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Abstract

A series of anthraquinone derivatives (1-11) was prepared using alkyl halides, quinizarin, and danthron. The
structural analysis of new compounds was carried out by 'H, 3C NMR, IR, and UV-Vis spectroscopic
techniques. Xanthine oxidase inhibitory activities of compounds were measured using allopurinol as a
standard. Inhibition abilities were identified by measuring the uric acid formation at 294 nm at 37 °C.
According to the ICso values of the compounds, it was observed that all the compounds in the group had
higher inhibition values than allopurinol.
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Introduction

Anthraquinones are important quinone derivatives of anthracene, which are both known to occur naturally in
many plants and can be produced synthetically.3 Anthraquinones have many application areas, especially in
the paint industry, energy storage, medicinal chemistry, and sensor synthesis.*® The most important
advantages of anthraquinone dyes are their brightness and durability.1®!2 In addition to the above,
anthraquinones have a wide spectrum of use in pharmaceutical chemistry. For example, anthraquinones are
used as antineoplastic, anti-inflammatory, antiarthritic, antioxidant, antiviral, anticancer, antimicrobial,
antitumor, mushil, and diuretic.'32? Also, anthraquinones are used in photodynamic therapy.?*%*

Xanthine oxidase (XO) is an enzyme that acts as a catalyst during the degradation process of purines. In
reaction, uric acid is formed from hypoxanthine and xanthine purine derivatives. Uric acid is a nitrogen-
containing organic compound found in both animals and plants.?>?7 As is well known, the high uric acid level in
the blood is called hyperuricemia, and the persistence of this condition leads to some diseases such as gout
and kidney stone formation.?®30 Also, due to activity of XO enzyme reason the formation of reactive oxygen
species. The XO causes oxidative stress and then cancer formation with extreme activity in the long term 3133
In addition, XO inhibitor drugs are used to prevent such diseases. These drugs can be divided into two classes:
purine analogs (allopurinol, oxypurinol, and tisopurine) and other (febuxostat, topiroxostat, and inositols)
inhibitors. Febuxostat and topiroxostat are non-purine selective XO inhibitors.343° The purine analog drug is
named 1,5-dihydro-4H-pyrazolo[3,4-d]pyrimidin-4-one or allopurinol which was discovered in the 1950s and
has been used as a drug for gout disease since 1966.%°

Scheme. Structure of allopurinol.

Here, the newly synthesized anthraquinone derivatives were compared with allopurinol (scheme) as a
standard. Because it is a well-known gout drug and structurally contains an oxo group similar to
anthraquinones.

Results and Discussion

The Synthesis of compounds (1-11) was achieved using quinizarin (1,4-dihydroxyanthraquinone), chrysazin
(1,8-dihydroxyanthraquinone), and alkyl halides with substitution reaction (Figure) apart from compound 5.
However, compound 5 was obtained by a Suzuki-Miyaura cross-coupling type reaction in the presence of a
Pd(OAc)2/PPhs catalyst. The yield of the compounds was calculated in the range of 51-79% and their melting
points were measured between 153-273 °C. The structural evaluation for compounds was performed using H,
13C NMR, IR, and UV-Vis spectroscopic methods. The aromatic group peaks belonging to compounds were
observed in the range of 8.26-6.93 ppm in the *H-NMR spectra. In addition, the chemical shift values of the
benzylic CH, groups were observed at 5.19, 5.22, 5.20, 5.12, 5.33, 5.27, 5.44, 5.30, 5.32 ppm (for the

Page 2 ©AUTHOR(S)



Arkivoc 2022, ix, 0-0 Parladi, U. et al.

compounds 1, 2, 3,4,5, 7, 8,9, and 10) respectively. Also, peaks of quinone C=0 groups between 183.5-181.9
ppm and benzylic peaks at the range of 71.9-69.8 ppm were observed in 3C NMR spectra. Moreover, the
peaks of C=0 groups were observed at 1667, 1668, 1665, 1666, 1668, 1664, 1666, 1668, 1666, 1668, and 1676
cm-1, respectively. The stretching vibrations values of the CN groups in compounds 3, 6, and 8 were
determined as 2227, 2241, and 2228 cm-1. These values are in agreement with the literature.*!

The UV-Visible spectral analysis also was performed for anthraquinone derivatives. The lower band
(280-364 nm) in the electronic spectra of anthraquinones corresponds to m — o* transitions. The m — m*
transitions were observed in the visible area for compounds at Amax = 485, 473, 477, 473, 435, 472, 486, 476,
487, 481, and 494 nm respectively. The data are compatible with the literature data.*?
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Figure. Synthesis procedure of new anthraquinones.

