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Abstract
A UV-chemometric approach has been developed to analyze a ternary combination of aspirin, caffeine, and 
orphenadrine citrate without the need for previous separation. The method is easy, specific, accurate, and highly 
precise. The three medications were evaluated simultaneously utilizing CLS, PLS, and PCR, which were generated 
based on separate data sets that yielded superior findings. Regrettably, their accurate estimation could only be 
achieved using the PLS approach. In order to determine the prediction power of each chemometric approach, 
its validity has been tested using 8 synthetic mixes. The latent variable number varies across various models as 
the dataset changes. The comparison of various methodologies and the assessment of the predictive capacity of 
each set of data were done using the predicted residual error sum of squares (PRESS) and the root mean square 
error of prediction (RMSEP). The created approach was also used to statistically compare the performance of PLS 
in a dataset with zero absorption, as well as to compare the performance of the offered chemometric methods 
in various datasets. The environmental impact of the created approach was assessed to determine the overall 
ecological sustainability of the designed methodology. According to the new Blue Applicability Grade Index (BAGI) 
evaluation methodology, the suggested technique was also found to be practicable.
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Introduction
Nonmalignant chronic pain (NMCP) is regarded as a 
matter of public health significance [1]. Every year in the 
United States, almost 100  million Americans suffer from 
chronic pain. The United States incurs an estimated added 
cost of $261-$300 billion in health care expenditure associ-
ated with chronic pain [2, 3]. The American Pain Society 
has advocated the use of polytherapy to achieve efficient 
pain management while minimizing the risk and occur-
rence of side effects [4]. The combination of aspirin (ASP), 
caffeine (CAF), and orphenadrine citrate (ORPH) is used 
to alleviate the discomfort associated with musculoskel-
etal pain. Acetylsalicylic acid, commonly known as aspirin 
(ASP), is a salicylate drug that rapidly proceeds hydroly-
sis in the human body to produce its therapeutic effects. 
It serves as a pain reliever, fever reducer, and anti-inflam-
matory medication (Fig.  1). ASP may also be utilized to 
decrease death from cardiovascular disease in high-risk 
individuals who have had a heart attack or stroke [5, 6]. The 
psychostimulant purine alkaloid caffeine (CAF), scientifi-
cally known as 1,3,7-trimethylxanthine, may heighten one’s 
state of alertness. (Fig.  1). It is common practice to mix 
CAF with analgesic and antipyretic medications because of 
its ability to enhance their effects [7]. Orphenadrine citrate 
(ORP) is a chemical compound with the chemical formula 
(±)-N, N-Dimethyl-2-[(o-methyl-a-phenylbenzyl)oxy] eth-
ylamine citrate is a centrally acting skeletal muscle relax-
ant that inhibits certain neurons in the brain’s neurological 
system, hence preventing the generation of impulses in the 
somatic nerves (Fig.  1). The synergistic effect of combin-
ing an analgesic medication with a skeletal muscle relaxant 
surpasses the individual efficacy of either agent alone [7].

Through a literature study, it has been found that the 
determination of ASP and CAF in their binary combina-
tion was accomplished using electrochemical techniques 
[8, 9] and HPLC methods [10, 11]. Moreover, the exist-
ing literature has shown that there have been limited 
approaches used to analyze the combination of ASP, 
CAF, and ORP in their ternary mixes and pharmaceutical 
formulations. The determination was conducted using 
the spectrophotometric technique [12], the TLC method 
[13], and the HPLC methods [14, 15].

UHPLC, TLC, and HPLC are analytical approaches 
that provide enhanced sensitivity and selectivity. Nev-
ertheless, these approaches are distinguished by their 
heightened intricacy, elevated costs associated with 
equipment care, and analysis duration. Furthermore, it is 
imperative to do sample purifying prior to the injection. 
UV-spectrometry is an inexpensive, quick, and sensi-
tive analytical instrument; nevertheless, the direct UV-
spectrophotometric methods are unsuitable for analyzing 
multicomponent drug formulations as a result of spectral 
overlap and lack of specificity. Chemometric is currently 
a captivating area of study that combines mathematical 
and computational methods to effectively analyze com-
plicated mixtures and separate overlapping spectra by 
eliminating noise in the recorded signal [16].

