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Abstract 

Ensuring the quality control of active pharmaceutical ingredients is crucial for drug products being introduced 
into the market. Even for established drugs, it is necessary to maintain a cutting-edge impurity control system. To 
analyze caffeine and chlorphenoxamine hydrochloride in their binary mixture, as well as theophylline and chlor‑
phenoxamine N-oxide as related substances, a reversed phase-high performance liquid chromatography combined 
with a diode array detector system was created. The chromatographic separation was conducted using a C18 
X-select Waters® column. The mobile phase consisted of 20.0 mM potassium dihydrogen phosphate modified 
to pH 3 with o-phosphoric acid and methanol. A gradient elution program was adopted at a flow rate of 1.3 mL/
min and detected at a wavelength of 222 nm. The present methodology demonstrates a concentration ranging 
from 2–60, 1–80, 0.5–20 to 0.4–20 µg/mL for chlorphenoxamine hydrochloride, caffeine, chlorphenoxamine N-Oxide 
and theophylline, respectively. Chlorphenoxamine N-Oxide, being an impurity of chlorphenoxamine was pre‑
pared by refluxing intact drug with 5% H2O2 for 24 h at 100 °C. One of the objectives of the analytical community 
is to promote the adoption of green analysis methods, which involve the development of environmentally friendly 
techniques. The levels of greenness and whiteness were evaluated using four specific tools: Eco-Scale System, GAPI, 
AGREE, and RGB tool. Furthermore, we have evaluated the greenness of the analytical method presented and com‑
pared its performance and greenness to that of the approach described in the literature. In this study, results from CPX 
and CAF analysis were compared to those obtained in a previous study. The result shows that there is no notable vari‑
ation in precision and accuracy. The proposed method was validated in accordance with the requirements of ICH.
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Introduction
An allergic reaction is triggered when the immune 
system responds to an external agent, such as pol-
len, specific types of food, insect bites or drugs [1, 2]. 
The range of symptoms associated with this condi-
tion spans from pruritus and respiratory irritation to 
urticaria and gastrointestinal distress [3]. Chlorphe-
noxamine hydrochloride (CPX); 2-[1-(4-chlorophenyl)-
1-phenylethoxy]-N,N-dimethylethanamine[4]; Fig.  1, 
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exhibits strong and sustained anti-histaminic and 
anticholinergic effects, making it a valuable treatment 
option for allergic conditions that are linked to choliner-
gic activity. Furthermore, and based on the Off-label use 
of FDA-approved medications, it is noteworthy to high-
light the paramount significance of chlorphenoxamine 
hydrochloride in the therapeutic intervention of Middle 
East respiratory syndrome-related corona virus (MERS-
COV), severe acute respiratory syndrome-related coro-
navirus (SARS-COV), Ebola virus (EBOV), and malaria 
owing to its G protein-coupled receptor (GPCR) antago-
nistic properties [5–7]. Caffeine (CAF); 1,3,7-trimeth-
ylpurine-2,6-dione[8]; Fig.  1, is always combined with 
CPX as its central stimulant effect nullifies the seda-
tion action of CPX [9, 10]. Chlorphenoxamine N-Oxide 
(CPX N-Oxide); Fig.  1 is reported as CPX related sub-
stance [11, 12]. Theophylline (THP) is recognized as an 
impurity (related substance) of CAF, which results from 
the activity of cytochrome P450. This enzyme facilitates 
the N-7 demethylation of CAF, leading to formation of 
1,3-dimethylxanthine (THP); Fig. 1 [13]. In contemporary 
times, the utilization of the Green analytical approach 
has become imperative to mitigate the depletion of haz-
ardous solvents or reagents, thereby diminishing the 
impact of human activities on the environment. The 
Green Analytical Chemistry (GAC) endeavors to trans-
form the field of analytical chemistry towards achieving 
environmental sustainability [14, 15]. This methodology 
employs environmentally conscious sample preparation 
techniques while also incorporating a concise time anal-
ysis. One of the objectives of utilizing the HPLC tech-
nique is to establish a state of balance between precision 
and accuracy of outcomes while minimizing potential 

environmental risks [16], in accordance with the guide-
lines set forth by GAC [17]. Various analytical techniques 
have been employed for the analysis of the proposed 
drugs in their dosage forms, including but not limited to 
HPLC [18, 19], supporting information Table S-1, spec-
trophotometry [20–22], differential pulse voltammetric 
[23], potentiometry [24] and thin layer chromatographic 
densitometric method [25]. These methods have been 
thoroughly researched and applied in the discipline of 
pharmaceutical analysis. There is no analytical method 
for analyzing CPX and CAF concurrently in the presence 
of CPX N-oxide and THP as related compounds. HPLC, 
being a widely employed analytical technique is utilized 
for both separation and quantification of drugs under 
investigation. The goal of this research is to create a low-
cost, high-sensitivity HPLC method [26]. The assessment 
of the level of environmental friendliness was conducted 
through the utilization of various tools such as National 
Environmental Method Index [27], Analytical Eco-Scale 
[28], Green Analytical Procedure Index tool [29], Ana-
lytical Greenness Metric Approach and Software [30, 31].

Experimental
Instrumentation and software
An Agilent HPLC–DAD (1260 infinite II series) equipped 
with a quaternary pneumatic pumping system (model 
G1311C), an online degasser, a  manual injector (20-μL) 
and a photodiode array detector (DAD) (model G1315D) 
was used in the experiment. In our study, we employed 
a Waters X select CSH® C18 (3.5  μm, 4.6 × 150 mm) 
C18 analytical column [32] To operate the apparatus, 
the Open LAB CDS ChemStation® software (version 
C.01.07) was used. Mobile phase and sample underwent 
filtration using 0.45-μm membrane filters and 0.22-μm 
disposable nylon syringe filters, respectively. Adjustment 
of pH was done by using pH meter (model 6300; Jenway, 
UK).

