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Greenness and whiteness appraisal s

for bioanalysis of quetiapine, levodopa
and carbidopa in spiked human plasma by high
performance thin layer chromatography
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Abstract

A sustainable HPTLC-densitometric method was developed for quantitative determination of Quetiapine (QUET),
Levodopa (LD) and Carbidopa (CD) in presence of Dopamine (DOP) as an internal standard. This applicable technique
was achieved by spiking human plasma and extraction was performed using the protein precipitation approach.
The mobile phase used was acetone, dichloromethane, n-butanol, glacial acetic acid and water (3: 2.5: 2: 2: 1.75,

by volume). Method validation was done according to US-FDA guidelines and was able to quantify Quetiapine,
Levodopa and Carbidopa in the ranges of 100-4000, 200-8000 and 30-1300 ng/mL, respectively. Bioanalytical
method validation parameters were assessed for the studied drugs. Finally, the analytical suggested methodology
was evaluated using various green and white analytical chemistry metrics and other tools, such as the green
solvent selection tool, analytical eco-scale, green analytical procedure index, analytical greenness metric approach
and the red-green-blue algorithm tool. The results revealed that the applied analytical method had a minor impact
on the environment and is a relatively greener option than other previously reported chromatographic methods.
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Introduction [10] was applied to assess whiteness by calculating
Harmful chemicals, hazardous waste and other different aspects besides eco-friendliness. These

pollutants could significantly impact the ecosystem and
subsequently human health. In the recent decade, Green
Analytical Chemistry (GAC) has received great attention
to encourage the concept of sustainable development,
with an emphasis on assessing the effects that dangerous
chemicals and hazardous waste have on the environment.
Furthermore, White Analytical Chemistry (WAC)
evolved as a supportive concept to GAC. The latter
approach highlights the importance of the level of
greenness of the developed analytical method as well
as its performance with regard to accuracy, precision,
linearity and other parameters [1-5].

It is challenging to develop an analytical procedure
which retains both concepts greenness and analytical
performance. Greenness assessment tools have been
employed herein to determine the level to which
the developed analytical method is eco-friendly and
exerts a minimal impact on both human health and
environment. These assessment tools include: green
solvent selection tool [6], analytical eco-Scale [7], Green
Analytical Procedure Index (GAPI) [8] and Analytical
Greenness Metric Approach (AGREE) [9]. On the
other hand, Red—Green—Blue (RGB) algorithm model

aspects comprise: analytical performance, analysis cost,
analysis time and others.

Parkinson’s disease psychosis (PDP) is considered
one of the major complications, affecting up to 60% of
patients suffering from Parkinson’s disease (PD) [11].
Psychosis is a non-motor symptom which includes
delusions, hallucinations, illusions or a false sense
of presence. These previously mentioned symptoms
certainly have a negative impact on patients’ quality
of life as they raise the demand for nursing home
placement and hence increase healthcare costs [12].

Typical antipsychotic drugs block receptors
of dopamine (DOP) in brain which exacerbates
motor symptoms in Parkinson’s patients [11]. On
the other hand, atypical antipsychotic drugs, also
known as “second generation antipsychotics’, are
more preferably used for treatment of PDP as they
possess higher serotonergic profiles with a minimum
affinity to block DOP receptors. Quetiapine (QUET)
fumarate, chemically known as 2-[2-(4-Dibenzo[b,f]
[1,4]thiazepin-11-yl-1-piperazinyl) ethoxy] ethanol
fumarate, is recognized as atypical antipsychotic drug.
It has been broadly used Off-Label for management
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of PDP and is relatively taken at lower doses than
those taken for treatment of schizophrenia or other
indications [13—-15].

Levodopa (LD), referred to chemically as
(-)-3-(3,4-Dihydroxyphenyl)-L-alanine, is considered
a first line treatment for Parkinson’s patients [16]. LD
acts as DOP precursor since it is converted to DOP
after passing blood—brain barrier. One major limitation
is the drug’s susceptibility to metabolism in peripheral
tissues before penetration blood—brain barrier. For this
reason, Carbidopa (CD) is always co-formulated with
LD. CD is known chemically as (-)-L-a-Hydrazino-3,4-
dihydroxy-a-methyl hydro cinnamic acid monohydrate.
It acts as dopa decarboxylase inhibitor, thus prevent-
ing decarboxylation of LD to DOP in peripheral tis-
sues. DOP, also known chemically as 4-(2-Aminoethyl)
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pyrocatechol hydrochloride, was used in this proposed
method as an internal standard (IS). This provides an
additional benefit of lack of interference with the other
three studied drugs. Chemical structures for QUET, LD
and CD are displayed in Fig. 1.

QUET was quantitatively determined officially
through United States Pharmacopeia (USP) [17]. It
is also found in literature either individually or in the
presence of related metabolites, co-administered drugs,
or potential impurities using the following analytical
techniques: High Performance Liquid Chromatography
(HPLC) [18-23], Liquid Chromatography with
tandem mass spectrometry (LC-MS/MS) [24], Gas
Chromatography with tandem mass spectrometry
(GC-MS/MS) [25], Thin Layer Chromatography (TLC)
[20, 26, 27], spectrophotometry [28, 29], fluorescence

HO
OH

HO HoN

(B)

(C)

Fig. 1 Chemical structures of the three drugs: (A) QUET, (B) LD and (C) CD
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spectroscopy [30, 31], capillary zone electrophoresis
(CZE) [28, 32], and electrochemical methods [33-35].

On the other hand, LD and CD were estimated using
USP official methods [17] and quantitatively analyzed
using various analytical methods, either alone or in
combination with other co-administered drugs or related
metabolites, such as HPLC [36-42], LC-MS/MS [43, 44],
TLC [45-47], spectrophotometry [48-50], fluorescence
spectroscopy [51], CZE [52], and electrochemical
methods [53, 54].

Various analytical methodologies have been developed
for quantitative analysis of drugs in spiked human
plasma [55-57]. Concerning the studied drugs, only one
HPLC technique [22] was reported showing a lack of
interference between LD and QUET but did not provide
simultaneous quantitative determination of both drugs.
To date, there has been no analytical method published in
literature for simultaneously determining QUET, LD and
CD. The aim of this work is to develop a white, simple,
fast, reproducible and economical high-performance thin
layer chromatographic (HPTLC) method for analyzing
the studied mixture in human plasma samples, which
could be applied in the future for therapeutic drug
monitoring.

Experimental

Instrument and software

TLC Scanner (CAMAG model 3S/N 1302139) controlled
with winCATS software for planar chromatography
(CAMAG, Switzerland). Sample application was done in
the form of bands using a 100.0 uL micro syringe inserted
in CAMAG TLC autosampler Linomat (CAMAG,
Muttenz, Switzerland). The band length is 6 mm, distance
between bands equals 9.4 mm and application was
done 10 mm from the plate’s bottom edge and its side
edges. Aluminum HPTLC plates (20X 10 cm) precoated
with silica gel 60 F,;, with 200 pm thickness (Merck,
Germany).

