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Abstract

In the present work, five ligands of substituted 1,2,3-selenadiazole have been
synthesized and characterized and they have been tested as possible anti-oxidant and
anti-breast cancer. The synthesized compounds were prepared by the reaction of
selenium dioxide with a series of semicabazone derivatives in glacial acetic acid. The
prepared compounds have been characterized using different methods. The biological
activity of 1,2,3-selenadiazole compounds were examined against the growth of two
types of bacterial strains (E.coli and staphylococcus aureus). Also this study determined
the activity of 1,2,3-selenadiazole derivatives as antioxidants, and measured their ability
towards a, a-diphenyl-B-picrylhydrazyl (DPPH) free radical scavenging. It has been
found that they have good activity to reduce free radical’s effects. Inhibition of 1,2,3-
selenadiazole derivatives was carried out against human breast cancer cell (MCF-7)
growth by MTT. The measurements showed that the derivatives had a higher inhibition
rate than the complexes , the ICso of compounds Dz and Ds was ( 89.5 and 44.3) pg/ ml

respectively.
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1. Introduction

Selenium is a vital nutrient to health of human. It can be play as an antioxidant and it may help to
prevent a lot of illness. Recently may published papers proposes that a low level of selenium
might cause increasing of certain types of cancer. May researchers have been tried to study the
relation between selenium intake and breast cancer in patients [1]. Organoselenium rings
containing nitrogen are important category of heterocyclic compounds. They have attracted a
continuous interest during the last years due to their valuable biological applications as anti-
oxidant and anti-cancer agents. Selenium element has been well-known as a vital part of the
vital site for numerous seleno-enzymes where selenium is existing in the seleno-cyteine also in
seleno-methionine amino acid derivatives. Many types of glutathione peroxidases (such as
cytosolic glutathione peroxidase that is the first recognized selenoenzyme) defend cells against
peroxidative harm by reducing H2O2, free fatty acid hydroperoxides, and phospholipids
hydroperoxides [2-6]. Organo heterocyclic selenium compounds containing nitrogen such as
selenirenes, selenophenes, selenadiazoles, selenatriazoles and benzisoselanazolones show
promising results in a variety of chemopreventative studies. Organo heterocyclic selenium
compounds containing nitrogen are indicated biological activities as vital immune-stimulants,
inhibitors of enzymes, anti-oxidants, anti-inflammatory, anti-tumor, anti-viral and anti-microbial

agents [7].

The five-member ring selenium compounds which has two nitrogen atoms like 1,2,3-; 1,2,4- ;
1,34 and 1,2,5-selenadiazole are investigated as antifungal and antibacterial agents [8].
Furthermore, these types of heterocyclic compounds possess significant applications in the fields
of light-emitting diodes and conducting materials chemistry [9]. The interesting pharmacological
activities of selenium hetero-cycles compounds are well known [10]. Furthermore, selenium
element is a key constituent of numerous major metabolic pathways in human body, as well as
thyroid hormones metabolism, anti-oxidant resistance system, and immune role [11]. Moreover,
selenium supplementation could decrease the rate of many cancer types such as prostate, lung,
colon, and liver cancers [12, 13]. As well known that many of heterocyclic molecules having
nitrogen and sulfur hetero-atoms showed a varied range of biological activities [14]. Also, the
diazole ring is found in frequent anti-parasitic, fungicidal, and anti-inflammatory agents [15].

Several 1,2,3-selenadiazole rings were investigated to possess anti-tumor action [16]. In view of
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extraordinary pharmacological ability of selenadiazole molecules and its analog compounds and
in continuation with our previous works in the biochemistry [16-19], we report here in the
synthesis of 1,2,3-selenadiazoles molecules to be assessed pharmacologically as anti-tumor

compounds.

1. Experimental

Solvent that used in this study were purified in according to standard procedures. A
Shimadzu 8400S —Japan, FT-IR spectrophotometer has been used to record IR spectra. The UV-
visible spectra of the studied compounds were recorded on (UV 1800 Shimadzo) in ethanol

solvent. The melting points of studied compounds were recorded with an electro-thermal device.
2.1. Semicarbazones preparation: A General procedure

Semicarbazide hydrochloride (1.00 mmol) has been mixed with sodium acetate (1.00 mol) in
absolute ethanol solvent (50 mL). Then, the mixed compounds were heated under reflux for 15
min. The mixing was filtered while warm to remove NaCl precipitation. The filtrate was then
mixed with acetophenone, p-methylacetophenone, p-chloroacetophenone, p-bromoacetophenone
p-methoxyacetophenone (1:1 mmol) respectively. The resulting mixtures were refluxed and 3 ml
of conc. HCI were added and the mixture was heating under reflux was continued for 24 hours.
The ethanol solvent was removed under vacuum and the remainder was washed with chloroform
[22].

