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spectrophotometric and HPTLC-densitometric
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of co-formulated anti-migraine drugs

with overlapped spectra
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Abstract

Considering the green chemistry perspective and improving the environmental impact of quality control labs; two
direct techniques with less hazardous solvents, less waste production and less energy consumption were developed
for simultaneous analysis of Aspirin and Metoclopramide in bulk powder and pharmaceutical formulation. The ratio
between the two drugs in their co-formulated preparation is very challenging; (90: 1, Aspirin: Metoclopramide). The
first technique is spectrophotometry using simple mathematical operations; ratio difference and derivative ratio-zero
crossing. The second technique is high-performance thin-layer chromatography (HPTLC) -densitometry which used

a mobile phase consisting of cyclo-hexane: methanol: methylene chloride in a ratio of (1:4:1, v/v/v). The greenest sol-
vents which give acceptable resolution were chosen. Following the International Conference on Harmonization (ICH)
guidelines, the methods were found to be accurate, precise, and selective. Those methods were statistically compared
to the reported spectrophotometric method and the results proved that there is no significant difference in accuracy
and precision. Furthermore, the developed methods were assessed using the Analytical Eco-scale, Green Analyti-

cal Procedure Index (GAPI) and the Analytical Greenness calculator (AGREE), which gave a full image about their
greenness profile. The spectrophotometry was found to be an excellent green technique compared to HPTLC

with was considered an acceptable green one. The developed HPTLC-densitometric method was used for the first
time for the analysis of this binary mixture. The two proposed spectrophotometric methos have advantages

over the published methods as they used easy manipulation steps and are applied on the market pharmaceutical
formulation. Owing to the advantages of the developed techniques; being green, do not require expensive sophisti-
cated equipment or large volume of solvents; they could be used for routine analysis in quality control aspects.
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Introduction

Migramax® oral powder is used for treatment of
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to reduce the headache accompanied with migraine.
MET is a dopamine receptor antagonist and used as an
antiemetic agent [2]. The chemical structural of MET and
ASP are shown in Additional file 1: Fig. 1SM. The criti-
cal difference in the ratio between the two co-formulated
drugs made their simultaneous analysis challenging. The
literature reveals several methods for the analysis of ASP
as single or with other drugs by spectrophotometry [3—-9]
and by TLC-densitometry [10-12] and for MET deter-
mination; spectrophotometric methods [13-18], and
TLC methods [19, 20]. For the binary mixture, there are
two reported spectrophotometric methods; the first one
used the first derivative spectrophotometry and applied
on laboratory prepared tablets which did not consider
the critical ratio between the two drugs in the market
pharmaceutical formulation (90: 1, ASP: MET) [21] and
the second used absorptivity centering technique with
complicated multi-mathematical operations [22]. An
HPLC [21] and spectrofluorimetric [23] methods were
also reported for their simultaneous analysis. To the best
of our knowledge, there is no reported HPTLC-densi-
tometric method for their simultaneous determination.
The aim of this work was to develop green, fast, and eco-
nomic spectrophotometric and HPTLC-densitometric
methods for determination of ASP and MET in their
co-formulated pharmaceutical preparation (Migramax®
oral powder) without interference from the excipients.
The determination of the minute concentration of MET
in presence of high concentration of ASP was our main
challenge. The privilege of the developed spectropho-
tometric methods is the simplicity of the manipulation
technique and its eco friendliness. The HPTLC-densi-
tometric method has the advantages over the HPLC of
being cheap as it does not require complicated programs
nor large volume of solvents, and adjusting several condi-
tions as the pH, temperature, and flow rate. So, the two
techniques, the spectrophotometry and the HPTLC-
densitometry, are adaptable techniques for quality con-
trol aspects. The developed methods were found to be
green when assessed using three tools; the Analytical
Eco-scale, Green Analytical Procedure Index (GAPI) and
the Analytical Greenness calculator (AGREE).

Experimental

Apparatus and software

UV 1800 double beam UV-Visible spectrophotom-
eter with UV-Probe software (V. 2.32, Shimadzu, Kyoto,
Japan) was used for spectrophotometric analysis.
HPTLC-densitometry was performed using Camag TLC
scanner (Muttenz, Switzerland) operated with winCATS
software (V. 3.15, Camag) and Camag Linomat IV autosa-
mpler (Muttenz, Switzerland). Aluminum TLC plates
(20%20 cm) coated with 0.2 mm layer of silica gel F,,
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(Merck, Darmstadt, Germany). For the green assessment,
AGREE free software (Provider: Universidadevago) was
used.

