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Abstract

A series of twenty previously reported compounds - chromenyl-thiosemicarbazone and chromenyl-dihydro-thiadiazole
derivatives - were screened for their in vitro antioxidant activities, using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) method.
All chromenyl-thiosemicarbazones (1a-j) exhibited better DPPH scavenging activity than butylated hydroxytoluene (BHT)
and two of them (1a and 1h) were superior to ascorbic acid. Therefore, they were further investigated, on human umbilical
vein endothelial cells (HUVEC) cells, for their influence on oxidative stress, through the 2°7’°-dichlorodihydrofluorescein-
diacetate (DCDHF-DA) assay. All chromenyl-thiosemicarbazones tested significantly decreased reactive oxygen species
(ROSO production (p < 0.001, compared to the group treated only with H,0,).

Rezumat

O serie de doudzeci de compusi raportati anterior - derivati cromonil-tiosemicarbazonici si cromonil-dihidrotiadiazolici - au
fost investigati pentru activitatea lor antioxidanta in vitro, prin metoda 2,2-difenil-1-picrilhidrazil (DPPH). Toate cromonil-
tiosemicarbazonele testate (1a-j) au prezentat o activitate antiradicalicd superioara butilhidroxitoluen (BHT), iar doua dintre
acestea (1a si 1h) s-au dovedit a fi superioare acidului ascorbic. Din acest motiv, tiosemicarbazonele au fost investigate
suplimentar, pe celule endoteliale ale venei ombilicale umane (HUVEC), pentru efectul lor asupra stresului oxidativ,
utilizdnd testul 2°7’-diclorodihidrofluorescein-diacetat (DCDHF-DA). Toate cromonil-tiosemicarbazonele testate au redus
semnificativ nivelul speciilor reactive de oxigen (SRO) (p < 0.001, comparativ cu grupul tratat doar cu H,0,).
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Introduction well as synthetic antioxidants are used to scavenge
free radicals.

Thiosemicarbazones (TSCs) and thiadiazolines (TDZs)
are important classes of nitrogen and sulphur containing
compounds and they have been receiving considerable
attention in the area of medicinal chemistry because of
their promising biological implications and remarkable
pharmacological properties [2, 3, 20]. Various TSCs
and their heterocyclic TDZ derivatives showed to
possess important biological effects, such as anti-
microbial, antioxidant, anti-HIV-1 and anticancer, and
the literature concerning these subjects is steadily
increasing. The presence of fragment -N=CH-R in
Schiff bases is known for its biological activity.
Many reports exist on structure-activity relationship
of the class of these compounds [3, 14]. 1,3,4-TDZ
nucleus constitutes the active part of several biologically
active compounds, including antibacterial, antifungal,
antitubercular, analgesic and antioxidant agents [7, 10].
Chromone and its analogues, an important class of

Oxidative stress and its negative effects to the human
body are becoming an increasingly important health
problem. Oxidative species and free radicals are
involved in the physiopathology of numerous diseases
like neurodegenerative disorders, cardiovascular,
cerebrovascular, autoimmune disorders like diabetes,
rheumatoid arthritis, psoriasis. Free radicals are
highly reactive and therefore can attack membrane
lipids, generating carbon radicals and peroxy radicals,
which cause lipid peroxidation. To oppose the vicious
effect of free radicals, the body has a number of
antioxidant defence mechanisms in the form of
enzymes such as superoxide dismutase and catalase
[9, 16-18]. Oxidative stress was defined as the lack of
balance between the occurrence of reactive oxygen/
nitrogen species (ROS/RNS) and the organism’s
capacity to counteract their action by the antioxidative
protection system [15]. Therefore, various natural as
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oxygen-containing heterocyclic compounds, are
abundant in nature and exhibit a wide range of
pharmacological activities, as antibacterial, antifungal,
anticancer, antioxidant, anti-HIV, anti-inflammatory
and immuno-stimulatory. Chromones were found to
be active in a number of plant cycles, including
growth regulation, indole acetic acid oxidation and
dormancy inhibition, as well as exhibiting cytokinin-
type behaviour and stimulating oxygen uptake in
plant tissue [4, 8, 18]. Therefore, the vast range of
biological effects associated with these scaffolds
resulted in the chromone and 1,3,4-TDZ ring
systems being considered as privileged structures.

