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ABSTRACT. The current study dealt with selenium metal ion complexes with mixed ligands, consisting of 
nicotinamide (vitamin B3) as the first ligand, and amino acids such as (histidine, tryptophan, and tyrosine) as the 
second ligand. It was synthesized in (1:1:1) (selenium: vitamin: amino acid) in molar ratio. By using different 
characterization techniques such as elemental analysis, the conductance, FTIR, XRD, UV-Vis, TG/DTG, 1H-NMR, 
XRD, SEM, TEM analyses, the chemical structures and the morphological properties of the synthesized complexes 
were checked and discussed. The nicotinamide was coordinated as monodentate ligand via the nitrogen of pyridine 
ring but all amino acids as a secondary ligand coordinated as bidentate through oxygen of carboxylic group and 
nitrogen of amino group. The complexes demonstrate antioxidant activity with potent scavenging property, the 
synthesized in the form of nanometer give great importance in increasing efficiency of absorption of human cells to 
selenium giving the highest efficiency of medical product. All complexes in this study were evaluated for their 
anticancer effect towards HepG2 and A2780 cell lines. From these data the complex (Se/Nia/ Tyr) can be used as 
antitumor agents. 
   
KEY WORDS: Selenium, Amino acids, Vitamin B3, Mixed ligand, Complexes, Antioxidant 
 

INTRODUCTION 
 
Selenium is one of the trace elements which plays an active role in many biological systems [1] 
and has great importance in nutrition and medicine [2, 3]. Selenium similarly to Sulfur owing to 
present in the same group it's have tendency to form compounds involved in biological systems 
[4] and both have ability to transfer light to electricity which is called photovoltaic and 
photoconductive, which has important use in photography, solar cells, and xerography. Selenium 
exists in one of three biological forms in the body. First one, selenoproteins which consists of 
selenocysteine residues and play essential selenium-dependent roles in oxidation and reduction 
reactions. Second, selenium binds with nonspecific plasma proteins such as albumin, globulins 
and may help in distribution of selenium; they may directly bond selenium or contain it as 
selenocysteine or selenomethionine instead of cysteine and methionine, respectively. Third, there 
are many forms inorganic of inorganic selenium in transport throughout the body, such as 
selenate, selenides, and selenium (Se°) element. The known specific selenoproteins-glutathione 
peroxidase, iodothyronine5-deiodinases, and thioredoxin reductase at the active site contain a 
selenocysteine residue. The most research of these is glutathione peroxidase, which corresponds 
to detoxification of reactive species of oxygen [5, 6]. The deficiency of Selenium affects about 
half a billion person each year [7] A lot of diseases may develop and worsen, such as, depression 
[8], cardiovascular crises, tumor disorders, thyroid dysfunction, or spread of viruses [9], it is 
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lowering the viability of sperms [10], but some studies also published about the selenium's ability 
of delaying ageing [11, 12].  

Recently amino acids have attracted a lot of interest as effective chelators because they form 
strong chemical bonds [13]. The mineral atoms that function as food minerals are those that are 
of interest [14]. Twenty natural amino acids make up the basic components of proteins and are 
necessary for the execution of a wide range of biological processes [15]. The coordination 
statement occurs naturally in the body to facilitate the transfer of minerals across the intestinal 
wall as part of digestion process [16]. The complexity of mineral amino acids in recent years are 
useful as antitumor agents, and antimicrobial agents. Amino acid's structure containing two main 
groups (carboxylic acid and amine) which attached to chiral carbon atoms are significant in the 
study of biochemistry. α-Amino acid general chemical formula is H2NCHRCOOH [17]. Amino 
acids are the fundamental chemical components of proteins, which take part in the formation of 
all living things and play a vital role in biochemical processes [18]. Their chelating group NH2 or 
COOH groups allow them to coordinate excellent with transition metals, making them very 
capable of being great catalysts [19]. It was discovered that protein structural stability and 
enzymatic activity are both caused by interactions involving amino acids [20]. A useful area of 
research is the complexity of mineral amino acids, which can be used in computer simulations to 
identify the interaction of metalloprotein in biological systems. [21-26]. 

