1.485 2.119 2.1 2.803 8.077

Photolytic 2.8 1.497 2.105 4.0 2.865 8.041

Hydrolysis 1.2 1.458 2.172 1.7 2.827 8.079
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