Materials and reagents
ASP and MET raw materials are obtained as kind gifts
from Rameda Pharma (6th October city, Giza, Egypt)
and Sunny Pharmaceutical (Badr city, Cairo, Egypt). The
purities of ASP and MET were found to be 99.58+0.56
and 99.78+0.73, respectively as per the British pharma-
copeia [24]. The solvents used; methanol (Merck, Darm-
stadt, Germany), cyclo-hexane and methylene chloride
(ADWIC, Abu-Zaabal city, Qalyubia, Egypt).
Pharmaceutical formulation: Migramax® 900/10 mg
powder for oral solution (BN: 6M0006) (Zentiva com-
pany, United Kingdom). Each sachet was labeled to
contain 1620 mg lysine acetylsalicylate equivalent to
900 mg acetylsalicylic acid and 10 mg metoclopramide
hydrochloride.

Standard solutions

ASP and MET stock solutions were prepared in con-
centration of (1 mg/mL) using methanol. Working solu-
tions of both drugs were prepared by dilution from the
corresponding stock solution to obtain concentration of
(100 pg/mL) using the same solvent.

Laboratory prepared mixtures

Five mixtures of ASP and MET were prepared by accu-
rately transferring aliquots from both working solutions.
The ratios of (ASP: MET) in the mixtures are: (90:1),
(180:2), (150:10), (135:5), and (120: 10), respectively. The
first two ratios mimic the ratio of the pharmaceutical
formulation.

Pharmaceutical formulation

Five packs of Migramax® powder were mixed well and
0.177 mg of powder sachets (equivalent to 900 mg ASP
and 10 mg MET) was weighed and sonicated for 30 min
with 80 mL methanol and the solution was filtrated into
100 mL volumetric flask. A working solution was pre-
pared by transferring 1 mL from the previously prepared
solution into 100 mL volumetric flask and completed to
the mark with methanol to obtain concentration of (ASP
90 pg/mL and MET 1 pg/mL). The working solution was
analyzed, following the previously developed methods.
The standard addition technique was conducted by spik-
ing different concentrations of each of the two pure drugs
to the pharmaceutical formulation in order to obtain final
concentration within the linearity range of each drug and
proceeding as the mentioned methods.
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Procedures

Scanning by spectrophotometry

ASP and MET aliquots transferred from their corre-
sponding working solutions (100 pg/mL) into two sepa-
rate sets of 10 mL volumetric flasks, and then volume
was completed with methanol to prepare concentra-
tions of (15-200 pg/mL) for ASP and (1-40 pg/mL) for
MET. The zero order absorption spectra were scanned
in the range (200-400 nm) using methanol as blank.

Optimized conditions of HPTLC-densitometry

The analysis of HPTLC-densitometry was performed
on silica TLC plates. 10 pL of ASP and MET samples
were applied as bands of 6 mm width using a micro-
syringe in triplicate on the plates. The bands were
applied 20 mm apart from the bottom line and 15 mm
away from each other. The development of the bands
was done using mobile phase consisting of cyclo-hex-
ane: methanol: methylene chloride (1:4:1, v/v/v). The
TLC chamber was left for 20 min for saturation with
the mobile phase before the development process. The
UV detection was performed at 270 nm.

Construction of calibration curves

Spectrophotometric methods

For determination of ASP; a concentration of MET
(20 pg/mL) was chosen as a divisor for the absorption
spectra of ASP in the concentration range (15-200 pg/
mL). A 20 ug/mL of ASP was the divisor for the absorp-
tion spectra of MET concentrations (1-40 pg/mL). The
resulting ratio spectra were smoothed at AA=10 nm.

For the ratio difference method (RD), two wavelengths
were selected from the ratio of the absorption spectra of
ASP and MET respectively as to give the best linearity
of the ratio spectra calibration curve. The difference in
peak amplitudes between the two selected wavelengths
250 and 284 nm for ASP and 298 and 314 nm for MET
were calculated. Calibration curves between the differ-
ences in the peak amplitudes versus the corresponding
concentrations of each drug were constructed.

For the Derivative ratio—zero crossing (DRZC), the
first derivative of the ratio spectra for both drugs was
manipulated with intervals of AA=10 nm and scaling
factor of 10. The zero-crossing wavelength was chosen
for measurement for each drug. The concentrations of
ASP were proportional to the first derivative ratio sig-
nals at 255.5 nm (zero-crossing point with D' of MET)
and for the MET determination, the zero-crossing point
was at 314 nm. The Calibration curves were obtained
by measuring the first derivative ratio amplitudes at
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255.5 nm and at 314 nm against the concentrations of
ASP and MET, respectively.

