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Abstract

Two accurate, sensitive, and selective methods for simultaneous determination of miconazole nitrate (MIC), nys-

tatin (NYS), and metronidazole (MET) in pure state or drug product were established and verified. First, RP-HPLC-

DAD was designed. Separation was accomplished using a ZOBRAX Eclipse Plus RP-Cg column that was running

under an isocratic elution of methanol: 0.05% aqueous solution of sodium dodecyl sulphate (40: 60 v/v), with a flow
rate that was regulated at 0.8 mL/min. The column temperature was adjusted at 25 °C and diode array detector

was monitored at 220 nm. The linearity range of the proposed method was achieved at the concentration of 5-50,
4-50, and 4-40 ug/mL and the attained retention time for the studied drugs was 2.52, 3.52 and 4.99 min for MIC, NYS,
and MET, correspondingly. Second, a TLC-densitometric approach was used to resolve the three compounds. Resolu-
tion of the three cited drugs was carried out using TLC aluminum plates pre-coated with 0.25 mm silica gel 60 F,s,.

A developing solvent comprised ethyl acetate: toluene: methanol: triethyl amine: formic acid (3: 1: 7: 0.3: 0.1 by vol-
ume) (pH=5.5) was utilized and scanning of the resolved bands at 215 nm. Linearity of the developed TLC method
was evaluated and evident to be 0.4-2,0.4-2.2, and 0.4-2 pg/band for MIC, NYS, and MET, in that order. The sug-
gested chromatographic methods were verified according to ICH directives. The findings of the developed chromato-
graphic procedures were statistically compared with the results of the reported ones using student’s t-test and F-test.
Furthermore, two green assessment tools evaluated the indicated methods'level of greenness (GAPI and AGREE).
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Introduction

Miconazole nitrate (MIC) belongs to the imidazole class
of antifungal medications [1]. It functions by inhibit-
ing the fungal growth that cause infectious diseases
and employed topically to treat Candida infections like
vaginitis [2]. Besides, Nystatin (NYS) is a polyene mac-
rolide antifungal drug that is only used to treat superficial
infectious Candida. NYS is prescribed to manage infec-
tions such as oral candidiasis and vaginitis [2]. Likewise,
Metronidazole (MET) exerts antibacterial activity against
anaerobes and several protozoa, and it inhibits E. histol-
ytica, G. lamblia and T. vaginalis [2)].
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After conducting a review of the available literature,
it was concluded that various analytical techniques for
determining the three drugs under study as binary com-
binations had been described. Whereas, MIC and MET
in their binary mixture were determined using HPLC [3—
6], gas chromatography [5, 7], TLC-densitometric [7] and
spectroscopic [8] methods. Similarly, MIC and NYS were
determined as binary mixture by HPLC [9, 10], TLC [9]
and spectrophotometric methods [10-12]. Besides, MET
and NYS were determined by spectroscopic [13] and UV-
chemometric methods [14].

Although there were various methods described for
the determination of the cited drugs as binary mixtures,
there was no method for separation of the three studied
drugs as a ternary mixture. Accordingly, the present work
introduces a smart chromatographic solution for the sep-
aration of the ternary mixture. However, MIC and NYS
or MET and NYS are co-formulated as binary mixtures,
we aimed in this work to develop and validate HPLC
and TLC chromatographic methods for analyzing both
mixtures (incorporate the three drugs) in one step, in
the same run, and under the same circumstances. From
the prospective of environmental impact, it is beneficial
to operate a one-step analytical method instead of two
methods for separating the same components. In agree-
ment with the green analytical chemistry (GAC) prin-
ciples [15], principle 4 which endorses the integration
of analytical procedures and principle 8 which praises
multianalyte determination than one analyte. Further-
more, principles 7 and 9 are attained by reducing waste-
generation and saving energy-consumption via running
single process rather than two processes.