There are synthetic or natural many drugs that have an anthraquinone core. For example, rhein has a
kidney protective effect; emodin is known to have antitumoral, antimicrobial, and antioxidant effects, as well
as a protective effect on the liver and kidneys. In addition, chrysophanol and physcion have a protective effect
on the nervous system.*344

In a study recorded in 1987, the XO inhibition effect of nine anthraquinone compounds was observed
in vitro by Noro et al. Here, it was recorded that quinizarin and chrysazine had weak inhibitory activity when
compared with other anthraquinone derivatives.*

In this work, the XO enzyme inhibition abilities were tested of the novel quinizarin and danthron alkoxy
derivatives, and their ICso values were determined between 0.339-1.015 uM (Table). ICso is used to mean half-
maximal inhibitory concentration. It is the most common measure of the effectiveness of a drug. IC50 values
indicate the essential amount of inhibitor for half-inhibition to occur. If the IC50 value is smaller, it is the more
effective inhibitor. The ICso value of allopurinol, which is used as a standard drug, was observed as 1.967 uM.
Therefore, it is understood that all anthraquinone compounds have a higher inhibition effect than allopurinol.
The ICso values of compounds 3 and 4 (1,4-bis(4-cyanobenzyl)oxy)anthracene-9,10-dione and 1,4-bis(4-
bromobenzyl)oxy)anthracene-9,10-dione) are 0.339 and 0.395 uM. But the inhibition values of 1,8-
disubstituted anthraquinone derivatives with the same functional groups (compounds 8 and 9) were
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measured as 0.803 and 0.748 uM. These values show that quinizarin derivatives with the same functional
groups have higher inhibitory power than danthron derivatives. Also, the structure of ethylisoindoline-1,3-
dione used for the synthesis of compound 11 contains two oxo groups, it was used to observe in which
direction the inhibitory activity of the compound would change. It was seen from the measurement results
that compound 11 has one of the highest activity (ICso = 0.365 uM).

In previous studies, XO inhibition activities of some groups of compounds were reported as ICso for XO;
such as pyridine salts between 0,394-0,623 uM “6, N-heterocyclic carbene ligands between 0.58-1.69 pM ¥/,
and new pyrrole carboxamide derivatives between 4.608-7.084 uM.* When the ICso values of the inhibitory
agents in the mentioned literature sources are compared with the anthraquinones, it is understood that the
new anthraquinone derivatives are more remarkable inhibitors than other compound groups, because of IC50
values (0.339, 0.365, and 0.395 uM). Due to these results, the most active compounds (3, 4, and 11) can be an
alternative to allopurinol.

Table. The inhibition values (ICso) of the anthraquinones on xanthine oxidase enzyme (XO)

Compound ICs0 (ULM) r?
1 0.837 £ 0.045 0.991
0.567 £ 0.073 0.964
3 0.339+£0.029 0.992
4 0.395 £0.015 0.971
5 1.015+0.061 0.956
6 0.401+£0.011 0.977
7
8
9

0.641+£0.024  0.982

0.803 £ 0.061 0.973

0.748 £0.016  0.971

10 0.947 £0.058 0.951

11 0.365+0.011 0.917
Allopurinol 1.967 £ 0.082 0.979

Conclusions

Briefly, in this latest study, 11 new anthraquinone derivatives were synthesized from 1,4-
dihydroxyanthraquinone and 1,8-dihydroxyanthraquinone and their structures were determined by
spectroscopic methods. In the continuation of the study, the xanthine oxidase inhibition activities of the
compounds were tested and compared with the standard drug, allopurinol. All compounds showed higher
inhibitory activity than allopurinol. Moreover, it appears that four compounds; 1,4-bis(4-
cyanobenzyl)oxy)anthracene-9,10-dione, 1,4-bis(4-bromobenzyl)oxy)anthracene-9,10-dione, 1,4-Bis(3-
cyanopropyl)oxy)anthracene-9,10-dione, and 2,2'-(((9,10-diox0-9,10-dihydroanthracene-1,4-
diyl)bis(oxy))bis(ethane-2,1-diyl))bis(isoindoline-1,3-dione) (3,4, 6 and 11) have higher inhibition activity than
others respectively. On the other hand, compound 5 was observed to have the least activity against the XO
enzyme in the series. The above mentioned compounds are encouraging for new lead structures for further
drug development.
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Experimental Section

General conditions and materials. The reactions were performed in atmospheric conditions. Starting
materials and reagents used in reactions were supplied commercially from Aldrich or Merck Chemical Co. 'H-
NMR (400 MHz) and 3C-NMR (100 MHz) spectra were recorded using a Bruker Avenced IIl 400 MHz FT NMR
spectrometer. Infrared (IR) spectra were recorded using an ATR unit from 4000 to 200 cm™* on a Perkin-Elmer
FT-IR spectrophotometer. Elemental analyses were performed with a LECO CHNS-932 elemental analyzer. UV-
Vis spectra were measured on a Perkin-Elmer Lambda 35 spectrophotometer. Melting points were recorded
using an electrothermal-9200 melting point apparatus and are uncorrected.

