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ABSTRACT 
 

Superoxide and hypochlorite radicals are involved in both normal and pathological processes in the human body. Excessive production of any of 
them may result in malignization of healthy cells. The ideal chemotherapeutic must exhibit prooxidant action in the tumor and antioxidant behavior 
in healthy tissues. Lanthanum (III) salts have been investigated for their antibacterial and antitumor activity. 5-aminoorotic acid (HAOA) has 
antioxidant properties. In this work the interaction of HAOA and its Lanthanum (III) complex (LaAOA) with with superoxide and hypochlorite 
radicals was evaluated in vitro by way of two superoxide-generating and one hypochlorite-generating systems at normal physiological pH. 
Luminol-dependent chemiluminescence (LDCL) and UV spectroscopy were used to estimate the radicals scavenging properties of the investigated 
compounds. The ability of both compounds to exchange electrons and to donate hydrogen was estimated by the utilization of two models of stable 
free radicals. Both HAOA and LaAOA were capable of participating in electron transfer and hydrogen donation, therefore they behave like 
promising antioxidants. The latter was proven by monitoring their interactions with superoxide (potassium superoxide and xanthine/xanthine 
oxidase generated) and hypochlorite (NaOCl generated) radicals in vitro. The complex LaAOA behaved as a better antioxidant than 5-aminoorotic 
acid itself. This suggested that these compounds would protect healthy tissues from oxidative damage. The antioxidant behavior of LaAOA and 
HAOA was in agreement with the 3D structure and UV-spectra of the compounds. It was suggested that LaAOA might be a promising anticancer 
agent with antioxidant properties. 
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INTRODUCTION 

 
Although the malignization of tissues requires a high level of oxidative stress, the survival, proliferation and spread of malignant cells is propagated 
by low contents of free radicals in their environment [1,2]. Malignant tumors produce high level of extracellular antioxidant enzymes to maintain a 
tumor-friendly environment [3-9] which often leads to chemotherapeutic resistance [10]. 
 
The formation of the superoxide radical (O2

•-), inevitable in the living body, is involved in many normal and pathological reactions [11], including 
cellular malignization, tumor proliferation and death of malignant cells [1,12-16]. On the other hand, it is a component of the host’s immune defense 
[17]. Superoxide can be generated by two major sources in a biological system: the mitochondrial respiratory chain and phagocytic nicotinamide 
adenine dinucleotide phosphate oxidase (NADPH oxidase). The human body generates approximately 5 grams of reactive oxygen species (ROS) 
daily, mainly superoxide and hydrogen peroxide, via leakages of the electron transport chain [18, 19]. Along with a physiological role, beneficial for 
the host, superoxide is involved in several harmful reactions with normal bioactive molecules resulting in protein denaturation, lipid peroxidation 
and DNA damage [20,21]. It has been known for a long time that the generation of O2

•--derived reactive species in a living body is strictly 
controlled and dynamically balanced [22-27]. Control over the accumulation of extracellular superoxide is among the requirements for a successful 
chemotherapeutic [28]. A perfect anticancer drug must maintain high level of O2

•- in the tumor, but low concentrations in healthy tissues. In order to 
achieve that, it has to be capable to eliminate free radicals in healthy tissues while being toxic in tumors. To do so the anticancer substance must be 
capable in participating in reactions of electron transfer or/and hydrogen donation. As superoxide leads to the formation of large variety of toxic and 
aggressive reactive species this way resulting in oxidative tissue damage, the interaction of a substance with O2

•- is important for the biological 
outcome to a chemotherapeutic. 
 
