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Abstract: The goal of the proposed work was to create and
verify a fast, sensitive, greener, and stability-indicating
high-performance liquid chromatography (HPLC) method
to quantify chlorhexidine acetate (CHDA) in commercial pro-
ducts. The developed method was validated for numerous
validation metrics and greenness. The greener mobile phase
was made up of a ternary mixture of ethanol, water, and
glacial acetic acid (50:49:1 v/v/v). CHDA was detected at a wave-
length of 265 nm. The developed HPLC method showed a coef-
ficient of determination of 0.9981 and was linear in the
1-100 ug/mL range. In addition, the developed method for
CHDA analysis was rapid, accurate, precise, robust, and sensi-
tive. The outstanding greenness profile was indicated by the
derived values of the Analytical Eco-Scale, ChlorTox, and
AGREE scales for the current approach, which are 89, 0.74 g,
and 0.77, respectively. With its breakdown products present,
the proposed analytical approach was still able to identify
CHDA, demonstrating its selectivity- and stability-indicating
qualities. Two distinct commercial products, A and B, were
found to contain 1.96 and 2.05% w/v of CHDA, respectively.
These results revealed that CHDA in commercially accessible
products can be routinely standardized and quantified using
the proposed HPLC approach.
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Graphical abstract
1 Introduction

Chemical compounds known as antiseptics are employed
to either eradicate or impede the growth and reproduction
of germs [1]. Belonging to the biguanide class, chlorhexi-
dine (CHD) is a highly effective cationic antimicrobial [2,3].
Because it dissolves poorly in water, it is employed in com-
mercial formulations in a variety of salt forms, including
acetate, gluconate, digluconate, and hydrochloride [3,4]. In
topical commercial products like hand and mouth wash, it is
the most commonly used cationic antiseptic [3-7]. The mole-
cular structure of chlorhexidine acetate (CHDA) is presented
in Figure 1. The pharmaceutical industries place great impor-
tance on the development and validation of analytical proce-
dures to standardize and manage the quality of the active
components in commercial products [8]. The presence of
CHDA in a number of commercially available mouthwashes
and hand washes makes both its qualitative and quantitative
standardization crucial.

Numerous analytical approaches have been used in
the literature to standardize and quantify CHD and its
many salts in biological samples and commercially accessible
products. To evaluate CHD sorption in soft contact lenses,
high-performance liquid chromatography (HPLC) was used
[9]. There have also been reports of stability-indicating HPLC
techniques for the detection of CHD and its breakdown
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Figure 1: Molecular structure of CHDA.

products [10-12]. The most popular approach for analyzing
CHD and its many salts in distinct medicinal products is the
HPLC method [10,13-18]. Numerous physiological fluids,
including human urine, serum, and saliva, have been
reported to be tested for the presence of CHD and its salts
using a variety of HPLC techniques [19-27]. A method for
measuring CHD in human hemolyzed blood utilizing liquid
chromatography-electrospray ionization-tandem mass spec-
trometry has also been disclosed [28]. There have also been
reports of the greener high-performance thin-layer chroma-
tography (HPTLC) technology being used to quantify CHDA in
four distinct commercial products [29]. Several other techni-
ques, including spectrometry [30], fluorescence spectroscopy
[31], and solid-phase microextraction [32], have also been
proven to be effective in identifying CHD in human saliva
samples. There have also been reports of other techniques
for determining CHD in its commercial products, including
gas chromatography [33], solid-phase extraction [34], capil-
lary electrophoresis [35], flow-injection spectrometry [36,37],
voltammetry [38], and agar diffusion [7].