General synthesis procedure
Anthraquinone derivatives (1-4, 6-11) were synthesized from 1,4-dihydroxyanthraquinone, 1,8-
dihydroxyanthraquinone and alkyl halides in N,N-dimethylformamide (DMF) in the presence of K,COs. Unlike
other compounds, compound 5 was obtained as a result of the C-C coupling reaction of compound 4 and
benzeneboronic acid in presence of a catalyst system consisting of Pd(OAc)2/PPhs. (Figure).
Synthesis of 1,4-Bis(4-methoxybenzyl)oxy)anthracene-9,10-dione (1). A mixture of 1,4-
dihydroxyanthraquinone (1.00 g, 4.17 mmol), 4-methoxybenzyl chloride (1.31 g, 8.34 mmol), K.CO3 (1.15 g,
8.34 mmol) in DMF (20 mL) was heated by reflux in a water bath for 12 hours. The color of the reaction
mixture changed from orange to yellow. At the end of the reaction, the mixture in the bottom flask was
poured into cold water and precipitated. The yellow solid crude product was crystallized from an
ethanol/chloroform (1:1) mixture after washing three times with water. A yellow-colored compound was
obtained. Yield (%): 75 (1.50 g), mp 192-193 °C. Anal Calcd (%) for C3oH2406 (480.2 g/mol): C 74.99, H 5.03.
Found (%): C 74.52, H 5.01. *H-NMR (CDCls, 400 MHz): 8.06-8.04 (m, 2H, Ar-H), 7.84-7.82 (m, 2H, Ar-H), 7.63 (s,
2H, Ar-H), 7.52 (d, 4H, Ar-H, J 8 Hz), 6.99 (d, 4H, Ar-H, J 8 Hz), 5.19 (s, 4H, CHy), 3.78 (s, 6H, OCH3) ppm. 3C-
NMR (CDCls, 100 MHz): 182.6 (C=0), 159.4, 153.1, 134.2, 194.0, 129.4, 129.2, 126.4, 123.4, 123.0, 114.2 (Ar-C),
71.0 (CH,), 55.6 (OCH3) ppm. IR: 1667 V(c=0), 1513 V(quinone), 1237 ¢mM™ V(arom. cH).
Other anthraquinone derivatives (2-4,6-11) were synthesized using 1,4-dihydroxyanthraquinone, 1,8-
dihydroxyanthraquinone, and related alkyl halides by a similar process.
1,4-Bis(4-methylbenzyl)oxy)anthracene-9,10-dione (2). Yield (%): 71 (1.32 g), mp 186-187 °C. Anal Calcd (%)
for C3oH2404 (448.5 g/mol): C 80.34, H 5.39. Found (%): C 80.07, H 5.22. *H-NMR (CDCls, 400 MHz): 8.07-8.05
(m, 2H, Ar-H), 7.84-7.82 (m, 2H, Ar-H), 7.62 (s, 2H, Ar-H), 7.48 (d, 4H, Ar-H, J 8 Hz), 7.23 (d, 4H, Ar-H, J 8 Hz),
5.22 (s, 4H, CHy), 2.33 (s, 6H, CH3) ppm. 3C-NMR (CDCl3, 100 MHz): 182.6 (C=0), 153.1, 137.3, 134.4, 134.2,
134.0, 129.4, 127.8, 126.4, 123.3, 122.9 (Ar-C), 71.1 (CH3), 21.3 (CH3) ppm. IR: 1668 Vv(c=0), 1589 V(kinon), 1235
cmM™ V(arom. cH).
1,4-Bis(4-cyanobenzyl)oxy)anthracene-9,10-dione (3). Yield (%): 74 (1.45 g), mp 227-228 °C. Anal Calcd (%) for
C30H18N204 (470.5 g/mol): C 76.59, H 3.86, N 5.95. Found (%): C 76.27, H 3.72, N 5.55. 'H-NMR (CDCls, 400