Chemicals and reagents

Pure QUET (purity100.0% +2.00%) was kindly provided
by AstraZeneca UK Limited (Macclesfield, UK). Pure LD
(purity 100.1% +2.00%) and CD (purity 99.5%+1.50%)
were gratefully supplied from Divis Laboratories,
India. Pure DOP (purity 99.8%+1.00%) was provided
from Recordati (Milan, Italy). The purities of the four
previously mentioned drugs were examined by applying
official methods [17] for each drug and the results
of assay percentages were found as written above.
Methanol HPLC grade was purchased from Chem-Lab,
Zedelgem, Belgium. All other reagents utilized were
of analytical grade, including: anhydrous citric acid
and acetone purchased from Chemajet, Cairo, Egypt;

Page 4 of 16

dichloromethane from Piochem, Giza, Egypt; glacial
acetic acid and n-butanol from El-Nasr Pharmaceutical
Chemical Co., Cairo, Egypt; and hydrochloric acid (HCI)
from Sigma Aldrich, Darmstadt, Germany. Distilled
water was used in mobile phase composition. The
Holding Company of Biological Products and Vaccines
(Vacsera) in Cairo, Egypt, provided the human plasma.

Methods

Preparation of stock and working standard solutions
Separate stock standard solutions (each, 1.00 g/mL) for
QUET and DOP (IS) were prepared using methanol.
On the other hand, both stock standard solutions of LD
and CD (each, 1.00 mg/mL) were prepared separately
utilizing methanol containing 0.02 N HCI. Three sets of
5-mL measuring flasks were utilized to prepare working
standard solutions for each of the three drugs (QUET, LD
and CD). This was achieved by withdrawing appropriate
aliquots from their corresponding stock solutions and
completing the volumes to the mark by methanol. The
concentration ranges for each drug in the prepared
working standard solutions were: (2000-80,000 ng/mL),
(4000-160,000 ng/mL) and (600-26,000 ng/mL) for
QUET, LD and CD respectively.

Chromatographic conditions

HPTLC plates were dipped into 0.5% citric acid solution
and left to dry in air overnight. Sample application
(injection volume 100.0 pL) was done on the plates the
following day. The developing system, which consists
of acetone, dichloromethane, n-butanol, glacial acetic
acid and water (3: 2.5: 2: 2: 1.75, by volume), was added
to the chromatographic chamber, and saturation was
done for 30 min at room temperature. Following that,
ascending chromatography was performed to develop
the plates for a distance 8.5 cm in a twin-trough chamber.
After development, the plates were left air dried and
subsequently UV scanning was done at 280 nm for the
four selected drugs.

Spiking human plasma and sample pretreatment

Blank plasma equivalent to 425.0 puL was added to an
Eppendorf tube. For each drug, 25.0 uL was withdrawn
from its corresponding working standard solution,
then added to blank plasma and mixed by vortex for 1
min. This resulted in a final volume of 500 pL of spiked
plasma. The next step involved adding 50 pL of the
working standard solution of the internal standard
(DOP, 40 pg/mL) and vortex mixing again for 1 min.
Protein precipitation technique was done by adding 1.5
mL of methanol containing 0.02 N HCIl. Centrifugation
was done at 14,000 rpm for 10 min at 5 °C. The clear
supernatant was then withdrawn into a clean tube and
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evaporated under vacuum for 3 h. Reconstitution of the
resulted residue was done in 0.5 mL methanol containing
0.02 N HCI and the general procedure was carried out
as previously stated under Section “Chromatographic
conditions”.

Preparation of calibrators

Calibrators were freshly prepared by withdrawing
25.0 pL of the appropriate working standard solution for
each drug and spiking it into 425.0 pL of human blank
plasma to reach a final volume of 500 pL. The final
concentrations ranged from 100.0 to 4000.0 ng/mL for
QUET, 200.0-8000.0 ng/mL for LD and 30.0-1300.0 ng/
mL for CD. The same procedure of sample pretreatment
was then followed as described under Section “Spiking
human plasma and sample pretreatment”.

Quality control samples (QCs) preparation

During the bio-analytical validation, the quality control
samples (QCs) were prepared at four concentration levels
within the linear range to ensure accuracy and precision
within and between analytical runs. The four levels are:
Lower Limit of Quantification (LLOQ), low quality
control (QCL) which is three times the LLOQ, medium
quality control (QCM) which is 30-50% of the calibration
range and finally high quality control (QCH) that is at
least 75% of the upper Limit of Quantification (ULOQ).
QCs were prepared in the same way as calibrators. QCs
for QUET were: 100.0, 300.0, 1400.0 and 3200.0 ng/mL
corresponding to LLOQ, QCL, QCM and QCH. As for
LD, QCs were 200.0, 600.0, 2000.0 and 6000.0 ng/mL in
accordance with LLOQ, QCL, QCM and QCH. Finally,
QCs used for CD were 30.0, 60.0, 400.0 and 1000.0
relevant to LLOQ, QCL, QCM and QCH, respectively.

Bioanalytical method validation

The proposed HPTLC methodology was validated
according to US-FDA guidelines [58] for bioanalytical
method validation.

Linearity

For pure standard solutions calibration Eight concen-
tration levels for each drug were utilized to construct cali-
bration curve by plotting peak area ratios (integrated peak
area of the analyte/peak area of IS) against the relevant
concentration of standard solutions and the correspond-
ing regression equations were calculated.

For in vitro calibration curve Calibration curve was con-
structed using the following: eight concentration levels
within the specified linearity range for each drug (each
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concentration level was applied in triplicates), LLOQ, a
blank plasma sample and a zero calibrator (where internal
standard was added to a blank plasma sample). Calibra-
tion curve was then achieved by plotting the peak area
ratios against the corresponding concentrations for each
of the three analytes (QUET, LD and CD) and the relevant
regression equations were computed.

Accuracy and precision

For each of the three drugs (QUET, LD and CD), accuracy
and inter- and intra-day precision were evaluated by
analyzing five replicates of each of LLOQ and the three
QCs (QCL, QCM and QCH) in at least three analytical
runs over two consecutive days.

Selectivity

Blank plasma samples were injected to emphasize that
they are free from interfering substances at the analytes’
retardation factor (Ry).

