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INTRODUCTION

The immune system, enzymatic activities, growth, develop-
ment, repair and maintenance of the body all depend on vitamins,
which are vital organic chemical components needed in minute
quantities [1,2]. Deficiencies in vitamins can lead to variety of
physiological disorders or abnormalities, depending on specific
vitamin that lacking in the diets [3]. Examples of such disorders
include night blindness and mental retardation [4]. Nicotin-
amide (vitamin B3) is crucial for carbohydrate and cellular
metabolism for instance and DNA healing through its role in
nonredox adenosine diphosphate-ribose transfer reactions [5].
Cobalamin (vitamin B12) is a water soluble vitamin that contains
cobalt at its core and is also known as cyanocobalamin (CNM),
a term used for any cobalamins with similar biological functions
[6]. Cobalamin exists in four distinct forms such as methylco-
balamin, hydroxocobalamin, cyanocobalamin and 5′-deoxy-
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Developing methods for the analysis of hazardous chemicals and complex parenteral formulations is a challenging process. To address
these challenges, the integration of green chemistry principles and design of experiments proves highly effective. This study introduces a
novel approach that combines green analytical chemistry and design of experiments (DoE) to develop a sensitive, reproducible and stability
indicating method by high-pressure liquid chromatography method for quantification of cyanocobalamin and benzyl alcohol in liquid
parenteral formulations. A high-pressure liquid chromatography methodology for quantification of cyanocobalamin and benzyl alcohol
was established with an analytical quality by design principle. The method employs the central composite response, which optimizes the
connection between factors and responses with reduced number of design points and experimental runs, yielding statistically significant
results and enhancing analytical quality. Separation of cyanocobalamin and benzyl alcohol was achieved on Zorbax C-8 column (250 *
4.6 mm with 5 µm) using buffer as ammonium formate (pH 2.5) and acetonitrile with a gradient mobile phase at a pump flow of 1.0 mL/
min. Detection was performed by ultra violet detector set to a wavelength of 254 nm. The proposed method is validated in line with ICH
Q2 (R2) guidelines, evaluating parameters such as linearity, accuracy, precision, system suitability, sensitivity, robustness and solution
stability, all within acceptable ranges. The eco-affability and greenness of new developed method were checked by using the Analytical
Greenness metric, Green Analytical Procedure Index and National Environmental Method Index, confirming its suitability as an
environmentally sustainable analytical approach.
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adenosylcobalamin [7,8]. The essential functions of vitamins in
physiological processes are paralleled by the protective role of
preservatives, which shield products from microbial degradation.

Preservatives are chemical agents designed to protect food
items, pharmaceuticals and cosmetics from deleterious changes
induced by microorganisms [9]. Preservative used in approp-
riate quantity, they prevent the growth of microorganisms at
the time of manufacturing and usage phases of therapeutic
products [10]. Benzyl alcohol is a water-soluble preservative
commonly utilized in injectable pharmaceutical formulations
and cosmetic [11].

Though toxic to neonates and infants, the USFDA agency
recognizes it safe for adults at concentrations up to 5% [12].
Recent studies investigated the effects of benzyl alcohol  as a
preservative in bacteriostatic normal saline when administered
via intra-articular injection. This research particularly relevant
in context of MRI-based arthrography, where gadolinium cont-
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rast agents are diluted with saline [13]. Limited chromato-
graphic methods have been stated for the quantification of benzyl
alcohol  in presence of other drugs [14-17].

Recently, the principles of green chemistry have gained
significant prioritization and implementation by both public
and private industries. These approaches aim to reduce environ-
mental contamination affecting sol, air and water, thereby enh-
ancing the quality of life for humans and wildlife. According
to the definition, Green chemistry is the design of chemical
products and processes that reduce or eliminate the use and
generation of hazardous substances [18,19]. The present investi-
gations endeavor to reduce the use of solvents and other conta-
minants. Typically, tools such as the National Environmental
Methods Index (NEMI), Green Analytical Procedure Index
(GAPI) and Analytical Eco-Scale, Analytical GREEnness
(AGREE), are utilized to evaluate the eco-friendliness of analy-
tical methods. This study specifically employs Analytical Eco-
Scale, GAPI and AGREE to assess the greenness of methodology.
Limited literature is available that utilizes AGREE and GAPI
for such assessments [20-26].

