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Abstract: In this study, the enzyme activity of anthraquinone compounds which were synthesized
beforehand by our research group was investigated. Molecular docking studies were performed for
compounds 1-(4-aminophenylthio)anthracene-9,10-dione (3) and 1-(4-chlorophenylthio)anthracene-
9,10-dione (5). Compound 3 was synthesized from the reaction of 1-chloroanthraquinone (1) and 4-
aminothiophenol (2). Compound 5 was synthesized (1) from the reaction of 1-chloroanthraquinone (1)
and 4-chlorothiophenol (4). Anthraquinone analogs (3, 5) were synthesized with a new reaction
method made by our research group (2). Inhibitory effects of compounds 3 and 5 were investigated
against acetylcholinesterase (AChE) and butyrylcholinesterase (BuChE) enzymes which are related to
Alzheimer’s Disease (AD). Compounds 3 and 5 exhibited strong anti-acetyl- and butyryl-cholinesterase
inhibition activities than galanthamine used as standard compound (92.11+1.08 and 80.95+1.77 %,
respectively). The Enomo-ELumo values, molecular descriptors, and the calculated UV-Vis spectra of
anthraquinone derivatives were computed by B3LYP/6-31+G(d,p) levels in the CHCIs phase. Based on
the fluorescence property of the anthraquinone skeleton, the fluorescence activity of the bioactive
anthraquinone analogue (5) was investigated. MTT test was performed to determine the cytotoxic
effects of thioanthraquinone molecules 3 and 5. In MTT analyses, 3 compounds showed the highest
effect against Ishikawa cells at a dose of 10 ug/mL, while compound 5 showed the highest effect at a
dose of 50 pg/mL. The cell viability for compound 3 was 84.18% for 10 ug/mL and the cell viability for
compound 5 was 75.02% for 50 pg/mL.

Keywords: Anthraquinone, cytotoxicity, anti-Alzheimer, in-silico, thioanthraquinone.

Submitted: July 06, 2021. Accepted: May 10, 2022.

Cite this: Ozkok F, Boga M, Tuneg M, Enisoglu Atalay V, Onul N, Asgarova K, et al. Evaluation of Acetyl-
and Butyrylcholinesterase Enzyme Inhibitory Activities and Cytotoxic Activities of Anthraquinone
Derivatives. JOTCSA. 2022;9(3):729-40.

DOI: https://doi.org/10.18596/jotcsa.963290.

*Corresponding author. E-mail: yilm@istanbul.edu.tr , Tel: (+90 212 473 70 70)

729


https://doi.org/10.18596/jotcsa.963290
https://doi.org/10.18596/jotcsa.963290
https://dergipark.org.tr/jotcsa
http://www.turchemsoc.org/
https://orcid.org/0000-0001-7263-1977
https://orcid.org/0000-0003-4163-9962
https://orcid.org/0000-0002-9830-9158
https://orcid.org/0000-0002-0101-1735
https://orcid.org/0000-0002-1923-4582
https://orcid.org/0000-0003-2990-8680

Ozkok F et al. JOTCSA. 2022; 9(3): 729-740.