Most of the documented methods have a number of
shortcomings, like limited sensitivity, long analysis times,
difficult extraction and sample preparation procedures,
and a greater use of hazardous and toxic eluents such as
acetonitrile or methanol. Despite this, the aforementioned
techniques are capable of identifying and quantifying CHD
and its salts. These solvents were subjected to several treat-
ments before being released into the environment. The use
of substitute green or environmentally friendly solvents to
reduce the harmful effects of hazardous solvents on the
environment is emphasized in one of the 12 principles of
green analytical chemistry [39]. The usage of greener and
more ecologically friendly solvents has skyrocketed in the
last 10 years, according to a review of the literature
[40-42]. Analytical assays’ environmental friendliness or
greenness profile has been evaluated using a variety of
methods [43-51]. This study evaluated the greenness pro-
file of the proposed HPLC methodology utilizing three dif-
ferent tools: the Analytical Eco-Scale (AES) [46], ChlorTox
[50], and the Analytical GREEnness (AGREE) [51] methods.
According to published HPLC procedures, CHD and its salts
cannot be measured to produce a greenness profile or
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index. Several analytical methods have been reported for
the analysis of CHDA as a single analyte. However, greener
HPLC methods have not been reported for the determina-
tion of CHDA as a single analyte in pharmaceutical pro-
ducts or biological materials. In view of this, the goal of this
study was to use an isocratic stability-indicating HPLC
coupled with a UV-Vis detector to create and validate a fast,
sensitive, greener, and stability-indicating methodology to stan-
dardize and quantify CHDA in its commercial mouthwashes.
The AES, ChlorTox, and AGREE methodologies were also used
to determine the greenness profile of the developed method.
Using the “International Council for Harmonization (ICH)-Q2-
R2” recommendations, the proposed method for CHDA detec-
tion was validated [52].

2 Materials and methods

2.1 Chemicals and reagents

Santa Cruz Biotechnology (Dallas, TX, USA) provided the
CHDA (purity: 99.2%) working standard. Fischer Scientific
UK Ltd. (Loughborough, UK) provided HPLC-grade sol-
vents, including ethanol (EtOH), ethyl acetate (EA), and
acetone (Ace). Using the Milli-Q® device (Millipore, Lyon,
France), highly pure deionized water (H,0) was produced. The
source of glacial acetic acid (GAA) was E-Merck (Darmstadt,
Germany). The other reagents and compounds were AR graded.
The commercial CHDA mouthwashes A and B were bought at
Lulu Hypermarket in Riyadh, Saudi Arabia, and each contained
2% w/v of CHDA.

2.2 Chromatography and analysis

The CHDA was quantified at an ambient temperature
(25°C) using the “Waters HPLC system (Waters, Milford,
MA, USA),” which included a column oven, an SCL 10AVP
system controller, an inline vacuum degasser, a UV-visible
wavelength detector, a 1515 isocratic pump, and 717 auto-
sampler. To handle and interpret the data, “Millennium pro-
grammer (version 32, Milford, MA, USA)” was used. CHDA
was measured using a Nucleodur (150 mm x 4.6 mm, 5 ym
particle size) RP C18 analytical column. An environmentally
friendly mobile phase comprising 50:49:1% v/v/v of EtOH,
H,0, and GAA was used. The pumping rate for the greener
mobile phase was 1 mL/min. It was found that CHDA had a
wavelength of 265 nm. Each sample was injected with a 20-uL
injection volume with the help of a Waters autosampler.
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2.3 CHDA calibration curve

The necessary amount of CHDA was dissolved using a
greener eluent system (EtOH-H,0-GAA, 50:49:1% v/v/v)
to create a CHDA stock solution with a concentration of
100 pg/mL. The required aliquots from the CHDA stock
solution (100 ug/mL) were diluted using the greener eluent
systems to produce the serial dilutions in the needed range
of 1-100 pug/mL. The peak area of each CHDA solution was
recorded utilizing the present HPLC technique. Ten distinct
CHDA concentrations (1, 10, 20, 30, 40, 50, 60, 70, 80, and
100 pg/mL) were plotted against the observed peak area to
generate the CHDA calibration curve. Every sample pre-
paration and experiment were repeated three times (n = 3).

2.4 Samples preparation for CHDA analysis
in commercial products

Each commercial mouthwash (25 mL), A and B, containing
2% w/v of CHDA, was transferred individually to a 100-mL
volumetric flask and diluted with 25mL of the greener
mobile phase to standardize and quantify the amount of
CHDA in each. The solutions of both products were soni-
cated for 15 min and shaken vigorously for another 15 min.
The volume of both products was adjusted again using the
greener mobile phase. Both products underwent a 10-min
centrifugation at 4,000 rpm, after which the supernatants
were removed and filtered through a 0.45um Millipore
membrane filter. The CHDA concentrations were then
quantified using the suggested HPLC method [15].

