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used as supportive treatment for COVID‑19: 
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Abstract 

Pharmaceutical quality control products (QC) demand quick, sensitive, and cost-effective methods to ensure high 
production at a low cost. Green analytical methods are also becoming more common in pharmaceutical research to 
cut down on the amount of waste that goes into the environment. Meclizine hydrochloride (MZH) and pyridoxine 
hydrochloride (PYH) are reported to be excellent for calming down COVID-19. As a result, the amount of MZH and 
PYH manufactured by multinational pharmaceutical organizations has increased considerably during the last several 
months. The present work proposes three environmentally friendly, straightforward, and sensitive spectrophotometric 
procedures for quantification of MZH in the presence of PYH in a pure and marketable formulations. The approaches 
under examination include ratio subtraction (RSM), induced dual wavelength (IDW), and Fourier self-deconvolution 
(FSD). PYH, on the other hand, was directly quantified at 290 nm. For both drugs, the procedures follow Beer’s law in 
the range of (5–50 µg/mL). The RSM, IDW, and FSD methods, as well as the zero-order approach for PYH, have all been 
verified in accordance with ICH standards. The ecological value of established methodologies was determined using 
four distinct ways: the national environmental methods index (NEMI), the analytical Eco-scale, the Analytical Green‑
ness Metric (AGREE), and the green analytical process index (GAPI). Comparing the findings to those of the previously 
described spectrophotometric technique, no major changes were identified.
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Introduction
COVID-19, a novel coronavirus epidemic, was first 
reported in late December 2019. Since then, it has 
spread rapidly throughout the world, putting enormous 
strain on public health systems. As of August 10th, 
2021, the World Health Organization (WHO) reported 
203,295,170 confirmed cases and 4,303,515 confirmed 
deaths worldwide. On June, 2021, America had the 

highest excess mortality rate (six hundred forty thou-
sand), followed by Russia with five hundred thousand by 
April, 2021, Brazil with five hundred thousand by May, 
2021, and Mexico with four hundred seventy thousand 
by May, 2021 [1]. A number of medications, including 
MZH and PYH, are available may aid in the management 
of COVID-19. Treatment with a combination of chloro-
quine, corticosterone, meclizine, and pyridoxine may be 
effective in preventing blood clotting, which in turn may 
help to keep the infection from spreading. Thus, drugs 
such as chloroquine, cortisol, meclizine, and pyridoxine 
may be used to prevent and cure coronavirus infection, 
as well as to treat them after they have occurred [2].
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Meclizine hydrochloride (MZH) 
(1-(4-chlorobenzhydryl)-4-(3-methylbenzyl) piperazine 
dihydrochloride), Fig. 1a, is a sedating antihistamine hav-
ing antimuscarinic and sedative properties. It is most 
recognized for its antiemetic qualities, which have been 
reported to last up to 24 h. MZH is used to treat vertigo 
caused by Meniere’s illness and other vestibular diseases, 
as well as to prevent and cure nausea, vomiting, and 
inflammation induced by COVID-19 alone or in combi-
nation with pyridoxine [3–6]. Pyridoxine hydrochloride 
(PYH), popularly known as vitamin B6, is (5-hydroxy-
6-methylpyridine-3, 4-diyl) dimethanol hydrochloride 
Fig. 1b. When combined with an antihistaminic, it is the 
first-line therapy for vomiting and nausea during preg-
nancy [7]. Pyridoxine’s anti-oxidative and anti-inflamma-
tory capabilities may have a therapeutic effect in reducing 
the intensity of COVID-19 and its effects [8]. MZH has 
been determined with PYH using a variety of analytical 
methods, including spectrophotometry [9–15], HPLC 
[14, 16–20], and UV and/or chemometric approaches [9], 
according to inquiry of the literature.

Although UHPLC and HPLC as analytical instruments 
have a high degree of sensitivity and selectivity, they are 
more sophisticated and require a greater investment in 
equipment maintenance and analysis time. Additionally, 
before injection, the sample must be cleaned. Although 
UV-Spectrophotometry is a rapid, sensitive, and inexpen-
sive technique for analysis, it is difficult to apply direct 
UV-Spectrophotometric techniques to the examination 

of binary pharmaceutical formulations, owing to spec-
trum overlap and a lack of specificity. Today, new spec-
trophotometric techniques that use simple software and 
math are used to separate overlapping spectra [21].

It became common to use green analytical chemis-
try (GAC) in the early 2000s [22]. Researchers in this 
emerging field are working to reduce the use of hazard-
ous chemicals in traditional analytical procedures while 
also improving analyst and environmental safety [23]. 
Procedural safeguards have recently been established to 
minimize or restrict the potentially hazardous impacts 
of analytical procedures. Reusing, replacing with greener 
alternatives, and cutting back on the use and decontami-
nation of reagents and solvents are some of the main 
solutions.

