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ABSTRACT: Within the scope of this study, a new series of thiourea derivatives were synthesized by refluxing different
anthranilic acid derivatives with various isothiocyanates in dry acetone medium. The synthesized compounds were
purified by crystallization and their purity was determined by TLC method. The structures of the obtained compounds
were elucidated by using different spectroscopic methods such as IR, TH-NMR, 13C-NMR, besides elemental analysis.
The inhibitory effects of the compounds against DPPH radical scavenging, a-glucosidase and acetylcholinesterase were
investigated by using spectrophotometric method. The results showed that the compounds had moderate radical
scavenging activity according to gallic acid (92.25 £ 0.14% at 100 pM) which was used as a reference compound.
Compound 5 in the presence of trifluoromethyl group demonstrated the highest a-glucosidase inhibitory effect with
52.26 + 2.35% at 100 uM. On the other hand, the compounds demonstrated low AChE inhibitory effects compared to
galantamine (80.33 + 0.77% at 100 pM) which was used as a reference compound.
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1. INTRODUCTION

Thioureas are important pharmacophoric structures with being responsible for many biological
effects. Since before now, they have been important figures of the pharmaceutical industry and have been
used successfully at the treatment of many diseases, by reducing or preventing their symptoms [1-3]. Among
thioureas, the 1,3-disubstitued ones have always had an important role as active drug substances. For
example; Metiamide and Burimamide for the treatment of ulcers [4], Carbimazole and Methimazole for the
treatment of thyroid-related diseases [5], Thiocarlide for its antimycobacterial effect, Trovirdine for its
antiviral effect [6], Loflukarban and Thiambutosine for their antibacterial properties and Tenovin 1 for the
treatment of cancer and neurodegenerative diseases [7,8] (Figure 1). In addition, there are recent studies
claiming thioureas’ intimate pharmacological potential with their diverse biological activities like analgesic
[9], antioxidant [10-13], antibacterial [14], anticancer [15-17], antimycobacterial [18-19], antiviral [20],
insecticidal [21], etc. Also, they been reported for their various enzyme inibitory activities as urease [22],
carbonic anhydrase [23-24], acetylcholinesterase, butyrilcholinesterase [25-27], a-glucosidase [28-29].

Diabetes mellitus (DM) has become a major public health problem worldwide. According to 2022
data, it has been determined that 422 million people have DM [30]. DM is a metabolic disorder that occurs
when blood glucose levels in the body cannot be controlled. Higher than normal blood glucose levels can
cause health problems in the long term. There are two main types: Type 1 and Type 2. Type 1 DM defined as
a disease that occurs as a result of the insufficient production of beta cells in the pancreas. Type 2 DM occurs
when the insulin produced by the body becomes ineffective or insufficient [31-33]. In recent years, in
addition to Type 1 and Type 2, Alzheimer's diseases dependent DM has been defined as Type 3. Insulin
resistance is an important link in both DM and Alzheimer's disease (AD). Decreased insulin sensitivity
causes hyperglycemia. Changes in glucose intake, which is the metabolite that meets the brain's most
important energy needs, cause neuronal damage and neurodegenerative diseases [34]. If DM is not
controlled, cardiovascular disease, renal problems, eye problems, nerve damage, and other serious health
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Figure 1. Thiourea compounds used as active drug substances.

problems can develop [35-37]. Therefore, early diagnosis and effective management of DM is crucial.
Metformin, sulphonureas (glipizide), dipeptidyl peptidase-4 (DPP-4) inhibitors (sitagliptin, etc.), and a-
glucosidase inhibitors (acarbose, etc.) are used in the treatment of DM (Figure 2). However, these drugs have
various side effects on some patients, such as gastrointestinal disorders, weight loss, urinary tract infection,

allergic reactions, and hypoglycemia [38]. Therefore, the search for alternative medicine continues.

Q
CHj o >¥NH
HzC—N Il
NH ﬁ—NH
HN NH, =N, NH 0
HN HeC—\ ﬁ
‘ N o
Metformin Glipizide
OH
OH
7‘N
F
//< & HO OH OH
N
(6] N \J F
F HO O NH OH
FN HO o
F
0 OH  CH,
[¢]
F HO 0 OH
F Sitagliptin Acarbose
HO OH

Figure 2. The compounds used in the treatment of DM.
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AD is a brain disease that is generally defined as a progressive neurodegenerative disorder, usually
occurs in old age, and is characterized by memory loss, cognitive impairment, language problems, temporal
problems, and decreases in planning ability [39]. AD is the most common neurodegenerative disease
worldwide and the most common cause of dementia [40]. The prevalence of Alzheimer's disease increases
significantly with age. The prevalence of the disease is between 5% and 10% in individuals over the age of
65, but can be as high as 30% in those 85 and older. Approximately 50 million people worldwide are living
with dementia, of whom 60%-70% are estimated to have Alzheimer's disease [41]. Treatment of AD is
usually aimed at relieving symptoms or slowing its progression, but so far no completely curative treatment
has been found. Cholinesterase inhibitors (galantamine, donepezil, and rivastigmine (Figure 3) are the most
commonly used drugs in the treatment of this disease. It has also been reported that these drugs have side
effects such as gastrointestinal problems, fatigue, liver diseases, vomiting, and dizziness etc [42-43].
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Figure 3. The compounds used as cholinesterase inhibitors.

Antioxidant activity plays a crucial role in the management and prevention of both DM and AD. In
diabetes, particularly Type 2 diabetes, chronic hyperglycemia (high blood sugar) leads to increased
production of free radicals, which contributes to oxidative stress. This oxidative stress damages cells and
tissues, particularly the blood vessels, leading to complications [44]. On the other hand, AD is associated
with significant oxidative stress, which is the result of an imbalance between the production of free radicals
and the body's ability to neutralize them with antioxidants. This stress contributes to the damage of neurons
and the accumulation of amyloid-beta plaques and tau tangles, which are characteristic features of
Alzheimer’s disease [45].

One of the main objectives of this study was to investigate the potential of using a single drug for
many diseases by preventing the use of polypharmacy in elderly patients. In light of all this information, it
was aimed to perform analyzes of newly synthesized thiourea-derived compounds to determine their
potential for use in DM and AD in this study.

2. RESULTS AND DISCUSSION

2.1. Chemistry

Novel thiourea derivatives were obtanined via one step reaction of commercially available 5-
substitutedanthranilic acids with different isothiocyanates at 100°C, by stirring 10-12 h in dry
acetone(Scheme 1). The completion of the reaction was checked with TLC (Mobile Phase:
Chloroform/Methanole 50:50) and the reaction mixture was kept in the fridge overnight. The obtained solid
was filtered, washed with water, dried and purified by crystallization with hot absolute ethanol. The
obtained compounds’ structures was enlightened by elementel analysis, IR and H, 13C-NMR spectroscopic
methods. According to IR results; the thiourea N-H streching bands were recorded at 3318-3210 cm! and
their C=S streching bands were determined at 1211-1196 cm1. In TH-NMR results; N-H protons belonging to
thiourea were mostly replaced with the deuterium in the solvent and could not be determined. Only
compouinds land 8's N-H protons were determined with aromatic protons. In regard to the 3C-NMR
results, the thiourea C=S carbons were detected at 175.29-176.69 ppm. Based on the elementel and spectral
analysis results; it could be said that compounds (1-8) were synthesized and purified properly.
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Scheme 1. The synthesis route of compounds 1-8.

