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A new eco-friendly RP-HPLC method for determining diazepam in coated tablets was developed
and validated. The separation was achieved on a Lichrosper® 100 RP-18 (250 mm x 4 mm, 5 um particle
size) using the isocratic elution mode with a mobile phase composed of a mixture of water (H,O) and eth-
anol (EtOH) in a 40:60 (v/v) ratio and a flow rate of 1.0 ml/min. The injection volume was 10 pl, and the
detection wavelength was set at 254 nm. The column temperature was maintained at 35 °C. The method
was validated according to the ICH guideline, emphasizing selectivity/specificity, linearity, sensitivity,
accuracy, precision, and robustness. The analytical method greenness score and Eco-scale approach were
used for the method’s greenness assessment. The method was applied to determine the assay of diazepam
and the uniformity of dosage units by content uniformity.

Applying the method proposed in this study in the pharmaceutical industry is considered environ-
mentally sustainable. It would bring benefits in terms of a safer working environment and reduction of
toxic waste formation without compromising the reliability of the analytical results.

Keywords: green/eco-friendly analytical methods; reversed-phase liquid chromatography; ethanol,;
diazepam; pharmaceutical analysis

EKOJIOIIKU ITPUPATJIIUB RP-HPLC METO/ 3A OITPEJEJIYBAIBE
HA JTUA3EIIAM BO OBJIOKEHA TABJIETA

PasBuen e m mpoBepeH HOB, ekomomku mnpudarime RP-HPLC-meton 3a ompenemyBame Ha
JuasenaM Bo o0noxkeHa Tabnera. PasaenyBameTo Oewe m3BpuieHo Ha Lichrosper® 100 RP-18 (250 mm
X 4 mm, 5 um) co M30KpaTCKO elyuparmbe KopucTejku MoOmiHa (a3a coctaBeHa oj cMeca Ha Boaa (H20)
u eranon (EtOH) Bo coomroc 40:60 (v/v) u mportok o 1,0 ml/min. Boxymenot Ha unjexTupame 6eme 10
ul, a OpanoBara mo/okuHa Ha getekimja 254 nm. Temmeparypara Ha xpomarorpad)ckara KoJoHa Oere
onpxyBana Ha 35 °C. MetomoT Oemre BamuaupaH BO corjiacHocT co Boawuor Ha ICH BO omnoc Ha
CEJICKTUBHOCTA/CIIeM(UIHOCTA, JIMHEAPHOCTA, OCETIIMBOCTA, TOYHOCTA, MPEM3HOCTa U poOyCTHOCTA. 3a
eBajlyallija Ha EKOJIOIIKaTa NPU(ATIMBOCT HA Pa3BUEHHOT METOJA Oea KOPUCTEHH IMPHCTAIUTE 32
npolleHa Ha 3ejieH WHAeKC Ha anamutiduku merton (Analytical method greenness score approach) u
NpOLICHA Ha paHr Ha ekoioluka nogooHoct (Eco-scale approach). IlpeanoskeHHOT METOA € EKOJOIIKH U
€KOHOMCKH OAp>XIHB. [IpuoOuBKHTE OJ MpHMEHaTa Ha pa3BHEHHOT ekonomku npudarms RP-HPLC
MeTox BO (hapManeBTCcKaTa MHIYCTpPHja ce OJHecyBaaT Ha 00e30emyBame I03]paBa padOTHA CpeauHa,
Kako M HaMaJleHO (opMHUpame TOKCHYEH OTIa] 0e3 NpHUToa Ja ce KOMIPOMHTHpa BaJIMIHOCTa HA
AQHATUTUYKHOT PEe3yJITar.