Researchers in this work used a simple and sensi-
tive UV-Spectrophotometric approach to measure both 
MZH and PYH in pure and different marketable formula-
tions at the same time, using three novel approaches for 
the first time. No reported method describes analysis of 
MZH and PYH using RSM, IDW and FSD. There were 
four standard techniques for assessing the suggested 
approach ecologically, and it was shown to be more eco-
logically friendly in each step. Statistical comparisons 
have been done to show that there is no significant differ-
ence in the results of the proposed method with reported 
methods and with each other using six statistical compar-
ison tools. Peak resolution was also based on zero-order 
spectra of analyte, so complex software or mathematical 
manipulation was not required. As a result, the suggested 
strategy has been rigorously validated in accordance with 
ICH criteria [24], confirming its reliability in everyday 
use. Aside from being ecologically friendly, this proce-
dure is also simple and cost-effective.

Experimental
Instruments and software
A double beam spectrophotometer (Jasco, Japan) was 
used for all spectrophotometric measurements. Spec-
trum treatment was achieved using Jasco spectra man-
ager software. In pharmaceutical sample preparation, a 
sonicator (DAIHAN WUC-A01H, USA) has been used. 
Minitab 2019 was used in the statistical comparison sur-
vey for the results obtained and reported.

Materials and reagents
MZH and PYH pure standards were kindly supplied by 
EIPICO (Tenth of Ramadan City, Egypt). The purity was 
found to be 99.5 and 99.8 percent for MZH and PYH, 
respectively, according to the analysis certificate of the 
manufacturer. HPLC grade ethanol was received from 
Thermo fisherman (USA).

(a) 

(b)
Fig. 1  Chemical structure of a meclizine hydrochloride and b 
pyridoxine hydrochloride
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Fig. 2  Zero-order absorption spectra of 35 µg/mL of meclizine hydrochloride (blue dashed line), 35 µg/mL of pyridoxine hydrochloride (red dotted 
line) in ethanol

Fig. 3  Ratio spectra of different laboratory prepared mixtures of meclizine hydrochloride and pyridoxine hydrochloride using 30 μg/mL of 
pyridoxine hydrochloride as divisor and ethanol as a blank



Page 4 of 15Ibrahim et al. BMC Chemistry           (2022) 16:72 

Fig. 4  Ratio spectra of laboratory prepared mixtures of meclizine hydrochloride and pyridoxine hydrochloride using 30 µg/mL of pyridoxine 
hydrochloride as a divisor and ethanol as a blank after subtraction of the constant

Fig. 5  The zero order absorption spectra of meclizine hydrochloride obtained by the proposed ratio subtraction method for the analysis of 
laboratory prepared mixtures after multiplication by the divisor
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Pharmaceutical formulation
Navoproxin plus® tablets, Batch number BN25323, 
Vomidoxine B6® tablets BN1360002 and Dizirest B6® 
tablets BN10918 were purchased from local market. 
They were labelled to contain 25  mg MZH and 50  mg 
PYH per tablet and manufactured by Delta Pharmaceu-
tical Industries, Sigma Pharmaceutical Industries, and 
Pharaonia Pharmaceuticals, respectively.

Standard stock solution
MZH and PYH (100  µg/mL) standard stock solutions 
were prepared by weighing and precisely transferring 
10  mg of every single standard powder into a 100  mL 
volumetric flask. After that, they were dissolved and 
sonicated into 70 mL ethanol for 15 min, and the vol-
ume was completed to 100 mL using ethanol.

Construction of calibration curves
PYH at final concentrations of (5–50  µg/mL) was 
scanned in the wavelength range of 200–400 nm against 
ethanol as a blank, and the absorbance at 290 nm was 
measured directly without interference from MZH. 
The regression equation was derived by constructing a 
calibration curve relating the absorbance at 290 nm to 

the relevant PYH concentrations, while techniques for 
MZH include the following methods.

RSM
The zero order absorption spectrum of the prepared 
solutions (5–50  μg/mL) were scanned at 200–400  nm 
against ethanol as a blank. The absorbances of MZH 
working solutions were computed at 230  nm after 
dividing by spectra of 30  µg/mL PYH, then subtract-
ing the constant value of the plateau region, followed 
by multiplication of the obtained spectra by the divisor 
(30  µg/mL PYH). Calibration curve of MZH was then 
fabricated relating the obtained absorbances at 230 nm 
and the corresponding drug concentrations.

IDW
MZH serial dilutions in the range of (5–50 µg/mL) were 
scanned and the corresponding zero order absorption 
spectra were recorded. The amplitude differences at 
230 and 245  nm were plotted against their respective 
concentrations, and an equality factor (Feq) was calcu-
lated for PYH where 245 nm had amplitude values mul-
tiplied by the Feq.