2.2. Biological Activity
2.2.1. 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay

In this work, DPPH radical scavenging effects of the novel compounds were investigated using
spectrophometric assay. The results of the study are presented as percetange (%) in Table 1. As shown in
Table 1, the compounds showed moderate radical scavenging activity according to gallic acid (92.25 + 0.14%
at 100 uM) which was used as a reference compound. Overall, 5-bromo-2-(4-nitrophenyl) containing
Compound 1 had the highest activity with 47.08 + 0.40% at 100 uM among the synthesized compounds.
Furthermore, the DPPH radical scavenging inhibition rate of Compound 8 (5-trifluoromethoxy-2-
[(phenylcarbamothioyl) containing group) was found to be 43.17 + 3.22% at 100 pM. The presence of
molecules with high electronegativity in both Compounds 1 and 8 contributed positively to the antioxidant
effect. On the other hand, Compounds 5 and 3 showed the lowest DPPH radical scavenging effects due to
the presence of a non-electronegative methyl group. The studies have revealed that DPPH radical
scavenging properties of the compounds increased with the addition of electronegative groups to the main
skeleton.

2.2.2. a-Glucosidase inhibitory effects of the compounds

In this study, a-glucosidase inhibitory properties of the synthesized compounds were examined
spectrophometrically by monitoring the release of para-nitrophenol from para-nitrophenyl-a-D-
glucopyranoside. The results were presented in Table 1. The results showed that Compound 5 exhibited the
highest alpha-glucosidase activity with 52.26 + 2.35% at 100 uM. Contrary to antioxidant activity, the
presence of methyl group in Compound 5 may be the reason for the highest activity among the compounds
[46]. Similarly, Compound 6, which contains a methyl side group, showed second alpha-glucosidase activity
after Compound 5. The inhibition values of the compounds can be ranked as compounds5>6>7>8 >3 >
4 > 1. On the other hand, Compound 2 did not show any glucosidase inhibitor activity at 100 pM.

2.2.3. AChE inhibitory properties of the compounds

In this study, AChE inhibitory properties of the synthesized compounds were examined
spectrophometrically by monitoring 5,5-dithio-bis(2-nitrobenzoic)acid (DTNB) converts the formed
thiocholines to nitrobenzoate. The results of obtained from the study are tabulated in Table 1. As presented
in Table 1, the compounds showed low AChE inhibitory effects according to galantamine (80.33 + 0.77% at
100 uM) which was used as a reference compound. Among the compounds, 5-bromo-2-(4-nitrophenyl)
containing compound 1 had the highest inhibitory effects with 28.58 + 0.77% at at 100 pM. The results
consisted with antioxidant activities. On the other hand, compounds 2 and 6 showed no inhibitory effects
against AChE at studied concentration.
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Table 1. DPPH radical scavenging, a-glucosidase, and AChE inhibitory effects of the compounds at 100 pM.

Compounds DPPH a-glucosidase AChE

% (at 100 uM) % (at 100 uM) % (at 100 uM)
1 47.08 + 0.40 7.55+0.24 28.58 +0.77
2 37.06 +1.25 nd nd
3 30.52 +£0.33 22.95+0.61 21.34+0.85
4 38.63 +2.94 11.95+1.05 18.09 £ 0.55
5 2310+ 2.36 52.26 +2.35 7.80 £1.37
6 34.22+2.03 41.43+1.79 nd
7 36.21 +2.34 38.50 +2.00 14.00 £ 0.17
8 4317 £3.22 32.59+1.09 9.69+1.11
Reference compound 92.25 £ 0.14 61.44 £2.48 80.33+0.77

Reference compound for DPPH: gallic acid, reference compound for a-glucosidase: acarbose, reference compound for AChE:
galantamine. nd: no data

3. CONCLUSION

In summary, eight novel thiourea compounds were synthesized by reacting different 5-substitued
anthranilic acids bearing fluoro, bromo, methyl or trifluoro methoxy groups with phenyl, 4-chlorophenyl or
4-nitrophenylisothiocyanates at acetone media. The obtained compounds were characterized by IR, TH-NMR
and BC-NMR methods. They were also evaluated for their inhibitory activities against DPPH radical
scavenging, a-glucosidase, and acetylcholinesterase. Among them compound 5 with trifluoromethyl group
showed remarkable activity against a-glucosidase and could be used as a lead compound for further studies.

4. MATERIALS AND METHODS

4.1. Chemistry

All of the chemicals, reagents and solvents were purchased from Sigma Aldrich (St. Louis, MO, USA)
and Merck (Darmstadt, Germany). Melting points were determined by CHNS-932 (LECO) apparatus. The IR
spectra were recorded on a Shimadzu, IRAffinity-1S Spectrometer. The NMR spectra were recorded (in
DMSO-ds) with a Bruker spectrometer (Billerica, MA, USA) (400 MHz for 'H-NMR and 100 MHz for 13C-
NMR, decoupled). The chemical shift values are expressed in ppm (0 scale) using tetramethylsilane as an
internal standard. Elemental analysis was performed on Leco 215 CHNS-932 analyzer.

4.1.1. General procedure for the synthesis of compounds (1-8).
The compounds (1-8) were synthesized by following the route according to our previous published
papers [15, 47, 48].

5-Bromo-2-{[(4-nitrophenyl)carbamothioyl]amino}benzoic acid (1)

Yellow solid, yield: 63%, mp: 229-230 °C. FT-IR: vmax = 3318, 3086, 1690, 1605, 1589, 1512, 1474, 1427, 1335,
1204, 826 cml. TH NMR (400 MHz, DMSO-de) 6 7.41 (1H, d, J: 12.00 Hz, Cs-H); 7.65 (2H, d, ] = 8.00 Hz, Cs-H,
Ci>-H); 7.97-8.14 (4H, m, Cs-H, C¢-H ve tire -NH-); 8.36 (2H, d, J: 8.00 Hz, Co-H, C1:-H); 13.29 (1H, s, -COOH).
13C NMR (100 MHz, DMSO-de) 6 116.54, 118.34, 118.57, 124.84, 129.70, 131.33, 138.80, 139.26, 142.41, 145.45
(Ar-C); 159.12 (C-14); 175.86 (C-13). Anal. Calcd. for C14HioBrNzOsS (396.2159): C, 42.44; H, 2.54; N, 10.61;
S, 8.09. Found: C, 42.39; H, 2.61; N, 10.71; S, 8.16.