Kay4Hu 300poBH: eKOJOMKY MPpU(ATINBY AaHATUTUIKH METOIH;
peBep3HO-(ha3Ha TeuHa XpomaTorpaduja; eTaHoN, Aua3ernam; GapMareBTCKH aHATH3H
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1. INTRODUCTION

Green analytical chemistry (GAC) focuses
on minimizing the usage of toxic organic solvents,
employing energy-efficient equipment, and gener-
ating minimal waste.! The implementation of the
GAC principles in the process of green chromato-
graphic method development, as well as the trans-
fer of the conventional HPLC methods into eco-
friendly solutions, is an essential part of the devel-
opment strategy in the pharmaceutical industry.? In
particular, GAC principles play a crucial role in the
modern industry's development strategy. Reverse
phase high-performance liquid chromatography
(RP-HPLC) is the most commonly employed tech-
nigue in pharmaceutical quality control. However,
it requires significant quantities of organic solvents
as eluents in the mobile phase. It is well known
that methanol (MeOH) and acetonitrile (ACN), the
most commonly used organic solvents in the RP-
HPLC mobile phases, are toxic and lead to both
acute and chronic harmful effects. Moreover, the
negative ecological influence of these solvents
shouldn’t be neglected because of the enormous
amount of chemical waste. Namely, the chemical
waste generated annually by HPLC instruments
worldwide is estimated at 34 million liters.?3

Benzodiazepines play a crucial role in treat-
ing chronic psychiatric disorders, anxiety and in-
somnia. They have largely replaced other medica-
tions used for these indications. Diazepam (DZP)
(7-chloro-1,3-dihydro-1-methyl-5-phenyl-2H-1,4-
benzodiazepin-2-one) is a long-acting benzodiaze-
pine with anxiolytic, sedative, muscle relaxant,
anticonvulsant, and amnestic properties. This drug
is manufactured by different pharmaceutical com-
panies worldwide due to its designation as an es-
sential drug on the World Health Organization
Model List of Essential Medicines—22" List,
2021.4%

The literature review revealed several con-
ventional ("non-green”) HPLC methods that have
been used for the separation and quantitative de-
termination of different benzodiazepines in phar-
maceutical formulations or biological samples.”*!
There are few conventional RP-HLC methods for
determining diazepam content in coated tablets,
but their main disadvantage is the use of toxic or-
ganic solvents such as ACN and MeOH in the mo-
bile phase.!*?® To the author’s knowledge, only
two eco-friendly micellar liquid chromatography
(MLC) methods have been reported to simultane-
ously determine diazepam with other benzodiaze-
pines or other drugs in pharmaceutical dosage
forms.*1% Both methods utilize a micellar mobile

phase, which can have certain disadvantages, such
as weak elution strength, especially when used
with chromatographic columns of typical pore size
and reduced efficiency.!* Also, these methods re-
quire longer system equilibration time, and surfac-
tant precipitation and crystal formation can occur
around the pump or in the column.®® Given the na-
ture of the work in the pharmaceutical industry,
applying an MLC method for drug quality control
would be time-consuming. The European Pharma-
copoeia (Ph. Eur) monograph for DZP active sub-
stance describes potentiometric titration as a meth-
od for assay determination.'® On the other hand, the
official United States Pharmacopeia (USP) mono-
graph provides a conventional RP-HPLC method
for the determination of diazepam content in coat-
ed tablets using a mobile phase composed of a
mixture of ACN:H.0:MeOH (40:40:20, v/viv %).%

In the pharmaceutical industry, it is essential
for quality control laboratories to align with cur-
rent trends and implement the principles of green
analytical chemistry (GAC). Considering the great
demand in the market for this drug, the number of
manufactured and controlled batches worldwide is
substantial. Thus, the conventional methods for
DZP determination generate significant amounts of
toxic waste. Hence, there is a growing interest in
greening the conventional reverse-phase high-
performance liquid chromatography (RP-HPLC)
methods for DZP analysis within the pharmaceuti-
cal industry. The aim is to safeguard the health of
operators and protect the environment while main-
taining chromatographic performance and avoiding
the need for expensive equipment.*®

Therefore, our study aimed to develop and
validate a simple RP-HPLC method for determin-
ing DZP in coated tablets using a green (ethanol-
based) mobile phase which could be used as an
eco-friendly alternative in routine analysis of me-
dicinal drug products. The "greenness" of the
method was assessed using two approaches: the
Analytical Method Greenness Score (AMGS) and
the Eco-Scale Approach (ESA). The results were
compared with the conventional USP method (used
as a reference method) and the previously reported
green MCL method for DZP determination.

