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Abstract

Background: Renal cancer is caused by ferric nitrilotriacetete (Fe-NTA), and little is known about its implications on skin 
cancer. The effects of Fe-NTA on benzoyl peroxide (BPO) -induced tumor stimulation in 7,12-dimethyl benz(a)anthracene 
(DMBA)-initiated mouse cutaneous carcinogenesis have been presented in this report. 
Methods: Fe-NTA was administered topically to Swiss mice, and tumors were induced with DMBA. After that, the animals 
were given BPO for 40 weeks. The occurrence of tumors was documented. 
Results: Fe-NTA at a dose of 12 mg iron per mouse induced an increase in tumor occurrence over times as compared to the 
control (DMBA+ BPO) treated group. Tumors appeared earlier in the Fe-NTA group, with a higher incidence number of tumors. 
In addition, BPO-mediated lipid peroxide induction and [3H] thymidine uptake were greater in Fe-NTA treated group.
Conclusion: We propose that Fe-NTA boosts BPO, tumor-promoting potential, and that Fe-NTA-induced oxidative stress is 
effective for BPO mediated cutaneous carcinogenesis.
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NTA: Nitrilotriacetic Acid; Fe-NTA: Ferric Nitrilotriacetate; 
BPO: Benzoyl Peroxide.

Introduction

Nitrilotriacetic acid (NTA) is the aminopolycarboxylic 
acid. It’s a colorless solid that’s been employed as a chelating 
agent in hospital and household laundry sterilizers in both 

developed and developing countries. NTA also generates 
ferric nitrilotriacetate (Fe-NTA) complex [1,2] by forming 
coordination compounds (chelates) with metal ions such 
as Fe3+. Injection of this iron chelate intraperitoneally (i.p.) 
to rats and mice promotes lipid peroxidation by producing 
free radicals [3], eventually leading to renal cell carcinoma, 
pulmonary metastasis and increased tumor mortality rates 
[4-6]. This model also showed increases in malondialdehyde, 
breakdown of polyunsaturated fatty acid lipid peroxides, α, 
β-unsaturated hydroxyalkenal modified proteins and 8-oxo-
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7,8-dihydro-2’-deoxyguanosine (8-OHdG) [7,8]. According to 
our study, also Fe-NTA is involved in liver injury According 
to our study Fe-NTA which involved in liver injury, being 
featured [9]. These findings suggest that Fe-NTA exerts its 
carcinogenesis potential through a variety of mechanisms. 
According to our investigation, the amount of iron in the body 
during pregnancy has an important role in the development 
of skin cancer [10]. In another investigation, we reported that 
iron overload augments benzoyl peroxide (BPO)-mediated 
tumor promotion in mouse skin [11]. Thereby, the oxidative 
capability of Fe-NTA may increase oxidative production and 
increase skin papilloma. Therefore, the purpose of this study 
was to investigate the role of Fe-NTA on mice skin papilloma 
induced by DMBA/ BPO.

Methods

Chemicals

The depilatory cream used in this study was obtained 
from Tolidaro- Iran, tirichloro acetic acid, perchloric acid 
and nitric acid were obtained from Merck- Germany. While, 
Nitrilotriacetic acid, ferric nitrate, BPO, thiobarbituric acid 
and DMBA were purchased from Sigma-Aldrich Chemical 
Company. [3H] thymidine was obtained from Amersham 
(Little Chalfont, UK), and all other chemicals were sourced 
from various chemical suppliers.

Animals

Female albino Swiss mice, free of pathogens, were 
obtained from the laboratory animal breeding house at Tabriz 
University of Medical Sciences. The mice were housed under 
standard conditions, with access to adequate food and water. 
For chronic experiments, 20 mice (6 weeks old with body Wt. 
22 ±1 g) were used, while for acute experiments, 6 mice were 
recruited. Two days prior to testing, the dorsal hair of the mice 
was shaved using a hair removal cream to ensure complete 
removal. The experiments were conducted following the 
guidelines for the care and use of laboratory animals (National 
Institutes of Health Publication No. 85-23, revised 1985) 
and were approved by the Committee on Animal Research 
of Tabriz University of Medical Sciences. Every attempt was 
made to minimize both the number of animals used and the 
degree of suffering experienced by the animals.