Recently, the scientific sector has been actively adopt-
ing environmental chemistry and green analytical 
chemistry (GAC) ideas into their work methodologies. 
Consequently, a set of criteria was developed to mea-
sure ecological compatibility and sustainability in order 
to assess the analytical methodologies [17, 18]. Two 
metrics, GAPI and AGREE, were used in this research 
to evaluate the proposed method’s sustainable profile. 
Greenness of the procedure was shown by the findings 
[19, 20]. Additionally, the procedure’s practicability was 
evaluated using the newly introduced Blue Applicability 
Grade Index (BAGI) methodology [21].

As far as we know, there is currently no UV-Chemo-
metric technique available for analyzing this ternary 
combination. The innovation of this study is in the 
development of a new chemometric approach that uti-
lizes UV-Spectrophotometer equipment to analyze this 
combination without the need for separation or sample 
treatment.

The objective of this study is to create efficient and 
environmentally-friendly UV-chemometric techniques 
that are cost-effective, precise, rapid, and user-friendly. 
These methods will be used to analyze ASP, CAF, and 
ORP in their combined tablet formulation, without any 
interference. By comparing the results obtained from dif-
ferent sets of data, we will identify the set with the highest 

Fig. 1 Chemical structures of aspirin (ASP), caffeine (CAF) and orphenadrine citrate (ORP)
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predictive capability. The data have been subjected to sta-
tistical analysis and then compared and evaluated.

Experimental
Apparatus
The JASCO dual beam UV-visible spectrophotometer 
model V-630, manufactured in Tokyo, Japan, was used 
in conjunction with an ACER-compatible computer run-
ning spectra management II software. The instrument’s 
spectral slit width was 2 nm and it could scan at different 
speeds up to 8000 nm/min. Every measurement has been 
conducted in a 1 cm quartz cell at normal temperature, 
spanning a wavelength range of 200 to 400 nm.

Software
The chemometric analysis was performed using the 
MATLAB® 7.0.1 software ( h t t p  s : /  / w w w  . m  a t h  w o r  k s . c  o m  / 
p r  o d u  c t s /  m a  t l a b . h t m l). The statistical analysis was  p e r f o 
r m e d utilizing the PASW Statistics 18® software ( h t t p  : / /  w 
w w .  s p  s s .  c o m  . h k /  s t  a t i s t i c s /).

Materials and reagents
Pure standards
ASP was obtained from El-Nasr Pharmaceutical Co., 
Abu Zaabal, Cairo, Egypt. ORP was obtained as a gift 
from EIPICO, located in the 10th of Ramadan city, 
Egypt. Their purity was reported to be 99.70%. CAF was 
obtained from LABORT FINE CHEM, located in 602/A, 
President Plaza, Near RTO, Ring Road, Surat- 395,001, 
Gujarat, India, and its purity was reported to be 99.00%.

Pharmaceutical formulations
Relatic® tablets were obtained from the market (label 
claim: ASP 770 mg, CAF 60 mg, and ORP 50 mg) manu-
factured by Sigma for Pharmaceutical International (SPI), 
Egypt for Horizone Pharma, Egypt.

Solvents
HPLC grade Methanol (LiChrosolv, Merck KGaA, Ger-
many). All of measurements have been carried out by 
using 90% Methanol (HPLC grade methanol: Distilled 
water 9:1).

Standard solutions Preparation
ASP, CAF, ORP stock standard solutions of 1  mg/mL 
have been prepared in 90% methanol. All working stan-
dard solutions of 50 µg/mL have been prepared by dilu-
tion from the stock solution with 90% methanol. 25 
mixture solutions of ASP, CAF & ORP in the range of 
4–25 µg/mL for ASP, 5–35 µg/mL for CAF and 5–50 µg/
mL for ORP in the same solvent have been symmetrically 
prepared from the previous stock solutions respectively 
and the concentration set design was demonstrated in 
Fig. 2.

Calibration set
17 synthetic mixtures in the range of 4–25  µg/mL for 
ASP, 5–35  µg/mL for CAF and 5–50  µg/mL for ORP 
were prepared as a training set according to the multifac-
tor and the multilevel design [22] in 10 mL volumetric 
flasks. Calibration set was chosen according to stratified 
random sampling technique [23]. UV absorption spectra 
in its raw form and in its manipulated spectral data sets 
were used to construct the chemometric models of CLS, 
PLS and PCR.

Prediction set
8 synthetic mixtures in the same range of calibration set 
of the three drugs were also prepared as a validation set 
according to the multifactor and the multilevel design 
[22] in 10 mL volumetric flasks to evaluate the accuracy 
and precision of the constructed models.