Reagents
HPLC grade solvents were used, including potassium 
dihydrogen phosphate, methanol, hydrogen peroxide and 
o-phosphoric acid Sigma-Aldrich (Steinheim am Albuch, 
Germany).

Samples
Pure samples
Pure standards of CPX and CAF were obtained from EIP-
ICO Pharmaceuticals, 10th of Ramadan City, Egypt, with 
purities of 100.06 ±0.47 % and 99.43 ±0.60 % according to 
reported method [18]. THP was procured from Sigma-
Aldrich (USA) with a certificate of purity of ≥ 99% [33]

Fig. 1  Chemical Structure of a Chlorphenoxamine HCl, b Caffeine, c 
Chlorphenoxamine N-Oxide and d Theophylline
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Pharmaceutical formulation
Allergex® Caffeine tablets were produced by EIPICO 
Pharmaceuticals 10th of Ramadan City, Egypt. The tablet 
was supposed to have 20 mg CPX and 50 mg CAF. The 
source of acquisition was a local pharmacy in Egypt.

Preparation of CPX N‑Oxide solution
For CPX N-Oxide preparation, 100  mg of CPX was 
refluxed with 50 mL of 5% H2O2 for 24 h at 100 °C. The 
degradation process was monitored by TLC method 
throughout the disappearance of the spot correspond-
ing to the intact drug and appearance of a new spot 
referring to the formation of the assumed degradation 
product using methanol: glacial acetic acid: water (5: 3: 
2, by volume) as a creating system. The plates have been 
inspected using a UV light with a wavelength of 254 nm. 
After full degradation, a complete evaporation of the 
solution to get rid of H2O2 content, then, 10 mg of CPX 
N-Oxide was relocated into a 10 mL volumetric flask and 
subsequently diluted with methanol to attain a concen-
tration of 1.0 mg/mL. The process of oxidative degrada-
tion was further monitored by HPLC method and mass 
spectrometry was used for the purpose of elucidating the 
structure of the degradation product.

Procedure
Chromatographic conditions
The process of chromatographic separation was con-
ducted within a temperature-controlled environment at 
a temperature of (25 ± 2  ºC), utilizing a reversed phase 
C18, X select column CSH. The gradient elution tech-
nique was carried out using a 20  mM potassium dihy-
drogen phosphate modified with o-phosphoric acid (pH 
3.0 ± 0.2) as solvent (A) and methanol as solvent (B). The 
gradient has been established using three steps: initially, a 
ratio of 70:30 v/v was maintained for the first 0–1.5 min, 
followed by a transition to a ratio of 20:80 v/v through the 
subsequent 1.5–3  min. This ratio was then maintained 
until the end of the run, from 3 to 10 min. Prior to usage, 
the mobile phase was filtered through a 47 mm filter with 
a pore size of 0.45μm and was subjected to degassing 
for 15 min in an ultrasonic bath. With the detection of 
UV at 222 nm, a consistent flow rate of 1.3 mL/min was 
obtained. After 10  min, the mobile phase was gradually 
adjusted back to a ratio of 70:30 v/v, and then the mobile 
phase was run until a stable baseline was achieved and 
the pressure had reached a steady state.

Calibration curves construction
The working standard solutions of CPX, CAF, CPX 
N-Oxide and THP (100  µg/mL) were prepared through 
the process of dilution using the corresponding stock 

solutions (1.0 mg/mL). Then, the linearity of each analyte 
was assessed through serial dilution of working standard 
solutions, resulting in a concentration range of, (2–60 µg/
mL) for CPX, (1–80  µg/mL) for CAF, (0.5–20  µg/mL) 
for CPX N-Oxide and (0.4–20 µg/mL) for THP with the 
used mobile phase as solvents. The solutions were sub-
sequently passed through a 0.25 membrane and 20 µL of 
each solution were injected in triplets. The calibration 
curves were created by comparing peak areas to the cor-
responding concentrations under the previously specified 
chromatographic conditions.

Application to pharmaceutical formulation
Ten tablets had been balanced before being ground into 
powder. An accurate portion of powder, equivalent to 
20 mg CPX and 50 mg CAF, was placed precisely into a 
100 mL volumetric flask. To improve the drug extraction 
process, 50 mL of methanol was introduced to the solu-
tion, which was then sonicated for 30 min. Methanol was 
added to the mark to complete the volume and the mix-
ture was subsequently filtered using 0.25 µm membrane 
filter. Half milliliter of filtered solution was transferred 
into a 10 mL volumetric flask and subsequently filled to 
the mark with the mobile phase solution. The resulting 
concentrations and the percentage of recoveries (R%) of 
CPX and CAF were obtained using the regression equa-
tions. For application of the standard addition technique, 
Allergex Caffeine powder was spiked with standard CPX 
(10, 20, 40 mg) and CAF (25, 50, 100 mg). The procedure 
was completed as outlined in the analysis of the dosage 
form.