2.5 Development of HPLC method

A variety of blends of green solvents were investigated as
the greener mobile phase solutions to develop an accurate
stability-indicating greener HPLC method for the standar-
dization and quantitative analysis of CHDA in commercially
available products. Some of the greener solvent composi-
tions that were investigated included EtOH-H,0, EtOH-EA,
EtOH-Ace, EA-Ace, EtOH-GAA, EA-GAA, EtOH-H,0-GAA,
EtOH-EA-GAA, EtOH-Ace—GAA, and EA-Ace-GAA. Numerous
considerations had to be made to determine the greenest
solvent system: the cost of the solvents, their toxicity and green-
ness, their compatibility, the length of the analysis, the chro-
matographic parameters, and their sensitivity. Many green
solvent combinations were therefore considered to be used
as the mobile phases. Ultimately, it was decided that the ideal
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eluent system for further research would be a ternary mixture
of EtOH, H,0, and GAA (50:49:1% v/v/v).

2.6 Validation parameters

Through the use of ICH-Q2-R2 standards, many parameters
for the proposed approach for measuring CHDA were vali-
dated [52]. By graphing the linearity, the proposed method’s
linearity was assessed between 1 and 100 pg/mL. Following
the administration of three copies (n = 3) of freshly made
CHDA solutions to the system, the peak area was assessed.
Peak area vs CHDA concentration was used to create the
CHDA calibration curve.

At the target concentration of 10 yug/mL for CHDA, the
system suitability criteria for the environmentally friendly
HPLC technique were computed. As the “capacity factor (k),
retention time (Ry), tailing factor (S), and theoretical plate
number (N)” [53,54], these parameters were established.

The accuracy of the suggested CHDA analytical proce-
dure was evaluated using the spiking/standard addition
methodology in terms of percentage recoveries [52]. To
establish low-quality control (LQC) levels of CHDA of 15 pg/
mL, middle-quality control (MQC) levels of 20 yg/mL, and
high-quality control (HQC) levels of 25 pg/mL, the previously
measured CHDA solution (10 ug/mL) was spiked with addi-
tional 50, 100, and 150% CHDA concentrations. Three repli-
cates (n = 3) were used to calculate the % recovery at each
QC level.

Through the computation of intra- (repeatability) and
inter-day (reproducibility) variances as a percentage of
relative standard deviation (% RSD), the precision of the
suggested CHDA analysis method was assessed. To evaluate
the intra-day precision (repeatability), three replicates of
the CHDA solutions — LQC (15 yg/mL), MQC (20 pg/mL), and
HQC (25 pug/mL) — were utilized on the same day. The inter-
day precision (reproducibility) was evaluated using the
same CHDA QC levels for 3 days in a row. Both precisions
were evaluated in triplicate (n = 3) and expressed as %
RSD [52].

The robustness of the suggested HPLC technique was
examined to determine how deliberate adjustments affected
the CHDA chromatographic responses. To gauge robustness,
the MQC level of CHDA (20 ug/mL) was chosen. Robustness
was evaluated by adjusting the detection wavelength, flow
rate, and composition of the greener mobile phase. When
the original EtOH-H,0-GAA (50:49:1v/v/v) eluent system
was substituted with EtOH-H,0-GAA (52:47:1v/v/v) and
EtOH-H,0-GAA (48:51:1v/v/v), the variations in peak area
(quantitative parameter) and R, (separation parameter)
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were recorded. The initial flow rate of 1 mL/min was changed
to 1.10 and 0.90 mL/min to evaluate robustness. Changes in R;
and peak area were observed. When detection wavelengths
of 270 and 260 nm were used in place of the original (265 nm)
detection wavelength, changes in peak area and R, were
observed to assess robustness [52].

The proposed HPLC technology’s sensitivity was eval-
uated utilizing the standard deviation methodology, and the
results were reported as “limit of detection (LOD) and limit
of quantitation (LOQ).” After injecting the blank sample, the
peak area’s standard deviation was computed in terms of
triplicates (n = 3). CHDA “LOD and LOQ” were calculated
with the help of the following equations (n = 3) [52]:

LOD = 2229, M
slope
LOO = 10 x o @
Q slope ’

where ¢ is the standard deviation of the intercept and
slope is for the CHDA calibration curve.