The production of hypochlorite radical (ClO-) is an important component of the self-defense of a living body [29-35]. However, the excessive 
generation of hypochlorous acid (HOCl) and ClO- contributes to tissue injury - non-associated [36-40] and associated [31,41-43] with inflammation, 
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renal disease [44-47] and lung cancer 
 
[31,43]. Hypochlorite is generated from the reaction of hydrogen peroxide (H2O2) and Cl- catalyzed by the myeloperoxidase (MPO) enzyme in 
neutrophils [31,48-51]. HOCl damages DNA, proteins, glutathione and protein thiols by reacting with amino-acid chains, backbone cleavage and 
attacking C=C bonds, this leading to formation of free radicals various in size, geometry and structure (including nitrogen-centered), their yield 
increasing together with high HOCl/target ratios and enzymatic digestion. High concentrations of HOCl production are associated with cellular 
death (apoptosis or necrosis) and DNA damage resulting in an increased cellular mutation rate. Modest production of hypochlorite is associated 
with cellular growth arrest. The prevalence of the positive or negative effect of hypochlorous acid on the host depends on the health status and on 
the activity of neutrophils, leading to rising or decreasing levels of hypochlorite [31], as well as on the content of antioxidants capable of 
eliminating the hypochlorite anion (such as glutathione, lycopene etc.) [52,53]. The expression of hypochlorite by neutrophils is part of the self-
defense of a living body against xenobiotics. Along with many other factors, the efficacy of an anticancer therapy might be affected by the 
interaction between biologically active substance and hypochlorite radical released by the neutrophils. 
 
The unique properties of Lanthanides (Ln), their salts and organic complexes make them promising components of anticancer drugs [54,55]. 
Depending on environmental conditions Ln complexes may behave either as antioxidants or as pro-oxidants [55]. The oxidative behavior of Ln (III) 
complexes may be controlled by the selection of appropriate organic ligands. It has been observed that the La (III) complex with 5-aminoorotic acid 
inhibited the Fenton reaction [56]. 
 
The aim of this investigation was to monitor in vitro the interaction of the La (III) complex (LaAOA) of 5-aminoorotic acid (HAOA) with 
superoxide and hypochlorite free radicals at normal homeostatic pH of 7.45. The information about interactions with O2

•- and hypochlorite radicals 
would indicate if the compounds investigated would act as antioxidants in close vicinity to healthy cells, this way protecting healthy tissues from 
oxidative damage. In the present work, the participation of HAOA and LaAOA in electron transfer and hydrogen donation was estimated by 
monitoring their interactions with model stable free radicals. The elimination of superoxide and hypochlorite radicals was estimated in in vitro 
model systems. The ability of 5-aminoorotic acid and its complex with La (III) to eliminate the superoxide radical was monitored in two superoxide 
generating in vitro model systems. In one model system the O2

•- was generated by decomposition of KO2, while the other it was a by-product of the 
enzymatic transformation of xanthine (X) by xanthine oxidase (XO) (the X/XO model system). The elimination of the hypochlorite radical (ClO-) 
by the two compounds investigated was estimated in a model system generating hypochlorite from NaOCl. The in vitro interaction of HAOA and 
LaAOA with superoxide and NaOCl was monitored using Luminol-dependent chemiluminescence (LDCL) and UV-spectroscopy. The ability of 
HAOA and LaAOA to participate in electron transfer and hydrogen donation was estimated by measuring their reaction with two stable free radicals 
– 2,2'- azino-bis (3-ethylbenzothiazoline-6-sulfonic) acid (ABTS) and 2,2-diphenyl-1-picrylhydrazyl (DPPH) through the use of UV spectroscopy. 
 