Result and discussion
There has been a global push to promote environmentally 
sustainable analytical methods that generate non-hazard-
ous waste and minimize the production of harmful mate-
rials. The utilization of HPLC methodology allows for the 
efficient separation and quantification of components 
within a brief timeframe, while using minimal quantities 
of environmentally friendly solvents [34, 35]. The focus of 
this study was to establish a precise and reliable analyti-
cal technique for detecting the studied analytes in their 
prescribed dosage form, as well as in the presence their 
corresponding related substances [36]. The suggested 
approach mainly differs from the reported methods [18] 
by identifying related substances such as Chlorphenox-
amine N-Oxide and Theophylline [37, 38]. It is crucial to 
determine the presence of the caffeine impurity (Theo-
phylline) as exceeding the permitted limit might lead to 
accelerated heart rate or other cardiac rhythm distur-
bances, particularly in individuals with heart conditions 
[39].
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Characterization of oxidative degradation product of CPX
The degradation procedure, as mentioned in "Prepara-
tion of CPX N-Oxide solution" Sect., was monitored 
through TLC technique. Various developing systems 
were employed to achieve optimal separation between 
CPX and its oxidative degradation product. An effective 
separation was achieved utilizing a developing system 
consisting of methanol, glacial acetic acid and water in 
a volumetric ratio of 5:3:2. The process of whole degra-
dation was observed by tracking the removal of the drug 
point located at Rf 0.52 and the emergence of a single 
spot representing its oxidative degradation product at Rf 
0.75, as illustrated in Fig.  2 and supporting information 
Figure S-1. This result was further confirmed by HPLC 
and Mass spectroscopy using a mobile phase consisting 
of methanol: potassium dihydrogen phosphate modified 
with o-phosphoric acid (pH 3) (80:20 v\v), starting with a 
concentration of 60 µg/mL of CPX, Fig. 3a. The obtained 
results indicate a reduction of approximately 50% in the 
peak of the drug (TR = 2.9  min), followed by the pres-
ence of a novel peak at 4.1 min, Fig.  3b. Following a 24 
h degradation process, it was observed that only the oxi-
dative product peak remained, while the CPX peak had 
completely disappeared, as depicted in Fig.  3c. Moreo-
ver, the structure of CPX N-Oxide was illustrated by the 
mass spectrum where a molecular ion peak was revealed 
at m/z 353, Fig. 4, confirming the suggested pathway for 
oxidation as illustrated in Fig. 2.

Method optimization and development
The objective of the HPLC method design was to utilize 
environmentally friendly chemicals and generate mini-
mal hazardous waste while requiring a short analysis 
time [40]. This approach was designed to routinely deter-
mine combinations including CPX and CAF, as well as 
CPX N-Oxide and THP (as related compounds), with-
out creating any environmental harm. Thus, two factors 
were considered: solvents safety and the minimization 
of the waste produced. Firstly, various combinations of 
ethanol/water and methanol/water solutions were exam-
ined in isocratic separation mode, however the resolution 
and separation results were unsatisfactory. Consequently, 
potassium dihydrogen phosphate buffer instead of water 

was considered. Various ratios of ethanol and phosphate 
buffer were tested at various pH levels (8 and 3), however, 
the results indicated inadequate separation. Furthermore, 
ethanol has a substantial disadvantage since the viscos-
ity of ethanol/water mixtures is larger when compared to 
that of methanol/water for the same eluotropic intensity 
at ambient temperature [41]. High backpressures resulted 
from such high viscosity. As a result, methanol was pre-
ferred over ethanol. Different ratios of phosphate buffer 
and methanol were evaluated under various pH condi-
tions via isocratic elution; however, this also resulted in 
low resolution. Reasonable results were procured while 
using methanol: potassium dihydrogen phosphate modi-
fied with o-phosphoric acid (pH 3). Even though raising 
buffer ratios CAF and THP revealed good separation, 
CPX and CPX N-Oxide showed bad separation. On the 
other hand, increasing methanol ratio CPX and CPX 
N-Oxide resulted in superior resolution, while CAF and 
THP exhibited inadequate separation. Thus, gradient elu-
tion system was the best solution to gain better resolution 
for all studied components. The drugs and their related 
substances were effectively separated and quantified 
using 20 mM potassium dihydrogen phosphate modified 
to pH 3 with o-phosphoric acid (solvent A) and metha-
nol (solvent B), using a gradient mode of 0 min to1.5 min 
(70:30 v/v) and 1.5–3 min (20:80 v/v) with a flow rate of 
1.3 mL/min. At those adjusted conditions, peaks of each 
component were obtained with a short retention time 
while maintaining satisfactory peak resolution. Further-
more, the suitability of the wavelength was evaluated by 
customizing the DAD detector at various wavelengths 
to determine the optimal conditions yielding the highest 
sensitivity for the analyzed components. The wavelengths 
222 nm for CPX while 260 nm for CPX N-oxide, 272 nm 
for the detection of CAF and THP were detected. HPLC-
chromatogram demonstrated that the retention time 
for CPX was 5.018 ± 0.1 min, for CAF, it was 3.105 ± 0.1 
min. While for CPX-N-Oxide, it was 6.182 ± 0.1 min and 
for THP, it was 2.451 ± 0.1 min, Fig. 5. To verify that the 
suggested approach was valid, a system suitability analy-
sis was carried out. Six duplicate injections of the refer-
ence solution at 100% each were given for the CPX, CAF, 
CPX N-Oxide and THP system suitability tests. Values of 

Fig. 2  Oxidative degradation pathway of chlorphenoxamine HCl using 5% H2O2 for 24h at 100˚ C to obtain chlorphenoxamine N-Oxide
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Fig. 3  HPLC chromatograms during monitoring the CPX oxidative degradation at different time intervals starting with 60 µg/mL of CPX using 
methanol-20 mM potassium dihydrogen phosphate modified with o-phosphoric acid pH 3 (80/20, v/v) at 222 nm. a Zero time degradation of CPX. 
b After 12 hours degradation, peak of CPX N-Oxide has been observed. c After 24 degradation, peak of CPX has been disappered. 
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Fig. 4  The Mass Spectrum at negative mode showing molecular ion peak [M-2H] = 353 m/z for CPX N-Oxide

Fig. 5  HPLC Chromatogram of standard, CPX (20 µg/mL) (tR = 5.018), CAF (50 µg/mL) (tR = 3.105), CPX N-Oxide (10 µg/mL) (tR = 6.182) and THP 
(10 µg/mL) (tR = 2.45) C18 X-select Waters® column (3.5 µm, 4.6 mm × 150 mm) and a gradient elution of solvent A (20 mM potassium di hydrogen 
phosphate adjusted to pH 3.0 with o-phosphoric acid) and solvent B (methanol) as a mobile phase at 222 nm
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theoretical plates (≥ 2000), retention time (≤ 2.0%) and 
tailing factor (≤ 2.0) have been determined to be within 
the standard acceptability guidelines for the system suit-
ability parameters. Supporting information Table S-2 
presents the calculations of the system suitability param-
eters. The acquired results were verified using the USP 
Reference values [42].