With the ability to achieve an increased therapeutic impact while combining with a decreased 
toxicity, the research field of metal drug complexes has recently attracted significant interest. We 
are aware of very little research on the chelation of vitamin A with selenium(IV) metal ions, and 
the literature has no interpretation explanation for spectroscopic characterizations. The 
explanation is dependent on the drug capacity to form complex relate with vital metal ions 
antioxidant like selenium(IV). The vitamin B13 known as orotic acid (OA), which assists with 
vitamin B9 metabolism, is a nucleic acid base, particularly the uracil base, acts as an intermediate 
in the production of pyrimidines [27]. This substance is employed in medicine as a bio-stimulator 
of ionic exchange mechanisms [28-36]. The focus of the current work was on synthesized new 
selenium(IV) complexes with mixed ligands, which included histidine, tryptophan, and tyrosine 
as the second ligand and one of an interesting vitamins like vitamin B3, as the first ligand. 

 

EXPERIMENTAL 
 
Chemicals  
 
All chemicals in this study were used without any further treatment. Distilled water used in all the 
experiments was obtained by Milli-Q direct 8 purification system (Millipore, France). Amino 
acids Tyr, Trp, His, nicotinamide (Nia), and SeCl4 were purchased from (Sigma-Aldrich). 
NH4OH, methanol, diethyl ether, dimethyl sulfoxide (sigma, Aldrich). 
 
Synthesis of Se amino acid-nicotinamide mixed ligand complexes 
 
The complexes were prepared with stoichiometry Se:L1:L2 (1:1:1) where L1 = His, Trp, Tyr and 
L2 = nicotinamide. A mixture of 25 mL (1 mmol) of methanol solution of amino acid and 25 mL 
(1 mmol) of methanol solution of nicotinamide were added slowly to 25 mL (1 mmol) of SeCl4 
in methanol solution. After neutralization using ammonium hydroxide, the solution was refluxed 
for 4 hours at 60 oC. The resulting faint brown to red-brown solution was reduced to half of their 
volume then the solid precipitate was collected and washed with hot methanol and dried over 
anhydrous CaCl2.  
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Instrumentations 
 
The molar conductance of the prepared 10 mol/cm3 Se(IV) complexes in DMSO solution was 
measured by HANNA Edge conductivity meter. The microanalytical analyses (% carbon, % 
hydrogen and % nitrogen) contents have been measured by using a Perkin Elmer CHN 2400 
(USA). The metal content was determined gravimetrically by converting the compounds into their 
corresponding carbides or oxides.  IR spectroscopy is used to characterize a new substance. First, 
a background spectrum is performed to provide a relative scale for transmittance strength, the 
yield spectrum in which the instruments attributes are disregarded, such that the spectra produced 
from samples contain just the spectral features of the samples. FT-IR spectra is considered 
molecular fingerprint of the material. Infrared spectra of Se(IV) complexes were measured in the 
range of 400-4000 cm-1 on FT-IR Nicolet 6700, Thermo scientific, USA. The 1H-NMR spectra of 
Se complexes were recorded on JEOL resonance NMR spectrometer, using DMSO–d6 as solvent 
and TMS as an internal reference. Thermogravimetric analysis was carried out in the temperature 
range of 25 to 600 oC in nitrogen atmosphere by thermogravimetric analyzer, Shimadzu, TGA–
51 with heating rate 10 oC/min with platinum crucible X-ray diffractometer (Bruker D8 Adv., 
Germany) with Ni-filtered Cu-Ka line as the radiation source (λ = 1.54056 Å) was used to create 
XRD patterns. X-ray diffractogram rang in 2θ = 10-80o at room temperature. The UV-Vis spectra 
were measured in DMSO solvent with concentration (10-3 M) for the free amino acids, vitamins 
ligands and their complexes using Agilent Cary 60 spectrophotometers (Agilent technologies, 
USA) with 1 cm quartz cell, in the range 200-900 nm. Scanning electron microscopy was used to 
analyze the morphological of the surface using (SEM, JEOL.JSM-6610LV, Tokyo, Japan) SEM 
employs a scan of closely focused electron beam across the surface of the samples. The 
transmission electron microscopy images were performed using JEOL JEM-1200 EX II, Japan at 
60-70 kV. 
 
