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Introduction
Nickel (Ni) is a metal element found throughout the soil, with 

wide use in processes such as mining, smelting, metal manufacturing 
residues, ash and sewage sludge. Humans are exposed to nickel 
through air, food and water, occupational exposure and some habits 
such as smoking [1]. The tobacco plant has a natural ability to 
accumulate large amounts of minerals from the contaminated soil, 
thus it serves as a source of nickel and other metals to the human 
body [2]. In addition, cigarette smoking is the main etiological 
factor for many cancers such as lung, bladder, and mouth [3]. As 
the habit of smoking often persists for several years, smoking 
can be a great source of nickel for humans, tending to increase its 
levels in the body [2]. Nickel compounds are classified according 
to IARC (International Agency for Research on Cancer) as agents 
1, known to be carcinogenic to humans similarly to other metals 
such as arsenic (As), cadmium (Cd), and chromium (Cr) [4]. The 
association between exposure to some metals, smoking, and cancer 
is dose dependent, with oncogenic risk proportional to the number 
of cigarettes smoked per day and smoking habit duration [5,6]. 

In addition, the amount of nickel and other constituents in 
cigarettes varies according to origin and brand. Studies evaluating  

 
this parameter showed level of 1.26 ± 0.449 ug.g-1 of tabaco in 
Brazil [2], 1.1 to 3.9 ug.g-1 in North American [7], and 0.79 ug.g-1 
in Chine [8]. The amount of nickel absorbed by the body depends 
on how much is inhaled, ingested, or in contact with the skin, apart 
from its physical and chemical characteristics, and the solubility of 
nickel, an important factor for all absorption pathways. Generally, 
its absorption is higher for nickel carbonyl, followed by soluble 
compounds, nickel metal, and its insoluble compounds. Once 
absorbed, it reaches the bloodstream, binds to protein carriers 
and affects all organs and tissues [1]. Its blood concentrations may 
undergo many variations. According to Stojanovic et al. [9], blood 
and urine concentration increases in smokers, but factors such as 
the intensity of elimination and concentration in organs may also 
influence. 

Thus, for levels determination and concentration comparisons, 
some factors must be taken into consideration such as: the individual 
geographic origin, diet, smoking habits, the ability to eliminate 
it, and the analytical method used for analysis. Concentration 
determination of nickel and other metals in biological fluids can 
be an important way of monitoring exposure to these carcinogens 
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agents and predicting or estimating the risk of cancer development. 
Accordingly, blood and urine are the most adequate biological 
fluids for this biomonitoring [10,11]. However, it can also be found 
in hair, sweat and saliva [12-14]. According to Olmedo et al. [15] 
saliva analysis is complementary to that of classic body fluids, such 
as blood and urine, since nickel salivar concentration may reflect 
the concentration in other fluids, especially blood. Thus, the aim 
of this study was to conduct an analysis of nickel concentrations 
in saliva of smokers and nonsmokers, seeking to evaluate possible 
correlations with blood values through graphite furnace atomic 
absorption spectroscopy.

Materials and methods
Population Studied

The sample consisted of patients from the Clinic of Stomatology 
of the University Hospital of Federal University of Santa Catarina 
(UFSC), with neoplastic and non-neoplastic oral lesions, from 
November 2013 to July 2014. The study was approved by the 
Committee of Ethics in Research with Humans of UFSC (approval 
under number 467.387) and all the participants signed the informed 
consent form. Patients with evidence of exposure to metals from 
sources other than cigarettes were excluded from the sample. Data 
obtained were previous medical history, medication use, smoking 
habits, and alcoholism. 

Collection and Storage of Blood and Saliva Samples
 Blood collection occurred at Clinical Laboratory of University 

Hospital of UFSC by obtaining 4 mL of peripheral blood that were 
stored in tubes with EDTA at 4°C until analysis. Total saliva was 
collected following the standards used by Koseki et al. [16] and 
the methodology of Navazesh [17,18] immediately after blood 
collection. Activities such as brushing teeth, eating, smoking, 
ingesting liquids, applying cosmetics or drugs to the lips for 1 
hour prior to collection were suspended. During the procedure, 
patients were kept seated and with eyes open, with a duration of 
up to 5 minutes or obtaining a minimum of 1 mL of the substrate. 
Thereafter, the saliva was stored at -20°C until analysis. 