Based on the above mentioned, it seems worthwhile
to continue the investigations in this area. As a
continuation of our research on TSC derivatives [6]
and nitrogen and sulphur containing heterocycles

[12, 19], in the present work, we report the anti-
oxidant potential of some previously reported [5]
chromenyl-TSCs as well as of their corresponding
1,3,4-TDZ derivatives, obtained by cyclization
under acetylating conditions.

Materials and Methods

Tested compounds

Twenty compounds - 10 chromenyl-TSCs (1a-j)
and their corresponding 1,3,4-TDZs (2a-j) - were
assessed for their in vitro antioxidant activities. The
synthesis and physico-chemical characterization of
these compounds, along with their in vitro anti-
cancer effects were previously reported [5]. The
chemical structures of the tested compounds are
compiled in Table I.

Table I
The chemical structures of the investigated compounds
COCH;
o o N—N
Ry CH:N—NH——T——NH——RZ R, >\N_R2
| ; (|:ocH3
o 1a-j
COMPOUND R, R,
la 2a CHj; CH;
1b 2b Cl CH;
1c 2¢ CHj; CH,-CH=CH,
1d 2d Cl CH,-CH=CH,
le 2e CH3 C5H5
1f 2f Cl Ce¢Hs
lg 2g CH3 4—C6H4—OCH3
1h 2h Cl 4-C¢Hy4-OCH;
1i 2i CHj; 3- C¢H,4-CF5
1j 2j Cl 3- C¢H,-CFs

Antioxidant potential evaluation

The free radical scavenging activities of these
compounds were measured in terms of hydrogen
donating or radical scavenging ability, using the
stable DPPH (2,2-diphenyl-1-picrylhydrazyl) radical
method. The most active compounds were then
studied for their influence on oxidative stress using
the method of fluorescent 2’7’-dichlorodihydro-
fluorescein-diacetate (DCDHF-DA).

DPPH Radical Scavenging Assay

The direct antioxidant activity of the twenty compounds
was evaluated through a free radical scavenging
assay, namely the stable DPPH radical method. The
DPPH assay provides an easy and rapid way to
evaluate potential antioxidants. The DPPH free
radical method is an antioxidant assay based on
electron-transfer that produces a violet solution in
alcohol. This free radical, stable at room temperature,
is reduced in the presence of an antioxidant
molecule, giving rise to a yellow solution [11].
Table 11

Samples of compounds 1a-j (25pg/mL stock solutions)
Sample Compound solution (mL) MetOH (mL) DPPH (mL) Final volume (mL) Final concentration (ng/mL)

0.25 1.75 2 4 1.5625
0.50 1.50 2 4 3.125
0.75 1.25 2 4 4.6875
la-j 1 1 2 4 6.25
1.25 0.75 2 4 7.8125
1.50 0.50 2 4 9.375
1.75 0.25 2 4 10.9375
2 0 2 4 12.5
DPPH - 2 2 4 0.05 g/L
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Table 111
Samples of compounds 2a-j (1and 0.5 mg/mL stock solutions)
Sample Compound solution (mL) MetOH (mL) DPPH (mL) Final volume (mL) Final concentration (mg/mL)
2a