Preparation of Fe-NTA

 The Fe-NTA iron solution was prepared following the 
method of Awai, et al. [12]. In summary, iron nitrate and 
NTA were dissolved separately in distilled water, and then 
mixed in a molar ratio of (1:3) Fe-NTA. The resulting solution 
was adjusted to a pH of 7.4 using sodium bicarbonate. The 
solution was prepared fresh and used immediately.

Preparation of Tissue

At the end of the designated time period, all mice were 
euthanized, and the dorsal skin was removed from the body 
and washed with cold normal saline. The epidermis was 
then cleaned, and one gram of tissue was homogenized 
and subjected to subcellular fractionation to obtain post-
mitochondrial supernatant for biochemical analysis.

Iron Estimation

In summary, 6 mice were chosen from each group of 
chronically treated animals and one gram of minced tumor 
tissue, non-tumor tissue, and skin from the control group 
were placed in a Chinese dish, and 10 ml of acid digestion 
mixture (nitric acid) was added. The samples were left 
overnight and most of the tissue had dissolved by the 
following day. The mixture was then digested on a hot plate 
until near dryness. Subsequently, 5 ml of water was added 
and heated until near boiling. From this solution, 1 ml was 
diluted with water to make a 10 ml solution and analyzed 
using an Atomic Absorption Spectrophotometer to determine 
the concentration of iron. The Fe-NTA group with the highest 
tumorigenic effects was chosen, and the amount of iron in 
the tumor and non-tumor parts of the skin was measured. 
A control group that received only acetone was also used 
for comparison. The tissue iron concentration was then 
calculated and expressed as mg/g tissue. To estimate iron 
levels in skin tumors, complete, uninjured tumors were used.

Test Methods

 Four groups of animals, each consisting of six mice, 
were selected for biochemical investigations. Group I was 
topically treated with acetone alone and served as the 
control. Groups III and IV received topical application of Fe-
NTA (12 mg iron/mouse) for a period of 15 days. Six hours 
after Fe-NTA treatment, groups II and IV were treated with 
a single topical application of BPO (20 mg/200 µl acetone/
mouse). Twelve hours after the treatment with BPO, all 
animals were euthanized, and their skins were removed for 
biochemical testing. Four groups of mice, each consisting 
of 20 animals, were selected for the carcinogenicity tests. 
Group I served as the control. Groups II, III, and IV received 
daily topical applications of Fe-NTA at doses of 6, 9, and 12 
mg iron per mouse, respectively, for a period of 2 weeks. Nine 
hours after the last administration of Fe-NTA, all groups of 
mice, including the control group, received a single topical 
application of 60 μg of DMBA in 200 μl of acetone. One week 
after DMBA treatment, the mice received twice-weekly 
topical applications of 20 mg BPO in 200 µl acetone/mouse 
for a period of 30 weeks. The mice were then monitored for 
the occurrence of tumours. To see the effect of any of these 
chemicals alone, mice groups were individually treated with 
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acetone, DMBA, BPO and Fe-NTA alone. Those groups which 
alone had no tumours were observed during this period, 
thus these data are not shown in figures. The basis for the 
identification of various tumors was done according to an 
earlier description of O’Connell, et al. [13]. 

Lipid Peroxidation Test

The lipid peroxidation test was carried out with a slight 
modification of the method by Wright, et al. [14]. Briefly, 0.5 
ml of 10% homogeneous liquid was mixed with 1.5 ml of 
0.1 M phosphate buffer and incubated at 37°C with gentle 
shaking for one hour. Next, 1 ml of 10% trichloroacetic 
acid solution and 0.67% thiobarbituric acid were added 
sequentially. The test tubes were heated in hot water for 15 
minutes, followed by cooling and centrifugation at 5000 g for 
10 minutes. The resulting pink-colored solution was analyzed 
using a spectrophotometer at a wavelength of 535 nm. The 
results were expressed as nmol of malondialdehyde formed 
per hour per mg of tissue at 37°C using a molar extinction 
coefficient of 1.56 x 105 M-1 cm-1.