Preparation and analysis of blood and saliva samples
Blood and saliva analyze were performed at Toxicological 

Research Laboratory of UFSC, using graphite furnace atomic 
absorption spectroscopy (Thermo Scientific, Ice3000, UK), 
following the proposed by Olmedo et al. [15]. After being 
homogenized at room temperature, the 500 µL of blood were 
diluted in the ratio 1:4 by nitric acid solution 0.2% and 0.1% Triton 
X-100. The saliva samples were thawed at room temperature and 
centrifuged at 282g for 5 minutes at 25°C. From the supernatant 
500µL were diluted in 1:2 rate, in 0.2% nitric acid solution, and 
0.1% Triton X-100. Calibration curves were prepared with different 
concentrations of nickel (5, 10, 15 and 20 μg. L-1) directly into blood 
and saliva samples. For the preparation of the calibration points 
and the samples, they were diluted with 0.2% nitric acid and 0.1% 
Triton X-100. Ammonium dihydrogen phosphate 10 g.L-1 was used 
as matrix modifier. All reagents used were Merck®, Darmstadt, 
Germany.

The method was optimized according to the programming of 

temperatures that included the best conditions for pyrolysis and 
atomization. These temperatures were: 110°C (drying), 130°C 
(drying), 900°C (pyrolysis), 2.300°C (atomization) and 2,500°C 
(cleaning the graphite furnace). After the optimization, the method 
was duly validated. The method was linear for the working range 
proposed in both matrices. The limit of detection (LOD) was 0.580 
and 0.507 μg.L-1 for saliva and blood respectively, while the limit 
of quantitation (LOQ) was 1.960 and 1.690 μg.L-1 for saliva and 
blood respectively. For all concentrations under study, the Relative 
Standard Deviation (RSD) was less than 10% for both evaluations, 
intra and inter day accuracy.

Statistical Analysis
Nickel concentrations in blood and saliva were compared 

using the Wilcoxon paired-test. The correlation between metal 
concentrations in the blood and saliva samples was determined by 
Spearman’s Correlation Test. All data were analyzed in Action 2.7 
software, in which a value of p<0.05 was considered statistically 
significant.

Results
A total of 23 individuals, smokers and nonsmokers, were 

included in the study. The age-related information, gender, 
comorbidities, medication use and alcohol consumption are 
shown in Table 1. As some patients needed to collect blood to 
perform routine tests requiring fasting, 43% of samples of blood 
and saliva were collected in the morning (Table 1). Nickel blood 
and saliva concentrations reported in Table 2 (range of 0.84 - 6.66 
μg.L-1 and 0.98 - 24.21 μg.L-1, respectively) were consistent with 
other studies (9, 18, 19). Results showed a higher concentration 
of saliva nickel in nonsmokers, while the blood concentration was 
higher in smokers, with no statistical difference between the two 
groups evaluated for both samples, as shown in Table 2 and Figure 
1. When comparing all individuals, regardless of smoking habits, 
saliva concentration was 3.5 times higher than blood level (p<0.05, 
Table 2 and Figure 2), although there was no statistical correlation 
between these samples (p>0.05, Spearman’s coefficient). It was 
not possible to establish a correlation with the average number of 
smoked cigarettes under the following conditions: on the collection 
day (3.3 cigarettes), on the previous day (10 cigarettes) with daily 
consumption (18:23 cigarettes), or time of smoking (28 years) (p> 
0.05, Spearman coefficient).

Table 1: Characteristics of study subjects.

