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Abstract

Background By resolving complicated spectra from drug combinations, chemometric techniques are valuable

for multi-component investigation. The capacity to properly estimate combinations of components without separat-
ing drugs from their mixture is one of the benefits of chemometric analysis approaches over traditional analytical
methods. These approaches are easy to use and sensitive even to the lowest concentrations. They are also practical,
affordable, and cost-effective. In the current study, the chemometric aided spectrophotometric approach was used
to evaluate the two drugs naringin and verapamil. The approach is multidimensional and based on chemometrics,
which includes an orthogonal partial least square method that is a new refinement of the partial least squares regres-
sion analysis method. With this technique, no conversions are made to the spectrum that overlaps the two drugs. The
tools UV-PROBE, SIMCA version 17, and excel were used to process the chemometric data.

Results According to results from an orthogonal partial least square model, the mean percent recovery and relative
standard deviation for the combination of verapamil with naringin were 100.80/1.19 and 100.836/1.35, respectively.
The calibration model was used to predict known synthetic mixtures.This method shows good consistency in recov-
ery ranging between 98.92 and 103.59% for VER and from 96.21 to 101.84% NAR. As saying the synthetic mixture
revealed that it had a high percentage of purity.

Conclusions The proposed chemometric method can estimate the quantitative amount of pharmaceuticals based
on their dosage forms. This approach meets the requirements for the international conference on harmonization'’s
(ICH) analytical criteria, such as precision and accuracy.

Keywords Spectrophotometry, Chemometrics, Verapamil, Naringin, Orthogonal partial least square (OPLS), Root
mean square for cross-validation, Root mean square error of prediction

*Correspondence:

Rana Mazumder

ranapharma.mazumder@gmail.com

Full list of author information is available at the end of the article

. ©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
@ SPrlnge]_‘ O pe n permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
— original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http//creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s42269-024-01169-3&domain=pdf

Sharma et al. Bulletin of the National Research Centre (2024) 48:13

Page 2 of 12

Graphical Abstract

Chemometric
Analysis

Background

Chemometric methods are useful for analyzing multi-
components by solving their complex spectrums from
mixtures (Dinc et al. 2002). Compared to conventional
analysis methods, chemometrics can accurately deter-
mine the combination of medications without isolating
them from the mixture. These techniques have many
other advantages, including being easy to use, sensitive

even to the lowest concentrations and practical. They
are also cost-effective compared with the alterna-
tive techniques used for simultaneous identification.
These procedures do not affect the analysis or calibra-
tion of pharmaceuticals due to the concentration of
the other components. It is also faster to identify each
component in the combination (Prachi et al. 2013).
Chemometric methods for measuring naringin and
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Fig. 1 Chemical structure of naringin

verapamilin synthetic combinations were refined and
verified. These methods are easy to use, precise, accu-
rate, and economical.

Citrus flavonoid naringin (NAR), one of the most
promising substances in the human diet, is readily
available. Citrus fruits contain the abundant flavone
glycoside naringin (4,5,7-trihydroxyflavanone-7-rham-
noglucoside). Chemical structure of naringin is shown
in (Fig. 1), which has intriguing biological and pharma-
cological effects (Opinion et al. 2011). The bitterness of
naringin is due to its glucose moiety. Its contents are
naringenin (an aglycone) and neohesperidose, linked
with the C-7 hydroxyl. Naringin can now be added in
foods without restriction because it has been classified
as a flavoring compound (Sharma et al. 2011).

Naringin contain a flavanone-7-o-glycoside which
has a number of pharmacological actions, including
antioxidant, anti-carcinogenic, and anti-diabetic prop-
erties. Additionally, it blocks some cytochrome P450
enzymes, such as CYP3A4 and CYP1A2, which can lead
to a variety of medication interactions in-vitro (Tulasi
et al. 2019, Kim et al. 2023).