5-Bromo-2-{[(4-chlorophenyl)carbamothioyl]Jamino}benzoic acid (2)

White solid, yield: 61%, mp: 342 °C. FT-IR: vmax = 3233, 3032, 1659, 1612, 1512, 1481, 1420, 1211, 1088, 826 cm-
1. 1H NMR (400 MHz, DMSO-d¢) 6 7.34 (2H, d, J: 8.00 Hz, Cs-H, Ci2-H); 7.39 (1H, d, J: 8.00 Hz, Cs-H); 7.55
(2H, d, J: 8.00 Hz, Co-H, C11-H); 7.95-7.98 (1H, dd, J: 8.00 Hz ve J: 4.00 Hz, C4-H); 8.02 (1H, d, J: 4.00 Hz, C¢-H);
13.20 (1H, s, -COOH). 3C NMR (100 MHz, DMSO-ds) 6 116.44, 118.51, 118.60, 129.56, 129.75, 131.41, 133.34,
138.48, 138.68, 139.17 (Ar-C); 159.20 (C-14); 176.36 (C-13). Anal. Calcd. for CiaH10BrCIN>O,S (385.6634): C,
43.60; H, 2.61; N, 7.26; S, 8.31. Found: C, 43.66; H, 2.53; N, 7.19; S, 8.15.
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5-Methyl-2-{[(4-chlorophenyl)carbamothioyl]amino}benzoic acid (3)

White solid, yield: 67%, mp: 346-349 °C. FT-IR: vmax = 3248, 3032, 1651, 1628, 1520, 1489, 1427, 1204, 1088, 833
cml. 1TH NMR (400 MHz, DMSO-ds) 6 2.38 (1H, s, -CH,); 7.33-7,38 (3H, m, Cs-H, Cg-H, Cio-H); 7.55 (2H, d, J:
8.00 Hz, Co-H, Ci1-H); 7.63 (1H, d, J: 8.00 Hz, Cy-H); 7.77 (1H, s, Ce-H); 13.06 (1H, s, -COOH). 13C NMR (100
MHz, DMSO-de) 8 20.91 (-CHa); 116.20, 116.51, 127.21, 129.47, 131.55, 133.15, 134.48, 137.18, 138.08, 138.80
(Ar-C); 160.26 (C-14); 175.80 (C-13). Anal. Caled. for CisHCIN,O,S (320.7929): C, 56.16; H, 4.08; N, 8.73; S,
10.00. Found: C, 56.21; H, 4.15; N, 8.71; S, 9.95.

5-Fluoro-2-{[(4-chlorophenyl)carbamothioyl]amino}benzoic acid (4)

White solid, yield: 71%, mp: 340 °C. FT-IR: Umax = 3225, 3040, 1659, 1528, 1489, 1227, 1204, 1088, 833 cm-. 'H
NMR (400 MHz, DMSO-ds) § 7.34 (2H, d, J: 8.00 Hz, Cs-H, Cio-H); 7.48-7.51 (1H, dd, J: 8.00 Hz ve J: 4.00 Hz,
Cs-H); 7.55 (2H, d, J: 8.00 Hz, Co-H, Cy1-H); 7.66-7.74 (2H, m, C4-H, Co-H); 13.17 (1H, s, -COOH). 13C NMR
(100 MHz, DMSO-ds) 6 112.91 (d, 2Jc.¢=24.00 Hz, C-4); 118.06 (d, 3Jc.#=8.00 Hz, C-3); 118.84 (d, 3Jc¥=8.00 Hz,
C-1); 124.26 (d, 2Jcr=24.00 Hz, C-6); 129.53, 131.46, 133.28, 136.97, 138.58 (Ar-C); 158.72 (d, Jcs=241.00 Hz, C-
5); 159.65 (C-14); 175.92 (C-13). Anal. Calcd. for C14H;oCIFN,O,S (324.7578): C, 51.78; H, 3.10; N, 8.63; S, 9.87.
Found: C, 51.66; H, 3.03; N, 8.51; S, 9.83.

5-Methyl-2-{[(4-nitrophenyl)carbamothioyl]amino}benzoic acid (5)

White solid, yield: 66%, mp: 333 °C. FT-IR: vmax = 3256, 3085, 1728, 1651, 1620, 1566, 1520, 1420, 1204, 833. 'H
NMR (400 MHz, DMSO-d¢) 6 2.46 (3H, s, -CHs); 7.37-8.42 (7H, m, Ar-H); 13.15 (1H, s, -COOH). 13C NMR (100
MHz, DMSO-ds) 6 20.90 (-CH3); 116.30, 116.54, 124.75, 127.17, 131.46, 134.61, 137.29, 138.17, 145.81, 147.55
(Ar-C); 160.18 (C=0); 175.29 (C=S). Anal. Calcd. for Ci5H13N3O4S (331.3464): C, 54.37; H, 3.95; N, 12.68; S,
9.68. Found: C, 54.45; H, 3.91; N, 12.75; S, 9.65.

5-Methyl-2-[(phenylcarbamothioyl)amino]benzoic acid (6)

White solid, yield: 67%, mp: 344-347 °C. FT-IR: max = 3248, 3031, 2987, 1651, 1620, 1520, 1204 cm-. 'H NMR
(400 MHz, DMSO-d) 5 2.38 (3H, s, -CHs); 7.05-7.81 (8H, m, Ar-H); 13.01 (1H, s, -COOH). 3C NMR (100
MHz, DMSO-de) 8 20.92 (-CHa); 116.16, 116.49, 127.21, 128.55, 129.37, 129.48, 134.43, 137.14, 138.08, 139.83
(Ar-C); 160.28 (C=0); 176.00 (C=S). Anal. Calcd. for CisH1aN,O5S (286.3489): C, 62.93; H, 4.89; N, 9.79; S,
11.18. Found: C, 62.87; H, 4.85; N, 9.83; S, 11.09.

5-Fluoro-2-[(phenylcarbamothioyl)amino]benzoic acid (7)

White solid, yield: 71%, mp: 359-362 °C. FT-IR: vmax = 3210, 3040, 1659, 1528, 1489, 1458, 1196, 1227 cm-'. 'H
NMR (400 MHz, DMSO-ds) 6 7.22-7.78 (8H, m, Ar-H); 13.13 (1H, s, -COOH). 13C NMR (100 MHz, DMSO-d)
0 112.77, 113.01, 117.98, 118.06, 118.77, 118.85, 124.10, 124.34, 128.68, 129.39, 129.42, 136.99, 139.62, 157.50,
159.91 (Ar-C); 159.66 (C=0); 176.10 (C=S). Anal. Calcd. for C14H1:FN>O,5 (290.3127): C, 57.93; H, 3.79; N, 9.65;
S, 11.03. Found: C, 57.95; H, 3.75; N, 9.55; S, 11.15.

5-Trifluoromethoxy-2-[(phenylcarbamothioyl)amino]benzoic acid (8)

White solid, yield: 64%, mp: 303 °C. FT-IR: Umay = 3233, 3040, 1659, 1528, 1489, 1204, 1258 cm-L. 1H NMR (400
MHz, DMSO-dg) 8 7.23-7.87 (10H, m, Ar-H and thiourea N-H); 13.20 (1H, s, -COOH). 13C NMR (100 MHz,
DMSO-ds) 6 117.90, 118.70, 119.64, 126.43, 128.49, 128.73, 129.35, 129.44, 129.56, 130.39, 139.10, 139.55, 144.40,
14441 (Ar-C); 159.52 (C=0); 176.69 (C=S). Anal. Calcd. for CisHyFsN2OsS (356.3196): C, 50.56; H, 3.11; N,
7.86; S, 9.00. Found: C, 50.47; H, 3.03; N, 7.91; S, 9.02.