Smokers Non-smokers Total

Sex

Male 5 (38.5%) 1 (10%) 6 (26.1%)

Female 8 (61.5%) 9 (90%) 17 (73.9%)

Age (years)

Mean ± SD 49.92 ± 9.01 55.7 ± 8.28 52.43 ± 8.99

Range 39-66 45-69 39-69

Comorbidities

Hypertension 4 (30.8%) 3 (30%) 7 (30.4%)

Diabetes 3 (23.1%) 2 (20%) 5 (21.7%)

Medication
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Antidepressant 3 (23.1%) 2 (20%) 5 (21.7%)

Antihypertensive 3 (23.1%) 4 (40%) 7 (30.4%)

Diabetes medication 3 (23.1%) 2 (20%) 5 (21.7%)

Etilism

Yes 1 (7.7%) 0 (0%) 1 (4.3%)

No 12 (92.3%) 10 (100%) 22 (95.7%)

Collection time

Morning 5 (38.5%) 5 (50%) 10 (43.5%)

Late afternoon 8 (61.5%) 5 (50%) 13 (56.5%)

Total 13 (56.52%) 10 (43.48%) 23 (100%)

  

  

Figure 1: Means of salivary and blood nickel concentration 
(µg. L-1) in smokers and non-smokers.

Figure 2: Means of salivary and blood nickel concentration 
(µg. L-1) in total sample.

Discussion
 Chronic exposure to metals has been recognized as an 

increasing factor for the incidence of cancer in exposed individuals 
[1219-22], so that the biomonitoring of these carcinogens in our 
bodies becomes increasingly important. Except for occupational 
exposure, smoking can be an important source of exposure to 
heavy metals and may partly explain their high variability in 
blood samples [23]. Thus, this study aimed to determine and 
assess possible correlations between nickel blood and salivary 
concentrations in simultaneously collected samples from the same 
participants, enabling to evaluate how smoking habits can affect 
such concentrations.

Table 2: Salivary and blood nickel concentrations.

Sample Female Male Smokers Non-
smokers Total

Wilcoxon signed-rank test p 
value for Spearman 

coefficientSaliva X 
Blood*

Smokers 
X Non-

smokers

Saliva X 
Blood*

Saliva (µg.L-1)

Mean ± SD

Range

Blood (µg.L-1)

Mean ± SD

Range

6.63 ± 5.48

0.98 – 24.21

1.48 ± 0.95

0.84 – 4.27

4.19 ± 1.80

3.12 – 7.81

2.34 ± 2.29

0.84 ± 4.27

4.23 ± 1.66

2.35-7.98

2.22 ± 1.69

0.84-6.66

8.28 ± 
6.64

0.98-24.21

1.02 ± 
0.39

0.84-1.85

5.99 ± 
4.87

0.98-24.21

1.70 ± 
1.41

0.84-6.66

0.047

0.021
0.0003

r = -0.253

p = 0.405

According to Khlifi et al. [23], no significant differences in 
nickel blood concentrations have been found for men and women, 
although Gil et al. [24] have found higher blood and saliva levels in 
women. In this study, concentrations were lower in the blood and 
higher in the saliva of women. However, it is important to point out 
that our sample consisted of approximately 74% of female patients, 
which can hamper inferences related to gender. Despite the 
advantages of using saliva for analysis in this study no correlation 
was found between concentrations of nickel in blood and saliva, i.e., 
saliva was not a suitable substrate for its prediction in the blood. 

Metal ions are not passively diffused to the saliva glands, but 
actively transported, which may explain the lack of correlation 
between saliva and blood [24]. In addition, some considerations 
about the results described herein. Nickel concentrations found in 
the saliva were higher than those found in blood (means of 5.99 

µg.L-1 and 1.70 µg.L-1, respectively). By individually observing each 
participant, we have noted that only 3 showed less than or equal 
salivary concentrations compared to blood (data not shown). Thus, 
in most samples, participants had highest nickel values in saliva 
than in blood. Similar results have been found by Gil et al. [24], in 
which nickel levels in saliva were 14 times higher than in blood.