[3H] Thymidine Uptake Test

The [3H] thymidine uptake assay in skin DNA was 
conducted following Smart, et al. [15] method. Firstly, a 
10% (w/v) homogenate of epidermis was prepared in 
cold water containing an equal volume of cold TCA (10%). 
The precipitate was then washed with 5% cold TCA and 
subsequently incubated with 10% cold perchloric acid for 8 
hours. The mixture was centrifuged, and the washing process 
was repeated with 5% cold perchloric acid. The precipitate 
was dissolved in 10% warm perchloric acid, and the mixture 
was incubated in a boiling water bath for 30 minutes. Finally, 
the mixture was filtered and [3H] thymidine was counted. 
The DNA estimation in the filtrate was performed using Giles, 
et al. [16] method and expressed as [3H] DPM/mg DNA.

 
Statistical Analysis

 Statistical significance between the groups was 
determined using Dunnett’s t-test followed by analysis of 
variance (ANOVA) test, with a significance level set at p < 
0.05.

Results

Effect of Fe-NTA on the Level of Cutaneous Iron in 
Uninvolved, Involved and Tumor Skin of Mice. Figure 1 
illustrates the impact of iron overloads in the form of Fe-NTA 
on the levels of iron in normal skin, involved skin, and tumor 
skin of DMBA-initiated and BPO-promoted animals. Fe-NTA 
increased the iron levels in the skin nearby 1.5-fold. BPO-
induced tumor promotion slightly raised the level of iron in 

the skin. Nevertheless, no significant difference was found 
between BPO -promoted uninvolved skin and normal skin. In 
animals with iron overload, more than a 2.7-fold difference 
was observed in iron levels between the skin without tumors 
and tumorous skin.

Figure 1: Depicted the level of cutaneous iron in uninvolved, 
involved and tumor skins of mice under the effect of iron 
treatment. The treatment protocol and experimental 
procedures are described in the text.

 

Figure 2: Effect of Fe-NTA on the yield of cutaneous 
tumors developed as a result of DMBA initiation and BPO 
promotion in mice. The tumors were counted every week 
and are represented as the number of tumors per mouse 
plotted as a function of weeks on test. 

The mean ± SE of six animals is presented for each value. 
*p < 0.001 when compared to saline-treated normal mice; 
**p <0.001 when compared to saline-treated control. Effect 
of Fe-NTA on the Yield of Cutaneous Tumors Developed as 
a Result of DMBA Initiation and BPO Promotion in Mice. 
Figure 2 illustrates the impact of Fe-NTA on the incidence 
of cutaneous tumors induced by DMBA initiation and BPO 
promotion in various mouse groups. The group receiving 
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DMBA, BPO, and 12 mg Fe-NTA demonstrated the first 
tumor in the 10th week of treatment, while no tumors were 
observed in the other animal groups. By week 14, the normal 
and other two groups receiving 6 mg or 9 mg Fe-NTA had 
less than 0.5 tumors per mouse, whereas, the 12 mg Fe-
NTA group had roughly 2 tumors per mouse. Furthermore, 
tumor induction per mouse was approximately 0.8 in both 
control and 6 mg Fe-NTA treated animals at the 30th week, 
compared to 1.4 and 2.8 tumors per mouse treated with 9 
and 12 mg Fe-NTA, respectively.

Each value represents the mean number of tumors 
per mouse. Effect of Fe-NTA on Percentage Incidence of 
Cutaneous Tumors Developed as a Result of DMBA Initiation 
and BPO Promotion in Mice Figure 3 shows the percentage of 
tumor occurrence in different mice groups. Similarly present 
occurrence of tumor in the 9th week among 12 mg Fe-NTA 
group was 25% however, at this time we did not observe any 
tumor sign in other three groups. 

By week 14, about 75% tumor incidence in mice group 
treated with 12 mg Fe-NTA was noticed however, in other 
groups it was were less than 4%. By week 30, the percent 
incidences of tumor in both normal and 6 mg Fe-NTA treated 
animals was around 25%, compared to 30% and 90% in 9 
and 12 mg Fe-NTA treated animals, respectively. As a result, 
the group of mice given the highest doses of Fe-NTA had the 
most skin tumors.

