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Abstract 

Objective: Boron shows antioxidant properties with an unknown mechanism. It was aimed to evaluate the 

antioxidant potentials and genotoxic risk of ammonium tetra borate on human whole blood cultures for the first 

time in the extent of this study (n=4).  

Material and Methods: Ammonium tetra borate was administrated at concentrations between 1.25-1280 µg/ml 

to cultured blood samples. The micronuclei and chromosomal aberration tests were performed to determine 

genotoxic effect. In addition, total antioxidant capacity and total oxidative stress levels were measured as 

biochemical parameters.  

Results: Our results clearly provided that the all tested concentrations of ammonium tetra borate were not-

mutagenic. Moreover, ammonium tetra borate showed antioxidant activities at low concentrations and the total 

oxidative stress levels were not changed at all the concentrations of ammonium tetra borate.  

Conclusion: Our data’s, clearly indicated that ammonium tetra borate is not mutagenic and it has remarkable 

antioxidant potential in vitro. 

Keywords:  Ammonium tetraborate, Chromosomal aberrations, micronucleus test, genotoxicity, human blood 

cells 

 

Introduction 

Naturally, boron (B) exists in physical environment 

and in foods (1). Humans are exposed to boron 

through diet, from drinking water, and from some 

consumer products including soaps and detergents, 

body building supplements, bottled water, fertilizers, 

pesticides, preservatives, and cosmetic, oral hygiene, 

eye care, and deodorant products (2). It is absorbed by 

mucous membranes of the vagina, anus, mouth and 

the epithelial cells of gastrointestinal tissues. Humans 

and animals may absorb the whole of supplemental 

inorganic boron (3), and B homeostasis is basically 

maintained by urinary excretion (4). Some in vitro and 

epidemiological studies indicate that B may make 

important contributions to human health (5,6,7). 

Newnham (8) and Chapin et al. (9) showed that B is 

essential mineral for bones and joints. And, boron can 

improve arthritis, lipid profiles of plasma and brain 

function (10). In addition, Turkez et al. (11) reported 

the protective role of borax on aluminium induced 

liver injury in rats. Moreover, some researchers 

reported that boron compounds have beneficial effects 

on cancer (12,5,13).  

 

 

 

Celikezen et al. (14) reported that potassium borate 

supported antioxidant activity at low concentrations in 

cultured human blood cells. In different studies 

reported in the literature, B compounds have exhibited 

antioxidant properties (15, 16, 17, 18). Moreover, 

several boron compounds (boric acid, borax, kernite 

and probertite) showed protection against genotoxic 

effects in cultured human lymphocytes (19, 20).  

Borates are commonly used in the manufacture of 

glass and ceramics, soaps and detergents, fertilizers, 

herbicides and cosmetics (21). Numerous boron 

compounds have been synthesized and, although 

borates are used in many industrial areas, their 

genotoxic and antioxidant potentials have not been 

studied in cultured human blood cells. Therefore, 

micronuclei (MN) assay and chromosomal aberrations 

(CA) tests were performed to determine genotoxic 

effects of ammonium tetra borate on human 

lymphocytes. Furthermore, total antioxidant capacity 

(TAC) and total oxidative status (TOS) assays were 

examined to evaluate oxidative capacity in cultured 

human blood cells. 

 

 



Celikezen et al.                                                                                               http://dx.doi.org/10.20863/nsd.06412 

46 

 

Material and Methods 

Production of ammonium tetra borate tetra-

hydrate 

In the present study, the used ATT 

(NH4)2B4O7.4H2O was produced according to the 

following equation by Demir et al. (22) in addition 

titrimetric method and thermal analysis were used to 

determine the B2O3 content and it was found about % 

52, 85 (23). The product mass was 263, 2 and purity 

of the product was about ≥ % 99,5.  

2 NH4OH + 4 H3BO3(aq) → (NH4)2 B4O7. 4H2O  

Blood sampling 

Whole heparinized human blood from five healthy 

non-smoking donors between the ages 22 and 25 with 

no history of exposure to any genotoxic agent was 

used in our experiments. Questionnaires were 

obtained for each blood donor to evaluate exposure 

history. In all the volunteers involved in this study, 

haematological and biochemical parameters were 

analysed and no pathology was detected. A various 

concentrations (0, 1.25, 2.5, 5, 10, 20, 40, 80, 160, 

320, 640 and 1280 mg L-1) of AT were applied into 

blood cultures. The dose range was selected according 

to the previous study (24). MN and CA rates were 

assessed in peripheral lymphocytes. Experiments 

conformed to the guidelines of the World Medical 

Assembly (Declaration of Helsinki). The cultures 

without ATT studied as control- group. Mitomycin C 

(0,1 μM  ) was used as the positive control in MN and 

CA. Likewise, ascorbic acid (10 μM) and hydrogen 

peroxide (25 μM) were also used as the positive 

controls in TAC and TOS analysis, respectively. 