Method validation
The proposed method validation was evaluated accord-
ing to the guidelines set forth by ICH [43].

Linearity and range
Six concentrations were analyzed in triplicates within 
specified ranges for each compound using RP-HPLC 
method. CPX was examined in the range of 2–60 µg/mL, 
CAF at 1–80 µg/mL, CPX N-Oxide at 0.5–20 µg/mL, and 
THP at 0.4–20  µg/mL under specific chromatographic 
conditions. There were linear correlations found between 
the average peak areas and corresponding concentrations 
as shown in Table 1.

Accuracy
Five pure samples at concentrations of (7.00, 20.00, 40.00, 
60.00, and 80.00  µg/mL) for CPX and CAF, and (3.00, 
6.00, 12.00, 14.00, and 17.00  µg/mL)  for CPX N-Oxide 
and THP were examined in triplicate using RP-HPLC to 
verify the accuracy of the proposed methods. The per-
centage of recoveries were determined by utilizing the 
concentrations derived from the appropriate regression 
equations. The percentage recoveries from the suggested 

procedures were accurate, supporting information Table 
S-4.

Precision
Repeatability, three different concentrations were ana-
lyzed for CPX and CAF (5, 30, and 50  µg/mL) and for 
CPX N-Oxide and THP (2, 6, 10 µg/mL). The results can 
be found in Table 1, showing high precision with low val-
ues of percentage relative standard deviation (% RSD).

Inter-day precision was evaluated by replicating the 
same three concentrations of the drugs on three succes-
sive days. The RSD values demonstrated limited variabil-
ity, confirming that the data was reasonably consistent 
Table 1.

Limit of detection and limit of quantification
The parameters LOD and LOQ were derived using the 
formulas LOD = 3.3 × SD/S and LOQ = 10 × SD/S, where 
SD represents the standard deviation of the response 
(peak area) and S is the slope of the calibration curve, 
Table 1.

Robustness
Robustness is the capacity of a system to withstand 
minor variations in method parameters without being 
affected. varying the pH by ± 0.2, adjusting the flow rate 
by ± 0.1 mL/min, and altering the wavelength by ± 2 nm. 
The response was monitored by observing changes in 
peak regions and calculating the %RSD. The results 
indicated that small intentional changes in the tested 
parameters did not affect the stability of the approaches, 
supporting information Table S-5.

Analysis of the pharmaceutical formulation
The co-formulation of CPX and CAF in Allergex® Caf-
feine tablets was effectively evaluated using the proposed 
chromatographic method. The sample preparation was 
conducted utilizing a single step extraction utilizing 
methanol, indicating the removal of any intervention 
from the tablet additives. The validity of this method and 
a standard addition technique were presented in sup-
porting information Table S-3. The favorable results and 
minimal sample manipulation procedures also direct 
focus towards the practicality of the suggested method as 
environmentally friendly procedures for monitoring the 
quality of the analytes.

Statistical analysis
In this study, the results of CPX and CAF analysis were 
compared to those previously achieved by a reported 
one [18]. In supporting information Table S-4, it is found 
that the tabulated T and F values exceeded the calculated 
ones. The suggested and reported methods demonstrated 

Table 1  Regression and validation Parameters of the proposed 
HPLC -DAD method for determination of CPX and CAF and their 
related substances in pure form

a, b Intraday and interday precision [average three different concentrations of 
three replicate each (n = 9) within same day and repeated on 3 successive days, 
respectively]
c LOD and LOQ are calculated according to ICH, 3.3× SD of residuals

slope
 and 

10× SD of residuals
slope

 , respectively

Parameter CPX CAF CPX N-Oxide THP

Wavelength (nm) 222 nm 272 nm 260 nm 272 nm

Linearity

range (µg/mL) 2–60 1–80 0.5–20 0.4–20

Intercept 14.567 12.694 11.445 5.4162

Slope 55.709 56.275 55.482 56.702

Correlation coefficient (r) 0.9995 0.9997 0.9996 0.9993

Precision(± %RSD)

Repeatabilitya 0.89 0.847 2.02 1.17

Intermediate precisionb 0.929 0.515 1.74 1.232

LODc(µg/mL) 0.59 0.312 0.15 0.12

LOQc(µg/mL) 1.79 0.945 0.43 0.33



Page 8 of 11Ashraf et al. BMC Chemistry          (2024) 18:133 

no significant difference in terms of precision and 
accuracy.