2. MATERIALS AND METHODS
2.1. Chemicals and standards

Diazepam, a secondary reference standard,
was provided by Alkaloid AD Skopje. HPLC grade
acetonitrile, methanol, ethanol, sodium dihydrogen
phosphate monohydrate, and ortho-phosphoric acid
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(99.0%) were purchased from Merck (Darmstadt,
Germany). Water was purified by a Werner water
purification system, obtained in-house at Alkaloid
AD Skopje. Regenerated cellulose membrane sy-
ringe filters (RC), pore size 0.45 um, were pur-
chased from Phenomenex (Torrance, CA. USA).

Diazepam 5 mg coated tablets produced by
Alkaloid AD Skopje were used to test method ap-
plicability.

2.2. Instrumentation

An Agilent Technologies 1260 Liquid
Chromatography system (Agilent Technologies,
USA) equipped with a binary pump, a column
compartment, an autosampler, and a photo-diode
array detector was used. Instrument control and
data acquisition and processing were performed by
a Chromeleon Chromatography Data System (ver-
sion 7.2 SR5.)

A reverse phase column, Lichrosper® 100
RP-18 (250 mm x 4 mm, 5 pum particle size) (Ag-
ilent Technologies, USA), was used for method
development and validation.

2.3. Chromatographic conditions

All analyses were carried out on a Li-
chrosper® 100 RP-18 (250 mm x 4 mm, 5 um par-
ticle size) chromatographic column using isocratic
elution with a mobile phase composed of a mixture
of H,O and ethanol (EtOH) in a ratio of 40:60 (v/v
%) and a flow rate of 1.0 ml/min. The column
temperature was maintained at 35 °C, while the
autosampler temperature was maintained at 5 °C.
The injection volume was set at 10 pl, and analyte
peaks were monitored at a wavelength of 254 nm.
The analysis time was 6 minutes.

2.4. Standard and test solutions

A standard solution of DZP at a concentra-
tion of 0.1 mg/ml was prepared in the mobile
phase, composed of a mixture of H>O and ethanol
(EtOH) in a ratio of 40:60 (v/v %), as solvent. To
prepare the test solution for assay determination,
samples of 10 randomly selected tablets were
transferred into volumetric flasks, dissolved, and
diluted to the appropriate volume to get a final
concentration of 0.1 mg/ml. To the test solution for
content uniformity (CU), one randomly selected
coated tablet was transferred, dissolved, and dilut-
ed to the appropriate volume to get a concentration
of 0.1 mg/ml using the mobile phase as solvent.
The same procedure was repeated for another nine
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tablets. The standard and test solutions for assay
and content uniformity determination were filtered
through 0.45 pm membrane filters (regenerated
cellulose, RC).

2.5. Reference method

The eco-friendly RP-HPLC method devel-
oped in this study was compared with the method
for determining DZP content in coated tablets in
the official USP monograph as a reference meth-
od.'’

The USP method was performed using a Li-
chrosper® 100 RP-18 (150 mm x 3.9 mm, 5 um
particle size) column with a mobile phase com-
posed of H,O:ACN:MeOH (40:40:20, v/v/ %) at a
flow rate of 1 ml/min. The column temperature
was maintained at 25 °C. The injection volume was
set at 20 ul, and analyte peaks were monitored at a
wavelength of 254 nm. The autosampler tempera-
ture was maintained at 5 °C. Under these proposed
conditions, the analysis time was 12 minutes.