Antioxidant activities Assessment  
 
The scavenging activity of all produced compounds was assessed against DPPH (diphenyl picryl 
hydrazyl) [37]. The stable free radical DPPH can convert into a stable, diamagnetic molecule by 
accepting an electron or a hydrogen radical. At 517 nm, DPPH has a significant absorption band. 
To reach a critical concentration (0.1 mmol/L), the test samples were dissolved in 1.5 mL of 
aqueous methanol (0.2 mmol/L) and then added to an equivalent volume of (0.2 mmol/L) DPPH 
solution. Several test solution concentrations (2.5, 5, and 10 µg/mL) were added to the DPPH 
solution. The absorbance was measured at 517 nm against a blank after 30 min of incubation at 
20 oC with vigorous shaking. The experiment was run three times, and the outcomes were 
averaged. Equation 1 was used to calculate the % of inhibition (I%) of free radical generation 
from DPPH. 

% � =
����������������

��������
× 100                                                                                                 (1) 

where after t = 30 min A sample is the absorbance of various absorptions and A control is the 
absorbance of a blank DPPH serves as a check (alone). 
 
Cytotoxicity and anticancer activity  
 
The cytotoxicity of medications is evaluated using the colorimetric MTT test. The determine cell 
viability, the MTT test involves the reduction of MTT, a tetrazolium dye, to insoluble formazan 
(purple color) in living cells [38] By adding an appropriate solvent, the insoluble purple formazan 
is converted into a colorful solution. This colored solution's absorbance can be measured at a 
specific wavelength of 570 nm. By comparing the amount of purple formazan produced by 
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untreated control cells with dosage response curves, it is possible to estimate a drug's capacity to 
kill cells. (100 μL per well) in a 96-well plate was used to seed the cancer cells. Cells were cultured 
with 50 μM of each test substance or DMSO (0.5% v/v) for an entire night at 37 °C and 5% CO2. 
MTT (3-(4,5-dimethylthiazoyl)-2,5-diphenyl-tetrazolium bromide (MTT) (5 mg/mL phosphate 
buffered saline (PBS)) was added to the plate after 48 hours of incubation, and the plate was then 
incubated for 4 hours. After that, formazan crystals were dissolved using an acidified sodium 
dodecyl sulfate (SDS) solution (10% SDS with 0.01 N HCl in 1x PBS). A Biotek plate reader 
(Gen5TM) was used to measure the absorbance at a wavelength of between 570 and 630 nm after 
14 hours of incubation [39-42]. Based on the results of the preliminary screening, the cells were 
exposed to serial dilutions of compounds 1-6 for 48 hours, after which the vitality of the cells was 
assessed using the MTT reagent. 

RESULTS AND DISCUSSION 
 
Microanalytical and molar conductance measurements  
 
The synthesized selenium(IV) mixed ligand complexes were isolated in solid state forms which 
are stable in room temperature and soluble in DMSO as organic solvent. The molar conductance 
values of [Se(Nia)(His)Cl]Cl2 (I), [Se(Nia)(Trp)Cl]Cl2 (II) and [Se(Nia)(Tyr)Cl]Cl2 (III) are 97, 
93 and 102 Ω–1cm2 mol–1, respectively confirmed that the electrolytic nature for the three 
complexes, because the presence of two chloride ions outside the coordination sphere and one 
chloride ion inside the coordination sphere [43]. The presence of coordinated chloride was 
characterized using AgNO3. Elemental analysis data (Table 1) % carbon, % hydrogen and % 
nitrogen as well as % Se metal was in good agreement with the proposed structure formula. 
 
