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Abstract Trace metals are beneficial nutrient materials
that act as essential cofactors in physiological processes.
Recent evidence suggests that increase or decrease in certain trace metals may be related with risk and development
of chronic diseases such as cancer. This study analyzed
some trace elements level in hair and nail of patients with
stomach cancer, and compared with their level in healthy
controls. Trace elements (Cu, Fe, K, Li, Mg, Mn, Na, P, Se,
Sr and Zn) are estimated in hair and nail of the 73 cancer
patients and 83 controls by atomic absorption spectrophotometric method. The levels of Cu, K, Li, P and Se in hair
and nail samples, were significantly higher in cases than
controls. Levels of Mg and Sr were significantly lower in
cases than controls. Fe level in hair samples was significantly higher in cases than controls. The mean concentrations of Fe, Se and P significantly increased with increasing
cancer stage in the hair of patients. The average concentration of k also significantly increased with increasing
cancer stage in the nail of patients. The results of our study
show that there is an association between the increase in
Cu, K, Li, P, Se and Fe, and stomach cancer development.
Our results reveal that the increase in the trace elements
could be a potential diagnostic marker to predict cancer
progression and its etiology.
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Introduction
The importance of trace metals in human health issues has
been increasingly recognized in recent decades. Trace
metals are beneficial nutrient materials that act as essential
cofactors in physiological processes by affecting enzymatic
reactions or by influencing the permeability of cell membrane [1]. Therefore, trace elements might affect directly or
indirectly on the carcinogenic development [2–4]. Moreover, some metals may be toxic to human health. Recent
evidence suggests that increase or decrease of certain trace
metals may be related with risk and development of
chronic diseases such as cancer [1]. On this subject, many
investigations have been carried out in which was focused
on metal-induced carcinogenicity and oxidative stress as
the most important mechanisms [5, 6]. Finding in recent
studies have revealed that there was a significant difference
in the concentration of some trace metals in cancerous
tissues in comparison with normal tissues [7–9]. Stomach
cancer is one of the common types of cancer worldwide,
and mainly related to environmental factors rather than
genetics [10, 11]. Thus, the role of environmental contaminants become important in the screening and prognosis
of stomach cancer [12].
Human nails are largely comprised of keratin-rich proteins, which accommodate trace metals in proportion to
their intake by various mechanisms such as synthesis of
proteins with sulfhydryl groups. Therefore, the nails are a
useful marker for trace metals investigation and are
increasingly used in clinical studies. Many hypotheses
involve trace metals, either as a required nutrient or a toxic
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material. Nail pieces can be often collected and stored for
years prior to being retrieved and used in epidemiological
studies to analyze the concentration of the trace elements in
future clinical approaches [1, 7, 13, 14].
Hairs are the metabolic end products which have a
specific potential to reflect the body metal load. The concentration of a certain metal in hair demonstrates a balanced mineral content of body in a long period of time.
This content can be modified by intake exposure of trace
metals in high quantities [15, 16]. Thus, the quantification
of trace metals in hairs can be used for estimation of longterm exposure to trace metals [17].
This study analyzed some trace element levels in hair
and nail of patients with stomach cancer and healthy controls, thereby investigating whether these trace elements
had any possible values in stomach cancer prognosis.