Fig. 6  Deconvoluted spectra of 5–50 µg/mL of meclizine hydrochloride (solid line) computed at 226 nm where zero-crossing point of pyridoxine 
hydrochloride deconvoluted spectrum (blue dotted line)
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FSD
The recorded zero-order spectra for the tested medi-
cations were deconvoluted by Fourier wavelet func-
tion, using 55 as the full width at half maximum value 
(FWHM). The produced amplitudes of MZH at 226 nm 
were then plotted against their respective concentra-
tions (5–50 µg/mL).

Analysis of laboratory mixtures
Various laboratory mixtures in different complementary 
ratios (5:10, 6:12, 15:15, 40:20, and 50:25, MZH: PYH in 
µg/mL) were prepared using stock solutions of analytes 
to investigate several analytical and validation consid-
erations of the proposed methods. Each recommended 

method regression equation was then used to quantify 
each component in the laboratory prepared mixes.

Analysis of pharmaceutical formulations
Ten tablets of each studied drugs were weighed and finely 
crushed. An amount equivalent to one tablet was pre-
cisely weighed and placed in a 100-mL volumetric flask, 
then ultrasonicated with 50 mL ethanol for 15 min. After 
cooling, the solution was diluted to volume with etha-
nol and filtered to achieve a stock solution containing 
250  µg/mL MZH and 500  µg/mL PYH. The stock solu-
tion was further diluted with ethanol to obtain different 
concentrations of MZH and PYH within linearity range. 
The prepared samples were measured according to the 

Table 1  Validation data for determination of MZH and PYH by the proposed methods

a Mean of five determinations

Validation parameters MZH PYH

RSM IDW FSD Direct

Wavelength (nm) 230 230 and 245 226 290

Linearity (µg/mL) 5–50 5–50 5–50 5–50

Slope 0.03 0.02 0.22 0.04

Intercept − 0.02 − 0.01 4.12 − 0.04

Correlation coefficient (R) 0.9998 0.9997 0.9995 0.9999

LOD (µg/mL) 0.52 0.87 1.11 0.43

LOQ (µg/mL) 1.60 2.65 3.37 1.31

Accuracy (recovery% ± SD)a 100.32 ± 0.86 99.40 ± 1.63 99.07 ± 1.11 100.46 ± 1.22

Precision (% RSD)

 Intra-day 0.97 0.54 0.81 0.77

 Inter-day 1.20 0.86 1.03 0.93

Table 2  Analysis of laboratory prepared mixtures by the proposed methods

a Average of five determinations
b The same concentration ratio in (Navoproxin plus®), Vomidoxine B6®, Dizirest B6®)

Methods RSM IDW FSD Direct

Concentration (µg/mL) Found %a Found %a

MZH PYH

MZH:PYH

 5:10b 99.22 98.13 98.99 99.33

 6:12b 100.37 98.70 100.73 101.54

 15:15 101.21 99.33 99.41 98.43

 40:20 99.39 100.12 98.09 100.78

 50:25 100.84 100.70 99.75 100.04

 Mean ± SD 100.21 ± 0.87 99.40 ± 1.03 99.40 ± 0.97 100.02 ± 1.21
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procedure described under the construction of MZH and 
PYH calibration curves. Each drug concentration was 
estimated from the corresponding regression equation.

Results and discussion
UV scanning of a mixture containing MZH and PYH 
shows sever overlapped spectra (Fig. 2). Therefore, three 
unique, time-saving, cost-effective, sensitive and simple 
UV-spectrophotometric platforms were introduced for 
selective analysis of MZH by eliminating interference 

of PYH. The following developed methods were used 
for the quantitation of MZH and PYH simultaneously 
in their synthetic binary mixtures and pharmaceutical 
preparations.

RSM
The RSM method [25] was employed to resolve the over-
lapped spectra of MZH and PYH (Fig. 2) by scanning the 
zero order absorption spectra of the laboratory-prepared 
mixtures (MZH and PYH), dividing them by a cautiously 

Table 3  Determination of MZH and PYH in different pharmaceutical formulations using the proposed methods using standard 
addition technique

a Navoproxin plus, Vomidoxine B6 and Dizirest B6 claimed to contain 25 mg/mL of MZH and 50 mg/mL for PYH
b Average of five determinations

Drugs MZH PYH

Methods RSM IDW FSD Direct

Navoproxin plus® tabletsa (found% ± SD) 99.73 ± 0.88 99.58 ± 1.07 99.06 ± 0.83 100.14 ± 0.69

Navoproxin plus ® tabletsa standard addition (recovery% ± SD)b 100.18 ± 0.86 99.55 ± 0.78 99.70 ± 0.52 99.54 ± 0.93