Extraction recovery

Two sets of QC samples at their 3 levels (QCL, QCM
and QCH) were prepared for each of the three studied
drugs. The first set was prepared by spiking the plasma
with drugs then applying extraction procedure. The
second set was prepared by applying the extraction
procedure first then spiking the drugs. The resulting
average peak area was compared between the two sets for
each concentration level and the percentage extraction
recovery (% Ex. R) was calculated for each drug using the
following equation:

Averagepeakareaofpre_extraction QCsample

%Ex.R = x 100

Averagepeak area ofpost_extractionQCsample

Stability

Short term stability (bench-top stability) was done by
leaving QCL and QCH samples at room temperature
(25 °C) for two hours then analyzing them in triplicate
injection. On the other hand, three freeze—thaw cycles
were done for both QCL and QCH, where samples were
stored for at least 12 h at — 20 °C and then thawed. The
cycle was repeated three times. Results of recoveries
obtained were compared with those of fresh QC samples
to calculate the deviation percentage (% Dev) using the
equation below:

% Deviation
_ %Rofold QCsample — %R of fresh QC sample
B %R of fresh QC sample

x 100
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Results and discussion

Whiteness assessment is a powerful approach that utilizes
an integrated metric tool for calculating and comparing
several analytical methods. A full assessment can be done
by using the RGB-algorithm to evaluate the method’s
reliability and implications. This enables the analyst
to choose alternative analytical techniques that meet
the criteria of higher analytical performance, greater
greenness and increased cost and time effectiveness.

Chromatographic conditions

A three solvent system composed of n-butanol, glacial
acetic acid and water in various ratios was initially tried.
Addition of organic solvents was essential to achieve
the ideal separation of the studied drugs. These solvents
include ethyl acetate, acetonitrile, acetone and others.
The final system used as mobile phase was acetone,
dichloromethane, n-butanol, glacial acetic acid and
water (3: 2.5: 2: 2: 1.75, by volume). The problem of
CD tailing was solved by predevelopment of HPTLC
plates in 0.5% citric acid solution and leaving them to
dry in air overnight (the day before sample application
and plate development in mobile phase). All the
above attempts were done to reach the most optimum
separation and resolution between drugs. Consequently,
system suitability parameters were computed [59, 60]
revealing high selectivity, resolution and symmetric
peaks as shown in Table 1. Scanning was done at several
wavelengths, including: 248, 254, 280, 285 and 290 nm.
The chosen wavelength was 280 nm at which all the four
drugs showed sharp peaks and optimum absorbance.

Spiking human plasma and sample pretreatment

For highly polar compounds such as LD and CD, lig-
uid-liquid extraction is generally not the most effective
option since these compounds predominantly partition
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and stay in the aqueous phase, resulting in limited recov-
ery in the organic phase [61-63]. Consequently, protein
precipitation technique was used. Different precipitating
agents including ethanol, methanol and acetonitrile were
tried. LD and CD showed better solubility in acidified
aqueous solutions than organic solvents as previously
discussed above. From this point, the precipitating agent
used was methanol containing 0.02 N HCL. This revealed
an improvement in drug extraction recoveries, for QUET,
LD and CD as well as DOP.

Bioanalytical method validation

QCs were injected in each analytical run to evaluate the
validity and integrity of the results from the study samples
analyzed in a single run as well as the performance of the
developed bioanalytical method [58].

Linearity

A calibration curve was constructed for each of the stud-
ied drugs following polynomial equation. The maximum
plasma concentrations (C,,,,) and therapeutic range were
included in each calibration curve for each specified
drug. Table 2 shows regression equation parameters for
both pure standard solutions and spiked human plasma
for QUET, LD and CD. The results of regression showed
good correlation between peak area ratio and relevant
concentrations for each specified drug as displayed in
Fig. 2.

Accuracy and precision

Accuracy and precision were computed and were com-
plying with the acceptable ranges according to FDA guid-
ance. Where percentage recovery and percentage relative
standard deviation (% RSD) are acceptable to be+15%,
except for LLOQ which is allowed to be + 20%. Accuracy,

Table 1 System suitability parameters of the proposed HPTLC-densitometric method for determination of QUET, LD and CD in

presence of DOP in spiked plasma samples

Calculated values for each drug in spiked plasma samples

Reference values [59, 60]

Parameter LD DOP
Retardation factor (R (+0.02) 033 047
Capacity factor (k") 2.03 1.13
Selectivity (a) @ 1.801.43 134
Resolution (R ° 2.151.64 1.56
Tailing factor (T) 1.17 0.94

QUET cD

0.56 0.63

0.79 0.59 0-10
a>1
R;>1.5

1.00 1.00 T=1

for a typical symmetric peak

2a=k"1/k2, where k is the capacity factor; k"=(1-R;) / R¢

B Rs=[2 (R, — Re1)J/(W,; +W,), Where R, and R, are the retardation factors of two successive components; and W, and W, are the corresponding peak width at the

peak base

€T=W,05/2f, where W, 5 is the width of the peak at 5% height and f is the distance at 5% height from peak maximum to the leading edge of peak
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Table 2 Regression equation parameters of the proposed HPTLC-densitometric method for determination of QUET, LD and CD in

pure standard solutions and spiked human plasma

QUET LD
Pure standard solution

Parameter

cD QUET LD cD

Spiked human plasma samples

Linearity range (ng/mL) 100-4000 100-8000 30-1300 100-4000 200-8000 30-1300
Regression model® Polynomial Polynomial Polynomial Polynomial Polynomial Polynomial
Coefficient 1 (b1) —4x1078 -3x107 —7x107 —4x1078 —-2x107® —7x107
Coefficient 2 (b2) 0.0002 0.0005 0.0018 0.0006 0.0005 0.002
Intercept (a) 0.7099 0.3928 0.2614 1.2239 03513 0.3489
Correlation coefficient (r) 0.9987 0.9991 0.999 0.9993 0.9997 0.9979

2 Following a polynomial regression: A=b1C2+b2C +a, where ‘A’is the peak area ratio (peak area of analyte/ peak area of IS),'C’is the concentration of QUET, LD and

CD (ng/ml),’b1"and ‘b2’ are coefficients 1 and 2, respectively and ‘a’is the intercept

intra- and inter-day precision results are shown in
Table 3.

Selectivity

Selectivity is defined as being able to identify and quan-
titatively determine the studied drugs without being
impacted by endogenous or other compounds present in
plasma. The method proved to be selective by injecting
blank plasma samples that showed no interfering peak at
the R; values of the four drugs as seen in Fig. 3.

Sensitivity

LLOQ was determined by signal to noise ratio which is
more than 10. LLOQ values were 100.0, 200.0 and 30.0
ng/mL for QUET, LD and CD respectively.

Extraction recovery

After the analysis of QC samples, % Ex. R and % RSD
were calculated for the average of three determinations
at each QC level for each drug, as shown in Table 4. The
table reveals good extraction recoveries extending from
92.89% to 99.32% with optimum reproducibility where
% RSD lies between 0.53% and 5.52%. This proves the
successful performance of the method for the bioanalysis
of the studied drugs.

Stability

Benchtop (short term stability) and freeze thaw stability
were performed and results of % recovery, % RSD and %
Dev are presented in Table 5. QC samples were regarded
stable under the investigated stability conditions where
they complied with the acceptable limit for % recovery
which is +15%.

