Arab Journal of Forensic Sciences and Forensic Medicine 2024; Volume 6 Special Issue (ASFSFM 2023), 155-164 Original Article 155

Naif Arab University for Security Sciences 7 A\
Arab Journal of Forensic Sciences and Forensic Medicine
Cridll g Aliod) DY) polt duypmtl At &
https://journals.nauss.edu.sa/index.php/AJESEM

LY
P,

&/

A A
% B
P $
%, j%uf_s_m o

=4

Jeab Society for Sorensic Sciences and Forensic Medicine

Detection of Amisulpride Using a Chromium-Salophen Optical Probe

98I ur-pasS ol puant] plisianly by s qussodl s

Namrata Dhadnekar', Kapil Kumar', Devanshi Bhatt'!, Himali Upadhyay', Shibu Pillai?, Uma Harikrishnan®*

L)

CrossMark

'Department of Biochemistry and Forensic Science, School of Sciences, Gujarat University, Navrangpura, Ahmedabad, India

2Chemical Engineering Department, Nirma University, Ahmedabad, India

3Department of Chemistry, St. Xavier’s College, Navrangpura, Ahmedabad, India

Received 23 May 2024; Accepted 08 June 2024; Available Online 11 July 2024.

Abstract

Patients with psychosis around the world are routinely
prescribed anti-psychotic medications. Amisulpride (AMI)
is one such medication. In order to detect cases like drug
overdose, drug abuse, or intentional poisoning, simple,
selective and sensitive probes are required. In the present
work, we have synthesized a fluorescent probe (CRSA)
for detecting Amisulpride (AMI) and characterized it by
FT-IR, NMR and mass spectroscopy. The probe emits
green light in ethanol and acts as a “turn-off” luminescent
sensor for the anti-psychotic drug Amisulpride (AMI) with
a quenching percentage of 94% and an excellent limit of
detection of 1.6 uM. The sensor responded effectively to
only AMI even in the presence of other drugs like ser-
traline, fluoxetine, escitalopram, paroxetine, olanzapine
and clozapine ensuring good selectivity and specificity
of the method. The effect of pH on the sensing abilities
CRSA and the applicability of the method to real-life sam-

ples were also studied using spiked alcohol samples.
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1. Introduction

For medical conditions like schizophrenia and
other psychiatric disorders; often a combination of
drugs are prescribed to alleviate the varied symp-
toms of the disease [1]. In very rare cases it has
been observed that atypical antipsychotic medica-
tions like clozapine, olanzapine, can cause fatality
at supratherapeutic or even at therapeutic doses [2].

An example of an atypical antipsychotic drug be-
longing to the class of benzamides is Amisulpride
(AMI). Pharmacologically, it is a dopamine receptor
antagonist and is used to treat schizophrenia [3].
In very low doses it can be used as an antiemetic
to reduce post-operative nausea and vomiting [4,5].
Therapeutically, it also has anti-depressant proper-
ties and is used in treatment of dysthymia in differ-
ent doses [6]. However, an overdose of amisulpride
can cause severe cardiotoxicity leading to fatality.
Anti-muscarinic delirium and neuroleptic malignant
syndrome (NMS) are two more clinical overdose
disorders [7]. Additionally, there have been occur-
rences of intentional poisoning also using AMI [8-
12].

During a drug overdose or poisoning investiga-
tion, a forensic toxicologist is tasked with identifying
drugs and other toxins from tissues, body fluids and
other non-biological matrices. A handy aid to narrow
down the criminal investigation is the use of sim-
ple sensors and optical probes that require minimal
sample preparation and can qualitatively identify a
molecule from a complex mixture of biomolecules
and other toxins.

In the present work, we report the synthesis of
a chromium-salophen fluorescent complex (CRSA)
which is efficiently used as a sensor for the identifi-

cation of AMI from a mixture of various drugs. So far

all reported methods for the qualitative and quan-
titative identification of AMI required sophisticated
analytical techniques, for extraction and identifica-
tion like chromatographic, solid phase extraction
and electrochemistry [13-19].

Salophens and metallosalophens are a class of
chelate ligands studied extensively for their appli-
cations in the field of catalysis, medicinal chemistry
and sensors. [20-23]. Chromium-Salophen com-
plexes have been used extensively as catalyst for
oxidation reactions [24]; but the bright green fluo-
rescence of the complex piqued our interest and its
sensing abilities with various antipsychotic drugs
were studied. It was observed that it acted as a
highly efficient “turn-off” sensor for AMI in a pres-
ence of various other drugs. The “turn-off” mecha-
nism was found to be effective only under acidic to
neutral conditions and the sensor could efficiently
detect AMI from spiked samples of various alcoholic
drinks.

The method reported here will facilitate the
identification of AMI in forensic toxicology because
of the ease of detection without any sophisticated
instrumental methods, the simple synthesis of the
CRSA probe, its selectivity and low detection limits
towards AMI and the real-world application of the

method

2. Materials and Methods

All reagents were purchased from commercial
suppliers (HPLC Lab, Lobachemie and SRL) and
were used without purification.