Table 1. Elemental analysis and physical results of [Se(Nia)(AA)-1] complexes (AA = His, Trp and Tyr). 
 

Complexes M.wt g/mol Color m.p. oC 
(Cal.)/Found M.C. 

 %C %H %N 

 (I) 460.59 
Faint 

brown 
˃250 0C 

(31.29) 
30.9 

(2.84) 
3.8 

(15.2) 
14.3 

97 

 (II) 509.67 
Reddish 
brown 

˃250 0C 
(40.1) 
39.4 

(3.3) 
3.9 

(10.9) 
11.8 

93 

(III) 486.63 
Dark 

brown 
˃250 0C 

(37.02) 
36.2 

(3.10) 
3.5 

(8.63) 
9.1 

102 

M.C. = Molar conductance, Ω–1cm2 mol–1. 

 
Electronic spectra 
 
UV-Vis spectra of Se(IV)/Nia/amino acid mixed ligand complexes in DMSO solvent are 
measured, showing noticeable absorption peaks within the region of 270-490 nm. The formation 
of nicotinamide/amino acids SeNPs was confirmed using UV-Vis electronic spectral scanning, 
due to change the color from colorless of Se(IV) chloride to brown – reddish brown colored 
(SeNPs), with absorption maximum (λmax) at (270-390 nm). The charge transfer from ligand to 
metal M→L, was allocated to absorption band at 480 nm [44]. 
 
Infrared spectral studies 
 
The IR spectrum of [Se(Nia)(AA)] complexes (1-3) are shown in Figure 1. In Table 2, the bands 
ʋas(N-H) and ʋs(N-H) of CONH2 group are shifted to lower or higher wavenumber in comparison 
with free nicotinamide, it might be explained by the formation of hydrogen bonds between the 
NH2 and CO group [45]. The recorded FT-IR spectra of Se nanoparticle complexes (1-3) did not 
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notice the participation of nitrogen of amido group in complexation with Se. The spectra of the 
complexes showed a shift in the pyridine ring bands of free nicotinamide at 1599, 1570, and 1400 
cm-1, indicating involvement of nitrogen atom of pyridine ring in coordination. Overall, spectra 
illustrate that nicotinamide was binding as a monodentate ligand. The bands of ʋas(N-H) and           
ʋs(N-H) appeared at (3360-3110 cm-1) and (3120-3090 cm-1), respectively in the spectra of free 
amino acid were shifted to higher wave number (3420-3350 cm-1) and (3195-3100 cm-1) in the 
spectra of the complex, which proposed coordinating the amino group with the metal through 
nitrogen. The coordination of a carboxylic acid group via oxygen with selenium was revealed by 
the shift of the free amino acids as ʋasCOO- wavenumber to a lower one in the complexes' spectra. 
The difference between ʋsCOO- and ʋasCOO- increased as the M-O bond character became more 
covalent. Therefore, in the complex neutral nicotinamide ligand coordinate via pyridine nitrogen 
the amino group nitrogen and carboxylate oxygen in the amino acid served as a monobasic 
bidentate ligand. The bands observed at the 530-590 cm-1 and 510-425 cm-1 assigned to ʋ (M-O) 
and ʋ(M-N) vibrations, respectively.  
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Figure 1a. Infrared spectra of nicotinamide (Nia), histidine (His) ligands and Se(IV) complex. 
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Figure 1b. Infrared spectra of nicotinamide (Nia), tryptophan (Try) ligands and Se(IV) complex. 
 
Table 2. The IR spectral bands of [Se(Nia)(AA)-1] complexes. 

