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Background: In recent times, product quality has been a primary focus in the 
pharmaceutical industry. The quality by design (QbD) strategy contributes to higher 
productivity through the application of several approaches, such as process analytical 
technology (PAT), analytical target profiling (ATP), critical quality attribute (CQA) 
assessment, and quality target product profiling (QTPP) (QTPP).

Objectives: To summarize the quantitative applications of HPLC, HPTLC, UPLC and 
UHPLC by applying Analytical Quality by Design.

Methods: This article shows current quantitative applications of Analytical 
QbD in analytical method development like HPTLC (High-Performance Thin Layer 
Chromatography), HPLC (High-Performance Liquid Chromatography), UPLC (Ultra-
Performance Liquid Chromatography) and UHPLC (Ultra-High-Performance Liquid 
Chromatography) for more than 60 drugs.

Result: To demonstrate drug quality, the ICH recommendations Q8, Q9, and Q10 
for pharmaceutical development, quality risk management, and pharmaceutical 
quality management, respectively, have been produced.

Conclusion: All found methods required very less time for detection and it 
improves the quality by applied all analytical methods. 

Abbreviations: QBD: Quality by Design; PAT: Process Analytical Technology, ATP: 
Analytical Target Profiling, CQA: Critical Quality Attribute, QTPP: Quality Target 
Product Profiling; CMC: Chemical, Manufacturing, and Control; TPQP: Target Product 
Quality Profile; CPP: Critical Process Parameters; RPN: Risk Priority Number; HPTLC: 
High-Performance Thin-Layer Chromatography; HPLC: High-Performance Liquid 
Chromatography; UHPLC: Ultra-High-Performance Liquid Chromatography; RP-HPLC: 
Reversed-Phase High Performance Liquid Chromatographic Method; API: Active 
Pharmaceutical Ingredient

Introduction to Quality by Design (QBD) 
 The pharmaceutical industry develops a high-quality product 

that is both safe and efficient. Not only does QbD improve the 
quality of the final product, but it also improves the quality of the  

 
entire production process. Finally, the product must satisfy patient’s 
demands as well as experimental results [1]. Various regulatory 
bodies are concerned with product safety. Manufacturing costs 
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can be reduced by adopting PAT, CQA, and ATP. The strategies for 
developing goods vary from industry to industry. The substance is 
of high quality since it is contamination-free, resulting in a proper 
therapeutic effect [2]. For the development of a product, either 
an empirical or a systematic method, or both, can be employed; 
however, when implementing QbD, the systematic approach is 
used more [3]. A systematic approach facilitates designing the 
production process and accelerates formulation development, 
which results in a product worthy of being evaluated in a clinical 
trial. For goods with minimal risk of chemical, manufacturing, and 
control (CMC) modifications in post-approval manufacture, the 
FDA wants to reduce the regulatory filing requirement [4].

Design 

i. Product should fulfil a patient’s demands.

ii. Product should be of good quality.

iii. The starting unprocessed materials will affect the product. 

Definition of Quality by Design (QBD)

A systemic approach to development begins with predefined 
objectives and emphasizes product and process understanding 
and process control, based on sound science and quality risk 
management.

Benefits of QBD 

i. It improves the Quality of Product.

ii. It provides a better understanding of manufacturing.

iii. It increases production.

iv. Chances of batch failure are less.

v. The investigations are not costly [5-7].

vi. It reduces the time for manufacturing.

vii. The deviation is minimized.

viii. Less time is required.

ix. It gives a better understanding of manufacturing processes.

x. It reduces the time for testing. 

xi. It builds patient’s confidence [8,9].

xii. It provides a positive environment.

xiii. The economic rate is high.

It is for better development. 

Opportunities 

i. It is efficient and flexible.

ii. It validates the process.

iii. It increases efficiency and potency.

iv. It reduces costs [10].

v. The speed for production is more. 

vi. It reduces batch rejections.

vii.  Scientific knowledge is more for all products. 

viii. For various issues, better interact with industry, 

ix. Chance of risk management is less [11].

Steps involved in QbD

The Target Product Quality Profile (TPQP): TPQP has been 
intended for quality of a drug product that will reach to secure 
the good product TPQP is defined as ,“prospective and dynamic 
summary of the quality characteristics of a drug product that 
ideally will be achieved to ensure that the desired quality, and 
thus the safety and efficacy, of a drug product is realized”. Thus 
safety, quality and efficacy of a drug is perceived. It cover strength 
of dosage form (s), route of administration of drug, therapeutic 
index , and pharmacokinetic parameters such as aerodynamic 
performance , Drug dissolution , relevant quality product its dosage 
form has been developed and product quality criteria such as purity 
and sterility suitable for the design of sells product [12].

Critical Quality Attribute: After the TPQP the next step 
involved is Critical quality attributes. CQA has been defined as 
“a physical, chemical, biological, or microbiological property or 
characteristic that should be within an appropriate limit, range, 
or distributed to ensure the desired product quality”. As per the 
ICH Q9 [12]. Guidelines identification of CQAs is done by risk 
assessment. For making risk assessments the knowledge of product 
required such as accumulated laboratory, clinical and non-clinical 
experience with certain product-quality attribute.