The conventional procedure to change one-method factor-
at-one-time method optimization procedure is the time taken
and error and trial concept [27-35]. In contrast, the QbD approach
offers a systematic method development process that begins
by identifying potential risks that could lead to failures. This
is followed by determining method critical parameters (CMPs)
and optimizing them using the design of experiment (DoE).
The QbD approach also facilitates comprehension of both the
single impacts and interaction effects of method critical para-
meters (CMPs). This study objects to optimize a unique analy-
tical method for estimation of cyanocobalamin and benzyl
alcohol in formulation pharma products, incorporating both
green chemistry and AQbD concept.

To our best of knowledge, this study denotes the best attempt
to address the (SIM) stability-indicating HPLC method for
estimation of cyanocobalamin and benzyl alcohol, despite their
formulation in glass vial formulation. This work presents a highly
sensitive, reproducible, rapid and simple RP-HPLC method,
developed and validated for the estimation of cyanocobalamin
and benzyl alcohol in pure for, oral products and parenteral
dosage form, in agreement with International Conference on
Harmonization (ICH) guidelines [26]. The focus of this study
is to target the method development and report single sensitive,
simple, robust and precise stability-indicating HPLC methods
for the real-time quantification of benzyl alcohol and cyanoco-
balamin, facilitating their routine quantitative analysis. Moreover,
the HPLC method, optimized using the central composite design
(CCD) of response surfaces, reduces the number of trials, making
the method eco-friendly, time-efficient and cost-effective. The
developed method was validated inline with USP Chapter 1225
and ICH Q2(R2) guidelines, assessing specificity, precision,
linearity and accuracy.

EXPERIMENTAL

The test samples, predominantly cyanocobalamin injection
USP, were formulated at Innovation Plaza (Dr. Reddy’s Ltd.,

Hyderabad, India). Reagents and chemicals utilized in the
analysis were of Gradient grade. Acetonitrile was sourced from
Rankem, while high pure grade formic acid was sourced from
Merck. 30% hydrogen peroxide and hydrochloric acid were
obtained from Merck, USA. Milli-Q water from Millipore
Technologies (Mumbai, India) was used for all solutions.

Instrumentation and software: Peak separation was
achieved on Water HPLC system comprising a Waters 2695
separation module with 2996 photo diode array detector (PDA)
with Empower software. The testing utilized a 5 µm particle
size, Zorbax C8 (4.6 mm × 250 mm) column. Design-Expert
13 tool, was applied for optimizing the CMPs. This software
was established by Lhasa, UK. A balance from Mettler-Toledo
was employed for the precise weighing of the sample materials.
Exposure of samples to specific degradation conditions was
facilitated by employing a dry oven from Thermo Technologies
and a photo stability chamber from Thermo Lab Scientific.

HPLC: Prepared solvent A as mobile phase A with the
mixing of acetonitrile and buffer in the proportion of 100:900
(v/v). The buffer having pH 2.5 was prepared by dissolving
1.0 g of ammonium formate in 1.0 L mL of HPLC grade (Milli-Q)
water and sonicating to dissolve. The pH was adjusted to 2.5
with diluted formic acid solution. An acetonitrile solution, solvent
B, was prepared. UV detection studies was performed at 254
nm and a flow rate of 1.0 mL/min. An 10 µL injection volume
was chosen for enhanced peak sensitivity. Data acquisition time
was set to 45 min. The HPLC system pump operated in gradient
mode, following the program: Time (min)/solvent A (v/v): solvent
B (v/v): T0.01/85:15, T03/85:15, T30/75:25, T35/75:25, T40/85:15,
T45/85:15.