The privileges of the presented HPLC and TLC meth-
ods are that they are fast, selective, time saving, sensi-
tive, and do not require any special software. Hence, the
developed chromatographic methods could be used for
the separation of the studied compounds either found as
ternary or binary mixtures in different pharmaceutical
formulations with the same mobile phase in short analy-
sis run time.

Experimental

Instruments

For HPLC method

HPLC device (Agilent 1260 infinity, Germany). Agilent
1260 infinity preparative ternary solvent delivery pump
(G1361A) and auto sampler (G2260A) were used in this
HPLC system. Agilent 1260 infinity thermostated column
compartment (G1316A) and diode array detector (DAD).
Separation and quantitation of the cited drugs were per-
formed at room temperature on ZOBRAX Eclipse Plus
RP- C4 column (25 cmx 4.6 mm i.d, 5 pm. USA). Sonix
4 ultrasonic (Sonix IV corporation, USA). Digital balance
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(Sartorius, Germany). 0.45 um Nylon filter used to filter
sample preparations.

For TLC method

Short wavelength 254 nm UV light lamp (Massachu-
setts, USA). CAMAG TLC scanner 3 S/N 130319 was
used to scan samples bands which were controlled
with winCATS program (Muttenz, Switzerland). Cer-
tain specifications are considered involving radiation
source (Deuterium lamp), absorbance mode for scan-
ning, chromatogram output (integrated peak area),
slit dimension (3% 0.45 mm), sample applicator (Lino-
mat V auto sampler with 100 pL micro syringe), and
scanning speed (20 mm/s) was used to apply the sam-
ples (CAMAG, Switzerland). TLC aluminum plates
(20X 20 cm) pre-coated with 0.25 mm silica gel 60 F254
(Merck, Germany).

Chemicals and reagents

Samples

Standard drugs Standard MET & NYS were graciously
provided by EIPICO Egyptian Int. pharmaceutical Ind.
Co. (10th of Ramadan city, Egypt). According to the
reported method, their authenticity was 99.8% and 99.7%,
respectively [6, 10]. Pharco Pharmaceuticals Industries
(Alexandria, Egypt) generously afforded standard MIC
with a purity of 99.7% in accordance with the reference
method [1].

Pharmaceutical formulations Monicure plus® vagi-
nal suppository (batch No. 7373004) was produced by
Pharaonia pharmaceuticals (Alexandria, Egypt). Each
suppository is declared to encompass 100 mg of MIC
and 100,000 L.U equivalent to 20.5 mg of NYS [10, 16].
Amrizole N® vaginal suppository (batch No. 977243) was
manufactured by Amriya Pharmaceutical industry (Alex-
andria, Egypt). Each vaginal suppository of Amrizole N®
contains 100,000 L.U=20.5 mg of NYS [10, 16] and 500
mg of MET.

Chemicals and solvents

All the following chemicals and rea-
gents used to develop those methods were of analyti-
cal grade and used without further purification. Methanol
HPLC grade (Sigma Aldrich Chemie GmbH, Germany).
Sodium dodecyl sulfate, ethyl acetate, and toluene of
analytical grade (EI-Nasr pharmaceutical chemical Co.,
Abu- Zabaal, Cairo, Egypt). Deionized water (SEDICO
pharmaceuticals Co., 6th October City, Egypt). Triethyl
amine and formic acid (SDFCL, Mumbai, India).
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Standard solutions

Stock standard solution (1 mg/mL)

Standard stock solutions of MIC, NYS and MET were
prepared using methanol at a concentration of 1 mg/mL.
100 mg of each drug were weighed and transferred into
three separate 100-mL volumetric flasks (NYS should
be prepared protected from light by its preparation in
amber glass flask) then 50 mL of methanol was added.
The prepared flasks were shaken to assure proper compo-
nent dissolution. Methanol was then added to bring the
volume up to 100 mL.