Critical Process Parameter: “Parameters whose variability 
have an impact on a CQA and therefore should be monitored or 
controlled to ensure the process produces the desired quality” 
are defined as Critical process parameters (CPPs). The ability of a 
process to demonstrate acceptable quality and performance and 
tolerate variability in inputs at the same time is defined as Process 
robustness. Process capability Should be considered. To indicate 
the uniformity and reproducibility of a process. The Six Sigma is 
popularly accepted for process capability. Process capability index is 
the statistical a process ability to build output within specific range 
[12]. Process capability index (CpK) = Upper limit of specification - 
Lower limit of specification / 6 standard deviation.

Risk Assessment: Quality risk management is a systemic 
approach for a control, communication and risk of a drug product 
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quality of a lifecycle. The parameter that can affect CQAs can be 
reduced by QRA (Quality risk assessment. QRA is a process that 
can recognizes CPPs and lead to remove risk. Thus, Quality product 
achieved. By using QRA many parameters can remove such as FMEA 
(Failure mode effect analysis) and Ishikawa diagrams. FMEA lead to 
identified a failure occur in a pharmaceutical product, detectability, 
Risk priority number (RPN). Ishikawa diagrams segregate risks 
into different categories [12].

Design Space: The ICH Q8(R2) States that the design space is 
multidimensional combination and interaction of input variables 
(e.g., material attributes) and process parameters that have been 
demonstrated to provide assurance of quality. chance is not mean 
by doing work within a design. chance is considered as doing 
work out of design .and would begin a change in post approval 
process. Design space is implemented for approval and regularly 
assessment. It is necessary to verified a Design space at commercial 
scale unless it is independent. Because Design space is dependent 
on equipment so it may vary from lab level to industry. 

Control Strategy: The capability to assess and secure the 
quality in-process and in final product. ICH Q8 (R2). Control 
strategy is defined as “a planned set of controls, derived from 
current product and process understanding that assures process 
performance and product quality”. In QbD the control strategy is 
established with risk assessment the criticality of the CQA is taken 
into consideration. The control strategy include various element 
such as process monitoring, characterization testing, procedural 
controls , in process controls , lot releasing testing , stability testing 
. It may incorporate with raw material attributes. environmental 
condition and operating systems that may impact on downstream 
process. e.g. Degradation is may affected by drying parameters [12].

Analytical Quality by Design Approach to Test 
Method Development and Validation in Drug 
Substance Manufacturing

The product Quality has been taken consideration in 
pharmaceutical industry. For increasing Product quality there 
are various tools such as PAT. The growth in manufacturing is 
necessary to have a Scientific knowledge. It will decrease the risk 
which leads to increasing in the productivity and quality. Applying 
the Principle of QbD to Analytical Method Which reduce the change 
of poor method robustness and thereby ensure that product 
meet its performance requirement. The Knowledge obtain during 
development which will support process control and design space. 
Thus, same method of QbD is apply to analytical and as “Analytical 
QbD”. AQbD consist of various tools like CQA, ATP (Analytical Target 
Profile) [11,12].

ATP (Analytical Target Profile)

ATP is for development process of an analytical Method. The 
purpose is for Design Method selection and development activities. 
ATP leads an improvement in Analytical method. The method 
is selected based on targeted analytes like API, products and 
impurities. To apply AQbD analytical methods has to be selected 
like HPLC, GC and HPTLC [11,12]. 

Quantitative Applications of Analytical Quality by 
Design

Quantitative applications by HPTLC, HPLC, UPLC and UHPLC 
method are given in Tables 1-4 respectively.

Table 1: Quantitative Applications of HPTLC by AQbD approach.

Sr. No. Drugs Experimental Condition Dependent 
Variable (y)

Independent Variable 
(x) Ref. No.

1.

Aliskiren,

Amlodipine and

Hydrochlorothiazide

Type of plate: Precoated silica gel aluminium 
plate 60F 254 (10 X 10cm)

Mobile phase: Acetonitrile: methanol: strong 
ammonia (10:10:0.1)

Y1 =

Resolution

X1 =

mobile phase concen-
tration

X2= wavelength

Patel T [14]

2. Anagliptin

Type of plate: Precoated silica gel aluminium 
plate 60F 254 (10 X 10cm)

Mobile phase: Dichloromethane: Methanol 
(9.06:0.94)

Y1 =

Resolution X1 = mobile phase ratio Patil AS [15]

3.

Duloxetine HCl

And

Methylcoblamin

Type of plate: Precoated silica gel aluminium 
plate 60F 254 (10 X 10cm)

Mobile phase: Propanol water: 25%v/v am-
monia Solution

Y1 =

Resolution

Saturation time 
20min

X1 = mobile phase ratio

X2 = methanol concen-
tration

Sheladia S [16]
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4. Propafenone HCl

Type of plate: Precoated silica gel aluminium 
plate 60F 254 (10 X 10cm)

Mobile phase: Methonal: ethyl Acetate: tri-
ethylamine (1.5 :3.5 :0.4v/v)

Y1 =

Resolution

X1 = mobile phase ratio

X2= methanol concen-
tration

Jadhav ML [17]

5. Fisetin

Type of plate: Precoated silica gel aluminium 
plate 60F 254 (10 X 10cm)

Mobile phase: Toluene: ethyl acetate: formic 
acid: methanol (3:5.5:1:0.5,v/v/v/v)

Rf: (0.74)

Y1: Resolution

Y2: Plate Num-
ber

Y3: Tailing 
Factor

X1 =

mobile phase ratio

X2= Flow Rate

Moolakkadath T 
[18]

6. Forskolin

Type of plate: Precoated silica gel aluminium 
plate 60F 254 (10 X 10cm)

Mobile phase:

Ethyl Acetate: hexane: formic acid

(7 :2.9 :0. v/v)

Rf: 0.25 ± 0.02

Y1 = Resolution X1 = mobile phase ratio Khan N [19]

7.