Prescribed doses and relevant plasma concentration levels
of the studied drugs in case of PDP

In literature, it is reported that the target therapeu-
tic dose of QUET in case of PDP ranges from 50 to 150

mg/day [11, 14, 64] according to the patient’s manage-
ment case. These doses are lower than those prescribed
for schizophrenia (300-800 mg/day) [65]. Previously
reported pharmacokinetic studies for quetiapine in
human volunteers showed the relevance of the quetiapine
doses on its concentration levels in plasma after 1.5 to 2
h of administration (the time to reach C_,,) [18, 23, 66].
It was concluded that plasma concentration level reached
were ranging from 100 to 500 ng/mL according to the
prescribed dose (50-150 mg/day). On the other hand,
Cax for LD and CD were stated in therapeutic ranges
500-1600 and 40-225 ng/mL according to the prescribed
doses [67].

Comparison between the proposed method

and the previously reported methods

HPTLC offers a greener alternative compared to other
chromatographic techniques specially HPLC [68]. Con-
suming just few microliters of the sample were enough
for identification and quantitative determination of the
analyte of interest. On the other hand, 10 mL or more
would be yielded as analytical waste for the same read-
ing of the same analyte on HPLC. Furthermore, when
it comes to the overall operating expenses of the ana-
lytical method, which include the price of the instru-
ment, detector, column, solvents of high purity, power
consumption, and procedures for sample purification,
HPTLC is preferably chosen over HPLC from the eco-
nomical point of view [69]. Neither a complex instrument
nor a high-power supply is needed during the entire pro-
cess of separation. Additional advantage of HPTLC is its
ability to run several samples simultaneously instead of
sequentially, allowing spotting of 20 samples on a small
plate (20X 10 cm) and running under the same experi-
mental conditions [70]. However, in HPLC, samples
must be injected one after the other on a column that has
been pre-washed and pre-conditioned which certainly
causes a delay in acquisition of data [71]. From another
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Fig. 2 Calibration curves and relevant polynomial regression equations in spiked human plasma for (A) QUET, (B) LD and (C) CD
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Table 3 Intra- and Inter-day precision

Drug Concentration (ng/mL) Intra-day ? Inter-day ®

Recovery (%) % RSD Recovery (%) % RSD

QUET LLOQ 100 99.78 0.16 97.41 3.10
QCL 300 100.67 017 99.77 0.68
Qcm 1400 99.70 0.03 99.84 0.25
QCH 3200 97.72 0.04 98.80 1.38

LD LLOQ 200 97.56 1.17 98.53 241
QCL 600 100.18 0.93 100.13 0.61
QM 2000 99.99 0.27 99.41 1.05
QCH 6000 100.29 0.09 100.10 0.18

(@D} LLOQ 30 95.68 0.97 9222 4.30
QcL 60 98.47 050 97.69 0.84
QCM 400 99.47 0.12 98.83 1.28
QCH 1000 100.54 147 100.79 1.28

*n=5

bn=15

perspective, spectrofluorimetric methods essentially
require derivatization procedure which has high impact
on environment and lowers the greenness score in green
analytical chemistry metrics. As for electrochemical
methods, electrode modification is generally essential to
reach plasma concentration levels of the studied drugs
and this could be expensive and time consuming in some
cases. Additional file 1: Table S1 shows the linearity
ranges, detection limits and quantitation limits for pre-
viously reported analytical methods using various tech-
niques and different matrices including human plasma
and rat plasma. It is concluded that the proposed method
achieved linearity ranges near to the previously reported
ones for the three drugs QUET, LD and CD especially for
methods using UV-detectors. The simplicity of applica-
tion of the suggested analytical method together with its
good results achieved in bioanalytical validation makes
it reliable for future analysis of the three aforementioned
drugs in biological samples.

Greenness evaluation

Greenness assessment tools were used to appraise the
ecological sustainability of the suggested analytical
method in comparison with two reported HPLC methods
[18, 39].

Green solvent selection tool

An online application tool for identifying green solvents
according to GlaxoSmithKline (GSK) Solvent Sustainabil-
ity Guidelines [6, 72]. It uses a composite score that takes
into account many parameters to provide a numerical

assessment of solvents, mainly depending on Hansen
Solubility Parameter (HSP) during computation. Three
primary parameters are considered: dispersion forces
(dD), polar forces (dP), and hydrogen bonding forces
(dH). The G-scores for the solvents used is presented in
Fig. 4. The higher the G-score value, the more sustainable
the solvent used.

Analytical Eco-scale Eco-scale is one of the most effec-
tive semi-quantitative tools for comparing and selecting
the most environmentally friendly method for analysis.
It relies on computing penalty points for a group of fac-
tors including: reagents utilized, energy consumption, risk
associated with workplace and waste generation. The total
calculated penalty points are then subtracted from 100
and the resulting score evaluates the level of greenness
of the method. The proposed method achieved higher
analytical Eco-scale score in comparison with the two
reported HPLC methods as demonstrated in Table 6.

Green analytical procedure index GAPI is regarded as
an innovative approach that could be effectively employed
to assess the greenness of an analytical method. It con-
sists of fifteen elements which evaluate the steps done
throughout the entire analysis and are represented in five
pentagrams. Based on the GAPI color system, red color
refers to a substantial environmental risk, yellow indicates
lesser environmental risk and green represent eco-friend-
liness of the analytical method. More green colored areas
reflect more eco-friendliness and lower environmental
impact. The proposed method showed seven green picto-
grams and only three red ones. On the other hand, the two
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Fig. 3 HPTLC-densitogram of (A) Blank human plasma, (B) Human plasma spiked with QUET (120 ng/mL), LD (900 ng/mL) and CD (45 ng/mL)
in the presence of DOP (IS) (4000 ng/mL) at their Cmax



Hindam et al. BMC Chemistry (2024) 18:205

Table 4 Results of extraction recovery percentage for QUET, LD
and CD in spiked human plasma

Drug Concentration (ng/mL)  Recovery (%)® % RSD?
QUET QCL 300 99.32 1.00
QC™M 1400 97.38 4.84
QCH 3200 94.98 0.87
LD QCL 600 94.27 3.89
QCM 2000 92.89 552
QCH 6000 96.74 1.94
D QCL 60 95.92 0.83
QCMm 400 97.43 0.53
QCH 1000 98.29 1.1
*n=3
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reported HPLC methods showed five green pictograms
and five red ones as displayed in Table 7.