Verapamil is chemically known as
2-(3,4-dimethoxyphenyl)-5-[2-(3,4-dimethoxyphenyl)
ethyl-methylamino)-2-propan-2-ylpentanenitrile. Vera-
pamil’s chemical structure is illustrated in Fig. 2. Vera-
pamil is a P-glycoprotein Inhibitor, cytochrome P450
3A4 and cytochrome P4503A inhibitor. Verapamil
increases the size of the coronary arteries and reduces
the contractility of the myocardium by blocking trans-
membrane calcium ion input into smooth muscle and
myocardial cells. This substance also blocks drug efflux
pumps P-glycoprotein, which are overexpressed by
some tumors resistant to many drugs and can enhance
the effect of certain antineoplastic agents (National
Center for Biotechnology Information 2023).
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Fig. 2 Chemical structure of verapamil

Verapamil has been analyzed by various methods like
UV (Trivedi et al. 2017), High-performance liquid chro-
matography (HPLC) (Auti et al. 2019), Ultra performance
liquid chromatography (UPLC) (Vijayabaskar et al. 2017),
thin layer chromatography (Bhushan et al. 2005), LC-
MS/MS (Ravi et al. 2019), chiral capillary electrophore-
sis (Carcu-Dobrin et al. 2021). Similarly, Naringin also
has been estimated by various methods like Chromatog-
raphy-Tandem Mass Spectrometry (Xiong et al. 2014),
Capillary electrophoresis (Akiyama et al. 2000), HPLC
(Ishii et al. 1997), HPTLC (Alam et al. 2014), UPLC-MS/
MS (Wen et al. 2012), thin layer chromatography and
fourier transform infrared spectroscopy (FTIR) (Hakim
et al. 2019). Each method has yet to be developed to esti-
mate naringin together with verapamil. In the present
work, chemometric techniques have been effectively
used to estimate verapamil and naringin simultaneously
by OPLS.

Methods

Materials

Verapamil and naringin (C,;H3sN,O, and C,,H;,0,,)
with purity levels of >99% were purchased from Yerrow
Chem products, Mumbai. Methanol (AR Grade) was
purchased from S.D fine Chemicals Ltd, Mumbai, water
(Milli Q. All other reagents and materials were of AR
grade and commercially available). Verapamil and Nar-
ingin concentrations were determined using a UV-vis-
ible spectrophotometer (Shimadzu-Kyoto, Japan Model
1800 double beam with matching 1 cm path-length
quartz cells) using methanol as the solvent at wavelengths
between 200 and 400 nm. The drug’s solubility, melt-
ing point, and molar absorptivity were its distinguishing
qualities. The drug was analyzed using the UV-visible
technique using software UV Probe and SIMCA (Sarto-
rius, version 17) for handling the orthogonal partial least
square (OPLS) model, which satisfied the requirements
set out by the International Conference on harmoniza-
tion (ICH) for analytical criteria such as linearity, preci-
sion, and accuracy.
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Preparation of standard solution

Weight precisely 10.0 mg each of NAR and VER. The
stock solution was prepared by dissolving the VER in
10.0 mL methanol and then adding the required volume
using the same solvent. VER or NAR stock solutions were
prepared using concentrations ranging between 0.5-12
and 2-48 ug/mL. The zero-order spectra were recorded
at wavelengths between 200 and 400 nm compared to a
blank solvent (Mazumder et al. 2020).

One component calibration

The linear dynamic range of each drug was determined
by filling a 10.0 mL volumetric container with differ-
ent amounts of the stock solution. This was diluted in
methanol at the correct concentration. The electronic
absorption spectrum was recorded in the 200-400 nm
wavelength range. Absorption values at 200 nm wave-
lengths and 400 nm were measured for various concen-
trations (Prasad et al. 2017). The light dependent resistor
(LDR) was calculated by plotting the absorbance against
concentration. The LDR for the two drugs was achieved
between 0.5 and 50 ug/mL.

