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Background and Aims: The critical aim of this study was to evaluate the 

effects of breast-milk contamination with Nickel and Arsenic, as well as 

aflatoxin M1 (AFM1) on the milk levels of IL-6 and IL-8.   

Materials and Methods: Breast milk was collected from 76 mothers on the 

30th day post-parturition and milk levels of AFM1, Nickel, Arsenic, IL-6 and 

IL-8 were evaluated. 

Results: The results showed 8 and 29 out of 76 collected samples being 

contaminated with AFM1, Nickel and Arsenic, respectively. Levels of IL-6 

and IL-8 in the milk samples did not differ in AFM1 and Nickel and Arsenic 

contaminated milk compared with the normal controls (non-contaminated 

milks). There was a moderate positive relation between milk levels of IL-8 

and Arsenic. 

Conclusions: Although AFM1, Nickel and Arsenic are the inducers of 

cytokine production; they are unable to induce secretion of IL-6 in breast 

milk. Arsenic can be a trigger of IL-8, which is a strong chemoattract for 

neutrophils. Thus, it appears that Arsenic may induce an inflammation in milk 

in IL-8 dependent manner.  
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Introduction 

Breastfeeding is a common recommendation by 

the World Health Organization (WHO) [1] and 

it is well documented that the best method  

for providing an infant's nutrition is through 

breastfeeding. The mother's milk consists  

of several factors which are essential for a 

normal newborn and for infant growth 

including α-lactalbumin, lactoferrin, lysozyme 

and cadmium. Breast milk also includes several 

factors, such as maternal IgG, which helps  

the new born to have a good immune  

response against infections [2]. Combined, 

these factors lead to the development of the 

immune system, intestinal microflora and the 

functional maturity of mucous membranes [3]. 

However, contamination of maternal milk with 

environmental toxins such as aflatoxins and 

heavy metals including Nickel and Arsenic, can 

be harmful for the newborns and infants, 

especially in the first months of life [4].  

Cytokines are the main immunological factors 

which are produced during infection and 

inflammation [5, 6] and Interlukine (IL)-6 and 

IL-8 are the main innate immune cytokines and 

can induce inflammation and chemotaxis in 

immune cells such as neutrophils [7]. These are 

members of the pro-inflammatory cytokines 

and their chronic expression may be harmful for 

mucosal structure and immunity. Cytokines 

may be produced in response to contamination 

with heavy metals and biological toxins, and it 

may be hypothesized that production of IL-6 

and IL-8 is one of the mechanisms which 

results in mucosal inflammation in infants. 

Breastfeeding has become more popular in Iran 

over the last decade, hence, its safety on new 

born babies needs to be evaluated, especially in 

light of increased contamination of milk with 

heavy metals and toxins, which are the main 

inducers of inflammatory responses in the 

infants [8].  

Our previous investigation has revealed that in 

more than 86 % of the cases the maternal milk 

of the centered part of Iranian population is 

contaminated with aflatoxin M1 (AFM1) and 

heavy metals [9]. Thus, the main aim of this 

study was to evaluate the effects of the 

contamination of breast milk with Nickel, 

Arsenic and AFM1 on the milk levels of IL-6 

and IL-8.   

Materials and Methods 

Subjects 

In this cross-sectional study, breast-milk was 

collected from 76 lactating mothers, with the 

mean age 27.40±4.66 years, 147±4.66 cm 

high, 27.81±19.98 BMI (kg/m2) and 

68.26±10.56 weight (kg), during regular 

feeding of their infants when they had 

referred to health centers in the Yazd city 

from June 2013 to June 2014. Mothers  

with pre-term infants, smoking, addiction, 

alcohol drinking, immunosuppressive drug 

administration and mental, autoimmune or 

allergic disorders were excluded from the 

study. The breast milk was collected on the 

30th day post-parturition, and evaluated for of 

levels of AFM1, Nickel, Arsenic, IL-6 and 

IL-8. Accordingly, based on the detection of 

AFM1, Nickel and Arsenic in the milk 
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samples, they were divided into three groups 

including Nickel and Arsenic contaminated 

group (being contaminated with Nickel and 

Arsenic but not AFM1), AFM1 contaminated 

group (being contaminated with AFM1 but 

not Nickel and Arsenic), and a control group, 

not contaminated with Nickel, Arsenic and 

AFM1. The Ethical Committee of Shahid 

Sedoughi University of Medical Sciences, 

Yazd, Iran approved the protocol of the study 

and all the participants filled out the written 

informed consent. 

Evaluation of Nickel concentrations 

In order to evaluate the concentration of 

Nickel, 1 mL of acetic acid (1 M) was added 

to 3 mL of each sample, mixed and 

centrifuged at 3200 RPM for 15 minutes. The 

lower liquid was extracted and milk fat  

was isolated. The samples were centrifuged 

again at 3200 RPM for 15 minutes to  

obtain a completely clear solution. The nickel 

concentration was measured using an atomic 

absorption spectrophotometer model 20AA 

(Varian) at a wavelength of 232 nm. The 

atomic absorption was read three times and 

the absorption mean was calculated [10]. The 

limitation rate for evaluation of Nickel using 

this method was 2-80 ppm. 