Analytical greenness metric approach An analytical
greenness metric tool was utilized. It computes the twelve
GAC parameters. For each parameter, a scale from 0 to
1 is generated. The outcome is a numerical value found
in the central area of pictogram which ranges between
0 and 1 according to the method’s level of greenness. If
the achieved score is near to 1, the method is consid-
ered green. The proposed analytical method complies
with the majority of twelve principles of GAC. No addi-
tional sample pretreatment steps or derivatization were
included. Minimal sample size was used and minimal vol-

Table 5 Results of stability of QUET, LD and CD in spiked human plasma

Drug Concentration (ng/mL) Benchtop stability Freeze and thaw stability
Recovery (%)? % RSD? % Dev® Recovery (%)? % RSD? % Dev®
QUET QCL 300.0 98.76 0.45 -197 96.68 091 —-4.03
QCH 3200.0 97.44 0.08 —-3.04 99.46 1.63 - 1.04
LD QCL 600.0 99.13 0.70 -1.11 98.34 1.44 -1.90
QCH 6000.0 97.91 1.57 —-2.00 102.23 7.00 229
cD QCL 60.0 97.05 528 - 147 94.90 348 —3.68
QCH 1000.0 96.80 244 —-269 96.37 1.66 -3.13
“n=3

b 9% Dev=[(% R of old QC sample—9% R of fresh QC sample) / % R of fresh QC sample] x 100
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Table 6 Calculated penalty points (PPs) for the proposed and reported methods using Analytical Eco-scale
Parameters Penalty points (PPs)
Proposed HPTLC Method Reported HPLC Reported HPLC
Method? [18] Method® [39]
Reagents
Methanol 6 12 12
Phosphate buffer - 3 3
Acetonitrile - 8 -
TEA - 6 -
HCl 4 - 4
Acetone 4 - -
Dichloromethane 2 - -
n-Butanol 6 - -
Glacial acetic acid 4 - -
Water 0 0 0
Instrument
Energy 0 (<0.1 kWh per sample) 1 (< 1.5 kWh per sample) 1 (< 1.5 kWh per sample)
Occupational hazard 0 3 3
Waste 1 5 5
Total PPs z24 Y38 x28
Analytical Eco-scale score® 76 62 72

2 Reported HPLC method for determination of Quetiapine

b Reported HPLC method for determination of Levodopa and Carbidopa

¢ Analytical eco-scale score =100 (the ideal score for green analytical method)
¢ Analytical eco-scale score > 75 (a great green analysis)

€ Analytical eco-scale score 50-75 (green analysis is acceptable)

€ Analytical eco-scale score <50 (green analysis is inadequate)

Table 7 Comparison between the proposed HPTLC and the reported methods in terms of greenness assessment using GAPI and

AGREE tools

Chromatographic condition

AGREE”

Proposed HPTLC method

Chromatographic conditions: Aluminum HPTLC plates precoated with silica gel 60 F254

as stationary phase, mobile phase consisted of Acetone, Dichloromethane, n-Butanol, Glacial
acetic acid and Water (3: 2.5: 2: 2:1.75, by volume) and UV detection was done at 280 nm

Reported HPLC method [18]

Chromatographic conditions: reversed phase Nova pack C18 column as stationary phase, mobile
phase consisted of acetonitrile, methanol and 0.025 M phosphate buffer

(Containing 1 mLTEA in each 250 mL, pH was adjusted to 5.5 with 0.2 M phosphoric acid)

in a ratio of (40: 30: 30%, by volume). Flow rate at 1.2 mL/min and UV detection was performed
at 225 nm

Reported HPLC method [39]

Chromatographic conditions: Hypersil-ODS column as stationary phase, mobile phase consisted
of methanol and 0.002 M KH2PO4 (pH 5) solution in a ratio of (25: 75%, v/v). Flow rate at 1
mL/min and column temperature was adjusted at 30 °C. Diode array detector was used

and photometric detection was done in the range of 190-400 nm
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ume of analytical waste was produced; since twin-trough
chamber was used which consumes approximately 10 to
15 mL only of mobile phase [73]. Furthermore, the devel-
oped method quantifies multiple analytes which is more
preferred than methods using a single analyte at a time.
Acetone, n-butanol, acetic acid and water constitute a sig-
nificant portion of the mobile phase. These solvents are
derived from renewable sources [74]. Table 7 shows that
higher score is achieved by the proposed method owing to
the previously discussed reasons.

Whiteness evaluation using the RGB-algorithm method
Further assessment of the proposed method’s environ-
mental impact has been carried out. WAC focuses on
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several features of the analytical technique, such as its
practicality, affordability and influence on the environ-
ment. Each feature is displayed by a color; where red
expresses analytical performance, green indicates safety
and eco-friendliness and blue refers to productivity and
practical effectiveness. The combination of the three
colors generates the white color which is the ideal case.
In other situations, the three colors may be combined
in uneven proportions giving rise to a different color
rather than white (ranging from black to white). Upon
applying RGB- algorithm for the proposed method,
the final score achieved is 82% and the method color
is white as found in Table 8. This proves the reliabil-
ity of the proposed method in many aspects including

Table 8 Whiteness assessment of the proposed HPTLC method and two reported HPLC methods using RGB-algorithm
Proposed method: HPTLC

Linearity Toxicity of reagents

Accuracy Occupational risk
Precision Energy Consumed
Sensitivity

82.10

Amount of waste produced

Cost-effectiveness
Time-effectiveness
Operational Simplicity
Sample consumption

82.9

82.00

algorithm.

Reported method: HPLC [18]

Linearity Toxicity of reagents

Accuracy Occupational risk
Precision Energy Consumed
Sensitivity

86.80

Amount of waste produced

Cost-effectiveness
Time-effectiveness
Operational Simplicity
Sample consumption

53.10

63.70

Reported method: HPLC [39]

Linearity Toxicity of reagents

Accuracy Occupational risk

Precision Energy Consumed

Sensitivity

80.80

Amount of waste produced

Cost-effectiveness
Time-effectiveness
Operational Simplicity

Sample consumption

53.10

62.80
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greenness, analytical performance and cost effective-
ness. On the other hand, the two reported HPLC meth-
ods [18, 39] reached final scores of 63.7% and 62.8%,
respectively. The color of both methods is red, which
reflects high analytical performance but a low level of
greenness and productivity.

Conclusion

Developing analytical procedures for quantifying drugs
in biological matrices is of great importance; especially
when it comes to patients taking multiple medications
as in case of Parkinson’s disease patients. The proposed
analytical method proved to be white, simple, low cost,
selective, fast and sustainable. Successful application
to spiked human plasma and high extraction recoveries
for QUET, LD and CD were achieved with optimum
reproducibility. This enables the practical application
of the developed method in future therapeutic drug
monitoring studies. Furthermore, green analytical
metrics and whiteness appraisal were complementary to
each other to provide a full assessment of greenness and
efficiency of the proposed method.

Abbreviations

AGREE Analytical greenness metric approach
cD Carbidopa

Crnax Maximum plasma concentrations
CZE Capillary zone electrophoresis

DOP Dopamine

dD Dispersion forces

dp Polar forces

dH Hydrogen bonding forces

GAC Green analytical chemistry

GAPI Green analytical procedure index
GC-MS/MS  Gas Chromatography with tandem mass spectrometry

GSK GlaxoSmithKline

HPTLC High performance thin layer chromatography
HPLC High performance liquid chromatography
HCl Hydrochloric acid

HSP Hansen solubility parameter

IS Internal standard

LD Levodopa

LC-MS/MS  Liquid Chromatography with tandem mass spectrometry
LLOQ Lower limit of quantification

PDP Parkinson’s disease psychosis

PD Parkinson’s disease

QUET Quetiapine

QCs Quiality control samples

QCL Low quality control

QCM Medium quality control

QCH High quality control

RGB Red-Green-Blue

TLC Thin layer chromatography

UspP United States Pharmacopeia

uLoQ Upper limit of quantification

Vacsera The holding company of biological products and vaccines
WAC White analytical chemistry

% Dev Deviation percentage

% Ex.R Percentage extraction recovery

% RSD Percentage relative standard deviation

Page 14 of 16

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513065-024-01309-w.