 MATERIALS AND METHODS 
 

All materials and compounds were of finest grade (p.a.) purchased from SIGMA- ALDRICH. Bi-distilled water was used for the preparation of the 
solutions. The impact of 5-aminoorotic acid and its complex with La (III) on the specific activity of xanthine oxidase in the model system 
containing xanthine and xanthine oxidase (X/XO) was investigated in aqueous solutions of HAOA and LaAOA within a concentration range of 
between 10-4 M and 10-6 M. The required concentrations of the compounds were achieved by diluting standard aqueous solutions with 
concentrations 10-3 M (HAOA and LaAOA). 25.4 mU/mL xanthine oxidase was dissolved in 50 mM K, Na- phosphate buffer of pH 7.45 (PBS) 
and used in the LDCL and UV- spectroscopic measurements. 5-Amino-2,3-dihydro-1,4-phthalazinedione (luminol) was dissolved in a small amount 
of 0.01 M NaOH, further diluted to 1*10-3 M in 50 mM K, Na-phosphate buffer (PBS) of pH 7.45, and pH was adjusted again to 7.45. 1 mM KO2 
solution in dehydrated dimethyl sulfoxide (DMSO) was prepared directly prior use. The 3 mM solution of xanthine was prepared by dissolving the 
compound in 0.1 N NaOH, and diluting with bi-distilled water. 4*10-4 M aqueous solution of HOCl was prepared prior measurements. 
 
The antioxidant capacity by way of hydrogen donation is often estimated by measuring the radicals scavenging activity (RSA) toward the stable 2,2-
diphenyl-1-picrylhydrazy radical (DPPH•) [57-59], while participation in electron-exchange reactions may be tested by way of the ABTS•+ (2,2’-
azino-bis(3-ethylbenzothiazoline-6-sulphonic) free radical) assay [60-63]. 
 
The complex was synthesized by the reaction of La (III) nitrate and the ligand in amounts equal to metal:ligand molar ratio of 1:3 using an earlier 
described procedure [64-66]. The reaction between La (III) and 5-aminoorotic acid resulted in the formation of a complex which turned out to be 
quite stable both in solid state and in solution. The preparation of La (III) complex could be summarized in the next equations: 
 

НАOA ↔ Н+ + АOA- 
[La (H2O) n]3+ + 3АOA-→La (AOA-)3.H2O, 
HAOA = C5N3O4H5 and AOA- = C5N3O4H4

- 
 
The new La (III) complex was characterized by elemental analysis, FTIR, Raman and UV-VIS spectroscopies. The used spectral analyses 
confirmed the nature of the complex. 
 
Luminol-dependent chemiluminescence was utilized to estimate the radicals scavenging activity in presence of the in vitro model systems 
containing KO2 and X/XO and NaOCl. Apparatus LUMAT LB9507 was used for the LDCL investigations involving KO2 and X/XO derived 
superoxide. Kinetics were measured with delay time 2 s, measurement time 3 s for a total measurement time of 600 s. The integral intensities for the 
first 10 seconds (s) were used in data management. The interaction between the tested substances and NaOCl was measured using LKB 1251 
luminometer (Bioorbit, Turku, Finland) set at 37°C and connected with IT-type computer via serial interface. The flash assay option of the 
apparatus of the Multiuse 1.08 program was applied every 50 milliseconds (ms). 
 
The specific activity of the XO in the model system X/XO was estimated by UV spectrophotometric measurement of the relative change of the 
characteristic signal of the uric acid (UA) at 293 nm. This experiment was performed using UV 1650PC Shimadzu spectrophotometer. The delay 
time was 10 s, and the activity of the UA formation was computed by the program subroutine for the period 10 - 90 s. Data for 600 s was collected 
as well. One unit of XO activity was defined as the amount of XO which transformed 1 µmol of xanthine for 1 minute in 1 mL reaction mixture at 
298 K. 
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The UV-VIS spectra of HAOA and LaAOA were recorded using Shimadzu 1601 spectrophotometer equipped with PC, using very low speed. The 
background was eliminated using the background elimination ability of the apparatus. Instrumental errors in the intensity and position of the 
spectroscopic bands were found by scanning the spectrum of the solvent vs itself. It was found that the error in position was ±2 nm, while the error 
in intensity was ±0.0004 a.u. 
 
The UV spectra of HAOA and LaAOA alone at each desired concentration were recorded 5 times, and average spectra were used in discussion. 
Initially spectra within 800 and 200 nm were recorded, but as no characteristic bands were found above 400 nm, the interval 400 to 200 nm was 
used in further discussions. The spectra were resolved in accordance with literature [64,65-75]. 
 