Nadifloxacin, Mometa-
sone

furoate

and

Miconazole

nitrate

Type of plate: Precoated silica gel aluminium 
plate 60F 254 (10 X 10cm)

Mobile phase: Methanol: ethyl acetate: tolu-
ene: acetonitrile: ammonium formate in water

(1: 2.5: 6.0: 0.3: 0.2, %v/v/v/v)

Rf: ND 0.23

MF 0.70

MN 0.59

Y1: Resolution
X1 =

mobile phase ratio
Patel K [20]

8.

Methotrexate (MTX),

Sulfasalazine

(SSZ),

Hydrochloroquine

(HCQ)

Type of plate; Precoated silica gel aluminium 
plate 60F 254 (10 X 10cm)

Mobile phase: Ethyl acetate:Methanol: ammo-
nia (8:2:3,% v/v/v)

Rf: MTX 0.31± 0.03

SSZ 0.62 ± 0.02

HCQ 0.83± 0.03

Y1: Resolution
X1 =

mobile phase ratio Wesam M [21]

9.

Olmesartan,minoxidil, 
Amlodipine besylate 
and Hydrochlorothi-

azide

Type of plate; Precoated silica gel aluminium 
plate 60F 254 (10 X 10cm)

Mobile phase: Chloroform: Methanol: Formic 
acid

(8.5: 1.5: 0.25v/v/v)

Rf: OLME 0.57 ± 0.02

AMLO 0.36 ± 0.04

HCTZ 0.21 ± 0.02

Y1: Resolution
X1 =

mobile phase ratio

X2= peak area

J Saminathan [22]

10.
Alogliptin benzoate and 

pioglitazone Hydro-
chloride

Type of plate; Precoated silica gel aluminium 
plate 60F 254 (10 X 10cm)

Mobile phase: Acetonitrile: ammonium acetate 
in methanol (4.5:5.5, v/v)

Rf =

ALG 0.43

PIO 0.88

Y1: Resolution

X1 =

mobile phase ratio

X2= peak area

Sharma K [23]
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11. Chlorthalidone and 
Cilnidipine

Type of plate; Precoated silica gel aluminium 
plate 60F 254 (10 X 10 cm)

Mobile phase: Methanol: Water

(3.2:1.8, v/v)

Rf = CHL:0.79± 0.02

CIL:0.81± 0.02

Y1: Resolution
X1 =

mobile phase ratio Rathod RH [24]

Table 2: Quantitative Applications of HPLC by AQbD approach.

Sr.no. Drugs Method parameter Dependent variable (y) Independent variable (x) Ref. No.

1. Aspirin and Ome-
prazole

Type of column: RP 18 column 
(250×4.6mm, 5µm)

Mobile phase: Methanol: Disodium hy-
drogen phosphate buffer (68:32 v/v)

Flow rate: 1.15mL/min

Retention time: ASP: 2.94

OMP: 5.87

Y1 =

(Retention time): ≤ 10

Y2 =

(Tailing factor): ≤ 1.5

X1 = % organic modifier

X2 = pH

X3 = flow rate (mL/min)

Chandarana 
C [25]

2. Artemether and 
Lumefantrine

Type of column:

RP 18 column (250×4.6mm, 5µm)

Mobile phase:

Acetonitrile:

Buffer

(35:65 v/v) pH adjusted to 2.5 with 
buffer H3PO4

Flow rate:

1.5mL/min

Injection volume: 10µL

Retention time:

ART: 4.44

LUM: 7.84

Y1 =

(Retention time):

MINI: 6.45

MAXI: 11.55

Y2 =

(Peak area):

MINI: 2007

MAXI:282266

Y3 =

(Peak asymmetry):

MINI: 0

MAXI: 7.63

X1 = pH

X2 = mobile phase com-
position

Singh P [26]

3.
Saxagliptin and

Dapagliflozin

Type of column:

RP 18 column (250×4.6mm, 5µm)

Mobile phase:

Acetonitrile:

Orthophosphoric acid (0.1%)

(50:50)

Flow rate:

0.98mL/min

Retention time:

SAXA:2.81

DAPA:3.49

Y1 =

(Retention time): < 6min

Y2 =

(Resolution): 4.45

X1 = mobile phase com-
position

X2 = flow rate (mL/min)

X4 = column Temperature

Jayaprakash 
J [27]

https://dx.doi.org/10.26717/BJSTR.2022.42.006768


Copyright@ CV Chandarana | Biomed J Sci & Tech Res | BJSTR. MS.ID.006768.