[ Additional file 1. }

Author contributions

Author Contributions: Finan T. Hindam: Carrying out formal analysis and
writing original draft of paper. Amal M. Abou Al Alamein: Reviewing,

editing and interpretation of data. Neven Ahmed: Methodology and data
curation. Basma M. Eltanany and Reham M. Arafa: Writing review, editing,
visualization, and supervision. All authors read and approved the manuscript
for publication.

Funding

Open access funding provided by The Science, Technology & Innovation
Funding Authority (STDF) in cooperation with The Egyptian Knowledge Bank
(EKB).

Data availability
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

"Egyptian Drug Authority, P. O. Box 29, Giza, Egypt. 2Pharmaceutical Analytical
Chemistry Department, Faculty of Pharmacy, Cairo University, P. O. Box 11562,
Cairo, Egypt.

Received: 7 August 2024 Accepted: 27 September 2024
Published online: 21 October 2024

References

1. Nowak PM, Wietecha-Postuszny R, Pawliszyn J. White analytical chemistry:
an approach to reconcile the principles of green analytical chemistry and
functionality. TrAC Trends Analy Chem. 2021;138:116223.

2. Mouhamed AA, Nadim AH, Mostafa NM, Eltanany BM. Application of
smart chemometric models for spectra resolution and determination of
challenging multi-action quaternary mixture: statistical comparison with
greenness assessment. BMC Chem. 2024;18:44.

3. El-Hadi HRA, Eissa MS, Eltanany BM, Zaazaa HE, Arafa RM. Greenness and
whiteness assessment of a sustainable voltammetric method for diflu-
prednate estimation in the presence of its alkaline degradation product.
Sci Rep. 2024;14:12088.

4. Abd El-Hadi HR, Eissa MS, Zaazaa HE, Eltanany BM. Development and vali-
dation of chemometric-assisted spectrophotometric models for efficient
quantitation of a binary mixture of supportive treatments in COVID-19 in
the presence of its toxic impurities: a comparative study for eco-friendly
assessment. BMC Chem. 2023;17:177.

5. Mouhamed AA, Eltanany BM, Mostafa NM, Elwaie TA, Nadim AH. Design
of screen-printed potentiometric platform for sensitive determination of
mirabegron in spiked human plasma; molecular docking and transducer
optimization. RSC Adv. 2023;13:23138-46.

6. Larsen C, Lundberg P, Tang S, Rafols-Ribé J, Sandstrom A, Mattias Lindh
E, et al. A tool for identifying green solvents for printed electronics. Nat
Commun. 2021;12:1-7.


https://doi.org/10.1186/s13065-024-01309-w
https://doi.org/10.1186/s13065-024-01309-w

Hindam et al. BMC Chemistry

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

(2024) 18:205

Gatuszka A, Migaszewski ZM, Konieczka P, Namie$nik J. Analytical Eco-
Scale for assessing the greenness of analytical procedures. TrAC Trends
Analy Chem. 2012;37:61-72.

Potka-Wasylka J. A new tool for the evaluation of the analytical proce-
dure: green analytical procedure index. Talanta. 2018;181:204-9.
Pena-Pereira F, Wojnowski W, Tobiszewski M. AGREE-Analytical GREEnness
Metric Approach and Software. Anal Chem. 2020;92:10076-82.

Nowak PM, Koscielniak P.What color is your method? Adaptation of the
RGB additive color model to analytical method evaluation. Anal Chem.
2019,91:10343-52.

. Goldman JG, Holden S. Treatment of psychosis and dementia in Parkin-

son’s disease. Curr Treat Options Neurol. 2014;16:281.

Fénelon G, Alves G. Epidemiology of psychosis in Parkinson's disease. J
Neurol Sci. 2010;289:12-7.

Burchum J, Rosenthal L. Lehne's pharmacology for nursing care. 9th ed.
Amsterdam: Elsevier/Saunders; 2016.

Chen JJ. Treatment of psychotic symptoms in patients with Parkinson
disease. Mental Health Clin. 2017,7:262-70.

Parkinson’s disease in adults. NICE guideline NG71. 2017. www.nice.org.
uk/guidance/ng71. Accessed 16 May 2023.

Young J, Mendoza M. Parkinson’s disease: a treatment guide. J Fam Pract.
2018;,67:5.

The United States Pharmacopeia USP 42 edn., NF 37. The United States
Pharmacopeial Convention. 2019.

Youssef RM, Abdine HH, Barary MA, Wagih MM. Selective RP-HPLC
method for determination of quetiapine in presence of coadministered
drugs: application for long-term stability study of quetiapine in whole
blood. Acta Chromatogr. 2016;28:263-79.

Li B, Zou J, Cai P-S, Xiong C-M, Ruan J-L. Preparation of magnetic ODS-
PAN thin-films for microextraction of quetiapine and clozapine in plasma
and urine samples followed by HPLC-UV detection. J Pharm Biomed Anal.
2016;125:319-28.

Abdelwahab NS, Ahmed AB, Omar MA, Derayea SM, Abdelrahman MM.
Green chromatographic methods for simultaneous determination of
quetiapine and the co-administrated paroxetine in rat plasma with appli-
cation to pharmacokinetic study. Microchem J. 2020;152:104317.

Belal F, Elbrashy A, Eid M, Nasr JJ. Stability-indicating HPLC method for the
determination of quetiapine: application to tablets and human plasma. J
Lig Chromatogr Relat Technol. 2008;31:1283-98.

Mandrioli R, Fanali S, Ferranti A, Raggi MA. HPLC analysis of the novel
antipsychotic drug quetiapine in human plasma. J Pharm Biomed Anal.
2002,;30:969-77.

Davis PC, Wong J, Gefvert O. Analysis and pharmacokinetics of quetiapine
and two metabolites in human plasma using reversed-phase HPLC

with ultraviolet and electrochemical detection. J Pharm Biomed Anal.
1999,20:271-82.

Miroshnichenko II, Baymeeva NV. Simultaneous determination of antip-
sychotic drugs and their active metabolites by LC-MS-MS and its applica-
tion to therapeutic drug monitoring. J Chromatogr Sci. 2018;56:510-7.
Rosado T, Oppolzer D, Cruz B, Barroso M, Varela S, Oliveira V, et al.
Development and validation of GC/MS/MS method for simultaneous
quantitation of several antipsychotics in human plasma and oral fluid.
Rapid Commun Mass Spectr. 2018;32:2081.

Miniyar PB, Zende PV, Thomas AB, Chitlange SS. High-performance
thin-layer chromatography method for the quantification of quetiapine
fumarate and its related genotoxic impurities using green solvents. J
Planar Chromatogr Mod TLC. 2021;34:263-70.