Preparation of standard, diluent and sample solutions:
The reference standard and test solutions were prepared with
a combination of HPLC grade (Milli-Q) water and methanol
in a proportion of 80:20 (v/v). Stock solutions (1000 µg/mL)
of cyanocobalamin and (15000 µg/mL) of benzyl alcohol were
prepared in diluent, while samples were prepared freshly by
the appropriate dilution of higher (stock) preparations with
the diluent to achieve 200 µg/mL of cyanocobalamin, 3000 µg/
mL of benzyl alcohol. These solutions remained stable when
stored at 4 ºC, yielding a recovery rate of 98%. A test solution
was prepared with the concentration of 200 µg/mL of cyano-
cobalamin, 3000 µg/mL of benzyl alcohol by pipetting the
suitable volume of test solution in suitable volumetric flask.
The flask volume filled with diluent and thoroughly mixed.

Stress study of cyanocobalamin (forced degradation
study): The purpose of the stress experiments was to elucidate
the degradation behaviour, including acidic degradation, oxid-
ation, basic degradation thermal degradation and photolytic
degradation of drug ingredients, as well as to separate degrad-
ation products from the active peaks [32-34]. Stress studies of
cyanocobalamin conducted under various conditions like acid
and base experiments achieved by separately mixing 5 mL of
1 molar HCl solution and 1 molar NaOH solution, respectively.
Photolytic experiment was performed on test solution charged
to photolytic and UV conditions equivalent to 1.2 million lux
hr and 200-Watt h m-2 at control lab condition, respectively,
for 5 days at 254 nm. Oxidative experiment was carried out by
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adding 10% H2O2 to 25 mL of the prepared sample. Thermal
degradation was carried out at 50 ºC for 30 min at water bath.

Analytical quality by design (AQbD) based method
scouting: As defined by ICH guideline Q8(R2), QbD is a syste-
matic approach to pharmaceutical development that comm-
ences with predefined goals, emphasizing comprehension of
product and process and prioritizing process control grounded
in scientific principles and quality risk management. Further-
more, the objective is to minimize variations to maintain unifor-
mity and batch failures in product superiority. Implementing
an improved quality by design (QbD) methodology in the
pharmaceutical product development introduces chances for
fast regulatory approval and compliance. This allows manufac-
turing alterations within predefined parameters to potentially
bypass regulatory scrutiny and approval procedures. Method
development of the HPLC methodology for quantifying cyano-
cobalamin and benzyl alcohol embraced AQbD method to reduce
inconsistency in the quantification method. The primary objec-
tive was to delineate the analytical target profile (ATP) in the
development study. The analytical target profile aimed to estab-
lish a sensitive, robust, specific, accurate and environmentally
sustainable HPLC methodology employing greener chemicals
in nature. Numerous initial trials were conducted through an
iterative testing to optimize consistent methodology and dete-
cting independent, critical, method parameters and their impacts
on dependent variables.

Method validation: The new developed method was vali-
dated as per ICH Q2(R2) guidelines, assessing validation para-
meters like system precision, robustness, specificity, method
linearity, accuracy, method precision and stability of sample
solution [33-35].

System precision test: The system precision or suitability
test ensures the HPLC system is functioning correctly before
analysis. This test is performed prior to each sample analysis.
System suitability parameters include the %RSD for the peak
areas of both cyanocobalamin and benzyl alcohol, the number
of theoretical plate counts, the resolution between cyanoco-
balamin and benzyl alcohol and the tailing factors for both
cyanocobalamin and benzyl alcohol peaks.

Specificity and linearity: Specificity refers to the analy-
tical method denotes its capability to differentiate the analyte(s)
from other components within the matrix present in sample.
For an HPLC method, this is ensured by the proper separation
of the drug peak(s) from additional peaks arising from matrix
present in the sample solutions. Specificity was evaluated as
per method by injecting of the standard, sample, placebo and
blank solutions into the chromatographic system separately.
Linearity was determined by generating a calibration curve,
plotting the peak areas of the interested components (cyanoco-
balamin and benzyl alcohol) against their corresponding test
concentrations. The correlation coefficient (r2) and linear equa-
tion for both components were calculated to demonstrate a linear
relationship.