Vomidoxine B6® tabletsa (found% ± SD) 100.09 ± 0.73 99.87 ± 1.22 99.15 ± 1.27 100.63 ± 0.61

Vomidoxine B6® tabletsa standard addition (recovery% ± SD)b 100.50 ± 1.08 99.36 ± 0.78 98.65 ± 0.41 99.53 ± 1.72

Dizirest B6® tabletsa (found% ± SD) 99.91 ± 1.01 99.66 ± 1.03 99.51 ± 0.90 101.06 ± 0.79

Dizirest B6® tabletsa standard addition (recovery% ± SD)b 99.19 ± 0.77 99.48 ± 1.22 100.13 ± 0.86 100.13 ± 1.05

Table 4  The outcomes of the evaluation of the proposed approaches greenness

a Analytical Eco-Scale total score = 100 − total penalty points, where score > 75 represents excellent green analysis, score > 50 represents acceptable green analysis, 
and score < 50 represents inadequate green analysis

1. NEMI pictogram 2. GAPI 3. AGREE

  
 

4. Analytical Eco-scale score

Item Number of pictograms Word sign Penalty points

Reagents: volume

Ethanol 10 mL 2 Warning 2

Instrument

Spectrophotometer 0

Energy [< 0.1 kWh per sample] 0

Waste 3

Occupational hazards (analytical process hermetiza‑
tion)

0

Total penalty points 5

Analytical Eco-Scale scorea 95
Excellent green method
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chosen concentration of standard PYH (30  µg/mL) as 
a divisor. The produced ratio spectra represent MZH/
PYH+ constant as shown in Fig. 3, then subtracting the 
values of these constants PYH/PYH in the plateau region 
(284–300  nm) as presented in Fig.  4, followed by mul-
tiplication of the acquired spectra by the divisor PYH 
(30 µg/mL) as presented in Fig. 5.

IDW
IDW approach is based on cancelling the absorbance 
of an interfering element in the zero order overlapped 
spectra by calculating Feq (the ratio between absorbance 
values for the interfering analyte at two specified wave-
lengths; A λ1/A λ2) [26]. The absorbance difference (∆A) 
for the component in interest was calculated after mul-
tiplication of its absorbance at λ2 by Feq then correlating 
∆A to the corresponding concentration. In this study, 
the absorbance of PYH was equalized by assessing Feq 
(A 230/A 245), while ∆A of MZH at the selected wave-
lengths was high. MZH absorbance at 245 nm was mul-
tiplied by Feq, then ∆A was calculated, and the regression 
equation was used for back calculation of MZH concen-
tration. The λmax of MZH (230  nm) was chosen as one 

of the two wavelengths to increase the magnitude of ∆A 
values and enhance method sensitivity.

FSD
FSD method is a novel spectrophotometric method 
used for analyzing binary mixtures [27–29]. It is a 
simple straightforward mathematical technique for 
resolving severely overlapped zero-order spectra by 
compressing their bandwidth using Fourier or decon-
volution feature of spectrophotometer software [27]. 
Zero-crossing or no-contribution sites were obtained 
by overlaying the medicinal combinations spectra and 
allowed determination of one component without 
influence from the other. MZH concentration was back 
calculated from regression equation relating the ampli-
tude of deconvoluted MZH spectrum was recorded 
at 226  nm and the relevant concentration ranges of 
5–50 g/mL, Fig. 6.

Method validation
Linearity, the limit of detection (LOD), the limit of 
quantitation (LOQ), selectivity, accuracy, and precision 
were all tested according to the ICH Q2 (R1) criteria 
[24].

Table 6  One-way ANOVA results for determination of proposed and reported methods of MZH in different pharmaceutical 
formulations

Pharmaceutical formulations Source of variation Sum of squares Degree of 
freedom

Mean of 
squares

F-value P-value Critical F

Navoproxin plus® tablets Between group 2.78 3 0.92 1.26 0.32 3.23

Within group 11.75 16 0.73

Total 14.53 19

Vomidoxine B6® tablets Between group 1.23 3 0.41 0.47 0.70 3.23

Within group 13.84 16 0.86

Total 15.07 19

Dizirest B6® tablets Between group 0.92 3 0.30 0.30 0.82 3.23

Within group 16.43 16 1.02

Total 17.35 19

Table 7  Two-way ANOVA results for determination of proposed methods of MZH in different pharmaceutical formulations

Source of variation Degree of 
freedom

Sum of squares Mean of squares F-value P-value Critical F

Methods 3 4.54 1.51 1.65 0.18 2.79

Pharmaceutical formulations 2 2.40 1.20 1.31 0.27 3.19

Error 54 49.51 0.916

Total 59 56.46
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Linearity
Linearity of the proposed spectrophotometric methods 
for MZH and PYH quantitation was tested by measur-
ing different concentration absorbances in the ranges 
provided in Table  1 in triplicates. The adopted meth-
ods exhibited good linearity (correlation coefficient, 
R ≥ 0.9995). Table 1 shows the regression parameters of 
the proposed methods.