Evaluation of Arsenic concentrations 

Breast milk samples (1 mL) were transferred 

and 10 mL of toluene and 15 mL of a mixture 

of nitric acid and sulfuric acid were added to 

the sample, mixed for 10 minutes and 

subsequently two phases were separated and 

the lower phase was used to measure Arsenic 

concentrations employing an atomic 

absorption spectro-photometer model 20AA 

(Varian) at 197.3 nm wavelength, and 3 

samples were measured after which the 

absorption mean was calculated [11]. The 

limitation rate for evaluation of Arsenic using 

this method was 0.15-3.73 ppm. 

Measurement of aflatoxin M1 

Aflatoxins are water soluble [12] and this 

property was exploited; the samples were 

centrifuged for 15 minutes at 15000 RPM,   

the upper creamy layers were completely 

discarded and the lower phases were used  

for evaluation of AFM1 employing a 

competitive enzyme-linked immunosorbent 

assay (ELISA) technique using a commercial 

kit (R-BiopharmGmbh-Rocket international 

Company) according to the manufacture’s 

guidelines. Based on using 6 standards which 

cover a range from 0 to 80 ppt, the limitation 

rate for evaluation of AFM1 using this 

method was 0-80 ppt.  

Evaluation of IL-6 and IL-8 concentrations 

Milk levels of IL-6 and IL-8 were measured 

by ELISA using a commercial kit from the 

Karmania Pars Gene, Iran, according to the 

manufacturer's guidelines. The limitation rate 

for evaluation of IL-6 was from 2 to 2000 

pg/mL, while for IL-8 it was 2 to 2500 

pg/mL. 

Statistical analysis 

Results are presented as the median (1st  

quartile and 3rd quartile). A non-parametric 

Kolmogorov-Smirnov test was used to 

evaluate the normal distribution of IL-6 and 

IL-8 in each of the study groups (AFM1 

contaminated, high levels of Nickel and 

Arsenic, and the controls), but the 

presumption of normality was not met 
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(p<0.05). Levene's test was applied to assess 

the homogeneity of variances of IL-6 and IL-

8 across the three groups, but the presumption 

of homogeneity of variances was not also met 

(p<0.05). As the presumptions of one-way 

analysis of variance (ANOVA) were not met,  

the alternative non-parametric Kruskal-Wallis 

H test was utilized to compare medians of  

IL-6 and IL-8 across the three groups and 

Spearman`s ratio for correlation between 

Nickel and Arsenic levels with milk levels of 

IL-6 and 8. For statistical analysis, the 

statistical software SPSS version 15.0 for 

windows (SPSS Inc., Chicago, IL) was used. 

P-values of 0.05 or less were considered 

statistically significant. 

Results 

The results demonstrated 8 samples  

being contaminated with AFM1 (AFM1 

contaminated group) while 29 samples were 

contaminated with both Nickel and Arsenic 

(Nickel and Arsenic contaminated group, 

table 1). The results revealed 39 milk samples 

being free of AFM1, Nickel and Arsenic 

(Control group). Evaluation of milk levels of 

IL-6 and IL-8 revealed milk levels of IL-6 

(p=0.090) and IL-8 (p=0.413) failing to be 

different in AFM1, Nickel and Arsenic 

contaminated milk when compared to normal 

controls (Table 1 and Fig. 1). 

Evaluation of milk levels of Arsenic and 

Nickle revealed the means±standard errors 

(SE) of Arsenic and Nickle being 0.45±0.13 

and 53.90±1.13 ppb, respectively in Nickel 

and Arsenic contaminated milks. However, 

AFM1 levels in the aflatoxin contaminated 

milks were 0.96±0.25 ppt (Fig. 2). The 

concentration of AFM1, Nickel and Arsenic 

was undetectable in the control group. The 

concentration of AFM1 in the Nickel and 

Arsenic contaminated group and Nickel and 

Arsenic in the AFM1 contaminated group 

were undetectable too. Statistical analysis 

also revealed that milk levels of IL-8 have a 

moderate correlation with Arsenic in Nickel 

and Arsenic contaminated group (r=0.314, 

p<0.05, Fig. 3). Milk levels of IL-6 have also 

a good positive correlation with IL-8 

(r=0.720, p>0.001, Fig. 3). 

Discussion 

Cytokines are small glycoproteins which play 

significant roles in the pathogenesis of 

inflammatory based disorders [5, 6]. Our 

previous investigation also demonstrated that 

metal contamination is prevalent among 

Iranian breast milk [9]. However, recent 

results demonstrated that AFM1, Nickel and 

Arsenic contamination being low among the 

Iranian breast milk and it may be related to the 

increased quality of national heath programs. 