2.7 Evaluation of stability-indicating
properties and selectivity using forced
degradation investigations

To evaluate the selectivity and stability-indicating qualities
of the proposed HPLC method, forced-degradation studies
under various stress settings, such as acidic (HCl), base
(NaOH), oxidative (H,0,), and thermal stress conditions,
were carried out [55,56]. In these studies, the eluent system
was fed freshly produced CHDA at the MQC level (20 pg/mL).
An aliquot (1 mL) of this solution was added to 4 mL of 1M
HCl or 4 mL of 1 M NaOH to execute acid or base hydrolysis.
Before being evaluated using the recommended HPLC
method, these combinations were refluxed for 48h at
60°C to identify CHDA in the presence of its acid- and
base-degradation products, respectively [55].

For oxidative degradation tests, freshly produced CHDA
at the MQC level (20 pg/mL) was added to the eluent system.
This solution underwent oxidative degradation when 1 mL
of it was combined with 4 mL of 30% H,0,. Prior to being
subjected to a greener HPLC method of analysis to detect
CHDA in the presence of its oxidative-degradation products,
this combination was refluxed for 48 h at 60°C [55].

An eluent system was used to dilute the MQC level of
CHDA (20 pg/mL) from 1 to 5mL to do thermal degradation
studies. It was next assessed for CHDA detection using the
proposed HPLC approach when its thermal-degradation
products were found [55,56].
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2.8 Greenness evaluation

The greener HPLC method to measure CHDA was evaluated
for its greenness profile using three distinct approaches: AES
[46], ChlorTox [50], and AGREE [51]. AES is a semi-quantitative
method that takes into account all of the analytical steps,
waste, and tools. A perfect analysis with 100 points is antici-
pated for the solvents/reagents that need little to no reagent
use, low energy, and no waste. If any of these requirements
are broken, penalty points are given and subtracted from the
total of 100 [46]. The ChlorTox scale is determined using equa-
tion (3) [50] in accordance with the ChlorTox scale approach.

CH
_tsub Mgy 3)
CHCI3

ChlorTox =

The chemical hazards of standard chloroform are repre-
sented by CHcpcps, the mass of the substance of interest
required for a single analysis is indicated by mgy,, and the
chemical risks of the substance of interest required for a single
analysis are indicated by CHg,,. The safety data sheet provided
by “Sigma Aldrich (St. Louis, MO, USA)” was used to help in the
computation of the values of CHgy, and CHcyes using the
“weighted hazards number” model [50]. The AGREE-metric
approach was used to evaluate the AGREE scale for the
greener HPLC method for the analysis of CHDA [51]. The
AGREE scales for the greener HPLC method were determined
using the “AGREE: The Analytical Greenness Calculator (ver-
sion 0.5, Gdansk University of Technology, Gdansk, Poland,
2020)”. The values, which were determined by 12 distinct
green analytical chemistry principles, varied from 0.0 to 1.0.

2.9 Application of greener HPLC method in
analysis of CHDA in commercial products

Following the processing of samples for commercial pro-
ducts A and B and their injection into the apparatus in
three repetitions (n = 3), the chromatographic responses
were recorded. Using the CHDA calibration curve, the
amount of CHDA in commercial products A and B was
calculated. Additionally, investigated was the possibility
of influence by commercial product excipients.

3 Results and discussion

3.1 Development of HPLC method

The combination of several greener mobile phases and the
recorded chromatographic parameters are mentioned in
Table 1.
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Table 1: The optimization of greener solvent systems and recorded chromatographic parameters for CHDA (mean * SD, n = 3)*

Greener eluent system S N R,
EtOH-H,0 (50:50 v/v) 1.21 £ 0.05 2,781+ 3.34 2.97 £ 0.03
EtOH-EA (50:50 v/v) 1.41 £ 0.07 1,279 £ 2.23 3.69 + 0.06
EtOH-Ace (50:50 v/v) 1.67 £ 0.12 1,152 £ 1.91 5.16 + 0.16
EA-Ace (50:50 v/v) 1.83+£0.17 1,024 £ 1.84 5.68 £ 0.19
EtOH-GAA (99:1 v/v) 1.28 + 0.07 2,456 + 2.13 534+0.13
EA-GAA (99:1v/v) 1.53 +0.13 1,078 + 1.62 592 +0.18
EtOH-H,0-GAA (50:49:1 v/v/v) 1.10 £ 0.04 4,876 + 5.41 2.81+0.02
EtOH-EA-GAA (50:49:1 v/v/v) 1.34 £ 0.06 2,574 + 3.16 3.46 + 0.05
EtOH-Ace-GAA (50:49:1 v/v/v) 1.47 + 0.08 1,722 + 2.58 3.89 + 0.07
EA-Ace-GAA (50:49:1 v/v/v) 172+ 0.1 1,257 + 1.97 4.32 £ 0.09