4.2. Biological Activity

4.2.1. 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay

The DPPH radical scavenging ability of the compounds was examined according to the our previously
method with minor modifications [49]. The synthesized compounds in DMSO were prepared as 25 mM,
separately. The working solution was diluted with methanol at 1 mM. Then, DPPH solution (0.2 mM)
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(Sigma-Aldrich, D9132) were prepared in methanol. Afterward, the compounds (25 pL/well, 100 uM) were
added to the DPPH solution (225 pL/well) and incubated at room temperature in the dark for 30 min.
Afterward, the extracts (25-200 pg/mL) were added to the DPPH solution (0.2 mM) (Sigma-Aldrich, D9132)
in methanol and mixed vigorously. The mixtures were incubated at room temperature in the dark for 30
min. After 30 min, the DPPH scavenging ability of the compounds was monitored spectrophotometrically by
absorbance at 517 nm. Gallic acid (Sigma-Aldrich, G7384) was used as a reference compound. The inhibition
(%) was obtained using equation. % Inhibition = (Acontrol-Acompound)/ Acontrol X 100 Acontro: Absorbance of
DPPH solution; Acompound: Absorbance of DPPH solution after addition of compound.

4.2.2. a-Glucosidase from Saccharomyces cerevisiae inhibitory assay

The a-glucosidase from Saccharomyces cerevisiae inhibitory ability of the compounds was examined
according to the our previously method with minor modifications [50]. The synthesized compounds in
DMSO were prepared as 25 mM, separately. The working solution was diluted with 100 mM sodium
phosphate buffer pH 6.9 at 1 mM. Then, the synthesized compounds (50 uL/well, 100 pM) in sodium
phosphate buffer (100 mM, pH 6.9) were added to a-glucosidase from Saccharomyces cerevisine (Sigma-
Aldrich, G5003) (100 pL/well, 0.5 U/mL) and incubated for 15 min. Afterward, 4-p-nitrophenyl-a-
glucopyranoside (Sigma-Aldrich, 487506) (50 uL/well, 5 mM) was added to mixture and allowed to react at
room temperature for 15 min. After 15 min, the a-glucosidase inhibitory ability of the compounds was
monitored spectrophotometrically by absorbance at 405 nm. Acarbose (Sigma-Aldrich, A8980) was used as a
reference compound, while DMSO (0.4%) was used as a negative control. The inhibition (%) was obtained
using equation. % Inhibition = (Acontrol-Acompound)/Acontrol ¥ 100 Acontrol: buffer, enzyme and substrate;
Acompound: buffer, compounds, enzyme and substrate.

4.2.3. ACKE from Electrophorus electricus inhibitory assay

The AChE from Electrophorus electricus inhibitory ability of the compounds was examined according to
the our previously method with minor modifications [51]. The synthesized compounds in DMSO were
prepared as 25 mM, separately. The working solution was diluted with 50 mM Tris-HCl buffer pH 8.0 at 1
mM. Then, Tris-HCI buffer (50 pL/well), DTNB (5,5-dithio-bis(2-nitrobenzoic)acid) (Sigma-Aldrich, D8130)
(125 pL/well, 3 mM) as chromatographic reagent, AChE from Electrophorus electricus (Sigma-Aldrich, C3389)
(25 uL/well, 0.2 U/mL) and the compouds (25 nL/well) were added into the plate and incubated at room
temperature for 15 min. After incubation, acetylthiocholine iodide (ATChI) (25 pL/well, 15 mM) as substrate
was (Sigma-Aldrich A5751) was added to enzyme-inhibitor mixtures and incubated for 15 min. After 15 min,
the AChE inhibitory ability of the compounds was monitored spectrophotometrically by absorbance at 405
nm. Galantamine (Sigma-Aldrich, 1287755) was used as a reference compound, while DMSO (0.4%) was
used as a negative control. The inhibition (%) was obtained using equation. % Inhibition = (Acontrol-
Acompound)/ Acontrol X 100 Acontrol: buffer, enzyme and substrate; Acompouna: buffer, compounds, enzyme and
substrate.

Acknowledgements: This research was partly presented at ISOPS-14 (14th International Symposium on
Pharmaceutical Sciences), June 25-28, 2024. This research was partly supported by TUBITAK 2209-A University
Students Research Projects Support Program. (Project application no: 1919B012208013).

Author contributions: Concept - S.T., B.B.; Design - S.T., B.B.; Supervision - S.T., B.B.; Resources - S.T., D.A,, B.B;
Materials - S.T., D.A., B.B.; Data Collection and/or Processing - S.T., D.A,, BK, EM.O., B.B,; Analysis and/or
Interpretation - S.T., D.A., BK. EM.O., B.B,; Literature Search - S.T., D.A., BK.,, EM.O., B.B.; Writing - S.T., D.A,,
B.B.; Critical Reviews - S.T., D.A., BK., EM.O., B.B.

Conflict of interest statement: The authors declared no conflict of interest.

http://dx.doi.org/10.29228/jrp.864
J Res Pharm 2024; 28(6): 1911-1920

1917


http://dx.doi.org/10.29228/jrp.864

Tiirk et al. Journal of Research in Pharmacy

Synthesis and biological activity of thioureas Research Article
REFERENCES
[1] Schroeder, DC. Thioureas. Chem Rev. 1955; 55 (1): 181-228. https:/ /doi.org/10.1021/cr50001a005

[2]

B3]

[4]
[51
[6]

[71

[8]

91

[10]

1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Calixto SD, Simao TLBV, Palmeira-Mello MV, Viana GM, Assump¢ao PWMC, Rezende MG, Santo CCE, Mussi
VO, Rodrigues CR, Lasunskaia, E, Souza AMT, Cabral LM, Muzitano MF. Antimycobacterial and anti-
inflammatory activities of thiourea derivatives focusing on treatment approaches for severe pulmonary
tuberculosis. Bioorg Med Chem. 2022; 53: 116506. https://doi.org/10.1016/j.bmc.2021.116506

Ngaini Z, Abd Halim, AN, Rasin F, Wan Zullkiplee, WSH. Synthesis and structure-activity relationship studies of
mono-and bis-thiourea derivatives featuring halogenated azo dyes with antimicrobial properties. Phosphorus
Sulfur Silicon Relat. Elem. 2022; 197(9): 909-917. https:/ /doi.org/10.1080/10426507.2022.2046577

Lafifi I, Khatmi D. Theorical Investigation of the Intramolecular H-Bonding on Tautomerism. Adv Quantum Chem.
2014; 68: 257-268. https:/ /doi.org/10.1016 /B978-0-12-800536-1.00013-7