. 2 - 2 4 0.5
2¢-j
2b 2 - 2 4 0.25
DPPH - 2 2 4 0.05 g/L
25 pg/mL (1a-j), 0.5 mg/mL (2b) and 1 mg/mL 10% foetal calf serum (FCS), 50 ug/mL gentamicin,
(2a, c-j) stock solutions in DMSO (Merck, Darmstadt, 100 pg/mL amphotericin (Biochrom AG, Berlin,
Germany) were prepared and then diluted to various Germany), at 37°C, in a humidified CO, incubator.
concentrations. To these solutions 0.1 g/l methanolic Cell cultures in the 23™ to 26™ passages were used
solution of DPPH (Sigma Aldrich, USA) was added, [13].
at different concentrations. Simultaneously, a control Fluorescent 2’7 -dichlorodihydrofluorescein diacetate
sample was prepared by diluting 1:1 the initial DPPH (DCDHF-DA)
solution with pure methanol (Merck) (see Table II HUVECs were pre-treated for 24 h with chromenyl-
and Table III). The mixtures where incubated for 30 TSC derivatives 1a-j at a 0.315 pg/mL concentration
min at 40°C and then the absorbance at 517 nm was and then treated with H,O, (10 mM) and incubated
measured. for 1 h with fresh medium, and then washed twice
A decrease in absorbance is associated with the before the addition of HBM (HEPES buffered medium)
reduction of the DPPH radical and that is directly containing DCDHF-DA. Plates were incubated for
proportional to the radical scavenging activity of 30 min in 5% CO,/95% air at 37°C. After incubation,
the tested compounds. The DPPH scavenging ability the cells were washed three times with HBM and
was then calculated for each compound, expressed the fluorescence was measured using an ELISA
as a percentage of absorbance reduction, DPPH plate reader, with excitation at 488 nm and emission
scavenging ability: at 525 nm (Tecan, Méannedorf, Switzerland) [13].
I% = (Acontrol - A sample/Acontrol) x 100 (1) StatiStical analyses

The statistical significance of the difference between
treated and control groups was evaluated with two-
way ANOVA, followed by Bonferroni post-test. The
significance was set for p < 0.05.

Using DPPH scavenging ability 1%, determined (1) at
different level of tested compounds concentrations,
for the chromenyl-TSC derivatives la-j, a curve
was plotted in order to calculate the concentrations
of compounds that leads to a 50% reduction of

. . Results and Discussion
absorbance (ICsg). This represents the concentration

of compound needed to scavenge 50% of the free Direct antioxidant effect - DPPH scavenging assay
DPPH radical. As a positive control we used well The direct antioxidant effect of the tested chromenyl-
known antioxidants, namely butylated hydroxytoluene derivatives (Table I) was determined using the DPPH
(BHT) and ascorbic acid. For results interpretations free radical method. The DPPH has an odd electron
we considered ICsy < 50 pg/mL values as a high so it can accept an electron or hydrogen free
antioxidant capacity; 50 pg/mL <1Cso <200 ug/mL radical. In the presence of an antioxidant, this odd
values were considered to reflect a moderate anti- electron becomes paired due to hydrogen transfer
oxidant capacity and ICsy > 200 pg/mL values were from the antioxidant compounds and hence DPPH
seen as no relevant antioxidant capacity [1, 11]. absorbance decreases. The scavenging ability of the
Oxidative stress assessment chromenyl-TSCs 1a-j was expressed using ICs
Cell culture values and is presented in Table IV. Because
Commercial human umbilical vein endothelial cells chromenyl-TDZs 2a-j showed no significant anti-
(HUVEC) from the European Collection of Cell oxidant potential through this method, their DPPH
Cultures (ECCAC, Porton Down, Salisbury, UK) scavenging ability was expressed only as an inhibition
were multiplied in RPMI medium, supplemented with percentage (1%, Table V).
Table IV
The concentration of compounds 1a-j needed to scavenge 50% of the DPPH (ICsg)
Compound 1a 1b 1c 1d le 1f 1g 1h 1i 1j BHT Ascorbic acid
IC5 (ng/mL) 7.012 8.021 8.720 8.382 11.226 9.964 8.358 6.727 10.941 10918 16.4 7.4
All experiments were performed in triplicate and results are expressed as means, standard deviations were < 5%
Table V
DPPH scavenging activity (%) determined for compounds 2a-j
Compound 2a 2b 2¢ 2d 2e 2f 2g 2h 2i 2j
1% 70.807 23.036 11.435 10.299 7.333 18.965 14.190 20.634 21.533 25.028