Assessment of the analytical method greenness profile.
The adoption of environmentally friendly analytical 
methods in the pharmaceutical industry, which replace 
hazardous solvent-based methods, has gained momen-
tum due to the increasing concern for environmental 
protection [36, 44]. Within this context, assessing the 
environmental effects of various analytical methodolo-
gies in relation to their adherence to the guidelines of 
green analytical chemistry (GAC) has been believed a 
crucial undertaking [45]. Several evaluation tools for 
GAC have been introduced, commonly referred to as 
"green metrics." These metrics serve to provide a quan-
titative or qualitative assessment of the level of environ-
mental sustainability associated with each analytical 
procedure [46, 47]. The evaluation was carried out using 
four different approaches.

a. Analytical eco-scale system

Eco-Scale grading system based on penalty scores 
was  devised as a partially quantitative way to meas-
ure how environmentally friendly the analytical 

methodology is [28]. The penalty scores are established 
for all parameters in the analytical process which influ-
ences the optimum analysis, such as the quantity of 
reagent, waste generated and energy exhaustion and 
are deducted from the ideal green technique base value 
of 100. The Eco-Scale grading is located in Table 2. The 
score of more than 75 attests to the method superior 
practices.

b. Green analytical procedure index (GAPI)

The combination of Eco-Scale and NEMI allows for 
the assessment of the total sustainability of analytical 
procedures using a new instrument called GAPI [29]. 
A unique pictogram with five pentagrams to evaluate, 
with the colors green, yellow and red signifying the low, 
medium and high ecological influence for each step. The 
GAPI tool provides information on sample preparation, 
the influence of reagents on health and safety, waste 
treatment and instrumentation. The GAPI pictogram is 
displayed in Table  2. Pictogram was created with more 
green-shaded portions (7) than red-shaded ones (4), indi-
cating a more green-focused analytical approach than 
reported one.

Table 2  Greenness assessment of the proposed HPLC and reported HPLC method via different metrics

The proposed HPLC method

Analytical Eco-scale GAPI Tool AGREE Tool RGB Model

Reagent

 Methanol 6

 Phosphate Buffer 0

 5% H2O2 4

 Glacial acetic acid 4

 O-phosphoric acid 4

Instruments

 Energy 1

 Occupational hazard 0

 Waste 6

 Total penalty points 25

 Total score 75

The reported HPLC method

 Reagent

  Methanol 6

  Acetonitrile 6

  Triethylamine 8

Instruments

 Energy 1

 Occupational Hazard 0

 Waste 6

 Total Penalty points 27

 Total score 73
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c. Analytical greenness metric approach and software 
(AGREE)

AGREE tool is the most recent consecrated universal 
metric tool [30] that evaluates the degree of greenness of 
the analytical approach based on the twelve principles, 
supporting information Figure S-2. The tool output is a 
clock—like graph, assessment score is displayed in the 
center of the circular pictogram, with colors from deep 
green to deep red. In this method the AGREE pictogram 
gave a score of 0.62, while for reported HPLC method 
was 0.52 Table 2.

d. Assessment of whiteness of the proposed method 
versus published method

The novel Red Green Blue (RGB) 12 algorithm with 
three groups was acknowledged by Nowak et al. in 2021 
[31]. Each group symbolizes a different color and contains 
certain criteria that assess crucial facets of the analytical 
method. Red group assesses the analytical effectiveness 
in terms of validation criteria, including scope of applica-
tion, precision, accuracy and lowest LOD and LOQ. The 
well-known GAC principles are assigned to the green 
region and productivity factors including cost and time 
effectiveness, minimal practical requirements and opera-
tional simplicity are represented in the blue region. The 
RGB 12 model is displayed as an Excel spreadsheet that 
adhered to the WAC guidelines. The methodologies 
are plainly evaluated in accordance with the 12 WAC 
assumptions and the amount of sustainability as deter-
mined by the whiteness assessment is estimated. A well-
balanced analytical procedure that is appropriate for the 
situation is referred to as "white" in the WAC approach. 
The recommended approach was looked at and critically 
contrasted with the reported approach Table 2.

Conclusion
In this article, a newly developed and validated HPLC–
DAD method was presented, offering several advantages 
for the simultaneous determination of CPX, CAF and their 
respective related substances. The method is not only fast 
and accurate, but also green and selective. Applying this 
method, it is possible to obtain highly sensitive and reliable 
results, which can be crucial for a variety of analytical appli-
cations. Also, the greenness method was evaluated using 
various assessment tools. These tools include Eco-Scale 
scoring, GAPI, and AGREE. The suggested method was 
found to have a minor environmental impact, as indicated 
by the evaluation results. The application of this technique 
for determining CPX and CAF in tablets has been found 
to be highly effective, as it is capable to accurately measure 
the compound without being affected by any excipients. 
The findings of this investigation shed light on the potential 

of CPX and CAF analysis as an alternative method for the 
quantification of the target compounds. To sum up, The 
HPLC method proposed is a significant and advanced 
approach for analyzing active pharmaceutical ingredients. 
It is noteworthy for its eco-friendliness, uncomplicated 
nature with minimal data manipulation, reproducibility, 
rapidity and precision.

Abbreviations
CPX	� Chlorphenoxamine hydrochloride
CAF	� Caffeine
DAD	� Diode array detector
FDA	� Food and drug administration
GAC​	� Green analytical chemistry
MERS-COV	� Middle East respiratory syndrome-related corona virus
ICH	� International conference of harmonization
SARS-COV	� Severe acute respiratory syndrome-related corona virus
THP	� Theophylline

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s13065-​024-​01238-8.

Additional file 1.

Acknowledgements
Not applicable

Author contributions
Ahmed Ashraf: Writing the main manuscript text, methodology. Norhan Badr 
ElDin: Figures preparation, analysis of all data. Yasmin Rostom& Ghada A. Sedik: 
Conceptualization, writing review and editing. Badr A. El-Zeany: writing review 
and editing. All the authors read, reviewed and approved the manuscript.

Funding
Open access funding provided by The Science, Technology & Innovation 
Funding Authority (STDF) in cooperation with The Egyptian Knowledge Bank 
(EKB). Open access funding provided by The Science, Technology & Innovation 
Funding Authority (STDF) in cooperation with The Egyptian Knowledge Bank 
(EKB).