INTRODUCTION

Anthraquinones are cyclic compounds that have a
class of conjugated cyclic diketones and play an
active role due to electrochemical activity of main
skeleton in biological and organic reactions.
Anthraquinones and their analogs have
applications in many areas such as medicine,
pharmacy, chemistry, and material engineering (3-
10). Anthraquinones can have estrogenic activity.
In a study (11) with hydroxyl anthraquinones,
Emodin compound having hydroxyl groups showed
estrogenic activity. The discovery of important
anti-cancer  drugs such as Daunomycin,
Adriamycin, and Mitoxantrone has led scientists to
investigate anthraquinone and its derivatives that
have an anti-cancer effect, especially biological
activity (12-15). Damnacanthal, which is a natural
bioactive compound isolated from phenolic phase
of noni roots, may be found in Rubiaceae plants,
too (16-17). Damnacanthal is defined as the most
powerful selector inhibitor of p56Ick tyrosine
kinase which is a protein activity that plays key
role in chemotactic reaction of T cells to CXCL12
(18-19). Additionally, an active anthraquinone
analogue, Damnacanthal, may also inhibit other
tyrosine kinases (PDGFR, erbB2, EGFR and insulin
receptor) in their IC50 values in micromolar
concentration aperture (18). It was established in
studies that Damnacanthal is also a powerful
inhibitor of c-Met and acts as an antitumoral agent
against hepatocellular carcinoma (20).
Anthraquinone compounds, especially daunoribicin,
doxorubicin, epirubicin and mitoxantrone, are the
most effective clinical anticancer medications (21).
Mitoxantrone, with its planar anthraquinone
structure, is a clinically useful antineoplastic agent
(22-28) SzZ-685C, one of sea anthraquinone
metabolites, represses human breast cancer and
human nasopharyngeal carcinoma cells (29).
Anthraquinones have high antitumor effect. They
are responsible for conjunction of DNA double-helix
to DNA, interactions via interpolation and
decomposition, direct membrane effects, DNA
damage, topoisomerase II inhibition, production of
free radicals such as reactive oxygen species
(ROS), apoptosis induction through topoisomerase
inhibition and production of functional p53 and
ROS. Additionally, anthraquinones trigger (c-Jun N
terminal kinase) Akt / PKB (Protein Kinase B)
through INK and apoptosis through mitochondrial
paths (29-35). Cholinesterase enzymes (acetyl and
butyryl) in the central nervous system are
responsible for the termination of cholinergic
signaling by hydrolyzing the neurotransmitter
acetylcholine (ACh). In the brain, decreased levels
of ACh with the loss of cholinergic neurons leads to
memory loss and progressive cognitive decline,
which are common symptoms of Alzheimer's
disease (AD) (36). Although the reason of AD is
unknown, many studies have reported that ACh
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levels have been exhausted in patients suffering
from AD. AChE and BuChE inhibition is an effective
mechanism for the treatment of AD (37-38).
According to the results of our literature review,
there are several cholinesterase inhibitors namely
galanthamine, rivastigmine, donepezil, and tacrine
used for the treatment of AD. Therefore, the above
mentioned drugs possess constricted efficacy,
toxicity, and have unfavorable side effects such as
diarrhea, vomiting, dizziness, hepatotoxicity, and
nausea (39), so there is a need for more potent
and highly efficient cholinesterase inhibitors for the
treatment of AD. According to literature surveying,
there are a few studies about anticholinesterase
activity studies on anthraquinone compounds (40-
43) but there is not any study about
thioanthraquinone compounds except for the study
of Tonelli et al. (44), in which only one
thioanthraquinone compound was investigated for
anticholinesterase activity. This study is important
to examine the properties of anti-acetyl and
butyrylcholinesterase inhibitory activities for
thioanthraquinone compounds. In this study,
synthesis was done via a method (2) that had
been discovered by our team prior to this study,
enzyme activities of anthraquinone analogs were
examined and molecular docking studies of
analogs were performed. Moreover, cytotoxicity
studies of thioanthraquinone molecules were also
conducted in the study.

MATERIALS AND METHODS

Chemistry

General

All chemicals were purchased from either Sigma-
Aldrich or Merck. Solvents, unless otherwise
specified, were of reagent grade and distilled once
prior to use. Thin layer chromatography was
performed on Merck (60 F 254) TLC-plates
(aluminum-based). Melting points were measured
on a Buchi B-540 apparatus and were uncorrected.
Mass spectra were recorded on Shimadzu LCMS-
8030 triple quadrupole spectrometer in ESI (+)
polarity.