All experiments were performed in triplicate and results are expressed as means, standard deviations were < 5%
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All chromenyl-TSCs presented excellent antioxidant
activities, ICsy values ranging between 7 and 11 pg/mL.
All of them exhibited better DPPH scavenging
activity than BHT and two of them (1a and 1h)
were superior to ascorbic acid. Compound 1h had
the best DPPH scavenging ability. These compounds
can be considered as the best compounds in terms
of antioxidant activity since ICsy values lower than
10 mg/mL are usually considered to be effective
activities in antioxidant properties [9].

(o]
R, (‘H=N—§H——(‘——N"H——R
| !
[6) i

1aj

As expected, the results obtained revealed that the
cyclization of TSCs 1a-j to corresponding TDZs
caused a decrease in scavenging ability, probably
because the antioxidant potential of these compounds
is due to a hydrogen atom transfer (HAT) mechanism.
As it can be observed in Figure 1, by cyclization of
chromenyl-TSC 1a-j, the mobile hydrogen atoms
present in the N> and N* positions disappear.

COCH;,
N

i o J\IJ/»V'
, /\‘ R >\ \
1 s T_ R,
| COCH;
(0] 2aj

Figure 1.
Disappearance of mobile H atoms once TSCs 1a-j are cyclized to chromenyl-TDZs 2a-j (i: Ac,0O/Py, 4 h, reflux) [5]

SAR analysis indicated that the presence of electron
withdrawing substituents (1e, 1f, 1i, 1j) in position
N* of the chromenyl-TSCs slightly reduced the
scavenging ability, due to the electron density
reduction in positions N> or N, probably both
implicated in the hydrogen atom transfer. TSCs
substituted with electron donating substituents
(alkyl - 1a-d, or methoxy - 1g, 1h) exhibited the
best antioxidant effects, most probably due to a
better stabilization of the TSC radical thus resulted.
In vitro oxidative stress assay on HUVECs

All chromenyl-TSC derivatives 1a-j (Table 1) were
supplementary investigated for their influence on
oxidative stress.

To assess the production of reactive oxygen species
after 1 h from H,0O, treatment, the DCDHF-DA assay
was used (Figure 2). After treating HUVEC cells with
10 mM of hydrogen peroxide, a significant increase
in ROS production, compared to the control group
(untreated cells), was found (p < 0.001).

DCDHF-DA

S x'volwolwo’;mo:;wgw l'»}w;‘»;m 1o
FCNSIENEEN)
Figure 2.

The level of reactive oxygen species 1 h after
treatment with H,O, evaluated on HUVECs
cultures pre-treated with compounds 1a-j,
measured using DCDHF-DA
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As it can be seen in Figure 2, the ROS generation
was decreased after cell exposure to 0.315 ug/mL
of all TSCs tested and treatment with 10 mM of
hydrogen peroxide, compared to the group that was
only treated with HO, (p <0.001 for all the compounds
studied). Compared to the control group five
compounds (1b, 1d, 1f, 1i, 1j) exhibited a significant
(p < 0.01) reduction of ROS, 1d (p < 0.001) and 1f
(p <0.05) being the most active.

Conclusions

Twenty previously reported chromenyl - derivatives
were investigated for their in vitro antioxidant activities.
All of the tested chromenyl-TSCs had better DPPH
scavenging potential than BHT and some of them
were even more potent than ascorbic acid. Their
cyclization to chromenyl-TDZs lead to a drastic
decrease of the antiradical activity, most probably due
to the disappearance of a mobile hydrogen atom.
Three of the tested TSC derivatives significantly
reduced ROS production in HUVEC cells.
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