The limits of detection (LOD) and limits quantification 
(LOQ)
According to ICH Q2 (R1) recommendations, the LOD 
and LOQ were obtained by determining the lowest con-
centrations that could be detected and quantitatively 
measured, respectively, as indicated in Table 1.

where S is the standard deviation of the intercept of the 
calibration curve, and b is the slope of the calibration 
curve.

LOD = 3.3 S/b and LOQ = 10 S/b

Accuracy
The suggested methods accuracy were assessed by com-
paring five acquired concentrations of each drug to their 
real values. The calculated mean percentage recoveries 
are presented in Table 1.

Precision
The precision of each proposed techniques was tested 
intraday by repeating the determination of 10, 25, and 
40  µg/mL of each analyte three times on the same day. 
The inter-day precision was evaluated by performing the 
analysis three times in a row, with the findings reported 
as RSD in Table 1.

Selectivity
The proposed methods selectivity were tested by assess-
ing laboratory-prepared mixtures comprising varied 
MZH: PYH ratios. As indicated in Table  2, the mean 
recovery percentages were within the acceptable limit.

Fig. 7  Interval plot for the proposed and reported methods of MZH in different pharmaceutical formulations
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Analysis of dosage form
The stated spectrophotometric techniques were used 
to reveal the concentrations of both MZH and PYH in 
their combined pharmaceutical formulations (Navo-
proxin plus tablet®, Vomidoxine B6® tablets, Dizirest 
B6 tablets). The validity of the recommended proce-
dures was further evaluated using the standard addi-
tion technique, which revealed no interference from 
excipients. Results of the described procedures exhib-
ited high percentage recoveries as summarized in 
Table 3.

Assessment of the proposed approaches environmental 
impact
It is critical to substitute harmful solvents and reagents 
with less toxic alternatives if the analytical process is to be 
environmentally benign. NEMI [30], analytical Eco-scale 
[31, 32], AGREE [33] and GAPI [32] are all well-known 
analytical instruments in this sector. The four different 
assessment tools mentioned above assessed greenness of 
the analytical methods (Table  4). NEMI is a four-quar-
tered graph. The four green quarts signposted that the 
solvents used are not dangerous, chronically bio-accu-
mulative, poisonous, or corrosive, and produce insignifi-
cant amounts of wastes. Eco-scale is another evaluation 

system built on penalty points. The procedure starts with 
a score of 100. The penalty points are subtracted from the 
base value if it deviates from the ideal. An eco-scale score 
of 95 was obtained for the recommended approaches. 
GAPI is a new aspect with five pentagrams representing 
the environmental effect. The objects are colored green, 
yellow, or red to indicate low, medium, or major envi-
ronmental consequences, respectively. AGREE was also 
recently reported and founded on the twelve principles 
of GAC. It introduces a clock-shaped graph with twelve 
pieces around its perimeter, each reflecting a different 
GAC principle according to its intuitive color and weight 
reflected by segment width. The color codes for AGREE 
span from red to yellow to green. The final score and col-
our in the middle of the proposed methods pictogram 
confirmed method greenness.

Statistical analysis
The findings of the applied methods were compared to 
each other and to the results of the reported method [9] 
using various statistical tools. To compare the suggested 
and reported approaches, a student t- and F-tests were 
used, and no significant difference was found, Table  5. 
The offered and reported approaches were compared 

Fig. 8  Box plot for the proposed and reported methods of MZH in different pharmaceutical formulations
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using a one-way ANOVA test (Table 6), results revealed 
that the calculated F-values were less than the critical 
one, and this indicated no variability between groups, 
(Table  7) also shows a two-way ANOVA test, which 
results revealed that no interference from excipients was 
found in different pharmaceutical formulations.  

ANOVA was not the only statistical tool utilized to 
confirm the findings.

The second tool was the interval plot test [34]. Plots 
display confidence interval as vertical lines, with the 
center point corresponding to the interval mean. Assume 
that the data group intervals of each approach overlap 
each other in the diagram. These plots show that there is 
no considerable difference between offered and reported 
approaches in different pharmaceutical formulations, 
Fig. 7.

The Boxplot is yet another important data visualiza-
tion tool [34], which depicts the distribution of data 
between groups, Fig. 8 shows the proposed and reported 
approaches boxplots in different pharmaceutical formu-
lations. The middle quartile is represented by the central 
box, which has a line in it that indicates the data median, 
upper lines that represent higher values, and whiskers 

that represent lower values. The distribution of data in 
each data category is depicted in the boxplot.