MHz): 8.14-8.12 (m, 2H, Ar-H), 7.72-7.65 (m, 10H, Ar-H), 7.23-7.19 (m, 2H, Ar-H), 5.20 (s, 4H, CH2) ppm. 13C-
NMR (CDCls, 100 MHz): 182.9 (C=0), 153.1, 141.8, 134.0, 133.5, 132.5, 127.4, 126.6, 124.1, 122.1, 111.8 (Ar-C),
118.8 (CN), 70.9 (CH2) ppm. IR: 2227 v(cn), 1665 V(c=0), 1566 V(quinone), 1243 cm* Viarom. cH).
1,4-Bis(4-bromobenzyl)oxy)anthracene-9,10-dione (4). Yield (%): 76 (1.82 g), mp 226-227 °C. Anal Calcd (%)
for CagH18Br204 (578.3 g/mol): C 58.16, H 3.14. Found (%): C 58.10, H 3.07. *H-NMR (CDCls, 400 MHz): 8.14-8.11
(m, 2H, Ar-H), 7.67-7.65 (m, 2H, Ar-H), 7.48 (d, 4H, Ar-H, J 8 Hz), 7.41 (d, 4H, Ar-H, J = 8 Hz), 7.19 (s, 2H, Ar-H),
5.12 (s, 4H, CH2) ppm. 33C-NMR (CDCl3, 100 MHz): 183.1 (C=0), 153.2, 135.5, 134.2, 133.5, 131.8, 128.8, 126.6,
124.2,122.5,121.9 (Ar-C), 71.4 (CH2) ppm. IR: 1666 V(c=0), 1564 V(quinone), 1244 cm* V(arom. cH).
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1,4-Bis(4-phenylbenzyl)oxy)anthracene-9,10-dione (5). A mixture of 1,4-Bis(4-bromobenzyl)oxy)anthracene-
9,10-dione (0.58 g, 1 mmol), benzeneboronic acid (0.25 g, 2 mmol), K2CO3 (0.28 g, 2 mmol), Pd(OAc), (% 2
mmol), PPhs (% 4 mmol), and DMF:H;0 (5:1 mL) was heated at 120 °C for 6h. After the reaction was
terminated, the mixture was extracted with chloroform and water. A red-brown colored product was
obtained. Yield (%): 51 (0.29 g), mp 153-154 °C. Anal Calcd (%) for CaoH2804 (572.7 g/mol): C 83.90, H 4.93.
Found (%): C: 83.69, H: 4.76. 'H-NMR (CDCls, 400 MHz): 8.26-8.23 (m, 2H, Ar-H), 7.77-7.74 (m, 2H, Ar-H), 7.68-
7.62 (m, 12H, Ar-H), 7.47 (t, 4H, Ar-H, J 8Hz), 7.38-7.28 (m, 4H, Ar-H), 5.33 (s, 4H, CH2) ppm. 3C-NMR (CDCls,
100 MHz): 183.4 (C=0),153.4, 140.9, 140.8, 135.6, 134.3, 133.3, 128.8, 127.6, 127.5, 127.4, 127.1, 126.5,
124.1,122.7 (Ar-C), 71.9 (CH,) ppm. IR: 1668 V(c=0), 1564 V(quinone), 1242 cm™ V(arom. cH)-
1,4-Bis(3-cyanopropyl)oxy)anthracene-9,10-dione (6). Yield (%): 64 (1.00 g), mp 227-228 °C. Anal Calcd (%) for
C22H18N204 (374.4 g/mol): C 70.58, H 4.85, N 7.48. Found (%): C 70.30, H 4.68, N 7.35. 1H-NMR (CDCls, 400
MHz): 8.18-8.12 (m, 2H, Ar-H), 7.77-7.70 (m, 2H, Ar-H), 7.30 (t, 2H, Ar-H, J 8 Hz), 4.22 (t, 4H, O-CH,, J 8 Hz),
2.92 (t, 4H, CH2-CN, J 8 Hz), 2.29 (quint, 4H, CHa, J 8 Hz) ppm. 3C-NMR (CDCls, 100 MHz): 182.9 (C=0), 153.4,
134.0, 133.5, 126.4, 123.5, 122.0 (Ar-C), 119.5 (CN), 67.5 (O-CHz), 25.6 (CH2CN), 14.2 (CH2) ppm. IR: 2241 v(en),
1664 V(c=0), 1561 V(quinone), 1243 cm™ V(arom. ch).