 

Compounds 
                                       Assignments 

νas(NH2) νs(NH2) δ(NH2) νas(COO) + Ph νs(COO) 

Nia 3370 3170 1660 
1599, 1570,  

1340 
-- 

His (I) 3400, 3300 3190 1680 1615, 1410 1410 
Trp (II) 3420, 3390 3200 1695 1612, 1410 1400 
Tyr (III) 3200 3100 1699 1609, 1399 1399 
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Figure 1c. Infrared spectra of nicotinamide (Nia), tyrosine (Tyr) ligands and Se(IV) complex. 
 
1H-NMR spectra studies 
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Scheme 1. The association pathway of [Se(Nia)(His)(Cl)].2Cl complex. 
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1H-NMR (DMSO-d6) spectral data of nicotinamide δ = 9.00, 8.76, 8.20, 7.55 (4H, aromatic 
pyridine ring), and 7.80 (2H, NH2); 1H-NMR (DMSO-d6) spectral data of histidine δ = 13.00 (1H, 
NH imidazole ring), 12.89 (1H, –OH propanoic acid), 8.64 (2H, NH2), 8.73, 7.66 (2H, aromatic 
imidazole ring), 4.18 (1H, –CH propanoic acid), and 3.17, 2.92 (2H, –CH2 propanoic acid); 1H-
NMR (DMSO-d6) spectral data of [Se(Nia)(His)(Cl)].2Cl complex (Scheme 1) δ = 9.00, 8.70, 
8.10, 7.60, 7.50, 6.10 (protons of aromatic imidazole ring, pyridine ring and NH2), 3.46, 2.45 
(protons of –CH, –CH2 propanoic acid). The 1H NMR spectrum of the [Se(Nia)(His)(Cl)].2Cl 
complex was recorded in DMSO. The proton NMR spectrum data of the histidine ligand indicates 
the appearance of a signal in the range of 12.89 ppm due to the presence –OH carboxylic acid 
proton, this chemical shift of this proton is disappeared due to the involvement in the complexation 
toward selenium metal ions. In the aromatic region a few overlapping signals at range 9.00–6.10 
ppm, these signals are up field to lower chemical shift due to the involvement of nitrogen of 
pyridine ring in the complexation. The signal due to –NH2 protons of histidine ligand appeared as 
a singlet peak at 8.64 ppm is shifted to up field (lower chemical shift) after coordination process 
due to sharing of nitrogen –NH2 in chelation towards selenium metal ions. Another peak 
corresponding to protons of –NH2 of nicotinamide is observed in the range of 7.80 ppm is not 
affected after complexation due to don’t involvement in coordination. 

 

N

O

NH2

O

O

H2N

N
O

H2N Se
Cl

2Cl

SeHCl

Cl

Cl

Cl

Selenium tetrachloride

Nicotinamide

[Se(Nia)(Trp)(Cl)].2Cl

NH2

H
N

O
OH

Tryptophan

H
N

 
Scheme 2. The association pathway of [Se(Nia)(Trp)(Cl)].2Cl complex. 
 