Materials and Methods
Case group in this study consisted of 73 stomach cancer
patients with ages between 46 and 74 years and a median
value of 61 years. All the patients subjected in this study
had surgery with histologically confirmed TNM (Tumor,
Node, Metastases staging system) stage from the Bagheban
Clinic, Sari, Iran, on the volunteer basis. In agreement with
the Helsinki Declaration, all participants were aware of the
study details, and signed the relevant written informed
consent. This study was approved by the Ethics Committee
of Mazandaran University of Medical Sciences. Clinicopathological features of patients were obtained from medical records. Healthy group (n = 83) were also collected
from the same region with matched age groups.
About 2 g of hair and nail was cut by using plastic
scissors. The samples were stored in polythene bags and
were labelled. The samples were then washed twice with
4% (w/v) detergent solution and twice rinsed with distilled
water to remove exogenous contamination. The samples
were dried overnight in an oven at 50 °C and cooled to
25 °C in a desiccator containing desiccant silica gel. A
weighed portion about 1 g of the samples was treated with
8 ml of concentrated nitric acid (65%) and heated 10 min
at 80 °C and was cooled to 25 °C. Then, 5.0 ml of perchloric acid was added to samples with subsequent heating
until white dense fumes evolved. Finally, the samples were
cooled to 25 °C and diluted to 10 ml with distilled water.
The blank was prepared in the same way but without nail
and hair sample. An inductively coupled plasma mass
spectrometer (ICP-mass) ELAN 6000 (Perkin-Elmer,
Norwalk, USA) was used for the determination of trace
elements and metals including Copper (Cu), Iron (Fe),
Potassium (K), Lithium (Li), Magnesium (Mg), Manganese
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(Mn), Sodium (Na), Phosphorus (P), Selenium (Se),
Strontium (Sr) and Zinc (Zn).
Descriptive statistic was applied for demographic data.
Concentration of Trace elements and metals were expressed as a mean and median value (25 and 75 percentile) in
parts per million (ppm). The statistical significance of
median values between case and control groups was analyzed by independent sample t test and Mann–Whitney test.
A p value of less than 0.05 was considered statistically
significant.

Results
In this study, 156 subjects, aged 45 to 82 years, consisted
of 73 patients with stomach cancer and 83 healthy controls.
Basic clinical and demographic characteristics of the participants in Table 1 showed that the difference between the
two groups of case and control in terms of age and gender
was not significant (p [ 0.05). As shown in Table 1, 40
(57.1%) of patients were in stage IV disease. Moreover, the
most frequent tumor location in the stomach located in the
Body and Antrum (any location 18, 32.1%).
Basic statistical distribution of parameters in selected
trace metals (Cu, Fe, K, Li, Mg, Mn, Se, Sr, Zn, Na, P) in
hair and nail samples of patients and controls have been
shown in Table 2. At the present study, level of trace
elements and metals was determined in samples (hair and
nail), and was compared in two groups (case and control)
(Table 3). As shown in Table 3, the level of Cu, K, Li, P
and Se in hair and nail samples, was significantly higher in
cases than controls. In contrast, level of Mg and Sr was
significantly lower in cases in comparison with controls.

Table 1 Characteristics of the subjects
Variable

Case

Control

p value

Age, mean ± SD

60.84 ± 13.9

60.22 ± 13.36

0.790

Sex, F/M

39/34

44/39

0.560

–

–

–

–

TNM stage, N (%) (n = 70)
I

4 (5.7)

II

19 (27.1)

III

7 (10)

IV

40 (57.1)

Location of tumor, N (%) (n = 56)
Cardia

16 (28.6)

Fundus

4 (7.1)

Body

18 (32.1)

Antrum

18 (32.1)

TNM tumor, node, metastases staging system
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Table 2 Distribution of trace
elements in hair and nail of the
cancer patients and healthy
donors