?R.: retention time, S: peak asymmetry factor, N: number of theoretical plates, EtOH: ethanol, H,O: water, EA: ethyl acetate, Ace: acetone, GAA: glacial

acetic acid.

The chromatographic response of CHDA was below
par because EtOH-H,0 (50:50 v/v), EtOH-EA (50:50 v/v),
EtOH-Ace (50:50 v/v), and EA-Ace (50:50 v/v) were utilized
during the HPLC method development. Low N values (N =
1,024-2,781) and higher S values (S = 1.21-1.83) were observed
by CHDA. Furthermore, when EtOH-GAA (99:1v/v) and
EA-GAA (99:1v/v) were used, CHDA’s chromatographic
response was subpar, exhibiting higher S values (S =
1.28-1.53) and lower N values (N = 1,078-2,456). The chro-
matographic parameters were improved when the ternary
combination of EtOH-H,0-GAA (50:49:1 v/v/v), EtOH-EA-GAA
(50:49:1 v/v/v), EtOH-Ace-GAA (50:49:1 v/v/v), and EA-Ace-GAA
(50:49:1v/v/v) was studied as the greener mobile phases
compared to their binary combinations. Nevertheless, a
well-resolved and intact CHDA chromatographic peak with
a decent S value and higher N values was shown by the
ternary combination of EtOH, H,0, and GAA (50:49:1v/v/v),

which also produced a respectable R, and S and N values
(Figure 2). It was consequently determined that a ternary
mixture of EtOH, H,0, and GAA (50:49:1 v/v/v) would be the
final greener mobile phase for the standardization and
quantitative analysis of CHDA with an appropriate S (1.10)
and N (4,876), rapid analysis (R; = 2.81min), and a fast ana-
lysis duration (6 min).

3.2 Validation assessment

Using the ICH-Q2-R2 recommendations, a number of para-
meters were determined for the validation of the greener
HPLC method [52]. The linearity curves were created using
the freshly produced CHDA solution, which ranged from 01
to 100 pg/mL. Table 2 displays the outcomes of a linear
regression analysis of the CHDA calibration plot. The
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Figure 2: A representative chromatogram of CHDA (10 pg/mL concentration) derived by EtOH:H,0:GAA (50:49:1 v/v/v) greener solvent system.
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Table 2: Findings of linear regression analysis of the CHDA calibration
curve for the developed HPLC method (mean + SD, n = 3)
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Table 4: Accuracy results of CHDA for the developed HPLC method
(mean * SD; n = 3)

Parameters Values

1-100
y =24,204x - 51,219

Linearity range (ug/mL)
Regression equation

R 0.9981
R 0.9990
Standard error of slope 37.14
Standard error of intercept 79.92

95% confidence interval of slope
95% confidence interval of intercept
LOD (ng/mL)

LOQ (ng/mL)

24,044-24,363
50,875-51,562
18.87 + 0.84
56.62 + 2.52

Table 3: Recorded system suitability values of CHDA for the developed
HPLC method (mean + SD, n = 3)

Parameter Recorded value Reference value Ref.
R: (minutes) 2.81+0.02 >1 [52]
S 1.10 £ 0.04 0.80-1.15 [52]
k 2.64 + 0.09 >2 [52]
N 4,876 + 5.41 >2,000 [52]

CHDA calibration plot was linear and ranged from 1 to
100 pg/mL. The findings demonstrate a strong relationship
between the concentrations of CHDA and the observed
responses, with correlation coefficient (R) and coefficient
of determination (R? values on the calibration curve of
0.9990 and 0.9981, respectively. These results demonstrated
the linear nature of the currently employed CHDA assess-
ment approach.