Robustness: Robustness was evaluated for analytical method
by making minor modifications to HPLC parameters, such as
changes in buffer pH, HPLC column temperature, flow rate and
mobile phase composition. The retention time (RT) and percent

RSD of the peak area for both components were maintained with
acceptance criteria of d ≤ 2.0%. Additionally, the USP tailing
factor and USP theoretical plates showed no significant impact.
These slight variations indicate that new developed method is
found robust in nature for the quantification of both compo-
nents.

Recovery (accuracy) and precision: The recovery, expre-
ssed as % accuracy, indicates the nearness of the measured value
to the true value. Accuracy was calculated with the standard
addition methodology, wherein the respective standard was
spiked into the formulation matrix solution at 50, 100 and 150%
of the target concentration. Precision (intra-day repeatability)
was performed by evaluating six consecutive preparation of the
test solution at the sample concentration. Intermediate preci-
sion (inter-day repeatability) was evaluated by performing six
preparation of the test solution on another day, using a another
HPLC instrument, column and chemist. The %RSD (relative
standard deviation) was evaluated for both inter and intra-day
precision to assess the consistency of the method.

Stability studies of analytes: The test solution stability
of both cyanocobalamin and benzyl alcohol in diluent was eval-
uated at test concentration levels under various storage condi-
tions. The short-term stability study (accelerated) was also
conducted at Lab condition, while the refrigerator (long term)
stability study was conducted at 2-8 ºC for 2 days.

Green analytical principles valuation for new proposed
method: The primary goal of the method’s greenness is the
careful selection of chemicals during method development,
considering their hazardous impact on health and the environ-
ment. A significant environmental concern in analytical testing
is the use of solvents. As solvent-free techniques are not always
feasible, solvents must be preferred with environmental aware-
ness. Various solvent choice guides designed by pharma-
ceutical industries offer valuable guidance [20-26]. Another
challenge is the use of acids, bases and other supplementary
compounds. Due to their differing inherent properties, acids
and bases need distinct parameters for greenness valuation.
While no specific metrics system exists for analytical chemistry,
the GlaxoSmithKline acid and base selection guides provide
useful insights for selecting green alternatives [36-40]. The
greenness of the new proposed method was evaluated by the
GAPI, NEMI and AGREE [41].

RESULTS AND DISCUSSION

Preliminary method development: In this study, initial
experiments were led to fix the stationary phase, column dimen-
sion and operational column condition like temperature, along-
side determining the ideal composition of the mobile phase to
meet the green chemistry principle. Based on the nature of the
analytes, RP-HPLC was used. Critical parameters, including
the pH of buffer used to prepare the mobile phase and compo-
sition of the mobile phase A and mobile phase B, were identified
as high-risk factors requiring optimization. Initially, Cyano
and C18 columns were evaluated to enhance system precision
parameters. The Cyano HPLC column exhibited inadequate
resolution and high tailing factor for both component peaks.
A range of mobile phase composition with altered pH were
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explored to assess solubility profiles and identify the superior
method conditions. Acetonitrile and methanol, the predominant
organic solvents in RP-HPLC, were tested in various composi-
tions to achieve optimal peak resolution, leading to the optimi-
zation of a gradient method. Buffer solutions with pH values
of 2.2, 2.5 and 3.0 were studied to achieve better separation
and peak shape for cyanocobalamin and benzyl alcohol. It was
found that a buffer with pH 2.5 provided superior resolution
with comparison to other pH values. Firstly, 100% water was
used as a method diluent, but the peak symmetry of cyanoco-
balamin was unsatisfactory. However, addition of 50% aceto-
nitrile to the diluent significantly improved the peak shapes for
both analytes.

Analytical method assessment using QbD approach:
In AQbD methodology, the analytical target profile (ATP) serves
a part analogous to the quality target product profile (QTPP)
in product development. The ATP defines the intended charact-
eristics of the critical analytical attributes (CAA) for the method’s
development and adherence to regulatory requirements. It
requires a set of parameters and targeted components that must
be measured, including the analytical techniques and concen-
tration series to be applied based on the method’s performance
criteria. Analytical methodology checking is linked with CMPs,
which correspond to critical quality attributes (CQAs) in a cause
and effect relationship, influencing the selected critical analy-
tical attributes (CAAs).