The normal probability plot [35] is another technique 
for determining if data is normally distributed Fig. 9. The 
normal distribution is satisfied in the data if the straight 
line goes through majority of the data points in different 
pharmaceutical formulations.

Tukey’s simultaneous significant difference test [36] is 
the final statistical tool. It is a powerful tool for detecting 
any differences in the mean values of the distinct groups. 
Figure 10 depicts data interval for each group as a hori-
zontal line with a central dot passing through the mean 
value of each data group. The overlap between the inter-
vals suggested that the mean values of the proposed and 
reported approaches did not differ significantly in differ-
ent pharmaceutical formulations.

Comparison to reported methods
Both the suggested and reported procedures were ana-
lyzed side-by-side to determine whether one was more 
reliable (Table  8). Based on the data, it was determined 
that the RSM for MZH and Direct determination for 

Fig. 9  Normal probability plot for the proposed and reported methods of MZH in different pharmaceutical formulations
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PYH had the lowest LOD and lowest LOQ in comparison 
to the HPLC reported methods [17, 20].

Conclusion
Three spectrophotometric techniques were used in this 
research to assess MZH in the presence of PYH in their 
pure powdered form, laboratory-prepared mixtures, 
and pharmaceutical formulations. These techniques 
benefit from being straightforward, involving just a few 

zero-order spectral mathematical calculations and a 
fundamental computing procedure. A statistical study 
utilizing the t-test and the F-test revealed no significant 
difference between the planned and stated spectrophoto-
metric approaches. To help in data visualization, interval 
plots, boxplots, normal probability plots, Tukey’s simul-
taneous significant difference test, one-way ANOVA and 
two-way ANOVA were used to establish that there were 
no significant differences in the results of the proposed 

Fig. 10  Tukey’s simultaneous significant difference test for the proposed and reported methods of MZH in different pharmaceutical formulations

Table 8  Comparison between proposed and reported methods of MZH and PYH

Methods Proposed 
method

Proposed 
method

Proposed 
method

Proposed method Reported method [17] Reported method [20]

Techniques RSM IDW FSD Direct at 290 nm HPLC–UV HPLC–UV

Linear range (µg/mL)

 MZH 5–50 5–50 5–50 203–304 160–410

 PYH 5–50 395–592 270–760

LOD (µg/mL)

 MZH 0.52 0.87 1.11 3.75 0.79

 PYH 0.43 1.90 3.48

Application Navoproxin plus® tablets Pyrimac® tablets Vominore® tablets

Vomidoxine B6® tablets

Dizirest B6® tablets
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method with reported methods and with each other. The 
suggested methods have a very small impact on the envi-
ronment because they meet all of NEMI’s greenness cri-
teria, GAPI, AGREE, and analytical Eco-scale.

Acknowledgements
The authors are grateful to EIPICO Pharmaceutical Company for providing us 
with pure MZH and PYH samples.

 Author contributions
HI, OMEA: methodology, validation, writing; HEA: supervision, review and edit‑
ing; HAMH: supervision and editing. HMES: project administration, supervision, 
review and editing. All authors read and approved the final manuscript.

 Funding
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
All data generated or analyzed during this study are included in this published 
article.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Pharmaceutical Chemistry Department, Faculty of Pharmacy, Egyptian 
Russian University, Badr City, Cairo 11829, Egypt. 2 Department of Analytical 
Chemistry, Faculty of Pharmacy, Zagazig University, Zagazig 44519, Egypt. 
3 Pharmaceutical Chemistry Department, Egyptian Drug Authority, Giza, Egypt. 

Received: 18 April 2022   Accepted: 25 August 2022

References
	1.	 Karlinsky A, Kobak D. Tracking excess mortality across countries dur‑

ing the covid-19 pandemic with the world mortality dataset. Elife. 
2021;10:1–21.

	2.	 Shahin M. Suggested study as a treatment protocol for coronavirus. J Sci 
Res Sci. 2020;37:60–72.

	3.	 British Pharmacopoeia Commission. The British pharmacopoeia, vol. I. 
London: Her Majesty’s Stationery Office; 2017.

	4.	 Royal Pharmaceutical Society of Great Britain. Martindale: the complete 
drug reference. 36th ed. London: Pharmaceutica Press; 2017.

	5.	 Bohania N, Ish P, Nune A, Iyengar KP. Cranial neuropathy in COVID-19: a 
case series and review of literature. Infez Med. 2021;29:609–13.

	6.	 Mahmood MM, Al-Ameen ZGY, Al-Barazanchi AF, Alkhanchi T. Applied 
successful therapeutic protocol for COVID-19 in Arab Homeland. Sci Arch. 
2021;02:124–34.