2.6. Method validation

The method was validated according to the
ICH Guideline Q2A.* The method's robustness
was evaluated by 11 experiments using the Plack-
ett-Burman design, where three factors were ana-
lyzed at two levels (MODDE® software, Umetrics,
Umea, Sweden). The most important factors that
influenced the system analytical response were the
mobile phase flow rate (in the range of 0.8-1.2
ml/min), the column temperature (in the range of
30-40 °C), and the ethanol percentage in the mo-
bile phase (in range of 55-65, viv %). The
method's robustness was assessed by the following
criteria: peak symmetry, retention time, and num-
ber of theoretical plates for the DZP peak. Addi-
tionally, the sweet spot diagram was used to exam-
ine the method's robustness.

2.7. Assessment of the greenness of the method

The greenness of the developed method in
the study was evaluated using two assessment ap-
proaches, the Analytical Method Greenness Score
(AMGS)® and the Eco-Scale Approach (ESA)Z.
The AMGS covers several factors, such as the type
of technique used, analysis time, type and volume
of organic solvents used, mobile phase composi-
tion, and other parameters relevant to the method
and sample preparation. Lower values for the
AMGS indicate that the method is eco-friendlier.
Additionally, this online tool provides information
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about the instrument energy score and solvent en-
ergy score as well as the solvent environmental,
health, and safety (EHS) impact score. The Eco-
Scale approach (ESA) evaluates the same parame-
ters as the AMGS and calculates penalty points
which are used for the eco-scale calculation ac-
cording to the following formula:

Analytical Eco-Scale (AES) = 100 — total penalty points,

where the Analytical Eco-Scale (AES) is calculat-
ed by subtracting the total penalty points from 100.
The lower the total penalty points, the higher the
Analytical Eco-Scale score, indicating a greener
method. When the result is closer to 100 points, it
indicates a greener analytical method.?* These re-
sults facilitate a straightforward comparison with
the reference methods used in routine work.

3. RESULTS AND DISCUSSION

Considering the green chemistry fundamen-
tals,’® the focus of this study was to develop an
eco-friendly RP-HPLC method for the determina-
tion of DZP in coated tablet aligned with the GAC
concept. To achieve this, the first step of the meth-
od development was to replace the organic sol-
vents (MeOH and ACN) in the mobile phase of the
conventional (referent) USP method with EtOH, an
environmentally friendly solvent.2®> Considering
that the organic solvent content in the reference
method was 60 % and EtOH has higher elution
strength than ACN and MeOH, the preliminary
investigations started with the mobile phase con-
taining 50 % EtOH. Considering that the pK, value
for diazepam is 3.4,° and the pH value of the mo-
bile phase (H.O: EtOH, 50:50, v/v %) is 6.5, these
chromatographic conditions allowed for ionization
of the DZP molecule with acceptable retention.

The retention time of the DZP peak obtained
with the above-mentioned eco-friendly mobile
phase (H.O:EtOH, 50:50, v/v %) is similar to the

Tablel

retention time obtained with the reference USP
method, implying that the proposed "green mobile
phase" has elution power comparable with the
conventional mobile phase. Although the number
of theoretical plates (N) was satisfactory, the peak
symmetry was higher than 1.2 (1.27). Changes in
ethanol content and the column temperature didn’t
improve the peak symmetry. In order to address
the issue of peak symmetry, two other chromato-
graphic columns were investigated: Waters
Spherisorb (125 mm x 4.0 mm, 5 pm) and Li-
chrosper® 100 RP-18 (250 mm x 4.0 mm, 5 pum).
The values for peak symmetry obtained using the
Spherisorb column were above 1.2, similar to those
obtained with the first column used. The values for
DZP peak symmetry obtained using the Li-
chrosper® 100 RP-18 (250 mm x 4.0 mm, 5 um
particle size) fulfilled the pharmacopeia’s system
suitability criteria (peak symmetry below 1.2). No-
tably, despite the literature data suggesting that
EtOH mobile phase may result in higher column
backpressure,? in this study, the column pressure
remained within acceptable limits (200 bar). The
DZP peak had a comparable peak symmetry and
number of theoretical plates as the reference USP
method. Thefore, this column was used for further
method development. Increasing the EtOH content
in the mobile phase to 60 % (H20:EtOH, 40:60, v/iv
%) resulted in further improvement of the peak
symmetry and an increase in the number of theo-
retical plates. The experiments indicated that EtOH
exhibits chromatographic behavior similar to ACN.
The column temperature was also optimized. In-
creasing the column temperature by 10 °C (from
25 °C to 35 °C) resulted in shorter retention time
for DZP and reduced column backpressure.