Cu

Fe

K

Li

Mg

Mn

Se

Sr

Zn

Na

P

3827.2

Hair
Cancer patients
Min

6.1

3.1

1.1

1.2

7.8

0.1

1.4

0.7

32.1

3108.8

Max

111

917

4753.3

243.4

1552

31.2

171.5

482

530.8

18,364.5

17,834

Mean

52.1

417.8

637

89.1

386.4

3.6

77.2

47.8

237.5

8825.5

9951.4

SD

33.3

247.7

1184.7

75.2

386.6

5.9

47.6

84.1

113.1

3858.3

4375.6

Healthy controls
Min

1.4

69.9

1.3

1.5

172.4

0.1

1.1

7.3

78.1

496.2

191.8

Max

34.1

1272.1

867.2

77.8

1846.8

577

78.7

122.6

1052.3

20,321.5

16,382.8

Mean

13.3

275.2

154.3

6

787.5

21.5

4.8

47.6

256.8

7605.5

6048.4

SD

8.6

252.8

229.4

17.4

401.5

97

15.8

26.6

198.7

4037.7

3549.5

Nail
Cancer patients
Min

1.1

39

1.2

1.1

37.2

0.1

1.2

0.6

74.3

1501.1

3506.1

Max
Mean

108.1
61.3

930
391.1

2044.7
342

337.9
109

1664
410.3

89
6.3

188.2
82.6

113.8
25.6

460.2
160.8

17,165.4
8943.6

18,496
11,175.6

SD

31.9

258.4

444.2

74.4

335.6

15.6

51.3

27.5

78.4

3414.2

4365.8
1199.6

Healthy controls
Min

1.3

102

1.1

1.3

373.4

0.1

1.3

11.1

70.1

548.6

Max

33.9

656

2950

65.6

1887.3

19.3

63.8

89.3

316.7

13,327.9

13,520.4

Mean

6.7

297.9

202

4.1

852.5

4.8

2.5

38.6

158.1

7442.8

6589.7

SD

7.2

135.5

579.4

11.7

367.9

5.5

9.8

20.5

55.3

3236.5

3106.2

All numbers are reported in ppm

However the Fe level in hair samples was significantly
higher in cases than controls, but no significant difference
was seen in nail Fe level between cases and controls.
Moreover, No significant difference was also observed in
levels of Mn, Na and Zn between case and control groups.
The average of trace elements concentration based on
cancer stage in the hair and nail are displayed in Figs. 1
and Fig. 2, respectively. The mean concentrations of Fe, Se
and P significantly increased with increasing cancer stage
in the hair of patients (p = 0.021, p = 0.033 and
p = 0.037, respectively) (Fig. 1). The average concentration of k also significantly increased with increasing cancer
stage in the nail of patients (p \ 0.001) (Fig. 2).

Discussion
It is known that metals and trace elements have a key role
in a large number of biological mechanisms. They have
some regulatory functions such as affecting immune reactions and free radical production. The extremely low
quantities of some of the these trace elements imply that
their molecular effects are specific and unique [1–4]. Some
studies on experimental animals, revealed that a higher Zn
concentrations was associated with more tumor growth

[18]. A significant correlation have been also observed
between blood Zn concentration and mortality in several
different cancers [19]. Furthermore, a few studies reported
that there is a significant association between higher Zn
concentration and cancer progression [7, 9]. Schrauzer [18]
reported that breast cancer development was directly correlated with the dietary intake of zinc and inversely correlated with Se. In addition, they showed that Iron is a key
factor for the numerous physiological functions in human
because it is an essential part of many enzymes and proteins. The excessive accumulation of iron in the body may
be correlated with an increased risk of human cancers [20].
It causes tissue damage by increasing the generation of
free-radical ions from hydrogen peroxide. These ions
attack cellular membranes, inactivate enzymes, cause DNA
strand breaks, initiate lipid peroxidation, and depolymerize
polysaccharides [21, 22]. Iron also causes inflammation
and increase the growth of cancer cells [23]. Copper is an
essential element, and its high concentration can induce
cell proliferation and cancer, specially through the production of highly reactive oxygen species that unfavorably
modify proteins, nucleic acids, and lipids [24]. The high
level of Cu concentration in serum of cancer patients
probably promote tumor growth through oxidative DNA
damage and angiogenesis [25, 26]. Selenium is an essential
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Table 3 Concentrations of
trace elements in the hair and
nail of study participants and
comparison of those between
the cancer patients and healthy
donors

Element

Sample type

Participant median (25–75%) (ppm)
Case

Cu
Fe
K

Control

Hair

43 (24–83.5)

Nail

49 (39–93)

12 (7–19)

\0.001

5 (0.5–9)

\0.001

Hair

394 (208.5–571)

204 (120–290)

0.003

Nail

365 (187.5–549)

259 (200.5–358.5)

0.34

Hair
Nail

Li

p value

98 (11.25–283.25)
191 (68–438.5)

1 (1–327)

0.009

1 (1–55)

\0.001
\0.001

Hair

82(11.5–140.5)

1 (1–1)

Nail

100(58.75–136.25)