Data preprocessing
Absorption spectra were scanned from 200 to 400  nm 
while the region 200–215  nm was neglected to avoid 
noise interference. Several wavelengths have been tried 
and the wavelength range of 260–285 nm was chosen due 
to its superior and accurate results over other ranges.

The first and Second derivatives of the absorption spec-
tra were processed before building some models to assess 
their effect on the validation of the analysis. Ratio spec-
tra were calculated using divisors of ASP (25ug), CAF 
(25ug), and ORP (25ug), separately then the analysis was 
continued using only CAF (25ug) as a divisor and its ratio 
derivatives as it gave more precise values than ASP and 
ORP.

Application to pharmaceutical formulation
10 Tablets of Relatic® were weighed and crushed then an 
amount equivalent to 385 mg ASP, 30 mg CAF and 25 mg 
ORP in each tablet was transferred into a 50 mL volumet-
ric flask (equivalent to 7700 µg/mL ASP, 600 µg/mL CAF 

Fig. 2 Concentration set design for ASP, CAF & ORP for CLS, PLS and PCR 
methods

 

https://www.mathworks.com/products/matlab.html
https://www.mathworks.com/products/matlab.html
http://www.spss.com.hk/statistics/
http://www.spss.com.hk/statistics/


Page 4 of 12El-Adl et al. BMC Chemistry           (2025) 19:75 

and 500 µg/mL ORP) and diluted with 90% methanol as 
follow: First, 35 mL of 90% methanol were added and 
sonicated then filtered and dilution was carried out to the 
mark. Second, 1 mL of the dilution was transferred into a 
100 mL volumetric flask to give a concentration equiva-
lent to 77 µg/mL ASP, 6 µg/mL CAF, and 5 µg/mL ORP. 
Third, any further dilutions were done in 10 mL volumet-
ric flasks (Sample enrichment must be done to CAF and 
ORP) and treated in the same way as described under the 
proposed methods.

Results and discussion
Method optimization
Trials of three simple chemometric methods CLS, PLS & 
PCR have been used for simultaneous determination of 
ASP, CAF & ORP in their pharmaceutical dosage form. 
Absorption spectra in their raw form and in their manip-
ulated forms (First derivative, Second derivative, Ratio 
spectra, First derivative of ratio spectra, and Second 
derivative of ratio spectra) to make different sets of data 
(Fig. 3) were used to build CLS, PLS and PCR models in 
the range of 260–285  nm. 90% Methanol (HPLC grade 

Fig. 3 Different sets of data used for construction of CLS, PLS and PCR models represent the range of absorption for each set of data
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methanol: Distilled water 9:1) was used as a solvent in 
which all drugs showed good solubility. Figure 4 displays 
the absorption spectra of Zero, First derivative, Second 
derivative, Ratio spectra, First derivative of ratio spec-
tra, and Second derivative of ratio spectra of ASP, CAF & 
ORP, and their mixture. CLS, PLS, and PCR models were 
constructed by using a calibration set consisting of differ-
ent ratios of ASP, CAF & ORP as shown in Table 1.

Cross-validation and Scaling were carried out on the cali-
bration set by leaving out one at a time cross-validation and 
mean center scaling for PLS and PCR models. The num-
ber of latent variables is varied from one model to another. 
Wavelength range from 260 to 285 nm with Δλ = 0.1 nm for 
zero, first, and second derivative and Δλ = 1  nm for Ratio 

spectra and its derivatives were used in all measurements 
as it is found to give better and more accurate results. 
Parameters used in the construction of PLS and PCR mod-
els are demonstrated in Table  2. The optimal number of 
latent variables is different from one model to another and 
is demonstrated for PLS in Fig. 5 and for PCR in Fig. 6.

Method validation
The Validation of CLS, PLS, and PCR models were cal-
culated by the analysis of their predictive ability on the 
validation (prediction) set for assessment of the accuracy 
and precision. The predicted values and actual values of 
both calibration and validation sets were compared then 
the predicted residual error sum of squares (PRESS) and 

Fig. 4 Different absorption spectra of ASP (25ug), CAF (25ug) and ORP (25ug) and their mixture (12ug each) represent the range of absorption for each 
set of data
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root mean square error of prediction (RMSEP) were cal-
culated for various models as follows:

 
PRESS = Calculate the difference between expected val-
ues and predicted values for all the samples and square 
them then sum them together.