Basaran MM, Bacanli M. Drug induced taste and smell disorders. TJFMPC. 2020; 14(1): 153-162.
https:/ /doi.org/10.21763 /tifmpc.616997

Ghorab MM, El-Gaby M, Soliman A, Alsaid M, Abdel-Aziz, M, Elaasser M. Synthesis, docking study and biological
evaluation of some new thiourea derivates bearing benzenesulfonamide moiety. Chem Cent ]. 2017; 11: 42.
https://doi.org/10.1186%2Fs13065-017-0271-7

McCarthy A, Pirrie L, Hollick J, Ronseaux S, Campbell J, Higgins M, Staples O, Tran F, Slawin A, Lain S, Westwood
N. Synthesis and biological characterisation of sirtuin inhibitors based on tenovins. Bioorg Med Chem. 2012; 20:
1779-1793. https:/ /doi.org/10.1016/7.bmc.2012.01.001

Limban C, Nuta DC, Missir AV, Roman R, Caproiu MT, Dumitrascu F, Pintilie L, Stefaniu A, Chifiriuc MC, Popa
M, Zarafu I, Arsene AL, Pirvu CED, Udeanu DI, Papacocea IR. Synthesis and characterization of new
fluoro/trifluoromethyl-substituted acylthiourea derivates with promising activity against planktonic and biofilm-
embedded microbial cells. Processes. 2020; 8 (5): 503. https:/ /doi.org/10.3390/pr8050503

Agili FA Biological applications of thiourea derivatives: detailed review. Chemistry. 2024; 6: 435-468.
https:/ /doi.org/10.3390/ chemistry6030025

Reddy MVB, Srinivasulu D, Peddanna K, Apparao C, Ramesh P. Synthesis and antioxidant activity of new thiazole
analogues possessing urea, thiourea, and selenourea functionality. Synth Commun. 2015; 45(22): 2592-2600.
http://dx.doi.org/10.1080/00397911.2015.1095929

Qiao L, Huang J, Hu W, Zhang Y, Guo ], Cao W, Miao K, Qin B, Song J. Synthesis, characterization, and in vitro
evaluation and in silico molecular docking of thiourea derivates incorporating 4- (trifluoromethyl)phenyl moiety. |
Mol Struct. 2017; 1139: 149-159. https://doi.org/10.1016/j.molstruc.2017.03.012

Javadzade T, Rzayeva I, Demukhamedova S, Akverdieva G, Farzaliyev V, Sujayev A, Chiragov F. Synthesis,
structural analysis, DFT study, antioxidant activity of metal complexes of N-substituted thiourea. Polyhedron. 2023;
231:116274. https:/ /doi.org/10.1016 /i.poly.2022.116274

Muhammed RA, Abdullah BH, Rahman HS. Synthesis, cytotoxic, antibacterial, antioxidant activities, DFT, and
docking of novel complexes of Palladium (II) containing a thiourea derivative and diphosphines. ] Mol Struct. 2024;
1295: 136519. https:/ /doi.org/10.1016 /j.molstruc.2023.136519

HouY, Zhu S, Chen Y, Yu M, Liu Y, Li M. Evaluation of antibacterial activity of thiourea derivative TD4 against
Methicillin Resistant Staphylococcus aureus via destroying the NAD+/NADH homeostasis. Molecules. 2023; 28:
3219. https:/ /doi.org/10.3390 /molecules28073219

Turk S, Tok F, Erdogan O, Cevik O, Taskin Tok T, Kocyigit Kaymakgioglu, B, Karakus S. Synthesis, anticancer
evaluation and in silico ADMET studies on urea/thiourea derivates from gabapentin. Phosphorus Sulfur Silicon
Relat Elem. 2020; 196(4): 382-388. https:/ /doi.org/10.1080/10426507.2020.1845678

Ruswanto R, Nofianti T, Mardianingrum R, Kesuma D, Siswandono. Design, molecular docking, and molecular
dynamics of thiourea-iron (III) metal complexes as NUDTS5 inhibitors for breast cancer treatment. Heliyon. 2022; 8:
10694. https:/ /doi.org/10.1016/j.heliyon.2022.e10694

Taha M, Rahim F, Khan IU, Uddin N, Farooq RK, Wadood A, Rehman AU, Khan KM. Synthesis of thiazole-based-
thiourea analogs: as anticancer, antiglycation and antioxidant agents, structure activity relationship analysis and
docking study. ] Biomol Struct Dyn. 2023; 41(21): 12077-12092. https:/ /doi.org/10.1080/07391102.2023.2171134
Tatar E, Karakus S, Kiigtikgtizel SG, Oktem Okullu S, Uniibol N, Kocagoz T, De Clercq E, Andrei G, Snoeck R,
Pannecouque C, Kalayc1 S, Sahin F, Sriram D, Yogeeswari P, Kiiciikgiizel I. Design, synthesis, and molecular
docking studies of a conjugated thiadiazole-thiourea scaffold as antituberculosis agents. Biol Pharm Bull. 2016; 39:
502-515. https:/ /doi.org/10.1248 /bpb.b15-00698.

Makhakhayi L, Malan F, Senzani S, Tukulula M, Davison C, Mare JA, Nkambule C, Tembu V, Manicum A.
Synthesis, characterisation, X-ray diffraction and biological evaluation of new thiourea derivatives against
Mycobacterium tuberculosis and cervical cancer. ] Mol Struct. 2024; 1314: 138818.
https:/ /doi.org/10.1016/j.molstruc.2024.138818

Steppeler F, Iwan D, Gaida R, Denel-Bobrowska M, Olejniczak A, Wojaczynska E. Chiral 2-azabicycloalkanes
bearing 1,2,3-triazole, thiourea, and ebselen moieties-Synthesis and biological activity. Biomed Pharmacother. 2023;
164: 114908. https:/ /doi.org/10.1016 /i.biopha.2023.114908