The UV-vis spectra were recorded on a Shimad-
zu 1800 Japan UV-visible spectrophotometer. FT-IR
ATR spectra were recorded using an Alpha-Bruker
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Fourier transform Infrared Spectrometer. The flu-
orescence spectra were recorded on fluoromax-4
spectrofluorometer (Horiba Japan). 1H-NMR and
13C-NMR spectra were acquired using a Bruker
Avance Neo NMR Spectrometer (400 MHz for
1H), using DMSO as a solvent and tetramethyl si-
lane (TMS) as reference. The mass spectra were
acquired using the SCIEX QTRAP4500 ESI Mass
spectrometer.

All solutions for the studies were prepared us-
ing analytical grade methanol. Amisulpride (Sul-
pitac-200), Sertraline (Serta-100), Fluoxetine (FI-
unil-60), Escitalopram (C-Pram S-10), Paroxetine
(Paxidep CR-25), Olanzapine (Oleanz- 100) and
Clozapine (Sizpine- 25 mg) were all obtained as gift

samples from a local pharmacy.

2.1. Synthesis of Salophen Ligand (SALP):
The synthesis of the SALP and CRSA was based

on previously reported method with some modifica-
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tions [25] as shown in Figure 1.

A solution of salicylaldehyde (0.8 mL, 8.0
mmol) in 5 ml ethanol added slowly to a solution
of 2-phenylenediamine (0.43 g, 4.0 mmol) in 5 ml
ethanol. The reaction was refluxed for 6 h wherein
a yellow-orange crystalline solid was obtained. The
Schiff base ligand was filtered, washed with cold
ethanol and then air dried to obtain yellow-orange
needle-like crystals (2.3 g, 90%).

1H NMR (400 MHz, DMSO-d6): & 13.00 (s,
2H), 8.92 (s, 2H), 7.67—7.65 (2H), 7.46—7.38 (6H),
6.99-6.95 (t, 4H); 13C NMR (100 MHz, DMSO):
164.49, 160.89, 142.72, 133.89, 132.95, 128.27,
120.19, 119.94, 119.54, 117.15, 117.49; IR (cm-1):
3441, 1686, 1611, 1561, 1479, 1275, 1190; ESI-MS:
m/z = 316.13

2.2. Synthesis of Cr (lll) Salophen (CRSA)

A solution of Cr(NO3)3.9H20 (1.60 g, 4.0 mmol)
in methanol (2.0 mL) was added dropwise to a solu-
tion of SALP (1.26 g, 4.0 mmol) in methanol (8.0
mL) with stirring. The mixture was then maintained
at room temperature for 6 h. The solvent was re-
moved under reduced pressure. The precipitated
complex SALP-Cr (Ill) was then filtered and washed
with ethanol. The solid obtained is green in colour
(1.43 g, 84%) IR (KBr, cm— 1): 1610, 1573, 1466,
1249, 1198, 1178, 1097, ESI-MS: m/z = 428.32.

2.3. Fluorescence Experiments

A stock solution of 1 x 10-5 M was prepared by
dissolving 0.021 g of CRSA in 500 ml ethanol for
fluorimetric studies. Stock solution of AMI was pre-
pared dissolving 200 mg tablet in 10ml ethanol and
by further diluting it to get a final concentration of

2.7 x 10-4 M. Similarly, stock solutions of Paroxe-
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tine, Escitalopram, Fluoxetine, Sertraline, Olanzap-
ine and Clozapine were also prepared in ethanol.

For the detection studies, 1.5 ml (1 x 10-5 M) of
CRSA was added to 1.5 ml (2.7 x 10-4 M) of the dif-
ferent anti-psychotic drugs. For the selectivity stud-
ies, 1.5 ml of AMI was added to a mixture of CRSA
and other drugs. To determine the relationship be-
tween fluorescence intensity and concentration of
AMI, different concentrations of AMI was added into
the CRSA (1.5 ml).

To investigate the effect of pH on the sensing
properties of CRSA; 1.4 ml of CRSA and 1.4 ml of
AMI were mixed with 2.0 ml of buffer solutions of pH
2.6,3.1,4.6,7.4,9.2, 9.9 and 10.6.

2.4. Sample Preparation-Drink Spiking

The following alcoholic drinks were spiked with
the drug i.e., Old Monk rum, Blender’s Pride whis-
key, Smirnoff Vodka, Fratelli Cabernet Franc Shi-
raz wine. Each drink was spiked with different drug
solutions to give a final concentration of 0.2 mg/ml
AMI. The samples were further used for analysis

without any sample treatment or extraction.