Standard calibration and prediction samples set

The multilevel, multi-factor architecture was used to
develop the calibration and validation sets. A calibration
set with four component mixtures has been designed to
improve the prediction of OPLS. To prepare the calibra-
tion set, sixteen samples were used, as shown in Table 1,
and nine samples in Table 2, and then the volume of
the methanol was adjusted to match the NAR or VER

Table 1 Concentration of different mixtures of VER and NAR
used as calibration set

sl.No VER (ug/ml) NAR (ug/ml)
1 0.5 2
2 0.5 10
3 0.5 20
4 0.5 48
5 25 2
6 25 10
7 25 20
8 25 48
9 5 2
10 5 10
11 5 20
12 5 48
13 12 2
14 12 10
15 12 20
16 12 48

Page 4 of 12

Table 2 Concentration of different mixtures of VER and NAR
used as prediction set

sl.No VER (ug/ml) NAR (ug/ml)
1 05 2
2 0.5 20
3 0.5 48
4 5 2
5 5 20
6 5 48
7 12 2
8 12 20
9 12 48

concentrations. These concentrations ranged from 2-48
to 0.5-12 mg/mL, respectively, against blank methanol in
a range between 200 and 400 nm at intervals of one nm.
The recorded spectrum from UV Probe was transferred
to SIMCA 17, using OPLS Toolbox, for data analysis. A
calibration model was created (Zou et al. 2022).

Building an OPLS model

A multivariate calibration method like OPLS could be
applied with a filter derivative to address the overlap
between the medicines studied. As a part of the pre-
processing, data from calibration samples was automati-
cally scaled to be used in OPLS. The cross-validation
method using one sample was left out and then followed.
The ideal number of components were important for the
OPLS method. If the components were too many, noise
was added, but if they were too few, noise was reduced.
The established models of the OPLS method could accu-
rately characterize two latent variables (Abdallah et al.
2019). A calibration curve is created by comparing pro-
jected concentrations with actual concentrations.

Construction of calibration and prediction

To prepare the calibration and validation mixes, we com-
bined working standard solutions from NAR and VER
at different ratios based on their linearity concentration
ranges. For the calibration set, the concentration was cal-
culated using a general factorial system (2 factors with
4 levels each) and for the predictions set (2 factors with
3 levels each) (Sonawane et al. 2019). The calibration
and validation mixtures totaled 16 in number and were

Table 3 Statistical parameters for OPLS method

Drugs R? RMSECV RMSEP
Verapamil 0.9978 1.22652 0.2102
Naringin 1 0.66506 0.1280
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Table 4 Composition of prediction set and their predicted results obtained in synthetic mixtures by OPLS method

Actual concentration Predicted concentration % Recovery

VER (pg/mL) NAR (pg/mL) VER (ug/mL) NAR (pg/mL) VER (ng/mL) NAR (pg/mL)
0.5 2 0.5075 1.93443 1015 96.72

0.5 20 0.49719 20.2088 99.4 101.044

0.5 48 04944 47.9761 98.88 99.95

5 2 5.17955 1.97389 103.591 98.69

5 20 5.14411 19.7169 102.8 98.58

5 48 49674 48.1218 99.34 100.25

12 2 11.904 2.02438 99.20 101.219

12 20 12.0277 19.9711 100.23 99.85

12 48 12.187 479556 101.558 99.89

MEAN 100.7221 99.577

SD 1.7125 1.3944
%RSD 1.7 14003

prepared independently. All mixtures were recorded in
the absorption spectra range of 200—400 nm, with 1 nm
increments. Calculations were made for regression equa-
tions and statistical data related to the thesis model. The
calculations were also done for recoveries and mean
recoveries.

Table 5 Statistical parameters for simultaneous determination of
VER and NAR by OPLS

Parameters VER NAR
Linearity
Conc. range (ug/ml) 0.5-50 pg/mL 0.5-50 pg/mL
Slope 0.024 0.008
R 0997 1
No. of components 2.0 2.0
RMSEE 0310189 0.175224
RMSECV 1.22652 0.66506
RMSEP 0.210237 0.128044
Q2 0.995 0.995
Accuracy
Mean 99.6796 99.531
SD 1.317 0.6106
Intra-day precision
Mean 100.27 100.226
SD 1.025 1.126
9%RSD 1.022 1.1
Inter-day precision
Mean 100438 100.505
SD 0.998 1.367

% RSD 0.9 1.36

Preparation of sample solution

To perform the assay, a quantity of powder equal to
20.0 mg VER is weighed and placed in a calibrated
100.0 mL volumetric flask (Sonawane et al. 2019).
Then it’s dissolved in methanol. In a 25.0 mL volumet-
ric flask calibrated to 0.5 mg/mL, a solution of 0.5 mg/
mL was pipetted and then dissolved in the methanol.
This solution was then diluted further with methanol to
the desired concentration within the calibration range.
The proposed chemometric method (OPLS), which was
scanned in a spectrophotometer to determine sample
solutions, was then used.