Working standard solution (0.1 mg/mL)

Standard MIC, NYS and MET working solutions were
prepared at a concentration of 100 pug/mL. Three 100-
mL volumetric flasks were accurately and independently
filled with 10 mL of the set stock solutions of each com-
ponent. The volume of the flask was completed using
the mobile phase (methanol: 0.05% aqueous solution of
sodium dodecyl sulfate (40: 60 v/v)) for HPLC method,
while for TLC method methanol was used.

Preparation of laboratory mixtures

Different synthetic mixtures were produced using various
MIC, NYS, and MET proportions. Into 10 mL measur-
ing flask, different accurate volumes were transferred
from their corresponding working solutions (0.1 mg/mL).
The volume of the flask was completed using the mobile
phase (methanol: 0.05% aqueous solution of sodium
dodecyl sulfate (40: 60 v/v)) for HPLC method, while for
TLC method methanol was used.

Preparation of pharmaceutical formulations

Five suppositories of Monicure plus® and Amrizole N®
were weighed precisely and fine crashed separately in a
mortar. From the crashed suppository, an amount equal
to 0.025 mg of MET, MIC, and NYS were transferred
individually into 25-mL volumentric flasks, 10 mL of
methanol was added then subjected to a 30 min ultra-
sonic. The volumetric flasks of each pharmaceutical for-
mulation were allowed to cool, and then solution was
filtered. Following filtration, the residue was washed
twice with 5 mL of methanol each time, and the volume
was made up to produce a stock solution with a con-
centration of 1 mg/mL. By using the proper dilutions
of the prepared stock solutions, working solutions for
each pharmaceutical formulation at a concentration of
(0.1 mg/mL) were produced. For the final dilution, meth-
anol was used for the TLC method and mobile phase for
the HPLC method.
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Procedure

Chromatographic conditions

For HPLC method Chromatographic separation of MIC,
MET and NYS was achieved by using ZOBRAX Eclipse
Plus RP- Cg¢ column (25 cmXx4.6 mm id, 5 pm. USA).
Mixture of the three studied drugs was well resolved using
isocratic elution of methanol: 0.05% aqueous solution of
sodium dodecyl sulfate (40: 60 v/v). The mobile phase was
filtered using a 0.45 m filter before use. The mobile phase’s
flow rate was kept constant at 0.8 mL/min. The column
temperature was monitored at 25 °C. Separated compo-
nents were measured at a 220 nm wavelength. The injec-
tion had a 20 pL volume. The whole analysis run time was
6 min, and the total peak area was used to quantify the
drugs under study.

For TLC method By handling a Camag Linomat V appli-
cator, the analysis was carried out on 20X 10 cm TLC alu-
minum plates pre-coated with 0.25 mm silica gel 60 F,.,
and the investigated drugs were implemented to the TLC
plates as bands of 4 mm width. The bands were employed
15 mm apart from the bottom edge of the plate and were
spaced 5 mm from each other. The chromatographic
chamber was pre-saturated for 30 min using the develop-
ing system. Plates were developed by ascending chroma-
tography using ethyl acetate: toluene: methanol: triethyl-
amine: formic acid (3: 1: 7: 0.3: 0.1 by volume) (pH=5.5)
as a developing solvent at a distance of 8 cm. At room
temperature, the plates were left to dry in air and the
bands of the separated components were detected under
UV lamp at 215 nm.

Construction of calibration curves

For HPLC method Separately and precisely, aliquots of
MIC, NYS, and MET from their respective working stand-
ard solutions (0.1 mg/mL) were transferred into three
series of 10-mL volumetric flasks, each corresponding
to 50-500, 40—500, and 40—400 pg, respectively. Mobile
phase was used as a diluent. For construction of the cali-
bration curve, peak areas of the recorded chromatograms
were used, relating those peak areas to the corresponding
concentration of each component. For each drug, regres-
sion equation was calculated from the previously con-
structed calibration graphs.