1,8-Bis(4-methoxybenzyl)oxy)anthracene-9,10-dione (7). Yield (%): 73 (1.45 g), mp 205-206 °C. Anal Calcd (%)
for CaoH2406 (480.5 g/mol): C 74.99, H 5.03. Found (%): C 74.82, H 5.00. *H-NMR (CDCls, 400 MHz): 7.86 (d, 2H,
Ar-H, J 8H), 7.60 (t, 2H, Ar-H, J 8H), 7.55 (d, 2H, Ar-H, J 8H), 7.34 (d, 2H, Ar-H, J 8H), 6.93 (d, 2H, Ar-H, J 8H),
5.27 (s, 4H, CH2), 3.84 (s, 6H, OCH3) ppm. 13C-NMR (CDCls, 100 MHz): 182.4 (C=0), 159.3, 158.3, 134.9, 133.6,
128.6, 128.5, 125.1, 120.6, 119.4, 114.0 (Ar-C), 71.1 (CHa), 55.3 (OCH3) ppm. IR: 1666 V(c=0), 1584 V(quinone), 1235
cm? V(arom. CH)-

1,8-Bis(4-cyanobenzyl)oxy)anthracene-9,10-dione (8). Yield (%): 71 (1.40 g), mp 272-273 °C. Anal Calcd (%) for
C30H18N204 (470.5 g/mol): C 76.59, H 3.86, N 5.95. Found (%): C 76.33, H 3.74, N 5.83. *H-NMR (DMSO-ds, 400
MHz): 7.91-7.83 (m, 8H, Ar-H), 7.79-7.74 (m, 4H, Ar-H), 7.61 (d, 2H, Ar-H, J 8 Hz), 5.44 (s, 4H, CH,) ppm. 13C-
NMR (DMSO-ds, 100 MHz): 183.5 (C=0), 157.8, 143.2, 134.9, 134.7, 132.8, 127.9, 124.3, 120.8, 119.4, 110.8
(Ar-C), 119.2 (CN), 69.8 (CH2) ppm. IR: 2228 v(cn), 1668 V(c=0), 1586 V(quinone), 1297 cm™ Viarom. ch).
1,8-Bis(4-bromobenzyl)oxy)anthracene-9,10-dione (9). Yield (%): 75 (1.80 g), mp 233-234 °C. Anal Calcd (%)
for CagH18Br04 (578.3 g/mol): C 58.16, H 3.14. Found (%): C 57.95, H 3.08. *H-NMR (DMSO-ds, 400 MHz): 7.81-
7.73 (m, 4H, Ar-H), 7.63-7.60 (m, 10H, Ar-H), 5.30 (s, 4H, CH;) ppm. 3C-NMR (DMSO-ds, 100 MHz): 183.5
(C=0), 157.9, 136.8, 134.8, 134.7, 131.7, 129.6, 124.5, 121.2, 120.9, 119.2 (Ar-C), 69.9 (CH;) ppm. IR: 1666
V(c=0), 1564 V(quinone), 1244 cm™ V(arom. ch).

1,8-Bis(4-chlorobenzyl)oxy)anthracene-9,10-dione (10). Yield (%): 79 (1.61 g), mp 231-232 °C. Anal Calcd (%)
for C2sH15Cl204 (489.4 g/mol): C 68.73, H 3.71. Found (%): C 68.55, H 3.60. *H-NMR (DMSO-ds, 400 MHz): 7.81-
7.73 (m, 4H, Ar-H), 7.67-7.61 (m, 6H, Ar-H), 7.46 (d, 4H, Ar-H, J 8 Hz), 5.32 (s, 4H, CH;). 13C-NMR (DMSO-ds, 100
MHz): 181.9 (C=0), 157.9, 136.5, 134.8, 132.7, 129.3, 128.8, 124.3, 120.9, 119.2, 115.6 (Ar-C), 69.9 (CH2) ppm.
IR: 1668 v(c-0), 1584 V(quinone), 1281 cM™ V(arom. cH).
2,2'-(((9,10-Diox0-9,10-dihydroanthracene-1,4-diyl)bis(oxy))bis(ethane-2,1-diyl))bis(isoindoline-1,3-dione)
(11). Yield (%): 73 (1.78 g), mp 265-266 °C. Anal Calcd (%) for CasH22N20s (586.6 g/mol): C 69.62, H 3.78, N:
4.78. Found (%): C 69.52, H 3.70, N 4.62. *H-NMR (CDCls, 400 MHz): 7.84-7.82 (m, 4H, Ar-H), 7.75 (d, 2H, Ar-H, J
8 Hz), 7.68-7.66 (m, 4H, Ar-H), 7.50 (t, 2H, Ar-H, J 8 Hz), 7.26-7.24 (m, 2H, Ar-H), 4.32 (t, 4H, CH, J 8 Hz), 4.15
(t, 4H, CHa, J 8 Hz) ppm. 33C-NMR (CDCls, 100 MHz): 183.7 (C=Oanthraquinone), 168.2 (C=Ophthalimide), 157.9, 134.8,
134.1, 134.0, 133.6, 132.2, 125.3, 123.4, 123.3, 120.8, 119.9 (Ar-C), 66.4 (CH3), 37.0 (CH2) ppm. IR: 1705 v(c-o
imide), 1670 V(C=0 anthraquinone), 1583 V(quinone), 1237 cm? V(arom. CH).
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In vitro inhibition of xanthine oxidase (XO) activity

The enzyme activity were assayed by measuring the uric acid formation at 294 nm at 37 °C. The in vitro XO
inhibitory assay method was reported by Sweeney A.P. et al.*® For calculation ICso value of XO inhibition
different concentrations of anthraquinone derivatives were added to the reaction mixture. In brief, the
enzyme assay protocol contains phosphate buffer (50 mM, pH = 7.4), XO (0.2 U), and xanthine (1 mM). The
enzyme was pre-incubated for (10 min) with tested compounds, then the reaction was started by adding
xanthine to the reaction mixture. All the experiments were performed in triplicates, and values were
expressed as means of three experiments. Allopurinol was used as a positive control. The ICso values were
determined for based compounds were measured as percent inhibition of XO was studied in terms of
decrease in uric acid formation as compared to the product formation in the absence of inhibitor.

The percent inhibition (ICso of XO) activities of compounds were calculated related to this formula. Inhibition
(%) = (A-B)/Ax100; A = the absorbance at 294 nm without the test compound, B = the absorbance at 294 nm
with the test compound.