Cytogenetic and Micronucleus assay 

Human peripheral blood lymphocyte cultures were set 

up according to a slight modification of the protocol 

described by (25). The micronucleus test was 

performed by adding cytochalasin B (Sigma®, St 

Louis, MO, USA; final concentration of 6 μg/mL) 

after 44 h of culture as described by (26). At the end 

of the 72 h incubation period, the lymphocytes were 

fixed with ice-cold methanol: acetic acid (3:1). The 

fixed cells were put directly on slides using cytospin 

(a cytology method that is specifically designed to 

concentrate cells such as these that are found in small 

number) and stained with Giemsa. All slides were 

coded before scoring. The criteria for scoring 

micronuclei were applied as described previously by 

(27). At least 1000 bi-nucleated lymphocytes were 

examined per concentration for the presence of one, 

two, or more micronuclei. 

Chromosome aberration assay 

A 0.5 mL aliquot of heparinized blood was cultured in  

6 mL of culture medium (Chromosome Medium B; 

Biochrom, Berlin) with 5 mg/mL of 

phytohemagglutinin (PHA) (Biochrom). The cultures 

were incubated in complete darkness for 72 h at 37 ºC. 

Two hours prior to harvesting, 0.1 mL of colchicine 

(0.2 mg/mL, Sigma) was added to the culture flask. 

Hypotonic treatment and fixation were performed. To 

prepare slides, 3-5 drops of the fixed cell suspension 

were dropped on a clean slide and air-dried. The slides 

were stained in 3 % Giemsa solution in phosphate 

buffer (pH 6.8) for 15 min. For each treatment, 30 

well-spread metaphases were analysed to detect the 

presence of CA. Criteria to classify the different types 

of aberrations (chromatid or chromosome gap and 

chromatid or chromosome break) were in accordance 

with the recommendation of EHC (Environmental 

Health Criteria) 46 for environmental monitoring of 

human populations (28). 

TAC and TOS analysis 

TAC and TOS status of cell cultures were analysed 

using automated commercial kits (Rel Assay 

Diagnostics®, Gaziantep, Turkey) (29). 

Statistical analysis 

Statistical analysis was performed using SPSS 

software (version 13.0, SPSS, Chicago, IL, USA). The 

Duncan’s was used to determine whether any 

treatment significantly differed from controls or each 

other. Statistical decisions were made with a 

significance level of 0.05 

Results 

The frequencies of MN and CA on human peripheral 

blood lymphocyte treated with ATT are given in 

Figure 1 and Figure 2, respectively. In vitro exposure 

to ATT did not induce significant (p>0.05) increases 

in MN and CA, regardless of the dose, indicating the 

non-genotoxic nature of ATT. 

 

Figure 1. The frequencies of MN in human lymphocyte treated with 

varying concentrations of ammonium bi-borate over 72 h. (Positive 

control: Mitomycin C (10-7 M). Values are expressed as mean ± SD 

for five cultures in each group. The bars are shown by different 

letter are significantly different from each other at a level of 5 %.) 
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Figure 2. The CA values in human lymphocyte treated with varying 

concentrations of ammonium bi-borate over 72 h. Abbreviations are 

as in Figure 1. 

  Table 1 reflects the comparison of oxidant-

antioxidant profile of ATT on cultured human blood 

cells. As seen from the Table 1, ATT at the 

concentrations of 1.25, 2.5, 80, 160, 320, 640 and 

1280 mg/L did not affect TAC in cultured human 

blood cells, increased it significantly at concentrations 

of 5, 10, 20 and 40 mg/L compared to control-. On the 

other hand, TOS levels did not change at all treated 

concentrations of ATT in cultured human blood cells. 

Table 1. Total antioxidant capacity (TAC) and total 

oxidative stress (TOS) levels in cultured human blood cells 

exposed to ammonium biborate for 24 h. (Positive control: 

ascorbic acid (10 μM) and hydrogen peroxide (25 μM) in 

TAC and TOS analysis, respectively. The bars are shown by 

different letter are significantly different from each other at 

a level of 5 %.) 
 