For TLC method Separately and precisely, aliquots
corresponding to 0.4-2.00, 0.4-2.20, and 0.4-2.00 mg
of MIC, NYS, and MET were transmitted into three
series of 10-mL volumetric flasks from their respective
stock standard solutions (1 mg/mL). To fill the volume
of the prepared flasks, methanol was used. 10 pL of each
solution were employed in triplicate on the TLC plates
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in accordance with the instructions outlined under the
chromatographic condition. The wavelength used for
scanning the plates was 215 nm and the areas under the
peaks were recorded. To create the calibration curve for
each cited drug, the integrated peak area (x 107*) was
correlated to the associated concentration of each com-
ponent. Then, the linear regression equation for each
drug was calculated from their constructed calibration
curves.

Application to pharmaceutical formulations

The procedures mentioned under preparation of phar-
maceutical formulations were adopted to extract MIC,
NYS and MET from their pharmaceutical preparations.
The concentrations of MIC, NYS, and MET were meas-
ured from their relevant regression models using the
method described under the construction of calibration
curves. Different known concentrations of pure MIC and
NYS were spiked to pre-analyzed Monicure plus® vaginal
suppositories for the purpose of evaluating the method’s
accuracy. NYS and MET were spiked to pre-analyzed
Amrizole N® vaginal suppositories. Following that, the
steps outlined under “construction of calibration curve”
were taken. Afterward, concentrations of the three cited
drugs were calculated and the average recovery percent
was determined for each pure added drug.

Results and discussion

Because of its outstanding resolution and wide range
of stationary and mobile phases, which allow for the
study of several compounds with various polarity, chro-
matographic techniques are the ideal method for dis-
tinguishing and determining multianalyte mixtures of
components [17-20].

Liquid chromatography has been used to separate mix-
ture of components using either columns as in HPLC
[21, 22] or plates as in TLC [23, 24]. Several methods
for determining the cited drugs were reported for their
measurement in their binary mixtures or with other com-
ponents, nonetheless no current technique adopted for
separation of the three drugs as a ternary mixture.

From the environmental and economic standpoints,
it is favored to run one method instead of two methods
to determine the same components. Additionally, from
the analytical point of view, establishing single method
for multianalytes separation will save time and energy,
reduce waste, and keep workers safe. Herein, fully devel-
oped, validated, and optimized HPLC and TLC chroma-
tographic methodologies were exploited for separation of
MIC, NYS, and MET in single run within short analysis
time simultaneously.
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Optimization of the analytical method

The influence of several parameters that can have a sig-
nificant impact on the selectivity, efficacy, and sensitivity
of the chromatographic resolution was tested to improve
the recommended HPLC and TLC procedures. These
variables include the type, polarity, and ratios of the
mobile phase, various scanning wavelengths (for HPLC
and TLC procedures), flow rate of the mobile phase (for
HPLC), and band diameters that were improved (for TLC
method).

For HPLC method

The components under examination have various phys-
icochemical characteristics, which makes their chroma-
tographic separation challenging. MET has pK,=2.62,
whereas NYS pK,=3.62, and MIC pK,=6.77 [25].
Besides, MET is a hydrophilic drug with log K ,,=— 0.1,
but NYS retains log K,,=7.08, and MIC owns log
K,,=5.96 [26].

Different compositions, ratios and polarities of mobile
phase were investigated to separate the ternary mixture.
Firstly, for separation of the three cited components
methanol was used in different ratio with pure water. The
first run was performed using methanol: water in equal
ratio (50: 50 v/v). Upon using this mobile phase MIC has
a forked peak and not resolved from NYS. Whilst MET
was separated with slight tailing. By increasing the ratio
of methanol, MET has symmetric peak, but MIC forked
peak became more obvious and eluted at the same reten-
tion time as NYS. The effect of addition of glacial acetic
acid or triethylamine in different ratios was tested but it
gave bad result regarding the peak resolution and sym-
metry. Many trials were performed to achieve more
sharp and symmetric peaks with high resolution and bet-
ter sensitivity. The best result was obtained upon using
sodium dodecyl sulfate (SDS) in concentration (0.05%)
with methanol. Using SDS was found to have a great
effect on peak symmetry and resolution for the three
drugs. This might be due to micelle formation which
allow separation of components of different polarities
[27]. MET has a sharper and more symmetric peak. MIC
and NYS were well resolved with sharp and more sym-
metric peaks in short analysis time (6 min). Complete
and best separation was achieved using methanol: 0.05%
aqueous solution of sodium dodecyl sulfate (40: 60 v/v).
MIC, NYS, and MET were completely resolved at reten-
tion time of 2.523, 3.524 and 4.993 min, respectively, as
illustrated in Fig. 1.