1 (1–1)

\0.001

Hair

218 (135–579)

731.5 (492.8–979.5)

\0.001

Nail

320 (220.5–583)

793.5 (615.8–101.3)

\0.001

Mn

Hair
Nail

1.9 (0.6–3.8)
2.7 (0.8–4.2)

Na

Hair
Nail

P
Se

Nail
Sr

Hair
Nail

16 (7.5–35)

35 (22.5–45)

\0.001

Hair

224 (164–285)

205 (138–280.5)

0.57

Nail

134 (115.5–177.5)

150 (117.5–200)

0.62

Mg

Zn

0.5 (0.05–9)
4 (0.05–10)

0.340
0.541

8171 (5856–11,677)

6699 (5506–8796)

0.241

8735 (5540–11,565)

7183 (4978–10,907)

Hair

9813 (6401–1366)

5778 (4338–7807)

Nail

10,849 (7535–15,779)

6631 (4703–8725)

Hair

71 (50.5–113)

0.060
\0.001
\0.001

1 (1–1)

\0.001

72 (55–133)

1 (1–1)

\0.001

20 (12.5–51)

40 (29–67)

0.023

ppm parts per million

Fig. 1 Stage-based comparison of trace elements level in hair of the cancer patients and healthy donors. The average concentrations of Fe, Se
and P significantly increased with increasing cancer stage in the hair sample of patients
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Fig. 2 Stage-based comparison of trace elements level in nail of the cancer patients and healthy donors. The average concentration of k also
significantly increased with increasing cancer stage in the nail of patients

dietary element for human, and has been shown that certain
forms of Se might be an efficient anticancer nutrient [27].
In Pasha et al. [7] study, the levels of some trace elements
were investigated in the blood and hair of patients with
gastrointestinal cancer. They showed that in hair samples,
levels of Fe and Cu were significantly higher in the patients
group than controls group. In blood sample, however Cu
levels was higher in the patient group in comparison with
the control group, but iron level was vice versa. Pasha et al.
[7], also reported that in hair samples, Zn level was higher
in patients group than control group and in blood sample
was inversely. In this study, no significant difference was
observed in Zn level between case and control. Magalhaes
et al. [28], examined the levels of trace elements in cancer
tissue and showed that levels of P and K were higher in all
types of cancerous tissues than normal tissues. In addition,
they revealed that level of Se was lower in colon cancer
tissue than normal tissue, in contrast to breast cancer tissue.
Pirincci et al. [29], showed that levels of Zn, Fe and Mn
were lower in kidney cancer tissue than normal tissue.
Gurusamy et al. [30], investigated liver tumor tissue and
showed that the levels of Zn and Fe were lower in liver
cancer tissue than healthy tissue. In our study, results
showed that these elements were significantly higher in the
nails and hair of the patients group than the controls group.
In a prospective study, Steevens et al. [31], evaluated the
level of trace elements in nail and investigated risk of
various cancers. Their study showed that individuals with
higher Se levels in nail were prone to esophageal squamous

cell carcinoma, although risk of gastric cardia adenocarcinoma was low in them. Our findings showed that levels
of this element were significantly higher in patients group
than controls group. This result is in contrast to the results
of the Steevens et al. [31], study which may be due to
factors affecting stomach cancer in this region. Copper
level was found to increase in hair and decrease in nail
stage wise showing inverse relationship between the two
samples which could be interesting in further management
and prognosis of the stomach cancer. This could also be
helpful in diagnosis of early and advanced stages of
stomach cancer patients. Considering the increased concentrations of Fe, Se, P and decreased concentrations of K
in accordance with the increase in the stage of cancer, and
also the important role of some of these elements in
oxidative stress, it is suggested that these elements may be
helpful biomarkers for diagnosis and prognosis in cancers.
Although its expansion requires more comprehensive
researches.

Conclusion
The results of our study showed that there was an association between the increase in Cu, K, Li, P, Se and Fe, and
stomach cancer development. Our results reveal that the
increase in the trace elements could be a potential diagnostic marker to predict cancer progression and its
etiology.
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