Treatments TAC mmol 

Trolox Equiv. L-1 

TOS mmol 

H2O2 Equiv.  L-1 

Control- 5,96 ± 0,61a 12,34 ± 2,94a 

Control+ 12,85 ± 0,98c 39,08 ± 4,52b 

1,25 mg/L 5,98 ± 0,59a 11,12 ± 3,18a 

2,5 mg/L 5,67 ± 0,64a 11,64 ± 3,67a 

5 mg/L 7,45 ± 0,72b 11,87 ± 3,06a 

10 mg/L 8,86 ± 0,59b 12,25 ± 2,97a 

20 mg/L 8,28 ± 0,64b 11,38 ± 2,98a 

40 mg/L 8,54 ± 0,67b 11,68 ± 3,77a 

80 mg/L 6,04 ± 0,79a 12,17 ± 3,76a 

160 mg/L 5,94 ± 0,75a 12,55 ± 3,16a 

320 mg/L 5,21 ± 0,81a 12,47 ± 3,13a 

640 mg/L 5,17 ± 0,72a 11,98 ± 3,27a 

1280 mg/L 5,94 ± 0,66a 12,72 ± 2,99a 

 

Discussion 

Studies on the potential toxicities of borates are urgent 

for their biosafety evaluation due to their widespread 

application in various fields. One of most sensitive 

marker tests of biosafety is genotoxicity testing, which 

reveals agent DNA-damaging influence (30,31). In 

this investigation, ATT was found to be non-

genotoxic. Because, the results of our study did not 

show any significant increases in the ratios of the CAs 

and MNs in lymphocytes exposed to ATT as 

compared to control values. In fact, CA test is a very 

useful and important indicator of exposure to chemical 

and biological agents (32). MN tests ensure a measure 

of chromosome loss and chromosome breakage or 

non-disjunction in aneugenic and clastogenic events 

(33,34). And, aneuploidy and/or chromosomal 

instability that is known as basic contributor to tumor 

progression may cause by damaged DNA (35). Our 

results are in accordance with previous reports. In a 

previous study we investigated that genotoxic 

activities of the potasium tetra borate and suggested 

that potasium tetra borate was not mutagenic shown 

by the absence of MN and CA induction in human 

lymphocytes (14). Again, the genotoxic effects of B 

compounds (coleminate, ulexite, boric acid and borax) 

were determined by SCE and MN assays in human 

blood cultures. Our results showed that these B 

compounds had also no mutagenic effect (24). 

Landolph (36) reported that borax samples (crude, 

refined and kernite) were not significantly mutagenic 

effect in C3H/10T1/2 fibroblasts of mouse embryo 

and diploid human foreskin fibroblasts. Boric acid did 

not induce CA or SCE ovary cells of Chinese hamster 

(37). Moreover, boric acid did not show mutagenic 

effect in the mouse lymphoma (38), the unscheduled 

DNA synthesis tests in primary rat hepatocytes (39), 

or in the in vivo MN test in mice (40). In contrast to 

our findings, a study by ECETOC (1995) 

demonstrated sodium perborate was found weakly 

mutagenic in only one strain of Salmonella (41). 

Antioxidant systems have very important role in 

healthy life of human and animals (42, 43, 29). The 

measuring of TAC gives more reliable biological 

information than individual antioxidant (44). In the 

present study, according to our knowledge, 

antioxidant capacity of ATT tested for the first time.  

The present study is performed to evaluate 

oxidative/antioxidative potential of ATT by using 

TAC and TOS assays. ATT (at concentrations of 5, 

10, 20 and 40 mg/L) led to increases of TAC level. 

TAC has an ability to measure all antioxidants in 

organism (44, 45). In parallel to our findings, so recent 

study indicated that potassium tetra borate caused 

significant increase on TAC levels at low 

concentrations in cultured human blood cells (14).  

Turkez et al. (24) reported that boric acid, borax, 

colemanite and ulexite caused significant increases in 

the anti-oxidant enzyme activities (catalase, 

superoxide dismutase, glutathione-S-transferase 

glutathione peroxidase, and glucose-6-phosphate 

dehydrogenase) of erythrocytes. Also, the levels of 

total glutathione and TAC significantly increased. In 

earlier study with regard B compound, reported that 

calcium fructoborate have antioxidant effect on human 

keratinocyte cells (46). Hunt and Idso (47) stated that 
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boron prevents oxidative damage by increasing of 

glutathione and its analogues or by supporting the 

other neutralizing agents. In another paper, Griffith et 

al. (48) indicated that increased renal glutathione, 

which is an important antioxidant in plants, animals, 

fungi and some bacteria and archaea, status related to 

serine-borate in mice.  

In addition, Scorei and Rotaru (49) pointed out that 

calcium fructoborate decreased the formation of 

superoxide ions in cultured cells subjected to 

oxidative stress.  On the other hand ATT did not 

change TOS levels at all applied concentrations. In 

parallel to our findings, boric acid, borax, colemanite 

and ulexite did not affect the malondialdehyde (MDA) 

level of blood which is an important biomarker of 

oxidative stress (24). 

Conclusion 

As a conclusion, our results clearly proved that ATT is 

non-genotoxic and it has an important antioxidant 

potential. Moreover, it did not change TOS levels at 

all concentrations. However, more in vivo studies are 

required before it can be used to environmental and 

biological applications. 
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