To properly identify the wavelength with the highest
sensitivity for the detection of the separated compounds,
different scanning wavelengths (215, 220, and 230 nm)
were explored. The best wavelength used for detection of
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Fig. 1 RP-HPLC chromatogram of the separated mixture of MIC, NYS, and MET using methanol: 0.05% aqueous solution of sodium dodecyl! sulfate

(40:60, v/v) as the mobile phase at 220 nm

the cited drugs was found to be 220 nm regarding sensi-
tivity with minimum noise detected, as demonstrated in
Fig. 1.

Also, it was attempted to see how the flow rate of the
mobile phase affected the chromatographic separation.
Flow rates for the mobile phase delivery ranged from
0.5 to 1.5 mL/min; a flow rate 0.8 mL/min was evident
to give maximum separation and best resolution with no
interference between the peaks and minimum analysis
time (6 min). Individual chromatogram for the studied
components showing their T} is revealed in Additional
file 1: Fig. S1.

For TLC method

For separation of the three studied compounds with
high resolution using TLC plates, different developing
systems varied in ratios and polarities were inspected
e.g. (methanol: chloroform) and (methanol: chloroform:
glacial acetic acid). All the previously mentioned devel-
oping systems failed to separate the studied drugs with
good resolution as MIC and MET weren't resolved well
from each other while NYS was retained on the baseline
which revealed high polarity. Adding water for the previ-
ous developing system allows NYS to move from baseline
but MIC and MET weren't resolved and run on the sol-
vent front. Upon replacement of chloroform with ethyl
acetate which has slightly higher polarity, NYS started to
move from baseline with tailing but MIC and MET still
not resolved very well. Accordingly, toluene was added

in small proportion (miscibility of the developing sys-
tem was checked) enabling better resolution of MIC and
MET. Maximum resolution between the MIC and MET
was achieved upon using triethyl amine which also have
a significant effect on NYS which migrate from the base-
line with slight tailing, this tailing was controlled by using
formic acid where the spots were more compact for the
three cited drugs.

Complete separation of the ternary mixture with high
resolution and sharp and symmetric peaks was accom-
plished upon using a developing solvent comprises ethyl
acetate: toluene: methanol: triethyl amine: formic acid (3:
1: 7: 0.3: 0.1 by volume) (at pH=5.5) where the difference
in retention factor were found to be (Ry) for (NYS=0.62),
(MET =0.83) and (MIC=0.96), as shown in Fig. 2.

Several scanning wavelengths (215, 220, 230, and
254 nm) were verified, however it was observed that
scanning at 215 nm exhibited well-separated, sharp, and
symmetric peaks with the least amount of background
noise and the highest sensitivity for the three drugs spec-
ified, as displayed in Fig. 2.

Besides, to obtain sharp and symmetric separated
peaks, different band dimensions were studied. Taking
into consideration the range of concentration applied
and number of tracks applied on the plates, the opti-
mal dimensions were band with 4 mm width and 5 mm
inter-space. likewise, various slit dimensions were
assessed, and the best slit dimension was found to be (3
mm X 0.45 mm) which provided the highest sensitivity for
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Fig.2 a 2D and b 3D HPTLC chromatogram of resolved mixture of standard NYS (R¢=0.62), MET (R¢=0.83) and MIC (R;=0.96) by using ethy! acetate:
toluene: methanol: triethylamine: formic acid (3:1:7:0.3:0.1, by volume) (pH=5.5) as a developing system and scanning at 215 nm

the studied compounds, recognizing that the scanning
light beam slit dimension should cover the dimensions
of the band on the scanned track without interference
from any adjacent bands. Individual chromatogram for
the separated components showing their R; is disclosed
in Additional file 1: Fig. S2.