In order to compare the hydrogen-donating and electron-transfer properties of both investigated substances to an established standard, their C50 
trolox equivalents in presence of DPPH• and ABTS•+ were calculated. Standard solutions of Trolox (6-hydroxy-2,5,7,8- tetramethylchroman-2-
carboxylic acid) were prepared in ethanol (DPPH•) and water (ABTS•+) at the following micromolar concentrations: 1, 5, 10, 20, 30, 40, 60, 100, 
200, 300, 400, 600, 800,1000, 1200, 1400, 1600, 1800, 2000. 
 
RSA assay with ABTS•+ 
 
Two solutions named R1 and R2 were prepared as described in [61]. The solution R1 was Na-acetate buffer with pH 5.8. The solution R2 contained 
ABTS•+ dissolved in acetate buffer with pH 3.8. The interaction of the HAOA and LaAOA with ABTS•+ was evaluated at 660 nm as that 
wavelength did not coincide with the characteristic bands of the tested compounds. Sample compositions are described in Table 1. 
 

Table 1: Sample composition for the ABTS·+ assay 
 

Sample content ‘Blank’ sample ‘Control’ 
sample 

‘Sample’ 
sample 

Investigated 
substance 

0.04 mL none 0.04 mL 

R1 0.96 mL 0.94 mL 0.94 mL 

R2 none 0.02 mL 0.02 mL 

Bi-distilled water none 0.04 mL none 

 
The radicals scavenging activity RSA was calculated using the formula: 
 

 
 
Acontrol, Asample and Ablank represented the corresponding results for the control, sample or blank measurement. The “control” measurement helped 
evaluate the absorbance of the characteristic signal of the stable free radical itself in the medium. The “blank” measurement accounted for the effect 
of the medium itself on the absorption at the radical’s characteristic wavelength, the radical being absent. Therefore (Asample - Ablank) demonstrated 
the diminishing of the characteristic absorption due to radical's scavenging only. The higher RSA, the higher the antioxidant activity was. 
 
RSA assay with DPPH• 
 
A standard solution of DPPH• was prepared as has been previously described [66]. The absorption of the characteristic band for DPPH• at 517 nm 
was measured. The relative decrease in the absorption was monitored for 5 min after a 10 s lag time using the kinetic software of the apparatus. The 
absorption at 517 nm was recorded every 60 s. Sample compositions are described in Table 2. 
 

Table 2: Sample composition for the DPPH• assay. 
 

Sample content ‘Blank’ sample ‘Control’ sample ‘Sample’ sample 

Investigated substance 0.02 mL none 0.02 mL 
Ethanol 1.98 mL none none 

DPPH• solution none 1.98 mL 1.98 mL 

Bi-distilled water none 0.02 mL none 
 
Radicals scavenging activity, RSA (%) was calculated in the following way: 
 

 
 
Data from the five parallel measurements were used in order to perform a statistical evaluation of relative differences between the RSAs of HAOA 
and LaAOA at different concentrations. 
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Assay for CL in the presence of KO2 
 
One mL of the control sample contained 0.05 mL KO2 solution, 0.05 mL luminol and PBS. One mL of the sample volume contained 0.05 mL KO2, 
0.05 mL luminol, the compound investigated in the desirable concentration and PBS. The results were presented as Chemiluminometric Scavenging 
index (CL-SI) calculated as follows: 
 

𝐶𝐶𝐶𝐶 − 𝑆𝑆𝐶𝐶 =
𝐶𝐶𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝐶𝐶𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑠𝑠

× 100 

 
Icontrol and Isample being the integral intensities measured for the KO2 alone and in the presence of the compound in a desirable concentration. The 
background measurement showed integral intensity of 10 and was subtracted from both control and sample measurements. For each compound at 
each desirable concentration 5 parallel measurements were performed. Average values and standard deviations were used for further comparisons. 
 