Acknowledgements

Thanks to inénii University for all structural analysis of compounds.

Supplementary Material

'H, 13C NMR, and FT-IR spectra of compounds are accessible via the “Supplementary Material” section of this
article’s webpage.

References

1. Cheuk, D.; Svird, M.; Seaton, C.; McArdled, P.; Rasmuson, A.C. Cryst. Eng. Comm. 2015, 17, 3985.
https://doi.org/10.1039/C5CE00147A

2. Huang, Q.; Lu, H.; Shen, M.; Chung, M.; Ong, C.N. Med. Res. Rev. 2006, 27, 609.
https://doi.org/10.1002/med.20094

3. Rivas-Sanchez, A.K.; Guzman-Hernandez, D.S.; Ramirez-Silva, M.T.; Romero-Romo, M.; Palomar-Pardave,
M. Dyes and Pigments 2021, 184, 108641.
https://doi.org/10.1016/j.dyepig.2020.108641

4. Agarwal, S.; Singh, S.S.; Verma, S.; Kumar, S. J. EOOOthnopharm. 2000, 72, 43.
https://doi.org/10.1016/50378-8741(00)00195-1

5. Kim, E.; Choi, J. Fibers and Polymers 2013, 14, (12): 2054.
https://doi.org/10.1007/s12221-013-2054-7

6. Zhang,J.; Lalevee, J.; Zhao, J.; Graff, B.; Stenzel, M.H.; Xiao, P. Polymer Chemistry 2016, 7, 7316.
https://doi.org/10.1039/c6py01550f

7. Wang, T.; Sun, H.; Zhang, L.; Colley, N.D.; Bridgmohan, C.N.; Liu, D.; Hu, W.; Li, W.; Zhou, X.; Wang, L. Dyes
and Pigments 2017, 139, 601.
https://doi.org/10.1016/j.dyepig.2016.12.066

Page 7 ©AUTHOR(S)


https://doi.org/10.1039/C5CE00147A
https://doi.org/10.1002/med.20094
https://doi.org/10.1016/j.dyepig.2020.108641
https://doi.org/10.1016/S0378-8741(00)00195-1
https://doi.org/10.1007/s12221-013-2054-7
https://doi.org/10.1039/c6py01550f
https://doi.org/10.1016/j.dyepig.2016.12.066

Arkivoc 2022, ix, 0-0 Parladi, U. et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Yang, J.; Wang, H., Yang, Y.; Wu, J.; Hu, P.; Guo, L. Nanoscale 2017, 9, 9879.
https://doi.org/10.1039/c7nr03385k

Chen, L.-N.; Chiu, Y.-C.; Hung, J.-J.; Kuo, C.-C.; Chen, W.-C. Macromol. Chem. and Phys. 2014, 215, 286.
https://doi.org/10.1002/macp.201300604

Malik, E.M.; Radhed, M.; Wingen, L.; Baqi, Y.; Miller, C.E. Dyes and Pigments 2016, 131, 33.
https://doi.org/10.1016/j.dyepig.2016.03.023

Lv, D.; Cui, J.; Wang, Y.; Zhu, G.; Zhang, M.; Li, X. RSC Advances 2017, 7, 33494.
https://doi.org/10.1039/c7ra04024e

Gregory, P. Industrial Dyes Wiley-VCH : Weinheim, 2003; pp35-39.

Oshio, H.; Kawamura, N. Shoyakugaku Zasshi 1985, 39, 131.

Yen, G.-C.; Duh, P.-D.; Chuang, D.-Y. Food Chemistry 2000, 70, 437.
https://doi.org/10.1016/S03088146(00)00108-4

Duval, J.; Pecher, V.; Poujol, M.; Lesellier, E. Industrial Crops Prod. 2016, 94, 812.
https://doi.org/10.1016/j.indcrop.2016.09.056

Ali, A,; Ismail, N.; Mackeen, M.; Yazan, L.; Mohamed, S.; Ho, A.; Lajis, N. Pharm. Biol. 2000, 38, 298.
https://doi.org/10.1076/1388-0209(200009)3841-AFT298

Chien, S.-C.; Wu, Y.-C.; Chen, Z.-W.; Yang, W.-C. Evid. Based Complement. Alternat. Med, 2015, 357357, 1.
https://doi.org/10.1155/2015/357357

Sun, X.; Ji, L.; Ren, S.; Wan, S.; Jiang, T. Synth. Commun. 2008, 38, 4116.
https://doi.org/10.1080/00397910802279852

Friedman, M.; Xu, A.; Lee, R.; Nguyen, D.N.; Phan, T.A.; Hamada, S.M.; Panchel, R.; Tam, C.C.; Kim, J.H.;
Cheng, L.W.; Land, K.M. Molecules 2020, 25, 3101, 1.