It is possible to consider that salivary mechanisms play an 
important role in excreting nickel from the body; in other words, 
saliva can be a substrate for nickel excretion to prevent high 
concentrations in the blood, acting synergistically to urinary 
excretion, although the analysis on this biological matrix is out of 
our scope. A second and more probably hypothesis is that other 
source of nickel in contact with the oral cavity may cause such 
elevation without elevating blood concentration. The presence of 
removable partial dentures, nuclei, orthodontic appliances, metal 
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ceramics [25-28] and even oral piercings [29] may justify a higher 
concentration of salivary nickel, since this is one of the ten most 
commonly found metals in dental alloys used in the manufacture 
of these devices [26-28]. Moreover, nickel has a greater tendency to 
be released from alloys compared to noble metals, since it has low 
resistance to corrosion and, therefore, is released to the saliva when 
present in the buccal cavity [26,30]. Unfortunately, no information 
about these devices were collected from our sample, due to its 
difficulty of quantifying their existence. 

Therefore, it was not possible to establish this correlation, 
although no patient had any orthodontic appliance. Other variables 
that affect saliva, such as diet, medications use that interfere with 
salivary flow, smoking, occupational exposure and the period 
of the day of collection may also influence the concentration. 
As smoking patients were at least 1 hour without smoking prior 
to sample collection, the possibility that nickel present in saliva 
were from direct contact with cigarette smoke was minimized. 
When comparing the results in relation to the habit of smoking, 
we found a higher mean salivary concentration in non-smokers 
than in smokers. Some hypotheses may be raised to explain this 
unexpected result. The first one is the fact that three samples 
from the non-smoker group had very high concentrations (11.57 
μg.L-1, 12.79 μg.L-1, and 24.21 μg.L-1), contributing to the mean 
concentration increase. 

If we considered that these individuals presented another 
unknown source of nickel and thus excluding such samples from 
this group the mean of the non-smoker group would be very like 
the smoking group, with no statistical difference (4.88 μg.L-1 versus 
4.23 μg.L-1, respectively, p=0.3, Wilcoxon signed-rank test). So 
that the presence of smoking may not be an important factor for 
salivary elevation of the nickel, corroborating with another study 
by Catalanatto and Sunderman that found no significant difference 
between the concentrations of nickel in saliva from smokers and 
non-smokers patients [31]. The difficulty of producing saliva during 
the collection of some of the participants may also have interfered 
in the concentrations of nickel. Many drugs used may cause hypo 
salivation, such as opioids, antihistamines, antidepressants, 
antiepileptic’s, anxiolytics and anticholinergics [32,33]. Of the total 
number of participants, only 5 used antidepressants. Another factor 
that can also lead to low saliva production is the anxiety experienced 
by patients at the collection time. It is noteworthy that in this study 
we could not evaluate the behavior of nickel in situations of hypo 
salivation and compare it with a normal salivary flow. Regarding 
the blood analysis, the mean of nickel was significantly higher in 
smokers, proving that analysis in the blood may be a good marker 
of heavy metal from smoke exposure. In this way, the blood proved 
to be a good biological matrix for nickel monitoring, with potential 
usefulness for predicting the risk of diseases related to this 
exposure such as cancer.

Classically, blood and urine concentrations are considered 
representative of recent metal exposure, in contrast to other 
samples such as hair, which predict past exposure [23,25]. Because 
it is a biological matrix in constant production and elimination, 
it is assumed that saliva is also capable of demonstrating recent 

exposure to metals. Although it is not well known the nickel 
toxicokinetic in saliva, it may still be influenced by local factors such 
as those already explained above. Several investigations associated 
the presence of heavy metals in the body with smoking, as well as 
its possible synergistic effect with other risk factors for diseases 
such as systemic arterial hypertension [34]. In this study, due to 
the small number of patients presenting comorbidities, it was not 
possible to correlate nickel concentrations with systemic arterial 
hypertension or diabetes, as well as with the use of antihypertensive 
drugs, hypoglycemic agents or with the use of antidepressants.

Conclusion
Although this research presents limitations, it was possible to 

evaluate the behavior of nickel concentrations in the blood sample, 
as determined by the literature as a good biological material to 
nickel dosage. Although saliva did not show direct correlation with 
the nickel circulating concentrations, it´s important to highlight that 
it is a biological matrix of easy collection and storage, that allowed 
nickel detection under the same technique used to the other 
matrices. Further study should be conducted on the possibility of 
using it in the monitoring of nickel exposure.
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