Defining analytical target profile: The analytical target
profile specifies the performance measures for the analytical
methodology, aligning with the QTPP as outlined in the ICH
Q8 guidelines.

Defining critical analytical attributes (CAAs): The CAAs
are decided by system precision parameters such as resolution,
USP plates count and USP tailing factor, to confirm the robust-
ness of the methodology. In this study, the resolution between
the peaks is measured as a CAA, its impact on input variables
was evaluated using a response surface design. As per ICH
Q2(B) advices, the required parameters are: USP plates > 5000,
resolution between peaks ≥ 2.0 and USP tailing between 0.8
to 1.5.

AQbD optimization using response surface central
composite design: Among the identified factors, pH, flow rate
and column temperature identified as high-risk parameter, while
the other method parameters were found medium and low-risk.
during day-to-day analysis, resolution among cyanocobalamin
and benzyl alcohol peaks may vary and is considered a likely
risk that requires mitigation through design of experiments (DoE)
and the design space approach. The design included 3 factors
and 3 center points with block design, resulting in a total of 12
trial experiments. The responses are analyzed and the results
are shown in Table-1. The Analysis of Variance ANOVA data
(Table-2) evidently indicates that the P-value is less than 0.05,
demonstrating statistical significance for responses, as well
as resolution among cyanocobalamin and benzyl alcohol peaks.
This significance confirms that the model is valid for the given
response. Figs. 1 and 2 illustrate the all-factor composite resp-
onse surface plots, including 2D contours, cube plots and 3D
contours, for the analyzed responses. The resolution between
the cyanocobalamin and benzyl alcohol peaks, the response
of interest, is influenced by both the buffer pH and the column
temperature. The projected R2 of 0.8965 is in realistic agree-

TABLE-1 
DESIGN OF EXPERIMENTS (DoE) TRAILS AND HPLC DATA 

Factor 1 Factor 2 Factor 3 Response 
Standard Run Column 

temperature (°C) 
Flow rate  
(mL/min) 

pH Resolution between 
cyanocobalamin and benzyl alcohol 

2 4 45 0.8 2.3 4.0 
4 10 45 1.2 2.3 5.8 
3 11 35 1.2 2.3 10.3 
1 12 35 0.8 2.3 8.7 

10 5 40 1.0 2.5 9.1 
11 7 40 1.0 2.5 8.9 
12 8 40 1.0 2.5 7.7 
9 9 40 1.0 2.5 7.7 
5 1 35 0.8 2.7 10.4 
6 2 45 0.8 2.7 5.4 
8 3 45 1.2 2.7 7.7 
7 6 35 1.2 2.7 13 

 

TABLE-2 
ANOVA TABLE FOR RESOLUTION AMONG CYANOCOBALAMIN AND BENZYL ALCOHOL 

Response Source Sum of 
squares 

Degrees of 
freedom 

Mean square F-value p-value  

Model 0.2010 3 0.0670 65.48 < 0.0001 Significant 
Column temp. 0.1510 1 0.1510 147.52 < 0.0001  

Flow rate 0.0295 1 0.0295 28.81 0.0010  
pH 0.0206 1 0.0206 20.12 0.0028  

Residual 0.0072 7 0.0010    

Resolution 
between 

cyanocobalamin 
and benzyl 

alcohol 
Cor Total 0.2155 11     
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ment with adjusted R2 of o.9508, with a discrepancy of not more
than 0.2. The adequate precision, which quantifies the s/n ratio,
is greater than 4, indicating a robust sign; specifically, it is
24.415, suggesting a reliable signal. Thus, the model is appro-
priate for exploring the design space.

Method validation: In accordance with ICH Q2(R2) guide-
lines, the new developed methodology was validated across
various parameters, including system precision, linearity, speci-
ficity, recovery, precision, robustness and stability under speci-
fied storage conditions.

System suitability test: The system precision parameter
indicated that the number of theoretical plates exceeded 5000,
a benchmark considered acceptable for the analysis. Parameters
like USP tailing factor and %RSD of components were within
acceptable limits (Table-3). These findings confirmed that the
HPLC methodology is suitable and that the data found well
within the acceptable limits.