Figure 3: Percentage incidence of cutaneous tumors 
in DMBA initiated and BPO-promoted normal and Fe-
NTA treated mice. The data were recorded every week 
and plotted as a function of weeks on test. Each value 
represents the mean incidence data of 20 animals.

Effects of Fe-NTA on BPO-Induced Cutaneous Lipid 
Peroxidation in Mice: Effect of BPO on lipid peroxidation 
in control and Fe-NTA treated mice is shown in Table 1. Fe-
NTA noticeably increases skin lipid oxidation due to BPOin 
comparison to other groups 6.7 ± 0.5.

Treatment Groups Lipid peroxidation(ng MDA/
mg protein)

Group I- Acetone 2.5 ± 0.25
Group II- BPO 2.75 ± 0.3

Group III- Fe-NTA 
12mg 3.5 ± 0.35*

Group IV- Fe-NTA 
12mg + BPO 7.7 ± 0.5**

Table 1: Effect of Fe-NTA on BPO-induced cutaneous lipid 
peroxidation in mice.

The mean ± standard error of the mean of six animals is 
denoted by each value (n=6). Significance levels are *P<0.001 
for comparison with normal mice treated with saline, and 
**P<0.05 for comparison with control mice treated with 
saline. Effects of Fe-NTA on BPO-induced cutaneous [3H] 
thymidine incorporation in mice: [3H] thymidine uptake 
increased in all groups in comparison to control group 
receiving acetone only (Table 2). Also BPO enhanced [3H] 
thymidine uptake in DNA of skin higher in Fe-NTA treated 
mice as compared to control group. 

Treatment Groups [³H] DPM/mg Skin DNA
Group I- Acetone 225 ± 15

Group II- BPO 240 ± 19
Group III- Fe-NTA 12mg 1480 ± 53*

Group IV- Fe-NTA 12mg + BPO 2375 ± 92**

Table 2: Effect of Fe-NTA on [3H] thymidine incorporation in 
cutaneous DNA in mice. Each value represents the mean ± SE 
of six animals. The statistical significance is *P<0.001 when 
compared to normal mice treated with saline, and **P<0.05 
when compared to control mice treated with saline.

Discussion

The present research offers initial proof that 
administering Fe-NTA topically enhances the cancer-
causing capabilities of DMBA and BPO on the skin of mice. 
The combination of DMBA and BPO generates papilloma, 
which is a common model for determining the qualities of 
test drug. DMBA is a tumor initiator and BPO is a tumor-
producing chemical that can be utilized to speed up 
carcinogenesis. It has been demonstrated that oxidative 
stress plays an important role in the tumorigenic process 
after DMBA and BPO treatment [17]. BPO like other known 
tumour promoters, inhibits junction communication, which 
diminishes coordination between epidermal keratinocytes 
[17,18]. It induces skin irritation, dryness, erythema and 
contact dermatitis in humans [19].
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The mechanism through which BPO promotes tumor 
growth is not completely known. It has been observed that, 
like other phorbol esters, it is activated by protein kinase 
C and inhibits cellular communication, both of which have 
been linked to tumor promoters [20]. Similarly Fe-NTA has 
been linked to oxidative stress and lipid peroxidation [21,22]. 
Due to its geneto-toxic qualities, iron is a key factor in the 
development of colon cancer. In the colon cancer cell line [23], 
Fe-NTA functions as a free radical generator, promoting cell 
proliferation. Thus, BPO administration in Fe-NTA treated 
mice is expected to generate large amounts of free radicals 
and lipid peroxides, based on the current study’s findings. 
Furthermore, enhanced lipid peroxidation and thymidine 
uptake in Fe-NTA treated skin showed an increased effect of 
BPO tumor acceleration. In addition, lipid peroxidation and 
thymidine uptake are both markers of tumor promoters [24]. 
The findings imply that, in the presence of Fe-NTA, BPO acts 
as an effective tumor promoter. According to our hypothesis, 
iron-induced oxidative stress has a favorable reaction in 
accelerating BPO-mediated skin cancers.

Conclusion

The results suggest that BPO is a potent tumor promoter 
in the presence of Fe-NTA. This supports our hypothesis that 
Fe-NTA -induced oxidative stress enhances the carcinogenic 
effects of BPO on skin.
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