A comparison among the system suitability
criteria for the developed eco-friendly method in
our study, the reference USP method, and the MLC
method for determination of DZP described by
Elmasi and Belal* are presented in Table 1.

Comparison of the system suitability criteria

Chromatographic parameters System suitability

EtOH-based

Conventional method devel-

Green (MLC)

criteria USP method - method*
oped in our study
Retention time (min) 3-8 3.3 4.3 8.5
Peak symmetry 0.8-1.2 117 112 1.2
Number of theoretical plates (N) >2000 4586 4175 858
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The results from the comparison revealed that
all system suitability criteria of the EtOH-based,
eco-friendly method comply with the criteria given
by the reference USP method. Furthermore, method
performance was compared with the "green" MLC
method proposed by Elmansi & Belal.* The reten-
tion time of the DZP peak in the method developed
in our study is shorter, which results in a shorter
analysis time and reduced consumption of organic
solvents. The peak symmetry values are comparable
with the evaluated methods. Moreover, the MLC
method is unsuitable for routine quality control in
the pharmaceutical industry due to several draw-
backs. One of the limitations is the longer analysis
time required by the MLC method compared to the
developed eco-friendly EtOH-based method. Long-
er analysis time can be impractical in a routine la-
boratory setting where efficiency and productivity
are important factors. Additionally, the MLC meth-
od requires special considerations to prevent crystal
formation and instrument damage. These considera-
tions may involve additional steps or precautions
that need to be taken during the analysis, which can
increase complexity and introduce potential risks or
complications.®®

Given these limitations, the developed eco-
friendly RP-HPLC method using an EtOH-based
mobile phase is a more viable and practical option for
routine drug quality control in the pharmaceutical
industry. It provides results comparable to the refer-
ence method while offering the advantage of reduced
organic solvent consumption and shorter analysis
time. An overview of the key information for the
proposed EtOH-based eco-friendly RP-HPLC meth-
od for determining DZP is given in Table 2.

Table 2

Overall information for the proposed
EtOH-based eco-friendly method

. Proposed
Parameters of interest EtOH-based method
Retention time (min) 4.3
Peak symmetry 1.12
Theoretical plates 4175
Column backpressure (bar) ~ 200
Analysis time (min) 6
Instrument consumption
of organic solvent for routine ~40 ml
analysis
LOQ (mg/ml) 0.004
Eco-scale score 82
AMGS score 14324
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3.1. Method validation

In this study, an EtOH-based eco-friendly
method for determining DZP content in coated tab-
lets was developed and validated with respect to
selectivity/specificity, linearity, precision, accura-
cy, limit of detection (LOD), and limit of quantifi-
cation (LOQ). Special attention was given to inves-
tigating the method robustness, which is one of the
most relevant parameters for method transfer and
its potential application in routine analysis.

Selectivity/specificity. Representative chro-
matograms of solvent, placebo solution, standard
solution of DZP, and test solutions (for assay de-
termination and content uniformity determination)
are presented in Figures 1A, 1B, 1C, 1D, and 1E,
respectively. Comparing the representative chro-
matograms of solvent, placebo solution, standard
solution of DZP, and test solutions revealed that
there are no peaks from the solvent or the placebo
that interfere with the elution of DZP.

Linearity and range. The linearity of the
method was evaluated in the range between 0.05
and 0.15 mg ml* for DZP (50 % — 150 % of the
working concentration). Each measurement was
performed in triplicate, and the results were evalu-
ated by linear regression analysis using the least
squares regression method. The correlation coeffi-
cient was greater than 0.999 (y = 520.79x +
0.2507); thus, the results indicated very good line-
arity. This high correlation coefficient suggests
that there is a strong linear relationship between
the concentration of DZP and the corresponding
peak area response.