Assay for detection of interactions with NaOCl 
 
One mL of the sample contained PBS (pH 7.45), 10-4 M luminol, and the tested compound at a desirable concentration. The tested compound was 
omitted in the control sample. The background was measured in the cuvette with NaOCl omitted, the background data being subtracted from both 
control and sample data. The CL-SI was calculated using the same formula as in the measurements for the KO2 effects. For each desired 
concentration of a compound investigated 5 parallel measurements were performed and 5 CL-SI data were calculated. The average value and 
standard deviation were calculated and used in further comparisons. 
 
LDCL in the presence of X/XO model system 
 
One mL of the cuvette for the control measurement contained 0.02 mL XO solution, 0.1 mL xanthine, 0.1 mL luminol and PBS. One mL solution of 
the sample measurement contained 0.02 mL XO, 0.1 mL X, 0.1 mL luminol the compound investigated in the desirable concentration and PBS. The 
results were presented as Chemiluminometric Scavenging index (CL-SI) calculated as follows: 
 
 

𝐶𝐶𝐶𝐶 − 𝑆𝑆𝐶𝐶 =
𝐶𝐶𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝐶𝐶𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑠𝑠

× 100 

 
 
Icontrol and Isample being the integral intensities measured for the X/XO alone and in the presence of the compound at a desirable concentration. For 
each desirable concentration of the compounds investigated, 5 parallel measurements were performed. The average value and standard deviation 
were calculated and used in further comparisons. 
 
Assay for UV determination of XO activity in the presence of X/XO model system 
 
One mL of the reaction mixture for the control measurement contained 0.02 mL XO, 0.1 mL xanthine and PBS. One mL of the cuvette for the 
sample measurement contained 0.02 mL XO, 0.1 mL X, the compound investigated in a desirable concentration and PBS. As no additional 
components in this model system were present only UA and O2

•- were produced (Scheme 1): 
 
 

 
 

Scheme 1: production of uric acid and superoxide in the system X/XO. 
 

As the final product of xanthine transformation was uric acid (UA), the absorption at 293 nm (characteristic wavelength for UA) was measured for 
10 minutes, using the molar extinction coefficient of 1.22*104 M-1.cm-1 [76]. The activity of XO was defined as the amount of enzyme needed to 
convert 1 µmol of xanthine for 1 minute in 1 mL reaction mixture at 298 K. Data for the activity of XO were presented as percentage of XO activity 
seen in the control measurement. 
 
Trolox equivalent calculations 
 
The interaction between the various trolox standard solutions and the stable radicals were investigated using the aforementioned DPPH• and 
ABTS•+ assay methods (sections 2.1 and 2.2 respectively). The compositions of the trolox samples is described in the Tables 3 & 4 below. 
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Table 3: Sample composition for the trolox DPPH• assay. 
 

Sample content ‘Blank’ sample ‘Control’ sample ‘Sample’ sample 

Trolox 0.02 mL none 0.02 mL 

Ethanol 1.98 mL none none 

DPPH· solution none 1.98 mL 1.98 mL 

Bi-distilled water none 0.02 mL none 

 
 

Table 4: Sample composition for the trolox ABTS•+ assay. 
 

Sample content ‘Blank’ sample ‘Control’ sample ‘Sample’ sample 

Trolox 0.04 mL none 0.04 mL 

R1 0.96 mL 0.94 mL 0.94 mL 

R2 none 0.02 mL 0.02 mL 

Bi-distilled water none 0.04 mL none 

 
For each trolox concentration, five parallel measurements were performed for the purpose of statistical evaluation. The RSAs were calculated as 
described previously (section 2.1). The two RSAs closest to the calculated C50 RSA values of HAOA and LaAOA were estimated. 
 