 
RMSEP = Divide PRESS by number of mixtures and cal-
culate the root of the resulted value.

 
Results for different sets of data by using PLS are shown 
in Table 3.

Unfortunately, CLS and PCR gave inaccurate results 
and as such, they would not be used in determination of 
this ternary mixture unlike PLS which gave very accurate 
values as shown in Tables S1–S4.

In respect to PLS, Zero absorption spectra, First deriv-
ative spectra, and Second derivative spectra can be used 
for the determination of ASP, CAF & ORP in which Zero 
absorption spectra have the most powerful prediction 
for ASP and First derivative spectra have the most pow-
erful prediction for both CAF & ORP while Ratio spec-
tra, Ratio derivative spectra and Ratio second derivative 
spectra can’t be used for determination of ASP, CAF & 
ORP.

Although the Raw data set (Zero spectra) is the sim-
plest method but manipulation of the spectra to have dif-
ferent sets of data led to a great difference with improving 

the results. Although the ratio spectra set of data requires 
an extra process before carrying out the measurements, 
the First and Second derivatives of ratio spectra sets of 
data require more work as they need more extra process 
than the ratio spectra.

Application to pharmaceutical formulation
The proposed chemometric method (PLS) was suc-
cessfully applied for determination of ASP, CAF & 
ORP in their tablet formulation (Relatic® tablets). The 
results were in the acceptable range concurrent with 
the labeled amounts. The standard addition technique 
(a known amount of standard was added to the formu-
lation and then measured) was applied for accuracy and 
demonstrated that no interference of the excipients was 
observed (Table 4).

Assessment of the proposed approaches level of 
eco-friendliness
Green analytical chemistry is concerned with determin-
ing how to put a numerical value on the many environ-
mental impacts of chemical analysis. Researchers and 
practitioners in the chemical sciences have enormous 
hurdles in determining whether chemical processes are 
environmentally friendly and in avoiding unintended 
consequences. The level of greenness of the intended 
method was assessed using two contemporary metrics, 
namely GAPI and AGREE. The use of GAPI here allows 
for a comprehensive representation of the established 
technique ( h t t p  s : /  / c d n  . m  o s t  w i e  d z y .  p l  / 7 3  / 4 8  / 4 c /  f 1  / 0 _  2 
0 2  0 1 0 3  0 1  3 5 0  2 8 5  9 6 6 2  9 1  _ F M  E / g  a p i -  c h  a r t - g e n e r a t o r - s f 
x . e x e). The influence on the environment is quantified 
using five pentagrams. The objects are categorized into 
three color-coded groups: green, yellow, and red, indicat-
ing low, medium, and significant environmental conse-
quences, respectively [24–26]. AGREE  (   h t t p : / / m o s t w i e d z 
y . p l / A G R E E     ) is a cutting-edge measure designed to eval-
uate the environmental and occupational hazards asso-
ciated with the analytical process, focusing on 12 main 
factors. The final score is a fractional value ranging from 

Table 1 Chemometric design for calibration and validation sets for ASP, CAF & ORP
Set Calibration set Set Calibration set Set Validation set
Mix No. ASP CAF ORP Mix No. ASP CAF ORP Mix No. ASP CAF ORP
C1 12 12 12 C10 12 16 16 V1 8 16 10
C 2 12 8 8 C11 16 16 8 V 2 10 16 12
C 3 8 8 16 C12 8 14 8 V 3 10 14 16
C 4 16 10 16 C13 8 12 14 V 4 16 14 12
C 5 16 12 10 C14 12 14 14 V 5 16 8 14
C 6 12 10 10 C15 14 14 10 V 6 14 8 12
C 7 10 10 14 C16 10 8 10 V 7 14 10 8
C 8 14 16 14 C17 10 12 8 V 8 8 10 12
C 9 14 12 16
• Concentrations used for ASP, CAF and ORP are 8 ug, 10 ug, 12 ug, 14 ug and 16 ug for each

Table 2 Chemometric parameters used for construction of PLS 
& PCR models
Method Range 

(nm)
Inter-
val 
(nm)

Scaling Cross 
Validation

Zero 260–285 0.1 Mean center Leave one out
First derivative 260–285 0.1 Mean center Leave one out
Second derivative 260–285 0.1 Mean center Leave one out
Ratio spectra 260–285 1 Mean center Leave one out
Ratio derivative 260–285 1 Mean center Leave one out
Ratio second 
derivative