https://doi.org/10.3390/molecules25133101

Verebova, V.; Adamcik, J.; Danko, P.; Podhradsky, D.; Miskovsky, P.; Stanicova, J. Biochem. Biophysic. Res.
Commun. 2014, 444, 50.

https://doi.org/10.1016/j.bbrc.2014.01.007

Cheemalamarri, C.; Batchu, U.R.; Thallamapuram, N.P.; Katragadda, S.B.; Shetty, P.R. Nat. Products Res.
2022,

https://doi.org/10.1080/14786419.2022.2039920

Malik, E.M.; Miller C.E. Med. Res. Rev. 2016, 36(4): 705.

https://doi.org/10.1002/med.21391

Bian, Y.; Li, M.; Fan, J.; Du, J.; Long, S.; Peng, X. Dyes and Pigments 2017, 147, 476.
https://doi.org/10.1016/j.dyepig.2017.08.029

De Souza Oliveira, R.C.; Correa, R.J.; Teixeira, R.S.P.; Queiroz, D.D.; Da Silva Souza, R.; Garden, S.J.; De
Lucas, N.C.; Pereira, M.D.; Forero, J.S.B.; Romani, E.C.; Ribeiro, E.S. J. Photochem. Photobiol. B: Biology
2016, 165: 1.

https://doi.org/10.1016/j.jphotobiol.2016.10.008

Lin, K.-W.; Chen, Y.-T.; Yang, S.-C.; Wei, B.-L.; Hung, C.-F.; Lin, C.-N. Fitoterapia 2013, 89, 231.
https://doi.org/10.1016/].fitote.2013.06.006

Hafez, R.M.; Abdel-Rahman, T.M.; Naguib, R.M. J. Adv. Res. 2017, 8, 475.
https://doi.org/10.1016/j.jare.2017.05.003

Maples, K.R.; Ronald, P.M. J. Biol. Chem.1988, 263(4), 1709.
https://doi.org/10.1016/S0021-9258(19)77933-2

Suresh, E. Postgraduate Med. J. 2005, 81, 572.

Page 8 ©AUTHOR(S)



https://doi.org/10.1039/c7nr03385k
https://doi.org/10.1002/macp.201300604
https://doi.org/10.1016/j.dyepig.2016.03.023
https://doi.org/10.1039/c7ra04024e
https://doi.org/10.1016/S0308-8146(00)00108-4
https://doi.org/10.1016/j.indcrop.2016.09.056
https://doi.org/10.1076/1388-0209(200009)3841-AFT298
https://doi.org/10.1155/2015/357357
https://doi.org/10.1080/00397910802279852
https://doi.org/10.3390/molecules25133101
https://doi.org/10.1016/j.bbrc.2014.01.007
https://doi.org/10.1080/14786419.2022.2039920
https://doi.org/10.1002/med.21391
https://doi.org/10.1016/j.dyepig.2017.08.029
https://doi.org/10.1016/j.jphotobiol.2016.10.008
https://doi.org/10.1016/j.fitote.2013.06.006
https://doi.org/10.1016/j.jare.2017.05.003
https://doi.org/10.1016/S0021-9258(19)77933-2

Arkivoc 2022, ix, 0-0 Parladi, U. et al.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

https://doi.org/10.1136/pgmj.2004.030692

Adams, J.U. Nature Biotech. 2009, 27, 309.

https://doi.org/10.1038/nbt0409-309

Johnson, P.; Loganathan, C.; Iruthayaraj, A., Poomani, K.; Thayumanavan, P. Biochimie 2018, 154, 1.
https://doi.org/10.1016/j.biochi.2018.07.015

LG, J.-M.; Yao, Q.; Chen, C. Biochem. Pharm. 2013, 86, 1328.
https://doi.org/10.1016/j.bcp.2013.08.011

Yasuda, D.; Takahashi, K.; Kakinoki, T.; Tanaka, Y.; Ohe, T.; Nakamura, S.; Mashino, T. Med. Chem.
Commun. 2013, 4, 527.

https://doi.org/10.1039/C2MD20287E

Valko, M.; Rhodes, C.J.; Moncol, J.; Izakovic, M.; Mazur, M. Chemico-Biol. Interact. 2006, 160, 1.
https://doi.org/10.1016/j.cbi.2005.12.009

Pacher, P.; Nivorozhkin, A.; Szabo, C. Pharmacol. Rev. 2006, 58(1), 87.
https://doi.org/10.1124/pr.58.1.6

Becker, M.A.; Schumacher Jr, H.R.; Wortmann, R.L.; MacDonald, P.A.; Palo, W.A.; Eustace, D.; Vernillet, L.;
Joseph-Ridge, N. Arthritis and Rheumatism 2005, 52(3), 916.

https://doi.org/10.1002/art.20935

Nagao, A.; Seki, M.; Kobayashi, H. Bioscience, Biotechnology, and Biochemistry 1999, 63(10), 1784.
https://doi.org/10.1271/bbb.63.1787

Muraoka, S.; Miura, T. Life Sci. 2004, 74, 1691.