Volume 42- Issue 3 DOI: 10.26717/BJSTR.2022.42.006768

33719

4. Ibuprofen and 
Famotidine

Type of column: RP 18 column 
(250×4.6mm, 5µm)

Mobile phase:

0.01M ammonium acetate buffer (pH 4): 
methanol: acetonitrile

(35:65)

Flow rate: 1.0mL/min

Retention time:

IBU : 8.68

FAM: 4.45

Y1 =

(Capacity factor)

Y2 =

(Resolution)

Y3 =

(Retention time)

X1 = mobile phase com-
position

X2 = buffer strength

X3 = buffer pH

Thakur D [28]

5.
Gliclazide and 

Metformin hydro-
chloride

Type of column:

RP 18 column (250×4.6mm, 5µm)

Mobile phase:

Water: Methanol:

Acetonitrile:

Triethylamine

(60:20:20:0.5)

Flow rate:

1.0mL/min

Retention time:

IBU : 8.68

FAM: 4.45

Y1 =

(Resolution)

X1 = (mobile phase ratio)

X2 = (flow rate)

X3 = (column tempera-
ture)

X4 = (pH)

Manikandan 
K [29]

6.
Benzocaine and

Diclofenac

Type of column:

RP 18 column (150×4.6mm, 5µm)

Mobile phase:

Acetonitrile:

Water (60:40)

pH adjusted to 3.5 with buffer ortho 
phosphoric acid

Flow rate: 1.0mL/min

Retention time:

6.5

Y1 = (Capacity factor)

Y2 = (Resolution)

Y3 = (Retention time)

X1 = (content of acetoni-
trile in mobile phase)

X2 = (flow rate)

X3 = (pH)

Roma N [30]

7.
Rifampicin and

Levofloxacin

Type of column:

RP 18 column (250×4.6mm, 5µm)

Mobile phase:

0.03M Potassium dihydrogen phosphate 
buffer (pH 3.0):

Acetonitrile

(55:45 % v/v)

Flow rate:

0.8mL/min

Retention time:

RIF: 4.86 ±0.395

LFX: 2.92±0.447

Y1 = (Retention factor of 
LFX)

Y2 = (Retention factor of 
RIF)

Y3 = (Asymmetric factor)

X1 = (volume of acetoni-
trile in mobile phase)

X2 = (pH of mobile phase)

X3 = (flow rate)

Raja T [31]
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8.

Levocetirizine and 
montelukast

Type of column:

C 18 column (4.6×150mm, 5µm)

Mobile phase: Acetonitrile: ammonium 
acetate

(65:35% v/v)

Flow rate: 1.0mL/min

Retention time:

LEVO: 3.045

MONT:6.259

Y1=

Theoretical plate

Y2 = (Tailing Factor)

Y3 =

(Retention time)

X1 = (flow rate)

X2 = (Mobile phase)

Karode K [32]

9. Ternidazole
Type of column:

RP 18 column (250×4.6mm, 5µm)

Mobile phase:

Methanol: water

(70 :30 v/v)

Flow rate:

1.0mL/min

Retention time:

3.21min

Y1 = (Retention time)

Y2 = (No. of theoretical 
plates)

X1 = (mobile phase con-
centration)

X2 = (flow rate)

Shah A [33]

10 Roflumilast

Type of column:

RP 18 column (150×4.6mm, 5µm)

Mobile phase:

Acetonitrile:

Potassium Dihydrogen phosphate buffer 
(pH 6) (65: 35 v/v)

Flow rate:

1.0mL/min

Retention time:

5.34min

Y3 = (Tailing factor)

Y1 = (Retention time)

Y2 = (Tailing factor)

X3 = (wavelength)

X1 = (% organic modifier)

X2 = (flow rate)

X3 = (pH)

Chaphekarm 
M [34]

11

Vildagliptin Type of column:

RP 18 column (250×4.6mm, 5µm)

Mobile phase:

Acetonitrile:

Methanol (70:30) adjust to pH 6 by 
buffer

Flow rate:

1.0mL/min

Retention time:

7.21min

Y1 = (Retention time)

Y2 = (Tailing factor)

X1 = (% organic phase)

X2 = (% organic modifier)

X3 = (pH)

Singh V [35]
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12 Lamivudine and 
Raltegravir

Type of column:

RP 18 column (150×4.6mm, 5µm)

Mobile phase:

Acetonitrile:

Methanol: (0.05mM) Phosphate buffer 
(pH 3)

(15:75:10)

Flow rate:

1.2mL/min

Retention time:

LAM:3.13±0.07

RAL: 7.27±0.01

Y1 = (Retention time)

X1 = (concentration of 
methanol)

X2 = (pH)

X3 = (flow rate)

Gholve S [36]

13 Melatonin

Type of column:

RP 18 column (150×4.6mm, 5µm)

Mobile phase:

Methanol

Flow rate:

1.0mL/min

Retention time:

15.69±0.20

Y1 = (Peak area)

Y2 = (Retention time)

X1 = (flow rate)

X2 = (wavelength)

Dalal A [37]

14 Pyrazinamide

Type of column:

RP 18 column

(300×3.9mm, 10 µm)

Mobile phase:

Phosphate buffer: Acetonitrile

(pH 3.0) (90:10)

Flow rate:

1.0mL/min

Retention time:

5.20min

Y1 = (Resolution)

X1 = (flow rate)

X2 = (acetonitrile conc. %)

X3 = (column oven tem-
perature)

X4 = (injection volume µL)

X5 = (detection wave-
length)

Awotwe otoo 
D [38]

15 Protamine sulphate

Type of column: C 18 (150×4.6mm, 5 
µm)

Mobile phase:

100mm monosodium phosphate buffer 
pH 2.25, 1.8% acetonitrile and 0.3% 

methanol.