260–285 1 Mean center Leave one out

https://cdn.mostwiedzy.pl/73/48/4c/f1/0_202010301350285966291_FME/gapi-chart-generator-sfx.exe
https://cdn.mostwiedzy.pl/73/48/4c/f1/0_202010301350285966291_FME/gapi-chart-generator-sfx.exe
https://cdn.mostwiedzy.pl/73/48/4c/f1/0_202010301350285966291_FME/gapi-chart-generator-sfx.exe
http://mostwiedzy.pl/AGREE
http://mostwiedzy.pl/AGREE
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Fig. 5 Different Latent Variables (RMSECV vs. LV) for different sets of data for construction of PLS models (Blue, green and red lines represent ASP, CAF 
and ORP, respectively)
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Fig. 6 Different Latent Variables (RMSECV vs. LV) for different sets of data for construction of PCR models (Blue, green and red lines represent ASP, CAF 
and ORP, respectively)
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zero to one, which is located in the center of the AGREE 
icon. The resulting color in the center is a blend of col-
ors that represent the performance of the 12 AGREE pic-
togram areas. The optimal approach is assigned a score 
of 1 and is represented by a dark green color. Hence, the 
AGREE metric is regarded as user-friendly, comprehen-
sive, easily applicable, and highly efficient [27, 28]. The 
results shown in Fig.  7 illustrate the effectiveness of an 
environmentally friendly approach, as indicated by the 
computed GAPI pictogram and the satisfactory AGREE 
score of 0.58.

Assessment of the practicability of the proposed 
techniques
The Blue Applicability Grade Index (BAGI) is proposed 
as an innovative tool for measuring the applicability of 
an analytical approach (git.pg.edu.pl/p174235/bagi). Ten 
essential variables are evaluated by this tool: analysis 
kind, hourly sample analysis productivity, analytical tech-
nique, reagents and materials used, needed instrumenta-
tion, capacity to treat samples concurrently, the necessity 
of preconcentration, automating level, sample setup 
method, size of sample, and the capability for concurrent 
determination of analytes. A visual depiction of an aster-
oid and its associated score is generated by evaluating 

the aforementioned characteristics. The following color 
scheme is used to symbolize different degrees of accep-
tance: white for no acceptance, light blue for limited 
acceptance, blue for moderate acceptance, and dark 
blue for ideal acceptance. To be considered “practical,” it 
is advised that the technique reaches a minimum of 60 
points [21, 29]. The assigned BAGI rating of 77.5 indi-
cates the strategy’s level of practicality (Fig. 8).

Statistical analysis
Statistical comparison between PLS in zero absorption 
set of data and the reference reported method [12] was 
carried out and statistical comparison between the pro-
posed chemometric methods in different sets of data has 
been carried out by One-way ANOVA method through 
PASW statistics 18® software program. The calculated F 
values were less than the theoretical ones in both analy-
sis indicating that there was no significant difference 
between the proposed methods and no significant dif-
ference between different sets of data of the proposed 
method as reported in Tables 5 and 6.

Fig. 8 Evaluating the practicality of the proposed strategy utilizing BAGI 
tools

 

Fig. 7 Environmental friendliness evaluation of the technique

 

Table 5 Statistical comparison of the results obtained by PLS and the reported method using One-way ANOVA
Models Drugs Sum of Squares df Mean Square F Sig.
PLS ASP Between Groups 0.019 1 0.019 0.032 0.867

Within Groups 2.431 4 0.608
Total 2.450 5

CAF Between Groups 0.608 1 0.608 1.757 0.256
Within Groups 1.385 4 0.346
Total 1.993 5

ORP Between Groups 0.032 1 0.032 0.083 0.788
Within Groups 1.561 4 0.390
Total 1.594 5
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Conclusion
A UV-Chemometric PLS technique can be used for 
simultaneous determination of ASP, CAF & ORP in their 
mixture and pharmaceutical formulation. By applying 
different sets of data, we can deduce that different predic-
tion powers are obtained. Statistical comparison showed 
that there was no significant difference neither between 
the proposed methods nor between different sets of data 
of the proposed method. The study of the environmen-
tal sustainability of the technique using several green-
ness appraisal methods has revealed that the suggested 
methodology is eco-friendly. The assessment of the BAGI 
methodology also shows that the newly designed method 
is practicable.
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