Validation of the analytical method

The suggested methodologies were approved in accord-
ance with ICH requirements [28]. Validation parameters
including linearity, LOD, LOQ and precision were deter-
mined, and results were listed in Table 1.

The linearity of the two established methods was
evaluated under the chromatographic circumstances
previously described, and it was found to be in the con-
centration range of 5-50, 4-50 and 4—40 pg/mL for MIC,
NYS, and MET, respectively, for HPLC method. Linearity

for TLC method was evaluated and found to be 0.4-2,
0.4-2.2 and 0.4-2 pg/band for MIC, NYS, and MET,
respectively.

Samples of different concentrations of pure drugs
within their concentration ranges were analyzed to verify
the accuracy of the suggested chromatographic methods.
Good percentage recoveries were obtained indicating
good accuracy of the two developed methods, Addi-
tional file 1: Table S1. The stability of prepared solutions
for either individual drugs or their ternary mixtures were
checked by injection in HPLC or application to TLC at
different time interval for 24 h. whereas, the obtained
chromatograms indicate no change between peaks of
individual drugs and that obtained from ternary mix-
ture combination revealing that there is no interaction
between the studied drugs.
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Table 1 Regression and validation parameters of the proposed HPLC and HPTLC methods for determination of MIC, NYS, and MET

Parameters HPLC HPTLC

MIC NYS MET MIC NYS MET
Linearity 5-50 pg/mL 4-50 pg/mL 4-40 pg/mL 04-2 pg/band 0.4-2.2 pg/band 0.4-2 pg/band
Slope 13.9680 43515 28.2340 04762 0.8460 1.102
Intercept —0.9486 193.2800 3.8488 0.2186 - 02224 04583
Correlation coefficient 0.9999 0.9999 0.9999 0.9999 0.9998 0.9999
Accuracy (%) 10041 10042 99.19 99.53 100.28 100.00
Repeatability (RSD%)? 0.17 0.62 0.61 0.80 049 0.77
Intermediate Precision (RSD%)° 0.71 0.82 0.66 133 067 1.69
LOD® 1.19 pg/mL 0.95 pg/mL 0.80 pg/mL 0.11 pyg/band 0.09 pg/band 0.07 pug/band
LOQ® 3.62 pg/mL 2.87 pg/mL 243 pg/mL 0.34 pg/band 0.27 ug/band 0.22 pg/band

2The intraday precision (n = 3), average of three different concentrations repeated three times within day

b The interday precision (n=3), average of three different concentrations repeated three times in three successive days

€ Limit of detection and quantitation are determined via calculations: LOD = (SD of the response/slope) x 3.3; LOQ = (SD of the response/slope) x 10

Applicability and validity of the developed method
proved through analysis of the three cited compounds
in their pharmaceutical formulations. Standard addition
technique was then applied for further assessment of
validity and accuracy of the two newly developed meth-
ods. Good and accurate results indicate no interference
from the encountered excipients found in their pharma-
ceutical formulations, as explained in Table 2.

The method robustness for determination of MIC,
NYS, and MET was also evaluated during method
validation to determine how system suitability param-
eters, e.g. (the symmetry factor (T), column capacity
(K"), resolution (Rs) and recovery percent), would be
affected by minor deliberate variations in experimental
conditions. Robustness for HPLC method was judged
by changing the ratio of methanol in the mobile phase

Table 2 Quantitative determination of NYS and MET in Amrizole N® vaginal suppository and NYS and MIC in Monicure plus® vaginal
suppository by the proposed HPLC and HPTLC methods and application of standard addition technique