http://dx.doi.org/10.29228/jrp.864
J Res Pharm 2024; 28(6): 1911-1920

1918


http://dx.doi.org/10.29228/jrp.864
https://doi.org/10.1021/cr50001a005
https://doi.org/10.1016/j.bmc.2021.116506
https://doi.org/10.1080/10426507.2022.2046577
https://doi.org/10.1016/B978-0-12-800536-1.00013-7
https://doi.org/10.21763/tjfmpc.616997
https://doi.org/10.1186%2Fs13065-017-0271-7
https://pubmed.ncbi.nlm.nih.gov/?term=McCarthy+AR&cauthor_id=22304848
https://pubmed.ncbi.nlm.nih.gov/?term=Pirrie+L&cauthor_id=22304848
https://pubmed.ncbi.nlm.nih.gov/?term=Hollick+JJ&cauthor_id=22304848
https://pubmed.ncbi.nlm.nih.gov/?term=Ronseaux+S&cauthor_id=22304848
https://pubmed.ncbi.nlm.nih.gov/?term=Campbell+J&cauthor_id=22304848
https://pubmed.ncbi.nlm.nih.gov/?term=Higgins+M&cauthor_id=22304848
https://pubmed.ncbi.nlm.nih.gov/?term=Staples+OD&cauthor_id=22304848
https://pubmed.ncbi.nlm.nih.gov/?term=Tran+F&cauthor_id=22304848
https://pubmed.ncbi.nlm.nih.gov/?term=Slawin+AM&cauthor_id=22304848
https://pubmed.ncbi.nlm.nih.gov/?term=Lain+S&cauthor_id=22304848
https://pubmed.ncbi.nlm.nih.gov/?term=Westwood+NJ&cauthor_id=22304848
https://doi.org/10.1016/j.bmc.2012.01.001
https://doi.org/10.3390/pr8050503
https://doi.org/10.3390/chemistry6030025
http://dx.doi.org/10.1080/00397911.2015.1095929
https://doi.org/10.1016/j.molstruc.2017.03.012
https://doi.org/10.1016/j.poly.2022.116274
https://doi.org/10.1016/j.molstruc.2023.136519
https://doi.org/10.3390/molecules28073219
https://doi.org/10.1080/10426507.2020.1845678
https://doi.org/10.1016/j.heliyon.2022.e10694
https://pubmed.ncbi.nlm.nih.gov/?term=Taha+M&cauthor_id=36695088
https://pubmed.ncbi.nlm.nih.gov/?term=Rahim+F&cauthor_id=36695088
https://pubmed.ncbi.nlm.nih.gov/?term=Khan+IU&cauthor_id=36695088
https://pubmed.ncbi.nlm.nih.gov/?term=Uddin+N&cauthor_id=36695088
https://pubmed.ncbi.nlm.nih.gov/?term=Farooq+RK&cauthor_id=36695088
https://pubmed.ncbi.nlm.nih.gov/?term=Wadood+A&cauthor_id=36695088
https://pubmed.ncbi.nlm.nih.gov/?term=Rehman+AU&cauthor_id=36695088
https://pubmed.ncbi.nlm.nih.gov/?term=Khan+KM&cauthor_id=36695088
https://doi.org/10.1080/07391102.2023.2171134
https://doi.org/10.1248/bpb.b15-00698
https://doi.org/10.1016/j.molstruc.2024.138818
https://doi.org/10.1016/j.biopha.2023.114908

Tiirk et al. Journal of Research in Pharmacy
Synthesis and biological activity of thioureas Research Article

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

El-Sayed A, Elsayed G, Rizk S, Ismail M. Synthesis, insecticidal activity and DFT study of 1,2,4-triazolidinthione,
1,3,5-oxadiazine and thiourea derivatives. Org Prep Proced Int. 2024; 56(1): 38-51.
https://doi.org/10.1080/00304948.2023.2209489

Ullah H, Nawaz AR, Nabi M, Nawaz A, Rahim F, Khan F, Hussain A. Design, synthesis, in vitro urease inhibitory
potential and in silico molecular docking study of substituted thiazole bearing thiourea hybrid analogues. Chem
Data Coll. 2023; 48: 101086. https:/ /doi.org/10.1016/j.cdc.2023.101086

Korkmaz N, Obaidi OA, Senturk M, Astley D, Ekinci D, Supuran CT. Synthesis and biological activity of novel
thiourea derivatives as carbonic anhydrase inhibitors. ] Enzyme Inhib Med Chem. 2015; 30(1): 75-80.
https://doi.org/10.3109/14756366.2013.879656

Saeed A, Ejaz SA, Saeed M, Channar PA, Aziz M, Fayyaz A, Zargar S, Wani T, Alanazi H, Alharbi M, Igbal J.
Synthesis, biochemical characterization, and in-silico investigations of acyl-3-(ciprofloxacinyl)thioureas as inhibitors
of carbonic anhydrase-II. Polycylc Aromat Comp. 2023; 43(10): 8946-8964.
https://doi.org/10.1080/10406638.2022.2157027

Garibov E, Taslimi P, Sujayev A, Bingol Z, Cetinkaya S, Gulgin I, Beydemir S, Farzaliyev V, Alwasel S, Supuran C.
Synthesis of 4, b5-disubstituted-2-thioxo-1, 2, 3, 4-tetrahydropyrimidines and investigation of their
acetylcholinesterase, butyrylcholinesterase, carbonic anhydrase I/II inhibitory and antioxidant activities. ] Enzyme
Inhib Med Chem. 2016; 31(3): 1-9. https://doi.org/10.1080/14756366.2016.1198901

Ullah H, Rahim F, Taha M, Khan F, Mehran, Alotaibi B, Zulfat M, Wadood A. Synthesis, in vitro
acetylcholinesterase, butyrylcholinesterase activities and in silico molecular docking study of thiazole-thiourea
hybrid derivatives. Chem Data Coll. 2023; 45: 101025. https:/ /doi.org/10.1016/j.cdc.2023.101025

Kigtik Iyidogan A, Sicak Y, Uysal DB, Taskin Tok T, Oztiirk M, Oru¢ Emre EE. Chiral thioureas containing
naphthalene moiety as selective butyrylcholinesterase inhibitors: design, synthesis, cholinesterase inhibition
activity and molecular docking studies. ] Mol Struct. 2024; 139933. https:/ /doi.org/10.1016/j.molstruc.2024.139333
Ahmed A, Shafique I, Saeed A, Shabir G, Saleem A, Taslimi P, Taskin Tok T, Kirici M, Uc EM, Hashmi MZ.
Nimesulide linked acyl thioureas potent carbonic anhydrase I, II and a-glucosidase inhibitors: Design, synthesis
and molecular docking studies. Eur ] Med Chem Rep. 2022; 6: 100082. https:/ /doi.org/10.1016/j.ejmcr.2022.100082
Khan I, Rehman W, Rahim F, Hussain R, Khan S, Rasheed L, Alanazi A, Hefnawy M, Alanazi M, Shah S, Taha M.
Synthesis, in vitro biological analysis and molecular docking studies of new thiadiazole-based thiourea derivatives
as dual inhibitors of a-amylase and a-glucosidase. Arab ] Chem. 2023; 16: 105078.
https:/ /doi.org/10.1016/j.arabjc.2023.105078

Barati S, Sadeghipour P, Ghaemmaghami Z, Mohebbi B, Baay M, Alemzadeh-Ansari M]J, Hosseini Z, Karimi Y,
Malek M, Maleki M, Noohi F, Khalili Y, Alizadehasl A, Naderi N, Arabian M, Pouraliakbar H, Khaleghparast S,
Ghadrdoost B, Boudagh S, Bakhshandeh H. Warning signals of elevated prediabetes prevalence in the modern
Iranian urban population. Prim Care Diabetes. 2021; 15: 472-479. https:/ /doi.org/10.1016/j.pcd.2021.04.002

Antar S, Ashour N, Sharaky M, Khattab M, Ashour N, Zaid R, Roh EJ, Elkamhawy A, Al-Karmalawy A. Diabetes
mellitus: Classification, mediators, and complications; A gate to identify potential targets for the development of
new effective treatments. Biomed Pharmacother. 2023; 168: 115734. https:/ /doi.org/10.1016/j.biopha.2023.115734
Bao T, Zhang X, Xie W, Wang Y, Li X, Tang C, Yang Y, Sun J, Gao ], Yu T, Zhao L, Tong X. Natural compounds
efficacy in complicated diabetes: A new twist impacting ferroptosis. Biomed Pharmacother. 2023; 168: 115544.
https:/ /doi.org/10.1016/j.biopha.2023.115544