1.2. 1,2,3-selenadiazole compounds preparation: A General procedure

Semicarbazones (10 mmol) was dissolving in glacial CH3sCO2H (45 mL) with strong stirring
and moderate heating to 45-50 °C. The resulting mixture was treated with SeO> powder (10
mmol) and the solution was stirring vigorously. The color of the solution converts red after ca. 5
minutes. Checking of the reaction by thin layer chromatography (TLC) indicated that the
reaction was complete after 4 hours. The resulting solution was filtered then the filtrates spilled
into ice water and extracted with chloroform (3x50 mL). The collective organic layers have been
washed with saturated NaHCO3 solution and then dried by using anhydrous MgSOs and the
chloroform solvent has been removed under vacuum to give the 1,2,3-selenadiazole
compounds[9].
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1.3. Antibacterial Assay

The Selenadiazole compounds were dissolved in dimethyl sulfoxide (DMSO) at
concentration of 50mg/ml. Antibacterial activity of Selenadiazole compounds was confirmed
by the method of agar disc-diffusion in the department of biology, college of science, university
of Basrah . Sterile filter paper discs (6 mm diameter) moistened with the test prepared molecules
solution in DMSO of exact conc. 50mg/disc were carefully located on the agar culture plates that
had been already inoculated separately with the micro-organisms. The plates were incubated at

37 degree and the diameter of the growing inhibition zones were determined after one day [20].

1.4. a, a-diphenyl-B-picrylhydrazyl free radical scavenging assay

The a, o-diphenyl-B-picrylhydrazyl free radical scavenging activity of the Selenadiazole
derivatives were calculated by using the method reported previously with some
modification[21]. 1 mL aliquot of each samples at 5, 10, 15, 20 and 25 mg/mL was mixed with 1
mL of 0.1 mM a, a-diphenyl-B-picrylhydrazyl in CH3OH. The mixture was agitated strongly for
one min, and left to stand in the dark for one hour at room temperature. The absorbance
magnitudes was collected at 517 nm. Ascorbic and butylated hydroxytoluene acids have been
used as reference control. All measurements have been bone triplicate. The free radical
scavenging activity of samples, was expressed as percentage inhibition of DPPH using the

following equation:

0D of control — OD of test sample

YhScavenging = 0D of contral x 100 .1

1.5. Anti-breast cancer activity ( MTT assay)

Assay is dependedon  3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide MTT
)MTT(the transformation of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
to formazan crystals by living cells, which is determined the activity of mitochondrial. The
increasing or decreasing in the viable cells amount can be identified by calculating the

formazan conc. reflected in the optical density by using a plate reader at 540 and 720
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nanometer. This method was generally used to calculate the in vitro cytotoxic properties of

drugs on the cell lines or main patient cells[21].

2. Results and discussion

The first step of 1,2,3-selenadiazole preparation was included converted of a variety ketones
containing o-methyl groups into their corresponding semicarbazones by the reaction with
semicarbazide hydrochloride. The resulting semicarbazones molecules were reacted with
selenium dioxide reagent to give 1,2,3-selenadiazole compounds through the oxidative ring

closure reaction as shown in scheme 1.

0 0
. EtOH )J\ NH
_NH, Hel o > / 2 + NaCl
HoN N

H;C ONa

semicarbazide hydrochloride semicarbazide

o
o) )J\ CH,
NH,
HoN H/ R

R CHs - . N NH
EtOH/H
semicarbazone o
para-substituted acetophenone
H,N
SeOZ
AcOH
N—NH
semicarbazone para-substituted-1,2,3-selenadiazole
H2N

R = H,CH;,C1,0CH;,Br

Figure 1: Scheme of general equations of 1,2,3-selenadiazole preparation

Table 1 presents the structures of the prepared semicarbazone compounds, melting point ranges
and the percentage yields of the prepared semicarbazone. As shown in this table, the

semicarbazone have sharp melting point and they are compatible with the literature. [22,23]
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The infrared spectra of the semicarbazones compounds showed new strong band located at 1562-
1582 cm™ related to imine group. The carbonyl group showed strong band located at 1697-1743
cm™L. Furthermore, the amide group indicated peaks located at 3433-3221 cm™. Figure 2 shown

the IR spectra of acetophenone semicarbazone as example.