The system appropriateness criteria for the current
technique were ascertained by utilizing the R,, S, k, and
N. The values of Ry, S, k, and N along with their reference
values are presented in Table 3. R,, S, k, and N using the
current approach were determined to be 2.81min, 1.10,
2.64, and 4,876, respectively. For the purpose of measuring
CHDA, the values were appropriate and satisfying as men-
tioned in Table 3.

Conc. Conc. found (pg/mL) Recovery (%) RSD (%)
(ng/mL) + SD

15 14.76 + 0.16 98.40 1.08

20 20.34 + 0.18 101.70 0.88

25 24.79 + 0.20 99.16 0.80

To gauge the accuracy of the greener HPLC process,
the extra spiked recovered samples at three different con-
centrations were calculated. Table 4 contains the findings.
It was shown that the percentage recoveries of CHDA at
three distinct QC levels were 98.40-101.70%. The accuracy
of the present CHDA measurement approach is demon-
strated by the high recovery rates.

The intra-day and inter-day precision results,
reported as % RSD, are shown in Table 5. It was shown
that the intraday precision % RSDs for CHDA vary from
0.67 to 0.85%. Conversely, the inter-day precision percen-
tage RSDs ranged from 0.77 to 0.97%. The current CHDA
measurement process demonstrated its precision with
low percentage RSDs.

Table 6 displays the findings of the robustness study at
the CHDA MQC level (20 yg/mL). To assess robustness, the
composition of the greener mobile phase was changed. The
resulting percentage RSD and R; were determined to be
1.07-1.29% and 2.79-2.83 min, respectively. The results of
arobustness investigation involving a change in flow speed
indicated that the percentage RSD and R, were, respec-
tively, 0.94-1.29% and 2.61-3.14 min. The percentage RSD
and R in the case of a robustness examination by changing
the detecting wavelength were found to be 1.11-1.30% and
2.80-2.82 min, respectively. The robustness of the current
methodology for assessing CHDA is indicated by low RSDs
and limited R, value variations.

The findings of assessing the sensitivity of the current
method in terms of “LOD and LOQ” are shown in Table 2.
Based on the findings, the current method’s “LOD and
LOQ” are 18.87 + 0.84 and 56.62 + 2.52 ng/mL, respectively.

Table 5: Intra-day and inter-day precision results of CHDA for the developed HPLC method (mean + SD; n = 3)

Conc. (pg/mL) Intra-day precision

Inter-day precision

Conc. found (pg/mL) + SD SE RSD (%) Conc. found (pg/mL) + SD SE RSD (%)
15 15.26 + 0.13 0.07 0.85 15.32 £ 0.15 0.08 0.97
20 19.51 £ 0.15 0.08 0.76 20.23 £ 0.17 0.09 0.84
25 2513 £ 0.17 0.09 0.67 24.62 £ 0.19 0.10 0.77
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Table 6: Robustness results of CHDA for the developed HPLC method (mean + SD; n = 3)

Parameters Conc. found (pg/mL) + SD RSD (%) R. + SD RSD (%)
Eluent system (EtOH-H,0-GAA, % v/v/v)

(52:47:1) 19.56 + 0.21 1.07 2.79 + 0.04 1.43
(48:51:1) 2013 £ 0.26 1.29 2.83 £ 0.05 1.76
Flow speed (mL/min)

(1.10) 21.64 £ 0.28 1.29 2.61+0.03 1.14
(0.90) 18.97 £ 0.18 0.94 3.14 £ 0.06 1.91
Measurement wavelength (nm)

260 19.71 £ 0.22 1.1 2.80 + 0.04 1.42

270 20.76 + 0.27 1.30 2.82 £ 0.05 177

These results showed that CHDA could be identified and
quantified in a range of concentrations with greater sensi-
tivity utilizing the current method.