Precision. The precision of the method was
evaluated through repeatability (system and meth-
od repeatability) and intermediate precision. The
system repeatability was evaluated by six determi-
nations of the peak areas of the standard solution
containing DZP. The RSD value obtained for sys-
tem repeatability was 0.2 %. The method repeatabil-
ity analysis demonstrated RSD values below 2.0 %,
indicating that the method is precise. The interme-
diate precision, conducted on two consecutive days
by two different analysts and on two different
HPLC systems, showed that the RSD value of the
entire determination was not more than 2%. This is
acceptable for intermediate precision, thus indicat-
ing that the method is precise. The results for the
linearity and the precision of the method are pre-
sented in Table 3.
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Fig. 1. Representative chromatograms of (A) Solvent, (B) Placebo, (C) Standard solution,
(D) Test solution for assay determination, and (E) Test solution for content uniformity determination
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Table 3

Results from testing the linearity and precision
of the method

Validation parameter DzpP
Linearity

Concentration range (mg/ml) 0.05-0.15
Correlation coefficient 0.9999
Intercept 0.2507
Slope 520.79

Precision (RSD %)
Repeatability

100 % (n = 6) 1.0

Intermediate precision (n = 6)

Analyst 1 1.0

Analyst 2 0.8
Table 4

Accuracy. The accuracy of the method was
evaluated through a study of analytical recovery at
three concentration levels of DZP in spiked place-
bo from tablets. The results are shown in Table 4.
The percentages of the recoveries are in the range
of 99.73-100.3 %, indicating good accuracy of the
method.

Limit of detection (LOD) and Limit of quan-
tification (LOQ). These parameters were assessed
through determination of the signal-to-noise (S/N)
ratio by comparing measured signals from samples
with known low concentrations of analyte with
those of blank samples and establishing the mini-
mum concentration at which the analyte can be
reliably detected and quantified. From data ob-
tained for the S/N ratio, it can be concluded that the
LOD for the active compound is 0.002 mg/ml (S/N
ratio 3:1). At the concentration level of 0.004
mg/ml (S/N ratio 11.3:1), it could be quantified to
an acceptable degree of precision.

Accuracy of the developed "green" method for DZP determination in coated tablets

Concentration Determined Recovery (%)
level (%) (mg/ml) (mg/ml) P=95%
50 0.05 100.03 0.5
DzP 100 0.10 100.3£0.72
150 0.15 99.73 £0.51

“Results are expressed as mean + RSD (%) for three determinations at each level

Robustness testing. The Plackett-Burman
design is one of the most used designs because it
can handle a large number of factors in a relatively
small number of experiments.? It is well suited to
robustness testing, i.e., establishing whether the
outcome of an analytical procedure is affected by
changes in each relevant factor. The most im-
portant feature of Plackett-Burman designs is that
it involves 4n experiments, where n=1,2, 3... In
each case, the maximum number of factors that can
be studied is 4n— 1, so an 8-experiment Plackett-
Burman design can study not more than 7 factors, a
12-experiment design will handle up to 11 factors,
and so on. Based on prior knowledge and literature
evaluation, the content of ethanol in the mobile
phase (%, v/v), flow rate, and column temperature
were chosen as factors for robustness testing. The
factors’ lower and upper values were defined
symmetrically around the nominal level. Accord-
ing to the Plackett-Burman design, the robustness
evaluation involved 11 experiments. The matrix of
the planned experiments, along with the results
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obtained for system suitability parameters, are pre-
sented in Table 5. The monitored chromatographic
parameters under all deliberately varied chromato-
graphic conditions were within the acceptance cri-
teria for system suitability.