The results demonstrated that milk levels of 

IL-6 and IL-8 did not differ among AFM1, 

Nickel and Arsenic contaminated and non-

contaminated breast milk while, there was a 

positive moderate correlation between IL-8 

and milk levels of Arsenic. 
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Table1. Results of median comparison of variables across studied groups 

Groups  

P-value 
Control 

(N=39) 

Heavy Metal  

(N=29) 

Aflatoxin M1 

(N=8) 
Variable 

0.090 0.50 (0.50-4.25) 0.50 (0.50-11.35) 0.50 (0.50-0.50) IL-6 (pg/mL) 

0.413 42.37 (29.90-63.71) 48.98 (27.60-118.04) 39.25 (31.46-48.21) IL-8 (pg/mL) 

Data are presented as median (1st quartile-3rd quartile). 

Medians of IL-6 and IL-8 are compared using non-parametric Kruskal-Wallis H test among the three groups. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Milk levels of IL-6 and IL-8 in the milks contaminated with Nickel and Arsenic, aflatoxin M1 and 

healthy controls. The table shows no change in the milk levels of IL-6 and IL-8 among the groups.  

  

 

 

 

 

 

 

 

 

 

 

 
Fig. 2. Milk levels of Arsenic, Nickel (in the Nickel and Arsenic contaminated milks) and aflatoxin M1 (in 

the aflatoxin M1 contaminated milks). The figure shows the means±standard errors of Arsenic and Nickle 

being 0.45±0.13 and 53.90±1.13 ppm, respectively in Nickel and Arsenic contaminated milks. However, 

aflatoxin M1 level in the aflatoxin contaminated milks was 0.96±0.25 ppt.  
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Fig. 3. Results of correlation between milk levels of IL-6, IL-8, Arsenic and Nickel in the group 

contaminated with Nickel and Arsenic (A) and correlation between milk levels of IL-6, IL-8 and aflatoxin 

M1 in the group contaminated with aflatoxin M1 (B). 

There is a moderate correlation between milk levels of IL-8 and Arsenic. 

There is a good correlation between milk levels of IL-6 and IL-8. 

 

 
AFM1, Nickel and Arsenic contamination can 

induce inflammation in the affected 

individuals [13, 14]; however, according to the 

results presented here, it seems that 

inflammation following AFM1, Nickel and 

Arsenic contamination is not related to IL-6 in 

the breast milk  while, based on the results it 

may be hypothesized that Arsenic may induce 

an inflammation in the milk in IL-8 dependent 

manner. It is worthy to note that, although 

milk levels of the cytokines do not differ 

among the groups, contamination of the milks 

with AFM1, Nickel and Arsenic may induce 

inflammation in the infants as well [15] which 

needs more follow-up investigations. 

IL-8 is a main factor which participates in the 

recruitment of neutrophils; hence, it may be 

concluded that neutrophilic inflammation is 

the complication observed in the infants after 

being fed on milk contaminated with Arsenic. 
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Additionally, Asakawa et al., showed that 

Nickel decreases IL-6 mRNA stability and 

subsequently suppresses lipopolysaccharide-

induced IL-6 production [16]. Moreover, it has 

been revealed that Nickel induces dendritic 

cells maturation [17]. Dendritic cells are  

the main sources of tumor necrosis factor-α 

and IL-12 which are important pro-

inflammatory cytokines. As a result, it 

appears that the production of cytokines other 

than IL-6 may be responsible for inflammation-

related issues after consumption of breast milk 

contaminated with Nickel and Arsenic. 

Interestingly, an in vitro study reported that 

AFM1 does not stimulate T lymphocytes to 

produce IL-8 [18]. Based on our results, it 

seems that AFM1 is also unable to induce IL-8 

production in the in vivo condition. There  

are several studies which explain the role  

of aflatoxin B1 in the production of pro-

inflammatory cytokines such as tumor necrosis 

factor-α and IL-12 [19], but to the best of  

our knowledge, there is no investigation 

regarding the role of AFM1 on the production 

of cytokines in vivo. Thus, it may be 

hypothesized that other pro-inflammatory 

cytokines may be produced after contamin-

ation with AFM1. Further studies regarding 

the role of AFM1, and Nickel and Arsenic on 

the production of pro-inflammatory cytokines, 

other than IL-6 and IL-8, in breast-milk need 

to be performed to improve our knowledge 

regarding inflammatory complications correlated 

to AFM1, Nickel and Arsenic contamination 

in the milk of breast-fed infants. Additionally, 

it is proposed to investigate pro-inflammatory 

cytokines in the serum of breast-fed infants 

that have been fed on milk contaminated with 

AFM1, Nickel and Arsenic. 

The results also revealed that a positive 

relation between milk levels of IL-6 and IL-8. 

Therefore, it appears that IL-8 and IL-6 have 

positive feedback effects on the production of 

each other by immune cells. Based on the  

fact that cytokines play their role in a network 

manner, it can be proposed that other 

cytokines, including pro-inflammatory and 

anti-inflammatory cytokines, may participate 

in responses to human milk AFM1, Nickel and 

Arsenic contaminations. 

Conclusion 

Based on the results, it may be concluded that 

AFM1, Nickel and Arsenic are unable to 

induce secretion of IL-6 into breast milk  

while it appears that Arsenic can be considered 

as IL-8 inducer in human milk therefore,  

the inflammation-related disorders following 

contamination with Arsenic may be associated 

with IL-8. 
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