Yang C, Liu H, Xie Z, Yang Q, Du L, Xie C. The protective role of shenqgi compound in type 2 diabetes: A
comprehensive investigation of pancreatic B-cell function and mass. Biomed Pharmacother. 2023; 166: 115287.
https:/ /doi.org/10.1016/j.biopha.2023.115287

Ayesha Fauzi A, Thoe ES, Quan TY, Yin ACY. Insights from insulin resistance pathways: Therapeutic approaches
against Alzheimer associated diabetes mellitus. ] Diabetes Complications. 2023; 37(11): 108629.
https://doi.org/10.1016/j.jdiacomp.2023.108629

Gao ], Yang T, Song B, Ma X, Ma Y, Lin X, Wang H. Abnormal tryptophan catabolism in diabetes mellitus and its
complications: ~ Opportunities  and  challenges. = Biomed  Pharmacother. = 2023;  166:  115395.
https:/ /doi.org/10.1016/j.biopha.2023.115395

Toni Mora T, Roche D, Rodriguez-Sanchez B. Predicting the onset of diabetes-related complications after a diabetes
diagnosis with machine learning algorithms. Diabetes Res Clin Pract. 2023; 204: 110910.
https://doi.org/10.1016/j.diabres.2023.110910

Suh J, Choi Y, Oh JS, Song K, Choi HS, Kwon A, Chae HW, Kim H. Association between early glycemic
management and diabetes complications in type 1 diabetes mellitus: A retrospective cohort study. Prim Care
Diabetes. 2023; 17(1): 60-67. https:/ /doi.org/10.1016/j.pcd.2022.12.006

Chaudhury A, Duvoor C, Reddy Dendi VS, Kraleti S, Chada A, Ravilla R, Marco A, Shekhawat NS, Montales MT,
Kuriakose K, Sasapu A, Beebe A, Patil N, Musham CK, Lohani GP and Mirza W. Clinical review of antidiabetic
drugs: Implications for type 2 Diabetes Mellitus management. Front Endocrinol. 2017; 8:6.
https:/ /doi.org/10.3389/fendo.2017.00006

Moussa N, Dayoub N. Exploring the role of COX-2 in Alzheimer’s disease: Potential therapeutic implications of
COX-2 inhibitors. Saudi Pharm J. 2023; 31(9): 101729. https:/ /doi.org/10.1016 %2Fj.jsps.2023.101729

http://dx.doi.org/10.29228/jrp.864
J Res Pharm 2024; 28(6): 1911-1920

1919


http://dx.doi.org/10.29228/jrp.864
https://doi.org/10.1080/00304948.2023.2209489
https://doi.org/10.1016/j.cdc.2023.101086
https://doi.org/10.3109/14756366.2013.879656
https://doi.org/10.1080/10406638.2022.2157027
https://pubmed.ncbi.nlm.nih.gov/?term=Garibov+E&cauthor_id=27329935
https://pubmed.ncbi.nlm.nih.gov/?term=Taslimi+P&cauthor_id=27329935
https://pubmed.ncbi.nlm.nih.gov/?term=Sujayev+A&cauthor_id=27329935
https://pubmed.ncbi.nlm.nih.gov/?term=Bingol+Z&cauthor_id=27329935
https://pubmed.ncbi.nlm.nih.gov/?term=%C3%87etinkaya+S&cauthor_id=27329935
https://pubmed.ncbi.nlm.nih.gov/?term=Gul%C3%A7in+%C4%B0&cauthor_id=27329935
https://pubmed.ncbi.nlm.nih.gov/?term=Beydemir+S&cauthor_id=27329935
https://pubmed.ncbi.nlm.nih.gov/?term=Farzaliyev+V&cauthor_id=27329935
https://pubmed.ncbi.nlm.nih.gov/?term=Alwasel+SH&cauthor_id=27329935
https://pubmed.ncbi.nlm.nih.gov/?term=Supuran+CT&cauthor_id=27329935
https://doi.org/10.1080/14756366.2016.1198901
https://doi.org/10.1016/j.cdc.2023.101025
https://doi.org/10.1016/j.molstruc.2024.139333
https://doi.org/10.1016/j.ejmcr.2022.100082
https://doi.org/10.1016/j.arabjc.2023.105078
https://pubmed.ncbi.nlm.nih.gov/?term=Barati+S&cauthor_id=33863679
https://pubmed.ncbi.nlm.nih.gov/?term=Sadeghipour+P&cauthor_id=33863679
https://pubmed.ncbi.nlm.nih.gov/?term=Ghaemmaghami+Z&cauthor_id=33863679
https://pubmed.ncbi.nlm.nih.gov/?term=Mohebbi+B&cauthor_id=33863679
https://pubmed.ncbi.nlm.nih.gov/?term=Baay+M&cauthor_id=33863679
https://pubmed.ncbi.nlm.nih.gov/?term=Alemzadeh-Ansari+MJ&cauthor_id=33863679
https://pubmed.ncbi.nlm.nih.gov/?term=Hosseini+Z&cauthor_id=33863679
https://pubmed.ncbi.nlm.nih.gov/?term=Karimi+Y&cauthor_id=33863679
https://pubmed.ncbi.nlm.nih.gov/?term=Malek+M&cauthor_id=33863679
https://pubmed.ncbi.nlm.nih.gov/?term=Malek+M&cauthor_id=33863679
https://pubmed.ncbi.nlm.nih.gov/?term=Maleki+M&cauthor_id=33863679
https://pubmed.ncbi.nlm.nih.gov/?term=Noohi+F&cauthor_id=33863679
https://pubmed.ncbi.nlm.nih.gov/?term=Khalili+Y&cauthor_id=33863679
https://pubmed.ncbi.nlm.nih.gov/?term=Alizadehasl+A&cauthor_id=33863679
https://pubmed.ncbi.nlm.nih.gov/?term=Naderi+N&cauthor_id=33863679
https://pubmed.ncbi.nlm.nih.gov/?term=Arabian+M&cauthor_id=33863679
https://pubmed.ncbi.nlm.nih.gov/?term=Pouraliakbar+H&cauthor_id=33863679
https://pubmed.ncbi.nlm.nih.gov/?term=Khaleghparast+S&cauthor_id=33863679
https://pubmed.ncbi.nlm.nih.gov/?term=Ghadrdoost+B&cauthor_id=33863679
https://pubmed.ncbi.nlm.nih.gov/?term=Ghadrdoost+B&cauthor_id=33863679
https://pubmed.ncbi.nlm.nih.gov/?term=Boudagh+S&cauthor_id=33863679
https://pubmed.ncbi.nlm.nih.gov/?term=Bakhshandeh+H&cauthor_id=33863679
https://doi.org/10.1016/j.pcd.2021.04.002
https://doi.org/10.1016/j.biopha.2023.115734
https://www.sciencedirect.com/author/36810872000/xiaolin-tong
https://doi.org/10.1016/j.biopha.2023.115544
https://doi.org/10.1016/j.biopha.2023.115287
https://doi.org/10.1016/j.jdiacomp.2023.108629
https://doi.org/10.1016/j.biopha.2023.115395
https://doi.org/10.1016/j.diabres.2023.110910
https://doi.org/10.1016/j.pcd.2022.12.006
https://doi.org/10.3389/fendo.2017.00006
https://doi.org/10.1016%2Fj.jsps.2023.101729