Availability of data and materials
The data used and/or analyzed during this study are available from the cor‑
responding author on a reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no known competing financial interests 
or personal relationships that could have appeared to influence the work 
reported in this paper.

Received: 3 January 2024   Accepted: 28 June 2024

https://doi.org/10.1186/s13065-024-01238-8
https://doi.org/10.1186/s13065-024-01238-8


Page 10 of 11Ashraf et al. BMC Chemistry          (2024) 18:133 

References
	1.	 Ito K, Weinberger KR, Robinson GS, Sheffield PE, Lall R, Mathes R, Ross Z, 

Kinney PL, Matte TD. The associations between daily spring pollen counts, 
over-the-counter allergy medication sales, and asthma syndrome emer‑
gency department visits in New York City, 2002–2012. Environ Health. 
2015;14:1–12. https://​doi.​org/​10.​1186/​s12940-​015-​0057-0.

	2.	 Wheatley LM, Plaut M, Schwaninger JM, Banerji A, Castells M, Finkelman 
FD, Gleich GJ, Guttman-Yassky E, Mallal SAK, Naisbitt DJ. Report from the 
national institute of allergy and infectious diseases workshop on drug 
allergy. J Allergy Clin Immunol. 2024;136(2015):262–71. https://​doi.​org/​
10.​1016/j.​jaci.​2015.​05.​027(acces​sedMa​rch5.

	3.	 Undem BJ, Taylor-Clark T. Mechanisms underlying the neuronal-based 
symptoms of allergy. J Allergy Clin Immunol. 2024;133(2014):1521–34. 
https://​doi.​org/​10.​1016/j.​jaci.​2013.​11.​027(acces​sedMa​rch5.

	4.	 United States Pharmacopeia committee. The United States Pharmaco‑
peia 20. The National Formulary. Rockville: United States Pharmacopeial 
convention; 2008.

	5.	 Dyall J, Gross R, Kindrachuk J, Johnson RF, Olinger GG, Hensley LE, Frie‑
man MB, Jahrling PB. Middle east respiratory syndrome and severe acute 
respiratory syndrome: current therapeutic options and potential targets 
for novel therapies. Drugs. 2024;77(2017):1935–66.

	6.	 Schafer A, Cheng H, Xiong R, Soloveva V, Retterer C, Mo F, Bavari 
S, Thatcher G, Rong L. Repurposing potential of 1st generation 
H1-specific antihistamines as anti-filovirus therapeutics. Antiviral Res. 
2024;157(2018):47–56.

	7.	 Travi BL. Current status of antihistamine drugs repurposing for infectious 
diseases. Med Drug Discov. 2022;15:2024. https://​doi.​org/​10.​1016/j.​
medidd.​2022.​100140.

	8.	 The United States Pharmacopeia. The National Formulary. Rockville: 
United States Pharmacopeial convention 

	9.	 Magkos F, Kavouras SA. Caffeine use in sports, pharmacokinetics 
in man, and cellular mechanisms of action. Crit Rev Food Sci Nutr. 
2024;45(2005):535–62. https://​doi.​org/​10.​1080/​1040-​83049​13792​45.

	10.	 Fredholm BB, Bättig K, Holmén J, Nehlig A, Zvartau EE. Actions of caffeine 
in the brain with special reference to factors that contribute to its wide‑
spread use. Pharmacol Rev. 1999;51:83–133.

	11.	 Goenechea S, Rücker G, Brzezinka H, Hoffmann G, Neugebauer M, Pyzik 
T. Isolation of chlorphenoxamine metabolites in human urine and their 
identification. Arzneimittelforschung. 1987;37:854–9.

	12.	 Köppel C, Tenczer J, Arndt I, Ibe K. Urinary metabolism of chlorphenox‑
amine in man. Arzneimittelforschung. 1987;37:1062–4.

	13.	 Caubet M-S, Elbast W, Dubuc M-C, Brazier J-L. Analysis of urinary caffeine 
metabolites by HPLC-DAD: the use of metabolic ratios to assess CYP1A2 
enzyme activity. J Pharm Biomed Anal. 2002. https://​doi.​org/​10.​1016/​
S0731-​7085(01)​00546-5.

	14.	 Namieśnik J. Green analytical chemistry–some remarks. J Sep Sci. 
2001;24:151–3.

	15.	 Koel M. Do we need green analytical chemistry? Green chemistry, royal 
society of. Chemistry. 2024;2016:923–31. https://​doi.​org/​10.​1039/​c5gc0​
2156a.

	16.	 Gupta V, Jain ADKJ, Gill NS, Guptan K. Development and validation of 
HPLC method-a review, international research journal of pharmaceutical 
and applied. Sciences. 2012;2:17–25.

	17.	 Płotka-Wasylka J, Fabjanowicz M, Kalinowska K, Namieśnik J. History and 
milestones of green analytical chemistry. Green Anal Chem Past Present 
Perspect. 2024;2019:1–17. https://​doi.​org/​10.​1007/​978-​981-​13-​9105-7_1.

	18.	 YM Dessouky, HH Hassanein, A-A Mohammad, RS Hanafy. Normal phase 
high performance liquid chromatographic determination of chlorphe‑
noxamine hydrochloride, Caffeine and 8-Chlorotheophylline. Bull Fac 
Pharm Cairo Univ, 2004.

	19.	 Elzanfaly ES, Hegazy MA, Saad SS, Salem MY, Abd El Fattah LE. Validated 
green high-performance liquid chromatographic methods for the deter‑
mination of coformulated pharmaceuticals: a comparison with reported 
conventional methods. J Sep Sci. 2015;38:757–63. https://​doi.​org/​10.​
1002/​jssc.​20140​1151.