Pharmaceutical Drug HPLC HPTLC
formulation
Taken Found?® Pureadded %Recovery® Taken Found?® Pure added %Recovery?
(ng/mL) % +SD (ng/mL) (ug/band) %=+SD (ng/band)
Amrizole N® vagi- NYS  40.00 0.57+99.08 3.00 99.27 1.00 0.86+99.11 0.60 100.00
nal suppository 6.00 98.42 0.80 101.11
Batch NO.
(977.243) 9.00 98.96 1.00 99.60
SD + Mean 98.88+0.43 SD + Mean 0.78 £ 100.24
MET  12.00 +102.55 6.00 98.39 1.00 + 10232 0.50 99.94
044 1200 98.31 027 060 100.50
18.00 98.52 1.00 98.96
SD + Mean 0.11+ 9841 SD + Mean 0.78 + 99.80
Monicure plus® NYS  40.00 +101.28 3.00 100.87 1.00 + 101.03 0.60 100.00
vaginal supposi- 0.66 6.00 100.13 044 0.80 100.38
tor
Bt NO. 9.00 100.40 1.00 100.16
(7,373,004) SD + Mean 0.38 + 10047 SD + Mean 0.19+100.18
MIC 15.00 +102.28 10.00 100.16 1.00 + 102.03 0.60 98.81
033 15.00 99.37 0.54 0.80 98.16
25.00 9845 1.00 98.36
SD + Mean 0.86+ 99.33 SD £ Mean 0.33 + 9844

2 Average of six experiments
b Average of three experiments
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(+5%) and flow rate (+0.2.) No considerable changes
were observed in the studied parameters, as listed in
Additional file 1: Table S2. Whereas robustness for TLC
method was evaluated by changing the ratio of tolu-
ene in the developing system (+0.1%), triethylamine
(+0.05) and the wavelength (+2 nm). No remarkable
variations were observed in the studied parameters, as
indicated in Additional file 1: Table S2.

To confirm the applicability and reproducibility of lig-
uid chromatographic method for analysis, tests were con-
ducted to verify suitability of the system by determining
various parameters [29] e.g. selectivity, capacity factor,
resolution and others. Values of system suitability param-
eters were calculated according to USP [29], and the
results were found to be in the accepted ranges, as sum-
marized in Table 3.
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Using student’s t-test and F-test statistics, findings from
the two constructed HPLC and TLC procedures and the
described methods [6, 10] were compared. Between the
two proposed procedures and the published methodolo-
gies, there was no meaningful variation in the reliability
and exactness as evidenced by the estimated values of t-
and F- being lower than the tabulated ones, Table 4.

Greenness profile assessment

To address the ecological impact of the developed chro-
matographic methods, two greenness assessment tools
were appointed termed the Green Analytical Procedure
Index (GAPI) [30] and AGREE [31].

GAPI is a three-colored symbol that has a design
made up of 15 pictograms, each of which stands for a
stage in the analytical process. Every analytical step,
including sample preparation and final analysis, is

Table 3 System suitability testing parameters of the developed HPLC and HPTLC methods

Parameters HPLC HPTLC
MIC | NYS | MET |NYS|MET |MIC
Resolution (R) 322 | 327 3.1 | 1.92
Tailing factor (T) 147 | 125 | 1.88 |1.00] 0.88 [ 0.91
o (Selectivity) 150 | 1.50 134 | 118
K (Capacity factor) 6.15 9.05 13.30 | 0.61 | 0.21 | 0.04
N (Column efficiency) 1406.84 | 1795.60 | 1924.60 | — - -
HETP = L (Length of column in cm)/N | 0.028 | 0.014 | 0.013 - - B

Table 4 Statistical comparison of the results obtained by the proposed methods and the reported method for determination of MIC,