Specificity: A PDA HPLC system was used to confirm
the peak purity and validated the proposed methodology for
specificity. All degradation peaks were well-separated from
cyanocobalamin and benzyl alcohol peaks and purity angles
remained within threshold values (Table-4), indicating absence
of interferences. To evaluate specificity, 10 µL solutions of stan-
dard, stressed sample, placebo and blank were separately injected
into the chromatographic system. No interfering peaks were

observed other than those of the target analytes (Table-4). This
confirms that developed methodology is specific for determi-
nation of cyanocobalamin and benzyl alcohol.

Linearity: The linearity was established through calibra-
tion curves showing a linear relationship between mean peak
areas and analyte (cyanocobalamin and benzyl alcohol) concen-
trations (Table-3).

Robustness: The robustness was assessed by slight varia-
tions in HPLC parameters, including the buffer pH, HPLC
column temperature, mobile phase composition and flow rate.
The percent RSD of the area and retention time within the accep-
table limit of not more than 2.0%. Additionally, the USP tailing
and the USP theoretical plates showed no significant changes.
These results indicate that the developed methodology is robust
for the determination of both components.

Recovery (accuracy): Recovery was determined, which
reflects the nearness to the actual value. The % recovery ranged
from 95% to 105% for cyanocobalamin and benzyl alcohol
across for all test concentrations (Table-3). These results fall
within the acceptable limits, confirming that the developed
methodology is accurate.

Precision: The precision of the methodology was evalu-
ated by calculating the % RSD of % recovery for intra-day and
another day (intermittent) precision by preparing the sample
solution as per the methodology. The data demonstrated that
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TABLE-3 
METHOD VALIDATION DATA FOR PROPOSED ANALYTICAL METHOD 

Parameter name Cyanocobalamin Benzyl alcohol 
System suitability 

USP tailing (less than 2.0) 1.1 1.2 
USP plate (more than 5000) 18846 6996 
RSD percent (n = 6, less than 2.0) 0.3 0.5 

Specificity 
Diluent interference (no peak should be at analyte RT) No peak No peak 
Placebo interference (no peak should be at analyte RT) No peak No peak 
Peak purity Passed Passed 

Linearity 
Range (µg/mL) 47.2-378 751.3-4507.8 
Slope 11604 798 
Intercept 24907 36260 
Correlation coefficient > 0.999 0.9999 0.9999 

Recovery (n = 6 avg percentage) 
50% avg ± SD 100.8 ± 0.5 99.5 ± 0.5 
100% avg ± SD 99.1 ± 1.1 98.9 ± 0.9 
150% avg ± SD 100.3 ± 0.9 99.6 ± 0.3 

Precision 
Inter-day, n = 6 %RSD less than 2.0 0.3 0.4 

Intermediate precision 
Intra-day, n = 6 %RSD less than 2.0 0.2 0.5 
Ruggedness, n = 12 %RSD less than 2.0 0.4 0.6 

Solution stability 
Bench top (0 and 24 h % difference should be less than 2.0) 1.8 0.7 
2?8 °C (initial and 24 h % difference should be less than 2.0) 1.6 0.8 
Bench top (initial and 48 h % difference less than 2.0) 0.3 0.7 
2?8 °C (0 and 48 h % difference < 2.0) 0.5 0.8 
 

TABLE-4 
DEGRADATION SUMMARY RESULTS AT DIFFERENT STRESS CONDITIONS AND PEAK PURITY FOR CYANOCOBALAMIN 

Degradation type and conditions Degradation 
(%) 

Assay  
(%) 

Purity  
index 

Single point 
threshold 

Peak  
purity 

Bare cyanocobalamin 0.56 98.9 1.000 0.999 Passes 
Acidic degradation (1 M HCl, refluxed at 60 °C for 30 min) 2.0 97.7 1.000 0.998 Passes 
Basic degradation (1 M NaOH, refluxed at 60 °C for 30 min) 6.3 92.1 1.000 0.996 Passes 
Photolytic degradation (1200 KLX Visible light and 200 Watt h m–2 
UV light exposure) 

5.94 93.1 1.0000 0.999 Passes 

Oxidative degradation (5 mL 10%H2O2 at RT) 0.98 97.7 1.000 0.999 Passes 
Thermal degradation at 50 °C for 30 min 1.5 97.5 1.000 0.999 Passes 
 

proposed methodology is precise and reproducibility, the
observed % RSD is below 2.0% (Table-3 and Fig. 3). These
findings suggest that the method is repeatable and reliable.