Assay of synthetic mixture

To perform the assay, a quantity of powder equal to
20.0 mg VER was accurately weighed and placed in a
calibrated 100.0 ml volumetric flask. Then it was dis-
solved in Methanol. In a 25.0 ml volumetric flask
calibrated to 0.5 mg/ml, a solution of 0.5 mg/ml was
pipetted and then dissolved in the Methanol. The
resulting solution is further diluted using Methanol
at a concentration within the calibration range. After

Table 6 Assay data of synthetic mixture by OPLS method

Assay VER NAR

32 102.156 10215

6 10041 101.0

7.2 102.0 1021

8 99.55 99.03

12 99.9 99.9
MEAN 100.802 100.836
SD 1.202818 1.368295
%RSD 1.1932 1.35
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Fig. 3 Calibration curve of VER obtained from calibration set data by OPLS method

scanning with a spectrophotometer, the proposed che-
mometric method (opls) was used to determine sample
solutions (Rios-Reina et al. 2023). Table 6 shows the
results of an assay.

Results

In methanol, the VER and NAR spectra overlapped with
the binary combination of NAR and zero-order superim-
posed spectra.To overcome this problem, it is possible to
use a chemometric technique to separate these two drugs
from the mixture. Under conditions where the spec-
tra overlap, chemometric techniques can be employed
to estimate drugs (Biancolillo et al. 2018). Multivariate
chemometrics was developed to offer a simple, reliable,

selective and valid method of determining the drugs
without interference.

Statistical parameters

The regression model can be defined in several ways.
When describing chemometric methods, RMSEP is the
root mean square error of prediction, and RMSECV is
the root mean square for cross-validation.

By applying the OPLS approach to the validation set of
the two drug mixture, the RMSECV, RMSEP and R? were
determined. The results are shown in Table 3. Statistical
parameters for simultaneous determination of VER and
NAR by OPLS are shown in Tables 4 and 5.

1y = x + 7.297e-07
45qR2 =1

YVar(N)

(=]
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Fig. 5 Prediction curve of VER obtained from prediction set data by OPLS method

The validity of calibration procedures can also be
assessed by simultaneously estimating two drugs in the
set. The mean percent recovery for two drug solutions
combined using the OPLS method was found within
acceptable ranges (Indrayanto et al. 2018). Recovery
studies were conducted using standardized drugs added
in certain amounts to a synthesized mixture of a specific
concentration. After defining the sample volume or con-
centration in which it was to be added, known amounts
of standard working solutions were added. The volume
of the flask was then filled with methanol. Chemometric
techniques were used to evaluate the recovery of the two
drugs in the mixtures (Table 6).

In Table 4, mean % and root mean square deviation
(RSD) values are shown. Recovery study results showed
that the procedures had successfully been proved since
the % root mean square deviation (RSD) was less than
2 and the recovery study was closer to 100%. Addition-
ally, the results shows that the suggested techniques are
correct and that excipients do not affect the assessment
of two drugs. By looking at various drug concentrations,
the linearity for VER and NAR was evaluated. The root
mean square error of cross validation (RMSECV) was
calculated which can be used to determine the error in
the predicted concentrations (Van Wyngaard et al. 2021).
Drug concentrations in various sets of mixtures used
for method development were analyzed and predicted
to validate the approaches. By comparing the predicted
concentrations on the graph, the method’s ability for pre-
diction was determined. Figures 3 and 4 explains varia-
tion of model that shows the peaks to be linear for both
the drugs therefore the optimization of calibration set
shows a good R? value (0.997 & 1) and good prediction
power Q? value (0.210 & 0.128), minimum RMSEE (0.310

& 0.175), and RMSECV (1.226 & 0.665) for each drug.
Figures 5 and 6 explains the predictive ability from which
we can record the RMSEP value. It indicates OPLS- opti-
mized technique, is good for both the drugs in the pre-
diction set, indicating the method to be effective and has
good predictive ability.