DATA MANAGEMENT 
 

For each concentration of HAOA and LaAOA 5 parallel measurements of LDCL were performed, each CL-SI being calculated. Then the average 
and standard deviation for this concentration were calculated and used in the further discussion. A comparison between data for HAOA and LaAOA 
of same concentration was performed using a non-parametric t-test with Welch correction. The effect of the concentration of a compound on CL-SI 
was statistically evaluated using One-Way ANOVA with Bonferroni post-test. The Bartlett test showed that all standard deviations were from the 
same population. The C50 for both HAOA and LaAOA were calculated too. Similar approach was applied to the measurements of the activity of the 
system 
 
X/XO in the presence of the compounds investigated. In this case, for each concentration of the compounds, 5 parallel data points of XO activity 
were established. The statistical evaluation of relative differences was done in a similar way as this in the case of LDCL and UV measurements. 
Chem Office program package v. 3.01 was used to build molecule models of the compounds investigated, as well as to illustrate their interactions 
with solvent molecules. The solvent effect on the molecular geometry was illustrated by presenting the interaction of one solvent molecule with 
each of one HAOA or AOA- ligand. The milieu was presented by one dissociated KNaHPO4 molecule: 
 

KNaHPO4 → K+ + Na+ + HPO 2- 
 

RESULTS 
 

The UV spectra of HAOA and LaAOA aqueous solutions diluted to 10-4 M in PBS are presented in Figure 1. 
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Figure 1: UV spectra of 10-4 M HAOA (spectrum 1), 10-4 M LaAOA (spectrum 2) and 3*10-4 M HAOA (spectrum 3) in PBS. 

The band at 328 nm was associated with the aromatic ring in the HAOA and LaAOA. The band at 233 nm was related with π→π* transition in the 
conjugated double-bond systems and this at about 212 nm was associated with NH2 group. As LaAOA contained three AOA- ligands, the spectrum 
of 10-4 M LaAOA (spectrum 1 in Figure 1) was expected to be very similar by bands positions and intensities to this of the 3*10-4 M HAOA 
(Spectrum 3 in Figure 1). Instead the spectrum of the 10-4 M LaAOA was very similar by intensity to this of 10-4 M HAOA (spectrum 2 in Figure 
1). This indicated that the geometry of LaAOA resulted in a dipole moment in the complex. This was proven by the 3D models of this ligand 
surrounded by the ions of PBS being compared to a 3D model of three HAOA in the same environment (Scheme 2). 
 

 
 
Scheme 2: 3D presentation of a cluster containing 3 HAOA molecules and another cluster, comprised of 1 molecule LaAOA complex containing 3 
5-aminoorotic ligands, all in PBS (pH 7.45, one dissociated molecule of KNaHPO4 and three water molecules). 
 
The environment was modeled by three water molecules and one dissociated KNaHPO4 molecule. The complicated geometry of the LaAOA 
complex in PBS suggested varying activity of the three ligands with regard to the interaction between the complex and different free radicals. 
Despite containing three 5-aminoorotic ligands, the reactivity of LaAOA might not be three times that of an equimolar solution of HAOA. 
 
The Radicals scavenging activities of HAOA and LaAOA toward the two large stable free radicals were presented in Figure 2. 
 

 
Figure 2: Radical Scavenging Activity of HAOA () and LaAOA () in reaction with ABTS•+ (a) and DPPH• (b); *- statistically different than HAOA 
at same concentration (p<0.05), #- statistically different than 10-6 M solution of the same compound (p<0.05), ##- statistically different than 10-5 M 
solution of the same compound (p<0.05). 
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Data, represented by figure 2 suggested that both compounds investigated can participate in electron transfer (Figure 2-a) and hydrogen donation 
(Figure 2-b). Figure 2-a indicated that LaAOA was the more active participant in electron transfer reactions compared to HAOA at equimolar 
concentrations. Figure 2-b showed that at concentrations below 10-4 M LaAOA was more active in hydrogen donation than HAOA. Comparing the 
data, presented in Figure 2-a and Figure 2-b it was observed that below a concentration of 10-4 M both HAOA and LaAOA tended to participate 
better in electron transfer rather than in hydrogen donation reactions. The RSA of HAOA at a concentration of 10-4 M (Figure 2-b) toward DPPH• 
was higher than that of LaAOA. That might be related to a better accessibility of the active center of the DPPHxx to HAOA compared to LaAOA, 
probably due to the size and geometry of the complex. 
 