A sweet spot diagram was created to facili-
tate the visualization of the interactions between
the investigated factors and their individual effect.
This way of presentation provides a good, informa-
tive, and simple presentation of the experimental
results. The sweet spot diagram was created by
simultaneously changing the selected factors. The
color of the sweet spots can vary from green to
blue, whereby the green color indicates the area
where all responses are within the selected range,
the blue color indicates the areas where one of the
answers is in the selected range, and the white col-
or refers to areas where none of the answers are
within the selected range. The obtained sweet spot
diagram for the robustness testing (Fig. 2) is green
in the entire range of tested conditions, demonstrat-
ing the method's robustness.
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Table 5

Plackett-Burman design for robustness testing of the “green” method for DZP determination

. lumn EtOH
peiment HOWIE e oo KL ASTIEY

(°C) (%, vIv)
Nominal 1.0 35 60 4.3 1.12 4175

value

N1 0.8 30 55 7.90 1.12 5066
N2 1.2 30 55 5.54 1.11 3803
N3 0.8 40 55 7.90 1.13 5292
N4 1.2 40 55 5.30 1.08 3971
N5 0.8 30 65 5.12 1.11 5033
N6 1.2 30 65 3.46 1.08 3775
N7 0.8 40 65 5.06 111 5316
N8 1.2 40 65 3.42 1.10 3965
N9 0.8 30 55 7.93 1.12 5068
N10 0.8 30 55 7.95 1.12 5071
N11 0.8 30 55 7.96 1.13 5081

[ sweet soot
[l Criteria met 2
[l Criterion met 1

Sweet Spot Plot
Ethanol [35] = 60

Ethanol [%] = 55 Ethanol [%] = 65

08 08 095 1 105 11 115 08 09 035 1 105 11 115 08 09 085 1 05 11 115 12
Flaw [mL/min] Flow [mL/min] Flow [mL/min]
Sweet spot = Rettention time(3 - 8); Assymetry(0,8 - 2); T. plates(2000 - )

Fig. 2. Sweet spot diagram for robustness testing of EtOH-based RP-HPLC method for DZP determination

in coated tablets

The model was validated by the analysis of
variance (ANOVA). The statistical analysis
indicated that the model was a good fit for the
experimental data, allowing prediction of the
effects of the factors on the selected responses. The
percent of variation of the response explained by
the model, known as R-squared (R?), was greater
than 0.5 in all cases, and the prediction ability of
the model, Q-squared (Q?), was also greater than
0.5, indicating that the model reasonably fits the
experimental data. Overall, the validation through
ANOVA demonstrated that the model adequately
represents the relationship between the factors and
responses, with a substantial portion of the
response variation explained by the model and a
good ability to predict responses.

3.2. Application of the eco-friendly method

The proposed method's applicability was
assessed by determining the DZP content in
manufactured batches of diazepam 5 mg coated
tablets. According to the ICH Q%A Guideline and
common practice, a method’s precision is assessed
using six samples from the same industrial batch.
The samples were analyzed using both the
reference (USP) method and the proposed eco-
friendly method (Table 6). The results obtained
from both methods were compared and statistically
evaluated. The statistical evaluation of the results
using the Student T-test and the variance ratio F-
test indicated that there was no statistically
significant difference between the performance of
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the reference and the eco-friendly method in terms
of accuracy and precision (Table 6). This suggests
that the proposed method is applicable to
determining DZP content in the manufactured
batches of diazepam coated tablets (Table 6).

Table 6

Results from the determination of DZP in produc-

tion batches of DZP coated tablets using the refer-

ence USP method and the newly developed EtOH-
based "eco-friendly” RP-HPLC method

DZP content (%) DZP content (%)
reference USP "green" HPLC
method method
1 102.4 101.0
2 99.5 102.9
3 101.0 101.0
4 100.6 100.1
5 102.6 101.9
6 100.6 101.9
Average (%) 101.1 101.5
Variance 14 1.0
T-test -0.5
T-critical 2.6
F-value 15
F-critical 5.1
Table 7

Results from the determination of uniformity
of dosage units by content uniformity
in a production batch of DZP coated tablets
using the newly developed
EtOH-based "eco-friendly" RP-HPLC method