Stability studies of analytical solutions: The solution
stability of both components (cyanocobalamin and benzyl
alcohol) in the diluent was evaluated at test concentration levels
at room temperature and at 2-8 ºC over a period of 2 days. No
degradation of either analyte was observed under these condi-
tions (Table-3). These findings confirmed that the test samples
were stable for 2 days at room temperature and that their standard
solutions maintained stability for 2 days at 2-8 ºC (refrigerated).

Green analytical metric tools: The greenness of the
developed methodology was assessed using AGREE, GAPI
and NEMI tools. The methodology involves a total run time of
45 min to analyze two components with a flow of 1.0 mL/min.
Each sample preparation consumes less than 20 mL of aceto-
nitrile and 20 mL of methanol, causing in a total solvent usage

of under 50 mL per sample analysis. The green assessment
results, summarized in Table-5, demonstrate that the method
scores well on the AGREE tool, with a score of 0.78, indicating
it is greener compared to previous methods. Table-5 also includes
the results of the GAPI tool evaluation, which assesses the test
obtaining, methodology, test preparation, reagents/solvents used,
technique and quantification. Fig. 4 illustrate the greenness of
the new method.

Conclusion

A joint approach of analytical quality-by-design (AQbD)
and green analytical chemistry principles was utilized to develop
a new robust methodology for the separation of two analytes
in a parenteral formulation. The greenness of the methodology
was assessed by metric tools such as NEMI, AGREE and GAPI.
The method was deemed excellent due to the use of environ-
mental friendly solvents used in diluent and in mobile phase.
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Fig. 3. (a) Overlay RP-HPLC chromatogram of the blank, placebo and sample and (b) Overlay RP-HPLC chromatogram of individual
samples subjected to various stress conditions

TABLE-5 
ECO SCALE FOR EVALUATING THE ANALYTICAL METHODOLOGY 

S. No. Green analytical chemistry principles Proposed sample procedure 
1 As such analytical techniques should be used to avoid sample preparation  Off-line  
2 Minimum sample size should be used for testing  1 g  
3 If possible, measurement should be performed on-time  At-line  
4 Simple step analytical processes and operations should be use to reduce energy and 

minimize the consumption of reagents  
No steps in test preparation  

5 Automatic and miniaturized technique should be use  Semi-automatic and miniaturized  
6 Derivatization/extraction should not be use No derivatization  
7 Generation of a big quantity of solvent waste should be avoided and appropriate 

management of waste should be available 
1 g  

8 Multi-analyte methods are recommended versus single analyte method  2 Analytes determined with single run;  
9 The energy should be less during analysis: Select the most energy-saving technique 

method, or the closest equivalent  
High performance 

 Otherwise, asses the power consumption of a single analysis in kWh  0.15  
10 bio sources reagents should be selected.  Bio-based reagent used 
11 Toxic reagents should be avoided  No toxic reagents or solvents used  
12 Operator’s safety should be taken care The dangers not avoided ware:  

(a) Bioaccumulative, (b) Flammable,  
(c) Explosive  
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The AQbD methodology developed, which evaluated 2 respon-
ses with a central composite response surface involving 3 factors.
It was evaluated that the buffer pH and column temperature
significantly influence the resolution among cyanocobalamin
and benzyl alcohol. The proposed methodology was validated
for recovery, specificity, robustness and precision according
to ICH Q2 procedures. The stress study (forced degradation)
behaviour of cyanocobalamin under several stress conditions
was studied following ICH Q1A and Q1B guidelines. This work
presents a simple, robust, rugged and validated methodology
for quantifying cyanocobalamin and benzyl alcohol in greener
solvents. The method adheres to green analytical principles
and AQbD, making it suitable for routine and quality control
stability sample analysis.
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