3. Results & Discussion

3.1 Characterization of SALP and CRSA

The typical absorption bands for SALP were
found at 3441 cm-1, 1686 cm-1, 1611 cm-1,
which correspond to -OH stretching vibration, C=N
(imine vibration), and O-H bending vibrations re-
spectively. The CRSA complex spectra displayed
distinctive absorption bands at 1610 cm-1, 1573
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Figure 3- Fluorescence studies of SALP and CRSA
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Figure 5- Emission response of CRSA towards (1)
Paroxetine (2) Escitalopram (3)Fluoxetine) (4) Sertraline (5)
Olanzapine (6) Clozapine (7) AMI
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Figure 6- Quenching percentage of various drugs with
CRSA

cm-1 which are slightly shifted from SALP indicat-
ing complexation and absence of the —OH point-
ing towards its involvement in the complexation of
chromium. The mass spectrum also confirms the
complexation of chromium by SALP. The fluores-
cence of SALP and CRSA are analyzed in fluorim-
eter for their comparative intensity of fluorescence.

The non-fluorescent SALP becomes fluorescent
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Figure 7- CRSA (8) with (1) Paroxetine (2) Escitalopram (3)
Fluoxetine (4) Sertraline (5) Olanzapine (6) Clozapine (7)
AMI under UV lamp
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Figure 8- Variation in emission intensity of AMI upon
gradually decreasing concentration of AMI

when combined with chromium ion as shown in
Figure 3 [26].

The UV-Vis spectra of SALP and CRSA are
as shown in Figure 4. The absorption spectra of
CRSA exhibits peaks at 410, 330, 275 and 270
which corresponds to charge transfer, n . w*and

T . ¥ transitions.

3.2. Selective Sensing of Amisulpride

Various anti-depressants and anti-psychotics in
ethanol were studied to investigate the usefulness
of CRSA as a sensor Figure 5. The emission at 444
nm is very minimally disturbed due to presence

of paroxetine, escitalopram, fluoxetine, sertraline,
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Figure 9- Stern Volmer plot of quenching of CRSA by
Amisulpride
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Figure 11- Emission response on spiking alcoholic drinks with AMI (1) CRSA (2) Vodka (3) Whiskey (4)

Rum (5) Wine

olanzapine, clozapine. But with the addition of ami-
sulpride, the fluorescence is quenched significant-
ly. The quenching percentage of the various drugs
compared to amisulpride is as shown in Figure 6.
Prominent quenching is also visibly observed under

the UV lamp as shown in Figure 7.

To understand the sensing properties more thor-
oughly the effect of concentration of the analyte on
the fluorescence quenching of CRSA was studied
(Figure 8). The fluorescence intensity steadily de-
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creases with increasing concentration of amisul-
pride from 0 to 11.1 x 10-6 M. A good linear relation-
ship is established as shown in Figure 9. In addition,
the quenching efficiency is evaluated using the
Stern-Volmer equation, FO/F=1+Ksv[M] where M
is the concentration of amisulpride and Ksv is the
Stern-Volmer quenching constant. The value of the
Stern-Volmer constant is calculated to be 1.8 x 105
M-1 indicating a good quenching efficiency. The lim-
it of detection for amisulpride is evaluated to be 1.6
x 10-6 M from the Stern-Volmer Plot.

3.3. Effect of pH on the sensing

To study the effectiveness of the developed meth-
od and its applicability to real situations the impact of
pH on the sensing ability of CRSA was studied. As
shown in the Figure 10, the quenching efficiency is af-
fected in the alkaline medium (pH=9.2, 9.9, and 10.6).
Hence, we may conclude that for a forensic analysis,
an alkaline matrix will have to be neutralized or acidi-
fied before using CRSA as to determine amisulpride.
3.4. Application in Real Samples

To study the applicability of the proposed method
for the detection of AMI in toxicological and forensic
samples; alcoholic drinks spiked with AMI were stud-

ied. The samples showed good quenching of fluo-
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rescence in the presence of CRSA without any sam-

ple preparation or isolation as shown in Figure 11.

3.5. Plausible mechanism

The SALP ligand does not show any fluores-
cence, probably due to flexible structure of the
C=N which can undergo photo isomerization. But
the complexation with Cr (Ill) causes rigidification
of structure leading to suppression of movements,
causing the molecule to have fluorescence proper-
ties. In the drugs that have been studied, AMI has
a —S02 group which is similar to a carboxylic moi-
ety and it is known that Cr (lll) has a strong affinity
for carboxylic acid functional group [27]. Hence, the
quenching proceeds via a static quenching mecha-

nism forming a complex appear as Figure 12.

4. Conclusion

In the present work a fluorescent chemosensor
is developed for the sensitive and selective detec-
tion of AMI. The method can be adapted for onsite
detection since the quenching is easily visualized
in a simple UV chamber without the use of any so-
phisticated instruments. The synthesis of the sen-
sor is also simple and has a very low detection limit
demonstrating its applicability in forensic toxicology
cases. The on-site analysis is also advantageous as
it is selective in the presence of other similar drugs
and in presence of alcoholic beverages as well. The
results do not vary with interference of drugs and

beverages as well as change in pH.
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