Synthesis

In this study, compounds 3 and 5 were
synthesized in a previous study (1). Various
bioactive amino- and thioanthraquinone analogues
were synthesized in our previous studies (45-46).
In this work, enzyme, in silico and in vitro study of
these compounds were performed. Our target
molecule 1-(4-chlorothiophenyl)-anthracene-9,10-
dione (3) was obtained from reaction of starting
material 1l-aminoanthraquinone (1) and 1-(4-
aminothio)phenol (2) according to a patent
method (2). A yellowish reaction mixture was
obtained at the end. 10 mL of aquous potassium
hydroxide solution was added to this mixture, and
the reaction temperature was raised to 120-130
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°C. After reflux (48 h), an orange crystal thio-
anthraquinone compound (3) was obtained. The
new product (3) was extracted with chloroform (30
mL). The organic layer was washed with water and
dried with calcium sulfate. The synthesized novel
analogue (3) was purified by  column
chromatography. Another target molecule 1-(4-
chlorophenylthio)anthracene-9,10-dione (5) was
obtained from reaction of starting material 1-

aminoanthraquinone (1) and 1-(4-
chlorothio)phenol (4) according to a patent
method (2). A yellowish reaction mixture was

obtained at the end. 10 mL of aquous potassium
hydroxide solution was added to this mixture, and
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the reaction temperature was raised to 120-130
°C. After reflux (48 h), an orange crystal thio-
anthraquinone compound (3) was obtained. The
new product (5) was extracted with chloroform (30
mL). The organic layer was washed with water and
dried with calcium sulfate. The synthesized novel
analogues (3, 5) were purified by column
chromatography. The chemical structure of novel
thio-anthraquinone compounds (3, 5) were
characterized by spectroscopic methods such as
FT-IR, NMR, MS, and (UV)-visible
spectrophotometry. Synthesized analogs 3 and 5
were shown in Figure 1.

NH,
o
2 (0] S

Figure 1: Illustrations of thioanthraquinone analogs in this study.

(3): Orange crystal, mp: 227-228 °C. Yield: 0.76 g
(52%). Rf [Petroleum ether/chloroform (1:1)]:
0.43. IR (KBr, cm~! ): u= 3021, 2913 (C-Harom),
1594 (C=C), 1647 (C=0). UV-vis(CHCI3): Amax
(loge)= 3.79 (427 nm), 4 (302 nm), 4.63 (247
nm). 'H NMR (499.74 MHz, CDCl3): 6= 7.29-8.17
(m, 4H, Harom). 3C NMR (125.66 MHz, CDCl3):
0= 123.27, 125.95, 126.47, 127.21, 129.33,
129.53, 130.69, 131.64, 131.92, 132.87, 133.38,
134.14, 135.30, 136.10, 136.34, 144.69 (Carom
and CHarom), 181.93 (C=0). Cz0H1102SCl, (M,
350.82 g/mol).

(5): Red solid, mp: 208-209 °C. Yield: 0.78 g
(57%). Rf [Petroleum ether/chloroform (1:1)]:
0.48. IR (KBr, cm~1): u= 2923, 2852 (C-Harom),
(C=C), (C=0). UV-Vis (CHCI3): Amax (loge)= 3.77
(430 nm), 4.04 (303 nm), 4.71 (249 nm). *H NMR
(499.74 MHz, CDCls): d= 6.69-6.71 (m, 4H,
Harom), 7.09-8.30 (m, 7H, Harom). 3C NMR
(125.66 MHz, CDCI3): 6= 125.83, 126.46, 127.79,

130.76, 131.62, 131.67, 132.64, 133.07, 133.27,
134.09, 136.11, 136.59, 147.10, 147.32 (Carom
and CHarom), 182.23 (C=0). Cz0Hi3NO2S, (M,
331.39 g/mol).

Fluorescence Analysis

In this study, fluorescent spectra for 5 have been
investigated. Anthraquinone skeleton as a rigid
structure is very effective in fluorescent behavior
of compound 5. There is a n-bond delocalization in
aromatic thiosubstituted anthraquinone structure.
Additionally, carbonyl groups in the structure of
molecules are strong withdrawing groups. Aromatic
thiosubstituted group in compound 5 amplifies
fluorescence aspect of anthraquinone. In the
fluorescence spectrum of 5, excitation and
emission wavelengths were observed at 435 nm
(Aexe.) and 683 nm  (Aem.), respectively.
Fluorescence spectrum of thiosubstituted
anthraquinone compound 5 is shown in Figure 2.
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Figure 2: Excitation (left) and emission spectrum (right) of 5 (2.0x10-3 M) in CHCIs solution.