Sample  Content uniformity (%)

Tablet 1 102.0
Tablet 2 101.4
Tablet 3 102.2
Tablet 4 100.9
Tablet 5 100.6
Tablet 6 101.6
Tablet 7 101.6
Tablet 8 103.0
Tablet 9 100.0
Tablet 10 100.1
Average 101.3
RSD 0.9
AV 2.3

Maced. J. Chem. Chem. Eng. 42 (2), 153-163 (2023)

The proposed eco-friendly method, in ac-
cordance with the general monograph 2.9.40 Ph.
Eur. 11," was further applied to determine uni-
formity of dosage units by content uniformity in a
production batch of DZP 5 mg coated tablets. The
acceptance value (AV) obtained was 2.3. Thus, this
production batch met the Ph. Eur. requirement
(maximal value of AV = 15.0) for uniformity of
dosage units (Table 7).

3.3. Assessment of the greenness of the proposed
method

Alongside the eco-friendly method devel-
opment, it is also important to evaluate the green-
ness of the developed method and compare it with
the existing ones.? The results from comparing the
proposed method and the reference USP method
using the AMGS tool are presented in Figure 3A
and 3B, respectively. The AMGS calculated for the
reference USP method is 4759.01, whereas the
AMGS calculated for the EtOH-based method pro-
posed in our study is 1432.4, which implies that
the newly developed method is far more eco-
friendly compared to the reference method. Addi-
tionally, the solvent energy score of the reference
USP method is not acceptable in terms of eco-
friendliness.

The AMGS tool was not applicable for the
assessment of the greenness score of the MLC
method found in the literature* because the data for
the solvent used for the MLC mobile phase (sur-
factant) could not be imported into the calculation
tool. Therefore, a comparison of the greenness of
the proposed EtOH-based method with the MLC
method was assessed using the Eco-scale approach
(Table 8). Considering the high value for the
AMGS score of the reference method, the Eco-
scale approach was not used for its assessment.
The evaluation of results showed that both meth-
ods (ethanol-based and MLC-based) have excellent
eco-friendliness (eco scale score > 75). The MLC
method has a slightly higher eco-scale index which
is due to the application of surfactant instead of
EtOH in the mobile phase. However, the method
proposed in our study has a shorter analysis time,
and all system suitability criteria are fulfilled. This
implies that this method can be routinely applied in
the pharmaceutical industry to determine DZP con-
tent in coated tablets.
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Fig. 3. Comparison of the developed method (A) and reference USP method (B) using the AMGS tool

Table 8

Results from the analytical eco-scale approach for assessment of method greenness

Hazard Penalty points
Reagents EtOH-based RP HPLC method MLC-based RP HPLC method pro-
proposed in our study posed by Elmansi & Belal, 2019

EtOH 12 0

Water 0 0
Polyoxiethilene(23)lauril ether 0 4

Energy consumption 0 1

Occupational hazard 0 0

Chemical waste 6 8

Total penalty points 18 13

Score 82 87

4. CONCLUSION

A simple, fast, and eco-friendly RP-HPLC
method for determining DZP in coated tablets was
developed and validated. The thorough evaluation
of the method's robustness ascertained a simple
method transfer among the pharmaceutical labora-
tories. A statistical comparison of the analytical
results obtained with the eco-friendly and the ref-
erence (USP) method confirmed that the proposed
method generates reliable analytical results. As-
sessment of the method’s greenness was performed
using two different approaches: AMGS and Eco-
scale. Besides its low negative environmental im-
pact, the proposed method has advantages such as
short analysis time, great robustness, fulfilling sys-
tem suitability criteria, and operation on conven-
tional HPLC systems without a time-consuming
conditioning step before analysis. Thus, it proves
to be a better alternative than the reported method

for DZP determination in coated tablets. This
method can be used in routine analysis for the de-
termination of assay of diazepam and uniformity of
dosage units by content uniformity of DZP coated
tablets in the pharmaceutical industry or other drug
quality control laboratories.
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