	20.	 HM Lotfy, H Salem, AM Mohsen, HM Lotfy, AM Badawey, SZ Elkhateeb. 
Application of three novel spectrophotometric methods manipulating 
ratio spectra for resolving a pharmaceutical mixture of Chlorphenoxam‑
ine hydrochloride and Caffeine. Int J Pharm Pharm Sci. 2013.

	21.	 Kelani KM. Simultaneous determination of caffeine, 8-Chlorotheophyl‑
line, and chlorphenoxamine hydrochloride in ternary mixtures by 

ratio-spectra zero-crossing first-derivative spectrophotometric and 
chemometric methods. J AOAC int. 2005. https://​doi.​org/​10.​1093/​jaoac/​
88.4.​1126.

	22.	 Dinç E, Palabıyık İM, Üstündağ Ö, Yurtsever F, Onur F. Simultaneous spec‑
trophotometric determination of chlorphenoxamine hydrochloride and 
caffeine in a pharmaceutical preparation using first derivative of the ratio 
spectra and chemometric methods. J Pharm Biomed Anal. 2002;28:591–
600. https://​doi.​org/​10.​1016/​S0731-​7085(01)​00694-X.

	23.	 Abdel-Ghani NT, Abu-Elenien GM, Hussein SH. Differential pulse voltam‑
metric determination of chlorphenoxamine hydrochloride and its phar‑
maceutical preparations using platinum and glassy carbon electrodes. 
J Appl Electrochem. 2024;40(2010):499–505. https://​doi.​org/​10.​1007/​
s10800-​009-​0021-1.

	24.	 Abdel-Ghani NT, Hussein SH. Flow injection potentiometric deter‑
mination of chlorphenoxamine hydrochloride. J Appl Electrochem. 
2024;40(2010):2077–90. https://​doi.​org/​10.​1007/​s10800-​010-​0189-4.

	25.	 Bebawy LI, El-Kousy NM. Simultaneous determination of some multi‑
component dosage forms by quantitative thin layer chromatography 
densitometric method. J Pharm Biomed Anal. 1999. https://​doi.​org/​10.​
1016/​S0731-​7085(99)​00039-4.

	26.	 Esmaeilzadeh S, Valizadeh H, Zakeri-Milani P. A simple, fast, low cost, 
HPLC/UV validated method for determination of flutamide: application to 
protein binding studies. Adv Pharm Bull. 2016;6:251–6. https://​doi.​org/​10.​
15171/​apb.​2016.​034.

	27.	 Keith LH, Gron LU, Young JL. Green analytical methodologies. Chem Rev. 
2024;107(2007):2695–708. https://​doi.​org/​10.​1021/​cr068​359e.

	28.	 Gałuszka A, Migaszewski ZM, Konieczka P, Namieśnik J. Analytical Eco-
Scale for assessing the greenness of analytical procedures. TrAC Trends 
Anal Chem. 2024;37(2012):61–72. https://​doi.​org/​10.​1016/j.​trac.​2012.​03.​
013.

	29.	 Płotka-Wasylka J. A new tool for the evaluation of the analytical proce‑
dure: green analytical procedure index. Talanta. 2018;181:204–9.

	30.	 Pena-Pereira F, Wojnowski W, Tobiszewski M. AGREE—analytical green‑
ness metric approach and software. Anal Chem. 2024;92(2020):10076–82. 
https://​doi.​org/​10.​1021/​acs.​analc​hem.​0c018​87.

	31.	 Nowak PM, Wietecha-Posłuszny R, Pawliszyn J. White analytical chemistry: 
an approach to reconcile the principles of green analytical chemistry and 
functionality. TrAC Trends Anal Chem. 2021. https://​doi.​org/​10.​1016/j.​trac.​
2021.​116223.

	32.	 KJ Fountain, HB Hewitson, PC Iraneta, D Morrison. Practical applications 
of charged surface hybrid (CSH) technology. Waters Appl Note, Waters 
Corporation, Milford, MA, U.S. 2010; 720003720EN.

	33.	 Theophylline Sigma aldrich. https://​www.​sigma​aldri​ch.​com/​EG/​en/​produ​
ct/​sigma/​t1633.

	34.	 Steiner F, Paul C, Dong M. HPLC autosamplers: perspectives, principles, 
and practices. LCGC North Am. 2019;37:514–29.

	35.	 Dong M. The essence of modern HPLC: advantages, limitations, funda‑
mentals, and opportunities. LCGC North Am. 2013;31:472–9.

	36.	 Carraro C, Siniscalco D. Strategies for the international protection of the 
environment. J Public Econ. 1993;52:309–28.

	37.	 Haq N, Shakeel F, Alanazi F, Alshora DH, Ibrahim MA. Development and 
validation of a green RP-HPLC method for the analysis of rosuvastatin: a 
step towards making liquid chromatography environmentally benign. 
Green Proc Synth. 2018;7:160–9. https://​doi.​org/​10.​1515/​gps-​2017-​0023.

	38.	 Kelani KM, Elzanfaly ES, Saad AS, Halim MK, El-Zeiny MB. Different green‑
ness assessment perspectives for stability-indicating RP-HPLC method 
used for the assay of isoxsuprine hydrochloride and four nephrotoxic 
and hepatotoxic photothermal degradation products. Microchem J. 
2021;171:106826. https://​doi.​org/​10.​1016/j.​microc.​2021.​106826.

	39.	 Kearney TE, Manoguerra AS, Curtis GUYP, Ziegler MG. Theophylline toxic‑
ity and the beta-adrenergic system. Ann Intern Med. 1985;102:766–9. 
https://​doi.​org/​10.​7326/​0003-​4819-​102-6-​766.