Anticholinesterase activity

The acetyl-cholinesterase and butyryl-
cholinesterase  inhibitory  activities of the
compounds 3 and 5 were tested by using a slightly
modified Ellman method (47). Acetylthiocholine
iodide (or butyrylthiocholine iodide) was used as
substrate of the reaction and DTNB (5,5’dithiobis
nitrobenzoic acid) was used for the measurement
of the anticholinesterase activity. Galanthamine
was used as the standard drug. 130 pL of sodium
phosphate buffer (pH 8.0), 10 yL of 4 mM sample
solution and 20 pL of AChE (or BChE) solution
were mixed in each well and incubated for 15 min
at 25 °C. The reaction was then initiated by the
addition of 10 pL of DTNB and 10 pL of
acetylthiocholine iodide (or butyrylthiocholine
iodide). Final concentration of the tested solutions
was 200 pg/mL. The hydrolysis of these substrates
was monitored using microplate ELISA reader XS
by the formation of yellow 5-thio-2-nitrobenzoate
anion as the result of the reaction of DTNB with
thiocholine, released by the enzymatic hydrolysis
of acetylthiocholine iodide or butyrylthiocholine
iodide, at a wavelength of 412 nm.

%]Inhibition = (ACont—ASampIe)/ACont X 100,

where Acont is the absorbance of the control and
Asample is the absorbance in the presence of the
sample

Cell Culture

Preparation of the extracts of compounds 3 and 5
To prepare 10 mg/mL concentration of compound
3 and 5, 10 mg of the compounds were weighed
and transferred into a sterile Eppendorf and 1 mL
of 100% methanol (CH30OH) was added into the
tube. This mixture was dissolved by an
ultrasonicator at 65 °C for 15 minutes and
vortexed for 2 minutes and this process was
repeated 3 times. The stock solutions of
compounds 3 and 5 were prepared in this way.
After the stock solutions, doses were prepared for
MTT Assay by serial dilution methods such as 500
Mg /mL, 100 pg /mL, 50 pg /mL, 10 pg /mL, 5
Mg /mL and 1 pg /mL with serum-free medium.

Human endometrial adenocarcinoma cell line
(Ishikawa) and human endothelial cell line
(ECV304) were used in the study. The cells were
cultured in DMEM medium (Gibco, 11960044, UK)
supplemented with 10% of fetal bovine serum
(Gibco), 1% penicillin/streptomycin, and L-
glutamate at 37 °C in a humidified atmosphere of
5% CO.. Ishikawa cells and ECV 304 were grown
in 35-mm culture dishes for 24 h before the
experiments. Cells were diluted to 10° cells /mL
with Gibco DMEM (1x) medium.

732



Ozkok F et al. JOTCSA. 2022; 9(3): 729-740.

RESEARCH ARTICLE

Figure 3 (A): Microscopic view of Ishikawa (x10).

Cytotoxicity Assay

To determine the cytotoxic effect of 3 and 5
extracts on the cells’ MTT assay ((3- (4,5-dimethyl
thiazole-2-yl)-2,5-diphenyl tetrazolium bromide),
90 pL of cell- medium with serum mixture was
added to have 9000 cells in each well within Nest
96 Well Plate. The 96 Well Plate is incubated at 37
°C and 5% CO: for 24 hours. After this period, 10
UL of 3 and 5 solutions in different concentrations
that were suitable for each well were added. The
96 Well Plate is incubated at 37 °C and 5% CO- for
24 hours. After 24 hours, 10 pL of MTT
(Invitrogen, Cat No: M6494). Solution with stock
concentration 5 mg/mL and prepared in sterile PBS
was added to each well. The 96 Well Plate is
incubated at 37 °C and 5% CO; for 3 hours, after
which 90 pL was discarded from the wells without
touching the cells and 100 pL 50% DMSO (VWR,
Cat No: 23500.322)- 50% Isopropanol (VWR, Cat
No: 20842.323) was added on each well. The
surface of the 96 Well Plate was covered with
aluminum foil. The 96 Well Plate was left at room
temperature for 45 minutes. Then, 96 Well Plate
was measured at 570 nm with a
spectrophotometer. Cytotoxicity index (CI) was
calculated to following formula;