3.3 Evaluation of stability-indicating
properties and selectivity using forced
degradation investigations

The current methodology’s selectivity and stability-indi-
cating capabilities were examined through the exposure
of CHDA at its MQC level (20 pg/mL) to a range of stress
scenarios. An overview of the selectivity results obtained
under different settings using the current approaches is pre-
sented in Figure 3 and Table 7. In addition to well-separated
CHDA peaks, the chromatograms of the forced degradation

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Minutes

studies revealed multiple additional peaks of degradation
products (Figure 3). Under conditions of acid stress, 49.30%
of CHDA was recovered and 50.70% degraded (Table 7). Con-
sequently, it was determined that CHDA was unstable in the
presence of acidic degradations. A minor shift in the R, value
(R; = 2.84 min) was observed for CHDA under acid stress
(Figure 3a). Table 7 shows that only 33.70% of CHDA was
recovered during alkali-stress degradations, whereas 67.30%
was broken down. As a result, it was shown that CHDA
was extremely unstable in alkali degradation conditions.
Following alkali-stress degradation, the R; value of CHDA
changed little (R, = 2.83 min) (Figure 3b). It was discovered
that 51.30% of CHDA was recovered and 48.70% was
destroyed under oxidative hydrolysis. It was proven as
a result that CHDA was sufficiently unstable during the
degradation caused by oxidative stress. Additionally, fol-
lowing oxidative hydrolysis, there was a minor change in

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Minutes

uzd).m

Minutes

Figure 3: The representative chromatograms of CHDA recorded under (a) acid (b) base, (c) oxidative, and (d) thermal degradation of CHDA.
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Table 7: Results of the current method’s forced-degradation study of
CHDA at MQC (20 pg/mL) under various stress scenarios (mean + SD;
n=3)

DE GRUYTER

Table 8: Evaluation of the greenness of the current method using
penalty points and the AES, and its comparison to published HPLC
methods

Stress CHDA CHDA remained  CHDA
condition R: (min) (pg/mL) recovered (%)
1M HCl 2.84 9.86 49.30 + 1.41
1M NaOH 2.83 6.74 3370 + 1.38
30% H,0, 2.84 10.26 51.30 £ 1.52
Thermal 2.84 8.05 40.25 + 1.40

CHDA R, value (R; = 2.84min) (Figure 3c). Of the CHDA,
59.75% degraded and 40.25% remained after heat degra-
dation. Consequently, it was found that in the event of
heat degradation, CHDA was likewise highly unstable.
Furthermore, under thermal deterioration, there was a
minor change in CHDA R, value (R; = 2.84 min) (Figure
3d). Alkali degradation was shown to exhibit the highest
rate of CHDA degradation overall. It was discovered that
the CHDA degradation patterns agreed with those pre-
viously published in the literature [13]. Since the current
methodology can detect CHDA when its degradation pro-
ducts are available, it facilitates stability-indicating features.
Overall, our findings supported the existing technique’s
selectivity and stability-signaling capacities.

3.4 Greenness evaluation

The established analytical approaches’ eco-friendliness is
assessed using a variety of greenness tools. The current inves-
tigation evaluated the greenness of the current HPLC method
using three different methods: AES [46], ChlorTox [50], and
AGREE [51]. Table 8 shows the outcomes of AES scales with

Reagents/instruments/ Penalty points

waste

HPLC [14] HPLC[18] Present

HPLC

EtOH 4
H,0 0 0
GAA 2
Acetonitrile 12
Formic acid (1%) 12
Phosphate buffer 0 0
Methanol 18
Triethylamine 6
Instruments 0 0 0
Waste 5 5 5
Total penalty points 29 33 n
AES scale Yl 67 89

penalty points for the current HPLC approach. AES scores
above 75 indicated good greenness, below 75 but above 50
indicated sufficient greenness, and below 50 showed inade-
quate greenness [46]. The AES scale for the current HPLC
procedure was found to be 89. Additionally, we calculated
the AES scales of two HPLC methods found in the literature
and compared them to the current HPLC method used for
CHDA assessment (Table 8). AES scales for two literature
HPLC methods were derived to be 67 and 71, respectively
[14,18]. Both of the previously reported HPLC methods
were shown to be much less effective than the HPLC
approach currently in use for CHDA assessment, based
on AES scales [14,18].

The overall ChlorTox and solvent-specific ChlorTox
scale results for the current HPLC approach are shown
in Table 9 in comparison to previously published HPLC

Table 9: Results of the ChlorTox scales for the present method compared to reported HPLC methods in terms of the relative dangers concerning
chloroform (CHsun/CHcpeis) calculated using the weighted hazards number model

Relative hazard (CHgyp/CHcpyciz)  Msup (MQ)

ChlorTox (g) Total ChlorTox (g) Ref.