	40.	 Ganjiwale SV, Dewani AP, Chandewar AV. A comprehensive overview 
of HPLC method development and validation. Int J Pharm Sci. 2024;2:1. 
https://​doi.​org/​10.​5281/​zenodo.​10581​387.

	41.	 Song S, Peng C. Viscosities of binary and ternary mixtures of water, alco‑
hol, acetone, and hexane. J Dispers Sci Technol. 2008;29:1367–72. https://​
doi.​org/​10.​1080/​01932​69080​23130​06.

	42.	 Guidance R. Validation of chromatographic methods. Washington: Center 
for Drug Evaluation and Research (CDER); 1994.

https://doi.org/10.1186/s12940-015-0057-0
https://doi.org/10.1016/j.jaci.2015.05.027(accessedMarch5
https://doi.org/10.1016/j.jaci.2015.05.027(accessedMarch5
https://doi.org/10.1016/j.jaci.2013.11.027(accessedMarch5
https://doi.org/10.1016/j.medidd.2022.100140
https://doi.org/10.1016/j.medidd.2022.100140
https://doi.org/10.1080/1040-830491379245
https://doi.org/10.1016/S0731-7085(01)00546-5
https://doi.org/10.1016/S0731-7085(01)00546-5
https://doi.org/10.1039/c5gc02156a
https://doi.org/10.1039/c5gc02156a
https://doi.org/10.1007/978-981-13-9105-7_1
https://doi.org/10.1002/jssc.201401151
https://doi.org/10.1002/jssc.201401151
https://doi.org/10.1093/jaoac/88.4.1126
https://doi.org/10.1093/jaoac/88.4.1126
https://doi.org/10.1016/S0731-7085(01)00694-X
https://doi.org/10.1007/s10800-009-0021-1
https://doi.org/10.1007/s10800-009-0021-1
https://doi.org/10.1007/s10800-010-0189-4
https://doi.org/10.1016/S0731-7085(99)00039-4
https://doi.org/10.1016/S0731-7085(99)00039-4
https://doi.org/10.15171/apb.2016.034
https://doi.org/10.15171/apb.2016.034
https://doi.org/10.1021/cr068359e
https://doi.org/10.1016/j.trac.2012.03.013
https://doi.org/10.1016/j.trac.2012.03.013
https://doi.org/10.1021/acs.analchem.0c01887
https://doi.org/10.1016/j.trac.2021.116223
https://doi.org/10.1016/j.trac.2021.116223
https://www.sigmaaldrich.com/EG/en/product/sigma/t1633
https://www.sigmaaldrich.com/EG/en/product/sigma/t1633
https://doi.org/10.1515/gps-2017-0023
https://doi.org/10.1016/j.microc.2021.106826
https://doi.org/10.7326/0003-4819-102-6-766
https://doi.org/10.5281/zenodo.10581387
https://doi.org/10.1080/01932690802313006
https://doi.org/10.1080/01932690802313006


Page 11 of 11Ashraf et al. BMC Chemistry          (2024) 18:133 	

	43.	 ICH guidelines (Q2R1), ICH Harmonised Tripartite Guideline validation 
of analytical procedure: text and Methodolgy Q2(R1) retrieved from the 
international conference on harmonisation of technical requirements for 
registration of pharmaceuticals for human use. 2014. https://​doi.​org/​10.​
1186/​1479-​5876-​11-​197.

	44.	 Capello C, Fischer U, Hungerbühler K. What is a green solvent? A compre‑
hensive framework for the environmental assessment of solvents. Green 
Chem 2007;9:927–93. https://​doi.​org/​10.​1039/​B6175​36H.

	45.	 Soliman RM, Rostom Y, Mahmoud AM, Fayez YM, Mostafa NM, Monir HH. 
Novel fabricated potentiometric sensors for selective determination of 
carbinoxamine with different greenness evaluation perspectives. Micro‑
chem J. 2023. https://​doi.​org/​10.​1016/j.​microc.​2022.​10838.

	46.	 Hussein OG, Abdelkawy M, Rezk MR, Ahmed DA, Rostom Y. Novel 
stability-indicating TLC-densitometric method for quantification of anta‑
zoline and tetryzoline; application to pharmaceutical formulation. Results 
Chem. 2023. https://​doi.​org/​10.​1016/j.​rechem.​2023.​100920.

	47.	 Hussein OG, Rostom Y, Abdelkawy M, Rezk MR, Ahmed DA. Spectropho‑
tometric platform windows’ exploitation for the green determination of 
Alcaftadine in presence of its oxidative degradation product. Spectro‑
chim Acta A Mol Biomol Spectrosc. 2023. https://​doi.​org/​10.​1016/j.​saa.​
2023.​122737.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1186/1479-5876-11-197
https://doi.org/10.1186/1479-5876-11-197
https://doi.org/10.1039/B617536H
https://doi.org/10.1016/j.microc.2022.10838
https://doi.org/10.1016/j.rechem.2023.100920
https://doi.org/10.1016/j.saa.2023.122737
https://doi.org/10.1016/j.saa.2023.122737

	Novel RP-HPLC–DAD approach for simultaneous determination of chlorphenoxamine hydrochloride and caffeine with their related substances
	Abstract 
	Introduction
	Experimental
	Instrumentation and software
	Reagents
	Samples
	Pure samples
	Pharmaceutical formulation

	Preparation of CPX N-Oxide solution
	Procedure
	Chromatographic conditions
	Calibration curves construction

	Application to pharmaceutical formulation

	Result and discussion
	Characterization of oxidative degradation product of CPX
	Method optimization and development
	Method validation
	Linearity and range
	Accuracy
	Precision
	Limit of detection and limit of quantification
	Robustness

	Analysis of the pharmaceutical formulation
	Statistical analysis
	Assessment of the analytical method greenness profile.

	Conclusion
	Acknowledgements
	References