	7.	 Fejzo MS, Trovik J, Grooten IJ, Sridharan K, Roseboom TJ, Vikanes Å, et al. 
Nausea and vomiting of pregnancy and hyperemesis gravidarum. Nat 
Rev Dis Prim. 2019;5:1–17.

	8.	 Kumrungsee T, Zhang P, Chartkul M, Yanaka N, Kato N. Potential role of 
vitamin B6 in ameliorating the severity of COVID-19 and its complica‑
tions. Front Nutr. 2020. https://​doi.​org/​10.​3389/​fnut.​2020.​562051.

	9.	 Saad AS, Naguib IA, Draz ME, Zaazaa HE, Lashien AS. Validated analyti‑
cal methods for the determination of drugs used in the treatment 

of hyperemesis gravidarum in multiple formulations. J AOAC Int. 
2018;101:427–36.

	10.	 Ibrahim MM, Elzanfaly ES, El-Zeiny MB, Ramadan NK, Kelani KM. Spectro‑
photometric determination of meclizine hydrochloride and pyridoxine 
hydrochloride in laboratory prepared mixtures and in their pharma‑
ceutical preparation. Spectrochim Acta Part A Mol Biomol Spectrosc. 
2017;178:234–8.

	11.	 Shinde SA, Sayyed ZM, Chaudhari BP, Chaware VJ, Biyani KR. Development 
and validation of spectrophotometric method for simultaneous estima‑
tion of meclizine hydrochloride and pyridoxine hydrochloride in tablet 
dosage form. J Pharm Sci Biosci Res. 2016;6:137–43.

	12.	 Habib NM, Abdelwhab NS, Abdelrahman MM, Ali NW. Spectrophotomet‑
ric methods for analysis of different dosage forms containing pyridoxine 
hydrochloride. Eur J Chem. 2016;7:30–6.

	13.	 Arayne MS, Sultana N, Siddiqui FA, Zuberi MH, Mirza AZ. Spectrophoto‑
metric methods for the simultaneous analysis of meclezine hydrochlo‑
ride and pyridoxine hydrochloride in bulk drug and pharmaceutical 
formulations. Pak J Pharm Sci. 2007;20:149–56.

	14.	 El-Gindy A. Spectrophotometric and LC determination of two binary 
mixtures containing pyridoxine hydrochloride. J Pharm Biomed Anal. 
2003;32:277–86.

	15.	 Sharma SC, Sharma SC, Saxena RC, Talwar SK. Simultaneous spectro‑
photometric analysis of a ternary mixture of pharmaceuticals—assay 
for meclozine hydrochloride, pyridoxine hydrochloride and caffeine. J 
Pharm Biomed Anal. 1989;7:321–7.

	16.	 Sher N, Siddiqui FA, Hasan N, Shafi N, Zubair A, Mirza AZ. Simultaneous 
determination of antihistamine anti-allergic drugs, cetirizine, domperi‑
done, chlorphenamine maleate, loratadine, meclizine and buclizine 
in pharmaceutical formulations, human serum and pharmacokinetics 
application. Anal Methods. 2014;6:2704–14.

	17.	 Nawaz MS. A New validated stability indicating RP-HPLC method for 
simultaneous estimation of pyridoxine hydrochloride and meclizine 
hydrochloride in pharmaceutical solid dosage forms. Chromatogr Res 
Int. 2013;2013:1–7.

	18.	 Arayne MS, Sultana N, Siddiqui FA. Simultaneous determination of 
pyridoxine, meclizine and buclizine in dosage formulations and human 
serum by RP-LC. Chromatographia. 2008;67:941–5.

	19.	 Mao Y, Carr PW. Separation of selected basic pharmaceuticals by 
reversed-phase and ion-exchange chromatography using thermally 
tuned tandem columns. Anal Chem. 2001;73:4478–85.

	20.	 Al-Jallad T, Al-Kurdi Z, Badwan A, Jaber AMY. Simultaneous determina‑
tion of pyridoxine hydrochloride and meclizine hydrochloride in tablet 
formulations by HPLC. Pharm Pharmacol Commun. 1999;5:479–83.

	21.	 Sayed RA, Ibrahim AE, Sharaf YA. Chemometry-assisted UV-spec‑
trophotmetric methods for the simultaneous determination of 
paritaprevir, ritonavir, and ombitasvir in their combined tablet dosage 
forms: a comparative study. J Chemom. 2021;35:1–13.

	22.	 Gałuszka A, Migaszewski Z, Namieśnik J. The 12 principles of green 
analytical chemistry and the SIGNIFICANCE mnemonic of green analytical 
practices. TrAC Trends Anal Chem. 2013;50:78–84.