Stage Solvent/reagent
Sample preparation EtOH 0.26
GAA 0.43
HPTLC analysis EtOH 0.26
GAA 0.43
Sample preparation Acetonitrile 0.39
Formic acid (1%) 0.56
HPLC analysis Acetonitrile 0.39
Triethylamine (0.5%) 0.78
Sample preparation EtOH 0.26
HPLC analysis Methanol 0.56
Triethylamine (0.4%) 0.78

394 0.10 0.74 Present HPLC
10 0.00
2,367 0.61
63 0.03
157 0.06 1.16 [14]
10 0.01
2,751 1.07
24 0.02
394 0.10 5.44 [18]
9,504 5.32
23 0.02
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Figure 4: AGREE scale for the present HPLC method of CHDA determi-
nation obtained by AGREE calculator.

methods. The current HPLC method’s estimated total
ChlorTox scale was 0.74 g, indicating that it was environ-
mentally benign and safe [50]. Additionally, we calculated
the ChlorTox scales for two literature HPLC methods and
compared them to the current HPLC method used cur-
rently for CHDA assessment (Table 9). It was found that
the ChlorTox scales for two literature HPLC methods were
1.16 and 5.44 g, respectively [14,18]. Based on ChlorTox
scales, it was inferred that both literature HPLC methods
were significantly less effective than the current HPLC
method [14,18].

The most popular quantitative approach for assessing
greenness is the AGREE methodology, which considers all
12 green analytical chemistry criteria [51]. Figure 4 displays
the overall AGREE scale for the current HPLC technique.
The present HPLC method measured the total AGREE scale
of 0.77. The outstanding greenness profile for the present
HPLC method of CHDA analysis was once again demon-
strated by the AGREE results. Overall greenness approaches
compared to literature HPLC methods show that the current
HPLC method for CHDA assessment in commercial products
has an excellent greenness profile.

HPLC analysis of chlorhexidine acetate == 9

3.5 Standardization and quantitative
determination of CHDA in commercial
products

It has been demonstrated that the current CHDA HPLC
method is sensitive, fast, and efficient. To ascertain CHDA
in its commercial products A and B, this approach was
used. The CHDA calibration curve for the greener stabi-
lity-indicating HPLC method was used to determine the
CHDA contents of two distinct commercial products. The
representative chromatograms of CHDA in commercial
products A and B are shown in Figure 5. Figure 5 shows
a single chromatographic peak of CHDA in commercial
product A (Figure 5a) and product B (Figure 5b), indicating
that there was no interaction between CHDA and formula-
tion excipients. Using the greener stability-indicating HPLC
technique, the CHDA concentrations of two distinct commer-
cial products, A and B, were found to be 1.96% w/v (label
claim 2.00% w/v) and 2.05% w/v (label claim 2.00% w/v),
respectively. These findings suggested that the greener sta-
bility-indicating HPLC approach might be used to determine
and standardize the CHDA in commercially available CHDA
products.

4 Conclusion

There are no documented greener HPLC techniques avail-
able for the standardization and quantitative determina-
tion of the CHDA content of its commercial products.
Hence, to standardize and determine CHDA in its commer-
cial formulations, this work established and validated an
HPLC methodology that is fast, sensitive, environmentally
friendly, and stability-indicating. The new HPLC technique
was validated using the ICH-Q2-R2 recommendations. The

2.831

Minutes

(a)

Minutes

(b)

Figure 5: The representative chromatograms of CHDA in (a) commercial product A and (b) commercial product B.
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greener HPLC methodology is fast, linear, accurate, precise,
robust, sensitive, stability-indicating, selective, and environ-
mentally friendly for the standardization and quantitative
determination of CHDA in its commercial formulations. The
CHDA contents of commercial products were successfully
analyzed using the proposed methodology. The findings of
the AES, ChlorTox, and AGREE assessments confirmed the
outstanding greenness of the proposed methodology for deter-
mining CHDA. The selectivity- and stability-indicating qualities
of CHDA are indicated by the fact that the suggested metho-
dology was able to identify it under a variety of stress situa-
tions, even in the presence of its degradation products. These
findings all pointed to the possibility of routinely determining
the CHDA level in commercial products using the existing
HPLC approach. Further research can be performed to detect
CHDA in bhiological samples like plasma, blood, and urine to
exploit its biological/biochemical potential.
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