HPTLC-densitometry

Aliquots transferred accurately from the working stand-
ard solutions of ASP and MET were separately applied
in triplicate onto HPTLC plates to obtain final concen-
tration range of (10-200 pg/band) for ASP and (1-45 pg/
band) for MET. The plates were developed using the
specified mobile phase. The bands were scanned at
270 nm. The calibration curves were constructed by plot-
ting the average peak area of the bands against the cor-
responding concentration of each drug, from which the
regression equations were calculated.

Application to laboratory prepared mixtures

Concerning the spectrophotometric methods, the ratio
spectra of the laboratory prepared mixtures were calcu-
lated as previously mentioned using ASP and MET as
divisors for determination of MET and ASP, respectively.
The developed two methods were applied on the mix-
tures and the absorbance was measured at the previously
specified wavelengths. The recovery % of the drugs was
calculated using the corresponding regression equation
for each method.

Concerning the HPTLC-densitometry, the laboratory
mixtures were applied as bands on the plates in tripli-
cate. The concentration of ASP and MET were calculated
using the corresponding regression equation.

Application to pharmaceutical formulation

The developed procedures were applied for analysis of
ASP and MET in the prepared pharmaceutical formula-
tion (Migramax® oral powder). The concentrations of
both drugs were determined using the corresponding
computed regression equations.

Results and discussion

The quality control analysts preferred the use of green,
rapid, cheap, and reproducible methods for the analy-
sis of repeated pharmaceutical batches. So, we choose
to develop two techniques: spectrophotometric meth-
ods [ratio difference (RD) and the Derivative ratio—zero
crossing (DRZC)] which do not require complicated cal-
culation and manipulation and the HPTLC- densitomet-
ric method which has the advantages of small volume of
solvents used, low cost and does not use sophisticated
equipment when compared to the commonly used HPLC
method. These developed methods fulfill the require-
ments of quality control analysts. Our studied binary
mixture is ASP and MET which are co-formulated in a
challenging ratio of (90:1, respectively).
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Spectrophotometric methods

The zero order absorption spectra of ASP and MET show
a severe overlapping, Additional file 1: Fig. 2SM. So,
the direct method of using the zero order spectra could
not be applied for this binary mixture. The two devel-
oped methods (RD) and (DRZC) have the advantages of
simple two- step manipulations (so signal to noise ratio
was enhanced). The two methods are well-developed,
accurate and precise methods [25-27]. For the con-
struction of the ratio spectra, (Figs. 1 and 2); the divisor
concentration was chosen as to give the minimum noise
and highest sensitivity [28]. In the RD method, the two
wavelengths were selected to obtain the optimum linear-
ity of the calibration curve [29] and were chosen so as;
for determination of ASP, the two wavelengths 250 and
284 nm were selected, at which the ratio spectra of MET
show the same absorbance whereas ASP ratio spectra
shows significant difference in absorbance values. Simi-
larly, the wavelengths 298 and 314 nm were selected
for the analysis of MET. This method has a main privi-
lege that the difference in absorbance between the two
selected wavelengths of the ratio spectra is directly pro-
portional to the concentration of the component of
interest; does not depend on the other interfering com-
ponent. Additionally, this method has an advantage over
DRZC method; the elimination of the step of derivative
calculation and consequently the signal to noise ratio is
enhanced.

For the DRZC; the first derivative of the ratio spectra of
both drugs was manipulated and the drug was measured
at the zero-crossing point of the other drug to eliminate
its interference in the binary mixture. The first deriva-
tive was generated with intervals of AA=10 nm. The
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Fig. 2 Ratio spectra of different concentration MET (1-40 ug/mL)
using 20 pg/mL of ASP as divisor

concentrations of ASP in the binary mixtures were deter-
mined by measuring the amplitudes of first derivative
spectra of the ratio spectra at 255.5 nm (zero-crossing
of D! of MET) using the corresponding regression equa-
tion as demonstrated in Fig. 3. The same was proceeded
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Fig. 3 First derivative ratio spectra of different concentration of ASP
(15-200 pg/mL) at 255.5 nm, using 20 pg/mL of MET as a divisor
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Fig. 4 First derivative ratio spectra of different concentration MET
(1-40 pg/mL) at 314 nm, using 20 ug/mL of ASP as a divisor

for the analysis of MET at 314 nm (zero-crossing of D' of
ASP), Fig. 4.