Model validation

The Hotelling 7> test and D.ModX were used to find
weak and moderate outliers, and they encountered no
deviation, indicating that no outliers were found (Shab-
bak et al. 2012). According to permutation analysis, all
of the permuted Q* were below 0, and R* was below or
about 1. Since Q* and R? were lower than the original
values, it is likely that the model fitting was accurate and
unlikely to have developed randomly. We can see all the
samples that fall inside the Hotelling range by looking
at the score plot. We get the conclusion that the model
is effective since every optimisation strategy satisfy the
requirements. The summary fit, score representation,
Hotelling’s range, D.ModX, and permutation plot are dis-
played in Figs. 7, 8, 9, 10, 11.

Discussion

It was found that the lambda max value for both the
drugs i.enaringin and verapamil was very near to each
other. Since, iso-absorptive point was very near for the
drugs, therefore, the Q-ratio method development was
not processed.

Without a successful Q-ratio method, an innova-
tive UV spectrophotometric technique based on che-
mometrics was developed (Darbandi et al. 2020). The
chemometrics technique can solve many spectrum
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Fig. 6 Prediction curve of NAR obtained from prediction set data by OPLS method

resolution problems. This technique can improve the were checked for naringin and verapamil, and metha-
signal-to-noise ratio, increase selectivity in determina- nol was selected as a solvent for quantifying the drugs
tion, optimize experimental conditions, boost analyti- in the method. This method was linear over a range
cal efficiency, and give much information. Hence, it is  of naringin 0.05-50 ug/mL and verapamil 0.5-50 ug/
used for the simultaneous determination of multi-com- mL with a correlation coefficient of 0.9978 and 0.9998,

ponent mixtures. Absorptivity and other parameters respectively.
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The calibration model prepared for OPLS is optimal
because it has a good correlation coefficient and low
RMSEP and RMSECYV for naringin. Naringin has good
linearity in the range of concentrations of 0.5-50 mg/
mL, with a value of 0.9987, and verapamil has a value
of 1.

The calibration model was used to predict known
synthetic mixtures where RMSEP 2. By identifying
the minimum error, further assays, accuracy and pre-
cision tests were conducted. The RSD percentage for
the intra-day and Inter-day precision was less than 2%,
which indicates that this method is reproducible and

repeatable (Kamal et al. 2015). This method shows good
consistency in recovery ranging between 98.92 and
103.59% for VER and from 96.21 to 101.84% NAR. As
saying the synthetic mixture revealed that it had a high
percentage of purity. The mean assay for VER and NAR
using the OPLS technique was 100.80%, respectively.
The chemometric studies mainly implicated for
experimental design and optimization, data treatments,
sample classification, calibration for determination of
concentrations and model identification.Finally Based
on the results of different assessments, we can formu-
late some hypotheses about the reproducibility of the

100

90 12Crt(99%,)

80
704
60

S0r2Crit(95%)

T2Range|[1 - 8]

40
30
204

10

T I e e

4 5

w

T2Crit(95%)

51.5714,

16
Num
T2Crit(99%)

Fig. 9 Hotelling's range peak of the calibration set by the OPLS method
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methods. The suggested procedures were verified in
compliance with ICH guidelines (I. H. T. Guideline
1994).

Conclusions

A simple, reproducible, and accurate chemometric tech-
nique was developed for the simultaneous estimation of
NAR and VER. The technique is a great way to analyze
commercial pharmaceuticals without interference or the
need to physically separate them. The method solved the

issue of interference and merging of mixture peaks. The
results of this method were validated according to ICH
Guidelines and met the criteria. This method is valid and
may be used to perform routine quality controls on VERs
and NARs.
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Fig. 11 Permutation data of the calibration set by the OPLS method
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Abbreviations

OPLS Orthogonal partial least square

VER Verapamil

NAR Naringin

OPLS Orthogonal partial least square

uv Ultraviolet-visible spectroscopy

HPLC High-performance liquid chromatography
UPLC Ultra performance liquid chromatography
LC-MS/MS  Liquid chromatography with tandem mass spectrometry
FTIR Fourier transform infrared spectroscopy
LDR Light dependent resistors

RMSEP Root mean square error of prediction
RMSECV Root mean square for cross-validation

RSD Relative standard deviation
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