1H-NMR (DMSO-d6) spectral data of nicotinamide δ = 9.00, 8.76, 8.20, 7.55 (4H, aromatic 
pyridine ring), and 7.80 (2H, NH2); 1H-NMR (DMSO-d6) spectral data of tryptophan δ = 10.79 
(1H, NH indole ring), 12.89 (1H, –OH propanoic acid), 8.71 (2H, NH2), 7.58, 7.33, 7.20, 7.06, 
6.98 (5H, aromatic indole ring), 4.18 (1H, –CH propanoic acid), and 3.31, 3.06 (2H, –CH2 
propanoic acid); 1H-NMR (DMSO-d6) spectral data of [Se(Nia)(Trp)(Cl)].2Cl complex (Scheme 
2) δ = 8.90, 8.60, 8.20, 7.80, 7.45, 6.92 (protons of aromatic indole ring, pyridine ring and NH2), 
4.00, 2.45 (protons of –CH, –CH2 propanoic acid). The 1H NMR spectrum of the 
[Se(Nia)(Tph)(Cl)].2Cl complex was recorded in DMSO. The proton NMR spectrum data of the 
tryptophan ligand indicates the appearance of a signal in the range of 12.89 ppm due to the 
presence –OH carboxylic acid proton, this chemical shift of this proton is disappeared due to the 
involvement in the complexation toward selenium metal ions. In the aromatic region a few 
overlapping signals at range 8.90–6.92 ppm, these signals are up field to lower chemical shift due 
to the nitrogen of nicotinamide-pyridine ring involvement in the complexation. The signal due to 
–NH2 protons of tryptophan ligand appeared as a singlet peak at 8.71 ppm is shifted to up field 
(lower chemical shift) after coordination process due to sharing of nitrogen –NH2 in chelation 
towards selenium metal ions. Another peak corresponding to protons of –NH2 of nicotinamide is 
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observed in the range of 7.80 ppm is not affected after complexation due to don’t involvement in 
coordination. 
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NH2
HO

O

OH2
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Scheme 3. The association pathway of [Se(Nia)(Tyr)(Cl)].2Cl complex. 
 

1H-NMR (DMSO-d6) spectral data of nicotinamide δ = 9.00, 8.76, 8.20, 7.55 (4H, aromatic 
pyridine ring), and 7.80 (2H, NH2); 1H-NMR (DMSO-d6) spectral data of tyrosine δ = 9.06 (1H, 
OH hydroxyphenyl ring), 12.89 (1H, –OH propanoic acid), 8.71 (2H, NH2), 6.96, 6.68 (4H, 
aromatic hydroxyphenyl ring), 4.18 (1H, –CH propanoic acid), and 3.42, 3.17 (2H, –CH2 
propanoic acid); 1H-NMR (DMSO-d6) spectral data of [Se(Nia)(Tyr)(Cl)].2Cl complex (Scheme 
3) δ = 8.60, 8.20, 7.75, 6.90, 6.80 (protons of aromatic hydroxyphenyl ring, pyridine ring and 
NH2), 3.60, 2.45 (protons of –CH, –CH2 propanoic acid). The 1H NMR spectrum of the 
[Se(Nia)(Tyr)(Cl)].2Cl complex was recorded in DMSO. The proton NMR spectrum data of the 
tyrosine ligand indicates the appearance of a signal in the range of 12.89 ppm due to the presence 
–OH carboxylic acid proton, this chemical shift of this proton is disappeared due to the 
involvement in the complexation toward selenium metal ions. In the aromatic region a few 
overlapping signals at range 8.60–6.80 ppm, these signals are up field to lower chemical shift due 
to the participation of nitrogen of nicotinamide-pyridine ring in the complexation. The signal due 
to –NH2 protons of tyrosine ligand appeared as a singlet peak at 8.71 ppm is shifted to up field 
(lower chemical shift) after coordination process due to sharing of nitrogen –NH2 in chelation 
towards selenium metal ions. Another peak corresponding to protons of –NH2 of nicotinamide is 
observed in the range of 7.80 ppm is not affected after complexation due to don’t involvement in 
coordination.  

Nuclear magnetic resonance (NMR) spectroscopy confirmed the putative molecular structures 
of the metal complexes. Summarized, the peak at δ 8.71 in the amino acid ligand due to proton of 
NH2 shifted to up field in [Se(Nia)(His)(Cl)].2Cl, [Se(Nia)(Trp)(Cl)].2Cl and 
[Se(Nia)(Tyr)(Cl)].2Cl complexes because of coordination of the NH2 group with selenium ion. 
Furthermore, another evidence of coordination at the site is that the δ (~ 9.00 – 6.00) of aromatic 
rings is slightly shifted. The absence of –OH of carboxylic group in the proton spectra of the three 
selenium metal complexes associated by mixed two ligands (nicotinamide and amino acids) 
substantiates the involvement of carboxylate–oxygen atom in the coordination mode. 
 