	23.	 de la Guardia M, Garrigues S. Handbook of green analytical chemistry. 
Chichester: Wiley; 2012.

	24.	 ICH harmonized tripartite guidelines, validation of analytical procedures: 
text and methodology. Q2(R1), current step 4 version, parent. Guidelines 
on methodology dated November 6; 2005. Geneva, Switzerland.

	25.	 Moussa BA, Mahrouse MA, Fawzy MG. Different resolution techniques for 
management of overlapped spectra: application for the determination of 
novel co-formulated hypoglycemic drugs in their combined pharma‑
ceutical dosage form. Spectrochim Acta Part A Mol Biomol Spectrosc. 
2018;205:235–42.

	26.	 Lotfy HM, Saleh SS, Hassan NY, Salem H. Novel two wavelength spectro‑
photometric methods for simultaneous determination of binary mixtures 
with severely overlapping spectra. Spectrochim Acta Part A Mol Biomol 
Spectrosc. 2015;136:1786–96.

	27.	 Attala K, Elsonbaty A. Advanced eco-friendly UV spectrophotometric 
approach for resolving overlapped spectral signals of antihypertensive 
agents in their binary and tertiary pharmaceutical dosage form. Spectro‑
chim Acta Part A Mol Biomol Spectrosc. 2021;258: 119855.

	28.	 Elmasry MS, Hassan WS, Merey HA, Nour IM. Simple mathematical data 
processing method for the determination of sever overlapped spectra 

https://doi.org/10.3389/fnut.2020.562051


Page 15 of 15Ibrahim et al. BMC Chemistry           (2022) 16:72 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

of linagliptin and empagliflozin in their pure forms and pharmaceutical 
formulation: Fourier self deconvulated method. Spectrochim Acta Part A 
Mol Biomol Spectrosc. 2021;254: 119609.

	29.	 Sayed RA, Mohamed AR, Hassan WS, Elmasry MS. Comparative study of 
novel green UV-spectrophotometric platforms for simultaneous rapid 
analysis of flumethasone pivalate and clioquinol in their combined 
formulation. Drug Dev Ind Pharm. 2021;47:867–77.

	30.	 Keith LH, Gron LU, Young JL. Green analytical methodologies. Chem Rev. 
2007;107:2695–708.

	31.	 Gałuszka A, Migaszewski ZM, Konieczka P, Namieśnik J. Analytical eco-
scale for assessing the greenness of analytical procedures. Trends Anal 
Chem. 2012;37:61–72.

	32.	 Tobiszewski M, Marć M, Gałuszka A, Namieśnik J. Green chemistry 
metrics with special reference to green analytical chemistry. Molecules. 
2015;20:10928–46.

	33.	 Pena-Pereira F, Wojnowski W, Tobiszewski M. AGREE—Analytical GREEn‑
ness metric approach and software. Anal Chem. 2020;92:10076–82.

	34.	 Elsonbaty A, Hasan MA, Eissa MS, Hassan WS, Abdulwahab S. Syn‑
chronous spectrofluorimetry coupled with third-order derivative 
signal processing for the simultaneous quantitation of telmisartan 
and chlorthalidone drug combination in human plasma. J Fluoresc. 
2021;31:97–106.

	35.	 Attala K, Eissa MS, Hasan MA, El-Henawee MM, Abd El-Hay SS. An 
enhanced first derivative synchronous spectrofluorimetric method 
for determination of the newly co-formulated drugs, amlodipine and 
celecoxib in pharmaceutical preparation and human plasma. Spectro‑
chim Acta Part A Mol Biomol Spectrosc. 2020;240: 118533.

	36.	 Elmasry MS, Hassan WS, El-Mammli MY, Badrawy M. Earth friendly spec‑
trophotometric methods based on different manipulation approaches 
for simultaneous determination of aspirin and omeprazole in binary 
mixture and pharmaceutical dosage form: comparative statistical study. 
Spectrochim Acta Part A Mol Biomol Spectrosc. 2022;266: 120436.

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


	Simultaneous analysis of two drugs used as supportive treatment for COVID-19: comparative statistical studies and analytical ecological appraisal
	Abstract 
	Introduction
	Experimental
	Instruments and software
	Materials and reagents
	Pharmaceutical formulation
	Standard stock solution
	Construction of calibration curves
	RSM
	IDW
	FSD
	Analysis of laboratory mixtures
	Analysis of pharmaceutical formulations

	Results and discussion
	RSM
	IDW
	FSD
	Method validation
	Linearity
	The limits of detection (LOD) and limits quantification (LOQ)
	Accuracy
	Precision
	Selectivity
	Analysis of dosage form
	Assessment of the proposed approaches environmental impact
	Statistical analysis
	Comparison to reported methods

	Conclusion
	Acknowledgements
	References