The in vitro interaction between superoxide and the compounds investigated in presence of KO2 model system was represented by Figure 3. The 
C50 were found to be 8.38*10-6 M and 4.36*10-6 M for HAOA and LaAOA, respectively. 
 
 
 
 
 
 

 
 

Figure 3: Effect of HAOA (curve 1) and LaAOA (curve 2) on the CL-SI of superoxide formed in the in vitro KO2 model system. 

Figure 3 demonstrated that at equimolar concentrations LaAOA was a better (but not three times better) scavenger of the superoxide radical than 
HAOA. The C50 were found to be 8.38*10-6 M and 4.36*10-6 M for LaAOA and HAOA, respectively. 
 
The in vitro interaction of the compounds investigated with superoxide generated by the X/XO model system was displayed in Figure 4. Within 
concentrations of 10-6 and 10-4 M both compounds were scavengers of the X/XO generated superoxide. At equimolar concentrations HAOA (curve 
1) was a better antioxidant than LaAOA (curve 2). The C50 values calculated from data in Figure 4 were 5.74*10-5 M and 2.90*10-5 M for HAOA 
and LaAOA, respectively. 
 
The concentration-dependent radical scavenging properties presented in Figure 4 (based on LDCL measurements) align with the data in Figure 5 
(based on the UV measurements). That indicated interaction of the compounds investigated with the superoxide formed as a by-product of the 
transformation of xanthine to uric acid and/or possible interaction with the X/XO system (either with xanthine, or with xanthine oxidase, or with 
both) as the production of uric acid changes with the content of a compound in a concentration-dependent manner. 
 

 
 

Figure 4: Effect of HAOA (curve 1) and LaAOA (curve 2) on the CL-SI of superoxide generated by the in vitro X/XO model system. 
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Figure 5: Effect of HAOA (curve 1) and LaAOA (curve 2) on the activity of XO in the in vitro model system X/XO by measuring the intensity of 
the UV- characteristic band of the uric acid. 

 
The results presented in Figures 4 and 5 showed that at equimolar concentrations LaAOA was better antioxidant toward X/XO- generated 
superoxide. The relative differences between CL- SI of the compound, seen in Figures 2 and 4 might be a result the disparate natures of the model 
systems, generating superoxide. 
 
The effect of HAOA and LaAOA on the luminol-dependent chemiluminescence in presence of NaOCl is illustrated in Figure 6. 
 

 
 

Figure 6: Effect of HAOA and LaAOA on the LDCL in presence of NaOCl: *- different from HAOA at the same concentration, , #- different from 
10-6 M concentration of the same compound, ##- different from 3*10-6 M concentration of the same compound, $- different than 10-5 M 
concentration of the same compound, $$- different than 3*10-5 M concentration of the same compound. The statistical significance of all relative 
differences was p<0.05. 
 
In presence of both HAOA and LaAOA, CL-SI decreased in a concentration-dependent manner. This indicated that both compounds exhibited 
antioxidant effect in presence hypochlorite. At equimolar concentrations, the CL-SI of LaAOA was lower than that of HAOA, suggesting a better 
antioxidant activity of LaAOA than this of HAOA. The calculated C50 values were 1.012*10-5 and 4.58*10-6 for HAOA and LaAOA, respectively. 
 
The C50trolox equivalents of both investigated substances were displayed on Table 5. 
 

Table 5: C50trolox equivalents for HAOA and GaAOA. 
 