Flow rate:

1.0mL/min

Retention time:

7.2min

Y1 = (Resolution)

Y2 = (Tailing factor)

X1 = (flow rate)

X2 = (pH)

X3 = (column oven tem-
perature)

X4 = (injection volume µL)

X5 = (methanol concen-
tration)

Puranpole A 
[39]
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16 Meloxicam

Type of column:

RP 18 column (250×4.6mm, 5µm)

Mobile phase:

60% Methanol and 40% Water.

Flow rate:

0.8mL/min

Retention time:

6.3min

Y1 = (Tailing factor)

X1 = (% composition of 
mobile phase)

X2 = (flow rate)

X3 = (wavelength)

Yadav N [40]

17. Ketoprofen

Type of column:

RP 18 column (150×4.6mm, 5µm)

Mobile phase: Methanol: Phosphate 
buffer (13mm KH2PO4 adjusted to pH 

6.5 with H3PO4)

(50:50 v/v)

Flow rate:

1.0mL/min

Retention time:

KT 5.9min

Y1 = (Theoretical plates)

Y2 =

(Peak tailing)

X1 = (mobile phase ratio)

X2 = (pH of mobile phase 
buffer)

X3 = (Flow rate)

X4 = (injection volume µL)

X5 = (column oven tem-
perature)

X6 = (column dimension-
mm)

X7 = (wavelength)

Jain A [41]

18 Raloxifene

Type of column:

RP 18 column (250×4.6mm, 5µm)

Mobile phase:

Methanol: Sodium acetate buffer (pH 4) 
(50:50 v/v)

Flow rate:

1.0mL/min

Retention time:

7.0min

Y1 = (Tailing factor)

Y2 = (Theoretical plates)

X1 = (Flow rate)

X2 = (injection volume µL)

X3 = (mobile phase ratio)

X4 = (column oven tem-
perature)

Singh P [42]

19 Tamoxifen Citrate

Type of column:

RP 18 column (250×4.6mm, 5µm)

Mobile phase:

Acetonitrile: Phosphate buffer (pH 3.0)

(55:45 v/v)

Flow rate:

0.7msL/min

Retention time:

4.05min

Y1 = (Peak area)

Y2 = (Retention time)

Y3 = (Theoretical plates)

Y4 = (Peak tailing)

X1 = (mobile phase ratio)

X2 = (pH of mobile phase 
buffer)

X4 = (column oven tem-
perature)

Maria RM 
[43]
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20

Gatifloxacin, Levo-
floxacin, Lomeflox-

acin,

Pefloxacin fluoro-
quinolonic

Type of column:

RP 18 column (125×4mm, 5µm)

Mobile phase:

Water: Acetonitrile (80:20, v/v) (pH 3.3

Flow rate:

1.0mL/min

Retention time:

GAT: 4.14

LEV: 2.37

LOM: 2.81

PEF: 2.56

Y1 = (Retention Time)

Y2 = (Theoretical plates)

X1 = (Flow rate)

X2 = (mobile phase ratio)

E Calleri [44]

21

Isoniazid, pyr-
azinamide and 

rifampicin

Type of column:

C18 (150×4.6mm, 5 µm)

Mobile phase:

Acetonitrile: Phosphate Buffer (3:97, 
v/v) (pH 3.5)

Flow rate:

1.0mL/min

Retention time:

ISN: 4.380 0.84

PYR: 8.021 ± 0.77

RIF: 31.366 ± 0.67

Y1 = (Retention time)

Y2 = (Resolution time)

Y3 = (Tailing factor)

X1 = (Mobile phase ratio)

X3 = (flow rate)

Peraman R 
[45]

22 Terofenamate

Type of column:

C 18 column (250×4.6mm, 5µm)

Mobile phase:

Methanol and triethylamine in water 
(10mm,

85: 15% v/v) pH adjusted to 6.5

Flow rate:

1.2mL/min

Retention time

5.3min

Y1 = Retention time

X1 = (Flow rate)

X2 = (mobile phase ratio)

Bhusnure O 
[46]

23

Risperidone and

Benzoic acid

Type of column:

C 18 column (150×4.6mm, 5µm)

Mobile phase:

Methanol and water (50:50 v/v)

Flow rate:

0.8mL/min

Retention time:

RIS = 3.046

BAS = 4.162

Y1 = (Tailing factor)

Y2 = (Theoretical plates)

Y3 = peak area

X1 = (buffer pH)

X2 = (wavelength)

X3 = (flow rate)

Patel K [47]
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24 Aspirin and sim-
vastatin

Type of column:

C 18 column (250×4.6mm, 5µm)

Mobile phase:

Acetonitrile and potassium dihydrogen 
orthophosphate buffer (83: 89:16.11, 

v/v) pH adjusted to 2.9 using orthophos-
phoric acid

Flow rate:

0.93mL/min

Retention time:

Asp: 2.49

Sim:1.18

Y1=Tailing Factor

Y2 = Theoretical plates

Y3 = Resolution time

Y4 = Retention tim

X1 = (Molarity of buffer)

X2 = (Volume of acetoni-
trile)

X3 = (flow rate)

Ashu M [48]

25
Citicoline and

Piracetam

Type of column:

C 18 column (250×4.6mm, 10mM)

Mobile phase:

Acetonitrile and disodium hydrogen 
phosphate buffer (10:90, v/v)

Flow rate:

1.0mL/min

Retention time:

CIT =3.79

PIR=13.08

Y1= Retention time

X1 = (Flow rate)

X2 = (mobile phase ratio)

X3= (mobile phase ratio

Peraman R 
[49]

26 Ciprofloxacin and 
Hydrocortisone

Type of column:

C 18 column (150×4.6mm, 5µm)

Mobile phase: Acetonitrile and TEA 
70:30% v/v), pH 6.0

Flow rate:

1.0mL/min

Retention Time:

CYP :2.3

HYD:2.8

Y1 = (Retention time)

Y2 = (Theoretical plates)

Y3 = (Resolution time)

X1 = (Organic phase)

X2 = (buffer)

X3= (type of column)

X4= (flow rate)

X5=(pH)

Alexander H 
Schmidt [50]

27

Ebastine

Type of column:

C 18 column (50×2.1mm, 1.7µm)

Mobile phase:

Acetonitrile: 2 propanol (1:1, v/v)

(pH 6.2)

Flow rate:

1.0 mL/min

Retention Time:

EBS 3.5min

Y1 = (Resolution time)

Y2 = (Retention time)

Y3 = (Theoretical plates)

X1 = (mobile phase ratio)

Bondea S [51]
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28 Paclitaxel and 
vinorelbine tartrate

Type of column:

C18(4.6mm,100mm, dp 5µ)

Mobile phase:

Acetonitrile: Ammonium acetate (55:45, 
v/v) pH adjusted to 3.2 using orthophos-

phoric acid

Flow rate:

1mL/min

Retention time:

PCl: 2.41

VT: 4.86

Y1= (Retention time)

Y2 = (Tailing Factor)

X1 = (mobile phase ratio)

X2= (Flow rate)

Shah P [52]

29 Rifampicin and 
Ofloxacin

Type of column:

C 18 column (250×4.6mm, 5µm)

Mobile phase:

Potassium dihydrogen phosphate buffer: 
Acetonitrile (55:45 v/v), pH 3

Flow rate:

0.8mL/min

Retention time:

OFX: 2.91min

RIF:4.87min

Y1 = (Resolution time)

Y2 = (Retention time)

Y3 = (asymmetric Factor)

X1 = (mobile phase ratio)

X2 = (Buffer concentra-
tion)

X3= (Flow rate)

X4=(Wavelength)

Sistla R [53]

30.

Ezetimibe

Type of column:

C 18 column (100×4.6mm, 3.5µm)

Mobile phase:

1 heptane sulfonic acid: Acetonitrile 
(30:70, v/v), pH 6.8

Flow rate:

0.5mL/min

Y1 = (Retention time)

Y2 = (Peak Area)

X1 = (mobile phase ratio)

X2= (Flow rate)

Mohammadi 
A [54]

32.

Atorvastatin and 
Amlodipine

Type of column:

C 18 column (250×4.6mm, 5µm)

Mobile phase:

Acetonitrile: NaH2PO4 Buffer (55:45, 
v/v) pH adjusted to 4.5

Flow rate:

1mL/min

Retention Time:

AM: 4.3min

AT:9.5min

Y1 = (Retention time)

Y2 = (Resolution time)

X1 = (mobile phase ratio)

X2= (Flow rate)
Franeta J [55]
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33.

Acetyl salicylic 
acid, paracetamol, 
caffeine, and phe-

nobarbital

Type of column:

C 18 column (250×4.6mm, 5µm)

Mobile phase:

Acetonitrile: water (25:75, v/v) pH 
adjusted to 2.5

Flow rate:

2mL/min

Retention Time:

ASL: 3.33min

PCM:4.80min

Caf: 3.64

PHE:3.65

Y1 = (Retention time)

Y2 = (Resolution time)

X1 = (mobile phase ratio)

X2= (Flow rate)
Dongre V [56]

34.

Metoprolol Succi-
nate and Amlodip-

ine

Type of column:

C 18 column

(250×4.6mm, 5µm)

Mobile phase:

Triethylamine: acetonitrile

(85:15 v/v) pH adjusted to 3

Flow rate:

mL/min

Retention Time:

MS: 4.490

AB: 3.9

Y1 = (Retention time)

Y2 = (Theoretical plate)

X1 = (mobile phase ratio)

X2= (Flow rate)

Wankhede S 
[57]

35.

Telmisartan

and Hydrochloro-
thiazide

Type of column:

C18 (25 cm×4.6mm I.D)

Mobile phase:

acetonitrile:0.05 M KH2MPO4 (60:40 
v/v)

Flow rate: 1.0mL/min

Retention time:

TEL 5.19

HTZ 2.97

Y1 = (Retention time)

Y2 = (Tailing Factor)

Y3= (Resolution time)

Y4= (Theoretical plate)

X1 = (mobile phase ratio)

X2= (Flow rate)

Rathinavel G 
[58]

35. Cefixime and Clox-
acillin

Type of column:

C18 column (5ìm, 25 cm x 4.6mm)

Mobile phase:

phosphate buffer (pH 5.0),

acetonitrile and methanol in the ratio 
80:17: 3 v/v/v)

Flow rate:

5mL/min

Retention time:

Cefixime 5.657

Cloxacillin 6.200min.