Thermogravimetric analysis of the [Se(Nia)AA] complexes (1-3) 
 
TGA curves of the three selenium(IV) complexes (I-III) showed the same thermal behavior. 
Thermal decomposition of complex (I) took place in three decomposition steps between 100–600 
oC. The first step of decomposition occurred in the range 100–190 oC at maximum differential 
thermogravimetric peak DTGmax = 120 oC with mass loss 15% attributed to loss of Cl2 molecule. 
The second step of decomposition occurred in the range 200–300 oC at maximum differential 
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thermogravimetric peak DTGmax = 270 oC with mass loss 67% attributed to loss of chloride ions 
and organic moieties include nicotinamide and histidine amino acid. The third decomposition step 
occurred at peak DTGmax 550 oC with mass loss 16% attributed to loss of selenium by sublimation 
process. Few carbon atoms as residue after thermal cracking. 

Thermogram of complex (II) has been shown in three decomposition stages. The first stage of 
decomposition occurs at maximum differential thermogravimetric peak DTGmax = 110 oC with 
mass loss 20% attributed to loss of 3Cl ions. The second stage of decomposition at DTGmax = 265 
oC with mass loss 64% assigned to loss of nicotinamide, tryptophane organic molecules. The third 
stage occurred at peak DTGmax = 580 oC with mass loss 15% attributed to sublimation of selenium. 
few carbon atoms as residue after degradation. 

The thermal decomposition of the complex (III) proceeds with two main degradations steps. 
The first stage occurs at a maximum temperature of 290 oC the found weight loss associated with 
this step is 82.7% and may be attributed to loss of 3Cl ions and two organic molecules tyrosine 
and nicotinamide which compatible with the calculated value of 82.4%. The second stage 
occurred at DTGmax = 400 oC with weight loss associated with this stage 17.6% which 
corresponding to sublimation of selenium.  
 
Morphological analysis (XRD, SEM, TEM). 
 
XRD spectrum of Se complex 
 
Figure 2 shows the X-ray diffraction patterns of Se complexes as SeNPs. The complex (I) shows 
the diffraction peaks located at 2θ are 14.8o, 19.8o, 21.2o, 22.8o, 25o, 26o, 27o, 28o, 29.5o, 31o, 32.7o, 
46.9o, 52o, 58.3o, 68.3o, 73o and 77.9o, corresponding to the Se, Nia and His Planes of selenium 
complex. For complex (II) recorded diffraction peaks located at 2θ degree 14.87o, 18.66o, 21.8o, 
23.2o, 25.8o, 27.4o, 29o, 32.8o, 47o, 52.8o, 58.3o, 68.5o and 78o, corresponding to the Se, Nia and 
Trp Planes of selenium complex. The diffractogram of complex (III) assigned diffraction peaks 
located at 2θ 22.6o, 23.2o, 32.7o, 40.4o, 46.9o, 52.9o, 58.3o, 68.5o, 58.3o, 72.3o and 77.9o, 
corresponding to the Se, Nia and Tyr Planes of selenium agreement with the data in literature 
[46]. The crystallite size of selenium was calculated using Scherrer's equation [47]. 

D = 0.89λ / β Cos θ                                                                                                                        (2) 

where D = grain size, K = constant, taken to be 0.94, λ = wavelength of X-ray radiation, β is the 
full width at half maximum and θ is the angle of diffraction. The crystallite size was calculated 
and was found to be 5-10 nm for selenium nano particle. 
 