CI %(Cytotoxicity index) = 1- OD treated wells /
OD control wells X 100

Computational Methods

The conformer analysis of synthesized compounds
were performed to find the stable structures with a
semi-empirical PM6 method (48-49) using the
program Spartan'l6 vi.1.4 (Spartan’l6
Wavefunction, Inc. Irvine, CA.). The calculated
most stable structures were optimized with a semi-
empirical PM6 method, for the better geometries
optimized structures made re-optimize and were
obtained UV-Vis Spectra with the Density
Functional Theory (DFT) B3LYP (Becke's Three

Figure 3 (B): Microscopic view of ECV 304 (x10).

Parameter Hybrid Functional using the Lee, Yang
and Parr Correlation Functional) (50) with the 6-
31+G(d,p) method in the gas and CHCIs phases
with the IEF-PCM approach (51).

The Enomo-Ewumo were calculated using time-
dependent density functional theory (TD-DFT) at
the B3LYP/6-31+G(d,p) levels in CHCI3 phase,
which was done by using the Self-Consistent
Reaction Field (SCRF) method. At the same time
molecular descriptors such as electronegativity (x),
electron affinity (A), hardness (n), softness (S),
electrophilicity index (w) must be defined by the
same computational methods. There is a practical
calculation method to calculate for chemical
hardness (n) and electronegativity (x) (Eq. 1), as
given by Parr and Pearson (52-53).

n= (I-A)/ 2 x = (I+A)/ 2 (Eq. 1)
where I is the ionization potential and A is the
electron affinity. The Koopman'’s theorem was used
for the calculation of I and A values derived from
the frontier orbital energies of optimized neutral

molecules, according to this theorem I = —Enomo
and A = -Ewwmo. Using Koopman’s theorem, the
chemical hardness and electronegativity are

defined in terms of orbital energies (Eq. 2):

N = (ELumo — Enomo) / 2
X = —pu = —(Erwmo —Enomo) / 2 (Eq. 2)

The w and S values are calculated by the following
Eq. 3:

w ~ p?/2n, S = 1/(2n) (Eq. 3)
All visualizations and calculations were carried out
with the methods implemented in GaussView5.0
(54) and Gaussian 09 package (55)
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Figure 4: Optimized structures of the synthesized anthraquinone derivatives: 3 (left), 5 (right).

RESULTS

Chemistry

Characterization of synthesized compounds
1-(4-Aminothiophenyl)-anthracene-9,10-
dione (3): M.p: 187-188 °C
1-(4-Chlorothiophenyl)-anthracene-9,10-
dione (5): M.p: 192-193 °C

Biochemical results

Enzyme Activity

The acetylcholinesterase (AChE) and
butyrylcholinesterase (BChE) enzyme inhibitory
activities were evaluated for the determination of
the therapeutic potential of the compounds 3 and
5 for the treatment of Alzheimer’s disease (AD).
The inhibition of AChE and BChE were given as
percentage at 200 pg/mL concentration in Table 1
and compared with the galanthamine which is used

as a standard drug. Compounds 3 and 5
demonstrated strong anti-acetyl and anti-
butyrylcholinesterase activities better  than

galanthamine. While the galanthamine showed

80.03+1.04 and 84.54+0.39%, acetyl and
butyrylcholinesterase inhibition, respectively,
compound 5 exhibited 80.95+1.77 and

93.67£1.01% inhibition. Compound 3 is stronger
than compound 5 and galanthamine with
92.11+1.04 inhibition against acetylcholinesterase
enzyme. Also compound 3 showed weak
butyrylcholinesterase inhibitory activity.