Sample DPPH· ABTS+· 

HAOA 474 ± 44 365 ± 37 

LaAOA 207 ± 12 386 ± 23 

 
Data in Table 5 suggested that the elimination of free radicals in the presence of HAOA would be possible via both hydrogen donation and electron 
transfer, the former more evident than the latter. In the presence of LaAOA the electron transfer pathway was more evident than that via hydrogen 
donation. 
 

DISCUSSION 
 

According to relevant literature, one result of hyper-production of superoxide and hypochlorite radicals is profound damage of biomolecules, 
causing oxidative stress, increased cellular mutation rate and malignization [77, 78, 79, 80, 81]. Therefore, eliminating the excessive amounts of 
these radicals in the extracellular fluid would be beneficial to healthy tissues. 5- aminoorotic acid, both as an individual compound and as a ligand in 
La (III) complex, acted as an antioxidant toward superoxide (Figures 2 – 5) and hypochlorite radicals (Figure 6). Figures 2 to 5 illustrated that 
scavenging of superoxide radical occurs in any selected model O2

•- generating system. Comparisons between equimolar solutions of HAOA and 
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LaAOA indicated the complex to be a better antioxidant than the 5-aminoorotic molecule alone. The greater antioxidant activity of LaAOA was in 
agreement with its better ability to participate in electron transfer and hydrogen donation (Figure 2) compared to 5-aminoorotic acid itself. The 
relative difference in antioxidant activities of both compounds suggested that not all ligands in the complex play the same role in the scavenging of 
radicals. This was in agreement with the geometry of LaAOA in PBS as illustrated by the 3D model (Scheme 2), as well as with the spectra 
presented in Figure 1. The La (III) ion as a component in salts and complexes is a well-known toxic agent with anticancer 
 
activity [54,55]. Taking into account the radicals scavenging properties of LaAOA observed in our investigation it could be proposed that this 
complex might be a promising antioxidant carrier of the toxic La (III) to the targeted tumor. At normal physiological environment the complex 
would eliminate the excessive superoxide and hypochlorite radicals, thus preserving healthy cells from oxidative stress, mutation and malignization. 
In the vicinity of the tumor, La (III) would act as a killer of the malignant cells. 
 
The C50 trolox-equivalent calculations performed (Table 5) showed several tendencies: 
 
-HAOA was a scavenger of both DPPH• and ABTS+• stable free radicals. Hydrogen donation seemed to be slightly more pronounced as an 
antioxidant mechanism of action compared to electron transfer. Both mechanisms could be possible, dependent on conditions in the medium. 
-LaAOA demonstrated a slightly more pronounced tendency for participation in electron transfer reactions, compared to hydrogen donation. 
 
The aforementioned observations were made with the consideration that both radicals are very large in size and complex in structure. For that 
reason, we propose that conclusions could be drawn only regarding large, complex free radicals in an actual biological system. 
  
Our investigation proved that both HAOA and LaAOA were scavengers of the superoxide radical at normal physiological pH (7.45). In healthy 
tissues these compounds could probably manifest as antioxidants, eliminating superoxide, this way preventing oxidative cellular damage. The 
complexity of the content of the environment imposes a risk of various effects on the radicals scavenging activity of HAOA and LaAOA. Both 5-
aminoorotic acid and its complex with La(III) may exhibit antioxidant action via hydrogen donation and electron transfer, the former more probable 
in presence of HAOA, the latter more evident in presence of LaAOA. 

 
CONCLUSIONS 

 
5-aminoorotic acid and its complex with La(III) were significant scavengers of superoxide in two in vitro superoxide-generating model systems: 
KO2 and X/XO at normal homeostatic pH. 
The complex of La(III) with 5-aminoorotic acid was a better scavenger of superoxide and hypochlorite radicals than 5-aminoorotic acid itself.  
The antioxidant effect of 5-aminoorotic acid and its complex with La(III) in different superoxide-generating model systems might be impacted by 
interactions between the compounds investigated and the components of the model system. 
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