HPTLC-densitometry

The principle of the TLC is that the separation
between the compounds depends on the difference
in their retardation factor (Ry) which consequently
depends on the difference in their polarities and their
migration rates on the TLC plates. TLC was used for
simultaneous analysis of drug with its related com-
pounds/or impurities [30, 31]. The chromatographic
conditions were optimized by trying different green
solvent mixtures to achieve optimum separation and
resolution. Initially, a mixture of methanol and ethyl
acetate; commonly used green solvents; was tried in
different ratios but no separation was resulted and
the drugs which are highly polar moved with the polar
mobile phase (methanol polarity index=5.1 and ethyl
acetate polarity index=4.4) till the solvent front. We
tried less polar green solvents (1- butanol and 1-pro-
panol) but the dugs did not move more than 3 cm from
the bottom line. We tried methanol: cyclo- hexane
mixture to decrease the system polarity-the cyclo-hex-
ane is in the amber region of GlaxoSmithKline (GSK)
solvent guide [32]. The resolution was less than two
units using different ratios of methanol and cyclo-hex-
ane. So, we added to the methanol and cyclo-hexane
mixture, the methylene chloride (of medium polar-
ity; polarity index=3.1) to move the two drugs to
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Fig.5 D HPTLC densitogram of the resolved mixture of MET (2.0 ug/
band) at R=0.7+£0.02 and ASP (26.0 g/ band) at R;=0.08+£0.03,
using cyclo-hexane: methanol: methylene chloride (1:4:1, v/v/v)

with UV detection at 270 nm

more than the half of the plate height. We tried differ-
ent ratios of these three solvents. Finally, a system of
cyclo-hexane: methanol: methylene chloride in a ratio
of (1:4:1, v/v/v) could achieve the best greenness pro-
file and optimum resolution between ASP and MET,
Fig. 5. The 3D HPTLC-densitogram linearity range of
both drugs was shown in Fig. 6.

Method validation

The validation parameters of the spectrophotometric and
HPTLC- densitometric methods were checked as per the
ICH guidelines [33]. The results of linearity range, accu-
racy, precision, LOD and LOQ were listed in Table 1.
The linearity range for the HPTLC- densitometry was
10-200 pg/band for ASP and 1-45 pg/band for MET
and for the spectrophotometry; 15-200 pg/mL for ASP
and 1-40 pg/mL for MET. The accuracy was presented
in term of recovery % for each drug separately which was
measured from the corresponding regression equation
and the recovery range was from 98.36 to 100.12%. The
intra-day and inter-day precision results were accepted
and the RSD% values were less than 2 units. The specific-
ity was assessed by measuring the recovery of each drug
in five laboratory prepared mixtures; good results were
obtained which confirm that the methods are selective,
Table 2.

System suitability for the HPTLC- densitometry
The system suitability was tested to confirm that the sys-
tem functions correctly as per USP [34]. The values of
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Fig. 6 3D HPTLC- densitogram of ASP (10-200 pg/band) and MET (1- 45 pg/band), using cyclo-hexane: methanol: methylene chloride (1:4:1, v/v/v)
with UV detection at 270 nm
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Table 1 The regression parameters and validation results for determination of ASP and MET by the developed methods
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Parameters HPTLC-densitometry Spectrophotometric methods
RD DRzC

ASP MET ASP MET ASP MET
Linearity (ug/band or pg/mL) 10-200 1-45 15-200 1.0-40 15-200 1.0-40
Slope 71490 28713 0.006894 0.7983 0.006750 0.8559
Intercept 15129 4731.1 0.02435 -0.3013 0.04388 -0.9234
Correlation Coefficient(r) 0.9996 0.9996 0.9997 0.9994 0.9993 0.9993
Accuracy ab(Recovery%iSD) 98.53+£147 98.36+1.25 100.12+1.36 99.54+£0.95 99.67+1.68 100.20+0.58
LOD (ug/band or ug/mL) 3607 0.057 425 0.26 541 0.18
LOQ (ug/band or ug/mL) 9.02 0.76 149 093 144 0.73
Intra-day precision *“RSD% 1.75 1.26 0.39 0.46 0.76 1.23
Inter-day precision *“RSD% 1.96 1.63 0.50 1.05 098 1.70