Table 1. Enzyme inhibition activities of samples
and standard compound.
Inhibition %?

Samples AChE BChE
3 92.11+1.08 35.25%0.36
5 80.95+1.77 93.67+1.01

Galantamineb 80.03+1.04 84.54+0.39

2200 pg/mL
b Standard compound
NA: Not Active

In the study of Tonelli et al. (44), only one
thioanthraquinone compound named 1-
{[(1R,9aR)-(octahydro-2H-quinolizin-1-

yl)methyl]thio}-9,10-anthraquinone, was
synthesized and investigated for its
anticholinesterase  activities. This compound

showed moderate inhibitory activity against acetyl
and butyrylcholinesterase enzymes with ICs:3.6
UM and 3.4 uM values, respectively. Therefore,
there is no literature about anticholinesterase
activity of thioanthraquinone compounds except
for the study of Tonelli et al. (44) presented study
is very important in this respect.

In vitro

MTT Assay was applied to the cells with methanol
(CH30H) extract prepared from compound 3 and
compound 5 with a stock concentration of 10
mg/mL. As cell lines, Vessel Endothelial Cell Line
ECV304 and Human Endometrial Adenocarcinoma
Cell Line Ishikawa were used.
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Figure 5: MTT Assay Results of 3 and 5.

According to these results, the cell viability of 3 on
ECV304, the healthy cell line of Methanol (CH30H)
extract was calculated as 105.02% at 1 pg /mL
dose and 97.69% at 500 pg /mL dose. On the
cancer cell line Ishikawa, it was calculated as
104.43% at 1 pg /mL dose and 106.92% at 500
Mg /mL dose. According to MTT Assay results, 3
was determined as at 10 ug/mL dose was the most
effective on Ishikawa and cell viability at this dose
was measured as 84.18%. Also, at 50 pg/mL dose
was the most effective on ECV304 and cell viability
at this dose was measured as 120.20%. The cell
viability of compound 5 on ECV304, the healthy
cell line of Methanol (CH3:OH) extract was
calculated as 105.45% at 1 pg /mL dose and
147.14% at 500 pg /mL dose. On the cancer cell
line Ishikawa, It was calculated as 112.79% at 1
Mg /mL dose and 143.52% at 500 pg /mL dose.
According to MTT Assay results, 3 was determined
as at 10 pg/mL dose and 5 was determined as at
50 ug/mL was the most effective on Ishikawa. Cell
viability at 10 pg/mL dose was measured as
84.18% and cell viability at 50 pg/mL dose was
measured as 75.02%. Compound 3 was
determined as at 50 pg/mL dose and compound 5
was determined as at 500 upg/mL was the most
effective on ECV304. Cell viability at 50 pg/mL

dose was measured as 120.20% and cell viability
at 500 pg/mL dose was measured as 147.14%.

DISCUSSION

In this study, which aims to determine and analyze
the synthesized compounds by quantum chemical
methods. The HOMO-LUMO distribution and
bandgap values for synthesized compounds were
calculated by theoretical methods gathered in gas
and CHCIs; phases (Figure 6). The Enomo-ELumo are
responsible to ionization potential and electron
affinity. The energy values, Enomo-ELumo bandgap,
and distribution of the HOMO-LUMO are a crucial
point of stability for the molecules. The small band
gap points to the compound called polarized and
soft molecule. For the studied molecules, the
HOMOQ's are mainly localized on the sulfur and
surrounding atoms, whereas the LUMO’s are
distributed within the cyclic structures of the
molecule. This means that the aromatic group in
the molecule would be more easily attacked. The
other important result is solvent effect, the Enomo-
ELumo bandgaps for the studied 3 and 5 molecules
in the CHCI3 phase are 0.10512 and 0.11962 eV,
respectively, are smaller than in the gas phase.
The results depicts that the molecules in the
solvent have a stronger electron donating ability.
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Figure 6: Exovmo and Erumo levels along with bandgap values (eV) in the gas and CHCIs phases obtained
by TD-DFT//B3LYP/6-31+G(d, p) method of the studied compounds.