Y1 = (Resolution time)

Y2 = (tailing Factor)

Y3= (Retention Factor)

Y4= (Theoretical Factor)

X1 = (mobile phase ratio)

X2= (Flow rate)

Singh V [59]
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36.
Cilnidipine, Aten-
olol and chlortha-

lidone

Type of column:

(250mm × 4.6mm, 5m) column

Mobile phase:

Methanol and Triple distilled water 
80:20 (v/v) pH 7

Flow rate:

1mL/min

Retention time:

CDP ; 3.25min

ATL; 5.366min

CTD; 9.025min

Y1 = (Resolution time)

Y2 = (tailing Factor)

Y3= (Retention Factor)

X1 = (mobile phase ratio)

X2= (Flow rate)

Kumar P [60]

Table 3: Quantitative Applications of UPLC by AQbD approach.

Sr. no. Drugs Method parameter

Dependent 
variable

(y)

Independent 
variable

(x)

Ref

No.

1 Ibuprofen and Paracetamol

Type of column:

RP 18 column (250×4.6mm, 5µm)

Mobile phase: Buffer (pH 3): Acetonitrile

(70:30 v/v)

Flow rate: 1.0mL/min

Y1 =

Resolution

X1 = (flow rate)

X2 = (column 
temperature)

Perama R [61]

2 Acyclovir and Hydrocortisone

Type of column:

C 18 column (250×4.6mm, 5µm)

Mobile phase:

(pH 6)

Flow rate:

0.9mL/min

Retention time:

ACY: 3.4min

HYD: 9.1min

Y1 = (Resolution 
time)

Y2 = (Retention 
time)

Y3 = (Separa-
tion Factor)

Y4 = (Peak 
tailing)

X1 = (mobile 
phase ratio)

X2 = (pH)

X3= (flow rate)

Velusamy B 
[62]

3 Apixaban

Type of column:

CN 3 column (150×4.6mm, 5µm)

Mobile phase:

Methanol: Water (50.2:49.8 % v/v)

Flow rate:

1.015mL/min

Y1 = (Retention 
time)

Y2 = (Tailing 
Factor)

X1 = (mobile 
phase ratio)

X2= (Flow rate)

Chamarthi R 
[63]
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4 Amlodipine

Type of column:

C18 column (150×4.6mm, 3µm)

Mobile phase:

Buffer:

Methanol: Acetonitrile (20:40:40 v/ v/v) pH 
adjusted to 2.8

Flow rate:

1.0mL/min

Y1 = (Resolution 
time)

Y2 = (Tailing 
Factor)

X1 = (mobile 
phase ratio)

X2= (Flow rate)

Raghava R 
[64]

5 Rabeprazole and Levosulpiride

Type of column: C 18 column (150×4.6mm, 5µm)

Mobile phase: Water: Methanol: Acetonitrile 
(50:38:37% v/v/v) pH adjusted to 3.0 ± 0.1

Flow rate: 0.25mL/min

Y1 = (Retention 
time)

Y2 = (Resolution 
time)

X1 = (mobile 
phase ratio)

X2= (Flow rate)

Beg S [65]

6 Olmesartanminoxidil

Type of column: RP 18 column (250×4.6mm, 5µm)

Mobile phase: Acetonitrile: water

(54:46 v/v)

Flow rate: 1.0mL/min

Y1 = (Retention 
time)

X1 = (mobile 
phase ratio) Alexander H 

[66]

7 Carbamazepine

Type of column: C 18 column (2.1mm × 100mm 
and 1.7 µm)

Mobile phase: Phosphoric acid and acetonitrile

Flow rate: 1mL/min

Y1=

(Resolution 
time)

X1 = (pH)

X2= (organic 
phase)

X3= (gradient 
time)

X4= (slope)

Cijo M [67]

8 Glipizide

Type of column: C 18 column (4.6mm × 50mm and 
1.8µm)

Mobile phase: Phosphate buffer: Acetonitrile 
(60:40% v/v)

Flow rate: 0.2mL/min

Y1=

(Retention time)

Y2= (Peak Area)

Y3= (Theoreti-
cal plate)

Y4= (Tailing 
Factor)

X1 = (Flow Rate)

X2= (Column 
Temperature)

Cijo M [68]

9 Metformin Hydrochloride

Type of column: C 18 column (2.1mm × 100mm 
and 1.7µm)

Mobile phase: Methanol and acetonitrile and phos-
phate buffer (30 :70%)

Flow rate: 0.20mL/min

Y1=

(Resolution 
time)

X1 = (Flow Rate)

X2= (wavelength)

X3= (column 
temperature)

X4= (Mobile phase 
ratio)

Cijo M [69]

10 Pioglitazone Hydrochloride

Type of column: C 18 column (2.1mm × 100mm 
and 1.7µm)

Mobile phase: acetonitrile and phosphate buffer 
(20 :80%)

Flow rate: 0.20mL/min

Y1=

(Resolution 
time)

X1 = (Flow Rate)

X2= (Mobile phase 
ratio)

Jaya Raju Ch 
[70]

11

Amodiaquine (AMD), Meflo-
quine(MFQ),Lumefantrine 

(LFN), Artesunate (ART) and 
Artemether (AMR)

Type of column: HSS Cyano column (100 x 2.1) 
mm, x 1.8 µm

Mobile phase: Ammonium formate buffer, and 
(0.04%) Formic acid and Methanol

Flow rate: 0.20mL/min

Y1=

(Retention time)

Y2= Tailing 
Factor

X1 = (Flow Rate)

X2= (Mobile phase 
ratio)

Schmidt A, 
Molnar I [71]
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Table 4: Quantitative Applications of UHPLC by AQbD approach.