Hameed EAA, Abd El-Naby ZA, El GA, Khairy GM. A novel green HPTLC
method for simultaneous analysis of four antipsychotics in their phar-
maceutical formulations: assessment by Eco-scale. RecPharm Biomed.
2021;5:112-20.

PucciV, Mandrioli R, Ferranti A, Furlanetto S, Raggi MA. Quality control

of commercial tablets containing the novel antipsychotic quetiapine. J
Pharm Biomed Anal. 2003;32:1037-44.

El-Maraghy CM, Mohamed EH. Successive stability indicating spectro-
photometric technique for simultaneous determination of quetiapine
fumarate and its three major related compounds. Curr Anal Chem.
2018;16:447-55.

Mostafa IM, Omar MA, Nagy DM, Derayea SM. Analysis of quetiapine in
human plasma using fluorescence spectroscopy. Spectrochim Acta A
Mol Biomol Spectrosc. 2018;196:196-201.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Page 150f 16

. Derayea SM, Ahmed AB, Abdelwahab NS, Abdelrahman MM, Omar MA.

Innovative spectrofluorometric protocol based on micro-environment
improvement for determination of Quetiapine in dosage forms and rat
plasma. Spectrochim Acta A Mol Biomol Spectrosc. 2020;233:118196.
Wang Y-R, Yang Y-H, Lu C-Y, Lin J, Chen S-H. Trace analysis of acetylcho-
linesterase inhibitors with antipsychotic drugs for Alzheimer’s disease by
capillary electrophoresis with on column field-amplified sample injection.
Anal Bioanal Chem. 2013;405:3233-42.

Ragazou K, Lougkovois R, Katseli V, Kokkinos C. Fully integrated
3D-printed electronic device for the on-field determination of antipsy-
chotic drug quetiapine. Sensors. 2021,21:4753.

Nebsen M, El-Maraghy C, Salem H, Amer S. Novel membrane sensors for
the determination of quetiapine fumarate in plasma and in presence of
its related compounds. Anal Bioanal Electrochem. 2016;8:51-63.

Ozkan SA, Dogan B, Uslu B. Voltammetric analysis of the novel atypical
antipsychotic drug quetiapine in human serum and urine. Microchim Acta.
2006;153:27-35.

Belal F, Ibrahim F, Sheribah ZA, Alaa H. Micellar HPLC-UV method for the
simultaneous determination of levodopa, carbidopa and entacapone

in pharmaceuticals and human plasma. J Chromatogr B Analyt Technol
Biomed Life Sci. 2018;1091:36-45.

Cannazza G, Di SA, Mosciatti B, Braghiroli D, Baraldi M, Pinnen F, et al. Detec-
tion of levodopa, dopamine and its metabolites in rat striatum dialysates fol-
lowing peripheral administration of I-DOPA prodrugs by mean of HPLC-EC. J
Pharm Biomed Anal. 2005;36:1079-84.

Subramanian VB, Konduru N, Katari NK, Dongala T, Gundla R. A simple high-
performance liquid chromatography method development for Carbidopa
and Levodopa impurities: evaluation of risk assessment before method
validation by quality by design approach. Sep Sci Plus. 2020;3:530-9.

Li S-F, Wu H-L, Yu Y-J, Li Y-N, Nie J-F, Fu H-Y, et al. Quantitative analysis of
levodopa, carbidopa and methyldopa in human plasma samples using
HPLC-DAD combined with second-order calibration based on alternating
trilinear decomposition algorithm. Talanta. 2010;81:805-12.

Elbarbry F, Nguyen V, Mirka A, Zwickey H, Rosenbaum R. A new validated
HPLC method for the determination of levodopa: application to study the
impact of ketogenic diet on the pharmacokinetics of levodopa in Parkin-
son's participants. Biomed Chromatogr. 2019;33: e4382.

Titus DC, August TF, Yeh KC, Eisenhandler R, Bayne WF, Musson DG. Simul-
taneous high-performance liquid chromatographic analysis of carbidopa,
levodopa and 3-0-methyldopa in plasma and carbidopa, levodopa

and dopamine in urine using electrochemical detection. J Chromatogr.
1990;534:87-100.

Raut PP, Charde Y, Bishnoi P. Simultaneous estimation of levodopa,
carbidopa and 3-oxymethyldopa in rat plasma using HPLC-ECD. Biomed
Chromatogr. 2016;30:1696-7000.

Ribeiro RP, Gasparetto JC, de Oliveira VR, de Francisco TMG, Martins CAF,
Cardoso MA, et al. Simultaneous determination of levodopa, carbidopa,
entacapone, tolcapone, 3- O -methyldopa and dopamine in human plasma
by an HPLC-MS/MS method. Bioanalysis. 2015;7:207-20.

Burmaoglu RE, Saglik AS. A rapid liquid chromatography/tandem mass
spectrometry method for simultaneous determination of levodopa, carbi-
dopa, entacapone and their six related compounds in film-coated tablets.
Rapid Commun Mass Spectrom. 2020;34: e8782.

Gandhi D, Mehta P. Simultaneous RP-HPTLC method for determination of
levodopa, carbidopa, and entacapone in combined tablet dosage form. J
Planar Chromatogr. 2011;24:236-41.

Sima IA, Casoni D, Sarbu C. Simultaneous determination of carbidopa and
levodopa using a new TLC method and a free radical as detection reagent. J
Lig Chromatogr Relat Technol. 2013;36:2395-404.

Mohapatra S, Ganguly P, Singh R, Kant Katiyar C. Estimation of levodopa

in the unani drug mucuna pruriens bak. and its marketed formulation

by high-performance thin-layer chromatographic technique. J AOAC Int.
2020;103:678-83.

Hormozi Nezhad MR, Tashkhourian J, Khodaveisi J. Sensitive spectrophoto-
metric detection of dopamine, levodopa and adrenaline using surface plas-
mon resonance band of silver nanoparticles. J Iran Chem Soc. 2010;7:83-91.
Ghadimloozadeh S, Sohrabi MR, Fard HK. Development of rapid and

simple spectrophotometric method for the simultaneous determination of
anti-parkinson drugs in combined dosage form using continuous wavelet
transform and radial basis function neural network. Optik. 2021,242:167088.


http://www.nice.org.uk/guidance/ng71
http://www.nice.org.uk/guidance/ng71

Hindam et al. BMC Chemistry

50.

51

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.
66.

67.

68.

69.

70.

(2024) 18:205

Chamsaz M, Safavi A, Fadaee J. Simultaneous kinetic-spectrophotometric
determination of carbidopa, levodopa and methyldopa in the presence of
citrate with the aid of multivariate calibration and artificial neural networks.
Anal Chim Acta. 2007,603:140-6.

An J, ShiY, Fang J, Hu Y, Liu Y. Multichannel ratiometric fluorescence sensor
arrays for rapid visual monitoring of epinephrine, norepinephrine, and
levodopa. Chem Eng J. 2021;425:130595.