Tiirk et al. Journal of Research in Pharmacy
Synthesis and biological activity of thioureas Research Article

[40]
[41]
[42]

[43]

[44]
[45]

[46]

[47]

[48]

[49]

[50]

[51]

Akkaya D, Seyhan G, Sari S, Barut B. In vitro and in silico investigation of FDA-approved drugs to be repurposed
against Alzheimer's disease. Drug Dev Res. 2024; 85(3): €22184. https:/ /doi.org/10.1002/ddr.22184

Alzheimer’s Association Report 2024. Alzheimer’s disease facts and figures. Alzheimer’s Dement. 2024; 20: 3708-
3821. https:/ /doi.org/10.1002/alz.13809

Yiannopoulou KG, Papageorgiou SG. Current and future treatments in Alzheimer Disease: An update. ] Cent Nerv
Syst. 2020; 12: 1-12. https:/ /doi.org/10.1177/1179573520907397

Mishra CB, Manral A, Kumari S, Saini V, Tiwari M. Design, synthesis and evaluation of novel indandione
derivatives as multifunctional agents with cholinesterase inhibition, anti-B-amyloid aggregation, antioxidant and
neuro-protection properties against Alzheimer’s disease. Bioorg Med Chem. 2016, 24(16): 3829-3841.
https:/ /doi.org/10.1016/1.bmc.2016.06.027

Gonzalez P, Lozano P, Ros G, Solano F, Hyperglycemia and oxidative Stress: An integral, updated and critical
overview of their metabolic interconnections. Int ] Mol Sci. 2023; 24: 9352. https:/ /doi.org/10.3390/ijms24119352
Olufunmilayo, EO, Gerke-Duncan MB, Holsinger RM, Oxidative stress and antioxidants in neurodegenerative
disorders. Antioxidants 2023; 12(2): 517. https:/ /doi.org/10.3390/ antiox12020517

Kasturi S, Surarapu S, BathojuCC, Uppalanchi S, Dwivedi S, Perumal Y, Sigalapalli DK, Babu BN, Ethiraj
K, Anireddy JS. Synthesis, molecular modeling and biological evaluation of aza-flavanones as a-glucosidase
inhibitors. Med Chem Comm. 2017; 8: 1618-1630. https:/ /doi.org/10.1039/C7MDO00162B

Tiirk S, Tok F, Celik H, Karakus S, Nadaroglu H, Kogyigit-Kaymakgioglu B, Kiiciikoglu K. Some N-(5-methyl-1,3,4-
thiadiazol-2yl)-4-[(3-substituted)ureido/ thioureido]benzenesulfonamides as carbonic anhydrase I and II inhibitors.
Marmara Pharm J. 2017; 21: 89-95. https:/ /doi.org/10.12991 /marupj.259885

Karakus S, Tok F, Tiirk S, Salva E, Tatar G, Taskin-Tok T, Kocyigit-Kaymakcioglu B. Synthesis, anticancer activity
and ADMET studies of N-(5-methyl-1,3,4-thiadiazol-2-yl)-4-[(3-subsituted)ureido/thioureido]benzenesulfonamide
derivatives. Phosphorus Sulfur Silicon Relat Elem. 2018; 193(8): 528-534.
https:/ /doi.org/10.1080/10426507.2018.1452924

Barut EN, Barut B, Engin S, Yildirnm S, Yasar A, Tiirkis S, Ozel A, Sezen E. Antioxidant capacity, anti-
acetylcholinesterase activity and inhibitory effect on lipid peroxidation in mice brain homogenate of Achillea
millefolium. Turk ] Biochem. 2017; 42: 493-502. https:/ /doi.org/10.1515/ tjb-2017-0084

Biyiklioglu Z, Bas H, Seyhan G, Barut B. Non-aggregated and water soluble non-peripherally octa substituted
Co(Il) and Cu(ll) phthalocyanines: Synthesis and a-glucosidase inhibitory effects. ] Inorg Biochem. 2024; 257:
112581. https:/ /doi.org/10.1016 /j.jinorgbio.2024.112581

Biyiklioglu Z, Seyhan G, Oztiirmen BA, Kolci K, Reis R, Barut B. AChE/BuChE inhibitory, DNA nuclease and
cytotoxic properties of axially 5-[6-(benzyloxy)-2H-1,3-benzoxazin-3(4H)-yl]pentanoxy and 5-[6-(hexyloxy)-2H-1,3-
benzoxazin-3(4H)-yl]pentanoxy substituted silicon phthalocyanines, J Organomet Chem. 2023; 1003: 122926.
https:/ /doi.org/10.1016/j.jorganchem.2023.122926

http://dx.doi.org/10.29228/jrp.864
J Res Pharm 2024; 28(6): 1911-1920

1920


http://dx.doi.org/10.29228/jrp.864
https://doi.org/10.1002/ddr.22184
https://doi.org/10.1002/alz.13809
https://doi.org/10.1177/1179573520907397
https://doi.org/10.1016/j.bmc.2016.06.027
https://doi.org/10.3390/ijms24119352
https://doi.org/10.3390/antiox12020517
https://pubs.rsc.org/en/results?searchtext=Author%3ASivaprasad%20Kasturi
https://pubs.rsc.org/en/results?searchtext=Author%3ASujatha%20Surarapu
https://pubs.rsc.org/en/results?searchtext=Author%3AChandra%20Chary%20Bathoju
https://pubs.rsc.org/en/results?searchtext=Author%3ASrinivas%20Uppalanchi
https://pubs.rsc.org/en/results?searchtext=Author%3AShubham%20Dwivedi
https://pubs.rsc.org/en/results?searchtext=Author%3AYogeeswari%20Perumal
https://pubs.rsc.org/en/results?searchtext=Author%3ADilep%20Kumar%20Sigalapalli
https://pubs.rsc.org/en/results?searchtext=Author%3ABathini%20Nagendra%20Babu
https://pubs.rsc.org/en/results?searchtext=Author%3AKrishna%20S.%20Ethiraj
https://pubs.rsc.org/en/results?searchtext=Author%3AJaya%20Shree%20Anireddy
https://doi.org/10.1039/C7MD00162B
https://doi.org/10.12991/marupj.259885
https://doi.org/10.1080/10426507.2018.1452924
https://doi.org/10.1515/tjb-2017-0084
https://doi.org/10.1016/j.jinorgbio.2024.112581
https://doi.org/10.1016/j.jorganchem.2023.122926