Figure 2: IR spectrum of acetophenone semicarbazone

Table 1 shown the structures of the prepared 1,2,3-selenadiazole derivatives, physical data
of the products. As shown in this table, the 1,2,3-selenadiazole derivatives have sharp melting
point and they are compatible with the literature [24-26]. The infrared spectra of the 1,2,3-
selenadiazole derivatives indicated disappear the peaks of amids , imine and carbonyls. New
peaks related to C-Se and N=N bonds have been appeared located at 509-528 cm™ and 1504-
1585 cm respectively. Figure 3 shown the IR spectra of 4-phenyl-[1,2,3]-selenadiazole as

example.
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Figure 3. IR spectrum of 4-phenyl-[1,2,3]-selenadiazole

Antibacterial testing the Selenadiazole compounds were investigate to detect the antibacterial
activity at conc. 50 mg/ml. The antibacterial activities were tested against Escherichia coli
(Gram-negative bacteria) and Staphylococcus aureus (Gram-positive bacteria) on nutrient agar

plates at 37 degree for a day by using (chloramphenicol,10 mg/ml) as reference agent.

Table 1: Structure and the physical data of the prepared semicarbazone

Name Structure Melting point Yield
Acetophenone semicarbazone CHs 203-205°C %74
N——NH
o
H,N
4-Methyl-acetophenone semicarbazone : tCHs 207°C %65
H3C \
N——NH
>:O
H,oN
4-chloro- acetophenone semicarbazone CHs 202-204°C %67
Cl \
N——NH
o
H,N
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4-methoxy- acetophenone CHs 195-197°C %45
semicarbazone H3004®_<\
N——NH
(¢]
H,N
4-bromo- acetophenone semicarbazone : iCHa 213-215°C %82
Br \
N——NH
[¢]
HoN
Table 2: Structure and the and the physical data of the prepared 1,2,3-selenadiazole
Name Structure Melting Yield
point
4-phenyl-[1,2,3]-selenadiazole N4N 75-76°C 68%
D1 Se /
4-(4-Methyl-phenyl)-[1,2,3]- N¢N 88-89°C 33%,
selenadiazole | CH,
D2 o )
4-(4-chloro-phenyl)-[1,2,3]- N¢N 131-132°C 65%
selenadiazole |
D3 S
4-(4-methoxy-phenyl)-[1,2,3]- N¢N 101°C 69%
selenadiazole OCH
3
o4 L
4-(4-bromo-phenyl)-[1,2,3]- 137-139°C 44%

selenadiazole
D5

the terms and conditions of the Creative Commons Attnbution-
MNonCommercial 4.0 International (CC BY-NC 4.0 license)
(hitp:/ /creativecommons orglicenses bv-pe/4.07).

'E' This article is an open access article distributed under

487




Basrah Journal of Science Vol. 38(3) 480-496, 2020

Table 3. Antibacterial Activity of Selenadiazole compounds

Compound Concentration Zone of inhibition (mm)
(mg/ml) Staphylococcus aureus Escherichia coli
C - 0 0
S 10 40 40
D1 50 18 0
D2 50 12 0
D5 50 21 0

C; control(DMSO solvent), S; standard(Chloramphenical),D1; 4-phenyl-[1,2,3]-selenadiazole ,
D2; 4-(4-Methyl-phenyl)-[1,2,3]-selenadiazole , D5; 4-(4-bromo-phenyl)-[1,2,3]-selenadiazole.

The data of the Selenadiazole molecules of initial anti-bacterial testing are given in Table 3.
The data indicated that, in overall, the inhibitory activities against the Gram-negative bacteria
was less than that of Gram-positive bacteria. Compound D5 showed greater activity than the
compound D1 and then D2 [27-29].

Table 4. o, a-diphenyl-B-picrylhydrazyl radical scavenging rate of the Selenadiazole

molecules
Concentrati DPPH radical scavenging rate (%)
on
(mg/ml) BHT AAC D1 D2 D5
93.95 93.95 59.73
25 89.59% 70.13%
% % %
92.95 89.26 40.60
20 82.55% 48.99%
% % %
87.58 75.80 23.48
15 62.08% 17.78%
% % %
83.55 74.80 18.45
10 60.40% 22.81%
% % %
D6 This article is an open access article distributed under 488

the terms and conditions of the Creative Commons Attribution-
NenCommercial 4.0 International (CC BY-NC 4.0 license)
(hitp:/ /creativecommons org/ licenses ‘bv-ne/4.0/7.