Yuan B, Wu H, Sanders T, McCullum C, Zheng Y, Tchounwou PB, et al. Chiral
capillary electrophoresis-mass spectrometry of 3,4- dihydroxyphenylalanine:
evidence for its enantioselective metabolism in PC-12 nerve cells. Anal
Biochem. 2011,416:191-5.

Rezaei B, Shams-Ghahfarokhi L, Havakeshian E, Ensafi AA. An electrochemi-
cal biosensor based on nanoporous stainless steel modified by gold and
palladium nanoparticles for simultaneous determination of levodopa and
uric acid. Talanta. 2016;158:42-50.

Hissashi Takeda H, Almeida Silva T, Campos Janegitz B, Campanha Vicentini
F, Henrique Capparelli Mattoso L, Fatibello-Filho O. Electrochemical sensing
of levodopa or carbidopa using a glassy carbon electrode modified with
carbon nanotubes within a poly(allylamine hydrochloride) film. Roy Soc
Chem. 2016;8:1274-80.

Mouhamed AA, Nadim AH, Mahmoud AM, Mostafa NM, Eltanany BM. Bime-
tallic MOF-based electrochemical sensor for determination of paracetamol
in spiked human plasma. BMC Chem. 2024;18:148.

Hesham N, Hegazy MA, Wagdy HA. Therapeutic drug monitoring of six
contraindicated/co-administered drugs by simple and green RP-HPLC-PDA;
application to spiked human plasma. BMC Chem. 2024;18:66.

Arafa RM, Mahmoud AM, Eltanany BM, Galal MM. Voltammetric determi-
nation of oxybutynin hydrochloride utilizing pencil graphite electrode
decorated with gold nanoparticles. Electroanalysis. 2023;35: €202200111.
US Department of Health and Human Services, Food and Drug Administra-
tion, Center for Drug Evaluation and Research (CDER), Center for Veterinary
Medicine (CVM) (Ed.), FDA Guidance for Industry: Bioanalytical Method
Validation. 2018.

Center for Drug Evaluation and Research (CDER). Reviewer guidance, valida-
tion of chromatographic methods. Washington: Center for Drug Evaluation
and Research; 1994.

Variyar PS, Chatterjee S, Sharma A. Fundamentals and theory of HPTLC-
based separation. In: Variyar PS, editor. High-performance thin-layer chroma-
tography (HPTLC). Berlin: Springer; 2011. p. 27-39.

Jiang R, Yang J, Mei S, Zhao Z. Determination of levodopa by chro-
matography-based methods in biological samples: a review. Anal Sci.
2022,38:1009-17.

Chi J, Ling Y, Jenkins R, Li F. Quantitation of levodopa and carbidopa in rat
plasma by LC-MS/MS: the key role of ion-pairing reversed-phase chroma-
tography. J Chromatogr B Analyt Technol Biomed Life Sci. 2017;1054:1-9.
Yang G, Zhang F, Deng L, Chen C, Cheng Z, Huang J, et al. Development
and validation of an LC-MS/MS method for simultaneous quantification of
levodopa and MDO1 in rat plasma and its application to a pharmacokinetic
study of Mucuna pruriens extract. Biomed Chromatogr. 2016;30:1506-14.
Matheson AJ, Lamb HM. Quetiapine: a review of its clinical potential in the
management of psychotic symptoms in Parkinson's disease. CNS Drugs.
2000;14:157-72.

Friedman JH. Atypical antipsychotics in the EPS-vulnerable patient. Psycho-
neuroendocrinology. 2003;28:39-51.

Devane CL, Nemeroff CB. Clinical Pharmacokinetics of Quetiapine. Clin
Pharmacokinet. 2001;40:509-22.

Novartis Pharmaceuticals Corporation. Stalevo [Labeling-Package insert].
website : https.//www.accessdatafda.gov/drugsatfda_docs/label/2019/
0214855042Ibl.pdf. Revised December 2019. Accessed 16 May 2023.

Abou Al-Alamein AM, Abd El-Rahman MK, Abdel-Moety EM, Fawaz EM.
Green HPTLC-densitometric approach for simultaneous determination and
impurity- profiling of ebastine and phenylephrine hydrochloride. Micro-
chem J.2019;147:1097-102.

Patel RB, Patel MR, Batel BG. Experimental aspects and implementation of
HPTLC. In: Srivastava M, editor. High-performance thin-layer chromatogra-
phy (HPTLC). Berlin: Springer; 2011. p. 41-54.

Shewiyo DH, Kaale E, Risha PG, Dejaegher B, Smeyers-Verbeke J, Vander HY.
HPTLC methods to assay active ingredients in pharmaceutical formulations:
a review of the method development and validation steps. J Pharm Biomed
Anal. 2012,66:11-23.

71.

72.

73.

74.

Page 16 of 16

Gunther M, Schmidt PC. Comparison between HPLC and HPTLC-densitom-
etry for the determination of harpagoside from Harpagophytum procum-
bens CO2-extracts. J Pharm Biomed Anal. 2005;37:817-21.

Alder CM, Hayler JD, Henderson RK, Redman AM, Shukla L, Shuster LE, et al.
Updating and further expanding GSK's solvent sustainability guide. Green
Chem. 2016;18:3879-90.

Kalasz H, Bathori M. Pharmaceutical applications of TLC. LC GC Eur.
2001;14:311-21.

Mohammad A, Inamuddin |, Siddig A, Naushad M, El-Desoky GE. Green
solvents in thin-layer chromatography. In: Mohammad A, editor. Green
solvents I: properties and applications in chemistry. Dordrecht: Springer;
2012.p.331-61.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/021485s042lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/021485s042lbl.pdf

	Greenness and whiteness appraisal for bioanalysis of quetiapine, levodopa and carbidopa in spiked human plasma by high performance thin layer chromatography
	Abstract 
	Introduction
	Experimental
	Instrument and software
	Chemicals and reagents
	Methods
	Preparation of stock and working standard solutions
	Chromatographic conditions
	Spiking human plasma and sample pretreatment
	Preparation of calibrators
	Quality control samples (QCs) preparation

	Bioanalytical method validation
	Linearity
	For pure standard solutions calibration 
	For in vitro calibration curve 

	Accuracy and precision
	Selectivity
	Extraction recovery
	Stability


	Results and discussion
	Chromatographic conditions
	Spiking human plasma and sample pretreatment
	Bioanalytical method validation
	Linearity
	Accuracy and precision
	Selectivity
	Sensitivity
	Extraction recovery
	Stability

	Prescribed doses and relevant plasma concentration levels of the studied drugs in case of PDP
	Comparison between the proposed method and the previously reported methods
	Greenness evaluation
	Green solvent selection tool
	Analytical Eco-scale 
	Green analytical procedure index 
	Analytical greenness metric approach 


	Whiteness evaluation using the RGB-algorithm method

	Conclusion
	References