MET and NYS in their pharmaceutical formulation

Parameters HPLC method HPTLC method Reported method [6]
MIC NYS MIC NYS MIC NYS
Monicure plus® vaginal suppository
Mean % 102.28 101.28 102.03 101.03 102.37 101.01
SD 033 0.66 0.54 044 043 0.65
n 6 6 6 6 6 6
Student'’s t-test (2.228)* 0410 0.710 1.210 0.080 - -
F-value (5.050) 1.720 1.010 1.560 2220 - -
Parameters HPLC method HPTLC method Reported method [10]
MET NYS MET NYS MET NYS
Amrizole N® vaginal suppository
Mean % 102.01 99.08 102.32 99.11 102.39 99.08
SD 0.62 0.57 0.27 0.86 0.31 0.59
n 6 6 6 6 6 6
Student’s t-test (2.228)° 1.380 0.002 0430 0.070 - -
F-value 3.940 1.060 1.290 2.130 - -
(5.050)

? Figures in parentheses represent the corresponding tabulated of t and F at P=0.05
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Table 5 Pictograms for Greenness assessment of the developed HPLC and TLC methods using GAPI and AGREE tools compared to the

reported methods

Greenness Proposed methods Reported methods
rofile
P HPLC TLC MIC/MET mixture [6] MIC/NYS mixture [10]
GAPI
AGREE

&a

evaluated, and categorized into three sections: red,
yellow, and green. These classifications correlate to
environmental effect levels of low, moderate, or high.
Analyst could identify and judge the environmen-
tal effects of established analytical procedures using
the GAPI approach, enabling the adoption of greener
practices [32, 33]. For the proposed HPLC method, out
of all pictograms 5 are green, 7 yellow, and only 3 red,
whilst TLC method acquired 4 green sections, 7 yellow
and only 4 shaded red. However, the reported methods
for determination of MIC/MET [6] and MIC/NYS [10]
acquired less green and more yellow and red shades,
which indicated that the proposed chromatographic
procedures are environmentally benign and greener
than the reported ones, Table 5.

The 12 green chemistry concepts were used to build
the AGREE software. Each concept is rated between
green to red (1.0 to 0.0) relying on its score [31]. A
clock-shaped graph reflects the outcome, with one
color in the center representing the inclusive score.
The quantitative and qualitative output diagrams allow
an accurate assessment of the procedure’s greenness.
Also, the AGREE tool highlights both the advantages
and disadvantages of each analytical method, so one
can determine their relative importance in each sector
according to their strengths and weaknesses [34].

Based on the AGREE assessment, TLC and HPLC
processes were both rated as green approaches with
0.58 overall scores. However, the reported methods
received 0.47 and 0.51 ratings. These reported meth-
ods demonstrated a low green score because they use
many solvents that are not green (acetonitrile) and
run under long analysis time (up to 22 min per run)

that consume large amounts of solvent. Table 5 clearly
illustrates that the suggested approaches outperform
the published chromatographic methods used to ana-
lyze drugs under investigation in terms of GAPI and
AGREE pictograms.

Conclusion

From the prospective of GAC, Herein two green chro-
matographic techniques were designed to miniaturize
solvent-consumed, energy-utilized, waste-created, and
analysis-time by exploiting single-step HPLC and TLC
methods. For the detection of MIC, NYS, and MET
encountered together as ternary mixtures, two distinc-
tive, sensitive, and selective HPLC and TLC approaches
were created, optimized, and validated. TLC method has
the privilege of being time saving and low cost per analy-
sis as it allows analysis of several samples simultaneously
by using small amount of developing system with high
sensitivity and selectivity. The main advantages of HPLC-
DAD method are being rapid and selective. It is able to
resolve the three studied substances in a brief analysis
period (6 min), reducing the amount of solvent utilized.
Accordingly, the developed method is economically effi-
cient and time saving. The two developed chromato-
graphic methods were used for analysis of the three cited
drugs in two different dosage forms combined as binary
mixture by using one mobile phase for all dosage forms
with high accuracy and precision. In addition, GAPI and
AGREE assessment tools were used to determine the
environmental friendliness of the methods presented.
Hence, the proposed methodologies might be applied
for the analysis of MIC, NYS, and MET whether in their
pure state or in their drug products.
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