2 Average of three experiments
b (n=5 concentrations; for ASP (15,30,90,130,170 ug/band or ug/mL) and for MET (3,9,15,25,35 pg/band or ug/mL)
€ (n=3 concentrations; for ASP (50,100,150 pg/band or pg/mL) and for MET (5, 15, 30 pg/band or pg/mL)

retardation factor (Rg), resolution (R)), tailing factor (T)  Application of the developed methods to pharmaceutical

and selectivity factor (a) were calculated and listed in  formulation

Table 3. The three developed methods were applied successfully
to Migramax® with challenging ratio between ASP and
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Table 2 Experimental results for the analysis of laboratory prepared mixtures using the developed methods
Laboratory prepared mixtures (ug/band  HPTLC-densitometry Spectrophotometric methods
or pg/mL)
RD DRzC

Recovery%?
ASP MET ASP MET ASP MET ASP MET
b90 1 97.56 98.40 100.45 100.32 99.74 98.14
5180 2 99.12 99.46 100.37 101.51 98.35 99.54
150 10 100.54 100.45 99.56 100.76 99.57 100.76
135 5 9843 100.78 99.41 100.33 100.38 99.36
120 10 100.32 96.09 10047 99.78 100.94 99.58
Mean recovery % 99.19 99.03 100.05 100.54 99.79 99.47
+SD 1.25 1.89 0.52 0.64 0.97 0.93

@ Average of three experiments

b Ratio present in the pharmaceutical dosage form (Migarmax® oral powder)

Table 3 System suitability parameters of the developed HPTLC-
densitometric method

Parameters ASP MET Reference
values [34]

Re 0.08+0.03 0.7£0.02

Tailing factor (T) 1.10 143 ~1

Selectivity factor () 734 - >1

Resolution (Rs) 552 - >15

T=W0.05/2f, where W0.05 is the width of the peak at 5% height and f is the
distance from peak maximum to the leading edge of peak

a=k"2/k’1, where k is the capacity factor; k"= (1-R;)/R;
Rs=[2 (R;,~R;)1/(W1+W2), Where R is retardation factor and W is peak width
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Fig. 7 ’D HPTLC-densitogram of co-formulated ASP and MET
in Migramax® oral powder, using cyclo-hexane: methanol: methylene
chloride (1:4:1, v/v/v) with UV detection at 270 nm

MET (90:1). The methods were able to determine each
drug without interference from excipients, as shown in
Fig. 7. As a recommendation, the minor peak appearing
in Fig. 7 could be identified using TLC/MS, as it may be
due to the solvent used. The standard addition technique
was conducted to assure the validity of the methods, as
shown in Table 4.

Statistical analysis

The developed methods were compared statically to the
published multi- steps calculation spectrophotometric
method [22]. The data in Table 5 showed that there is no
significant difference in terms of accuracy and precision
between the developed and the published methods.

Evaluation of the green character of the developed
methods

While developing our methods, we took into considera-
tion the environmental protection issues during solvent
selection, the selection of the analytical method, the vol-
ume of waste and the waste disposal. For the measure-
ment of the green character, we applied three tools of
assessment- The Analytical Eco-scale [35], Green Ana-
lytical Procedure Index (GAPI) [36] and the Analytical
Greenness calculator (AGREE) [37]. The use of more
than one tool of assessment is preferable when compar-
ing analytical methods [38—40]. The Analytical Eco-scale
is a semi-quantitative tool based on giving penalty points
to the parameters which are not considered eco-friendly.
Table 6 showed that the analytical Eco-Scale score of
the spectrophotometric method is higher than that of
HPTLC; as the last method used cyclohexane and meth-
ylene chloride which increase its penalty points. The
reagents hazards are based on the Globally Harmonized
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Table 4 Application of the proposed methods for the analysis of pharmaceutical formulation and results obtained by standard

addition technique

#Mean Recovery % +SD HPTLC-densitometry RD DRZC

ASP MET ASP MET ASP MET
Migaramx® oral powder claimed to contain 99.16+1.27 101.43+1.82 100.74+0.48 100.41+0.88 99.55+1.26 99.81+0.59
900 mg ASP and 10 mg MET
Standard addition technique
Pure added (ug/band or pg/mL) PMean recovery %+ SD
ASP MET
20 5 10043+1.47 101.76+0.64 99.65+0.64 99.54+0.95 10041 +0.88 99.81£0.59
40 20 99.52+1.23 10032+ 1.31 100.83+0.73 100.79£0.53 100.05+1.32 99.53+£0.65
60 30 100.82+0.58 10046+1.25 100.72+1.02 100.32+£0.76 100.31+0.85 100.64+0.83