SEM and TEM photos of Se(IV) complex 
 
SEM images can also be seen that SeNPs are of several micrometers in length with diameters 
ranging from 5 μm. The surface morphology was found to change with changes mixed ligand with 
images having large number of regularly shaped grains and small number of irregularly shaped 
grains. TEM images of Se(IV) complex nanoparticles resulting from the complex between Se(IV) 
chloride salt and two ligand (vitamin and amino acids) molecules are displayed in Figure 3. After 
chelation, the particle size was found to be within range of (5-10 nm) with spherical spots, which 
compatible with X-ray diffraction data. 
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Figure 2. XRD spectrum of Se(IV) complexes (A) (Se/Nia/His), (B) (Se/Nia/Trp), and (C) 

(Se/Nia/Tyr). 
 

  

  
 
Figure 3A. TEM image of complex 
(Se/Nia/His). 

 
Figure 3B. TEM image of complex 
(Se/Nia/Try). 
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Figure 3C. TEM image of complex 
(Se/Nia/Tyr). 

 

 
Antioxidant activity of Se complex 
 
The antioxidant effect of synthesized selenium(IV) complexes (1-3) was evaluated using DPPH 
method. The chemical composition affects the radical scavenging activity of the tested compound 
(Table 3). At all concentrations (2.5, 5 and 10 μg/mL) the tested compounds (1 and 2) demonstrate 
moderate radical scavenging activity compared to ascorbic acid. The variation in the antioxidant 
effect results may be due to redox properties. Generally, chelate ring size, axial ligation degree of 
unsaturation in the chelate ring, are the factors which affect the redox properties of complexes 
[48]. 
 
Table 3. Antioxidant activity of compounds 1-3.    
  

Compound 
% Inhibition 

IC50 (µg/mL) 
at 2.5 µg/mL at 5 µg/mL at 10 µg/mL 

(Se/Nia/His) 24.73 28.17 32.09 30.46 ± 0.37 
(Se/Nia/Try) 17.48 20.39 25.87 23.74 ± 0.31 
(Se/Nia/Tyr) 10.67 17.28 25.09 21.29 ± 0.25 
Ascorbic acid 7.23 8.19 9.15 10.42 ± 0.11 

All experiments were carried out in triplicates and data are expressed as mean ± SD. 

 
Cytotoxicity effect of Se complex 
 
The analysis (Table 4) revealed that compounds 1-3 has cytotoxic activity at the tested 50 µM 
concentration after 48 hours. The concentration that kills 50% of cells was determined after 
incubating the cells with serial dilutions (50, 25, 12.5, 6.25, 3.125, 1.56 µM) of each compound. 
Sorafenib was used as a positive control while 0.5% DMSO was used as a negative control. In 
vitro cytotoxicity activity of [Se(AA)(Nia)] complexes (1-3) were tested against HepG2, A2780 
and HSF cell lines in the presence of sorafenib standard drug . The results evaluated upon 
determination of inhibitory concentration of (IC50), the data was listed in Table 4. In comparison 
between data of Se (IV) complexes and sorafenib standard, the [Se(Tyr)(Nia)] complex has IC50 

equal 6.04 μM against HepG2 cell line and 6.98 μM against A2780. From these data can be 
deduced that [Se(Tyr)(Nia)] complex can be used as antitumor drug. 
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Table 4. IC50 for compounds 1-3 towards the cancer cells. HSF = normal human skin fibroblast. 
 

Compound Cytotoxicity, IC50 (µM) 

HepG2 A2780 HSF 

(Se/Nia/His) 15.17 ± 0.64 7.92 ± 0.48 32.09 ± 0.65 

(Se/Nia/Try) 11.92 ± 0.56 21.47 ± 1.03 24.81 ± 1.01 

(Se/Nia/Tyr) 6.04 ± 0.33 6.98 ± 0.50 39.50 ± 0.79 

Sorafenib 3.91 ± 0.23  7.50 ± 0.18 10.42 ± 0.51 

All experiments were carried out in triplicates and data are expressed as mean ± SD. 
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