Molecular identifier values obtained from the total
energy for the 3 and 5 molecules in gas and CHCl3
solvents are listed in Figure 6. The n is one-half
the HOMO-LUMO gap of the molecules, the
meaning is the larger gap the greater hardness
and stability. This property is therefore a powerful
identifier that hard molecules are less reactive
than softer molecules. Table 2 shows that
hardness is affected by solvent, the molecules 3
and 5 have larger hardness value in when
dissolved in CHCl3, as hard molecules are less
reactive than softer molecules (56); the stability

order is therefore CHClz>gas phase. Low chemical
potentials for the molecules are causing a good
electrophile, while an extremely hard molecules
have feeble electron acceptability. Electrophilicity
depends on both the chemical potential and
hardness (57) The obtained x and w values show
that the polar solvent contributes to accentuate the
parametric representation of activity. We observed
in this study and our previous studies (58-59) that
solvent phase and selection have a considerable
effect on electrophile/nucleophile interactions.

Table 2: Calculated Molecular identifier, Enomo and Erumo as well as band gap energy (eV) values of the
studied compounds by TD-DFT//B3LYP/6-31+G (d, p) method in gas and CHCIs phases.

Molecular Descriptors
Compound | Solvent
Enomo ELumo AE A I n X ® S
Gas -0.2237 | -0.1091 | 0.1146 | 0.2237 | 0.1091 | -0.0573 | 0.1664 | -0.2415 | -8.7229
3
CHCl3 -0.2211 | -0.1159 | 0.1051 | 0.2211 | 0.1159 | -0.0526 | 0.1685 | -0.2701 | -9.5129
Gas -0.2369 | -0.1168 | 0.1202 | 0.2369 | 0.1168 | -0.0601 | 0.1769 | -0.2604 | -8.3222
5
CHCls -0.2386 | -0.1189 | 0.1196 | 0.2386 | 0.1189 | -0.0598 | 0.1787 | -0.2672 | -8.3598
The calculated UV-Vis spectra for 3 and 5 excitation energies are effected by solvent phase,

molecules with the DFT//B3LYP/6-31+G(d,p)
method in the gas and CHCIl3z phases are given in
Figure 7 below. The Figure 7 depicted that the

an average energy shifts were calculated for each
molecule.
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Figure 7: Calculated UV-VIS spectra for 3 and 5 molecules.
CONCLUSIONS when both the specificity of and the biological

The investigated compounds having anthracene-
9,10-dione skeletal structure showed very good
anti-Alzheimer’s activity, the potential of being
drug candidates for anti-Alzheimer's treatment of
compounds 3 and 5 and the same skeletal
structures should be explored in more detail.
Although compounds 3 and 5 did not show any
significant results on Ishikawa, the dose of
compound 3 at a concentration of 10 pg/ mL
increased the cytotoxic level. Also, the dose of
compound 5 at a concentration of 50 pg/ mL
increased the cytotoxic level. The dose of
compound 3 at a concentration of 50 yg/mL and
the dose of compound 5 at a concentration of 500
pug/mL on ECV304 increased proliferation. The
value of the Ewnomo, Ewmo and band gap energies
produce a crucial information about investigated
compounds in the gas and CHCIs phases. 3
compound is determined more stable molecule
than 5 according to the Enomo-Ewmo bandgap
(0.1051 eV) in the CHCI3, indicating that the
molecule in CHCI3 solvent has stronger electron
donating ability. Thioanthraquinone analogs
compound 3 and 5 showed remarkable biological
activity results. Thioanthraquinone derivatives
formed via reaction of anthraquinones and thiols
are very limited in the literature. Within this scope,

activity potential of thioanthraquinone compounds
are taken into consideration, these may be
expected to be a good medication molecule
candidate.
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