@ Average of six experiments

b Average of three experiments

Table 5 Statistical comparison for the results obtained by the proposed methods and the reported method for the analysis of ASP

and MET in pure powder form

Values ASP MET ?Reported
method

HPTLC RD DRzC HPTLC RD DRzC [22]

Mean 99.16 100.74 99.55 10143 10041 99.81 99.76

SD 1.27 048 1.26 1.82 0.88 0.59 0.88

n 6 6 6 6 6 6 5

Variance 161 023 1.58 3.31 0.77 0.34 0.77

bStudent’s t-test 0426 (2.306) 147 (2.26) 1.99 (2.26) 1.583 (2.306) 0.105 (2.145) 0401 (2.145) -

bF —value 1.613 (6.400) 3.497 (6.094) 2.943 (6.094) 1.158 (6.400) 1486 (3.478) 1.486 (3.478) -

@The factorized spectrum method for determination of ASP and MET

b The values between parenthesis are the theoretical values of t- and F-test at P=0.05

System of Classification and Labeling of Chemicals
(GHS) [41]. The GAPI tool has advantages over the Ana-
lytical Eco-scale as it assesses the whole analytical pro-
cedure, from sampling to final determination and takes
into consideration the safety and health hazards of the
reagents used. GAPI provides qualitative information as
pictogram symbol, shown in Table 6. Additional file 1:
Table 1SM showed the 15 points of comparison between
the two developed methods which are identical except
for field 10. The spectrophotometry has field 10 greenly
shaded field but HPTLC has this field yellow because of
the health hazard of methylene chloride which is ranked
2 based on the solvent selection guides [42, 43]. For the
newly launched AGREE tool, it is a calculator using freely
available software that allows rapid, easy, and compre-
hensive assessment for the green character. It is pre-
sented as a final score in the middle of the pictogram
depending on the fulfillment of 12 principles of green
analytical chemistry. The figures of AGREE have score of

0.74 and 0.71 for the spectrophotometric and HPTLC-
densitometric methods, respectively, as shown in Table 6.
In conclusion, the spectrophotometric method was
greener than the HPTLC developed method.

Conclusion

Two eco-friendly analytical methods were developed
for determination of ASP and MET in their co-for-
mulated preparation. The green analytical chemistry
attributes were considered; spectrophotometry and
HPTLC-densitometry have low energy consumption
and use green less hazardous solvents. The developed
methods were assessed by three tools; The Analytical
Eco-scale, GAPI and AGREE, and found to be green.
The spectrophotometric methods are easy to apply
as they use simple mathematical operation. For the
HPTLC-densitometric technique, it is cheap with no
complicated conditions of development as for the
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Table 6 Assessment of the green character for the developed methods using Eco-scale, GAPI and AGREE tools
Parameters HPTLC-densitometry Spectrophotometric methods
Preparation Reagent used: Penalty Solvents used: Penalty
points (PPs) points
(PPs)
Methanol 12 Methanol 12
Cyclo-hexane 8
methylene chloride 1
Amount of reagents >100 mL 3 >100 mL 3
Instrument HPTLC scanner and autosampler 0 UV-Vis Spectrometry 0
(enery used < 0.1 kWh per sample) (energy used < 0.1 kWh per sample)
Occupational hazards Analytical process hermetization 0 Analytical process hermetization 0
Waste The waste volume is 1-10 mL per sample 3 The waste volume is 1-10 mL per sample 3
Total penalty points >27 >18
Analytical Eco-Scale total score 73 82

Acceptable green

G Ap| Sample Preparation Solvents/Reagents.
AGREE

Excellent green

‘Sample Preparation

Solvents/Reagents

reported HPLC method and it is the first time to be
used for the analysis of this binary mixture. Both devel-
oped methods were found to be accurate, and selec-
tive according to ICH guidelines. Consequently, these
methods could be applied for routine analysis of ASP
and MET in their bulk powder and pharmaceutical for-
mulation in quality control lab.

Abbreviations

AGREE Analytical greenness calculator

ASP Aspirin

D1 First derivative

DRZC Derivative ratio-zero crossing

GAPI Green analytical procedure index

GSK GlaxoSmithKline

HPTLC High performance thin layer chromatography
ICH International Conference on Harmonization
LOD Limit of detection

LOQ Limit of quantitation

MET Metoclopramide

RD Ratio difference

R Retardation factor

R Resolution

T Tailing factor
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