https://doi.org/10.1016/].Ifs.2003.09.040

Oyama, S.; Hirose, C.; Hori, K.; Sugano, K.; Zhang, J.; Tamura, M.; Tomita, K. Ren. Replace. Therapy 2016, 2,
56, 1.

https://doi.org/10.1186/s41100-016-0068-5

Hosaya, T.; Ohno, I.; Nomura, S.; Hisatome, I.; Uchida, S; Fujimori, S.; Yamamoto, T.; Hara, S. Clinic. Exp.
Nephrol. 2014, 18, 876.

https://doi.org/10.1007/s10157-014-0935-8

Kannangara, D.R.W.; Roberts, D.M.; Furlong, T.J.; Graham, G.G.; Williams, K.M.; Day, R.O. Brit. J. Clinic.
Pharmacol. 2011, 73(5), 828.

https://doi.org/10.1111/j.1365-2125.2011.04147 .x

Nematollahi, D.; Sayadi, A.; Varmaghani, F. J. Electroanal. Chem. 2012, 671, 44.
https://doi.org/10.1016/j.jelechem.2012.02.004

Ranjitha, S.; Aroulmoiji, V.; Mohr, T.; Anbarasan, P.M.; Rajarajan, G. Acta Phys. Pol. 2014, 126(3), 833.
https://doi.org/10.12693/APhysPolA.126.833

Wang, D.; Wang, X.-H.; Yu, X.; Cao, F.; Cai, X.; Chen, P.; Li, M.; Feng, Y.; Li, H.; Wang, X. Frontiers in Pharm.
2021, 12, 638993.

https://doi.org/10.3389/fphar.2021.638993

Cao, Y.-J.; Pu, Z.-).; Shen, J.; Chen, Y.-Y.; Kang, A.; Zhou, G.-S.; Duan, J.-A. Chin. Med. 2017, 12, 36, 1.
https://doi.org/10.1186/s13020-017-0158-5

Noro, T.; Noro, K.; Miyase, T.; Kuroyanagi, M.; Umehara, K.; Ueno, A.; Fukushima, S. Chem. Pharm. Bull.
1987, 35(10), 4314.

https://doi.org/10.1248/cpb.35.4314

Yilmaz, U.; Noma, S.A.A.; Taskin Tok, T.; Sen, B.; Gok, Y.; Aktas, A.; Ates, B.; Aygiin, M. Monatsh. Chem.
2021, 152, 1251.

Page 9 ©AUTHOR(S)


https://doi.org/10.1136/pgmj.2004.030692
https://doi.org/10.1038/nbt0409-309
https://doi.org/10.1016/j.biochi.2018.07.015
https://doi.org/10.1016/j.bcp.2013.08.011
https://doi.org/10.1039/C2MD20287E
https://doi.org/10.1016/j.cbi.2005.12.009
https://doi.org/10.1124/pr.58.1.6
https://doi.org/10.1002/art.20935
https://doi.org/10.1271/bbb.63.1787
https://doi.org/10.1016/j.lfs.2003.09.040
https://doi.org/10.1186/s41100-016-0068-5
https://doi.org/10.1007/s10157-014-0935-8
https://doi.org/10.1111/j.1365-2125.2011.04147.x
https://doi.org/10.1016/j.jelechem.2012.02.004
https://doi.org/10.12693/APhysPolA.126.833
https://doi.org/10.3389/fphar.2021.638993
https://doi.org/10.1186/s13020-017-0158-5
https://doi.org/10.1248/cpb.35.4314

Arkivoc 2022, ix, 0-0 Parladi, U. et al.

https://doi.org/10.1007/s00706-021-02831-6

47. Tarker, F.; Noma, S.A.A.; Aktas, A.; Al-Khafaji, K.; Taskin Tok, T.; Ates, B.; Gok, Y. Monatsh. Chem. 2020,
151, 1557.
https://doi.org/10.1007/s00706-020-02687-2

48. Kibriz, I.E.; Sagmaci, M.; Yildirim, i.; Noma, S.A.A.; Taskin Tok, T.; Ates, B. Arch. Pharm. Chem. Life Sci. 2018,
351,1800165, 1.
https://doi.org/10.1002/ardp.201800165

49. Sweeney, A.P.; Wyllie, S.G.; Shalliker, R.A.; Markham, J.L. J. Ethnopharm. 2001, 75, 273.
https://doi.org/10.1016/s0378-8741(01)00176-3

This paper is an open access article distributed under the terms of the Creative Commons Attribution (CC BY)
license (http://creativecommons.org/licenses/by/4.0/)

Page 10 ©AUTHOR(S)


https://doi.org/10.1007/s00706-021-02831-6
https://doi.org/10.1007/s00706-020-02687-
https://doi.org/10.1002/ardp.201800165
https://doi.org/10.1016/s0378-8741(01)00176-3
http://creativecommons.org/licenses/by/4.0/