Sr. No. Drugs
Experimental

Condition

Dependent

Variable (y)

Independent

Variable (x)

Ref.

No.

1 Ebastine

Type of column: C 18 column 
(2.1mm × 50mm and 1.7µm)

Mobile phase: acetonitrile/2-propanol 
(1:1)

Flow rate: 1mL/min

Y1=

(Resolution time)

X1 = (Flow Rate)

X2= (Column Tempera-
ture)

Schmidt A, Molnar 
I [71]

2 Perindoprile and Am-
lodipine

Type of column: SB 18 column (50×3.0mm 
×1.8µm)

Mobile phase: 0.1% perchloric acid and 
acetonitrile

Flow rate: 0.8mL/min

Y1 =

(Resolution)

X1 = (flow rate)

Jagan Mohan T 
[72]

Result and Discussion
As we know, quality by design is an approach to implement 

quality in pharmaceutical but analytical QbD is a new approach to 
implement quality and reduce cost in pharmaceutical analysis. In 
this review many chromatographic methods have been covered like 
HPLC, UPLC, UHPLC and impurity profiling. For chromatographic 
methods QbD has been implemented by design expert software 
using different designs like central composite design (CCD), 
fractional factorial design (FFD), box banchan design. Gundala 
A [13] has developed high performance liquid chromatographic 
method to estimate saxagliptin (SAXA) and dapagliflozin (DAPA), 
to determine the essential method parameters, a risk assessment 
was conducted. The mathematical models were created using three 
independent factors: mobile phase composition, flow rate, and 
column temperature. The response surface methodology and the 
results of these independent factors were studied using a central 
composite design (CCD), method was optimized by mobile phase 
ratio, flow rate and temperature considering as an independent 
variable. Another study was performed to develop a new responsive 
and robust stability indicating HPLC method based on a fractional 
factorial design (FFD) approach for the simultaneous estimation 
of gliclazide and metformin hydrochloride in tablets without prior 
separation. Preliminary tests were carried out to determine the 
essential attribute variables, with the Taguchi screening approach 
being used to a large extent. two retention time (Y1) and separation 
factor (Y2) models were obtained and statistically interpreted. 
Study of constructed models and contour plots yielded the 
chromatographic optimum range for each input variable (Xn). The 
predicted data for resolution time (Y1) and separation factor (Y2) 
from response models were statistically important [14-72].

For the simultaneous determination of relevant organic 
impurities of Ibuprofen and paracetamol in a combination solid 
oral dosage form by reverse phase high performance liquid 
chromatography, a stability suggesting QbD dependent gradient 

method was developed and validated using the principle of 
consistency by design (QbD) and the design of experiments (DoE) 
tool (RP-HPLC). Using the “Design-Expert® 8” software tool with 
a quadratic mode of central composite design, the most important 
critical quality attributes (CQA) of the established test method 
were chosen and evaluated (CCD). For purity testing of ebastine 
and its pharmaceutical formulations, a TA stability-indicating 
ultra-high-performance liquid chromatographic (UHPLC) method 
has been developed. The robustness of the established method 
was investigated by varying six parameters at three levels (+1, 
0, 1): gradient time, temperature, ternary composition of the 
eluent, flow rate, and gradient start and end concentration. The 
729 experiments that resulted were carried out in silico using the 
previously collected data.

Conclusion
Quality by Design (QbD) is an approach to design and develop 

predefined product quality. QbD is a method that will improve the 
consistency, protection and effectiveness of products. QbD would 
increase the output rate; in other words, by using QbD, the risk is 
reduced while the input is maximised. Analytical Quality by Design 
applies the same concepts of QbD to analytical processes. In the 
pharmaceutical industry, Analytical Quality by Design (AQbD) 
is critical for improving product quality. It is implemented in 
order to reduce the number of defective products. Also, increase 
production. The risk can be identified early on, resulting in a high-
quality finished product. The various Tools are PAT, CMC, Critical 
Quality Attributes (CQA), Quality target Product Profile, Continuous 
Method Monitoring, Method optimization, and development with 
DOE, MODR (Method Operable Design Region), and continuous 
improvement. AQbD requires the right ATP and Risk Assessment 
of correct tools for a suitable quantity of work within proper 
timelines. By application of AQbd, the analytical technique makes 
it easier to obtain the optimum values, which makes it easier for 
further analysis of the drug.
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The most critical process is analytical in drug production and 
the development of a product. 

In the whole process of all the stages of the drug product life 
cycle, it plays a major role in development. An Analytical Method 
should be accurate, precise, and reliable for the intended purpose. 
Among all Liquid Chromatography techniques are most commonly 
Utilized an Overview of this article using the development 
of a High-performance thin-layer chromatography (HPTLC), 
High-performance Liquid Chromatography (HPLC), Ultra-high-
performance liquid chromatography (UHPLC), reversed-phase 
high performance liquid chromatographic method (R-HPLC). The 
separation of analytes present in a sample is the key concept of 
an analytical method in the chromatographic method, which is 
developed using the QbD approach growth, which results in a high-
quality product. The most popular application is the assay of an 
active pharmaceutical ingredient (API) or determined degradation 
products. 
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