Basrah Journal of Science Vol. 38(3) 480-496, 2020

81.87 64.09 14.42
5 54.69% 16.10%
% % %

DPPH; 1,1-diphenyl-2-picrylhydrazyl, BHT; Butylated hydroxytoluene, AAC; Ascorbic acid;
D1; 4-phenyl-[1,2,3]-selenadiazole, D2; 4-(4-Methyl-phenyl)-[1,2,3]-selenadiazole , D5; 4-(4-
bromo-phenyl)-[1,2,3]-selenadiazole.

The Selenadiazole compounds were tested for antioxidant property by 1,1-diphenyl-2-
picrylhydrazyl (DPPH) methods [21]. The nitrogen centered stable free radical a, a-diphenyl-p-
picrylhydrazyl is used to describe antioxidants properties. It is reversibly decreased and the odd
electron in the o, a-diphenyl-p-picrylhydrazyl free radical offers a robust absorption A max. at
517 nm, which is have purple color. This possession makes it appropriate for spectro-
photometric studies. The a, a-diphenyl-B-picrylhydrazyl stable free radical reacts with radical
scavenging antioxidant and gives 1,1-diphenyl-2-picrylhydrazine. The de-colorization
production is stoichiometric respecting to the captured electrons number . The antioxidant has

been determined according to the change of absorbance produced of the reaction [30].
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Figure 4: a, a-diphenyl-p-picrylhydrazyl free radical scavenging rate of the
Selenadiazole molecules at different conc. Ascorbic and Butylated

hydroxytoluene acids were used as reference control.

Carcinogenesis can be caused by free radicals both endogenous and exogenous,
atherosclerosis through the interaction with cellular biological molecules , aging, and
inflammation [31]. The Selenadiazole compounds exhibited high DPPH radical scavenging rate
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compared with reference control of ascorbic and butylated hydroxytoluene (BHT) acids
(ACC)[32]. Their does-effect relationship was shown in Table 4. and Figure 4.

Table 5 The cytotoxic effects of D3 compound in three concentrations against cell lines
(MCF-7) (cell from breast cancer) was evaluated by using MTT assay

5ug/ml 100pg/ml 125ug/ml

%lnhibition of

89.5ug/ml
D3 HY

Table 6. The cytotoxic effects of D4 compound in three concentrations against cell lines
(MCEF-7) (cell from breast cancer) was evaluated by using MTT assay

100ug/ml

%Inhibition of
D4

44 3ug/ml

The effects of cytotoxic for the synthesized molecules against cell lines (cell from breast
cancer) (MCF-7) was investigated by using MTT assay. The cytotoxic actions of the investigated
molecules were presented as ICso pg/ml, which is the dose that decrease survival to 50% as
shown in Table (5) and (6). When treated with D3 the concentration that inhibits cancer cells to
50%(1Cso) of the compound is 89.5 pug/ml , while it was found that the concentration that inhibits
cancer cells to 50% (ICso) of compound D4 is 44.3 pg/ml . The cells were imaged under a
microscope after being stained with acridine orange-ethidium bromide for D3 and D4 molecules,
it was found that the control group of cells maintained their original shape. While compound D3
and D4 show good activity to inhibit the proliferation of cancer cells. Some properties of
apoptosis were observed such as , membrane separation, loss of contact with adjacent cells, and
decrease in the number of cells. This indicates that the Dzand D4 compounds have the potential to

induced apoptosis and inhibit the cancer cell proliferation.
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3. Conclusions

The antibacterial activity of 1,2,3-selenadiazole molecules was investigated against the
growth of two types of bacterial strains (E.coli and staphylococcus aureus ). They indicated a
good activity against this type of bacterial strains. Furthermore, the studied compounds shown a
good activity to reduce the free radical’s effects. Inhibition of 1,2,3-selenadiazole derivatives
was carried out against human breast cancer cells (MCF-7) growth by MTT , the measurements
indicated that the derivatives had a higher inhibition rate than the complexes , the 1Cso of
compound Dz and Dswas( 89.5 and 44.3) pg/ ml respectively.
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